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PREFACE 

Soi1 surveys have been an ongoing endeavour in Alberta since the early 1920’s. Al- 
though a variety of scales have been used, they a11 have a common purpose - to gather 
and provide soi1 information which is basic to a11 activities related to this resource. 

The early surveys, particularly those prior to 1940, are now out of print. As well, 
the information they contained was quite general. While useful for broad orientation, 
the data was generally not detailed enough to meet current planning and management 
requirements. The Alberta Soi1 Survey has recently established a program of resurvey 
on a municipal basis and projects are chosen based on provincial priorities with a publi- 
cation scale of 150,000. The survey of Warner county was initiated in 1978 in response 
to specific concerns regarding soi1 salinity and erosion as well as the need to update the 
land resource base. 

The earlier soi1 surveys conducted in this general area are the Lethbridge and 
Pincher Creek Sheets published in 1939, and the Milk River Sheet published in 1941. 
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SUMMARY 

Warner County, covering more than 450,000 ha is located in southern Alberta on 
the Alberta-Montana border. It covers portions of 3 physiographic regions - the Eastern 
Alberta Plains, the Western Alberta Plains,and the Southern Alberta Uplands. Under- 
lying bedrock formations are primarily of Upper Cretaceous age. One of these, the Milk 
River formation is spectacularly exposed along the Milk River in Writing-On-Stone Pro- 
vincial Park. Surface deposits are mostly till, deposited as an undulating moraine in the 
plains region and as a rough hummocky moraine in the upland areas. There are minor 
amounts of lacustrine and fluvial sediments. 

The continental climate has warm dry summers and moderately cold Winters mod- 
ibed somewhat by the occurrence of warm chinook winds from the west. Under these con- 
ditions the dominant ecological system is a mixed grass prairie. 

Soils range in surface colors from brown and dark brown on the plains to black on 
the western side on the Milk River ridge. they are dominantly Chernozemic throughout 
the county with only minor amounts of Solonetzic, Gleysolic and Regosolic soils occur- 
ring. 

About 213 of the county is cultivated, mainly in the plains region where grain pro- 
duction is the major enterprise. Irrigation is limited to the northwestern part. Livestock 
production dominates in the upland areas. Soi1 degradation is a major problem in the 
area, as evidenced by dryland salinity and soi1 erosion. 

RÉSUMÉ 

Le Comté de Warner, d’une superficie de plus de 450 000 hectares, longe, au sud de 
l’Alberta, la frontière du Montana. Il s’étend en partie sur trois régions physiog- 
raphiques de la province: les plaines de l’est, les plaines de l’ouest et le bas-plateau du 
sud. Les formations du roc sous-jacent datent surtout du Crétacé supérieur. L’une d’elles, 
la formation de Milk River apparaît de façon spectaculaire le long de la riviére Milk dans 
le parc provincial Writing-On-Stone. Les formations superficielles sont constituées surt- 
out de till, déposé sous forme de moraine ondulée dans la région des plaines et de moraine 
mamelonnée et accidentée dans celle du bas-plateau. Il y a aussi des sédiments lacustres 
et fluviatiles en moindre quantité. 

Le climat, continental, se caractérise par des étés secs et chauds, et par des hivers 
modérément froids que modifie un peu le chinook, vent chaud qui souffle de l’ouest. Sous 
ces conditions, le système écologique dominant est la prairie mixte. 

Pour leur couleur de surface, les sols varient du brun au brun foncé, dans les plaines, 
au noir, sur le flanc ouest de la crête de la formation Milk River. Partout dans le comté, 
ils sont surtout d’ordre chernozémique et, rarement, solonetzique, gleysolique et ré- 
gosélique. 

Enrion les deux tiers du comté sont cultivés, surtout dans la zone des plaines où la 
céréaliculture constitue la principale entreprise. L’irrigation se limite au nord-ouest. 
L’élevage domine dans le bas-plateau. La dégradation des sols est un problème majeur 
dans la région, notamment la salinisation des terres non irriguées et l’érosion. 
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Fig. 1. Location map for soi1 survey areas in Alberta. 
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PART 1. GENERAL DESCRIPTION OF THE AREA 

1.1. LOCATION AND EXTENT 

The County of Warner is located southeast of 
Lethbridge, Alberta (Fig 1) where it border-s on the 49th 
parallel with the United States of America. Its total extent 
of 453,760 ha lies within National Topographie Series 
Maps 82E and 82H. 

1.2. HISTORY AND DEVELOPMENT 

Southern Alberta had been continuously occupied by 
the Plains Indians for approximately 8,000 - 10,000 years 
based on scient& dating of buffalo jumps and butchering 
sites such as the one on the Fletcher farm just north of Chin 
Coulee near Skiff (24). 

The fïrst recorded visit by a white man in the area was 
by James Doty in 1855 who discovered the writings on the 
sandstone cliffs of the Milk River in the present day Writ- 
ing-On-Stone Provincial Park (10). Another visitor was 
Captain John Palliser in approximately 1859 who was pre- 
paring a report on the agricultural potential of the prairie 
lands for the British Parliament. 

By historical standards, the next 30 years was a period 
of rapid change. The white man began moving into the 
area, some as cattle ranchers but many as traders. Fort 
Whoop-Up was built in 1868 as a whiskey trading post and 
for the next six years a large supply of contraband goods 
were brought into the country by about 400 notorious law- 
breakers travelling from Fort Benton, Montana (5). Most 
of this traffic followed the Whoop-Up Trail which entered 
Alberta at Red Creek about 10 km west of Coutts and fol- 
lowed the eastern shoulder of the Milk River Ridge before 
dropping to the plains level in the area southof Raymond. 

With the arriva1 of the North West Mounted Police in 
1874, the unrest and lawlessness soon abated. This allowed 
the force to set up frontier posts across the prairies includ- 
ing one at the mouth of Police Creek in Writing-On-Stone 
Provincial Park (16). This post was manned from 1887 to 
1918 and acted as a central point for the force to watch for 
illicit traffic along about 160 km of the Canada-USA bor- 
der. 

In 1890, Sir Alexander Galt and his son Elliot, both of 
the Alberta Railway and Coal Company had a narrow 
gauge railway built from Coalbanks (now Lethbridgel to 
Coutts to join up with the Great Falls and Canada Railway 
on the U.S.A. side ofthe border (29). For about 12 years this 
railway which was commonly referred to as the Tea Kettle 
Line, was used for hauling coal to Great Falls, Montana 
with limited freight and passenger service provided. It was 
converted to standard gauge between 1903 and 1909 and 
with increased passenger train service it brought settlers 
to southern Alberta from the U.S.A. Real estate companies 
in Canada and the U.S.A. offered reduced fare packages for 
prospective buyers and homesteaders and by 1910 almost 
a11 of the land south of Etzikom Coulee was settled. During 
the Great Depression many farms were abandoned and 
were resettled in the 1940’s and 1950’s. Most of the land 
within the Milk River Ridge has remained in native range 
and is largely crown lease land. 

According to the 1981 Census (l), the total population 
in the County of Warner is 8,789 with the farm population 
comprising 29%. The major population centres include 
Raymond (26721, Milk River (8141, Stirling (6641, Warner 
(4681, andcoutts (4071. 

Rail service is supplied by two CPR lines, one from 

Lethbridge to Coutts, the second an east-west line passing 
through Raymond and Stirling and proceeding on to 
Foremost. The area is serviced by Highway NO.~, a main 
access route to the U.S. through Coutts. East-west high- 
ways include No.61 proceeding east from Stirling, and 
No.52 passing through Raymond. Good secondary roads 
are found at convenient intervals throughout the county, 
except on the Milk River Ridge where access is limited. 

1.3. CLIMATE 

The continental climate of Warner County is similar 
to that of the rest of the western plains. It features short, 
warm summers, however the severity of winter is some- 
what reduced due to the proximity of the mountains to the 
west and frequent chinook winds. The local climate is 
further influenced by the Milk River Upland and the 
Sweetgrass Hills. Climatic changes are reflected in the sur- 
face colors of soils found within the area. They range from 
brown to dark brown to black (Fig. 2) in response to in- 
creased precipitation. 

Meteorological data (12) for stations in Milk River and 
Warner as well as for nearby stations (Table 11, character- 
ize climatic conditions within the area. For purposes of 
comparison, data from Medicine Hat and Calgary are also 
included in Table 1. 

Precipitation normals for a thirty year period (Table 
l), show that the area receives between 316 and 450 mm 
of precipitation annually. The lowest precipitation falls in 
the Brown Soi1 Zone while the highest in the Black Soi1 
Zone on the Milk River Upland. 

Snow contributes about 30% of the annual precipita- 
tion. The highest average snowfall occurs in January, how- 
ever, the greatest single snowstorms often occur in March 
or April, thus posingconsiderable risk to livestock. 

The mean annual temperature in the county ranges 
from 5.8”C at Aden to 3.8C at Whiskey Gap (Table 1). A 
comparison of data shows that despite higher elevations, 
the area is a little warmer than comparable areas east or 
north of the county. This is mainly due to warmer winter 
temperatures resulting in part from the chinooks. 

The frost free period on the plains is generally greater 
than 120 days (Table 11. The last spring frost occurs about 
mid-May and the fïrst fa11 frost cornes about mid-Sep- 
tember (12). The shorter frost free period on the Milk River 
Upland, which is less than 90 days, makes the area more 
suitable for coarse grains and grazing than for wheat pro- 
duction. 

The May to September precipitation accounts for more 
than 50% of the annual total, which is very favorable for 
trop production. This is however offset by its high yearly 
variability and uneven distribution within the area. Fig- 
ure 3 illustrates the wide fluctuation in rainfall that cari 
occur. It also accents the fact that the danger of water ero- 
sion is a reality in Warner County, particularly during 
heavy rains (Fig. 4). 

In order to obtain information on soi1 temperatures, 4 
locations were instrumented in 1978 and temperatures 
monitored for three years. Data (Table 2) show marked dif- 
ferences in soi1 temperatures across the soi1 zones. The 
Upper 10 cm of soil, which is the seeding depth, thaws in 
early March in the Brown Soi1 Zone. In the Dark Brown 
Soi1 Zone thawing temperatures are reached in mid March, 
and in the Black Soi1 Zone they are not reached until near 
mid April. Freezing depths were between 50 and 100 cm in 
a11 three zones. 
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Station and 
elevation 

Medicine Hat 
117 m 

Table 1. Precipitation and temperatures for selected stations, 1951-1980(12) 

PRECIPITATION mm TEMPERATURE “C 

Soi1 Mean M~Y Mean 
ZOIW Annual Sept. Snow Jan. July Annual 

Brown 348 180 126 -12.6 19.9 5.1 

Frost 
free 

period 

(days) 

129 

Foremost 
884 m Brown 356 182 116 -11.6 18.9 4.8 129 

Milk River (Masinasin) 

975 m 

Warner 
1010m 

Lethbridge Airport 
929 m 

Magrath 
978 m 

Aden 
1036 m 

Whiskey Gap 
1311m 

Calgary Airport 
1084m 

Brown 316 172 84 -10.8 18.9 5.2 124 

Brown 367 187 127 

D. Brown 423 220 158 -10.3 18.6 5.3 124 

D. Brown 241 - 9.6 18.3 5.4 116 

D. Brown 393 184 151 - 9.5 19.1 5.8 

Black 453 250 175 9.6 15.8 3.8 

Black 424 259 153 -11.8 16.4 3.4 

Table 2. Mean soi1 temperaturesat four selected sites (1978-1981) 

Depth 
(cm) Site* Soi1 Zone 

Elevation January July Annual Summer 
(ml “C “C “C “C 

1 Brown 975 -2.9 21.5 8.3 19.4 
10 2 D. Brown 990 -3.3 20.8 7.1 18.7 

3 D. Brown 1210 -1.0 17.4 7.1 16.5 

4 Black 1285 -2.0 14.8 5.5 14.0 

20 

50 

100 

1 -2.6 19.7 7.8 17.4 
2 -1.9 18.3 7.3 16.6 
3 -1.0 13.9 5.7 12.9 
4 -1.7 12.8 4.9 12.1 

1 -2.3 16.5 7.2 15.0 
2 -1.3 15.0 6.8 14.1 
3 0.7 12.0 6.1 11.5 
4 0.0 11.4 5.2 10.5 

1 1.3 13.0 7.4 12.5 
2 2.8 12.8 8.0 12.7 
3 2.3 10.1 6.1 9.9 
4 0.9 8.2 4.2 7.7 

129 

88 

112 

* Site 1 SE25-4-16-W4 
Site 2 NC23-5-20-W4 
Site 3 NE17-4-20-W4 
Site4 WC 9-4-20-W4 
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Southern Alberta is known for its frequent strong 
winds. Data for the Lethbridge airport (12) show that there 
are only 15 calm days annually, compared to 27 in 
Medicine Hat. Prevailing westerly winds are most evident 
during the period from October to December. The average 
annual wind speed is 20.4 km/hr with maximum hourly 
speeds of 121 km and maximum gusts of 171 km/hr. As a 
result, wind erosion is a very real problem in this area (Fig. 
5). 

Fig. 4. Ri11 erosion on a 5% slope. 

Fig. 5. Wind erosion, a very real problem. 

1.4. VEGETATION 

The County of Warner is located almost entirely in the 
Mixed Prairie Grassland Association. The Fescue Grass- 
land Association, which comprises about 5% of the total 
area, is located on the Milk River Ridge at an elevation 
greater than 1250 m. It is associated with Black soils and 
is characterized by pure stands of rough fescue, if the range 
is not overgrazed. 

There are two major grass types and two minor ones 
representing the Mixed Prairie Association. One major 
type consists of needle and thread, blue grama, and north- 
ern and western wheatgrasses. It occurs in the Brown Soi1 
Zone which comprises about 45% of the county, and is as- 
sociated with medium textured soils belonging to the Cher- 
nozemic Order. 

The other major type occurs on medium textured Dark 
Brown Chernozemic soils and covers about 40% of the 
county. It consists of western porcupine grass and wheat 
grasses. However, most ofthis unit is presently under culti- 
vation. 

One minor type consists of blue grama and western 
wheatgrass which occur on Solonetzic soils of both the 
Brown and Dark Brown Soi1 Zones. Wheatgrasses com- 
monly grow in the blowout pits and blue grama in the inter- 
pit areas. The other minor type is sagebrush and western 
wheatgrass which is commonly found on low-lying saline 
flats such as those in Verdigris Coulee. Although this lat- 
ter type also occurs in Black Coulee, where greasewood is 
more prevalent. 

Other vegetation types Will occur in miscellaneous 
situations such as coulee slopes with prickly pear cactus, 
blue grama and little club moss. In several locations in the 
Milk River valley and its side coulees, thorny buffaloberry, 
saskatoon and western cottonwood may be found. Rose 
bushes and goldenbean are common on the coarser tex- 
tured soils. Wetland and badland landscapes have their 
own unique vegetative characteristics. 

For more complete species information the reader is 
referred to Section 3.4. 

1.5. PHYSIOGRAPHY, RELIEF AND DRAINAGE 

The County of Warner encompasses three physiog- 
raphic regions, the Eastern Alberta Plain, the Western Al- 
berta Plain, and the Southern Alberta Uplands. These re- 
gions are further divided into sections and districts shown 
in Table 3, based primarily on elevation and major land- 
form characteristics. Their location is shown in Figure 6. 

Chin Plain (Plate 1-A) is an undulating morainal area 
with significant areas of lacustrine veneer over till. The 
elevation of this plain is about 900 m. An elevation of 830 
m in Chin Coulee is the lowest point in the County of 
Warner. 

Verdigris Plain is characterized by a partially dissec- 
ted landscape of morainal material overlying rolling bed- 
rock. Significant areas of lacustrine veneer overlying till 
also occur. A local high of 1100 m occurs approximately 2 
km east of Coutts on the 49th parallel. At the point where 
the Milk River flows out of the county the elevation is 880 
m, the lowest elevation in this district. 

The highest elevation in the county, 1340 m, occurs in 
the Milk River Ridge District about 1 km east of the south- 
west corner of the county. This district is dominated by a 
hummocky till landscape in which sloughs often occur. Fre- 
quent dissections also occur, especially on the north slope 
leading to the plains below the ridge (Plate 1-B). 

The Milk River Plain is characterized by hummocky 
morainal landforms as well as undulating and terraced flu- 
vial materials. Elevations in this district are significantly 
lower than those of the Milk River Ridge. 

A hummocky and dissected morainal landform overly- 
ing inclined bedrock, typifies the Sweetgrass Upland (Fig. 
7). It forms the north shoulder of the Sweetgrass Hills 
which reach an elevation of 2 100 m in Montana. 

Generally going from northeast to southwest, eleva- 
tions and relief gradually increase until the Milk River 
Ridge is reached. There, an abrupt increase occurs in both 
elevation and relief. These changes are reflected in the to- 
pographie slope characteristics that prevail in various 
parts of the county (Fig 8). The areal extent of the various 
slope classes (topography) is summarized in Table 4. 
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Fig. 6. Physiographic units in Warner County. 
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TABLE 3. Physiographic charackistics of WarnerCounty*. 

Region Section District Landform 

Eastern Alberta 
Plains 

COUk 
Plain 

Chin Plain 
890-980 m 

undulating moraine 

Western Alberta 
Plains 

Southwest 
Plains 

VerdigrisPlain 
920-1070 m 

morainal over rock 

Southern 
Alberta 
Uplands 

Milk River 
Upland 

MilkRiverRidge 

1070-1340 m 
MilkRiverPlain 
1040.1220 m 

hummockymoraine, 
dissected 
humockymorainal 

and fluvial 

Sweetgrass Sweetgrass Upland 

Upland 1040-1290 m 

hummocky moraine, 

dissected 

* Source: Physiographic Map of Alberta in preparation by Agriculture Canada Soi1 Survey 
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TABLE 4. Extentof each slope class in Warner County. 

Slope Glass Slope Range c/r Hectares % ofTotal 

1&2 
3 
4 
5 

6 
Undifferentiated 

<2 
2-5 

6-9 
10.15 
16-30 

The major portion of Warner county is drained by the 
Milk River and its tributaries which eventually flow south- 
ward into the Mississippi River drainage system. In the 
northwest part of the county drainage is into the St.Mary’s 
River, which together with Chin Coulee, drain into the Sas- 
katchewan River system. Some drainage is provided by Et- 
zikom Coulee which is part of an interna1 system draining 
into Pakowki Lake about 65 km to the east. Although 
coulees (Plate I-D) are a distinct feature, they are not of 
great signifïcance to the drainage of this area. 

Fig. 7. Slopes to the Sweetgrass Hills. 

1.6. BEDROCK GEOLOGY 

Bedrock formations in Warner County are almost ex- 
clusively of Upper Cretaceous age. The exception is a small 
area in T. 1 R12 where a Tertiary formation ofpale greenish 
gray acidic porphyry occurs. Figure 9 shows the extent and 
location of the 6 bedrock formations that occur (9,14). They 
are described (3) as follows: 

BEARPAW FORMATION: dark gray blocky shale and 
silty shale; greenish glauconite and gray clayey sandstone; 
thin concretionary ironstone and bentonite beds; marine 

OLDMAN FORMATION: pale gray, thick-bedded, medium 
to coarse-grained, feldspathic sandstone; gray clayey 
siltstone; green and gray mudstone, dark gray and brown 
carbonaceous shale, concretionary ironstone beds; non- 
marine 

FOREMOST FORMATION: pale t3-w feldspathic 
sandstone, gray and green siltstone; greenish gray 
mudstone and dark gray carbonaceous shale; concretio- 
nary ironstone beds; thin coal beds; nonmarine 

46,000 10.1 
219,640 48.4 
106,100 23.4 

38,200 8.4 
6,760 1.5 

37,060 8.2 

PAKOWKI FORMATION: dark gray shale and silty shale; 
minor sandstone; thin chert-pebble conglomerate or pebble 
bed at base; marine 

MILK RIVER FORMATION: pale gray, thick-bedded, 
feldspathic sandstone with hard calcareous beds; pale to 
dark gray shale and silty shale; ironstone concretions; 
marine and nonmarine 

ALBERTA GROLJP: dark gray fissile shale and silty shale; 
minor gray cherty sandstone; marine 

Near surface exposures of bedrock are common along 
banks of streams and coulees tut into the Milk River forma- 
tion. These are visible along the Milk River downstream 
from the mouth of Red Creek, extending eastward a few 
kilometres beyond Writing-On-Stone Provincial Park. In 
this Park, sandstone cliffs and hoodoo formations present 
a very unique and spectacular picture of natures hand- 
iwork (Plate 1-C). 

Rough broken banks along Verdigris Coulee also have 
extensive exposures of the Milk River Formation. The 
Upper, more shaly member is particularly noticeable where 
secondary Highway 501 crosses the coulee 18 km east of 
Milk River. At a point about 3 km southeast of this cross- 
ing, there is a distinct change in the character of the coulee 
banks, from bare slopes to grassy slopes (Fig. 10). This is 
believed to be the approximate location of the interface be- 
tween the Upper and lower members of the Milk River For- 
mation. 

Fig. 10. UpperIleft)andlower(right)Milk Riverformationsalongverdigris 
Coulee. McNabsoiIs in foreground. 
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Fig. 8. Generalized slope class map for Warner County 

1.6.1 DepthtoBedrock 

A good knowledge of depth to bedrock is desirable for 
better assessment ofthe soil’s agricultural potential, espe- 
cially for irrigation. Both depth to, and kind of bedrock are 
known to influence ground water movement thus imposing 
a possible limitation on soi1 utilization. 

Geiger (13) and Westgate (32) described the bedrock 
topography of Warner County in studies of surficial geol- 
ogy in southern Alberta. Since the hundred foot contour in- 
terval on their bedrock maps is not detailed enough for ag- 
ricultural interpretations, more information was collected 
from deep drill transects (Fig. 11) conducted during the 
Warner County soi1 survey. This was augmented by drill 
logs from a local well driller and data gathered by the Irri- 
gation Division of Alberta Agriculture in Lethbridge. Ad- 
ditional information on depth to bedrock was obtained from 
the Groundwater and Geology Departments of Alberta Re- 
search Council in Edmonton. From this information a 
generalized map was prepared (Fig. 12) showing depth to 
bedrock. It indicated that soils with bedrock at less than 10 
m from the surface form a broad, northwest-southeast, 
strip, 10-25 km wide, paralleling the base of the Milk River 
Upland. This area corresponds roughly with, and lies al- 
most entirely within Verdigris Plain. Southern limits of 
this area includes the lower northern slopes of both the 
Milk River Upland and the Sweetgrass Upland. Its north- 
ern limit approximates the borders of the Etzikom and the 
Pakowki moraines. Within this area, there are many areas 
with bedrock at less than 5 m or even 3 m (Fig. 13). 

Fig. 13. Bedrock is shallow in many parts of Verdigris Plain. 

It is also worth noting that a11 major areas of dryland 
salinity occur in the area having bedrock within 10 m ofthe 
surface. Thus it appears that the proximity to bedrock con- 
trols the discharge of shallow ground water*. By compari- 
son, dryland salinity is of minor occurrence on the deeper 
till deposits of Chin Plain particularly north of Etzikom 
Coulee even though the till materials are somewhat saline. 
Conversely, no dryland salinity occurs on the Milk River 
Upland where the underlying bedrock is a saline shale, but 
till deposits are considerably more than 10 m thick. 
* Persona1 communication, Groundwater Department. Research Council of Alberta 

16 



Fig. 9. Bedrock formations in Warner County. 

Fig. 11 Bedrock depth cross section from Chin Coulee to the Milk River Ridge. 
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Fig. 12. Generalized map showing depth to bedrock 

1.7 SURFICIAL DEPOSITS 

The surficial geologic features in Warner County are 
primarily the result of glaciation. It is believed that 
glaciers of both Cordillerian and Laurentide origin mod- 
itïed the surficial materials. Laurentide glaciers are 
known to have covered the entire area. However, the ex- 
tent of the Cordilleran glaciers is a matter of conjecture. 
Where found, the Cordilleran deposits, underlie those of 
Laurentide origin. Stalker (271 has identified 4 distinct 
Laurentide tills which could be the result of 4 glacial ad- 
vances, the last being approximately 15000 years ago. 

More than half of Warner County has till surface de- 
posits (Table 5, Fig. 14). Other deposits of more limited ex- 
tent include lacustrine materials deposited in standing 
water, as well as fluvial and ice-contact materials. The 
largest concentration of lacustrine deposits occur in the 
northwestern part of the county. Fluvial deposits, ranging 
in texture from sandy loam to outwash gravels are depo- 
sited in moving water. Thus, as expected the largest con- 
centration of fluvial materials is associated with the Milk 
River. Ice-contact deposits, which are variable, often 
gravelly materials deposited in contact with melting 
glacier ice, are found only on the Milk River Ridge. 

Fig. 15. A dolomitic erratic on the Milk River Ridge 

A number of dolomitic erratics of varying size were ob- 
served on the Milk River Ridge. One of the larger ones (Fig. 
15) occurring in NE21-1-18 is part of a northwest-south- 
east erratics train in that township. 
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PART 2. THE SOILS 

2.1 SOIL FORMATION 

Soi1 is the product of climate, vegetation, and topog- 
raphy acting on the parent material over a period of time 
and more recently influenced by activities of man. The de- 
gree and variability of any or a11 factors and their interac- 
tion is reflected in the numerous kinds of soils that exist in 
any given area. Climatic influences are mainly through 
precipitation and temperature as well as wind and water 
erosion. Furthermore, climate determines the type of veg- 
etative caver and degree of biological activity. Different 
plant species produce different kinds and amounts of re- 
sidues which in turn determine soi1 color. Topography gov- 
erns drainage and moisture conditions thus producing 
microclimatic variations which in turn produce variability 
in vegetative caver. Another major influence on soi1 forma- 
tion is exerted by the parent material especially with re- 
spect to its inherent variability in such characteristics as 
texture and mineralogy. 

Weathering processes produce many varied but ob- 
servable and measurable soi1 characteristics such as color, 
structure, texture, and consistence, to name the more im- 
portant ones. Color itself has little direct influence on the 
functioning of the soil, but a great deal cari be inferred from 
color when considered with other observable features. 
Dark colors are the result of high organic matter content 
and indicate relatively high natural fertility. Reddish col- 
ors are the result of hydrated iron oxide and are usually as- 
sociated with good drainage and well aerated soils. Shades 
of gray, brown, or yellow, in a mottled arrangement are 
usually associated with soils of poor drainage. Soils with 
light gray colors are usually lacking in organic matter, in- 
dicating low fertility. 

L,F,H 

A 

A0 

B 

BC Transition horizon 

- 

Soi1 structure (the way soi1 particles aggregate) is im- 
portant as it influences the movement of water and air and 
also the workability and tilth of cultivated soils. Other 
physical characteristics such as texture and moisture con- 
tent, as well as chemical characteristics, help determine 
the type of structure in any given soil. Soi1 consistence (the 
ability of a soi1 to resist structural breakdown) is also im- 
portant as it relates to various management practices. 

These, and other features (clay films, concretions, car- 
bonates, salts, reaction, coarse fragments, roots, and pores) 
of the soi1 profile cari be observed and measured, both quan- 
titatively and qualitatively, and form a record of the kind 
and degree of weathering that has occurred. Soils cari be di- 
vided horizontally into horizons based on the fact that 
weathering becomes less pronounced with depth. This is re- 
ferred to as the soi1 profile and is the basis of the soi1 classi- 
fication system. Figure 16 depicts the major horizons into 
which a soi1 profile cari be divided. 

2.2. SOIL CLASSIFICATION 

Soi1 classification is the orderly arrangement (or 
groupingl of soi1 characteristics according to the processes 
involved in their formation as displayed by the soi1 profile. 
In the soi1 survey of Warner County soils were classified ac- 
cording to the guidelines established by the Canadian Sys- 
tem of Soi1 Classification (6). The basic unit in soi1 classifi- 
cation is the soi1 series which consists of soils which are 
alike in a11 major profile characteristics. 

For a better understanding of the soils, a brief descrip- 
tion is included here of the four soi1 orders mapped in the 
county, listing the more important characteristics of each. 

Organic horizon, which may be subdivided into: L (raw organic matter), F (par- 
tiallydecomposed organicmatter), and H (decomposedorganic matter). 

A minera1 horizon at or near the surface. It may be a dark colored horizon in which 
there is an accumulation of humus (Ah), ora light coiored horizon from which clay, 
iron, and humus have been leached (Ae). 

Transition horizon. 

Minera1 horizons that (1) may have an enrichment of clay (Bt), iron (Bf), or organic 
matter (Bh), or (2) may be characterized by a columnar structure and a significant 
amount of exchangeable sodium (Bn); or (3) may be altered to give a change in 
COlOr or structure (Bm). Usually lime and salts have been leached out of this hori- 
zon. (4) The symbol (i) is used with the above suffixes to denote a failure to meet 
the specified limits of the suffix. 

C - Minera1 horizon comparatively unaffected by the soil forming process operative 
in the A and B horizons except for the process of gleying (Cg) and ihe accumula- 
lion of calcium and/or magnesium carbonates (Ck) and soluble salts (Cs). 

Fig. 16. Diagram of a soi1 profile showing major horizons 
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Chernozemic Order: 
1 - has organic-rich surface horizon (2-5% organic carbon 
in Warner) 
2 - has a C:N ratio of less than 17 in the A horizon 
3 - has a high base saturation in the A horizon 
4 -calcium is the dominant exchangeable cation 
5 - has a brownish colored solum 
6 - a11 horizons are relatively friable 
7 - is well to imperfectly drained 
8 - developed under a Stipa-Bouteloua-Agropyron grass- 
land community 
9 - the mean annual soi1 temperature is between OOC and 
BOC 

Solonetzic Order: 
1 - has a hard and impermeable B horizon 
2 - has a strong columnar or prismatic structure in the B 
horizon 
3 - has a dark coating on peds in the B horizon 
4 - has a Ca:Na ratio of 10 or less in the B horizon 
5 - usually has a neutral to acid A horizon 
6 - is associated with saline parent materials high in Na 
7 - has developed under a Bouteloua-Agropyron grassland 
community 

Regosolic Order: 
1 - has weak to no profile development 
2 - has no structural development 
3 - is rapidly to imperfectly drained 
4 - has a variable vegetative caver 

Gleysolic Order: 
1 - occupies depressional position in the landscape 
2 - has du11 soi1 colors with mottles indicative ofgleying 
3 - soi1 horizons are often indistinct 
4 - has hydrophytic vegetation 

2.3 MAP SYMBOLS AND LEGEND 

The purpose of soi1 mapping is to divide the landscape 
into units or areas which differ from one another in some 
significant aspect, with particular attention being placed 
on soi1 and landscape features. These units, called map 
units are shown on the soi1 maps as unique areas bounded 
by a soi1 line and identified by a map unit symbol. The map 
unit is defïned in terms of the soi1 and landscape features 
which it represents. 

The unit symbols used in this report have two major 
components, in a fraction format. The numerator repre- 
sents the soi1 component and the denominator the land- 
form component. Since a11 the information gathered during 
the course of a soi1 survey cannot be shown on the published 
map, a simplified map symbol is used. Typical symbols are: 
a)MSNl 

_ 
b) MSCF7. 

4 3 
The main part of this symbol is the soi1 series. It has 

been a long standing practice to identify soi1 series by a 
name which is usually derived from a named feature (town, 
post office, river, lake, etc.) in the vicinity where the series 
was first identified. Each established series is given a 
unique 3 letter symbol, such as MSN for the Masinasin 
series. When a soi1 area has been outlined which is domin- 
antly the Masinasin series, that area is identified by the do- 
minantly occurring series (for example MSNl). 

However, since soi1 areas are not always composed en- 
tirely of one series it becomes necessary to devise a method 

whereby the variability cari be shown. In this survey varia- 
bility was grouped into three general kinds, each depicted 
in the soi1 unit part of the map symbol in a specific manner. 
The three kinds of variability are: 

a) a complex (or combination) of two series. For such areas, 
the soi1 unit symbol combines the fïrst two letters of the two 
series into a 4 letter symbol. A Masinasin-Cranford (CFD) 
area is identified by the MSCF symbol. 

b) areas with significant amounts of other kinds of soils. 
Such units are handled by adding a numeric sufix to the 
series symbol. Six kinds of variations were recognized in 
addition to the relatively pure unit. 

1 -a relativelypure unit (MSNl) 
2- Sign&ant amounts of Gleysolic soils (or sloughsl 
(MSNB) 
3 - significant amounts ofsaline soils (MSN31 
4 - significant amounts of Rego andor Calcareous Cher- 
nozemic soils (MSNU 
5 - significant amounts offiner textured soils (MSN5) 
6 - signifïcant amounts ofcoarser textured soils (MSNG) 
7 - significant amounts ofSolonetzic soils (MSN7) 

c) areas in which a certain soi1 phase of the dominant series 
is prevalent. In these units the last letter of the series sym- 
bol is substituted with a colon and the appropriate phase 
symbol followed by the numeric suffix. Five phases were 
recognized: 

1 - eroded phase, symbol E (Ms:Ell 
2 - gravelly phase, symbol G (MS:Gl) 
3 - lithicphase, symbol L (MS:Ll) 
4 - stonyphase, symbol P (MS:Pll 
5 -saline phase, symbol S (MS:Sl) 

This method of depicting the soi1 unit (or numerator) 
portion of the map unit symbol makes it possible to sym- 
bolize a wide variety ofsoil conditons. 

As mentioned, the denominator portion of the map 
unit symbol describes the landform within a given area. In 
this survey, only the topographie characteristics of the 
landform have been included in the map unit symbol. 
Other landform characteristics such as surface form and 
mode of deposition are described in the legend accompany- 
ing the soi1 map, as well as in the map unit descriptions. 

Topographie characteristics are described by using the 
appropriate slope class number for the various slope classes 
as presented in Table 4. In addition some areas have under- 
lying bedrock within 5 m of the surface. Where this occurs 
the slope class number is followed by a colon and R, the 
symbol used for bedrock (3:R). 

The symbology described above is unique to the soi1 
survey of Warner County. Although similar map unit sym- 
bols are being used elsewhere in Alberta, the numeric suf- 
fixes in particular cari have different definitions in other 
projects. The number and definition of these numeric suf- 
fixes is dependant on the variability of soi1 characteristics 
in the project in which they are used, and are unique to that 
project. 

The soi1 legend as it appears with the soi1 maps is an 
extension of the map unit symbols. It presents basic infor- 
mation on both soi1 and landform characteristics. However, 
it does not include any minor soils (usually referred to as 
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inclusions) which only form 10 to 15% of most map uni&. 
If inclusions of any significance occur they are included in 

the Milk River Upland the inspection density is less than 

the map unit descriptions. These inclusions do not affect 
the average, but it is higher on the plains where most road 

the use interpretations for any given map unit. 
allowances are accessible. Al1 map units have at least 1 in- 
spection. 

2.4 MAPPING PROCEDURES 2.5 GENERAL SOILS DISTRIBUTION 

During soi1 mapping a11 roads and trails in the county 
were traversed. At about 0.8 km intervals along each 
traverse, soils were examined to a 1 m depth using a shovel 
and hand auger. Soi1 and landscape characteristics were 
recorded for each inspection site. Frequent departures by 
foot from the lines of traverse were also necessary to deter- 
mine soi1 and landscape features between traverses. As the 
survey progressed, soi1 and topography boundaries were 
determined along the lines of traverse and projected be- 
tween them using visible landscape features and stereos- 
copie examination of aerial photographs. These boundaries 
were drawn on a field map consisting of an aerial photo- 
graph of the township, enlarged to a scale of approximately 
1:32000. .Map delineations were identified with the appro- 
priate map unit symbol. Each completed township soi1 map 
was compared, checked and correlated with those of adjoin- 
ing townships. 

Most soils in Warner County belong to the Cher- 
nozemic Order (Table 61. Solonetzic soils although present 
are relatively unimportant in terms of areal extent. They 
occur in scattered areas in both Verdigris Plain and the 
Milk River Ridge. The majority of soils belonging to the Re- 
gosolic Order occur on the recent alluvium associated with 
the Milk River. Gleysolic soils generally occur as small iso- 
lated depressional areas throughout the county. 

Prior reference has been made to the relationship be- 
tween moisture efficiency, vegetation and surface soi1 color 
which is used as a primary separation in the classification 
system. Warner County soils clearly illustrates this re- 
lationship (Fig. 21, ranging from the subarid Brown Soi1 
Zone in the north east to the subhumid Black Soi1 Zone in 
the southwestern uplands. Brown and Dark Brown soils 
dominate (Table 6). 

During the course of the survey, soi1 samples were col- 
lected and analysed to further characterize the soils. In 
order to gain information below the 1 m depth, especially 
depth to bedrock, deeper drilling was conducted on a few 
selected transects. Additional information was also ob- 
tained from other investigators as well as from farmers and 
local residents. 

2.6 MAP UNIT DESCRIPTIONS 

When a11 fïeld data had been gathered, checked and 
correlated, the soi1 boundaries and their map unit symbols 
were transferred to the final maps, covering the county at 
a scale of 150,000. Thus a11 the data obtained during the 
3 summers of field work was condensed into the map 
legend, 8 maps, and descriptive material forming this soi1 
survey report. 

Each of the map units outlined on the accompanying 
soi1 maps Will be described on the following pages. These 
descriptions Will include soi1 and landscape features, as 
well as their extent and location and main land use. They 
Will be listed in alphabetical order to correspond with their 
arrangement shown on the map legend. 

The reliability ofany soi1 survey is related to the density 
of soi1 inspection sites. As a general rule there were 3 in- 
spections around the periphery of each quarter section. In 
total, soi1 characteristics were recorded for approximately 
700 different shared sites. Although most of these inspec- 
tions occurred during the mapping phase, numerous other 
sites were examined during the checking, correlation and 
sampling phases of the survey. In less accessible areas of 

Included in the Appendix to this report are detailed de- 
scriptions and analytical characteristics of the more are- 
ally important soils in the county. The selected soils are 
generally those which individually amount to more than 
1% of the total area, and are representative of the soils in 
the county. Collectively these selected soils amount ot 
about 80% of the county area. 

2.6.1 ANTONIO (AN01 SOILS 

General setting and description 

Antonio soils are well drained, brown grassland soils 
which have developed in a fluvial veneer of sandy Io;irn 
overlying till. A subdued hummocky surface landform 15 ii 
reflection of a similar surface form of the underlying ~111. 

Great Group 

TABLE 6. Soildistribution at the Great Croup level in Warner County. 

Hectares r: oftotal 

Brown Chernozemic 

Dark Brown Chernozemic 
Black Chernozemic 
Total Chernozemic 

Brown Solonetzic 
DarkBrown Solonetzic 
Black Solonetzlc 

Total Solonetzic 

Gleysolic 
Regosolic 

Undifferentiated Areas 
(RB, H,O, DL, Towns) 
Total 

205,380 
166,320 

20.230 
A 
391,930 

5,000 
3,880 

170 

9.030 

4,430 1.1 

10,290 2.3 

45.3 
36.6 

4.6 
86.5 

1.1 

0.8 

1.9 

37,060 
453.760 

8.2 
1oo.o 
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Occurring in an area southeast of Milk River town, these 
soils occupy almost 1400 ha, of which about 1200 ha is on 
Class 3 topography, and 200 ha on Glass 4 topography. Na- 
tive vegetation consists mainly of mixed grasses in which 
needle and thread grass is very prominant, along with 
many herbs and low shrubs. 

Antonio soils are Orthic Brown Chernozemic soils. 
They have up to 15 cm of a brown colored surface horizon 
which is weakly structured and has a sandy loam texture. 
Brown to dark brown Upper subsoil colors usually grade to 
dark yellowish brown in the lower subsoil. Sandy loam tex- 
tures and a weak subangular blocky structure further 
characterizes the subsoil. Depth to the underlying clay 
loam till, although variable, is usually about 50 to 60 cm. 
Calcium carbonates are present in the till. 

Antonio map units 

ANBVl - In this unit Antonio soils are CO-dominant with 
the Bingville soils. The two soils are very similar except 
that the Bingville profile has developed entirely in the flu- 
vial material, with underlying till at depths greater than 
one metre. Usually the Antonio soils occupy the higher 
landscape positions, while Bingville is in the lower posi- 
tions (Fig. 17). Included in this map unit are occasional 
small occurrences of loamy sand material, as well as till 
which surfaces near the crest of some of the hills. On some 
steeper knolls a Rego Brown Chernozemic profile may be 
found. 

ANBVl, the only Antonio map unit that occurs, was 
mapped in two topographicphases: 
(a) ANBVl/S with slopes in the 2 to 5% range 
(b) ANBV114 with slopes in tlie 6 to 9% range 

Land use 

The majority of the Antonio-Bingville areas in Warner 
County are presently being grazed. This is probably its best 
use despite a relatively low grazing carrying capacity. The 
moderately coarse textures with their low water holding 
capacity are the main reason for this low rating. These tex- 
tures also represent a severe limitation to cultivated dry- 
land agriculture as they are vulnerable to wind erosion. 
This has already happened to some extent on ANBVl units 
which are cultivated. These soils are rated as fair for irriga- 
tion, the main limitation being the textural discontinuity 
presented by the proximity of the underlying clay loam till. 
A further limitation is the relatively rough terrainparticu- 
larly on the second phase with its steeper slopes. 

2.6.2 BUNTON (BUT) SOILS 

General setting and description 

In total these soils have been mapped in about 2700 ha, 
most of which are in Etzikom Coulee. These soils are well 
drained grassland soils, developed on medium texturedflu- 
via1 material deposited as fans or aprons within this and 
similar spillway valleys (Fig. 18). Bunton soils have been 
mapped mainly in the Brown Soi1 Zone but have also been 
extended into similar valley locations in the Dark Brown 
Soi1 Zone. 

Although Bunton soils are classified as Orthic Brown 
and Dark Brown Chernozemic soils, their profile develop- 
mentis usually weak and il1 defined (Plate II-A). Thus they 
are often hard to differentiate from the closely associated 
Rego Chernozemic soils which are quite prevalent. Bunton 
soils have a 10 cm thick A horizon which is brown in color. 

PURESCAPE 

TILL 

MIGRA 

FLUVIAL 
VENEER 

<lm 

KESSLER MILK RIVER KESSLER PURESCAPE 

FLUVIAL MILK FLUV.BL. 
BLANKET RIVER >lm 

TILL 
>lm 

Fig. 17. Schematic cross section of a fluvial-till sequence. 
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MASINASIN BUNTON MASINASIN 

Fig. 18. Schematic cross section of a coulee with Bunton soi1 in valley. 

The brown colors in the Upper B horizon gradually change 
to grayish brown with depth. With this color change there 
is a corresponding change in structure from weak prisma- 
tic to little or no structure. Textures remain fairly constant 
at loam to clay loam, although in some locations thin sandy 
to fine gravelly lenses may occur. A lime horizon of low con- 
centration generally occurs near the 60 cm depth in mate- 
rial that tends to be slightly coarser than the Upper hori- 
zons. Very often these soils are underlain by gravelly sandy 
loam materials at or below the 1 m depth. A detailed de- 
scription of a Bunton soi1 may be found in the Appendix. 

Bunton map units 

BUT1 - Over half of the Bunton soils in Warner County be- 
long to this unit, the majority of which occur in Etzikom 
Coulee and Chin Coulee at the north edge of the county. 
This map unit was also mapped in a shallower coulee ex- 
tending northward from Long Lake about 15 km west of 
Coutts. Not only do the Bunton soils in this coulee have a 
better developed profile than those in Etzikom Coulee, they 
are also within the Dark Brown Soi1 Zone. 

In the BUT1 unit about 50% of the soils are weakly de- 
veloped Chernozemic soils. Significant amounts of Humic 
Regosolic soils occur in close association with the more 
abundant Chernozemic soils. Both occur on the well 
drained apron along both sides of the valley. At the lower 
edges of the apron both saline and gleyed soils may be 
found. However, they Will not exceed 10% of the map unit. 
Minor occurrences of fluvial gravels (PUNI cari be found 
within this unit. Al1 BUT1 soils were mapped on slopes not 
exceeding 4%. 
BUT3 - About 40% of the Bunton soils belong to this unit, 
a11 within Etzikom Coulee. This unit differs from the BUT1 

unit in the extent of saline phases which usually comprise 
about 30% in BUTS. This unit is generally associated with 
the flatter portions of the coulee, as well as in locations oc- 
cupied by frequent saline seeps. Dominant soils are similar 
in kind and extent to those of the BUT1 unit. Similarly this 
unit has been mapped only on the one topographie phase 
with slopes less than 4%. 

Land use 

BUT1 soils are generally marginal for dryland ag- 
riculture especially those in the drier Etzikom Coulee. Al- 
though they are considered as fair irrigation soils their con- 
fined location within coulees may be somewhat limiting. 
The saline soils in the BUT3 unit are sufficiently limiting 
to make this unit non irrigable and marginal for dryland 
farming. For grazing purpose both units have a relatively 
low carrying capacity. 

2.6.3 BINGVILLE (BVL) SOILS 

General setting and description 

These soils, totalling slightly more than 1000 ha, occur 
on the east side of the county within Verdigris Plain. They 
are well drained grassland soils developed on moderately 
coarse textured fluvial material. Surface landform is vari- 
able ranging from undulating to hummocky and ridged. 

Bingville soi1 is classified as an Orthic Brown Cher- 
nozemic soi1 with a brownish colored Ah horizon about 10 
cm thick. This Ah horizon grades into a darker brown B 
horizon which like the Ah, has a sandy loam texture. This 
texture continues through the pale brown lime horizon, at 
the 60 to 70 cm depth, and into the paler brown lower hori- 
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zens. Relatively weak structures persist through the entire 
profile which grades from neutral pH values in the Upper 
solum to mildly alkaline values in the lower profile. 

Bingville map uuits 

BV:G4 - About half of the Bingville soils mapped belong to 
this unit which is a gravelly phase of Bingville. These soils 
are concentrated in an area about 11 km north of Writing- 
on-Stone Provincial Park. The grave1 content is variable, 
but is generally less than 10%. A signifïcant area of the 
soils, in addition to being gravelly, have an eroded Rego 
Chernozemic profile and generally occur on the rougher to- 
pographic positions. Only one topographie phase of this 
unit was mapped with slopes ranging from 6 to 9%. 
BV:Ll - This unit occurs along the north bank of the Milk 
River in the vicinity of Writing-on-Stone Provincial Park, 
where bedrock is relatively shallow. In this unit variable 
thicknesses of fluvial sandy loams have been deposited di- 
rectly on the bedrock. Since the majority of the unit has 
bedrock occurring at less than 1 m, some low ridges of sur- 
facing bedrock are evident. Small amounts of fluvial loamy 
sands may also occur (Cavendish soils). Near its edges, the 
unit may include some soils which have developed on a 
coarse textured till. Slopes ranging from 2 to 5% are gen- 
eral in the one topographie phase that was mapped. 

Land use 

Coarse textures and limited natural fertility tend to 
make these two units marginal to unsuitable for annual 
fïeld crops. For irrigation, the gravelly Bingville has a mar- 
ginal rating while the unit with underlying bedrock is non 
irrigable. Both units have a relatively low grazing poten- 
tial because ofthe low moisture holding capacity. 

2.6.4 BEAZER (BZR) SOILS 

General setting and description 

Beazer soils are well drained, black grassland soils de- 
veloped in moderately calcareous, medium textured till 
materials. They are located in the Milk River Upland (Fig. 
19) at elevations generally above 1150 m. The topography 
ranges from undulating to hummocky and ridged with 
slopes generally in the 6 to 20% range. The native vegeta- 
tion is mainly a mixed grass prairie with some fescue and 
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Fig. 19. Distribution of Beazer mils 

many herbs and shrubs such as lupine and buckbrush in 
the moister depressional and lower slope positions. The 
frost-free period is often less than 90 days SO these soils are 
placed in climate zone 2H for agriculture. More than 13000 
ha ofBeazer soils were mapped in Warner County. 

Beazer soils have dark grayish brown to black, loam 
textured surface horizons from 10 to 15 cm thick (Plate II- 
B). The subsoils are dark brown to yellowish brown, clay 
loam with good prismatic structure. The calcareous loam 
to clay loam parent material is encountered at depths of 40 
to 60 cms. Stone content is about 5 to 10% with only a few 
surface stones. These soils have good permeability and 
water holding characteristics. A detailed description of a 
Beazer soi1 is included in the Appendix. 

Beazer map units 

BZRl - These units are composed dominantly of Beazer 
soils with generally less than 20% inclusions of other kinds 
of soils. On relatively level landscapes the soils are quite 
uniform but on hummocky or ridged landforms it is com- 
mon to have thinner soils on the exposed crests and south 
facing slopes and thicker ones in the lower slope positions. 
Some of these thinner soils, particularly near the zona1 
boundary have a dark brown colored surface horizon (PUR 
soils) reflecting a more arid moisture regime. In some areas 
the knolls Will be stony or even contain small inclusions of 
gravelly material (RFD soils). Depressional areas Will 
have imperfectly to poorly drained soils and Will often con- 
tain water for some part ofthe year. 

BZRl units account for about one third of the area of 
Beazer soils and were mapped in three topographie phases: 
(a) BZR1/4 with slopes in the 5 to 10% range; covers about 
900 ha. 
(b) BZR1/5 with 10 to 15% slopes; covers about 750 ha. 
(cl BZR1/5D-6D with 10 to 25% slopes and many dissec- 

tions; covers about 400 ha. 
The latter units are particularly well drained with few 

if any undrained depressions. They also tend to have more 
ofthe thinner variants associated with the steep slopes. 
BZR2 - These units were mapped in hummocky landscapes 
which have a significant (15 to 25%) amount of undrained 
depressions many of which contain water for much of the 
year (Plate I-F). Inclusions of thinner soils some of which 
may be dark brown in color (PUR) and stony or gravelly 
soils (RFD) may be encountered on knolls throughout the 
area. BZR2 units account for 40% of Beazer soils. 

Two topographie phases of BZR2 units were mapped: 
(a) BZR2/4 with slopes in the 5 to 10% range; covers about 
1600 ha. 
(bl BZR2/5 with 10 to 15% slopes; covers about 3600 ha. 
BZR4 - This unit was mapped in hilly, dissected areas of 
strong relief and steep slopes primarily along the escarp- 
ment at the north edge of the ridge. Beazer soils are domin- 
ant but there is a signifïcant component of thin soils on the 
steep Upper slopes. Although this unit occurs on a bedrock 
controlled landform, shales or sandstones are generally at 
depths greater than 5 m. These bedrock materials may be 
exposed in the deeper dissections. There is no standing 
water in this unit. Only one topographie phase was map- 
ped, BZR416D with many slopes in the 15 to 30% range. It 
amounts to about 1200 ha. 
BZRFl - These units were mapped in strongly hummocky 
and ridged areas where there are significant amounts (15 
to 30%) of soils formed from gravelly icecontact or washed 
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materials (RFD). The depth of this material is generally 
less than 3 m and is usually confïned to tops or sides of 
knolls (Fig. 20). A stony surface is a common feature in 
these areas. Occasional kames (hills of Sand, grave1 and 
till) are included. Minor amounts of shallow soils and de- 
pressional areas are also included. 

Three topographie phases were recognized totalling 
about 20% of the Beazer soils 
(a) BZRFlIS with slopes of 10 to 15%, covers about 300 ha. 
(b) BZRF1/5D with dissected, well drained landscapes and 

slopes of 10 to 15%; covers about 2700 ha. 
(c) BZRFl/G with many slopes in the 15 to 20% range and 

several prominant kame-like hills; covers about 200 ha. 
BZRFZ - This unit was mapped on hummocky terrain in as- 
sociation with BZRFl. It differs from the latter by having 
in addition to the Beazer and Rockford soils, a signifïcant 
component of undrained depressions and sloughs. Only one 
topographie phase was mapped: BZRF2/5 with most slopes 
in the 10 to 15% range and covering about 2100 ha. 

BZSOB - This unit was restricted to gently rolling or some- 
what hummocky areas within valley situations. Beazer 
soils dominate but there is a significant amount of stone- 
free, clay loam lacustrine materials (SOF) particularly in 
the lower landscape positions. Also, there is 15 to 25% en- 
closed depressions with poorly drained soils or standing 
water. Only one topographie phase was mapped: BZS02/4 
with slopes in the 5 to 10% range covering about 400 ha. 

Land use 

The Beazer soils have good moisture characteristics 
and good natural fertility. Located in the Milk River Up- 
land the climate is marginal for wheat but good for other 
cereals and grasses. Both rough topography and stoniness 
in the BZRF units are limitations to cultivation and dictate 
the present land use which is mainly grazing. Units with 
slopes of less than 10% are rated as class 3 for dryland ag- 
riculture and those with lO-15% slopes (the /5 units) are 
marginal at class 4. Al1 units with steep slopes and deep 
dissections as well as those which are very stony, are un- 
suitable for cultivated agriculture, but are highly suited 
for grazing. 

2.6.5 CRANFORD (CFD) SOILS 

General setting and description 

Cranford soils are found extensively within Verdigris 
and Chin plains (Fig. 21) where they total 14000 ha. They 
are well drained soils which have developed on a stone-free 
veneer of lacustrine material overlying till (Fig. 22). Land- 
form characteristics are those of a gently undulating to un- 
dulating plain with slopes seldom exceeding 5%. 

Cranford is classified as an Orthic Brown Chernozemic 
soil. Loam to silt loam textures and brown colors prevail in 
the A horizon which has an average thickness of about 10 
cm. Darker colors in the B horizon grade to yellowish 
brown in the subsoil. Textures below the A horizon are gen- 
erally silt loam or finer. Lime accumulation usually occurs 
at about 40 cm below the surface, with till being encoun- 
tered at 40 to 80 cm (Plate II-C). Neutral pH values at the 
surface increase to mildly alkaline in the lime horizon and 
below. A detailed description of a Cranford soi1 is included 
in the Appendix. 
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Fig. 21. Distribution ofCranford soils. 

sToFNFD - KNIGHT ROCKFORD BEAZER 

Fig. 20. Schematic cross section of a Beazer-Rockford-Knight-Standoff sequence. 
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Fig. 22. Schematic cross section of a lacustrine-till sequence. 

Cranford map units 
CFDI - More than two-thirds (9000 ha) ofthe Cranford soils 
belong to this unit. Although it occurs in both Verdigris 
and Chin plains it is more prevalent in Chin Plain towards 
the northeastern part of the county. The unit is composed 
dominantly of the Cranford soil, but may have up to 30% 
Chin soi1 which occurs in locations where underlying till is 
at depths greater than 1 m, and associated topography is 
smoother. Rougher portions of the unit, where slopes ap- 
proach 3%, may have till at the surface resulting in in- 
cluded soils developed on till (MAB or MSN). Al1 CFDl 
units occur on slopes ranging from 1 to 3%. 
CFD2 - This unit, which in areal extent is slightly more 
than 2000 ha, cari be recognized by the many low areas in 
which gleyed or Gleysolic soils or sloughs occur. Upland 
portions of the unit are similar to the relatively pure CFDl 
unit, having dominantly Cranford soils. Slopes range from 
1 to 4% within this unit. 
CFDô - This unit is characterized by a 20 to 30% occurrence 
of the saline phase of the Chernozemic profile (LLD). 
Otherwise it is similar to the CFDl unit being dominantly 
composed of Cranford soils. Small amounts of other Cher- 
nozemic soils (CHN, MSN) may occur in the unit. Slopes 
ranging from 1 to 3% further characterizes this unit. About 
1500 ha of the CFD3 unit were mapped. 
CFBVB - This unit occupies only about 300 ha in Warner 
County. It occurs near the east side of the county in a valley 
between two rather prominent till ridges. This valley has 
been fïlled with a veneer or blanket of mixed fluvial lacus- 
trine or fluvial sandy loams, thus resulting in a complex 
map unit of Cranford and Bingville soils in a 2:l propor- 
tion. Because of its valley location the unit also has a signif- 
icant amount of gleyed or Gleysolic soils. Slopes within the 
unit range from 2 to 5% with the steeper slopes occurring 
near the edges where some till profiles may also be found. 
CFCH7 - A little more than 500 ha of this unit occurs near 
the east side of the county. It cari be recognized by the oc- 
currence of soils with Solonetzic characteristics (GEM, 
DHS, TIK) which total from 20 to 40% of the map unit. The 
major portion of the unit has Orthic Chernozemic soils de- 
veloped on a veneer (CFD) or blanket (CHN) of lacustrine 

material overlying till. These two soils generally occur in 
equal amounts. Only one topographie phase was encoun- 
tered with slopes in the 1 to 4% range. 
CFMS3 - Slightly less than 500 ha of this unit were mapped 
in an area about 3 km northeast of Warner. This unit is 
characterized by a 20 to 30% occurrence of the saline ph- 
ases of the two codominant soils Cranford and Masinasin. 
Generally Cranford soils cari be found on the lower land- 
scape positions while Masinasin (a till soil) Will occur on 
the higher positions. 

A unit with similar soils cari be found just south of 
Warner, totalling about 300 ha. Although it is similar in 
both kinds and amounts of soils, the one important differ- 
ence is that underlying bedrock is at less than 5 m. Both 
this unit CFMS3/3:R, and the unit with the greater depth 
to bedrock occur on slopes in the 2 to 5% range. 

Land use 

Almost a11 Cranford soi1 areas are being cultivated, 
primarily for grain production. For dryland agriculture 
low rainfall is the main limiting factor. However salinity 
in the CFD3 and CFMS3 units is suffïciently limiting SO 
that these units are marginal and require careful manage- 
ment. For irrigation, only one unit (CFDl) has a high irri- 
gation potential. The two units with signifïcant wet areas 
(CFDB, CFBV2) are much less desirable for irrigation. 
Similarly the CFCH7 unit has a low irrigation potential 
because of the Solonetzic soils. Al1 the units with signifi- 
tant salinity are considered to be non irrigable. Al1 Cran- 
ford units have a relatively low grazing capacity, primarily 
because of the low rainfall. 

2.6.6 CHIN (CHN) SOILS 

General setting and description 

These soils occur on both Chin and Verdigris plains 
where (Fig. 23) they occupy about 3000 ha. They have de- 
veloped on stone-free lacustrine material of medium to 
moderately fine texture. Level to gently undulating land- 
scape features are generally associated with these well 
drained soils. 
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the CHBVl unit has a lower irrigation rating because of 
the proximity of underyling bedrock. Al1 three Chin map 
units have a relatively low grazing capacity because of the 
low precipitation. 

2.6.7 COALDALE (CLD) SOILS 

General setting and description 

Fig. 23. Distribution of Chin soils. 

Coaldale soils are concentrated in the northwestern 
part of the county (Fig. 24) where they total almost 7000 
ha. They are the major soils in the lacustrine basin which 
stretches westward from Stirling towards Welling and 
Magrath in the adjoining Municipal District of Card&on. 
An associated level to gently undulating landform (Fig. 25) 
is typical of the fine textured lacustrine materials on which 
these soils have developed. Soi1 investigations indicate 
that much of this lacustrine area is underlain by sand or 
grave1 at depths usually exceeding 2 to 3 m. 

Chin, classified as an Orthic Brown Chernozemic soil, 
has up to 15 cm thick A horizon which is brown in color and 
has a loam to silt loam texture. This horizon grades into a 
brighter brown and finer textured Bm horizon, which is 
further characterized by its prismatic structure. Below 
this, at about the 40 centimetre depth, a CaCOs horizon oc- 
curs. Silt loam textures are usual for these lower subsoils. 
Close to neutral pH values occur in the Upper part of the 
profile, yielding to mildly alkaline conditions in the sub- 
soils. 

Chin map units 

CHN2 - More than half of the Chin soi1 areas belong to this 
unit which occurs mainly in elongated areas of slightly 
lower elevation. In addition, about 10 to 30% of the unit is 
comprised of gleyed and Gleysolic soils and a few small 
sloughs. Often this unit is underlain by fluvial sands well 
below the 1 m depth. Occasionally finer textured soils 
@PS) or saline phases (LLD) cari be found within this unit. 
Only one topographie phase was encountered with slopes 
generally being 2% or less. 
CHNB - Only a few isolated areas of this unit were mapped 
totalling less than 400 ha. In addition to the Chin soil, this 
unit is recognized by the finer textured soils (SPS) which 
comprise from 20 to 40% of the unit. Small and insignific- 
ant amounts have shallower depths to underlying till 
(CFD) and wet areas may also occur. This unit occurs on 
one topographie phase only with slopes less than 2%. 
CHBVl - This unit which occurs on about 900 ha is gener- 
ally found bordering major drainage ways where soils are 
often coarser textured due to a fluvial influence. Thus 
about 20 to 30% of the unit is Bingville, a coarser textured 
soi1 than Chin. Also occurring in the unit are a few small 
areas of sandy loam overlying fïner textured material 
(RIR). One important feature of the CHBVl unit is that it 
was mapped only in areas where underlying bedrock is at 
less than 5 m. Slopes range from 1 to 4%. 

Land use 

Chin soi1 areas are generally a11 being cultivated, 
primarily for grain production under dryland conditions, 
even though low precipitation is a limiting factor. The wet 
areas in the CHN2 unit present an additional obstacle to 
cultivation, whether that be for dryland or irrigation pur- 
poses. The CHN5 unit has a high irrigation potential, but 

Fig. 24. Distribution ofCoaldale soils. 

Fig. 25. Level landscapes assocmted wlth laeustnne SOUS. (a CLU area, 

Classifïed as an Orthic Dark Brown Chernozemic soil, 
Coaldale has a solum with dark brown colors and silty clay 
loam to clay loam textures, The A horizon, up to 15 cm 
thick, gradually merges into the B horizon which usually 
is finer textured and has a prismatic structure. At about 
the 50 cm depth a moderately to strongly calcareous lime 
horizon is encountered. Mildly alkaline conditions in the 
Upper profile increase to moderately alkaline in the C hori- 
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zon. A detailed description of a Coaldale soi1 cari be found 
in the Appendix. 

Coaldale map units 

CLDl - This relatively pure unit has from 60 to 80% of the 
Coaldale soil. Other soils may occur such as Lethbridge 
where coarser textures occur, and Whitney in the few loca- 
tions where underlying till occurs within the 1 m depth. Up 
to 20% of the soils in this unit may be salinized. About 35%, 
or 2400 ha of the Coaldale soils belong to this unit. Only 
one topographie phase was mapped on slopes not exceeding 
3%. 
CLD3 - About 800 ha were mapped as CLD3 primarily in 
the area around Stirling. From 20 to 40% ofthe soils in this 
unit have been salinized, probably from irrigation water as 
they are located in irrigated areas. These salinized units 
generally occur in lower areas along drainage ways. Under 
a few of these units bedrock may occur at depths of less than 
5 m. This unit occurs only on one topographie phase with 
slopes of less than 4%. 
CLLEl - More than half of the total Coaldale soi1 area be- 
longs to this unit. Most occurs in the southern portion of the 
lacustrine basin between the CLDl areas in the central 
portion ofthe basin and till areas bordering the basin to the 
south. Although the unit is dominated by Coaldale soils 
there is a 30 to 40% content of the siltier Lethbridge soil. 
There may also be inclusions of soils that have till at shal- 
low depths (WNY). It was found that about 1/3 of this unit 
has bedrock within 5 m of the surface. Only one topog- 
raphic phase, with slopes of less than 2%, was recognized. 

Land use 

As they lie within the Raymond Irrigation District a 
large proportion of the Coaldale soils are being irrigated. 
Since this area has less than 2100 Corn Heat Units, climate 
somewhat restricts the crops that cari be grown on these 
soils. Salinity in the CLD3 unit renders this unit unsuita- 
ble for irrigation, as well as reducing its rating for dryland 
agriculture and grazing. Both the CLDl and CLLEl units 
have similar high ratings for dryland agriculture as well 
as grazing. 

2.6.8 CLARINDA (CLR) SOILS 

General setting and description 

Almost 700 ha of Clarinda were mapped, a11 within 
Verdigris Plain. This morainal soi], associated with steep 
slopes, occurs on some of the rough land along Verdigris 
Coulee, as well as on some isolated ridges within areas of 
ground moraine. 

Clarinda is classified as a Rego Brown Chernozemic 
soil. The A horizon is usually thin but may sometimes 
reach a thickness of 15 cm. It is weakly calcareous and has 
a weak granular structure. Directly below, the C horizon 
is moderately to strongly calcareous. Loam to clay loam 
textures are fairly consistent throughout the profile. The 
pH values generally increase from mildly alkaline in the 
Upper profile to moderately alkaline in the subsoil. 

Clarinda map units 

CLRl - Soi1 components in this unit are dominantly the 
Clarinda soi1 with a 20 to 30% content of the Orthic profile 
(MSN). On areas where slopes are excessively steep one cari 
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expect to find an Orthic Regosol profile, which may amount 
to about 15% of the unit. One topographie phase was recog- 
nized with slopes in the 10 to 15% range. 

Land use 

More than half of the unit is being cultivated resulting 
in accelerated water erosion. TO reduce this, Clarinda soi1 
areas should be in forage crops or permanent pasture, even 
though the carrying capacity is low. Due to the associated 
steep slopes this unit is non irrigable. 

2.6.9 CRADDUCK (CRD) SOILS 

General setting and description 

Cradduck soils are one of the more important in terms 
of extent, occupying about 78,000 ha or more than 17% of 
the total county area. They are the principal soils in the 
Dark Brown Zone (fig. 26). 
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Fig. 26. Distribution ofcradduck soils. 

They are well drained soils developed on moderately 
calcareous loam to clay loam till with a relatively high silt 
content. Landscape features are those of various morainal 
landform ranging from the gentle slopes of ground moraine 
(Plate I-E) to the steeper slopes of hummocky moraines. 
Cradduck soils which occur closer to the Milk River Upland 
or the Sweetgrass Upland often have an associated steeper 
topography which cari be both inclined and dissected. 
About 25% of the Cradduck soi1 areas have bedrock at less 
than 5 m below the surface. Associated native vegetation 
is that characteristic of the transition zone between Fescue 
Grassland and the Mixed Prairie association. 

Cradduck is classifïed as an Orthic Dark Brown Cher- 
nozemic soil. Dark brown colors in the Upper profile overlie 
grayish brown colors in the subsoil. Silt loam to silty clay 
loam textures prevail in materials- which are friable and 
weakly structured. A moderately calcareous lime horizon 
occurs near the 30 to 35 cm depth. Neutral to mildly al- 
kaline pH values in the Upper profile generally increase to 
moderately alkaline in the subsoil. Cradduck soils have 
about a 2% content of coarse fragments. A detailed descrip- 
tion of a Cradduck soi1 cari be found in the Appendix. 

Cradduck map units 

CRDl - These relatively pure units are composed domin- 
antly of the Cradduck soils. When they occur on landscapes 



with steeper slopes such as hummocky or dissected land- 
forms they often have up to 20% inclusions of the Rego 
Dark Brown Chernozemic soi1 (VEB). More than 20% have 
underlying bedrock occurring less than 5 m below the sur- 
face. These units account for almost half of the total areal 
extent of Cradduck soils. 

Four topographie phases were mapped: 
(a) CRDlI2 with slopes of 1 to 2%; covers about 2100 ha, 

25% is shallow to bedrock. 
(b) CRD1/3 with slopes of 2 to 5%; covers more than 25,000 

ha, 25% is shallow to bedrock. 
(c) CRD1/4 with slopes from 6 to 9%; covers more than 8500 

ha, about 15% is shallow to bedrock. 
(d) CRD1/4D with slopes from 6 to 9% and many dissec- 

tions; covers about 2100 ha. 
CRD2 - The distinguishing feature of this unit is the signifi- 
tant amount of low and poorly drained areas in which 
water or Gleysolic soils occur. Cradduck soils which are do- 
minant, occupy the upland portions of the unit where the 
Rego Dark Brown Chernozemic soi1 (VEB) may also occur, 
especially where steeper slopes are present. The main oc- 
currence of this minor unit (3% of CRD soils) is in an area 
on the north side ofMilk River Ridge Reservoir. 

This unit was mapped on one topographie phase only 
(CRD2/3-4) with slopes ranging from 3 to 8%. About 2400 
ha are present of which only a minor portion has underly- 
ing bedrock within 5 m of the surface. 
CRD3 - This unit cari be recognized by the presence of salin- 
ity which has effected 20 to 40% of the unit. Salinity is pre- 
sent primarily as the salinized phase of Cradduck, but may 
also occur as small saline spots which are more severely 
salinized. The majority of the unit, which is non-saline, is 
characterized by the Cradduck soil. Inclusions of the Rego 
Dark Brown Chernozemic soi1 (VEB) as well as gleyed and 
Gleysolic soils may occur. Less than 1% of the Cradduck 
soils belong to this unit, mapped as small isolated areas 
north of the Milk River Upland. 

Only one topographie phase was recognized (CRD3/3) 
with slopes of 2-5%. Of the approximately 700 ha mapped, 
well over half had bedrock at less than 5 m below the sur- 
face. 
CRD4 - These are units in which 20 to 50% of the soils are 
Rego Dark Brown Chernozemic (VEB) (Fig. 27). Although 
the amount of Cradduck is less than in other Cradduck 
units, it is still dominant. Units on steeper slopes Will also 
have inclusions of Orthic Regosols. Where units are char- 
acterized by hummocky topography, sloughs and Gleysolic 
soils may occur. 

Fig. 27. A CRD4 map unit. Note the emled knolls. 

Most of these units cari be found associated with the 
lower slopes leading away from the Milk River Ridge, as 
well as similar landforms adjacent to the Sweetgrass Up- 
land. Minor occurrences of CRD4 have also been mapped 
on some ridged and other rough topography adjacent to 
spillways and drainage channels. A little more than 12,000 
ha were mapped, a significant proportion of which had un- 
derlying bedrock within 5 m of the surface. 

Four topographie phases were mapped: 
(a) CRD4/4 with slopes in the 6 to 9% range; covers about 

8200 ha, ofwhich more than 50% is shallow to bedrock. 
(b) CRD4/4D with slopes from 6 to 9% and numerous dissec- 

tions; covers about 1700 ha, 1/4 of which is shallow to 
bedrock. 

(d) CRD4/5D with slopes from 10 to 15% and numerous dis- 
sections; covers about 900 ha of which about 10% has 
bedrock within 5 m ofthe surface. 

CRD6 - These units have a 20 to 40% content of coarse tex- 
tured soils which occur as small isolated areas, too small 
to outline, within a dominantly Cradduck soi1 area. A vari- 
ety of coarse textured fluvial soils may occur which indi- 
vidually Will not exceed 20% of the unit. The most fre- 
quently occurring are the sandy loams of variable depth 
(KSR or MGR), as well as some gravelly soils. CRD6 units 
occur in widely separated locations. They comprise about 
2% of a11 Cradduck soils. 

Two topographicphases were mapped: 
(a) CRD6/3 with slopes from 2 to 5%; covers about 1100 ha. 
(b) CRD6/5 with slopes from 10 to 15%; covers about 200 ha. 
CRD7 - This unit is characterized by the presence of Sol- 
onetzic soils which total from 30 to 50% of the unit. These 
Solonetzic soils are too small to outline within an area of 
dominantly Cradduck soil. Almost equal amounts of Dark 
Brown Solod and Solodized Solonetz cari be found as well 
as the Solonetzic Dark Brown Chernozemic soil. Eroded 
pits are a common feature, particularly along dissections. 
One cari expect saline subsoils to be associated with this 
unit. 

Less than 1% of the Cradduck soils belong to this unit, 
more than half of which occur on the inclined and dissected 
topography adjacent to the Sweetgrass Upland. The re- 
mainder occurs as isolated areas elsewhere in the western 
part of the county. 

Only one topographie phase was mapped with slopes 
ranging from 6 to 9% and many dissections. Of the 600 ha 
mapped approximately half has bedrock within 5 m of the 
surface. 
CR:Pl - This unit cari be recognized by its stony surface 
which has stones varying from boulders to grave1 sizes. The 
stony phase of Cradduck makes up more than 60% of the 
unit. The remainder contains non-stony Dark Brown Cher- 
nozemic soils such as Cradduck or Verburg, which indi- 
vidually do not exceed 20%. Occasionally the unit has some 
poorly drained areas with either water or Gleysolic soils. 
Less than 1% of the Cradduck soils belong to this unit 
which occurs along portions of some drainage channels 
west ofTyrel1 Lake. 

One topographie phase was mapped with slopes from 
3 to 8%. The unit totals nearly 500 ha a11 of which has un- 
derlying bedrock at less than 1 m. 
CRNEl - Dark Brown Chernozemic soils on two different 
deposits characterize this complex unit. About 60% has de- 
veloped on till (CRD) and up to 30% on fluvial outwash 
(NED). Up to 20% of the unit may have various stony ph- 
ases. Generally the New Dayton soi1 occurs on ill-defïned 
ridges and slightly higher topographie positions, 
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Less than 1% of a11 Cradduck soils belong to this unit. 
It occurs in two equal sized areas; one near the east end of 
Kipp Coulee, the other along the south side of Milk River 
Reservoir. 

One topographie phase was recognized with 2 to 5% 
slopes. The 250 ha mapped had underlying bedrock within 
5 m of the surface. 
CRNE3 - Except for the salinity, this unit is in every respect 
similar to the CRNEl unit. Saline phases amount to about 
20 to 30% of the unit. In total it accounts for 1% of a11 Crad- 
duck soils. The bulk of this unit is located around the vil- 
lage of New Dayton. Another area does occur along Kipp 
Coulee about 8 km west of New Dayton. 

The one topographie phase recognized has slopes in the 
2 to 5% range. This unit totals 800 ha, a11 of which has bed- 
rock within 5 m of the surface. 
CRWNl -In these units Cradduck is still dominant but sig- 
nificant portions have a moderately fine textured veneer of 
lacustrine material overlying till (Fig. 22). In these loca- 
tions, which amount to 20 to 50%, an Orthic Dark Brown 
Chernozemic profile (WNY) has developed. These lacus- 
trine deposits generally occur in the lower and slightly 
smoother landscape positions. These units may also in- 
clude small amounts of Chernozemic soils on deeper lacus- 
trine (LET) as well as Rego profiles on till (VEB). Some 
units may also have minor inclusions of poorly drained 
areas. 

About 25% of a11 Cradduck soils have been mapped as 
CRWNl. Although some smaller areas do exist, the major- 
ity occur as large tracts that are several sections in size. 
Their occurrence is most prevalent in the general area from 
Tyrrell Lake to the western county boundary. The majority 
of these units occur on relatively smooth topography, ex- 
cept for locations traversed by slight drains resulting in 
steeper slopes. 

Two topographie phases were recognized; 
(a) CRWN1/3-2 with slopes from 1 to 4%; covers about 

15,000 ha ofwhich 20% has bedrock within 5 m. 
(b) CRWN1/4 with slopes from 6 to 9%; covers about 750 ha. 
CRWN2 - The soi1 component of this unit has equal 
amounts (30 to 50%) of the two dominant soils Cradduck 
and Whitney. Its main difference from the CRWNl unit is 
the 15 to 30% content of poorly drained areas of gleyed and 
Gleysolic soils in undrained depressions. This unit occupy- 
ing less than 1% of the Cradduck soi1 areas occurs as iso- 
lated areas associated with the main CRWNl units. 

One topographie phase was mapped on slopes in the 2 
to 5% range, totalling about 400 ha. 
CRWNG - This unit also has equal amounts (40 to 60%) of 
Cradduck and Whitney soils. However it differs from previ- 
ously described units because it has a 10 to 30% content of 
coarser textured and sometimes gravelly soils offluvial ori- 
gin. Its occurrence is limited to an area a few kilometres 
south of Milk River Ridge Reservoir where it occurs along 
one of the deep dissections in that area. It is relatively in- 
significant as it makes up less than 1% of the Cradduck 
soils. 

One topographie phase was mapped with slopes in the 
2 to 5% range totalling about 250 ha. 
CRWN7 - This unit is distinguished by the presence of Dark 
Brown Solod and Solodized Solonetz soils which total from 
20 to 40%. The unit also contains a similar amount of Whit- 
ney along with the 40 to 60% content of Cradduck. Minor 
amounts ofboth the Solonetzic and Rego Dark Brown Cher- 
nozemic soils may be present. This unit also represents less 

than 1% of the Cradduck soils. It occurs on two general 
areas; one below the Milk River Upland southeast of the 
Milk River Ridge Reservoir, the second near the Interna- 
tional border east ofthe Sweetgrass Upland. 

One topographie phase was recognized with slopes of 
2 to 5%, and it has an areal extent of almost 700 ha. 

Land Use 

Most Cradduck soi1 areas are being cultivated mainly 
under dryland conditions. A few areas are irrigated in the 
Raymond Irrigation District. The little that is being grazed 
is mainly where topography is too rough for arable agricul- 
ture. 

More than 75% of the Cradduck soi1 areas have no 
major limitation to agricultural production other than the 
relatively low precipitation characteristic of the area. 
Water erosion, however, is a constant threat because of the 
high silt content of these soils. About 8% occurs on topog- 
raphy rough enough to render such areas marginal or un- 
suitable for dryland agriculture, and non irrigable. Ap- 
proximately 3% is non irrigable because of the presence of 
low wet areas (“2” unit& Salinity occurs on about 2% re- 
sulting in such areas being non irrigable and marginal for 
dryland agriculture. This salinity is also a limitation to the 
grazing potential. A fairly large percentage (10%) has sig- 
nificant Rego Chernozemic soils in the unit. These soils 
usually have lime at the surface in sufficient concentra- 
tions to adversely affect plant growth, consequently these 
units (“4” units) are poor or marginal for dryland agricul- 
ture. The units which have a significant amount of Solonet- 
zic soils (,,7” units) are also less desirable for dryland ag- 
riculture, and their grazing potential is also lowered. These 
soils which amount to only 1% of the Cradduck soils are 
considered to be nonirrigable. The stones in the CR:Pl unit 
are numerous enough to make this unit nonarable. Coarse 
textured components in the CRNE units lower its rating for 
both dryland and irrigated agriculture as well as its graz- 
ing potential. 

2.6.10 CAVENDISH (CVD) SOILS 

General setting and description 

Cavendish soils have developed on sandy fluvial or eo- 
lian material. Landscape features are those of an undulat- 
ing plain with some ridged characteristics. These rapidly 
drained soils occur mainly in the southern part of the 
county associated with the Milk River and some of its 
tributaries. They are one of the less common soils, in total 
occupying less than 1% ofthe county area. 

Cavendish is classified as an Orthic Brown Cher- 
nozemic soil. It has a brownish colored solum developed in 
a structureless and loose loamy sand to Sand. The gradua1 
change from one horizon to another is mainly in color, 
which grades from a grayish brown surface color, through 
a brown B horizon, and into a pale brown C horizon. Usu- 
ally pH values increase with depth from slightly acid to 
neutral in the surface horizon, to neutral in the B horizon, 
and neutral to mildly alkaline in the C horizon. If a CaCos 
horizon is present it is usually near the one metre depth or 
below. 

Cavendish map units 

CVDl - This is the only unit mapped and is composed al- 
most entirely of Orthic Brown Chernozemic soils, of which 
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Cavendish is dominant. From 10 to 30% of the unit has un- 
derlying till within 1 m (PLS soil). An equal portion of the 
unit has sandy loam textures (BVL soil). There may also 
be inclusions of till (MSN soil) or the Rego Brown Cher- 
nozemic soi1 (VST) also with loamy sand to sand textures. 

One topographie phase was recognized with slopes in 
the 2 to 5% range, covering about 400 ha. 

Land use 

Cavendish soils are nonarable under dryland condi- 
tions because of their low water holding capacity and sus- 
ceptability to wind erosion. Therefore they are best suited 
for grazing even though they have a low carrying capacity. 
This soi1 has a fair rating for irrigation. 

2.6.11 DISHPAN (DHP) SOILS 

General setting and description 

The total extent of these soils is a little more than 1000 
ha. They occur in widely separated areas mainly in the 
Verdigris Plain, with lesser amounts in the Chin Plain. 
Dishpan soils are poorly drained, and occur primarily in 
drainage channels in which medium to moderately fine 
lacustrine or fluvial lacustrine materials have been depo- 
sited. These soils are very saline resulting in a patchy veg- 
etative caver. Locations of more severe salinity are often 
devoid of vegetation while salt tolerant grasses and herbs 
are found elsewhere. 

Dishpan soils cari be recognized by their strongly 
saline condition which results in salts being visible on the 
surface and in the exposed profile whenever drying takes 
place. Classifïed as a Rego Gleysol, saline phase, this soi1 
has no profile development except for a thin to absent Ah 
horizon. Upper profile textures of silt loam usually become 
finer with depth. Olive gray colors and a massive structure 
as well as a medium lime content are common features of 
the C horizon. 

Dishpan map units 

DHPl - About 70% or more ofthe Dishpan unit is composed 
ofthe saline phase of this Rego Gleysol soil. The remainder 
of the unit is comprised of the saline phase of the Orthic 
Chernozemic soi1 (LLD) and other Gleysolic soils. It is not 
unusual to find small water bodies associated with this 
unit. Of the total 1000 ha of Dishpan soils, about 20% ha 
has bedrock at less than 5 m - the DHPl/S: R unit. Regard- 
less of depth to bedrock a11 Dishpan units have a very 
gently undulating topography. 

Land Use 

In Dishpan areas the saline conditions are SO limiting 
that these soils are both non irrigable and non arable. Thus 
their only agricultural use is grazing which is low, even in 
the best portions of the unit. 

2.6.12 DISTURBED LAND (DL) 

About 1000 ha are included in this map unit. It in- 
cludes areas which have been removed from agricultural 
production due to land disturbance within townsites as 
well as excavation areas for grave1 or fil1 material. The 
majority of the areas included in this unit rre townsites 
while only 10% are grave1 pits. 

2.6.13 FORK (FOR) SOILS 

General setting and description 

These well drained soils have developed on a veneer of 
moderately coarse textured fluvial material overlying 
lacustrine deposits. Their occurrence is confined to the ex- 
tensive fluvial deposits within the broad valley of the Milk 
River Plain west of Highway 4. Associated landform fea- 
tures are generally those of an undulating plain with a few 
low ridges. 

Fork is an Orthic Dark Brown Chernozemic soil. It has 
a granular structured, sandy loam A horizon, and usually 
has a similar or finer texture in the B horizon. The underly- 
ing material usually has a silt loam or fïner texture and is 
quite mellow. Considerable variability cari occur in the 
thickness of overlay, varying from 25 centimetres to nearly 
one metre. Profile colors, grayish brown at the surface, 
change to yellowish brown in the subsoil. Near neutral to 
mildly alkaline pH values prevail above the moderatly al- 
kaline lime horizon. 

Fork map units 

FOKSl - In Warner County Fork soils were always found 
associated with deeper fluvial deposits (KSR soils). In a few 
locations, no fluvial veneer exists resulting in a Cher- 
nozemic profile developing in fïner lacustrine material 
(LET soil). This latter soi1 however never exceeds 10% of 
the unit. Low wet areas of gleyed or Gleysolic soils some- 
times occur. Total extent of this unit is about 900 ha. 

One topographie phase was mapped with slopes of 2 to 
5%. 

Land use 

The main limitation of the FOKSl unit to dryland ag- 
riculture or grazing is its less than adequate moisture hold- 
ing capacity. For irrigation the textural difference between 
the fluvial veneer and underlying lacustrine material has 
the potential for lateral water movement and subsequent 
seepage problems. 

2.6.14 GLEYSOLIC (G) SOILS 

This unit includes the numerous small poorly drained 
areas (sloughs or potholes) in which Gleysolic soils occur. 
They have been SO named because it was impractical dur- 
ing the course of the soi1 survey to visit each one and 
further classify the soils. Although they are numerous, 
their total area of 1120 ha is considerably less than 1% of 
the total county area. They occur throughout the county 
(Fig. 28) as isolated depressions many of which contain 
water well into the summer months. 

Land use 

When these areas occur in cultivated areas they be- 
corne a nuisance because they are usually too wet to culti- 
vate. However when they occur in areas where grazing is 
the dominant land use, such as in the Milk River Upland 
they are an asset, as they may have a higher carrying ca- 
pacity than the surrounding land. 
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2.6.16 GLEDDIES (GLS) SOILS 

T7 
General setting and description 

T6 

T5 

T4 

T3 

This soi1 is relatively minor in Warner County, occur- 
ring only within the unnamed spillway stretching south- 
east from New Dayton towards the railway siding of 
McNab. It occupies about 130 ha in the northern part ofthis 
spillway. This poorly drained and saline soi1 has developed 
on moderately fine to fine textured lacustrine material. Be- 
cause of the saline nature of the soil, vegetative caver is 
rather sparse and limited to salt tolerant grasses such as 

T2 
wild barley (foxtail barley). 

Gleddies soils are classified as Rego Gleysols, saline 

Tl 
phase, as they have no profile development except for a 
very thin to absent Ah horizon. Du11 olive gray colors pre- 

R21 R20 R19 Fi18 Ri7 R16 R15 R14 R13 R12 Rll vail in a material that has a silty clay loam to silty clay tex- 

Fig. 28. Distribution ofGleysolic soils. 
ture and a massive structure. Strongly saline and moder- 
ately alkaline conditions are common within and below the 
1 m depth. The higher clay content distinguishes this soi1 

2.6.15 GEM (GEM) SOILS from Dishpan soils. 

General setting and description Gleddies map units 

This is a moderately well drained soil. It has developed 
on a veneer of medium to moderately fine textured lacus- 
trine material overlying till. Generally it cari be found on 
a level to undulating plain. Gem is classified as a Brown 
Solod. It has an 8 to 10 cm thick Ah horizon with a loam 
to silt loam texture. Its brown color grades to a brownish 
gray Ae horizon which in turn grades to an AB horizon. 
This latter horizon is darker in color and much finer tex- 
tured and has a subangular blocky structure. The underly- 
ing columnar structured Bnt horizon has a silty clay loam 
texture and a dark brown color. Lime usually occurs near 
the 40 cm depth, just above the depth at which till normally 
is encountered. Slightly acid to neutral pH values prevail 
in the A horizon increasing to mildly alkaline in the B hori- 
zon and moderately alkaline in the lime horizon and below. 
Sulphate salts are present in the C horizon. 

GLSl - This unit, composed almost entirely of the Gleddies 
soil, is the only one mapped. Very minor amounts of the 
saline phase of the Orthic Chernozemic soi1 (LLD) may 
occur at the edges of the area. A few large stones or boul- 
ders, presumably ice-rafted, are embedded in the surface of 
parts of the unit. 

Land use 

Gleddies soils, because of their salinity and poorly 
drained condition, are unsuitable for both dryland and irri- 
gated agriculture. Despite a low carrying capacity, grazing 
is still its best agricultural use. 

2.6.17 GRUDGE (GRG) SOILS 

Gem map units 

GEM3 - This is the only Gem unit recognized in the county. 
Gem soi1 is dominant representing from 40 to 70% of the 
unit. Other Solonetzic soils present in significant amounts 
may include Brown Solodized Solonetz (WDW and DHS), 
and Brown Solod developed on till (HDY). However, the 
most significant characteristic of the unit is the saline 
phase of the Orthic Brown Chernozemic soi1 (LLD). Salini- 
zation may also have effected other soils in the unit. Minor 
amounts of other Solonetzic soils may also occur. 

This unit which totals 600 ha was mapped primarily 
in an area near the International border about 15 km east 
of Coutts. There it occurs in a basin-like area, which proba- 
bly receives ground water discharge from the surrounding 
higher till areas. One topographie phase was recognized 
with slopes in the 1 to 4% range. 

Land use 

General setting and description 

Grudge soils occur only on the Milk River Upland 
where they total a little more than 1000 ha. They have de- 
veloped on moderately saline till, possibly derived from the 
Bearpaw formation which underlies part of the Milk River 
Upland (Fig. 9). These soils occur on some of the undulating 
and inclined slopes between the Milk River and the higher 
morainal uplands of the Milk River Ridge. Under these in- 
clined slopes, bedrock is often at less than 10 m below the 
surface. 

These soils, which are classifïed as Dark Brown Sol- 
odized Solonetz, cari be recognized by the columnar round 
topped structure of the B horizon. The dark brown color of 
the Ah horizon gradually changes to a dark grayish brown 
in the Ae horizon which is 1 or 2 cm thick. Loamy textures 
in the A horizon change abruptly to clay loam or finer in 
the Bnt horizon at about the 16 cm depth. Because this lat- 
ter horizon is very compact and resistant to breakdown, 
root penetration is diffïcult. A lime horizon is usually en- 
countered near the 35 to 40 cm depth in a clay loam mate- 
rial. Neutral to slightly acid pH values in the A horizon in- 
crease to mildly alkaline in the B horizon and moderately 
alkaline in the Cca horizon. A detailed description of a 
Grudge soi1 is includedin the Appendix. 

Although parts of the unit are being cultivated it 
should be utilized mainly for forage crops or improved pas- 
ture. The saline conditions, aggravated by the Solonetzic 
nature of the soils make the unit unsuitable for both dry- 
land or irriaated cran nroduction. These characteristics are 
also respo&ble for-a relatively low grazing carrying ca- 
pacity. 
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Grudge map units 

GR:E1 - Al1 of the Grudge soils mapped belong to this unit. 
A very obvious feature is the eroded character of the soils 
to the extent that little or no A horizon remains over most 
of the area. Although most of the soils are the eroded phase 
of the Solodized Solonetz (GRG) about 30% of the unit con- 
sists of the Dark Brown Solod, eroded phase. Another fea- 
ture is that the inclined slopes associated with the unit are 
often dissected by shallow drainage channels along which 
the more severely eroded soils occur. 

Although the unit occurs on both sides of the Milk 
River, it is most prevalent on the south side. Associated 
slopes are generally in the 2 to 5% range. About 10% of the 
unit has underlying bedrock within 5 m ofthe surface. 

Land use 

Because of their eroded condition and the undesirable 
structure of the B horizon, Grudge map units are not suita- 
ble for trop production. Their present land use, grazing, is 
the best alternative, despite their low canying capacity. 

2.6.18 HALLIDAY (HDY) SOILS 

General setting and description 

These soils occur only in that part of Verdigris Plain 
lying in the south eastern part of the county. They occupy 
almost 2000 ha generally in the area between the Sweet- 
grass Upland and the Lucky Strike area, centred in town- 
ship 3 at the east edge of the county. These two upland 
areas slope north and south respectively towards the Milk 
River which separates them. It is on the lower portions of 
these slopes that the Halliday soils occur. They have de- 
veloped on a blanket of morainal material up to 10 m thick 
which overlies bedrock. 

Halliday is classifïed as a Brown Solod. It cari be recog- 
nized by a remnant transitional AB horizon which often re- 
tains the round topped form, but not the strong secondary 
structure of the former Solodized Solonetz from which it 
has evolved. The transition to the columnar structured Bnt 
horizon& graduai, both in color and texture. Clay loam tex- 
tures and dark brown colors are normal characteristics of 
the Halliday B horizon. Horizons above are brown to 
grayish brown. The strucJura1 characteristics of the Bnt 
horizon gradually becomes less obvious through the BC 
horizon, disappearing entirely in the Cca horizon, at about 
40 to 50 cm. Salts are usually present at these lower depths. 
Mildly alkaline pH values in the B horizon increase to mod- 
erately alkaline in the lime horizon. Above, in the A hori- 
zon, slightly acid conditions prevail. 

HaIiday map units 

HDHUl - Only one Halliday map unit was recognized. It 
consists of nearly equal amounts of Halliday and the 
Brown Solodized Solonetz (HUK). Eroded pits where the A 
horizon has been eroded away, are a common feature occur- 
ring on 10 to 30% of the unit. Generally the Halliday profile 
cari be found in the non eroded portions, and the Hemaruka 
profile (HUK), eroded phase, in the pits. 

About 60% of this unit occurs on the north side of the 
Milk River where bedrock is generally less than 5 m below 
the surface (the:R unit), The remaining 40% south of the 
river has underlying bedrock occurring from 5 to 10 m 
below the surface. Both units have slopes in the 3 to 7% 
range. 

Land use 

Presently most of these soils are being grazed, proba- 
bly their best use as they are marginal for arable dryland 
farming because of their solonetzic structure and the low 
rainfall. These solonetzic characteristics are also responsi- 
ble for a poor irrigation rating. The areas with shallower 
bedrock have an added limitation making them unsuitable 
for irrigation. 

2.6.19 HEGSON (HEG) SOILS 

General settingand description 

Hegson soils were mapped at the western edge of the 
county within the Milk River Plain. There, they occur on 
both sides of the river and total almost 400 ha. They have 
developed on a fine textured glaciolacustrine material 
overlying till (sometimes called lacustre-till). There is an 
overall general slope towards the river. 

Hegson is classified as an Orthic Dark Brown Cher- 
nozemic soil. The 10 cm thick Ah horizon has a dark 
grayish brown color, which becomes darker in the B hori- 
zon. Silty clay loam textures in the A horizon change to 
silty clay in the B horizon and below. The profile generally 
is weakly structured, subangular blocky in the A horizon 
and prismatic in the B horizon. Lime accumulation gener- 
ally occurs near the 30 cm depth, although some profiles 
may be weakly carbonated above the Cca horizon. Both the 
A and B horizon have neutral pH values, but this changes 
to moderately alkaline in the lower profile. A few stones 
are usually present in this soil. 

Hegson map units 

HEGl - This unit consists almost entirely of the Hegson 
soil. Very minor amounts of siltier lacustrine material 
overlying till (LUP) may occur, as well as the occasional 
wet area. Slightly more than half of the Hegson soils belong 
to this unit. Only one topographie phase was mapped with 
slopes in the 2 to 5% range. 
HEG7 - More than halfthe soils in this unit are Hegson, the 
remainder being mainly solonetzic in character. Almost 
equal amounts cari be found of the Solodized Solonetz and 
the Solod. These solonetzic soils occur indiscrimanently 
within the unit but cari usually be identified by the as- 
sociated “blow-out” pits. This unit occurs only on the south 
side of the river where associated slopes are in the 1 to 2% 
range. 

Land use 

The high clay content and the resulting high moisture 
holding capacity result in a relatively high rating of Heg- 
son soils for both dryland farming and grazing. However, 
the solonetzic characteristics of the HEG7 unit lowers its 
rating. For irrigation the HEGl unit has a fair rating, but 
the HEG7 unit is non irrigable. Both units are presently 
being grazed. 

2.6.20 HEARTBREAK (HRK) SOILS 

General setting and description 

These soils are concentrated in the Milk River Plain 
(Fig. 29) between the town of Milk River and the western 
edge of the county. They have formed on very coarse tex- 
tured fluvial deposits which are most abundant on the 
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Fig. 29. Distribution ofHeartbreak soils. 

south side of the river. Associated landforms are generally 
undulating to hummocky with some ridged tendencies, 
especially where wind action has redeposited the material. 
Total extent of Heartbreak soi1 is 4000 ha. 

Heartbreak is classified as an Orthic Dark Brown 
Chernozemic soil. It has a loamy Sand Ah horizon from 10 
to 15 cm thick, which has a dark grayish brown color and 
a loose single grain structure. This structure continues into 
the darker brown B horizon, which is up to 20 cm thick and 
also has a loamy Sand texture. Colors gradually fade to a 
pale brown in the C horizon, which is composed of very 
loose Sand. Lime, if present in the lower C, is in very low 
concentrations. Neutral pH values in the A horizon gradu- 
ally change to mildly alkaline in the C horizon. 

Heartbreak map units 

HRKl - This unit occupies about 35% of the total 
Heartbreak soi1 area. The unit has up to 70% of the 
Heartbreak profile. The remaining soils are also Orthic 
Dark Brown Chernozemic but are developed on sandy loam 
textures (KSR, FOR, or MGR). Some Regosolic soils may 
also occur, especially where steep slopes are present. One 
small area was mapped which had underlying bedrock at 
less than 5 m. Al1 HRKl units have slopes in the 3 to 8% 
range. 
HRK4 - This, the most prevalent of the Heartbreak units, 
occurs on almost 40% of the total Heartbreak soi1 area. Soi1 
components are similar to the HRKl unit except there is 
about 30% of the Rego Chernozemic profile present. This is 
associated with an increased amount ofwind deposited ma- 
terial where these Rego Chernozemic profiles are concen- 
trated. 

Two topographie phases were mapped: 

(a) HRK4/4 with slopes of 6 to 9%; covers about 1300 ha of 
which a very minor amount has bedrock within 5 m of 
the surface. 

(b) HRK4/5 with slopes of 10 to 15%; covers about 300 ha. 
HRNEl - About 25% of the Hearbreak soils belong to this 
unit. It consists dominantly of Heartbreak and a 30% con- 
tent of soils developed on gravelly fluvial material (NED). 
Usually these coarse textured gravelly soils occur on 
ridges. 

Two topographie phases were recognized: 

(a) HRNEl/S with slopes of 2 to 5%; about 450 ha were 
mapped. 

(b) HRNElI4 with slopes of 6 to 9%; about 600 ha were 
mapped. 

Land use 

Heartbreak units are usually poor to marginal for dry- 
land farming. Their sandy nature makes them susceptible 
to wind erosion especially if they are in grain production. 
Their coarse textures also result in a low water holding ca- 
pacity. Thus they are best suited for grazing purposes de- 
spite a relatively low carrying capacity. Their irrigation 
rating is only fair on the better topographie units while 
those on rougher topography are non irrigable. Some 
HRNE units may be a possible source of gravel. 

2.6.21 HEMARUKA (HUK) SOILS 

General setting and description 

In terms of extent these soils are relatively unimpor- 
tant as they occur on less than 150 ha. They have developed 
on a moderately saline till with undulating to hummocky 
landform characteristics. Their occurrence is limited to the 
southern part of Verdigris Plain north of the Sweetgrass 
Upland. 

Hemaruka is classified as a Brown Solodized Solonetz 
soil. Its main distinguishing feature is the hard columnar 
round topped structure of the Bnt horizon, which is very re- 
sistant to breakdown and to plant root penetration. This 
horizon has a clay loam to clay texture, a dark grayish 
brown color, and a neutral to mildly alkaline reaction. The 
A horizon is divided into an Ah horizon about 8 cm thick, 
and an Ae horizon about 3 cm thick. Both have a loam tex- 
ture, and a neutral to slightly acid reaction. The lower B 
horizon has a weaker structure than the Bnt and gradually 
increases in alkalinity as it approaches the Cca horizon at 
about 35 cm below the surface. Lighter colors are also char- 
acteristics of these lower horizons as are moderately al- 
kaline pH values, and clay loam textures. 

Hemaruka map units 

HU:E1 - This is the only Hemaruka unit mapped. It occurs 
in the same general area, and in association with the 
HDHU map unit. The most noticeable feature is the eroded 
pits which generally caver more than 50% of the unit area. 
In the non eroded portions, Hemaruka and the Brown Solod 
(HDY) occur in about equal proportions. More than half the 
area has underlying bedrock at less than 5 m, while under 
the remainder of the map unit it is from 5 to 10 m below 
the surface. Both units have slopes in the 3 to 7% range. 

Land use 

This unit is unsuitable for both arable dryland farm- 
ing and irrigation because of the solonetzic structure and 
lack of A horizon. These characteristics also result in a low 
carrying capacity for grazing. 
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2.6.22 JOANTO (JAT) SOILS 

General setting and description 

Joanto soils were mapped only in the Milk River Up- 
land, associated with a lacustrine area which is a westward 
extension to the unnamed lake in the west central part of 
Twp 3, Rge 19. This area is poorly drained with an overall 
level to very gently undulating topography, except where 
the meandering stream dissects the valley. About 130 ha 
were mapped in this broad valley. 

This soi1 is classified as a Rego Humic Gleysol. It has 
a 15 cm thick, very dark gray Ah horizon, overlying a 
strongly gleyed C horizon. Both horizons have a clay loam 
to clay texture. Lime may occur in the A horizon, but is al- 
ways present in the massive structured C horizon. Thin 
sand or fine gravelly lenses often occur in the mid and 
lower profile, increasing to a continuous coarse Sand to 
grave1 below the 1 m depth. 

Joanto map units 

JAT3 - This saline unit is the only Joanto soi1 mapped. Sa- 
linity occurs intermittently as isolated saline spots which 
total up to 40% of the unit. The Rego Humic Gleysol (JAT) 
occupies from 50 to 80% of the unit. Small amounts of a 
silty Chernozemic soi1 (SOF) may occur near the edges of 
the unit. Slopes range from 0.5 to 2%. 

Land use 

The poorly drained and wet conditions of this unit ren- 
der it unsuitable for both irrigated and dryland trop pro- 
duction. These wet conditions, however, are an asset to 
grazingresulting in a high carrying capacity for the unit. 

2.6.23 KARLSBAD &BD) SOILS 

General Settig and description 

These soils have developed on a moderately saline lacus- 
trine material of medium to moderately fine texture. Land- 
form characteristics are those of a low relief, level to un- 
dulating plains. They occur in the southeastern part of the 
county within Verdigris Plain where their total extent is 
about 350 ha. 

Karlsbad is classified as a Brown Solod. It is recognize- 
able by a dark brown columnar Bnt horizon which is over- 
lain by an AB horizon a few cm thick. Above this, the Ah 
and Ae horizons are brownish colored and have loam to silt 
loam textures. Total thickness of A horizon is usually about 
10 cm with the major portion being Ah. Below the Bnt, col- 
ors gradually become lighter especially in the lime horizon 
at or near the 35 cm depth. The Bnt and lower horizons 
have a silty clay loam texture, as well as a moderately al- 
kaline reaction. Slightly acid conditions prevail in the A 
horizon. 

Karlsbad map units 

KBDl - This unit is the only one that was mapped. It occurs 
in widely separated locations and is usually associated 
with somewhat lower areas in the landscape. Up to 70% of 
the unit is the Karlsbad profile, the remaining portion 
being mainly the Solonetzic Brown Chernozemic soi1 
(CHZ). Small amounts of the Brown Solodized Solonetz 
(WDW) may also occur. Only one topographie phase was 
recognized with slopes in the 1 to 3% range. 

Land use 

Low precipitation and the solonetzic structure are the 
main limitations of this unit, resulting in a marginal rat- 
ing for dryland farming, and a relatively low grazing carry- 
ing capacity . The unit is rated as fairly good for irrigation. 

2.6.24 KEHOL (KHO) SOILS 

General setting and description 

Kehol soils have developed on moderately saline lacus- 
trine materials with medium to moderately fine textures. 
Associated landform characteristics are those of a gently 
undulating to undulating plain. These soils generally 
occur along the transitional area from the Verdigris Plain 
to the Milk River Ridge. Their total extent is slightly less 
than 700 ha. 

Classifïed as a Dark Brown Solodized Solonetz, this 
soi1 cari be recognized by its hard columnar round topped 
Bnt horizon. This horizon occurs at about the 20 cm depth 
and has a silty clay loam to silty clay texture and a dark 
brown color. The overlying A horizon consists of a 15 cm 
thick Ah which grades into an Ae horizon a few cm thick. 
Below the Bnt, the Cca horizon usually occurs near the 50 
cm depth in a brownish gray silty clay loam. Salts are often 
encountered at these depths as well. Slightly acid to neu- 
tral pH values in the A horizon change to mildly alkaline 
in the B horizon and moderately alkaline in the C horizon. 

Kehol map unit-s 

KH03 - This saline unit is the only Kehol map unit that was 
recognized. In addition to the 20 to 30% content of the 
saline phase of the Orthic Dark Brown Chernozemic soi1 
(LLD), small amounts of other saline soils cari also be 
found. However, Kehol is the dominant soil. Signifïcant 
amounts of the Dark Brown Solod (AWD) are also present. 
One area ofKeho1 just south of Milk River town has consid- 
erable sandy soils included in the unit. 

Only one topographie phase was mapped with slopes in 
the 1 to 4% range. Of this about 40% had bedrock occurring 
at less than 5 m below the surface. 

Land use 

Salinity is the major limiting factor to the agricultural 
uses of this unit. This coupled with its solonetzic character- 
istics make it nonirrigable and at best marginal for dry- 
land agriculture. Its best use is grazing despite only a poor 
to fair rating. 

2.6.25 KLEMENGURT (KGT) SOILS 

General setting and description 

Klemengurt soils are moderately well drained, black 
grassland soils which have developed on fine textured 
lacustrine materials. About 200 hectares were mapped on 
the Milk River Ridge near the west central edge of the 
county. This soi1 occurs in valley bottoms on relatively flat 
topography where surface drainage is rather slow. 

Classifïed as a Black Solonetz, this soi1 has a thin (3 
cm) Ah horizon which is very dark gray in color. Below it, 
the strongly structured B horizon is very hard, black in 
color, and has a clay texture. The lower B is more friable 
than the Upper B and is grayish brown in color. Clay loam 
textures persist and often become fïner in the C horizon 
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near the 50 cm denth. At this denth no defineable structure 
cari be detected, and dark grayish brown colors prevail. 
Near the 90 to 100 cm depth a few mottles cari be observed, 
indicative of poor subsoil drainage. Weakly calcareous con- 
ditions in the Upper profile gradually increase to moder- 
ately calcareous in the lower profile. 

Klemengurt map units 

KGTl - This unit, the only one mapped, is relatively pure 
with about 80% of the unit containing Klemengurt soils. 
Variations tend mainly towards the Solodized Solonetz 
member where Ah horizons are thicker. A few saline and 
gleyed variants may occur in widely separated parts of the 
unit. Near the valley edges, Black Chernozemic soils on till 
(BZR, RFD) may occur as extensions from the adjoining up- 
land areas. Although only one topographie phase was map- 
ped (KGTX?) with slopes less than 2%, parts of this unit 
may tend towards slightly steeper slopes. 

Land use 

Because of their structural characteristics, Klemen- 
gurt soils are unsuitable for cultivated agriculture, either 
dryland or irrigated. Grazing is the best use even though 
the carrying capacity is low. 

2.6.26 KNIGHT (KNT) SOILS 

General setting and description 

These well drained black grassland soils have de- 
veloped on moderatély coarse textured gravelly ice-contact 
or fluvial materials. Knight soils are concentrated in the 
western portion of Township 3, Range 19 where they occur 
on the northern slopes of the broad valley forming part of 
the headwaters to Mackie Creek. Their landscape setting 
is a low hummocky to rolling landform situated between 
the till upland area and lacustrine soils in the valley floor 
(Fig. 20). About 400 hectares of Knight soi1 were mapped 
in Warner County. 

Knight soils are classifïed as Orthic Black Cher- 
nozemic soils. They cari be recognized by the variable 
amount of fine grave1 present in a11 parts of the profile. In 
the Upper horizons, the grave1 content is generally less 
than 10% by volume, compared to a 20% content below the 
50 cm depth.Soil colors in the 10 cm thick surface horizon 
are generally very dark grayish brown to black in a 
gravelly sandy loam. The B horizon retains the gravelly 
sandy loam texture but colors are dark brown grading to 
pale brown in the lime horizon at about the 70 cm depth. 
At these lower depths the texture is gravelly loamy Sand. 
Although these soils are friable when moist, they tend to 
become hard upon drying particularly in the B horizon. 

Knight map units 

KNTl - This is the only Knight unit that was mapped in 
Warner County. It is a relatively pure unit, having 70 to 
80% Knight soils. Inclusions of till soils (BZR, RFD, PUR) 
may be found near the upslope edges of the unit where it 
adjoins the upland till areas. Minor amounts of lacustrine 
soils @OF) do occur within this unit, particularly towards 
the downslope portions of the landscape. This unit was 
mapped only on topography with slopes in the 6 to 9% 
range. ’ 

Land use 

The sandy and gravelly nature of this soi1 limits its 
water holding capacity, thus rendering it marginal for ara- 
ble dryland agriculture. Likewise the texture lowers its 
carrying capacity for grazing purposes. This unit is also 
rated rather low for irrigation, again because of the coarse 
texture. Presently, a large portion of the Knight map unit 
is used for grazing, probably its best use. 

2.6.27 KESSLER (KSR) SOILS 

General setting and description 

Kessler soils have developed on a moderately coarse 
textured fluvial material. Their associated landform is 
primarily undulating with both hummocky and ridged ten- 
dencies. They occur mainly on the Milk River Plain in two 
general areas. The major portion is concentrated in the 
broad valley formed by the Milk River, primarily from the 
town of Milk River westward (Fig. 30). Lesser amounts are 
encountered in an area a few km northwest of Raymond. 
In total Kessler soils amount to almost 4000 ha. 
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Fig. 30. Distribution ofKessler soils. 

This soi1 is classified as an Orthic Dark Brown Cher 
nozemic soi]. Deep sandy loam materials and brownish col- 
ors are typical of Kessler soils. A dark grayish brown Ah 
horizon, about 15 cm thick, grades into a dark yellowish 
brown Bm horizon, which like the Ah, has a sandy loam 
texture. This texture continues through the yellowish 
brown lime horizon, at about 60 to 70 cm, and into the paler 
brown lower horizons. Relatively weak structures persist 
through the entire profile, although it becomes hard when 
dry. Neutral pH values in the Upper horizons turn to mildly 
alkaline,values in the lime horizon and below. A detailed 
description of a Kessler profile is included in the Appendix. 

Kessler map units 

K$Rl - This unit accounts for about 40% of a11 the Kessler 
soils, most of it occurring in the fluvial materials of the val- 
ley west of Milk River town. Lesser amounts cari be found 
northwest of Raymond where a ridged landform dominates 
the landscape. The unit is almost entirely composed of the 
Kessler profile with only small areas where the underlying 
till is within 1 m of the surface. 
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Two topographie phases were recognized: 

(a) KSR1/3 with slopes of 2 to 5%; about 630 ha were map- 
ped. 

(b) KSRU4 with slopes of 6 to 9%; about 840 ha were map- 
ped. 

KSR2 - About 12% of the Kessler soils belong to this unit. 
It occurs only in the area west of Milk River town in a few 
isolated areas which tend to be lower than the surrounding 
landscape. Often these areas are associated with indistinct 
drainages which traverse the valley. The unit therefore 
has, in addition to the dominant Kessler, a significant 
amount of wet areas where Gleysolic or gleyed soils appear. 
Some of these wet areas may contain water particularly in 
the early part of the growing season. 

Only one topographie phase was recognized with 
slopes in the 2 to 5% range. Of the nearly 500 ha mapped, 
100 ha has underlying bedrock within 5 m of the surface. 
K&G1 - This unit which occurs on both sides of the Milk 
River west of the town, accounts for about 1/3 of the Kessler 
soils. It differs from the other Kessler units mainly in the 
composition of the material on which it has developed. This 
material, although being a sandy loam, has a 10 to 15% 
content ofvery fine grave1 throughout the profile. 

The gravelly phase of Kessler is the dominant soi1 in 
this unit. Inclusions of other sandy Chernozemic soils 
(MGR, FOR) may occur. Areas of rougher topography usu- 
ally have some Rego Chernozemic soils, as well as tending 
towards a loamy sand texture, especially in the lower pro- 
file. 

Two topographie phases were recognized: 

(a) KS:G1/3 with slopes of 2 to 5%; about 1150 ha were 
mapped a11 with underlying bedrock at less than 5 m. 

(b) KS:G1/4 with slopes of 6 to 9%; about 170 ha were map- 
ped a11 with underlying bedrock at less than 5 m. 

KSMGl - This unit accounts for about 15% of the Kessler 
soils. It occurs primarily on the north side of the Milk 
River, both east and west of Milk River town. More than 
half the unit has Kessler soil, with up to 50% having under- 
lying till is at less than 1 m (Migra soil). 

Two topographie phases were recognized: 

(a) KSMGU3 with slopes of 2 to 5%; about 330 ha were 
mapped. 

(b) KSMG1/4 with slopes of 6 to 9%; about 200 ha were 
mapped. 

KSOAl - About 2% of the Kessler soils have been included 
in this unit. It occurs only in the area northwest of 
Raymond. The unit is composed of two closely associated 
soils; Kessler which is dominant, and Oasis, which has de- 
veloped on a veneer of loam to silt loam overlying sandier 
material. The unit may also have inclusions of deeper silt 
loams (LET). A ridged landform is associated with this 
unit. 

Only one topographie phase was recognized with 
slopes in the 2 to 5% range. 

Land use 

Texture is the main limitation of Kessler units to their 
agricultural use. This is especially true of the KS:Gl units 
which are marginal to poor for arable dryland agriculture 
and have a low grazing rating. They are also considered to 
be nonirrigable. The remainder of the Kessler units are 
fairly good for both dryland agriculture and grazing. They 

are considered to be good irrigation soils with the exception 
of the KSR2 unit which has a fair rating because of the wet 
areas which form part ofthis unit. 

Most of the Kessler units being cultivated are perform- 
ing satisfactorily with good management. However, parts 
of the KS:Gl unit are suffering from wind erosion, espe- 
cially where textures tend to be coarser than normal. 

2.6.28 LETHBRIDGE (LET) SOILS 

General setting and description 

These soils have developed on a deep uniform lacus- 
trine material of medium to moderately fine texture, usu- 
ally deposited in a level to undulating plain (Fig. 25). 
Where topography is rougher, it has a ridged or subdued 
hummocky landform. Lethbridge soils total about 5500 ha 
concentrated primarily in three areas on Verdigris Plain 
(Fig. 31). The largest is associated with the lacustrine 
basin in the northwest part of the county. Another lies 
along the southern boundary of Verdigris Plain about 9 km 
west of Warner. The third is associated with the Milk River 
occurring near the junction of the north and south branches 
ofthis river. 
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Fig. 31. DistributionofLethbridgesoils. 

Lethbridge is classifïed as an Orthic Dark Brown 
Chernozemic soil. Normally the Ah horizon is about 15 cm 
thick. It grades into a brighter brown and finer textured 
Bm horizon, which is further characterized by its prismatic 
structure. Below this, at about the 45 cm depth, is a moder- 
ately calcareous subsoil. Silt loam to silty clay loam tex- 
tures are usual for the lower subsoil. Close to neutral pH 
values occur in the Upper part of the profile, yielding to 
mildly alkaline conditions in the subsoils. A detailed de- 
scription of a Lethbridge soi1 is included in the Appendix. 

It has been observed that Lethbridge soils in irrigated 
areas usually have darker colors than their non irrigated 
counterpart, particularly noticeable in the A and B hori- 
zons. Furthermore, electrical conductivity measurements 
indicate that these irrigated soils often have low levels of 
salinity in the B and C horizons, too low to be visually de- 
tected. 

Lethbridge map units 

LETl - Most of this unit occurs in the northwestern part of 
the county on the south side of the lacustrine basin. Lesser 
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amounts occur west of Warner. Combined, these areas of 
LETl comprise about 114 of the Lethbridge unit total. 

Lethbridge is the dominant soi1 in this unit. A signifi- 
tant portion of the unit may have underlying till at less 
than 1 m, WNY (Whitney) soils. Inclusions of finer tex- 
tured soils (CLD) may occur as cari minor amounts of 
salinized soils (LLD). Generally the LETl units west of 
Warner are texturally less uniform and a little coarser tex- 
tured than the units near the lacustrine basin. 

Only one topographie phase was recognized with 
slopes in the 1 to 4% range. Of this the majority (1160 ha) 
had underlying bedrock at depths greater than 5 m, while 
under the remaining 160 ha it was less than 5 m below the 
surface. 

LET3 - Like LETl, this unit occurs in the two major 
Lethbridge soi1 areas, occupying a little less than 114 of 
that total. The major portion was mapped west of Warner. 

Although the Lethbridge profile is dominant, the units 
most striking feature is the presence of salinized soi1 (LLD) 
which may occupy up to 40% of the unit. Inclusions of fine 
textured and shallower lacustrine materials are common. 
Like the LETl unit, the materials are also less uniform and 
coarser in the LET3 units west of Warner, compared to 
those near the lacustrine basin. 

This unit occurs on one topographie phase only with 
slopes ranging from 1 to 4%. Bedrock is at depths greater 
than 5 m under about 1100 ha, most of which lies west of 
Warner. About 180 ha has bedrock at shallower depths, a11 
occurring near the lacustrine basin. 

LEKS2 - This unit occurs in one area only where it occupies 
140 ha on the east side of the town of Stirling. Lethbridge, 
the dominant soi1 cari usually be found on the lower land- 
scape positions. A coarser, sandy loam soi1 (KSR) which 
comprises up to 30% of the unit generally occurs on the 
hummocky landscape positions. Of great significance to 
the unit is the 20 to 30% low areas of gleyed and gleysolic 
soils, many of which contain water. Minor portions of the 
unit contain a coarser textured till-like material. One to- 
pographic phase was recognized with slopes in the 6 to 9% 
range. 

LEKSG - About 7% (380 ha) of the Lethbridge soils belong 
to this unit. It occurs in an area a few kilometres north of 
Stirling, which has an undulating to hummocky landform 
with some ridged tendencies. Slopes range from 3 to 8%. 

The entire unit has been influenced by coarser tex- 
tured components of both the dominant (LET) and the sub- 
dominant (KSR) soils. Some of the Kessler soils differ from 
the normal profiles by having significant amounts of coarse 
sand to fine grave1 in the lower part of the profile. In addi- 
tion, the unit has a 20 to 30% content of soils developed on 
fluvial gravels (NED). Generally, the coarser textured soils 
are associated with the rougher topographie segments of 
the landscape. 

LEOAl - This is the most extensive of the several 
Lethbridge map units, amounting to about 43% ofthe total 
Lethbridge soils. It occurs primarily in the area associated 
with the lacustrine basin in the northwest part of the 
county. Lesser amounts were mapped in the area as- 
sociated with the Milk River. Landforms vary from gently 
undulating to steeper sloping units, some with ridged, and 
some with dissected characteristics. 

Lethbridge, the dominant soil, generally occurs in the 
lower landscape positions. About 113 of the unit has a 

coarser, sandy subsoil (OAS) and cari be found on higher 
positions. Where ridged landforms are most prominent it 
is not unusual to find inclusions of sandy loam (KSR) soils 
on the higher landscapes. Thus both surface and subsoil 
textures gradually become fïner going from higher to lower 
landscape positions. 

Two topographie phases were recognized: 

(a) LEOA1/2-3 with slopes of 1 to 4%; covers 2150 ha. 
(b) LEOA114D with dissected slopes of 6 to 9%; covers 200 

ha located near the junction of the north and south 
branches of the Milk River. 

Land use 

Most Lethbridge units have no severe limitations to 
their agricultural use except for the saline units which are 
non irrigable and marginal for dryland agriculture. Topog- 
raphy is a limitation only in the dissected unit which is also 
non irrigable. Al1 Lethbridge units potentially have a high 
grazing carrying capacity. 

Except for those adjacent to the Milk River, a11 units 
are presently under cultivation. A large percentage are 
successfully being irrigated. However their location in a 
lower heat unit area restricts the trop selection to gener- 
ally non specialty crops. 

2.6.29 LILYDALE (LLD) SOILS 

General setting and description 

These are soils which have become salinized by either 
dryland saline seep or by seeping irrigation water. Al- 
though they occur as isolated and discontinuous areas, 
their occurrence is almost exclusively within Verdigris 
Plain where proximity to bedrock limits groundwater flow. 
These soils are usually moist from seeping ground or irri- 
gation waters. Lilydale soils are generally found in areas 
of low relief (Fig. 32) and gently undulating topography, 
and are associated with the stone free lacustrine or fluvial 
parent material on which they have formed. Sometimes 
they occur in elongated areas along low draws, or in areas 
of irregular configuration. Whatever their size and shape, 
Lilydale soils, in cultivated areas, occur either as bare salt 
crusted areas, or with a caver of weeds, mainly kochia 
(Plate II-E). In Warner County about 2250 ha of Lilydale 
soi1 were mapped. 

Fig. 32. A Lilydale soi1 area. Note salts on the surface 
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Lilydale soils are Orthic Chernozemic soils, either 
Brown or Dark Brown, which have become salinized. This 
is evident by the saline conditions of the A, B, and C hori- 
zons. The profile has a dark grayish brown A horizon about 
15 cm thick which has a fine granular structure, and a loam 
to silt loam texture. The B horizon, ranging in thickness 
from 15 to 30 cm, has a weak prismatic structure and a silt 
loam to silty clay loam texture. Lime usually occurs at 
about 50 cm or more in a material with a loam to silt loam 
texture. Strongly saline conditions in the A and B horizons, 
decrease to moderately saline in the C horizon. These salts 
become visible as salt flecks if and when the profile dries. 
A detailed description of a Lilydale soi1 is included in the 
Appendix. 

Lilydale map units 

LLDl - Within this unit the saline Chernozemic soi1 (LLD) 
occupies from 50 to 70% of the unit. Between 15 to 30% of 
the soils Will be Orthic Humic Regosols, saline phase. 
These saline soils occur in close association with one 
another and cannot be associated with any particular land- 
scape feature. Towards the edges of the unit, and on 
slightly higher landscape positions where soils may not 
have been affected by salinity, Orthic Chernozemic soils 
may occur. Small amounts of gleyed phases and Gleysolic 
soils may exist in the lower landscape positions. 

Al1 Lilydale soils mapped in Warner County were 
found on topography with slopes ranging from 0.5 to 4%. 
Approximately half of the total Lilydale area has underly- 
ing bedrock occurring within 5 m of the surface (LLDlI 2- 
3:R). 

Land use 

Because of their saline conditions, Lilydale soils can- 
not be used for either dryland or irrigated agriculture. 
However, these salinized soils have a good potential for re- 
clamation using tile drains. This procedure has already re- 
claimed some Lilydale areas which were salinized by dry- 
land seepage rather than by irrigation. The saline condi- 
tions of Lilydale soils lowers their grazing carrying capac- 
ity to a relatively low level. 

2.6.30 LUPEN (LUP) SOILS 

General setting and description 

Lupen soils were mapped in that portion of the Milk 
River Upland lying south of the river, where their total ex- 
tent is about 500 ha. They have developed on a veneer of 
medium to moderately fine textured lacustrine material 
overlying till. These soils cari generally be found on a 
gently undulating to undulating plain. 

Lupen is classifïed as an Orthic Dark Brown Cher- 
nozemic soil. It has a dark grayish brown A horizon, about 
10 cm thick which has a loam to silty clay loam texture. 
There is a gradua1 change into the darker brown B horizon 
which has a silty clay loam texture and a strong prismatic 
structure. Near the 30 cm depth colors change gradually to 
the yellowish brown C horizon, also with silty clay loam 
textures. Till is often encountered at about 50 cm. Lime 
which is present in the till may sometimes occur a few cen- 
timetres above the till. At the surface, pH values are neu- 
tral changing to mildly alkaline in the B horizon and mod- 
erately alkaline in the lime horizon. 

Lupen map units 

LUPl- Cnly one unit was recognized. The Lupen soi1 is do- 
minant comprising well over half the soils in the unit. Oc- 
casionally the underlying till reaches the surface (PUR 
soils). Conversely in some locations the till may be covered 
by more than 1 m of lacustrine material which, in some 
areas, ranges to silty clay in texture. 

This map unit occurs in two distinctly different land- 
scape positions. One was a small isolated super-glacial 
lacustrine areas within a hummocky morainal upland. 
These areas are at elevations approximating those of the 
surrounding hummocky till. The second occurs as larger 
lower lying areas associated with ill-defined drainage 
ways. The surface form is similar in both situations with 
gently undulating dopes in the 1 to 4% range. 

Land use 

Lupen soils are good agricultural soils. Their main 
limitation is the relatively short frost-free period as- 
sociated with the Milk River Upland, which results in only 
a fair rating for irrigation. This climatic limitation also re- 
stricts the choice of crops for dryland farming. This unit has 
a relatively high grazing rating. 

2.6.31 LONELY VALLEY (LVY) SOILS 

General setting and description 

Lonely Valley soils are moderately well drained, black 
grassland soils which have developed on a medium tex- 
tured fluvial material. They were mapped on the continu- 
ous apron of material along the sides of Lonely Valley, a 
glacial spillway occurring in the.Milk River Upland. They 
occupy about 150 ha in the extreme southwest corner of 
Warner County. 

Lonely Valley soils are classifïed as Orthic Black 
Chernozemic soils. The 6 cm thick, dark grayish brown A 
horizon has loam texture and gradually merges into the 
underlying browner B horizon which has a weak prismatic 
structure. This horizon is usually about 20 cm thick in a 
loam to clay loam material. Similar textures continue into 
the grayish brown lime horizon near the 30 cm depth. It is 
not uncommon to find lenses of coarser material in this soil, 
particularly below the 50 cm depth. 

Lonely Valley map unit.9 

LVYl - Despite having some textural variability, this was 
the only unit mapped within Lonely Valley. The previously 
described soil, although dominant, may have textural vari- 
ations depending on its location and proximity to the valley 
sides. In the central portion of the valley, profiles most 
closely, resemble the described soil. However, closer to the 
valley edges where fan and forms are most noticeable, tex- 
tures are more variable tending towards the coarser var- 
iants. Saline phases and gleyed variants occur in small 
amour& along an indistinct stream meandering through 
the valley. Concentrations of solonetzic soils may also be 
found in parts of the valley, however, these soils do not ex- 
ceed 20% of the unit. As slopes are generally less than 2% 
and only one topographie phase (LVYlI2) was recognized. 

Land use 

Although no arable agriculture is presently practiced 
on Lonely Valley soils, they are suitable for coarse grain 
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production. The frost-free period of less than 90 days makes 
this soi1 unit undesirable for irrigation, at least for crops 
normally grown under irrigation in southern Alberta. This 
unit has good capability for grazing as it requires less than 
10 ha per animal unit year. 

2.6.32 MALEB (MAB) SOILS 

General setting and description 

About 314 of the soils on Chin Plain belong to the 
Maleb group of soils. (Fig. 33). However, their total of ap- 
proximately 60,000 ha is only 13% of the total county area. 
These soils have developed on weakly saline till deposits 
either on undulating ground moraine or on a gently rolling 
to hummocky end moraine. Dryland saline seeps are not 
common in Maleb soi1 areas. 
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Fig. 33. Distribution ofMaleb mils 

Maleb is classifïed as an Orthic Brown Chernozemic 
soi1 (Plate II-F). It has a brown A horizon from 10 to 15 cm 
thick which has a loose granular structure. The change to 
the dark brown prismatic B horizon is gradual. A light gray 
strongly calcareous lime horizon occurs near the 35 cm 
depth. Textures gradually change from loam at the surface 
to clay loam in the C horizon. Pebbles and stones are evi- 
dent throughout the profile which ranges from neutral pH 
values at the surface to moderately alkaline at depth. A de- 
tailed description of a Maleb profile is included in the Ap- 
pendix. 

In most cultivated Maleb areas, there is generally con- 
siderable variation in profile depth. On downslope land- 
scape positions, profiles Will often have A horizons up to 25 
cm or more in thickness with correspondingly thicker B 
horizons and greater depth to lime. It is assumed that this 
variability is the result of years of slopewash activity ac- 
cumulating materials in lower landscape positions. These 
slopewash materials are often hard to distinguish from 
lacustrine materials ofequivalent texture. 

Maleb map units 

MABl - This unit which consists dominantly of the Maleb 
soi1 is fairly general in the Maleb soi1 area. On rougher por- 
tions of the unit, minor amounts of Rego Chernozemic pro- 
files may occur. A few lower landscape positions with a ven- 
eer of lacustrine material have the Cranford soi1 present. 
These latter two soils however occupy less than 10% of the 

unit. Occasionally the unit Will have low poorly drained 
areas where Gleysolic soils occur. About 5000 ha were map- 
ped a11 with slopes in the 3 to 7% range. 
MAB2 - The most signifïcant characteristic of this unit is 
the numerous low poorly drained areas in which sloughs or 
Gleyoslic soils occur. This portion of the unit accounts for 
20 to 30% of the unit area. However, Maleb is still domin- 
ant. Inclusions of Cranford as well as Rego Chernozemic 
soils Will occur, the latter particularly in units with steeper 
slopes. 

More than 1/4 of the Maleb soils belong to this unit. It 
occurs primarily within a series of long northwest-south- 
east trending end moraines on the north side of Etzikom 
Coulee. These end moraines also occur on the south side of 
Etzikom Coulee, towards the east side ofthe county. There, 
they have a similar elongated and directional trend, but 
are not as continuous and often have a more irregular 
shape. A hummocky surface form is typical of this unit, and 
is most evident in the units with steeper slopes. 

Two topographie phases were recognized: 
(a) MAB2/3 with slopes of 2 to 5%; covers about 2700 ha. 
(b) MAB2/4 with slopes of 6 to 9%; covers more than 14000 

ha. 
MAB4 - Along with the dominant Maleb profile this unit 
has a signifïcant amount of its area occupied by Rego 
Brown Chernozemic soils. They occur near or at the top of 
steeper slopes where soils erosion is and has been most ac- 
tive. A large percentage of these steep slopes are associated 
with a hummocky landform resulting in some low poorly 
drained areas where Gleysolic soils may be found. A consid- 
erable portion of these hummocky units occur along Et- 
zikom Coulee. MAB4 units are also found on some long 
ridges south of this coulee towards the east side of the 
county. About 3100 ha were mapped a11 with slopes in the 
6 to 9% range. 
MAB7 - Less than 1% (about 300 ha) of the Maleb soils be- 
long to this unit. It occurs in the eastern part of the county, 
on the western flank of what is locally known as the Lucky 
Strike Upland, a bedrock controlled high about 15 km north 
of Writing-On-Stone Provincial Park. Up to 50% ofthe unit 
may contain Solonetzic soils (HUR and HDY) as well as 
some Solonetzic Brown Chernozemic soils. However, 
Maleb is still the dominant soil. One topographie phase was 
recognized with slopes of 6 to 9% on a hummocky and in- 
clined landform. 
MA:Pl - The most noticeable feature of this unit are the 
numerous stones and boulders inbedded in the surface. The 
soi1 component is largely the stony phase of Maleb, with 
minor amounts of other non-stony Chernozemic soils. Two 
areas were mapped totalling about 560 ha. The larger area 
lies along the south bank of Etzikom Coulee near the east- 
ern county boundary. The second area lies along the south 
bank of Chin Coulee near the northern boundary of the 
county. Both areas have a hummocky to ridged surface 
form with slopes in the 6 to 9% range. 
MACFl - Of the several Maleb map units, this is the most 
extensive, covering about 26,000 ha, or about 38% of the 
total Maleb soi1 area. It is widespread on Chin Plain, occur- 
ring generally as large elongated areas between the series 
of end moraines discussed earlier. These inter-moraine 
areas have an undulating surface form composed of ground 
moraine (Maleb soils) and a discontinuous veneer of 
medium textured lacustrine material (Fig. 22) (Cranford 
soils). A few of the lower areas Will contain Gleysolic soils. 
Slopes on this unit range from 2 to 5%. 
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MACFS - This unit is very similar to the MACFl unit, dif- 
fering only is the occurrence of 15 to 30% of low wet areas 
where Gleysolic soils or sloughs occur. These low areas are 
associated with a subdued hummocky landform. Gener- 
ally, this unit borders a MAB2 area, lying between it and 
a MACFl area, thus it has a similar elongated contïgura- 
tion. About 11,000 ha were mapped a11 with slopes in the 
2 to 5% range. 
MACF7 - This unit occurs on the western flank of the Lucky 
Strike Upland and contains a Sign&ant amount of Sol- 
onetzic soils on both the till and lacustrine veneer. As with 
other MACF units, the shallow lacustrine soils usually oc- 
cupy the lower and smoother topographie positions. The 
total extent of this unit is about 35 ha, a11 on slopes in the 
2 to 5% range. 

Land use 

Low precipitation is the main limiting factor to dry- 
land trop production and grazing on most Maleb map units. 
Despite this, almost a11 Maleb soi1 areas are under cultiva- 
tion mainly for grain production. For irrigation, only the 
“1” units are well suited, the other units are less desirable 
or non irrigable. The “2” units because of the numerous 
sloughs; and the Pl unit, because of the stones, are non ir- 
rigable. Both “7” units are poor for irrigation because of the 
Solonetzic soils. A lower fertility level in the MAB4 unit re- 
sults in a less desirable irrigation soil. The stony condition 
of the:Pl unit makes it unsuitable for anything but graz- 
ing. 

2.6.33 McNAB (MCN) SOILS 

General setting and description 

McNab soils occur within spillway valleys where they 
have developed on medium to moderately fine textured ma- 
terials of variable salinity. These materials have been de- 
posited as fluvial aprons along both sides and within the 
valley bottom (Fig. 10). About 2230 ha ofthese well drained 
soils have been mapped in Warner County, primarily in 
Verdigris Coulee. Lesser amounts occur in Black and Et- 
zikom coulees. Greasewood shrubs dot the landscape in the 
more alkaline portions of Black Coulee. Al1 McNab soils 
are found on slopes of O-3%. 

Because these soils have little or no A horizon and no 
B horizon they have been classified as Orthic Regosols. 
There is strong evidence of layering or banding in the sub- 
soi1 which is variable in both thickness and texture. 
Medium to low concentrations of lime are present through- 
out the profile. 

McNab map units 

MCN3 - This unit which occupies about 25% of a11 McNab 
soi1 areas, occurs primarily in Verdigris Coulee. Lesser 
amounts occur towards the east end of Black Coulee and 
near the northern extreme of Etzikom Coulee. The unit 
contains 50% or more of the McNab soi1 and up to 40% of 
the saline phase of McNab. Minor occurrences of saline 
Chernozemic soils may occur as well as gleyed variants or 
Gleysols. Only one topographie phase of this unit was rec- 
ognized with slopes ranging from 1 to 4%. 
MCN7 - About 45% of McNab soi1 areas have Solonetzic 
characteristics of some kind. These characteristics are 
weakly developed and range from Solodized Solonetz to 
Solod through to the Solonetzic Chernozemic profiles. Al- 

though soils with these Solonetzic characteristics are sig- 
nificant in this unit they do not exceed 40% of the map unit. 
From 50 to 70% ofthe map unit contains the Orthic Regosol 
soi1 (MCN). Very minor amounts of gleyed variants and 
other Chernozemic soils may occur. The majority of this 
unit cari be found in Verdigris Coulee, and lesser amounts 
in Black Coulee. As with the MCN3 unit, one topographie 
phase was mapped, with slopes from 1 to 4%. 
MC:Sl - This unit is concentrated in Verdigris Coulee, with 
lesser amounts in the eastern end of Black Coulee. To- 
gether these two areas of the MC:Sl unit comprise about 
30% of the McNab soils in the county. Although the unit 
is primarily comprised of the saline phase of McNab it may 
have up to 30% of the non-saline member. Slopes are gener- 
ally less than 2%. 

Land use 

McNab soils have several characteristics which render 
them unsuitable for any form of arable agriculture. The 
main limiting factors are their low natural fertility, the 
saline condition of the parent material and the Solonetzic 
characteristics in the MCN7 unit. For these reasons, a11 
McNab soils are being used for grazing even though it re- 
quires at least 50 ha to support one animal unit per year. 
Grass caver is very sparte and often absent especially 
where saline and sodic conditions are most severe. 

2.6.34 MIGRA (MGR) SOILS 

General setting and description 

Migra soils are relatively insignificant in Warner 
County, their total extent being slightly in excess of 1000 
ha. They are found within the broad valley associated with 
the Milk River, occurring only on the south side of the 
river. These soils have formed on a veneer of moderately 
coarse textured fluvial material overlying till. Surface fea- 
tures range from undulating to hummocky, a reflection of 
the surface form of the underlying till. Ridged tendencies 
cari also be observed in some areas. 

Migra is classif’ïed as an Orthic Dark Brown Cher- 
nozemic soil. It has a dark grayish brown A horizon about 
10 cm thick which has a sandy loam texture. Although col- 
ors gradually change to dark brown in the B horizon the 
texture change is negligible. There is a tendency for these 
two horizons to become hard when dry even though there 
is little discernible structure. Near the 40 cm depth there 
is a change to more yellowish brown colors. Till is usually 
encountered at the 50 cm depth or deeper, a depth at which 
lime also occurs. The pH values increase from near neutral 
at the surface to mildly alkaline through the fluvial mate- 
rial. In the underlying till these values are in the moder- 
ately alkaline range. 

Migra map units 

MGCRl - This unit was mapped about 4 km south of Milk 
River town. It lies at the southern edge of the fluvial valley, 
adjacent to the till area bordering the valley. Thus the unit, 
in addition to the dominantly Migra profile, has a signifi- 
tant inclusions of soils developed on till (CRD), which oc- 
curs on higher landscape positions (Fig. 17). Minor inclu- 
sions of deep sandy soils may occur. About 850 ha were 
mapped on slopes in the 3 to 7% range. 
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MGHRl - Only 200 ha of this unit was mapped, in an area 
about 5 km southwest of Milk River town. It was separated 
because a significant portion has deep fluvial loamy sands 
(Heartbreak soils). However the unit is still largely the 
Migra profile. Ridged tendencies which are peculiar to this 
unit cari be associated with the Heartbreak soil. One topog- 
raphic phase was recognized with slopes of 6 to 15%, bed- 
rock occurs within 5 m of the surface. 

Land use 

The MGCRl unit is being cultivated, but there is evi- 
dence of wind erosion and the use of conservation practices 
is very important. These coarse textures also limit the car- 
rying capacity of these soils for grazing. The MGHRl unit 
is considered non irrigable because of topography and the 
occurrence ofbedrock at shallow depths. 

2.6.35 MILK RIVER (MKR) SOILS 

General setting and description 

Slightly more than 4000 ha of these soils were mapped 
along the floodplain of the Milk River. Materials along the 
entire length of the valley are recently deposited alluvium 
(or fluvial material) composed of very coarse to moderately 
coarse deposits. The river valley has an overall flat appear- 
ance, but is in fact tut up by the strongly meandering 
stream (Fig. 341, which has left numerous meander stars 
and oxbow lakes. Although most of the valley is grassland, 
stands of western cottonwood as well as dense thickets of 
thorny buffaloberry have become established in moist loca- 
tions. 

Milk River map units 

MKRl - Only one Milk River unit was mapped in the 
county. Variations are mainly those that cari be attributed 
to material differences. Up to 30% of the unit has Orthic 
Regosolic soils which differ from the dominant Cumulic Re- 
gosol in having no buried Ah horizons, and no depositional 
layering. Small amounts of soi1 may be found where a 
weakly developed Chernozemic profile has developed. 
Since the western portion of this unit lies within the Dark 
Brown Soi1 Zone, surface colors are generally a little 
darker than farther east. Only one topographie phase was 
mapped with slopes from 2 to 5%. 

Land use 

The Milk River unit has little or no value for either 
dryland or irrigated trop production mainly because of the 
dissected landscape created by the meandering river. Its 
best use is grazing, which is even more attractive because 
of the adequate water supply. However, because of the low 
water holding capacity of the coarse textured soils the car- 
rying capacity is rather low, about 35 ha per animal unit 
year. A poor quality grave1 may be available in a few loca- 
tions. 

2.6.36 MASINASIN (MSN) SOILS 

General setting and description 

These are Brown soils developed on medium to moder- 
ately fine textured, and moderately calcareous till mate- 
rials. They occupy over 12 000 ha in the eastern part ofVer- 
digris Plain (Fig. 35). Both finer and coarser textured var- 
iants occur, the former primarily in the northern part and 
the latter in the southern part. Although more than 2/3 of 
these well drained soils occur on an undulating ground 
moraine, there are areas with hummocky and ridged land- 
forms. Erosion on these steeper slopes often results in 
slopewash accumulation on lower slope and valley posi- 
tions. A considerable portion of the Masinasin soils have 
underlying bedrock suffciently close to the surface to in- 
fluence the surface landform and relief. 

Fig. 34. Valley of the Milk River. 

Most of the Milk River soils are Cumulic Regosols with 
a weak A horizon. This horizon is a few centimetres thick 
and generally has a sandy loam to loamy sand texture. 
Below this, the profile consists of layers of sandy loam to 
loamy sand interspersed with sandy, gravelly and some- 
times silty layers. In some locations buried Ah horizons 
may be found. With depth, the frequency and thickness of 
the grave1 layers increases, often to continuous grave1 
below the 1 m depth. Although there is great variability in 
layer thickness, most are from 25 to 40 cm thick. A grayish 
brown coloris most prevalent, with low to medium concen- 
trations of lime throughout the profile. 

Fig. 35. Distribution ofMasinasin soils. 

Masinasin, classified as an Orthic Brown Chernozemic 
soil, has a brownish colored solum. Textures gradually be- 
corne finer with depth changing from loam in the A horizon 
to loam to clay loam in the C horizon. Usually these soils 
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have a relatively high silt content. Depth to the calcareous 
subsoil ranges from 25 to 40 cm. The profile is moderately 
structured and quite friable throughout. A mildly alkaline 
reaction in the A and B horizons changes to moderately al- 
kaline in the lime horizon and below. A detailed descrip- 
tion of a Masinasin soi1 is included in the Appendix. 

Masinasin map units 

MSNl - Nearly 1/3 of the Masinasin soils belong to this 
unit, which is composed almost entirely of the Masinasin 
profile. Units with rougher topography often have a 10% 
inclusion of the Rego Chernozemic profile (CLR). Occasion- 
ally, the unit Will contain low poorly drained areas in 
which Gleysolic soils occur. 

In the northern part of the Masinasin soi1 area, along 
the boundary between the Verdigris and Chin plains, soils 
often have a tendency towards fïner than normal textures. 
This is particularly noticeable on units with ridged tenden- 
cies and steener slones. 

(a) 

(b) 

Two topographie phases were recognized: 
MSNlI3 with slopes of 2 to 5%; covers about 23,000 ha. 
Of this about 15% has underlying bedrock within 5 m 
of the surface. 
MSNli4 with slopes of 6 to 9%; covers about 16,000 ha. 
Of this about 10% has underlying bedrock within 5 m 
of the surface. 

MSN2 - This unit, amounting to about 2100 ha, occurs in 
widely separated locations. One important feature is the 15 
to 30% content of low poorly drained areas where Gleysolic 
soils or sloughs occur. Landscape features are those of a 
hummocky moraine in which the dominant soi1 is Masina- 
sin. On the tops of the steeper knolls, the Rego Cher- 
nozemic soi1 (CLR) cari be found. This latter soi1 however 
does not exceed 20% of the unit. This unit was mapped on 
one topographie phase only with slopes in the 6 to 9% 
range. 
MSN3 - Total extent of this unit is a little more than 1% of 
the total Masinasin soi1 area. Saline soils comprise from 20 
to 40% of the unit. This salinity, present primarily as the 
salinized phase of the dominant soi1 Masinasin, is concen- 
trated on lower slope positions. Minor amounts of the Rego 
Chernozemic soi1 (CLR) usually occur on steeper slopes. 
This unit occurs in isolated areas at various locations with- 
in the Masinasin soi1 area. 

Two topographie phases were mapped: 
(a) MSN3/3-2 with slopes of 1 to 4%; covers about 1600 ha. 

Of this about 40% has bedrock within 5 m of the sur- 
face. 

(b) MSN3/4-3 with slopes of 4 to 7%; covers about 100 ha. 
MSN4 - This unit, representing about 11% ofthe Masinasin 
soils occurs in areas of rougher topography. Although it cari 
be found throughout the Masinasin soi1 area, it is concen- 
trated along spillways and banks of drainage channels. 
Masinasin, the dominant soi1 cari be found on the mid and 
lower sloper positions. From 20 to 40% of the soils are Rego 
Chernozemic (CLR) and occupy the Upper slope positions. 
Accelerated erosion due to cultivation has removed much 
of the original topsoil from steeper slopes. Thus, when this 
unit is cultivated the tops of knolls have a grayish color 
where the lime horizon has been exposed. 

Two topographie phases were recognized: 
(a) MSN4/4 with slopes of 6 to 9%; covers about 12,800 ha. 
(b) MSN4/5 with slopes of 10 to 15%; covers about 1100 ha. 
MSN6 - Although this unit cari be found in several locations 
within the Masinasin soi1 area, it is concentrated in the 

area between the Milk River and the United States - 
Canada border. About 7% of the Masinasin soils are in- 
cluded in this unit, of which more than half is found on 
rough topography. The signifïcant characteristic is the 20 
to 40% content of coarse textured soils found in the unit. A 
large proportion of these coarse soils are the gravelly phase 
of the Masinasin profile. In some locatiqns an Orthic 
Brown Chernozemic soi1 on fluvial outwash (PUN) cari be 
found. Generally, this unit has more surface stones than 
other Masinasin units. 

Three topographie phases were recognized: 
(a) MSC6/3 with slopes of 2 to 5%; covers about 3200 ha. 

Of this about 25% has bedrock within 5 m of the sur- 
face. 

(b) MSN6/4 with slopes of6 to 9%; covers about 3500 ha. 
(c) MSN6/5 with slopes of 10 to 15%; covers about 800 ha. 
MSN7 - The most significant feature of this unit is the 30 
to 50% occurrence of solonetzic soils, which almost equals 
the amount of the dominant Masinasin profile. These sol- 
onetzic soils are almost equally divided between the Sol- 
odized Solonetz (HUK), the Solod (HDY), and the Solonet- 
zic Brown Chernozemic soils. 

Total extent of this unit is about 1750 ha. It is concen- 
trated in an area between the Sweetgrass and Lucky Strike 
uplands. Slopes from these two uplands are towards the 
Milk River which flows between them. Thus the unit is 
often on inclined as well as on hummocky landforms. 
Another characteristic of this area is that underlying bed- 
rock is generally at depths of less than 10 m. 

One topographie phase was recognized with slopes in 
the 6 to 9% range. About 1/3 of the unit area has bedrock 
at less than 5 m below the surface. 
MS:Pl - This unit is characterized by its stony nature. Up 
to 80% of the soils are the stony phase of the Masinasin pro- 
file. Small amounts of the Rego Chernozemic soi1 (CLR) 
may be present, as well as some gravelly soils (PUN). The 
unit generally occurs on upland areas along the Milk River 
and the major spillways such as Etzikom, Verdigris and 
Black coulees. Stones are generally concentrated on the 
higher landscape positions. 

One topographie phase was recognized on hummocky 
or rolling topography with slopes of 6 to 15%. Total extent 
is about 600 ha. 
MSANl - This unit comprises about 2% of the total Masina- 
sin soi1 area. It occurs in two general areas in the southern 
part of the county, both associated with the Milk River. The 
greater extent occurs southeast of Milk River town; the sec- 
ond east of Writing-On-Stone Park where it is also as- 
sociated with Black Coulee. In this second area, most of the 
unit has underlying bedrock at less than 5 m particularly 
where rougher topography exists. (Fig. 17). 

This complex unit is dominantly the Masinasin profile 
which generally occurs on higher landscape positions. 
From 20 to 40% of the unit is an Orthic Brown Chernozemic 
soi1 developed on a veneer of fluvial material overlying till 
(ANO). Occasionally the fluvial sandy loam may exceed 
the 1 m thickness. A Rego Brown Chernozemic profile 
(CLR), amounting to about 20% of the unit, is present on 
the steeper till slopes. 

Two topographie phases were recognized: 
(a) MSANl/S with slopes in the 2 to 5% range; covers about 

1100 ha. Of this about 5% has bedrock within 5 m of the 
surface. 

(b) MSAN114 with slopes in the 6 to 9 % range; covers 
about 1400 ha. Almost half of this has bedrock within 
5 m of the surface. 
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MSCFl - This is the most widespread of the Masinasin map 
units, covering about 37% of the total Masinasin soi1 area. 
The unit consists of two closely associated Orthic Cher- 
nozemic soils, the dominant one on till (MSN) and the sub- 
dominant one on a veneer of silty lacustrine material over- 
lying till (CFD). The general landform is a level to undulat- 
ing ground moraine with a veneer of lacustrine material 
infilled in the lower landscape positions (Fig. 22). In a few 
locations where the lacustrine material may exceed the 1 
m thickness (CHN). 

One topographie phase was recognized with slopes of 
2 to 5% totalling 45000 ha. Of this about 10% had bedrock 
within 5 m ofthe surface. 
MSCF2 - This unit is identifïed by the significant inclusion 
of poorly drained soils. These occur in the lower landscape 
positions and include semi-permanent sloughs. In this unit 
the Masinasin and Cranford soils are CO-dominant, each oc- 
cupying from 30 to 50% of the unit. It occurs in widely sepa- 
rated areas within the Masinasin soi1 area. 

A total of 2800 ha were mapped a11 with slopes in the 
2 to 5% range. Approximately 114 of this total has bedrock 
within 5 m of the surface. 
MSCF7 - This unit has similar parent material relation- 
ships to that described in the MSCFl unit. However, the 
main distinguishing feature are the Solonetzic soils which 
total about 1/4 of the unit area. The Solonetzic soils may be 
developed on till (HUK and HDY), or on the lacustrine ven- 
eer (DHS and GEM). The major portion of the unit still has 
Chernozemic soils including Masinasin which occupies 
about half the unit, and Cranford which occurs in the re- 
maining 25%. 

Like the MSN7 unit with which it is closely associated, 
most of this unit occurs in the area between the Sweetgrass 
and Lucky Strike uplands. Minor amounts occur elsewhere 
in widely separated areas. Its total extent is about 4300 ha 
a11 on slopes in the 2 to 5% range. Of this about 113 has un- 
derlying bedrock within 5 m of the surface. 

Land use 

A large percentage of the Masinasin soils are being 
cultivated. Their main limitation to dryland agricultural 
production is the limited amount of rainfall in the region. 
Because of their moderately high silt content, these soils 
appear to be more susceptible to water erosion than Maleb 
soils, particularly, those on steeper slopes. Some units have 
additional limitations which are sufficiently severe to 
make them unsuitable for continuous cropping. The main 
ones are salinity in the “3” units, stones in the ‘9”’ units, 
as well as slopes greater than 10% (Classes 5 and 6). 

Most “1” units are good irrigation areas except those 
with underlying bedrock within 5 m of the surface (:R 
units). These units must be rated lower because of the pos- 
sibility of water table buildup and seepage. The coarser 
textured “6” units as well as those with solonetzic soils, the 
“7” units, are no better than fair for irrigation. Al1 units 
with slopes greater than 10% (Classes 5 and 6) are consid- 
ered non irrigable as are the stony (:Pl) units. Others in 
this non irrigable class are the salinized “3” units as well 
as those with numerous wet areas (“2” unit& 

For grazing purposes, a11 Masinasin units have a rela- 
tively low carrying capacity, primarily because of low rain- 
fall. 

2.6.37 NEW DAYTON (NED) SOILS 

General setting and description 

These well drained soils have formed on a sandy and 
gravelly fluvial outwash material. They usually occur on 
a terraced landform along rivers or streams. Total extent 
is about 1200 ha most of which occurs within Verdigris 
Plain. 

New Dayton is an Orthic Dark Brown Chernozemic 
soil. The A horizon, about 12 cm thick, has a dark brown 
color and a loam to sandy loam texture. Below it, the B hori- 
zon is from 15 to 20 cm thick, has a coarse sandy loam tex- 
ture and a dark yellowish brown color. Lime usually occurs 
at the 30 cm depth in a yellowish brown, coarse sandy loam 
to loamy Sand. Grave1 increases with depth from a 10% con- 
tent in the Upper profile to near 80% in the lower profile. 
Except for a weak subangular blocky structure in the A 
horizon, this profile is lacking any discernible structure. At 
the surfaces pH values are near neutral but increase to 
mildly alkaline in the B horizon and moderately alkaline 
in the C horizon. 

New Dayton map units 

NEDl - Most of this unit occurs in the broad valley of the 
Milk River west of Milk River town. Lesser amounts cari 
be found a few kilometres west of Highway 4 between the 
towns of Coutts and Milk River. Another area, was mapped 
in a wide portion of the Deer Creek valley which flows from 
the Sweetgrass Hills into the Milk River. 

New Dayton is the dominant soil, occupying up to 80% 
of the unit. Inclusions of gravel-free fluvial deposits with 
either sandy loam (KSR) or loamy sand (HRK) textures 
may occur, in amounts of up to 20% of the unit. This unit 
is usually found in association with other units of coarse 
textured soils. 

One topographie phase was recognized with slopes in 
the 3 to 8% range. Of the total mapped about 5% had under- 
lying rock within 5 m ofthe surface. 

Land use 

Despite its coarse texture, a few areas of this marginal 
soi1 are being cultivated. Its best use is grazing despite a 
relatively low carrying capacity. It is not suitable for irri- 
gation because of its low water holding capacity. This unit 
has potential as a possible source ofgravel. 

2.6.38 PEMUKAN (PIJN) SOILS 

General settingand description 

Although some Pemukan soils occur just west of 
Coutts, the majority are found along the Milk River east of 
Milk River town. These soils which have developed on a 
gravelly fluvial material (Fig. 36), are usually associated 
with ridged and terraced landforms along the river. The 
total extent of these well drained soils is slightly in excess 
of 600 ha. 

Pemukan is classified as an Orthic Brown Cher- 
nozemic soil. The brown A horizon, about 10 cm thick, has 
a coarse sandy loam texture and a weak blocky structure. 
Colors change to dark brown in the B horizon, which has 
a weak prismatic structure and a coarse sandy loam tex- 
ture. Usually the lime horizon occurs at the 25 to 30 cm 
depth, in material which has a pale brown color and a 
coarse sandy loam to loamy sand texture. Coarse frag- 
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ments (or grave11 are present in a11 horizons - about 5% by 
volume in the A horizon, 10% in the B horizon, and gradu- 
ally increases with depth to a majority of grave1 below the 
50 cm depth. Generally pH values are in the neutral range 
in the A and B horizons, and alkaline below. 

brown in color, has a clay loam texture and a distinct pris- 
matic structure. A brown to pale brown Cca horizon usu- 
ally occurs at 40 cm below the surface. Neutral pH values 
in the Upper profile change to moderately alkaline in the 
lime horizon and below. A detailed description of a Pures- 
cape profile is included in the Appendix. 

Fig. 36. A Pemukan soi1 profile 

Pemukan map units 

PUNI - Pemukan, the dominant soi1 amounts to about 60% 
of the map unit. The remainder consists primarily of other 
Chernozemic soils, which have developed on a veneer of 
non-gravelly, sandy loam and loam, fluvial material over- 
lying outwash gravels. 

The greater concentration of this unit is towards the 
eastern side of the county where it occurs on both Upper and 
lower level terraces along the Milk River. The Upper ter- 
races are those above the rough broken river banks while 
the lower terraces are those within the river valley. The 
majority of this unit, which occurs on slopes in the 3 to 8% 
range, has underlying bedrock within 5 m of the surface. 

Land use 3100 ha. 

The main limitation of this unit is its low water hold- 
ing capacity. This, coupled with the low rainfall in the re- 
gion, makes the Pemukan unit suitable for grazing only, 
despite a low carrying capacity. It is unsuitable for both 
dryland and irrigated grain production. It does, however, 
have potential as a source ofgravel. 

(b) PUR1/4D also with slopes in the 6 to 9% range, but on 
a dissected landscape; covers about 1600 ha. 

(cl PUR1/5 with slopes in the 10 to 15% range; covers 
about 2000 ha. 

(d) PURl/GD with slopes in the 15 to 30% range on a dis- 
sected landscape; covers about 400 ha. 

2.6.39 PURESCAPE (PUR) SOILS 

PUR2 - The main characteristic of this unit is the numerous 
small undrained depressions in which sloughs or Gleysolic 
soils occur (Plate IF). These depressions account for about 
1/4 of the unit area. The well drained upland portions of the 
unit are composed primarily of the Purescape profile. 
Minor inclusions similar to those in the PUR1 unit, may 
also be found. 

General setting and description 

Nearly half the soils in the Milk River Upland have 
been mapped as Purescape (Fig. 37). They total about 
40,000 ha, almost 9% of the total county area. These well 
drained, dark brown soils have developed in a moderately 
fine textured till. Surface landform is primarily hummocky 
with some locations being both inclined and dissected. 
Slopes are generally greater than 5% over most of the 
Purescape area. These soils generally occur at elevations 
between 1070 and 1220 m. 

Purescape is classified an an Orthic Dark Brown Cher- 
nozemic soil. The A horizon, about 12 cm thick, has a dark 
grayish brown color and a loam to clay loam texture. Often 
the Ah horizon tangues or wedges into the B horizon, in 
some locations up to 12 to 15 cm. The B horizon is dark 

Fig. 37. Distribution ofPur&ape soils. 

Purescape map units 

PURI- In this unit, Purescape is the dominant soi1 occupy- 
ing up to 90% ofthe unit. Inclusions of a few other soils may 
also occur. On steeper south facing slopes a Rego Dark 
Brown Chernozemic soi1 (WID) may occur. On the more 
moist north facing slopes an Orthic Black Chernozemic soi1 
(BZR) may be found. In some locations where ice-contact 
material is present, the Rockford profile may occur. A few 
sloughs or Gleysolic soils may also be present in this unit. 

About 18% of the Purescape soils are included in this 
unit. Four topographie phases were recognized: 
(a) PUR114 with slopes in the 6 to 9% range; covers about 

One topographie phase was mapped (PUR2154) with 
slopes of 7 to 13%. Its total extent is almost 3700 ha. 
PUR4 - This is the most extensive of the Purescape map 
units occupying about 30% of the Purescape soi1 area. Main 
concentrations occur in an area some 10 km southwest of 
Milk River town, as well as on the slopes leading to the 
Milk River Upland. This unit is often associated with farm- 
ing on slopes SO steep (over 10%) that cultivation is a ques- 
tionable practice from a soi1 conservation point ofview. 

In this unit, the Purescape profile is dominant occupy- 
ing up to 70% of the area in units with lower slopes, and 
as little as 40% in units with steeper slopes. The Rego Cher- 

51 



nozemic profile (WID), which ranges in extent from 20 to 
50% cari be found on the Upper and steeper slope positions. 
Units with more severe topography Will usually have up to 
20% Orthic Regosol soils. 

Four topog-raphic phases were recognized: 
(a) PUR4/4 with slopes of 6 to 9%; covers about 3200 ha. 

Of this about 15% has bedrock within 5 m of the sur- 
face. 

(b) PUR4/5 with slopes of 10 to 15%; covers about 2700 ha. 
(c) PUR4/5D also with slopes of 10 to 15%, but on a dissec- 

ted landscape; covers about 4200 ha. 
(d) PUR4/6D with slopes of 16 to 30% on a dissected land- 

scape; covers about 1500 ha. 
PUR~ - In this unit, a variety of fluvial or ice-contact de- 
posits are closely associated with the dominant Purescape 
profile. These coarser deposits comprise about 1/3 of the 
map unit. Some locations have a veneer of sandy loam over 
till (MGR), other have fluvial lacustrine material below a 
sandy loam veneer (FOR). A few locations have coarse tex- 
tured till mixed with the normal till. This unit occurs in 
areas adjacent to the Milk River drainage way. 

About 500 ha were mapped a11 on one topographie 
phase with slopes in the 6 to 9% range. 
PUR7 - This unit contains 20 to 30% content of Solonetzic 
soils developed on a more saline till. They are primarily the 
Solodized Solonetz (GRG) and the Solod which occur in al- 
most equal amounts. Eroded pits are a common feature 
(Fig. 38) where these Solonetzic soils occur. Purescape, the 
dominant profile, is present in 60 to 80% of the unit. 

About 6% of the Purescape soils belong to this unit. It 
occurs on both sides of the Milk River towards the west side 
of the county. Bedrock is within 10 m of the surface, com- 
pared to the greater depth elsewhere in the Milk River Up- 
land. On the north side of the Milk River this unit has bed- 
rock within 5 m ofthe surface. 

One topographie phase was mapped with slopes in the 
3 to 9% range. Of the 2300 ha mapped about 20% has bed- 
rock within 5 m ofthe surface. 

Fig. 38. Eroded pits in PUR7 unit 

PUBZl - This unit amounts to nearly 10% of the Purescape 
soi1 area. It is found in the western part of the county in the 
transition area bordering the Black Soi1 Zone. Some occurs 
on the northern slopes leading to the Milk River Upland 
(Fig. 39) where it is generally associated with an inclined 
and dissected landform. Some occurs within the upland on 
a hummocky morainal landform. 

Purescape, the dominant soi1 amounts to about 60% of 
the map unit. About 25% is the Orthic Black Chernozemic 
soi1 (BZR) which usually occurs on northern aspects and 
lower slope positions. In a few lower positions some unusu- 
ally deep profiles may be found where slopewash has ac- 
cumulated to form deeper than normal Ah horizons. It is 
not unusual to find a Rego Chernozemic profile (WID) on 
the steepest slopes with southern exposures. 

Five topographie phases were mapped: 
(a) PUBZ1/4 with slopes of 6 to 9%; caver about 500 ha. 
(b) PUBZ1/4D also with slopes of 6 to 9%, but on a dissec- 

ted landscape; covers about 500 ha. 
(c) PUBZlI5 with slopes of 10 to 15%; covers about 500 ha. 
(dl PUBZ1/5D also with alopes of 10 to 15%, but on a dis- 

sected landscape; covers about 1150 ha. 
(e) PUBZ 116D with slopes of 15 to 30% on a dissected land- 

scape; covers about 1200 ha. 

BLACK SOIL ZONE DARK BROWN SOIL ZONE 

PURESCAPE CRADDUCK 

MILK RIVER UPLAND VERDIGRIS PLAIN 

W NE 

Fig. 39. Schematic cross section ofa Beazer-Purescape-Cradduck sequence. 
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PUBZ2 - About 13% of the Purescape soils belong to this 
unit. Its occurrence within the Milk River Upland is 
mainly in the transition area from dark brown to black 
soils. Associated topography is very hummocky which re- 
sults in the 15 to 30% content of undrained depressions in 
which sloughs are common (Plate IF). Soi1 components are 
similar in amount and landscape positions to those de- 
scribedin the PUBZl unit. 

Two topographie phases were mapped: 
(a) PUBZ2/4 with slopes of6 to 9%; covers about 400 ha. 
(b) PUBZ2/5 with slopes of 10 to 16%; covers about 
4700 ha. 

PULUl - This unit was mapped within the Milk River Plain 
in areas where till has been overlain by a veneer of silty 
lacustrine material. The unit occurs on undulating to hum- 
mocky landscapes between the Milk River and the rougher 
uplands some distance from the river. Purescape, the do- 
minant profile cari be found on the higher landscape posi- 
tions. Between the highs where slopes are smoother, the 
Lupen profile cari be found. It occupies about 30% of the 
unit. Small areas of steeper topography, may have minor 
inclusions of Rego Chernozemic profiles (WID). 

One topographie phase was mapped (PULU1/3-4) with 
slopes of 3 to 8%. Its total extent is more than 1700 ha of 
which about 10% has bedrock within 5 m of the surface. 
PULU - Although this unit occurs in the same general 
area, and has similar parent material relationships to that 
of the PULUl unit, its surface features are quite different. 
Not only is the topography smoother but it is dissected by 
shallow channels leading towards the Milk River. Another 
surface feature is the eroded pits which dot the landscape. 
These pits are associated with the Solonetzic soils which 
form about 1/3 of the unit. Most prevalent of these Solonet- 
zic soils are the Solodized Solonetz (GRG or KHO) and the 
Solod. The major soils are still Purescape and Lupen which 
occur in amounts similar to those in the PULUl unit. 

One topographie phase was mapped (PULU7/3D) with 
slopes of 2 to 5% on a dissected landscape. It totals about 
1700 ha of which nearly 20% has bedrock within 5 m of the 
surface. 
PURFB - This unit occurs in the northern part of the Milk 
River Upland in an area where soils are transitional be- 
tween dark brown and black. There it occurs on a hum- 
mocky morainal landform mixed with il1 defined ice con- 
tact features. About 25% of the unit has developed on 
gravelly materials (RFD soils). 

A very important feature of this unit is the Sign&ant 
amount of undrained depressions caused by the hummocky 
landform. These depressions have Gleysolic soils and many 
contain water well into the summer season. Surface stones 
are a common feature of this unit especially where the ice- 
contact material is prevalent. 

Total extent of this unit is about 2100 ha a11 on one to- 
pographic phase (PURF2/6) with slopes in the 16 to 30% 
range. 

Land use 

Presently, most of the Purescape soils are being grazed 
which is undoubtedly their best use since most of them 
occur on rough topography. However, the Purescape soils 
in the area 10 to 12 km south west of Milk River town are 
being cultivated even though they are on steep slopes. As 
a result, considerable erosion has taken place which is re- 
flected in the greater amount of PUR4 units mapped in that 
area. 

Most Purescape soils have no inherent soi1 character- 
istics which limit their capability for dryland agriculture. 
However, a frost free period (about 90 days) does impose a 
climatic limitation. Generally, the units with minor topog- 
raphic limitations are considered to be fairly good for dry- 
land agriculture. 

Because of their rough topography most Purescape 
map units are non irrigable. Some units on better topog- 
raphy are non irrigable because of other limitations such 
as those with Solonetzic soils (“7” units), and those with 
numerous undrained depressions (“2” unit& Thus only 
about 20% of the Purescape soils are potentially irrigable. 

As already stated Purescape areas are most suitable 
for grazing. The many units with undrained depressions 
c’2” units) offer an additional grazing advantage as they 
serve as a source of stock water for a large part of the graz- 
ing season. 

2.6.40 RAMILLIES (RAM) SOILS 

General settingand description 

Ramillies soils consist of a veneer of medium textured 
fluvial material overlying grave1 (Fig. 40). They occur on 
Upper level terraces along the banks of both Chin and Et- 
zikom coulees. Total extent of these well drained soils is 
slightly less than 800 ha. 

Fig. 40. A Ftamiliies soi1 profile. 

Ramillies is classified as an Orthic Brown Cher- 
nozemic soil. The Ah horizon, about 10 to 12 cm thick, has 
a brown color, a weak granular structure, and a sandy loam 
to loam texture. There is a gradua1 change to the dark yel- 
lowish brown Bm horizon which has a weak prismatic 
structure, and a loam to heavy loam texture. A lime hori- 
zon is usually encountered around the 35 cm depth. In most 
Ramillies profiles there is an abrupt change to the underly- 
ing coarse material, which usually has a high grave1 con- 
tent, A neutral reaction is common in the A and B horizons, 
while horizons below are alkaline. 

Ramillies map units 

RAM1 - This is the only Ramillies unit that was mapped. 
In addition to the dominantly Ramillies profile, other 
Chernozemic soils are present related to the depth of finer 
material overlying the gravel. These cari range from less 
than 20 cm (PUN) to over 1 m (CHN) each of which may 

53 



occupy up to 20% of the unit. Of these various soils only 
Pemukan seems to relate to surface features. Its expected 
occurrence is either on slight ridges or at the edge of 
“miniterraces” within the major terrace unit. 

Only one topographie phase was recognized (RAM 11 
3:R) with slopes of 2 to 5%. The entire unit has underlying 
bedrock within 5 m ofthe surface. 

Land use 

Ramillies soils are marginal for dryland agriculture, 
primarily because of their low water holding capacity 
coupled with the low precipitation levels in that region. 
These factors also result in a low grazing carrying capacity. 
For irrigation this soi1 has only a fair irrigation rating be- 
cause of the underlying gravel, as well as the relatively 
shallow depth to bedrock. Ramillies units are a possible 
source of gravel. 

2.6.41 ROUGH BROKEN (RB) MAP UNITS 

These units, occurring throughout Warner County, 
total almost 30 000 ha. They are the undifferentiated steep 
lands that form the banks to stream channels and spill- 
ways. Formed during the immediate post glacial period of 
most active stream erosion, most are now quite stable and 
grass caver has become established. Nevertheless some 
downslope creep is evident on steeper slopes, as is water 
erosion. These slope processes are suffïcient to interfere 
with soi1 formation to the extent that soils in these map 
units are dominantly Rego Chernozemic and Regosolic 
soils. Slopes are extremely variable but always exceed 
10%. Four units have been established. Three occur along 
both sides of wide valleys and are separated by the extent 
of rock outcrops. The fourth unit is used along modern ero- 
sional channels which have narrow valley bottoms. 
RBl - This unit, which includes almost 40% of a11 rough 
broken areas, has less than 10% bedrock exposures. Rego 
Chernozemic soils are dominant with about 30% Regosolic 
soils. With some exceptions most of the RB units associated 
with the several spillways in Warner County have been 
mapped as RBl (Fig. 41). The banks of the Milk River, up- 
stream from its junction with Verdigris Coulee, are also 
RBl. 

Fig. 41. RBl alongcoulee. Note salinity in foreground. 

RB2 - There is about half as much of this unit as there is 
of the RBl unit. Exposed bedrock (which is its main iden- 
tifying feature) is up to 60% . With this increased bedrock 
there is an increased amount of Lithic phases of both the 
Rego Chernozemic and Regosolic soils, which are generally 
found in similar proportions to that in the RBl unit. This 
unit forms the banks of several coulees especially Chin, 
Kipp, Verdigris and Etzikom coulees as well as portions of 
the Milk River banks downstream from Verdigris Coulee. 
RB3 - Bedrock exposures are greater than 60% in this unit. 
However the soils are similar to those in the previous two 
units and are in similar proportions. About 6% of the RB 
units have been mapped as RB3 mainly along the Milk 
River in the vicinity of Writing-On-Stone Provincial Park 
(PlateI-C). Minor amounts of this unit also occur im- 
mediately south of Milk River Reservoir. 
RB4 - This unit, totalling about 11000 ha is found through- 
out the county. It includes the rough broken banks which 
form the V shaped valleys or gullys associated with modern 
erosional channels and smaller streams (Fig. 42). They are 
very noticeable as long erosional fïngers dissecting the 
“foothills” area below the Milk River Ridge. Similarly they 
are a striking landscape feature connecting the Sweetgrass 
Upland and Milk River. 

Fig. 42. An RB4 unit in foreground 

Land use 

Al1 RB units are considered non arable. RB4 units in 
particular are a nuisance to farming operations as they 
often tut up and dissect land which might otherwise be cul- 
tivated. Areas which have a high proportion ofRB units are 
often fenced off and used for grazing. The carrying capacity 
varies inversely with the amount ofbedrock exposed. 

2.6.42 READYMADE (RDM) SOILS 

General setting and description 

These soils occur in the western part of Chin Plain 
north and east of Stirling (Fig. 43), where they total about 
5000 ha. Soi1 development has taken place on a weakly 
saline till similar to that on which Maleb soils have de- 
veloped. The dominant associated landform is a hummocky 
moraine. 

Classified as an Orthic Dark Brown Chernozemic soil, 
Readymade has a dark grayish brown A horizon from 12 to 
15 cm thick. It has a loam to silt loam texture and a loose 
granular structure. The dark brown B horizon, about 30 cm 
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thick, has a weak prismatic structure and loam to heavy 
loam textures. A moderately calcareous lime horizon usu- 
ally occurs near the 45 cm depth in a clay loam material. 
Neutral to mildly alkaline conditions in the Upper profile 
increase to moderately alkaline in the lime horizon and 
below. A few stones and coarse fragments cari be found 
throughout the profile. 
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Fig. 43. Distribution ofReadymade soils. 

Readymade map units 

RDMP - This unit occurs on a continuation of the hum- 
mocky morainal landform associated with the MAB2 unit, 
which extends into the Dark Brown Soi1 Zone. Like the 
MAB2 unit, up to 30% of the unit consists of undrained de- 
pressions in which sloughs or Gleysolic soils occur. 
Readymade, the dominant soi1 occurs in about 60% of the 
unit on the well drained portions of the landscape. Some 
variation in profile thickness is common, and water depo- 
sited veneers may occur on the lower landscape positions. 

One topographie phase was mapped (RDM2/4) with 
slopes in the 6 to 9% range. Total extent is in excess of 1400 
ha. 
RDM4 - This unit is differentiated by the 20 to 30% content 
of Rego Chernozemic soils. These thin profiles occur on the 
crowns of steeper slopes with the hummocky unit. The 
Readymade profile which is dominant is found on the to- 
pographic positions with less severe slopes. Inclusions of 
lacustrine veneers (WNY) as well as some of gleyed var- 
iants may also occur, particularly on the hummocky units. 

One topograhic phase (RDM4/4) was recognized with 
slopes of 6 to 9% and a total extent ofnearly 800 ha. 
RDWNl - Along with the 50 to 70% content of Readymade 
soil, this unit has a 20 to 40% content of a veneer of medium 
textured lacustrine material over the till (WNY). Minor 
amounts of Gleysolic soils are sometimes present in this 
unit. 

One topographie phase (RDWN1/3) was recognized, to- 
talling nearly 2800 ha, a11 with slopes of 2 to 5%. 

Land use 

Most Readymade soils are presently being cultivated 
under a dryland farming system. They are generally con- 
sidered to be fairly good arable soils with no major limita- 
tion other than limited precipitation. Some reduced pro- 
ductivity cari, however be expected on the RDM4 unit be- 
cause of the presence of the less fertile Rego profiles. 

Readymade units are considered to have good irriga- 
tion potential, except for the RDM2 unit which is rated non 
irrigable primarily because of the limitations imposed by 
the numerous undrained depressions. 

Al1 Readymade units have a relatively high grazing 
capability, especially where undrained depressions are 
present. 

2.6.43 ROCKFORD (RFD) SOILS 

General setting and description 

These soils occur only in the Milk River Upland in the 
southwest portion of the county (Fig. 44) where they occupy 
about 2400 ha. Rockford soils are well drained, black, 
grassland soils which have developed on a gravelly and 
stony ice-contact material. Landscape features are gener- 
ally hummocky with some ridged tendencies and slopes in 
the 6 to 20% range. These soils occur mainly around the 
perimeter of the basin like area centred at the west side of 
Township 3, Range 19. Vegetation is predominantly a 
mixed grass prairie composed of fescue and numerous 
herbs and small shrubs. 
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Fig. 44. Distribution ofRockford soils. 

The most noticeable feature of this soi1 is the grave1 
and stones that are present throughout the profile. Coarse 
fragment content is variable, ranging from 10 to 40% by 
volume in any one horizon. Consequently, surface stoni- 
ness is also variable, ranging from locations which are ex- 
tremely stony to locations where very few surface stones 
appear. 

Rockford soils are classifïed as Black Chernozemic 
soils. They have an A horizon, about 10 cm thick, which has 
a very dark grayish brown color and a loam to sandy loam 
texture. The B horizon usually up to 30 cm thick, is dark 
brown in color and has a loam texture. This horizon is 
further characterized by a weak prismatic structure and a 
slightly hard consistency. A moderately calcareous lime 
horizon occurs at the 45 to 50 cm depth in sandy loam mate- 
rials. A clay loam till of low stone content underlies the 
Rockford soi1 at depths usually exceeding 1 m. Included in 
the Appendix is a more detailed description of a Rockford 
soil. 
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Rockford map units 

RFBZl - About 15% (400 ha) of the Rockford soils are com- 
prised of this unit. It has a 40 to 60% RFD component in 
combination with 20 to 40% till soils (BZR). Small amounts 
of coarser ice-contact materials (KNT) may be found as 
well as gleyed variants. Generally, this map unit occurs ad- 
jacent to units which are composed of dominantly BZR 
soils. This map unit was mapped only on Glass 4 topog- 
raphy. 
RFKNl - This is the most frequently occurring unit, ac- 
counting for about 70% (1800 ha) of the Rockford soi1 areas. 
It occurs primarily on the side slopes of the basin previ- 
ously mentioned. Soils are dominantly Rockford, up to 
70%, with 20 to 40% of the unit being made up of sandy ice- 
contact materials (KNT). Small amounts of till (BZR) and 
lacustrine (SOF) as well as gleyed variants may occur in 
widely separated locations. It was mapped on Class 5 topog- 
raphy only. 
RFKNZ - This unit contains the same soils as RFKNl, and 
in similar amounts. It differs, however in having from 20% 
to 30% poorly drained areas in which Gleysolic and gleyed 
soils occur. This difference cari be attributed to the fact that 
this unit is located primarily in the valley bottom where 
surface ponding is more likely to occur. The unit occurs 
only on Glass 4 topography. 

Land use 

Almost a11 the Rockford soi1 areas are being grazed. Al- 
though some cultivation is being carried out on the RFBZlI 
4 unit. The predominance of rough topography, as well as 
the occurrence of surface stones are the main limitations 
to both dryland and irrigated agriculture. Thus, Rockford 
soils are best suited for grazing, for which purpose they 
have a relatively high carrying capacity. Rockford soi1 
areas have some potential as a source of low quality gravel. 

2.6.44 SALINE (9 SOILS 

These include the undifferentiated saline areas which 
were large enough to outline on the soils map, generally 
greater than 5 ha in size, and identifïed by the map symbol 
S. Also included are saline areas smaller than 5 ha (Fig. 45) 
which could not be outlined and were identified by the spot 
symbol S on the soils map. This latter group were very 
numerous. During the field survey about 400 saline spots 
were observed and noted along the lines oftraverse. 

Fig. 45. A saline spot less than 5 ha in size. 
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About 1400 ha of S areas and spots were mapped. This 
assumes an average size of about 2.5 ha for each S spot. 
These areas occur primarily in Etzikom and Verdigris 
plain. (Total extent ofsalinity is covered in the salinity sec- 
tien) . 

Land Use 

These soils have little agricultural value in their pre- 
sent state. They are SO saline that they are either devoid 
of vegetation or are covered with salt tolerant species such 
as kochia. 

2.6.45 SLOUGHAY (SLY) SOILS 

General setting and description 

This poorly drained soi1 has developed on clayey lacus- 
trine material on level to depressional topography. Al- 
though it does occur on Verdigris Plain, its main occur- 
rence is in Chin Plain primarily within the Brown Soi1 
Zone. Its total extent is about 1200 ha. 

Sloughay has been classified as a Rego Humic Gleysol. 
It has about 10 cm of grayish colored Ah, which has a silty 
clay texture. The underlying C horizon, which is very uni- 
form, also has a silty clay texture and is dark gray in color. 
A low to medium lime content further characterizes the C 
horizon. A detailed description of a sloughay profile is in- 
cluded in the Appendix. 

Sloughay map units 

SLYl - The Sloughay map unit is very uniform being al- 
most entirely composed of the Rego Humic Gleysol (SLY). 
It may have up to 10% Orthic Humic Gleysol as well as 
some water in lower landscape positions. Many of the un- 
differentiated G units may be composed of Sloughay soils. 
Slopes of the SLY units do not exceed 2%. 

Land use 

Wetness and poor soi1 drainage preclude both dryland 
and irrigated annual trop production on this unit. Despite 
these limitations some areas have been used for grain pro- 
duction during periods of below normal precipitation. The 
unit is best suited for perennial forage trop production or 
for grazing purposes as it has a high carrying capacity. 

2.6.46 STANDOFF @OF) SOILS 

General setting and description 

Only a limited amount (500 ha) of Standoff soils were 
mapped in Warner County, a11 on the sloping landforms as- 
sociated with the broad valley found in Township 3, Range 
19 (Fig. 20). These black grassland soils have developed on 
moderately fine to medium textured, stone free, lacustrine 
materials. 

Standoff is classified as an Orthic Black Chernozemic 
soil. It has a very dark grayish brown, loam to silt loam A 
horizon, about 15 cm thick. Below it, the prismatic struc- 
tured B horizon is dark brown in color, and generally has 
a loam to clay loam texture. With depth, colors become 
lighter and structure becomes less obvious. Moderate con- 
centrations of lime start at about the 30 cm depth. At the 
lower depths silt loam to clay loam textures are most com- 
mon, although in some locations coarser subsoil textures 
may be found. 



Standoff map units SOFl - This is the only Standoff 
unit mapped. It is a relatively pure unit, containing about 
80% Standoff soils. Small amounts of soi1 developed on 
sandy fluvial material (KNT) may occur within this unit. 
Towards the upland side of the area, till is often encoun- 
tered within 1 m of the surface. Gleyed variants may be 
found in a few isolated locations where surface drainage 
has been impeded. Only one topographie phase was map- 
ped with slopes ranging from 3 to 8%. 

Land use 

A large portion of this unit is being used for forage pro- 
duction, mainly alfalfa. Although the unit has no soi1 limi- 
tations for trop production, its location in the Milk River 
Upland places a climatic limit on field trop production. The 
short frost-free period (less than 90 days) allows only coarse 
grains to be grown under either dryland or irrigated condi- 
tions. For grazing purposes, this unit has a high carrying 
capacity requiring less than 10 ha per animal unit year. 

2.6.47 SPROLECSOL) SOILS 

General setting and description 

These soils were mapped on the northern slopes of the 
Sweetgrass Upland (Fig. 461, in the southeastern part of 
the county generally above the 1070 m elevation. There, 
they total nearly 3000 ha on a hummocky, dissected and in- 
clined morainal landform (Fig. 7). 
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Fig. 46. Distribution ofSprole soils. 

Sprole is clasifïed as an Orthic Dark Brown Cher- 
nozemic soil. It has a 12 to 15 cm thick Ah horizon which 
has a dark grayish brown color, a loam to clay loam texture, 
and a fine granular structure. The dark brown B horizon 
is 15 to 20 cm thick, has a strong subangular blocky struc- 
ture and a clay texture. Below it, the dark yellowish brown 
lime horizon occurs at or near the 50 cm depth. It also has 
a clay loam texture which remains fairly constant with 
depth. Coarse fragments which are less than 5% in the 
Upper profile usually increase in the subsoil. Neutral to 
mildly alkaline pH values at the surface increase to moder- 
atelyalkaline in the lower profile. 

land. Sprole, the dominant soi1 occupies up to 70% of the 
unit. Some Rego Chernozemic profiles occur on the steeper 
slopes. Most of the unit has a dissected landscape more evi- 
dent towards the southern part of the area. In some loca- 
tions inclusions of stony phases cari be found. On better to- 
pographic positions some undrained depressions may occur 
in which gleyed variants or Gleysolic soils are present. 

Three topographie phases were recognized: 
(a) SOL1/4 with slopes of 6 to 9%; covers a little more than 

900 ha. 
(b) SOLl/BD with dissected slopes of 10 to 15%; covers a lit- 

tle more than 1100 ha. 
(cl SOLl/GD with dissected slopes of 16 to 30%; covers 

about 800 ha. 

Land use 

Because of the rough topography most Sprole soils are 
best suited to grazing, for which use they have a relatively 
high rating. Only the SOL 1/4 unit has potential for culti- 
vated agriculture. It is rated as fairly good for dryland ag- 
riculture and good for irrigated agriculture. 

2.6.48 SEVEN PERSONS @PS) SOILS 

General setting and description 

These soils have developed on a moderately fine to fine 
textured, stone free lacustrine material deposited on a 
level to gently undulating landscape. Their extent is lim- 
ited in Warner County, occurring on no more than 340 ha. 
They cari be found in elongated areas in lacustrine infilled 
drainage channels, a11 within Verdigris Plain. 

Seven Persons is clasified as an Orthic Brown Cher- 
nozemic soil. It has a grayish brown Ah horizon, about 10 
cm thick, which has a granular structure and a silty clay 
loam texture. The B horizon has a dark grayish brown color 
and a silty clay loam to silty clay texture. This horizon, 
about 25 cm thick, is further characterized by a blocky to 
irregular prismatic structure. A lime horizon usually oc- 
curs at about the 35 cm depth, in an olive brown silty clay 
loam material. Materials of similar texture continue to the 
1 m depth and below. A neutral to mildly alkaline reaction 
prevails in the Upper profile, changing to moderately al- 
kaline in the lower profile. 

Seven Personsmap units 

SPS3 - Only one unit was mapped. In this unit, about 60% 
is occupied by the Seven Persons profile. The remainder is 
mainly Lilydale, the salinized phase of the major Cher- 
nozemic soil. The unit also contains small amounts of Sol- 
onetz E’TA) and Solod (RMR), both developed on lacustrine 
materials. These two Solonetzic soils occur indiscrimi- 
nately in the unit. 

One topographie phase was recognized (SPS3i2), a11 on 
slopes less than 2%. 

Land use 

The limiting effect of low rainfall is somewhat offset by 
the high moisture holding capacity of Seven Persons soils. 
Further limiting its potential is the presence of salinity 
which results in it being considered as non irrigable. For 
grazing this unit has a fair rating. 

Sprole map units 

SOL1 - This is the only unit mapped on the Sweetgrass Up- 
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2.6.49 SEXTON @XT) SOILS 

General setting and description 

Sexton soils occur mainly within Kipp and Middle 
coulees which lie within Verdigris Plain. These well 
drained soils, totalling 2440 ha, have formed on the fluvial 
aprons associated with the spillway valleys. 

These soils, classified as Humic Regosols, are equally 
divided between the Orthic Humic Regosol and the 
Cumulic Humic Regosol. Both have a weakly developed Ah 
horizon from 10 to 20 cm thick. This horizon has a very dark 
grayish brown color, a sandy loam texture, and a weak 
granular structure. In the Orthic profile the material 
below the A horizon, is generally pale brown in a structure- 
less sandy loam material. The Cumulic profile has similar 
textures but has buried Ah horizons at various depths. 
These buried horizons are dark grayish brown to brown in 
color with pale brown material between. The buried hori- 
zons are variable both in number and thickness, ranging 
from 1 to 4 or 5 in number, and from 1 to 20 cm in thickness, 
a11 within the first metre of material. Weakly calcareous 
conditions prevail in a11 Sexton soils. A detailed description 
of a Cumulic Humic Regosol cari be found in the Appendix. 

Sexton map units 

SXTl - Slightly more than 600 ha of this unit was mapped 
in the county. It is found in portions of Kipp Coulee as well 
as in the valley of Red Creek. Some also occurs in smaller 
coulees northwest of Coutts. In this unit, there is slightly 
more of the Orthic Humic Regosol than of the Cumulic 
Humic Regosol. Usually up to 15% of the map unit has 
weakly developed Chernozemic soils. Al1 SXTl map units 
occur on slopes ranging from 1 to 5%. 
SXT3 - This unit was mapped on about 1800 ha, the major- 
ity of which occurs in Middle and Kipp coulees with lesser 
amounts in the valley of Red Creek. A small amount has 
also been mapped in Black Coulee. 

The most dominant feature of this unit is the presence 
of saline phases of the Orthic and Cumulic Regosols, which 
totals about 30 to 40% of the unit. The non saline compo- 
nent has more or less equal amounts of the two Regosolic 
soils. Chernozemic soils may also occur, some ofwhich may 
be salinized. Only one topographie phase of this unit was 
mapped, on slopes ranging from 1 to 5%. 

Land use 

SXTl soils have a low water holding capacity and a rel- 
atively low natural fertility, factors which result in a mar- 
ginal rating for dryland agriculture. Similarly, these char- 
acteristics result in a fair irrigation rating and a relatively 
low grazing carrying capacity. The saline characteristics of 
the SXT3 unit is a further limitation resulting in a capabil- 
ity rating of Class 5 for agriculture, and a non irrigable rat- 
ing. Its grazing carrying capacity would also be less than 
that ofthe SXTl unit. 

2.6.50 TEMPEST (TEP) SOILS 

General setting and description 

These soils have been classifïed as Humic Luvic 
Gleysols. They have grayish Ah horizon at least 10 cm 
thick, and a distinct Ae horizon, both with loamy textures. 
The B horizon is much finer textured and darker colored 
than the A horizon. In the lower portions of the profile tex- 
tures are generally silty clay loam. There is strong evi- 
dence of poor drainage in the entire profile particularly in 
the lower A and Upper B horizons where distinct reddish 
colored mottles appear. Lime, if present, is of low concen- 
tration and then only in the lower part of the profile. 

Tempe& map units 

TEP1 - The majority of the unit contains the Tempest soi1 
and up to 20% of the Orthic Luvic Gleysol, which also has 
an Ae horizon but a thin Ah horizon. Water bodies may also 
occur in the unit. Slopes in the Tempest map unit are a11 
less than 2%. 

Land use 

Although some Tempest areas have been used for an- 
nual trop production during dry years, their best use proba- 
bly is perennial forage trop production or grazing as they 
have a high carrying capacity. 

2.6.51 VAN CLEEVE (VAC) SOILS 

General setting and description 

Van Cleeve soils are well drained, and have developed 
on a mixture of morainal and fluvial materials. They are 
associated with the beginning ofsome ofthe spillways (Fig. 
47), where they occur either within the spillway or on ter- 
races along the spillway sides. These areas are probably 
the result of water erosion or scouring to bedrock, leaving 
behind a veneer or blanket of coarser morainal and fluvial 
material, and numerous large stones. Bedrock exposures 
are a common feature, hence there is often a ridged land- 
form associated with a terraced landscape, a11 of which is 
bedrock controlled. These soils which total about 1800 ha 
are primarily associated with Etzikom and Middle coulees. 

Although Van Cleeve soils are classified as Orthic 
Brown and Dark Brown Chernozemic soils their develop- 
ment is weak. Textures may be quite variable but are most 
often sandy loam. Grayish brown colors prevail in mate- 
rials which are moderately calcareous. Depth to underly- 
ing bedrock is generally less than 1 m. 

Van Cleeve map units 

VAC4 - About two-thirds of the Van Cleeve soils in Warner 
County belong to this unit. Their occurrence is concen- 
trated in an area south and west of Judson where Etzikom 
Coulee stayts. These soils are located more on the terraces 
and higher levels of the coulee sides than in the valley bot- 
tom. This unit occurs where underlying bedrock is domin- 
antly sandstone rather than the shales. The soils are 
mainly Orthic Chernozemic with up to 40% of the Rego 
Chernozemic soils. Ridges are a common feature of the 
landscape, where bedrock is closer to the surface and often 
exposed. Stones and boulders embedded in the surface are 
common in this unit. 

Almost 800 ha of Tempest soi1 was mapped in Warner VAC7 - This unit occupies about one-third of the Van 
County mainly within the Brown Soi1 zone, and about Cleeve soi1 areas. Most of it occurs at the beginning of Et- 
equally distributed within Chin Plain and Verdigris Plain. zikom Coulee, about midway between Stirling and Judson. 
It occurs in poorly drained level to depressional areas Lesser amounts were mapped on the south side of Milk 
where lacustrine materials have been deposited. River Reservoir near its east end. Underlying bedrock is 
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dominantly of the shaly variety which seems to influence 
development of a Solonetzic soil. Thus, the unit has from 
20 to 40% of a variety of Solonetzic soils in combination 
with the dominant Chernozemic soils. Solodized Solonetz 
and Solod seem to be most common with lesser amounts of 
Solonetz and Solonetzic Chernozemic soils. However, in a11 
instances development of Solonetzic characteristics is rela- 
tively weak and indistinct. 

Land use 

Van Cleeve soils have many characteristics which rule 
them out for arable dryland or irrigated agriculture. 
Foremost among these limitations are the proximity to 
bedrock, surface stones, low natural fertility, low water 
holding capacity, and the Solonetzic characteristics of the 
VAC7 unit, These characteristics also lower the grazing 
carrying capacity to a relatively low level. 

Verburg map units 

VEBl - About 60 to 70% of the soils in this unit are Verburg. 
They occur on the Upper and mid slope positions where ero- 
sion has removed much of the surface soil. Orthic soils 
(CRD), which cari be found on the mid to lower slopes, oc- 
cupy about 25% of the unit. The lower slopes often have a 
deeper than normal profile because of the accumulated 
slopewash materials. This unit usually has about 10% of 
more severely eroded slopes where an Orthic Regosol pro- 
file cari be found. 

One topographie phase was mapped (VEBUS) with 
slopes in the 10 to 15% range. Of this about 1000 ha had 
underlying bedrock within 5 m ofthe surface. 

Land use 

A large proportion of the Verburg soils are presently 
being cultivated, despite their associated steep slopes. As 

TILL VAN CLEEVE TILL 7 
Fig. 47. Schematic cross section of a Van Cleeve soi1 area. 

2.6.52 VERBURG (VEB) SOILS 

General setting and description 

Verburg soils have developed on a medium to moder- 
ately fine textured till. They occur mainly on the lower 
slopes leading to the Milk River Ridge and have landform 
characteristics which are hummocky as well as inclined 
and sometimes ridged. This soi1 cari also be found on some 
of the less steep banks along both Kipp and Middle coulees. 
Total extent of Verburg soils is slightly in excess of 1600 
ha. 

Verburg, classifïed as Rego Dark Brown Chernozemic 
soil, is usually calcareous to the surface. The A horizon, in 
most instances an Ap horizon, is 12 to 15 cm thick. It has 
a loam to clay loam texture and a dark grayish brown color, 
a reflection of the lime which cultivation has incorporated 
from below. Occurring immediately below the cultivation 
layer (AP), the lime horizon is brown to pale brown in color 
and has a clay loam texture. A very weak granular struc- 
ture in the A horizon gives way to a structureless subsoil. 
Mildly alkaline pH values at the surface change to moder- 
ately alkaline in the lime horizon and below. 

a result water erosion continues to be a problem. TO stem 
this kind of soi1 degradation, these soils should be put into 
forage production or grazing, which is their best use, even 
though their carrying capacity is not that high. The steep 
slopes rule out irrigation entirely. 

2.6.53 VICTOR WTR) SOILS 

General setting and description 

These soils have developed on a moderately saline, 
stone free lacustrine material with a gently undulating 
surface form. They are most evident in a fairly narrow band 
along the base of the Milk River Ridge west of Warner. 
There, they are associated with a variety of lacustrine soils 
a11 influenced to some degree by salinity. Some Victor soils 
also occur within Kipp Coulee at its eastern extreme just 
west of the town of New Dayton. Total extent of Victor soils 
is just over 700 ha. 

Victor is classified as a Dark Brown Solonetz. It cari be 
recognized by the thin Ah over an abrupt boundary to the 
solonetzic B horizon. The A horizon, about 5 cm thick, has 
a granular structure and a silty clay loam texture, and is 
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dark grayish brown in color. The coarse blocky &t horizon 
is very hard, has a very dark gray color and a silty clay tex- 
ture. Lime and salts usually occur at, or just below the 30 
cm depth, in a silty clay loam material which is dark gray 
in color. Values for pH are neutral to mildly alkaline in the 
A horizon, moderately alkaline in the B horizon, and mod- 
erately to strongly alkaline in the subsoil. 

Victor map units 

VTR3 - The important feature of this unit is the presence 
of saline soils, mainly Saline Regosols, which make up 
about 30% of the unit. Victor, the dominant soi1 occupies 
about 60% of the unit area. Very minor amounts of Cher- 
nozemic as well as other Solonetzic soils may also be found. 

One topographie phase was recognized (VTR3/2-3) 
with slopes ranging from 1 to 4%. Of this about one half had 
bedrock within 5 m ofthe surface. 

Land use 

Salinity, coupled with the undesirable Solonetzic struc- 
ture, makes this unit unsuitable for both arable dryland 
and irrigated agriculture. Thus, its best use is grazing de- 
spite it having a relatively low carrying capacity. 

2.6.54 WARDLOW (WDW) SOILS 

General setting and description 

About 450 ha of Wardlow were mapped in the vicinity 
of the Lucky Strike area. This soi1 has developed on a stone 
free, moderately saline lacustrine material with a medium 
to moderately fine texture. It occurs on a level to gently un- 
dulating landscape which is generally somewhat lower 
than its surroundings. 

Wardlow, classified as a Brown Solodized Solonetz, cari 
be recognized by its hard columnar round-topped B hori- 
zon. The Ah horizon of about 10 cm over has a greyish 
brown Ae horizon a few cm thick. The change to the Bnt 
horizon is very abrupt, with a dark brown color, a clay loam 
to clay texture and a strongly columnar structure. A pale 
brown lime horizon occurs near the 35 cm depth in a silty 
clay loam material. Salts are usually encountered in or 
below the lime horizon. Neutral pH values are common in 
the A horizon but change to mildly alkaline in the B hori- 
zon and moderately alkaline in the C horizon and below. 

Wardlow map units 

WDWl - In this unit, Wardlow is the dominant soi1 occupy- 
ing about 70% of the unit area. The Brown Solod (KBD) oc- 
curs in about 25% of the unit. In minor portions of the unit, 
often on slightly higher locations, underlying till may be 
within 1 m of the surface. Soils in these locations are either 
Solodized Solonetz (DHS) or Solod (GEM). Occassionally 
spots ofsalinity may occur. 

One topographie phase (WDW 1/2) was mapped with 
slopes not exceeding 2%. 

Land use 

Wardlow soils are considered to be marginal for arable 
dryland farming. This low rating arises from their Solonet- 
zic characteristics which are also responsible for a poor to 
fair rating for irrigation. Similarly, these characteristics, 
when coupled with the regional low precipitation, results 
in a relatively low grazing carrying capacity. Despite the 

low rating the Wardlow areas mapped are presently in 
grain production under dryland conditions. 

2.6.55 WILDA (WID) SOILS 

General setting and description 

These thin soils occur on the Milk River Upland where 
they total approximately 4000 ha. They have developed on 
a hummocky morainal landform which in some locations is 
dissected. They are concentrated in areas of rough topog- 
raphy where years of cultivation and subsequent water 
erosion has resultedin loss oftopsoil (Fig. 48). 

Wilda is classified as a Rego Dark Brown Chernozemic 
soil. The A horizon, about 10 to 12 cm thick, contains avari- 
able amount of lime which cultivation has incorporated 
from the underlying Cca horizon. Loam to clay loam tex- 
tures prevail in the dark grayish brown A horizon. The Ck, 
immediately below the A horizon is pale brown in color and 
has a clay loam texture which continues well into the sub- 
soil. Structure is very weak to absent in the whole profile. 
Moderately alkaline conditions prevail in a11 but the A 
horizon which is mildly alkaline. A detailed description of 
a Wilda profile is included in the Appendix. 

Fig. 48. Erosion on a Wilda soi1 area 

Wilda map units 

WIDl - From 50 to 80% of this unit is composed ofthe Wilda 
soi1 which occurs on the steeper Upper and mid slope posi- 
tions. On the lower slopes which are less steep, the Orthic 
Chernozemic profile (PUR) prevails which amounts to 
about 10 to 40% of the unit. The amounts of these two soils 
varies in proportion to the topographie characteristics - the 
rougher the topography the higher the amount of Wilda. 
On the most severe slopes it is not unusual to fïnd an Orthic 
Regosol soil. The Purescape soils in the trough position 
often have a deeper than normal profile, a result of accumu- 
lated slope wash material eroded from the surrounding 
higher land within the unit. 

Two topographie phases were recognized: 
(a) WIDl/S with slopes of 10 to 15%; covers about 3000 ha. 
(b) WIDl/GD with dissected slopes of 15 to 30%; covers 

about 1000 ha. 

Land use 

A significant amount of Wilda soils are being culti- 
vated, despite the limitations imposed by the rough topog- 
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raphy. As a result, water erosion is a continuing problem. 
Wilda map units should, if cultivated, be in forage trop pro- 
duction where annual cultivation is eliminated. The rough 
topography also rules out irrigation on Wilda map units. 
They do, however, have a fairly good grazing capability. 

2.6.56 WALSH (WLH) SOILS 

General setting and description 

These are poorly drained clayey lacustrine soils located 
in broad basins. They occur in isolated areas in both Chin 
and Verdigris plains for a total of about 600 ha. One area 
of major concentration lies within the broad drainage way 
traversed by Highway 36 about 9 km north of Warner. 
Other areas of Walsh occur in the lacustrine basin in the 
northwest part of the county. 

Walsh, classifïed as an Orthic Gleysol, has a 2 cm thick 
A horizon, which is dark grayisn brown in color. This 
weakly structured and loose material has a silty clay loam 
texture and a neutral to mildly alkaline reaction. Below 
this the C horizon has olive gray to dark olive gray colors 
with brownish colored mottles. This horizon is further 
characterized by a massive structure and a silty clay tex- 
ture. Usually there is a low lime content in the C horizon 
resulting in mildly to moderately alkaline pH values. 

Walsh map units 

WLHl - In this unit Walsh is the only soi1 present. However 
up to 50% of the unit area may be covered by water particu- 
larly in the spring and early summer. This is the situation 
on the area north of Warner. Later in the season the extent 
of water decreases to where only a few spots are covered. 
Common cattail abound in the wetter portions ofthe unit. 

One topographie phase (WLHlI2) was recognized with 
slopes not exceeding 2%. 

Land use 

Because of their wet and poorly drained conditions, 
Walsh soils are unsuitable for both dryland and irrigated 
agriculture:They are best suited for grazing for which use 
they have a high carrying capacity, providing water does 
not caver too much of the unit. 

2.6.57 WHITNEY (WNY) SOILS 

General setting and description 

Whitney soils are quite extensive in the western part of 
Verdigris Plain (Fig. 49) where they total 9600 ha. They 
have developed on a veneer of medium to moderately fine 
textured lacustrine material overlying till (Fig. 22). Sur- 
face features are those of a gently undulating to undulating 
plain. 

Whitney is classified as an Orthic Dark Brown Cher- 
nozemic soil. It has a granular, dark brown A horizon 10 
to 12 cm thick overlying a dark brown prismatic subsoil. A 
lighter colored, calcareous horizon is normally seen at 
about 40 cm depth. The till, usually encountered at 50 to 
80 cm, has a few stones but the surface loam or silt loam 
is stone-free. 

Whitney map units 

WNYl - This unit accounts for more than 40% of the Whit- 
ney soils. Although the major portion occurs in the north- 

west part of the county, lesser amounts cari be found as- 
sociated with the Milk River in the vicinity of Milk River 
town. Whitney is the dominant soi1 occupying about 70% 
of the unit. In some locations the depth to underlying till 
may be greater than 1 m (Lethbridge soil). This may occur 
in about 20% of the unit. Very minor amounts of other soils 
such as gleyed phases, Rego Chernozemic soils, or soils de- 
veloped on till where no lacustrine veneer is present may 
be found. 

One topographie phase was mapped (WNY1/2-3) with 
slopes of 1 to 3%; totalling 4000 ha. Of this 800 ha has bed- 
rock within 5 m of the surface. 
WNYâ - The unique characteristic of this unit is the 20 to 
40% content of saline soils, of which the majority is 
Lilydale. Whitney however, is still dominant occupying 
from 50 to 70% of the area. Gleyed phases, and Gleysols, as 
well as other Chernozemic soils (LET, CRD) may be pre- 
sent, but in total these inclusions do not exceed 20%. 

About 18% of the Whitney soils belong to this unit. Al- 
though its occurrence is general throughout the northwest- 
ern part of Verdigris Plain, there is a greater concentration 
in the irrigated areas. One topographie phase was mapped 
(WNY3/2-3) with slopes of 1 to 3%, totalling 1750 ha. Of 
this about 800 ha has bedrock within 5 m of the surface. 
WNCR3 - This unit also has a 20 to 30% content of saline 
soils most of which are the salinized phases of the two Cher- 
nozemic soils developed on a lacustrine veneer and till ma- 
terials. It differs from WNY3 in having a signifïcant inclu- 
sion of soils developed on till (CRD). Generally, this unit oc- 
curs adjacent to till areas. 

One topographie phase was mapped (WNCR3/3-2) with 
slopes of 1 to 4%. Total extent is 3400 ha of which 1700 ha 
has bedrock within 1 m ofthe surface. 
WNLEl - This unit recognizes a thicker stone-free surface 
with about 20 to 40% of the unit having till at depths great- 
er than 1 m (LET soils). 

Although minor areas occur elsewhere, this unit is 
found primarily in an area just northeast of Raymond. One 
topographie phase was mapped (WNLE1/2-3) with slopes of 
1 to 3%. Total extent is about 400 ha. 

R21 R20 R19 Fi18 R17 R16 R15 R14 R13 R12 Rll 

Fig. 49. Distribution ofwhitney soils. 

Land use 

Almost a11 Whitney soils are being cultivated, primar- 
ily for grain production under dryland conditions. Some are 
successfully irrigated in the Raymond area. 
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Whitney soils are fairly good for dryland farming with 
only the limitation of a less than optimum precipitation 
level. The additional limitation in the saline units results 
in lower ratings for both dryland agriculture and irriga- 
tion. The non saline units are good irrigation areas. They 
may, however, develop a seepage problem if irrigation 
water moves laterally along the lacustrine-till interface. 
Salinity also reduces the carrying capacity of these soils 
from the relatively high level ofthe non saline units. 

2.6.58 WESTON (WTN) SOILS 

General setting and description 

These are moderately well to imperfectly drained soils 
which have developed on clayey lacustrine materials. Most 
of the Weston soi1 was mapped on a relatively flat basin- 
like area between Tyrrell and Weston lakes, into which 
Middle Coulee empties. Lesser amounts were encountered 
elsewhere in the county usually associated with minor 
spillways or drainage channels. A total of 1650 ha were 
mapped in the county. 

Weston soils, classifïed as Orthic Regosols have no dis- 
cernible A horizon. Grayish brown surface colors gradually 
become darker with depth. Although clay to silty clay tex- 
tures prevail beyond the 1 m depth, the occasional lens of 
sandy material may occur. Generally, a low concentration 
of lime is present in material which has a massive struc- 
ture. Salts are sometimes encountered in the lower parts 
of the profile. 

Weston map units 

WTNI - Less than 300 ha of this unit was mapped most of 
which occurs in the western part ofBlack Coulee. In WTNl 
units, Orthic Regosols are dominant, but a significant con- 
tent of Humic Regosols with an Ah horizon, are also pre- 
sent. Both gleyed and saline phases may also occur. Only 
one topographie phase was recognized on slopes from 2 to 
5%. 
WTNâ - The majority of the approximately 1400 ha of 
WTN3 mapped, occurs in the lacustrine area between Tyr- 
rell and Weston lakes. Lesser amounts occur in the valley 
associated with Macklin Lake about 6 km northwest of 
Coutts. Orthic Regosols are the dominant soils in the 
WTN3 unit with an occasional occurrence of Humic Re- 
gosol. Saline phases are a signifïcant component, generally 
ranging from 20 to 30% ofthe map unit. Saline phases seem 
to be more prevalent in the southern part of the area be- 
tween Tyrrell and Weston lakes, while in the northern part 
gleyed phases seem to increase. This unit is relatively flat 
with slopes not exceeding 2%, thus it is subject to flooding 
as runoff and downward percolation of water is slow. 

Land use 

Weston soils have a low level of natural fertility. Their 
high clay content coupled with their low organic matter 
content results in increased difficulty in cultivation. Salin- 
ity in the WTN3 unit is an added limitation resulting in 
this unit being marginal for dryland agriculture and non 
irrigable. However, the non saline WTNl unit is consider- 
ably better for both ofthese agricultural uses. Weston soils 
have a relatively low rating for grazing. 
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PART 3. LAND USE, INTERPRETATIONS AND 
DEGRADATION 

3.1 PRESENT LAND USE 

Warner County is mainly a grain farming area. About 
two thirds of its area is under cultivation, concentrated 
mainly on the Chin and Verdigris plains. Grazing and cat- 
tle production is concentrated on the Milk River Upland, 
65% of which is in native pasture. A significant area in the 
southeastern part of the county is also in native pasture 
due to the poor soi1 and landscape features that exist there. 
Increased carrying capacities have resulted from improve- 
ments in range management and the introduction of im- 
proved range species. 

Although irrigated crops are important in the 
Raymond-Stirling area, irrigation is practiced on less than 
5% of the county area. Recent increased use of pumps and 
centre pivot systems has resulted in some irrigation activ- 
ity in a few small areas far removed from the main centre 
of irrigation in the Raymond Irrigation District. 

According to 1981 census figures (1) 63% ofthe cropped 
land is in wheat, mainly spring wheat, 23% is in barley, 
and the remaining 14% is in hay and various other crops. 
That same census found that 39% of the total cropland is 
in summerfallow. 

The following sections caver in more detail some of the 
factors influencing agricultural production in Warner 
County. Certain sections have been prepared by specialists 
from the Lethbridge Agriculture Centre. Their expertise 
and involvement in various aspects of agriculture in south- 
ern Alberta is reflected in their prepared sections. 

3.2 DRYLAND FARMING IN SOUTHWESTERN 
ALBERTA* 

Dryland farming implies the growing of crops without 
irrigation in a climate where water is limiting. Southwest- 
ern Alberta has a total precipitation of about 400 mm per 
year which is far below that required for maximum trop 
yields. Consequently, successful dryland farming requires 
a strategy for an efficient use of a limited resource. This 
strategy has evolved from practices brought (with disastr- 
ous consequences) by settlers from areas with humid cli- 
mates and no wind - to farming methods that have led to 
increasing yields and improved water use efiïciency par- 
ticularly in the last twenty years. 

There are a number of technological innovations that 
serve as milestones in this evolution. These are: the trac- 
tor, which enabled quick and timely field operations, the 
Noble blade and rod-weeder for stubble mulch farming, 
furrowopening hoe-drills, combine harvesters that ended 
the removal of straw by binders and threshers, and her- 
bicides, the most important of which are 2,4-D and trial- 
late. Chemical weed control has resulted not only in re- 
duced competition from weeds, but also in better seedbed 
moisture because fewer cultivations are needed in the 
spring. TO this list should be added the development of 
hardy winter wheat varieties that on the average yield 
about 20% more than spring wheats. The yielding ability 
of spring wheats has also improved somewhat, and cur- 
rently recommended varieties yield about 17% more than 
Marquis. 

‘Prepared by: S. Freyman. Research Scientist, AgricultureCanada. Lethbridge 

Recent innovations Will continue to improve the ability 
to grow ‘more trop per raindrop’ and noteworthy here is the 
pneumatic applicator, which coupled with a cultivator is 
capable of placing fertilizer at depths where it is sure to be 
intercepted by roots. 

There is considerable room for improving cropping 
strategies. Most of the improvement Will occur by reducing 
the need for wasteful summerfallow during which 70 to 
80% of precipitation evaporates, runs off or penetrates 
below the root zone and contributes to saline seeps. Long- 
term studies have shown that with traditional tillage 
methods, about 60% of the total water stored in the soi1 dur- 
ing the 21-month fallow period was received during the 
first 8 months from harvest to April 20. Consequently, 
means of increasing soi1 water storage during this non-trop 
period is important and could be achieved by improved 
snow trapping through standing stubble followed by re- 
duced or preferably completely eliminated spring tillage. 
Zero-till farming is most applicable under conditions 
where crops are frequently ‘stubbled-in’. 

With improved moisture conservation between harvest 
and spring seeding, a flexible cropping system could be 
used more widely than at present. A flexible cropping sys- 
tem would mean growing a trop in years when stored soi1 
water and expected growing season precipitation are suffï- 
tient to produce a reasonable yield while fallowing would 
only be used when soi1 water and expectedprecipitation are 
not suffïcient for that need. Wider adoption of this system 
would require more fertilizer use and perhaps an economic 
incentive with a less restrictive grain delivery arrange- 
ment. This strategy could further be refined by growing 
crops that sequentially have greater rooting depths in 
short-term rotations until the depth of removal exceeds re- 
charge during non-trop periods. Spring wheat-winter 
wheat-fallow rotation follows this logic. Spring wheat uses 
soi1 water to a depth of about 1.2 m. Winter wheat seeded 
into standing spring wheat stubble Will trap snow and use 
available water to a depth of 1.5 to 2.0 m. The land is then 
fallowed because the probability is low of replenishing 
water to that depth in one over-winter period. 

Most strategies that increase productivity from a unit 
area of land Will lead to improved water use efficiency and 
most importantly, in the long-term, Will prevent soi1 degra- 
dation by maintaining soi1 organic matter, reducing saline 
seeps and controlling wind erosion. 

3.3 IRRIGATION IN WARNER COUNTY* 

Warner County has an irrigation history dating back to 
the turn of the Century. Some of the fïrst irrigation works 
in southern Alberta delivered water to the Raymond area. 
Shortly afterward a canal was constructed from the Milk 
River with the stated purpose of delivering water around 
the eastern slopes of the Milk River Ridge toward the pre- 
sent day town of Magrath. More recently, efforts have been 
made to develop Verdigris Lake as an irrigation water 
source for local irrigation projects above Verdigris Coulee. 

Successful irrigation in the semi-arid climate of south- 
ern Alberta depends upon a number of factors the most im- 
portant of which is a reliable source of good quality water. 
TO date, available water supplies have allowed irrigation 
development on approximately 17,800 ha of land within 

‘Prepared by: E. Osborne, Soil Specialist, Irrigation Division, Alberta Agriculture, 

Lethbridge. 
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Warner County. Proposed water diversion, storage, and de- 
livery system improvement projects, would increase the 
total potential for development, to approximately 30,000 
ha. 

The need for quality water and close access to that re- 
source has concentrated present and potential irrigation 
activity into three areas. These areas are illustrated in Fig. 
50 and include: 
a) land within the Raymond Irrigation District Jurisdic- 

tional Boundary 1981. 
b) the proposed St. Mary River Irrigation District Verdig- 

ris Coulee Project. 
c) present area of irrigation interest and activity along 

the Milk River. 
Significant irrigation development outside of these three 
areas is very unlikely unless further water resources cari 
be developed. 

The three centers of irrigation activity are basically 
similar with respect to climate, present land use and poten- 
tial land use under irrigation. However, there is a general 
trend for climate to become drier from west to east across 
the county. The average growing season is 120-140 days (- 
2C); the area receives 1350-1650 heat units (5Cl per grow- 
ing season; and the moisture deficit usually runs between 
250-300 mm per year. Crop production under irrigation is 
mainly cereals and forage. There is potential and interest 
in specialty crops but marketing is a problem. 

The Raymond Irrigation District 

The Canadian Northwest Irrigation Company, under 
the direction ofElliot Galt and C.A. Magrath, with the assi- 
tance of the Mormon Church, brought the fïrst irrigation 
water to Warner County in July of 1900. Water was di- 
verted from the St. Mary River at Kimball and, through a 
series of constructed and natural canais, brought water to 
the Raymond area. The purpose ofthis early irrigation pro- 
ject was to stabilize an agriculture industry in a semi-arid 
climate, attract settlers, and in turn, supply needed cus- 
tomers for fïnancially troubled railroads (21. 

The Raymond Irrigation District (R.I.D.1 was estab- 
lished in 1926 under the Irrigation Districts Act. The farm- 
ers of the area took control of construction and mainte- 
nance of the irrigation project by authority ofthe Act (7). 

The R.1.D grew to occupy approximately 20,600 ha of 
land, of which nearly 13,000 ha have been serviced for irri- 
gation. Recently an agreement reached between the 
Raymond, Taber and the St. Mary River Irrigation Dis- 
tricts, expanded the boundaries of the R.I.D. to include over 
86,000 ha of land. Al1 but 10,900 ha of land within the new 
R.I.D. boundaries lieswithin Warner County cl)*. 

Typical crops grown and land use, as a percent of irri- 
gated acreage, are presented in Table 7. The figures show 
that barley, alfalfa, hard, and soft wheat totalled over 82% 
ofthe irrigated trop acreage in the R.I.D. for 1981. 

Latest figures show that although there has been a 
trend toward sprinkler irrigation in the R.I.D., 62% of the 
assessed acreage is irrigated by surface methods. Side-roll 
and pivot irrigation systems apply water to 26% and 12% 
of the assessed land respectively. It is interesting to note 
that of a11 the land presently surface irrigated, over 85% 
has only minimum surface development. Actual area irri- 
gated may vary from 40 to 90% of the assessed acreage de- 
pendingon amounts ofprecipitation. 

‘Figures for ~rngatmn and potential irngatmn withln Warner County include all ofthe 

R.I.D. 

64 

TABLE 7. Irrigated cropsin the Raymond Irrigation district (1981) 

Crop or Land Use Percentofhigated Acreage 

Barley 
Alfalfa Hay 

Wheat - hard 
- soft 

Pasture 
SugarBeets 

Stubble (faIl) 
Grass Hay 
Oats 
Other (cereal silage, mustard, 

alfalfa seed, flax, green 

feed, gardens, summerfallow, 
squash) 

28 
26 

17 
11 

3 

3 
2 

2 

TOTAL 100 

Source: Annual Reportand Financial Statement 1981. Raymond 
Irrigation District. 

A study undertaken in 1953 found over 5,200 ha ofland 
within the R.1.D boundaries to be slightly to strongly af- 
fected by soi1 salinity. Several factors were believed re- 
sponsible for the problem soi1 salinity condition (81. These 
factors were: 

e) 

D 

g) 

inadequate natural drainage outlets, 
poor external and interna1 drainage of some heavier 
textured soils associated with level topography, 
canal and lateral seepage losses associated with 
coarser textured soils, 
a combination of lighter surface soils and variable 
depths to till creating potential seepage problems 
downslope, 
differential textural layers even in medium to heavy 
textured soils, 
shallow depths to bedrock interfering with vertical sub- 
surface water movement, and, 
excessive applications of irrigation water and lack of 
control of excess drainage water. 

Lack of markets and soi1 salinity problems have limited -_ 
major trop production to legumes and cereals. ‘The sugar 
beet factories closed down at Raymond (1963) and Picture 
Butte (1977) leaving Taber as the only market outlet. 
Plants were closed because: 
1. The climate of the area was marginal for reliable qual- 

ity sugar beet production. 
2. Soi1 salinity problems made high yield per acre diffi- 

cuit to obtain. 
3. The processing plant was small and inefficient. 

Since transportation costs are mostly paid by the Sugar 
Company, sugar beet contracts that expire in the R.I.D. 
Will likely be renewed with producers located closer to 
Taber. 

Today a cost sharing program between the provincial 
government and the Irrigation Districts has allowed the 
R.I.D. to upgrade its drainage system and take steps to con- 
trol leakage from the water delivery system. In addition, 
farmers are moving away from gravity irrigation to pivot 
and side-roll systems. The changes and improvements in 
district and on-farm water management are expected to 
havc a positive impact upon the soi1 drainage and soi1 sa- 
linity problems that have plagued the district for SO long. 



District officiais anticipate an increase in assessed ac- 
reages with the expansion of the R.I.D. boundaries and im- 
provements of the aging water delivery system. The Dis- 
trict is expected to be able to serve over 18,200 ha once a11 
improvements have been made. 

Verdigris Coulee Project 

Local interest in irrigation has been expressed through 
the Verdigris Coulee Committee since the early 1970’s. 
Progress on the project continues (Fig. 50), with develop- 
ment of a water delivery system between Milk River Ridge 
Reservoir and Verdigris Lake via Middle Coulee (4). 

Fig. 50. Present and proposed irrigation projects in Warner County. 

Irrigation water should have electrical conductivities 
less than 1 mS/cm and S.A.R. values should be less than 4 
(5). Verdigris Lake water quality is marginal with electri- 
cal conductivity readings ranging from 0.5 - 1.1 dS/m and 
S.A.R. values of 2 to 5. Water quality would be expected to 
improve with addition of the water transferred from the 
Milk River Ridge Reservoir. In addition, the development 
proposa1 calls for the periodic flushing of Verdigris Lake 
into the Milk River system provided lake and river water 
levels are adequate (4). 

Once the Verdigris Coulee Project is complete, there 
Will be enough water to supply approximately 3,700 ha. Al1 
lands are to be serviced from the lake itself with no canal 
delivery system to be established. Topography Will proba- 
bly limit irrigation to sprinkler systems. The high cost of 

pumping from Verdigris Lake should stimulate conserva- 
tion of water and help prevent overirrigation and sub- 
sequent drainage problems. 

Irrigation Along The Milk River 

Irrigation activity began in the Milk River Basin in 
1903. At that time, the United States Government took 
steps to divert water from the St.Mary River to the Milk 
River, for eventual use in eastern Montana. Unhappy with 
the prospect of losing irrigation water from the St. Mary 
River, Canada countered by constructing a canal from the 
Milk River. The Canadian canal was to divert water from 

the Milk River northward around the eastern edge of the 
Milk River Ridge to the Magrath area. Also, the canal was 
to act as a deterrent to the United States plan to divert 
water from the St. Mary River. The apportionment prob- 
lem was eventually overcome through the Boundary Wat- 
ers Treaty Act of 1909 and finally resolved by the Interna- 
tional Joint Commission in 1921. The United States is now 
entitled to more than half of the natural flow of the Milk 
River, by order of the Joint Commission (3). Today most of 
Canada’s legal share of the Milk River passes through into 
the United States relatively unused. The canal built to di- 
vert water from the Milk River to Magrath was never used 
to transport water. 

Irrigation has been practiced along the length of the 
Milk River for some time, most of it within Warner County 
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(Fig. 50). Present water use is based primarily upon mini- 
mum river flow. In 1979, twenty-eight sprinkler and 14 
gravity irrigation projects were considered active. These 
projects involved 1,790 ha (3). 

Proper water storage facilities developed within the 
Milk River Basin could supply a reliable source ofwater for 
approximately 8,100 ha of irrigation. Direct pumping from 
the river would likely be the least expensive development 
option, A dam near the forks in the Milk River has been 
proposed. This structure could help stabilize river flows (3). 

Since most of the current irrigation activity is located 
near the Milk River townsite, future development would 
most likely see installation of direct pumping projects in 
this same area. 

Limited soi1 water holding capacity due to coarse tex- 
tured soils, and potential drainage problems associated 
with shallow depths to glacial till, could result in irrigation 
management and soi1 drainage problems in some areas. 
However, with direct pumping from the river and no canal 
systems, potential problems could be minimized. Pivot irri- 
gation systems currently operating over coarser textured 
fluvial and eolian materials west of Milk River town ap- 
pear to be successful. 

Present water supplies coupled with potential water 
storage, conservation, and development projects, could in- 
crease the irrigated acreage in Warner County by 68% to 
30,000 ha over the next decade. This further development 
is likely to occur within the new Raymond Irrigation Dis- 
trict expansion area, the Verdigris Coulee Project, and in 
areas accessible to water along the Milk River. Once irriga- 
tion has developed to 30,000 ha, it is unlikely that further 
expansion could occur, due to limitations in water supply. 

Cereal and forage trop production dominate the irriga- 
tion scene in Warner County at present. This trend Will 
likely continue until markets for specialty crops cari be de- 
veloped further. 
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3.4 RANGELANDS IN WARNER COUNTY* 

Rangelands in the County of Warner have been used for 
cattle grazing over the past 100 years. Although most of the 
level and moderately rolling tracts of land are now farmed, 
much of the steeply rolling, stony areas and eroded, shal- 
low, sandy or saline soils support native grass and are used 
by grazing animals. 

Proper management of these rangelands is very impor- 
tant in maintaining a balance among the productive forage 
species. The main objective in range management is to pro- 
vide the proper tare and use of the range to get the highest 
continuous yield of animal products without endangering 
the soi1 and water resources and other land uses. The chief 
tool of range management is grazing control. 

Through grazing control, rangelands cari be main- 
tained in a productive condition. This cari be accomplished 
by following the principles of range management, which 
are: balance the number of animals with the available for- 
age supply, distribute the animals evenly over the range 
and control the period of grazing and rest to manage and 
maintain the vegetation. 

The productivity of rangelands, in terms of the number 
of hectares needed to supply feed for a mature beef cow or 
its equivalent, varies with the vegetation. Vegetation 
types closely follow soi1 types, both being influenced by cli- 
mate and topography. Within an area dominated by one 
vegetation type, variations in soils, exposure, and drainage 
generally result in differences in species composition. 

The vegetation of rangelands in the County of Warner 
is influenced by the cool high elevations of the Milk River 
Ridge and the northern slopes ofthe Sweet Grass Hills, and 
the drier, rolling plains which caver most of the area. 

The tallest grasses grow on the Milk River Ridge. The 
vegetation there is typical of the Fescue Grassland Associ- 
ation, which is representative of the higher, moister areas. 
The principal grass species is rough fescue (Festuca scab- 
rella), which may be completely dominant on some sites or 
codominant with northern porcupine grass (Stipa spartea 
var. curtiseta) on other sites. Other grasses of importance 
are Idaho fescue (Festuca idahoensis), Junegrass (Koeleria 
cristata), wheatgrasses (Agropyron spp.), Columbia needle 
grass (Stipa columbiana), and Hooker’s oatgrass (Helictot- 
richon Hookeri). 

On drier sites, Idaho fescue replaces rough fescue and 
forms a transition zone where it dominates and grows in as- 
sociation with western porcupine grass, Junegrass, and 
wheatgrasses. Other grasses in this vegetation type are 
needle-and-thread (Stipa comata), blue grama (Bouteloua 
gracilis), green needlegrass (Stipa viridula), wild oatgrass 
(Danthonia intermedia), and plains reedgrass (Calamag- 
rostis montanensis). Threadleaved sedge (Carex fïlifolia) 
and low sedge (Carex eleocharis) also occur on this range- 
land. This vegetation type forms a transition zone between 
the Fescue Grassland and Mixed Prairie association. 

On the dry plains, short and medium ta11 grasses are 
typical of the Mixed Prairie Association. The dominant 
grasses are blue grama, neelde-and-thread, and northern 
(Agropyron dasystachyuml and western (Agropyron 
smithii) wheatgrasses. They grow in association with other 
grass species which may be relatively sparse or rather 
abundant. These species include Junegrass, Sandberg’s 
bluegrass (Poa secundal, western porcupine grass and 
green needlegrass. Low sedge and thread-leaved sedge are 
also present. 
‘Prepared by: S.Smollak,ResearchStation.AgricultureCanada,Lethbndge 
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The most common and conspicuous forbs on the Milk - the Available Water Holding Capacity (AWC). Second, is 
River Ridge are prairie crocus (Anemone patens), northern the relationship between the amount of water which could 
bedstraw (Galium boreale), American hedysarum be used by a trop compared to the amount ofmoisture avail- 
(Hedysarum alpinum var. americanum). and silvery able from the soi1 and from precipitation. On the prairies 
lupine (Lupinus argenteus). On the dry plains, moss phlox there is nearly always a moisture deficit which is expressed 
(Phlox hoodii), goldenbean (Thermopsis rhombifolia), in this report as the Aridity Index. Both the AWC and Arid- 
tufted fleabane (Erigeron caespitosus), and scarlet mallow ity Index are important factors for the planning and de- 
(Malvastrum coccineum) are common. velopment of soi1 management practices. 

Shrubs include shrubby cinquefoil (Potenilla fruticosa), 
silverberry (Elaeagnus commutata), and western snow- 
berry (Symphoricarpos occidentalis) in the Milk River 
Ridge area and silver sagebrush (Artemisia cana), saltsage 
atriplex (Atriplex nuttallii) and pasture sage (Artemisia 
frigida) in the adjacent areas. 

Trees are uncommon although western cottonwood 
(Populus sargentii) is found locally along river banks and 
in isolated moist valleys. Willow (Salix spp.1 is fairly com- 
mon along river banks. 

The most productive rangeland on the Milk River Ridge 
is the Fescue Grassland where average yields vary from 
800 to 1600 kg of forage/ha. The stocking rates on good to 
excellent range are from 0.4 to 0.8 haianimal unit month 
(AUM). On the slopes in the transitional zone, forage yields 
average from 600 to 900 kg/ha. The stocking rates on good 
to excellent ranges are from 0.7 to 1.1 ha/AUM. The Mixed 
Prairie range on the dry plains yields from 350 to 600 kg 
of forage/ha, with stocking rates of 1.1 to 1.8 ha/AUM on 
range in good to excellent condition. 

3.5.1 Available water capacity. 

Soils are frequently rated with respect to the quantity 
of water they store in so-called available form. This avail- 
able water holding capacity of soils (AWC) has been de- 
fined as the difference between the amount of water in the 
soi1 at near saturation and the point where plants perma- 
nently wilt. In practice the AWC is calculated from soi1 
moisture retained by soi1 at 113 and 15 atmospheres of pres- 
sure. 

On ranges where heavy grazing has occurred, the com- 
positon ofthe vegetation has changed and productivity has 
declined. On the Fescue Grassland ranges, rough fescue 
disappears when grazed heavily and is replaced by shorter 
grasses such as Idaho fescue, wheatgrasses, Junegrass, 
blue grass (Poa spp.1, and sedges. Unpalatable forbs and 
shrubs such as pussytoes (Antennaria spp.), pasture sage, 
and shrubby cinquefoil, increase with heavy grazing. In 
the Mixed Prairie areas, heavy grazing results in a reduc- 
tion of needle-and-thread, Junegrass, and the wheatgras- 
ses, while blue grama, Sandberg’s bluegrass, and low 
sedge, as well as pasture sage, broomweed (Gutierrezia di- 
versifolia), plains prickly pear (Opuntia polyacanthal, 
moss phlox, and little clubmoss (Selaginella densa) in- 
crease in abundance. These changes in vegetation result in 
the rangeland degrading to poor or fair condition. 

The AWC, computed for each recognized series in 
Warner County, is based on results of routine analysis of 
samples collected during soi1 survey. The water retention 
values for 113, 15 atmospheres and for the bulk density 
were either determined directly or predicted. Predicted 
values are based on regression equations modified from de 
Jong (8) using such factors as particle size distribution, or- 
ganic matter content and in the case of bulk density, 
CaCOs equivalent. The AWC was computed to an effective 
rooting depth of 120 cm (Table 8). Final adjustment ofAWC 
was made with respect to the stone content of individual 
soils. AWC ranged from a low of 18 mm for the gravelly 
NED soi1 to a high of 267 mm for fine textured KGT soil. 
The range of AWC values was then divided into 6 classes 
(Table 9). Individual map units were assessed with respect 
to the AWC of the component series and assigned to the es- 
tablished classes (Table 23). The only map units not as- 
signed an AWC class are the miscellaneous unit RB, DL 
and S. 

TABLE 8. Available water capacity of seleeted mils in Warner 
County (mm per effective deptb of 120 cm). 

TO prevent overgrazing of native rangeland, the stock- 
ing rate should be set to provide a carryover of about 45% 
of the current year’s growth of grass. Carryover is the grass 
that remains ungrazed at the end of the grazing season. A 
carryover of 45% may not be possible every year as forage 
yields vary widely from year to year. However, rangeland 
is not damaged by overuse during dry years if growth and 
carryover are low because the range Will regain vigor dur- 
ing wet years when growth and carryover are high. There- 
fore, the stocking rate should be such that, over several 
years, the carryover average 45%. 

Series 

NED 

CVD 

KSR 

SXT 

RAM 

CFT 

MAB 

RDM 

MSN 

CFD 

CRD 

CLD 

KGT 

Familyparticle 

six 

SSK 

S 

COL 

COL 

FNLISSK 

FNLISSK 

FNL 

FNL 

FNL 

FNL 

FNL 

FNC 

FNC 

AWC 

18 

41 

67 

93 

98 

108 

155 

155 

159 

159 

166 

227 

267 

3.5 WATER HOLDING CAPACITY AND ARIDITY 
INDEX 

The retention of water for plant use is one of the essen- 
tial functions of soil. However, soils differ in their capacity 
to hold water and in the semiarid conditions of southeast- 
ern Alberta this cari become a critical factor in land capa- 
bility and use. Two aspects are involved. First, is the 
amount of water the soi1 cari hold in a plant available form 
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TABLE 9. Classes of available water holdingcapacity 

(mm per 120 cm) 

0. extremely low <20 

1. very low 20-60 

2. low 60.120 

3. medium 120.180 

4. high 180-240 

5. very high >240 

The AWC class numbers in denominator part of symbol 
on the map (Fig. 51) show that most of the area is occupied 
by soils with medium AWC (120-180 mm). Soils with low 
AWC occur on coarse fluvial material along Milk River. 
The largest area of soils with moderately high AWC is as- 
sociated with fïner lacustrine deposits in the vicinity of 
Stirling Lake with additional small areas scattered 
throughout the county. Soils with AWC higher than 240 
mm occur in only a few small locations. 

3.52 Aridity Index 

Several maps of annual water defïciency have been 
compiled for Canada in recent years (7, 25). These maps 
provide good information on aridity of various geographi- 
cal regions caused by climatic conditions. However, they do 

not reflect a contribution of the soi1 component to local 
droughtiness. 

A new concept, based on aridity indices, was used in 
Saskatchewan by Shields and Sly (23) to display droughti- 
ness due to both climatic and soi1 conditions. The aridity 
index was defmed as the long term average supplemental 
water required to maintain plant available water content 
of a soi1 under perennial trop at a level greater or equal to 
one-half of capacity throughout the growing season. This 
concept gives a practical assessment of overall aridity. 

Sly computed supplemental water requirements for al- 
falfa and selected AWC for a number of climatological sta- 
tions in Alberta (Table 10). These supplement values were 
used to set up 11 aridity classes (Table 111, seven of which 
occur in Warner County. 

Aridity indices for perennial crops in Warner County 
are based on AWC values for individual map units and 
water deficit values for Alfalfa. The influence of climatic 
conditions in the Brown, Dark Brown and Black Soi1 Zones 
and six AWC classes on aridity in Warner County is shown 
in Table 12. Finally, aridity classes were assigned to indi- 
vidual map units (Table 23) and a map was compiled (Fig. 
51). The compound symbol with aridity class in the 
numerator and AWC class in the denominator was used to 
display simultaneously both the overall aridity and the 
water storage capacity. 

The map shows the spatial distribution of aridity and 
the influence of soi1 and climatic factors on droughtiness in 
Warner County. The influence of the climatic factor is ex- 

Fig. 51. Aridity and available water holding capacity distribution in Warner County 
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TABLE 10. Supplemental water requirementsfor perennial cropsforselected climatological stations in southern Alberta. 

Station 
Foremost 
Milk River 
Lethbridge 

Raymond 
Cardston 
PincherCreek 

Soi1 Available Water Capacity (mm/class) 

ZOlVS 10012 150/3 200/4 280/5 
Brown 453 407 392 345 

Brown 471 427 409 382 

D. Brown 407 363 326 289 
D. Brown 406 361 329 285 
Black 351 291 259 209 

Black 354 298 272 224 

TABLE 11. Aridity Classes and supplemental waterrequirements* 

Aridity 
Glass 

0 

Index 

0 

Degree ofseverity 

negligible 

Watersupplement 
mm 

o-25 
1 50 
2 100 

3 150 
4 200 
5 250 
6 300 
7 350 
8 400 

9 450 
10 500 

* basedon alfalfa, afterSlyandSly. 1984. 

v. slight 
slight 
v. low 

low 
moderate 

high 
v. high 

severe 
v. severe 
extreme 

25-75 
75-125 

125-175 
175-225 

225-275 
275-325 
325.375 

375-425 
425.475 

475+ 

TABLE 12. Aridity classes in relation to soil zone and available water holding capacity 

Soi1 

Zone 

Brown 

Available Water Capacity Glass 

0 1 2 3 4 5 

10 10 9 8 1 6 

D. Brown 10 9 8 7 6 5 

Black 9 8 7 6 5 4 

pressed by a general decrease in aridity index value from 
the east to the west. This reflects the higher precipitation 
and lower evapotranspiration in the Black Soi1 Zone as 
compared to the Dark Brown and Brown Zones. However, 
higher AWC of soi1 cari compensate for some increase in 
evapotranspiration, therefore soils with medium AWC in 
the Black Soi1 Zone and soils with moderately high AWC 
in the Dark Brown Soi1 Zone north of Raymond are both in 
class 6. The soi1 factor becomes dominant on soils with ex- 
tremely low AWC. These very coarse textured fluvial de- 
posits along the Milk River have the highest aridity index 
(500-class 10) despite changes in climate from Brown to 
Dark Brown Soi1 Zone. 

Special patterns were used on the map to indicate a 
high proportion of Saline and Solonetzic soils. In these soils 
moisture stress is enhanced by the high concentration of 
salts in these soils, thus making prediction of Aridity inde- 
xes and AWC values less reliable. In the case of Solonetzic 
soi1 the impeding effect of salts is enhanced by poor phys- 
ical properties ofsoil. 

3.6 AGRICULTURAL INTERPRETATIONS 

Proper soi1 management and land use planning re- 
quires soi1 information which is best obtained through a 

soi1 survey. Soi1 surveys provide information on soi1 prop- 
erties and distribution and consolidates this information 
into evaluations of soi1 performance. The soi1 resource of 
Warner County was evaluated (or rated) according to its 
performance for three agricultural uses including dryland 
agriculture, irrigation, and grazing. Table 13 gives the 
map unit rating for the three agricultural uses, along with 
major limitations responsible for the rating. 
In Table 13 each limitation is represented by a single let- 
ter. They are defined as follows: 
C - adverse climate, insufficient precipitation and/or 

shortened growing season due to low temperatures 
D - undesirable soi1 structure, usually Solonetzic soils 
E - erosiondamage 
G - geological deposit (parent material), its uniformity or 

depth 
M - low available moisture holding capacity 
N - excessive salinity 
P - excessive stoniness 
R - shallow to bedrock, usually softrock 
T - adverse topography, either steepness or slope patt.ern 
W - excessive wetness 
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TABLE 13. AgriculturalratingandlimilationsofMapUnitsin WarnerCounty. 

Map Unit 
Irrigation 
Classification 

Capability for 

Irrigation’ dryland 
Grazing” 
Productivity 

ANBV113 2L6 2L 5M 5M CRD213.4:R 5WR 5WR :+;t 2 

ANBVlI4 2L 2L 5M SM cRD313 5N 5N 4N 3c 

BLlT113.2 2L 2L 5M CRD3/3-R 5NR 5h’R 

BUT3/3-2 5N 5N 5N CRD4’4 3E 3E 

BY:G414 3M 3M 5M CP.D4/4:R 5ER 5ER 

BV:LlII 6R 6R 5M CRD4;4D 4EG 4ET 

BZR114 2G 3c 2c CP.D4;4D:R 5TR 5TR 

BZR115 4G 4T 4T 2C CRD485 4EG 4ET 

BZRlIE>D-GD 6G 6T 3T CP.D4:5:R 5TR 5TR 

BZR214 5w.l 5wf 1 CRD415D 6G 6T 

BZR215 5w.l 5wf 1 CRD6,3 2G 2C 

BZR4/6D 6G 6T 3T CRD615 4G 4T 

BZRFIIS 4G 4T 2c CRD7 4” 5DG 51YT 

3c 

3c 

3c 

3c 

3c 

3c 

3c 

3c 

3c 

3c 

3c 

BZRFLI5D 6G 6T 2C CRD7IID:R GDTR GDTR 3D 3c 

BZRF116 6G 6T 3T CR:P1:3-4:R 5PR 5PR 5P 3c 

BZRF215 5WJ 5WT L CRNElj3:R 5MR 5MR 4M 4M 

8250214 5W.J 5WT 

CFDl/Z-3 1 1 

CFD213.2 

CFD312.3 

5W 5W 

5N 5N 

1 CRUE3’3:R 6NR 6NR 4M 4MS 

4c CRWN1.3.2 1 2c 3M 3c 

4c CRWSl 3.2.R 5R 5R 3M 3c 

4c CRWS1.4 2G 2c 3M 

3 :, 5  $8 

3M 

3c 

CFBV213 5w 5w 4c CRWS2,3 5WJ 5w-r 3c 

CFCH713.2 3D 3D 4c CKWS6l3 2G 2c 3c 

CFMS313 5S 5ti 4c CRWS7’3 3D 3D 3D 3c 

CFMS3IS:R 5NR 5NR 4c 

CHNZ2 

CHN5/2 

3w 3w 3 

CVDL’B 3M 3M 5M 5M 

DHPl!P 6NW 6NW 6S 6h’ 

1 1 4c DHP112:R 6NW 6NW 6X 6s 

CHBVlI3.2.R 5R 5R 4M 4c DL 7 6 

CLDl12.3 1 2c 2c 3c FOKSlf3 2L 2c 4M 4M 

CLD312.3 5N 5N 3N 3c G 6W 6W 

CLD3/2-3:R 5NR 5NR 3N 3c GEM312.3 6ND 6ND 

5w 

,?,; 

6h’ 

1 

4c 

CLLElIP 1 2c 2c 3c GLSl/P 6NW 6NW 5N 

CLLElIP:R 5R 5R 3c GR:EL/S 6DE 6DE 5DE 

CLRlIS 4G 4T 5E GR ElI3:R 6DE 6DE 5DE 

CRDlIP 1 2c 

2c 

5; 

3M HDHU1,3-4 5D 5D 4c 

CRDlIP:R 5R 5R 3M HDHUlI3.4:R 6DR 6DR 4D 4C 

CRDlI3 

CRDlII:R 

CRDlH 

CRDlH:R 

CRDlIID 

cRD2/3-i 

2G 2c 3M HEGli3 2G 3c 2c 3c 

5R 

2G 

5R 

4G 

5WJ 

5R 3M 

3c 

3c 

3c 

3c 

3c 

3c 

3c 

2 

HEG712 3D 3c 3D 3c 

2c 3M HRK113.4 3M 3M 5M 5M 

5R 3M HRK113.4:R 5MR 5MR 5M 5M 

4T 4T HRK414 3M 3M 5M 5M 

5wr HRK414:R 5MR 5MR 5M 5M 

Capability for 
Irrigation Grazinga 

MapUnit Classification Irrigation’ dryland Productivity 
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Map Unit 
Irrigation 
Classification 

Capability for 

Irrigation2 dryland 
Grazb+ 
Productivity MapUnit 

Irrigation 
Classification 

Capabilityfor 

Irrigation2 dryland 
Grazing’ 
Productivity 

HRK4l5 

HRNEl/S 

HRNElI4 

HU:E1134 

HU:ElI3-4:R 

JAT312 

KBDVZ-3 

KH0312.3 

KH03/2-3% 

KGTlIP 

KNTl/4 

KSRlI3 

KSRII.4 

KSR2l3 

KSR2/3:R 

KS:GlIS:R 

KStGl14:R 

KSMGIQ 

KSMGlH 

KSOALIB 

LET1,2-3 

LETV2.3:R 

LET312.3 

LET3/2~3:R 

LEKS2/4 

LEKS6/3-4 

LEOAl/Z-3 

LEOAl:4D 

LLDl12.3 

LLDl/2-3:R 

LUPl12.3 

LVY712 

MAB113.4 

MA8213 

MA8214 

MAB414 

hiAB7/4 

MA:Pl/4 

MACFll3 

hfAcFz3 

MAcF7/3 

4MG 

3M 

3M 

6DE 

6DE 

6WN 

2D 

5ND 

6DR 

6D 

3M 

2M 

2M 

3WM 

5WR 

5PR 

5PR 

2M 

2M 

2M 

1 

5R 

5N 

5NR 

5WJ 

2M 

1 

4T 

6N 

6NR 

1 

5DN 

2G 

5w 

5WJ 

3E 

3D 

5P 

2G 

5w 

3D 

4MT 61T 5M MCN313-2 5N 5N 5N 5s 

3M 5M 5M MCN713-2 5D 5D 5D 5s 

3M 5M MC:SlIP 6N 6N 6N 6N 

6DE 6DE MGCRU3.4 2L 2c 3M 

6DE 6DE MGHRlI4-5:R 5MR 5MR 4M 

6WN 

5M 

6; 
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5w 1 MKRII3 3M 3M 

3M 

1 
4hl 

6MT 5M 

2D 4D 

.4; 

4; 

5D 

4c MSNlI3 2G !2T 4M 4c 

5ND 3DN MSNlQ:R 5R 5R 4M 4c 

6DR 3DN MSNlI4 2G 2T 4M 4c 

6D 3D MSNlIkR 5R 5R 4c 

3c 3M 3M MSN214 5WJ 5WT 4c 

2c 4M 4M MSN3/3-2 5N SN 4c 

2c 4M MSN313.2:R 6NR 6NR 4c 

3w 4M MSN314-3 5N 5x 4c 

5WR 4M MSN414 3E 3E 4c 

5PR 4M MSN414:R 5R 5R 4c 

5PR 4M 4M MSN415 4T 4T 4c 

2c 4M 4M MSN613 2M 

3MG 

4T 

3D 

5DR 

4pG 

2L 

5R 

3lG 

5R 

2G 

5R 

5w 

5WR 

3D 

5DR 

2M 4c 

2c 4M 4M MSN614 3MT 

2c 4M 4M MSN615 4T 

4M 

‘I 
jY 

4M 

4c 

4c 

2c 3M 3c MSN714 3D 4c 

5R 3M 3c MSN7/4:R 5DR 4M 4c 

5N 4N 3c MS.P1/4-5 4IT 5P 4c 

5NR 3c 

5wT 3c 

MSANlI3 

MSANlI3:R 

2L 4M 4c 

5R 4M 4c 

2c 3c MSANll4 3L 4M 4c 

2c 

4T 

3M 

4Efi 

5N 

3c MSANlI4:R 5R 4M 4c 

3c MSCFIIS 2-T 4M 4c 

6N 4N MSCFlI3:R 5R 4c 

6NR 5N 

3M 

5!j 

4M 

4;5\G 

4i6~ 
4M 

4M 

5P 

4N MSCF213 5w 

4M 

8 2 
4,M5W 

4w5;i 

4M 

4c 

3c 3c MSCF213:R 5WR 4c 

5DN 4ND MSCF7/3 3D 4c 

2T MSCF713:R 5DR 4M 4c 

5w NEDl/4-3 

5wT 

4c 

4c 

4c 

4c 

4c 

4c 

4c 

4c 

4c 

NEDl14.3:R 

5MP 

5MR 

3M 

5MR 

2G 

4G 

4G 

6G 

5MP 5MP 5M 

5MR 5MP 5M 

3E PUNV4.3 3M 5M 5c 

3D PUNl/4.3:R 5MR 5M 5c 

5P PUR114 3c 3M 3c 

4M 

4;5; 

4M 

PUR1/4D 4T 3c 

5w PURl/5 4T 

3D PURIIGD 

4T M 

4T M 

6T 

3c 

6T 4T 
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Capabilityfor 
Irrigation Grazing’ 

Map Unit Classification Irrigation’ dryland Productivity Map Unit 
Irrigation 
Classification 

Capability for 

Irrigation’ dryland 
GrazingJ 
Productivity 

PUR2154 5WG 5WT 3c TEPlI 6W 6W 1 

PUR.4/4 3E 3c 3c VAC4/4-3:R 6ER 6ER 5SR 

PUR&kR 5ER 5ER 3c VAC713:R 5SR 

PUR4/5 4GE 4TE 3c VEBlI5 4EG 4ET 4E 

PUR4l5D 6G 6T 4TE VEBlI5:R 5GR 5TR 4E 

PUR4I6D 6G 6T 4T VTR312-3 5DN 5DN 4DN 

PUR6l4 3M 3C 3M 3c VTR312.3:R 6NR 6NR 4DN 

PUR714.3 3D 3c 3D 3c wDWlI7. 

PUR7/4-3:R 5DR 5DR 3D 3c WIDlI5 

3D 

4G 

60 

3w 

3D 4D 5D 

4T 4E 

PUBZl/4 2G 3C 3M 3c WIDlIGD 6T 4ET 

PUBZlI4D 4G 4T 3T 3c WLHlI2 3w 2 

PUBZl/S 4G 4T 4T 3c WNY112.3 2c 3M 3c 

PUBZ115D 6G 5T 5T 3c WNY1/2-3:R 5R 5R 3M 3c 

PUBZUGD 

PUBZ%4 

60 6T 4T WNY3/2-3 5N 5N 4N 3c 

5w-r 2 WNY312.3:R 6NR 6NR 4N 3c 

pUBZz5 

5WG 

5WG 5W-T 2 WNCR3/3-2 5N 5N 4N 3c 

pULuu3-4 x 3c 3c WNCR313.2:R 6NR 6NR 4N 3c 

PULUlf34:R 5R 5R 3M 3c WNLElIZ-3 2c 3M 3c 

PULU’IBD 3D 3D 3D 3c WTNlI3 30 3D 5D 4D 

PULLJ7/-3D:R 5DR 5DR 3D 

536 2 T w 

‘SM 

3c WTN312 5N 5N 4DN 

PuRF2/6 ffi 6-T 3c 

RAMlI3:R 5LR 5LR 5M 

RBI 67 6T 5T 

RB2 6T 6T 6TR 

PJ33 6-T 7RT 

RB4 

6G 

6G 

6G 

6G 

5WG 

3E 

2G 

3PG 

5PG 

5WP 

6N 

6W 

2G 

2G 

ffi 

60 

5N 

2M 

5N 

6T 

6TR 

4T 

RDbw4 5WT 3c 

RDhw4 3E 3c 

RDWN113 2c 3c 

RFBz114 

RFKNlI5 

3c 3M 

5FT 3M 

RFKN2/4 5WF 3M 

S 6N 

6T 

3862 MW 

4 

3M 

4; 

5; 

4852 MW 

6N 6N 

SLY 1/2 6W 1 

SOF1/3.4 

SOLU4 

SOLl/SD 

SOLl/GD 

sPS3i2 

SXT1/2-3 

3c 

2c 

6T 

6T 

5N 

2M 

5w 

2c 

3M 

5T 

6T 

3c 

4M 

5; 

2C 

3c 

3c 

4T 

4c 

5M 

SXT3/2-3 5N 5M 
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3.6.1 Capability for Dryland Agriculture 

Capability for arable agriculture was determined fol- 
lowing the Canada Land Inventory - Soi1 Capability for Ag- 
riculture (11). This system uses seven classes based on the 
degree oflimitation for agricultural use, the limitations be- 
coming progressively greater from Glass 1 to Glass 7. Each 
class indicates the general suitability of the soils for ag- 
riculture. In this system the Subclass is a grouping of soils 
with similar kinds of limitations for agricultural use. 
Using this system, soi1 capability maps were published by 
the Cariada Land Inventory program in 1970 for the 
Lethbridge Map Sheet (191, which covers the western half 
of Warner County, and the Foremost Map Sheet (18) which 
covers the eastern half. 

Since these capability maps were derived mainly from 
soi1 surveys ofseveral years ago (33,341, a more current ag- 
ricultural capability map (Fig. 52) has been prepared based 
on this latest soi1 survey of the county. Warner County is 
largely an area of relatively low capability for dryland ag- 
riculture mainly because of less than adequate moisture. 
Less than 20% ofthe county is Classes 1,2 and 3 (Table 14) 

Yield estimates for three dryland crops were prepared 
for the major soi1 climate combinations of Warner County 
(Table 15). Alberta Hail and Crop Insurance data (1976-80) 
were used for this purpose. 

TABLE 14. Percent distribution of Agriculture Capability 
classes and subclasses in Warner County. 

Limitation 

CapabilityClass 

2 3 4 5 6 7 

Climate 1 

Moisture 18 50 2 

Salinity 4 - - 

Topography 1 3 11 7 - 

Wetness 1 - 2 

TOTAL 1 19 53 18 7 2 

TABLE 15. Yield estimates fordryland crops in Warner County 

Yield (kgiha) 

Agroclimate Capability Spring Wheat’ Winter Wheat’ 

2A 3M 

4ME 

4M 

3A 4M 5W 

4M 6W 

1. grown on fallow, unfertilized 

2000 2570 

1890 

1820 2150 

2050 

2180 

T.7 

T.3 

T.2 

T.l 

T.4 I I-77 

R.21 R.20 R.19 R.18 R.17 

Fig. 52. Generalized soi1 capability map for agriculture. 

R.16 R.15 R.14 R.13 R.12 R.ll 
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TABLE 16. Percent distribution of irrigation classes and subclasses. 

Irrigation Class 
Limitation 1 2 3 4 5 6 7 

none 2 . - . _ 

adverse climate 14 3 - 
undeslrablestructure 2 1 
erosion 4 - - 
geological layering 1 
moisturecapacity 1 3 
salinity 3 1 - 
shallowtobedrock 8 2 
topoyraphy 23 4 1 11 
wctness 1 12 1 2 

Total 2 39 13 4 24 16 2 

3.6.3 Grazing Capability 

In Warner County grazing is largely confined to the 
Milk River Upland where rough topography makes it less 
desirable and often unsuitable for cultivated agriculture. 
This is primarily in the Upland areas. The carrying capac- 
ity for each map unit (Table 13) is an estimate based on the 
procedures outlined in the Guide to Range Conditions and 
Stocking Rates for Alberta (261. The carrying capacities 
are placed into classes according to the following table: 

TABLE 17. Ratingclasses for grazingcapability 

stockingrate” dry matteryield ’ 
Glass (ha/Auy)** (kg/hal 

1 <5 >1550 
2 5-10 1550-775 
3 10.16 775-500 
4 16-24 500-325 
5 24-36 325-220 
6 36-60 220-130 
7 260 Cl30 

81 12 kgdayrequ,rementperÿnimal unit 

bi 45’1; carryrrvertoma~ntain range 

CI an average for-go& range condltwns. 

- Thlsisabout 1 2 thep<rtentml ywldunderexcellent 

condltlons For Ibs’acre multiply by 0 9. 

3.7 SOIL DEGRADATION 

Soi1 degradation, the wastage of the non renewable soi1 
resource, is a very real problem in Warner County. This 
soi1 survey attempted to quantify the two most serious 
types of soi1 degradation - salinity and erosion. 

3.7.1 Degradation by Salinity 

Salinity, the more obvious of the two, occurs primarily 
on Verdigris Plain (Fig. 54) where depth to bedrock is shal- 
low. Saline areas are of variable size ranging from very 

small areas of less than 1 ha, to those covering several 
quarter sections. Degree ofsalinity is also variable ranging 
from areag which are completely saline to those which are 
partially effected by salinity. During mapping, areas of 5 
ha or less could not be delineated and appear on the map 
as “S” spot symbols (Fig. 45). Delineated saline areas are 
of two kinds - those which are dominantly saline and SO 
identifïed by the map unit symbol (Fig. 321, and those 
which have a significant (20% to 40%) amount of salinity 
(Fig. 551, identified as “3” units on the map. In assessing 
and outliningsaline areas the mapper depended heavily on 
visible salinity indicators such as sait trusts, salt tolerant 
vegetation and effected crops, occasionally correlated with 
electrical conductivity measurements. 

With the effected areas outlined and identified with re- 
spect to size and degree ofsalinity, the areal extent was cal- 
culated. Using an average size of 2.5 ha for each “S” spot 
symbol, and the total salinity within each outlined area, it 
was determined that the area of saline soils totalled 15000 
ha. This is 3.3% of the county area, and includes both dry- 
land and irrigated salinity. 

Fig.55.Anarea wlthsignificantsalinity.a”3”area. 

Undoubtedly some below surface salinity exists adja- 
cent to areas of surface salinity and a more realistic esti- 
mate of salinity could include an additional7000-15000 ha 
as being slightly effected. This situation has in part been 
verified by Wilson* who found evidence of subsoil salinity 
in many areas where no surface salinity was evident. 

An attempt was made to determine the rate of salinity 
increase in an 1100 ha (4 1/4 section) area about 9 km east 
of Milk River town. Using aerial photographs flown in 1952 
and 1978 a11 saline areas were oultined and their area de- 
termined. The 1952 photographs indicated about 20 ha of 
salinity which had increased to 33 ha on the 1978 photo- 
graphs. This 13 ha increase during that 26 year period rep- 
resents a 65% increase. Assuming an equal annual in- 
crease, this represents a 2.0% increase in salinity each 
year. In terms of extent, in 1952 1.8% of the selected area 
was saline which increased to 3% by 1978. It is not known 
whether or not this rate Will continue in the future. 
* Persona1 communication. F H. Wilson. P.F R.A. Letbbridge. 



Fig. 54. Distribution ofsalinity in Warner County 

3.7.2 Dryland Saline Seepage and its Control** 

Dryland saline seepage is a major soi1 problem in the 
County of Warner. Of particular concern is the continued 
increase in size and severity of the problem. The dryland 
saline seep problem occurs not only here but also in most 
other regions of the North Western Great Plains. 

Saline seeps are characterized by: 
a) artesian and high water table level conditions, 
b) high concentrations of salt in the soi1 and water, and 
c) salt tolerant vegetation. 

As a result, the sites are often inaccessible to farm 
equipment, have reduced trop yields, provide poor quality 
stockwater supplies and act as a source of weeds. The pre- 
dominant salts in these soils are sodium, magnesium and 
calcium sulfates. Total dissolved solid concentrations of lO- 
20,000 ppm and sodium absorption ratios (SAR) of 20 to 30 
are common. 

Recharge areas are located upslope of the dryland 
saline seep (Fig. 56). In the recharge areas, water in excess 
of the plant requirement andlor water holding capacity of 
the root zone, deep percolates. The “excess” water reaches 
the ground water table and starts or increases a lateral, 
downslope flow of ground water through one or more 
permeable strata in the overburden, bedrock, or bedrock 
contact. The groundwater travelling to the discharge area 
dissolves and picks up salts from the soil. In the discharge 
area, the water rises to the surface, mainly by means of 
“Preparedby: H.S.A.VanderPluym,AlbertaAgriculture,Lethbridge. 

capillary action. Research indicated that in a bare clay 
loam soi1 in southern Alberta, a net annual upward move- 
ment of water and salt cari be expected when the water 
table remains for some time at less than 1 m from the sur- 
face. Dryland saline seeps are most common in regions 
with thinner layers of glacial overburden (El0 m), a large 
topographie relief and farm practices that are conducive to 
causing “excess” soi1 moisture. 

Fig. 56. How dryland saline seepage occurs 
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Prior to settlement, typical plant ecosystem (short and 
ta11 grass) on the prairies utilized a11 available moisture. 
Water table levels were low. Shortly after the turn of the 
Century the prairie sod was broken and replaced with 
cereal crops, which because of their shorter growing season 
and root system use less moisture. Water table levels 
started to rise. This phenomena was aggravated by the sub- 
sequent introduction of summerfallow which is ineficient 
in storing mositure. Research indicated that in the 
Lethbridge area, of the 52 cm of the precipitation that falls 
during the 21-month fallow period, 39 cm (75%) is lost on 
deep percolation, runoff, and evaporation. The many natu- 
ral and man-made temporary ponds visible in the spring 
also contribute greatly to the excess water. 

Controlling dryland saline seepage is fïrst directed to- 
ward preventing the problem and secondly towards re- 
claiming the saline seep. Preventive controls are carried 
out in the recharge areas. These type of controls are pre- 
ferred because they are generally cheaper and more effec- 
tive. 

Preventive controls are: 
i surface water drainage, 
ii high moisture use crops, and . . 
ni recropping. 

Other controls, but which are applied in the saline seep: 
iv subsurface drainage, and 
v salt tolerant grasses. 

Surface Water Drainage - of the intermittent natural 
and made-made ponds is an effective and inexpensive 
method of control. An open trench or buried pipe is used. 
Draining the intermittent ponds has several advantages: 
a) it prevents deep percolation and saline seepage, 
b) the drainage water is salt free, 
c) the drained areas no longer delay spring operations, 
d) the drained areas immediately yield excellent crops, 

and 
e) outlets for upland ponds are easier to locate. 

High Moisture Use Crops - such as alfalfa, should be 
planted in the recharge areas that contain deep (>1.5 ml 
and moist overburdens. The alfalfa Will dry out the subsoil, 
lower the water table and restore a water storage reservoir 
in the soil. In the area immediately upslope of the saline 
seep, it Will also intercept laterally moving ground water. 
Deep rooted forages, such as alfalfa, use more water than 
cereal crops and use it for a longer period during the grow- 
ing season. They also extract moisture from a greater depth 
than annual crops (Table 18). In order to determine the ex- 
tent of a recharge area and its rate of contribution, exten- 
sive hydrogeological investigations are required. 

TABLE 18. Soi1 moisture extraction by various dryland crops 
(Brown, 1977, USDA, Montana) 

Depth of Water Consumptive 
Crop use (Ill) 1Jse (cm) 

Alfalfa 4.30 51 
Sainfoin 3.25 42 
Safllower 2.45 42 

Russian Wild Ryegrass 2.15 32 
Tall Wheatgrass 2.00 30 
Sweet Clover 2.00 28 
Winter Wheat 2.15 21 
Barley, Spring Wheat 1.20 17 

Recropping - using annual or bi-annual crops is recom- 
meded on the recharge areas of fields prone to salinity and 
where alfalfa presently is not feasible. The decision to re- 
trop depends foremost on the availability of an adequate 
spring soi1 moisture supply (Plant Available Water >lO 
cm). Special tillage and snow management practices are 
being researched to raise the level of spring soi1 moisture. 
Zero-till experiments in the Lethbridge area obtained an 
additionallO- mm P.A.W. Swathing at alternate heights 
raised P.A.W. levels 2-47 mm in the Swift Current area. 

Subsurface drainage ofsaline seeps -cari be a quick and 
highly successful control. But it cari only be used for a few 
selective sites, those sites that contain coarse textured, 
permeable, water bearing strata within a reasonable depth 
(<3 m) from the surface. For the medium and fine textured 
soils, research is underway to determine their feasibility 
for drainage. Drain depth and spacing criteria are beingde- 
veloped for these and other types of soils. In general, sub- 
surface drainage of dryland saline seeps is difficult be- 
cause: 
a) our fine textured glacial soils have low permeabilities 

(+5X10-2 m/day), except where fractures exist; 
b) the low permeability is aggravated by the sodic, dis- 

persed conditon of many saline seep soils; and 
c) the semi-arid climate provides little water for salt 

leaching under dryland conditions. 
Salt tolerant grasses - have been the most accepted con- 

trol by farmers. Salt tolerant grasses are preferred over 
salt tolerant cereal crops because the latter in the saline 
seep Will do little in slowing down salinization, as a matter 
of fact salinization Will continue and reach a point where 
it Will even be difficult to establish forages. Some of the 
common salt tolerant grasses are: Altai Wild Ryegrass, 
Slender Wheatgrass, Ta11 Fescue, and Crested Wheat- 
grass. 

The success in controlling dryland saline seepage Will 
to a great extent depend on the cooperation between neigh- 
boring farmers, on whose land the recharge area or a drain- 
age outlet is located. It Will, to a similar extent, depend on 
the farmer’s willingness to alter his farming practices and 
spend time and money on controlling the problem. 

3.7.3 Degradation by Erosion 

Under a natural vegetative caver, the risk of soi1 ero- 
sion would be slight on the western Prairies. However, as 
man plowed the native sod and allowed overgrazing, the 
undue exposure of soi1 to wind and water has greatly in- 
creased the risk of soi1 degradation by erosion. 

Although wind and water tend to function under differ- 
ent circumstances, both lead to removal of the nutrient rich 
topsoil. Deposition of the eroded material in ditches, or on 
other land, causes additional damage, especialIy when ag- 
ricultural chemcials are washed into streams and lakes 
along with erosion materials. Thus the negative effect on 
our environment cari be very broad and far reaching. 
Soi1 erosion is a two-step process. The fïrst step is detach- 
ment where small soi1 particles or aggregates break away 
at the soi1 surface. Whether or not detachement Will occur 
depends on the ability of particles to resist the erosive force 
ofwind or water. Well aggregated, humus rich and fine tex- 
tured soil, Will erode less rapidly, than coarser textured, 
sandy or silty soils. The second step is transporation, which 
results in actual soi1 10s~. 

Both wind and water provide energy for soi1 detach- 
ment and transportation. Their effectiveness, however, de- 
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pends on conditions which differ in many ways. For exam- 
ple, water erosion cari occur only if the precipitation inten- 
sity exceeds infiltration. On the other hand, wind erosion 
occurs independently of slope or infiltration capacity de- 
pending only on wind velocity and surface caver. Wind ero- 
sion Will occur during periods of drought, water erosion 
during high intensity rain or fast snowmelt. For these 
reasons they must be treated separately. 

Water erosion 

Soi1 erosion by water includes sheet, ri11 and gully ero- 
sion. While gully erosion is most visible, sheet and ri11 ero- 
sion cause the highest 10s~. Some visible signs of erosion 
were observed in Warner County such as: 
a) Ri11 formation after heavy late spring and early sum- 

mer rains (Fig. 4) 
b) Accumulation of fresh soi1 deposits at the base of steep 

or long slopes (Fig. 57) 
c) Erosion of knolls in a hummocky area which is indi- 

cated by accumulated material downslope. 

Fig. 57. Soi1 accumulation fromgullyerosmn 

Water erosion occurs under a variety of conditions with 
the main agents being rainfall and melting snow. 

Erosion by rain is caused by the impact of raindrops on 
the unprotected soi1 surface or by runoff water. Sheet ero- 
sion is caused by a combination of raindrop dispersion and 
movement of shallow water across the soi1 surface, while 
ri11 and gully erosion results from chanalized flow of runoff 
waters. 

The most widely used method of soi1 loss prediction is 
the Universal Soi1 LOS~ Equation (USLE) devised by Wis- 
chmeier andsmith (31) which is: A = RKLSCP. 

The soi1 loss, A, is based on six major factors controlling 
the erosion of soi1 from agricultural land: a rainfall factor 
(R); a soil-erodability factor (K) (Table 19); a slope length 
and slope steepness factor (LS); a croppingmanagement 
factor (C) (Table 20); and an erosion-control practice factor 
(P). 

TABLE 19. “K”factorsforselected soilsin WarnerCounty. 

Erodlbility 

Soi1 PM Text. 

Cavendish fluv. LS 

Kessler fluv. SL 

Beazer till L 

Cradduck till L 

Masinasin till L 

Lethbridge lac. L 

Verburg till L 

C-horizon till L 

Hemaruka till L 

O.B. 

O.DB 

O.BL 

O.DB 

O.B. 

O.DB 

R.DB 

B SS 

K factor Glass 

0.020 1 

0.026 2 

0.026 2 

0.034 3 

0.040 3 

0.034 3 

0.040 3 

0.050 5 

0.045 4 

It should be noted that exposed calcareous subsoils bave K values usu- 
ally exceeding0.35 which highlights the point that soils become even 
more susceptible to erosion as the process progresses. 

TABLE20. Cropping management factor “17 for Warner 

County’ 

CROP FACTOR 

Summerfallow-springwheat 

Summerfallow-winterwheat 

Spring wheat 

Alfalfa 

GKISS 

Blacksoil zone 

Dark brown soi1 zone 

Brown soi1 zone 

0.39 

0.29 

0 22 

0.025 

0.004 

0.006 

0.010 

‘Calculat~onsbasedon Wwhmeieri3OI 

Values for the various factors were calculated for indi- 
vidual soils and landscapes in Warner County. They were 
then applied to the soi1 map units by considering the vari- 
ous soi1 components of each unit (Table 21). A complete list 
may be found in Appendix D. 

Results of predicted soi1 loss using the USLE show a 
wide range in erosion potentials (Appendix D). The main 
controlling factors are slope characteristics and soi1 tex- 
ture. Assuming bare soi1 (potential erosion), the lowest cal- 
culated value was 1.5 tihalyr for the CRD 112 map unit, 
which has slopes of less than 2%. The highest value was 100 
tihaiyr on the WIDl/GD map unit which has slopes over 
15%. A generalized potential erosion map is shown in Fig. 
58. 

Actual erosion, however, (Fig. 59) is much lower be- 
cause of vegetative caver (Table 21), and is mainly re- 
stricted to the cultivation of areas with steep or extremely 
longslopes associated with the Milk River and Sweet Grass 
uplands. 

It is estimated that over 40,000 ha (9%) in Warner 
County have been severely affected by erosion most of 
which appears to be due to erosion by water. Left un- 
checked, soi1 erosion Will continue to increase at still faster 
rates. 
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TABLE 21. Predicted soil loss forsome map unitsin Warner County. 

M~P 
Unit Landform 

Average Slope 

Gradient Length 
G/c m 

LS 
Factor 

Soi1 LO~S’ (t/ha/yr) 

K Bare Spring Wheat 
Factor Soi1 Summerfàllow GlX.SS 

CRDlI2 gently 
undulating 

2 50 0.2 0.034 1.5 1.1 -Cl 

CRDl/B undulating 5 25 0.38 0.034 5.6 2.2 <1 

CRDlI4 hummocky 6-9 30 1.10 0.034 16.3 6.3 <l 

CRDll4D inclined & 
dissected 

6-9 Cl00 1.50 0.034 22.2 8.6 <l 

CRD 114R inclined 6-9 200 2.00 0.034 29.6 11.5 <l 

CRD4/5 hummocky 10-15 50 2.50 0.036 42.6 18.0 -Cl 

’ Based on Annual Rain Factor = 33 (based on 2 year return of6 heurs precipitation records for Lethbridge Airport and the method by Athesian, (4 1 

Fig. 58. Water erosion potential of soils in Warner County. 
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Fig. 59. Actual erosion by water in Warner County. 

It is obvious, that some erosion Will be associated with 
intensive large scale farming. Soi1 losses, however, must be 
kept at a minimum in order to sustain present productiv- 
ity. This requires the recognition and use of erosion control 
practices. Such practices as minimum tillage, contouring 
or contour strip cropping or maintaining a surface caver, 
would reduce soi1 losses to a minimum. Toogood (28) prop- 
erly pointed out that erosion control practices are designed 
to increase infiltration and reduce runoff, therefore also 
leading to greater moisture effeciency. 

Wind Erosion 

Soi1 erosion by wind has long been recognized in south- 
ern Alberta where widespread devastation occurred during 
the fïrst third of this Century. As a result, governments de- 
veloped research and extension programs to combat this 
problem. Today, although wind erosion losses are lower, 
the risk ofdrifting soi1 persists (Fig. 5). 

Five factors are important to wind erosion (a) climate, 
(b) inherent erodibility of the soi], (c) degree of roughness 
of the soi1 surface, (d) the kind and amount of caver pro- 
vided by plants, residue or other obstructions to wind flow 
and (e) width of the area of soi1 exposed to direct action of 
wind. 

Known for its high winds and arid climate, the risk of 
wind erosion is high in Warner County. Under these condi- 
tions, soi1 with small aggregates or low resistence to de- 
tachment, Will be the most susceptible to wind erosion. Soi1 

with fine sandy to fine loamy Sand surface textures such as 
KSR or CVD are the most susceptible. Soils with the lowest 
susceptibility are those with clay loam and silty clay loam 
textures (MAB, SOL, PUR) which tend to form larger and 
more stable aggregates. Soils in the brown zone are more 
susceptible to wind erosion than soils in the black zone, be- 
cause they have higher moisture deficits and lower organic 
matter contents. 

Surface roughness aids in the control of wind erosion by 
causing entrapment of moving soi1 particles. Leaving the 
soi1 surface in a cloddy state, with cultivation ridges at 
right angles to the prevailing wind direction, Will result in 
less erosion than leaving the soi1 in a smooth pulverized 
state. 

Crop residues offer good protection from wind erosion 
hence the recognized management practice of stubble 
mulching, and the use of noble blades and rodweeders. 
Field width is a very important factor in wind erosion, 
hence the practice of strip farming with strips oriented at 
right angles to prevailing winds. Although the tech- 
nologies to combat wind erosion are known, they may need 
to be used more diligently. 
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3.8 ENGINEERING INTERPRETATIONS 

Soi1 information compiled in this report cari provide 
valuable information to users other than agriculture. En- 
gineers are interested in soi1 properties which effect the 
construction and maintenance of a variety of projects such 
as roads, airports, sewage-disposa1 systems and pipelines 
to name a few. 

TO provide this information subsoil samples were col- 
lected from sites chosen to represent the major series and 
parent materials recognized in the county. These samples 
were subjected to various standard engineering soi1 tests 
(151, the results ofwhich are listed inTable 22. 

Using information provided by profile and map unit de- 
scriptions, augmented by chemical and physical analysis, 
interpretation cari be made for many engineering uses, as 
well as identifying engineering problems associated with 
certain soils. It should be emphasized, however, that the in- 
formation has some limitations related to scale of mapping, 
presence of additional soi1 components with different prop- 
erties within the map unit, and a certain allowable range 
of properties within each series. Therefore, on site investi- 
gations and additional analysis would be required to obtain 
more detail for specifïc interpretations. Despite these limi- 
tations soi1 survey data cari be a useful guide in planning 
more detailed investigations. 

TABLE 22. Engineering data for selected series in Warner County. 

SERIES 
PARENT E.C. 
MATERIAL dS/m 

Opt’ 
moisture 

70 

Max. dry’ 
density 
kg& 

B PASSING 
SIEVE No. 

4 200 

Liquid 
limit 

7c 

Plasticity 

limit Unitïed 
% Glass 

Beazer 

Chin 
Coaldale 
Clarinda 
Cradduck 

Cavendish fluvial 
Grudge till 
Hegson lacustre-till 

Hemaruka till 

Klemengurt lacustrine 

Knight glaciofluvial 
Kessler fluvial 

Lethbridge lacustrine 
Maleb till 
Masinasin till 

Purescape till 

fbxkford ice-contact 
Sloughay lacustrine 
Sprole till 
Tempest lacustrine 
Verburg till 

Wilda till 

till 

lacustrine 

till 
till 

<3 

<3 

>5 

15 
11 

<l 

<5 
<3 

<1 12 1750 
-Cl 12 1950 
<l 30 1400 
<l 18 1650 

22 1950 

22 1600 

30 1350 
16 1800 
17 1700 

16 1750 
28 1450 

17 1800 
22 1500 

15 
15 
14 

16 1750 

15 1800 

87 51 31 12 
100 91 36 21 
100 98 65 30 

95 51 33 16 
89 67 35 18 

(83-98)’ (58-78)’ (29-44)’ (16-21)’ 
100 12 NP NP 
90 76 32 17 

100 93 58 27 
90 87 36 17 

100 98 65 23 
95 3 NP NP 

100 25 NP NP 

100 72 26 17 
62 41 37 15 
94 66 31 16 

(80-99)’ (47-98)’ (25-43)’ (14-20)’ 
97 70 38 17 
93 41 25 14 

100 92 63 30 
99 73 33 20 
99 72 27 22 
92 67 28 17 
96 63 33 16 

CL 

CL 
CH 

CL 
CL 

SM-SC 

CL 
CH 
CL 
CH 
SP 

SM 
CL 
CL 

CL 

CL 
SC 
CH 
CL 
CL 
CL 
CL 

’ StandardProctortestsforoptimummoistureandmaximumdrydensitywerebasedontheco~e1ationmethodoutlined byRingandSolberg(21)usingthe 

nomograph charts developed by the Highways Laboratory, Alberta Transportation. 

’ Ranges (minimum-maximum). 
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APPENDICES 

Appendix A: Analytical Methods 

Most chemical and physical analyses were determined by the methods outlined by 
McKeague (17), except for the CaCOs equivalent which was determined using the 
method of Schollenberger (22). These results are presented on the following pages as 
part of the soi1 profile characterization. In addition, analyses were conducted to deter- 
mine the general engineering properties of the soils in the county, by the methods out- 
lined by Greenlee (15). The Unified classification is based on the method outlined in 
the PCA Soi1 Primer (20). Optimum moisture and maximum density were based on the 
correlation method outlined by Ring and Sallberg (211, using the nomograph charts 
developed by the Highways Laboratory, Alberta Transport. Results from these en- 
gineering tests have been included in the Engineering Interpretations section. 

It is important to know the chemical and physical properties of soi1 as they are basic 
to soi1 classification and are also an indication of the soils performance capabilities. 
Following are some brief comments relative to the significance of the analyses con- 
ducted. 

Reaction (pH). A measure of the intensity of soi1 acidity or alkalinity, which reflects 
the base status ofthe soil. 

Nitrogen (N). Nitrogen is an important plant nutrient which is usually concen- 
trated in the A horizon of soils in the form of decomposed organic matter. In virgin soi1 
the nitrogen content cari be directly related to the amount of organic matter and there- 
fore to soi1 colors in the Ah horizon; darker colored Ah horizons have a higher nitrogen 
content than do lighter colored Ah horizons. 

Organic Carbon (O.C.). Organic carbon provides an estimate of organic matter con- 
tent in the soil. 

Exchangeable Cations and Total Exchange Capacity (T.E.C.). The cation exchange 
capacity is important in the fertility of a soil. This capacity increases with increased 
clay and organic matter content and is less in sandy soils. A criterion used in the classi- 
fication of Solonetzic soils is the ratio of exchangeable calcium to exchangeable sodium. 
A ratio of 10 or less is necessary for a a soi1 to be classified as belonging to the Solonetzic 
Order. 

Calcium Carbonate Equivalent. This is a measure of the lime carbonate content of 
a soil. 

Particle Size Distribution. This is a determination of the relative amounts of Sand, 
silt and clay in a soil. 

Electrical Conductivity (E.C.). This is an indication of the amount of water soluble 
salts in the soil. Weakly saline soils (E.C. 4-8 m S/cm) limit the growth ofsenstive crops. 
The growth of a11 crops is inhibited on moderately saline soils (E.C. 8-16 m S/cm) and 
only a few salt tolerant plants cari survive on strongly saline soils (E.C. higher than 
lGmS/cm). 

Available Moisture. This is defined as the portion of soi1 moisture that cari readily 
be absorbed by plant roots. 
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Appendix B. Detailed Soi1 Series Information. 

BUNTON SERIES 

Location: NW3, Twp 6, Rge 16, W4 

Classification: Orthic Brown Chernozemic 

Parent Material: Medium textured fluvial 

LandUse: Rangeland 

Profile Description 

Horizon Depth cm 

Ah o- 14 

Bm 14- 28 

Ahb 28- 38 

Bmb 3% 52 

Ckl 53- 63 

Ck2 63- 74 

Ck3 74-100 

Ck4 100-107 

Dark grayish brown (10YR 412 dl; loam; 5% coarse fragments; weak to moderate, fine granular; laminated; friable; 
slightly hard; plentiful, very fine and fine, random roots; smooth, gradua1 boundary; 12-16 cm thick; neutral. 

Brown (10YR 513 dl; loam; 5% coarse fragments; moderate, medium, prismatic and moderate, medium, subangular 
blocky; stratified; hard; plentiful, very fine and fine, vertical roots; clear, wavy boundary; 6-16 cm thick; neutral. 

Dark brown (10YR 3.5/3); very dark grayish brown (10YR 312 ru); loam; 5% coarse fragments; weak to moderate, medium 
prismatic; hard; plentiful, very fine and fine, vertical roots; smooth, gradua1 boundary; 2-11 cm thick; neutral. 

Brown (10YR 5/3.5 d); sandy loam; 5% fragments; moderate, fine to medium, subangular blocky; hard; few vertical 
roots; smooth gradua1 boundary; 14-21 cm thick; neutral. 

Yellowish brown (10YR 515 d); sandy loam; 5% coarse fragments; weak granular; hard; weakly calcareous; few, fine 
and very fine roots; smooth, abrupt boundary; 7-15 cm thick; neutral. 

Pale brown (10YR 6/3 d); sandy loam; 5% coarse fragments; massive; slightly hard; weakly calcareous; few, very fine 
and fine roots; smooth, abrupt boundary; 5-13 cm thick. 

Yellowish brown (IOYR 5/4 d); sandy loam; 10% coarse fragments; single grain; loose; weakly calcareous; few, fine, 
vertical roots; smooth, abrupt boundary; 23-28 cm thick. 

Pale brown (10YR 6/3 d); loamy Sand; massive; soft; few, fine, vertical roots; weakly calcareous. 

CHEMICAL ANALYSIS 

HOIlZOll 

Ah 

Bm 

Ahb 

Bmb 

Ckl 

Ck2 

Ck3 

Ck4 

Depth 
em 

o-14 

14.28 

28.38 

38.52 

52-63 

63.74 

74-100 

100-107 

PH 
H,O C&l, 

6.6 6.8 

7.2 7.0 

7.2 7.0 

7.4 7.2 

7.9 7.3 

7.9 7.4 

8.0 7.5 

8.0 7.5 

s 
I< 

0.44 

0 11 

0 10 

0.08 

0Tg.C 
0 

3 33 

1.15 

0.96 

0.79 

CiS 

8 

10 

10 

10 

Exehange Cations TEC’ C&O$ XIX. WaterSolubleSalts 
mell0Og IIW! qli”. Gond IlmI 

Na K Ca Mg 1oog % dSim Na K Ca Mg 

0.3 1.4 14.6 4.3 

0.3 1.0 10.7 3.6 

0.3 1.4 11.3 4 2 

0.3 1.1 10.1 4.1 

. 

. 

20 9 

144 - 

16.2 - 

12.7 0.2 

3 

5 

5 

3 

<I 

<1 

<1 

<1 

PHYSICAL ANALYSIS 
ParticleSize Distributmn 

$7 
HOlXOll >2mm YC c m f VF s si c 

Text. 
ClSS 

MoistureStatus 
% 

,:3atm L5 atm 
AWC” 

52 

Bulk Hydr. 
Density Gond. 

g?CC cdhr 

Ah 30 37 25 L 31 22 9 

Bm 47 34 19 L 17 II 6 

Ahb 46 32 22 L 

BMb 55 28 17 SL 

Ckl 71 19 10 SL 

Ck2 - 73 17 10 SL 

Ck3 60 30 10 SL 

Ck4 83 11 6 Ls 

. 

. . 

SBP’ 
n SAR* 

‘TEC = totalexchangecapacity;SSP= solublesodiumpereentage;SAR = sodiumabsorptionrates;AWC = availablewaterholdingeapaclty 



BEAZER SERIES 

Location: NW9,Twp4, Rge20, W4 

Classification: OrthicBlackChernozemic 

Parent Material: Moderately fine to medium textured, moderately calcareous till 

Land Use: Road allowance 

Profile Description 

Horizon Depth cm 

Ahl* o-7 

Ah2 7-17 

BIlI 17-45 

BC 45-68 

Ckl 68-96 

Ck2 96-llO+ 

*The Ah1 is drift. 

CHEMICAL Ah’ALYSIS 
Depth 

H0IlZOtl em 

Ah1 o- 7 

Ah2 7- 17 

Bm 17. 45 

BC 45. 68 

Ckl 6s 96 

Ck2 96. 0 

Very dark grayish brown (10YR 3/2 m); clay loam; drift; weak to moderate medium granular; loose; abundant, very fine 
and fine, random roots; ciear, smooth boundary; 7-8 cm thick; neutral. 

Very dark grayish brown (IOYR 2.5/2 m); clay loam; very weak, fine, subangular blocky; loose; abundant, very fine and 
fine, random roota; clear, smooth boundary; 10-14 cm thick; neutral. 

Dark brown (10YR 3.5/3 d); clay loam; moderate, fine to medium, angular block; slightly hard; plentiful, very fine and 
fine, vertical root; graduai, wavy boundary; 25-32 cm thick; slightly acid. 

Dark brown (10YR 4/3 d); loam; moderate, medium, subanguglar blocky; plentiful, very fine to fine, vertical roots; abrupt, 
wavy boundary; 15-22 cm thick; neutral. 

Pale brown (10YR 613 d); clay loam; massive; slightly hard; moderately calcareous; graduai, wavy boundary; 12-28 cm 
thick. 

Dark yellowish brown llOYR4/3.5 m); clay loam; massive; friable; moderately calcareous. 

PH 
H,O C&L, 

7.5 7.2 

7.2 6,s 

6.5 6.3 

7.3 7.0 

7.9 7.6 

8.0 7.7 

N 
‘% 

0.48 

0.40 

Org. c 
9% 

6.16 

4.58 

1.47 

Exchange Cations 
meil00g 

UN Na K Ca Mg 

13 0.2 2.9 28.0 4.4 

11 0.2 2.5 19.1 8.4 

0.0 0.8 12.7 8.9 

0.1 0.6 14.1 7.8 

TEC* caca, El%. 
Uld equiv. Gond. 
1oog ‘% dS/m 

35.9 1.0 

33.0 - 

25.9 - 

23.0 0.3 

11 

13 

<1 

<l 

PHYSICAL AXALYSIS 
Partic1eBz.e Dmtnbution MoistureStatus Bulk Hydr. 

% Text. Ic AWC* Density Cond. 
Horizon >zmm vc c m r vf s si c ClSS 113 atm 15 atm % gicc erdhr 

Ah1 <5 0 3 8 14 12 37 25 28 CL 35 28 7 

Ah2 <5 0 2 6 14 9 31 41 28 CL 30 24 6 

Bm <5 0 3 8 15 8 34 31 35 CL 22 1s 6 

BC <5 1 3 8 16 8 37 36 27 L 21 15 6 

Ckl <5 0 3 7 15 8 33 39 28 CL 

C-2 <5 0 2 7 16 9 34 38 28 CL 22 13 9 

WaterSolub1eSalt.s 
meil 

Na K Ca Mg 
ssp* 

5% SAR* 

*TEC = total exchangecapacity; SSP = solublesodium percentage; SAR = sodium absoptiion rates; AWC = available waterholding tapacity. 
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COALDALE SERIES 

Location: NC22,Twp6, Rge 21, W4 

Classification: Orthic Dark Brown Chernozemic 

Parent Material: Moderately fine to fine lacustrine 

Land Use: Cropland (irrigated) 

Profile Description 

Horizon Depth cm 

Apl* o-15 

Ap2 15-26 

Bml 26-38 

Bm2 38.47 

Cca 47-84 

Ck 84-100 

Very dark grayish brown (10YR 3/2 m), dark grayish brown (10YR 4/2 d); silty clay loam; moderate, medium, subangular 
blocky and moderate to strong, coarse granular; very hard; platic; clear, wavy boundary; 13-15 cm thick; mildly alkaline. 

Dark brown (10YR 3/3 m); clay loam; weak, very coarse, subangular blocky and moderate, fine to medium, subangular 
blocky, hard; plastic; clear, wavy boundary; 8-16 cm thick; mildly alkaline. 

Dark yellowish brown (10YR 3/4 m); silty clay; modeste, fine to medium, subangular blocky, firm; plastic; clear, wavy 
boundary; 12-21 cm thick; mildly alkaline. 

Dark brown (10YR 4/3 m); silty clay loam; weak to moderate, coarse prismatic and weak, medium, angular blocky, friable; 
plastic; gradua], smooth boundary; 9-12 cm thick; mildly alkaline. 

Dark grayish brown (10YR 4.512 m); clay loam; massive; friable; plastic; modeately calcareous; gradua], wavy boundary; 
32-40 cm thick. 

Dark Brown (10YR 4/3 m) silty clay loam; massive; friable; plastic; weakly calcareous. 

*This profile is in an irrigated area. The A horizon is thicker than normal and the solum is very weakly calcareous 

CHEMKAL ANALYSIS 

Horizon 

AP~ 

Ap2 

Bml 

Bm2 

CC3 

Depth 
Cm 

O-15 

15-26 

26.38 

38.47 

47.84 

PH r-4 
H,O CECI, $7 

i.6 7.4 Il 23 

7.7 75 - 

7.7 7.4 

i.8 7.4 

8.0 7.5 

ExchangeCattons 
Org. c mei 1oog 

q c,s Na K Ca Mg 

2.03 9 

L 91 

1.04 - 

on - 

TEC* caca. Elec 
mec eq”,“. Gand. 

1oog 1 dS’m 

24.2 0.4 2 

22.1 0.3 2 

27.4 1 

21.6 0.4 Cl 

17.7 15 Cl 

PHYSICAL ANALYSIS 
Part&?Sne Distnbutwn 

% 
H0rizoll >Zmm YC c m f vf S Si 

Moisturesatus Bulk Hydr 
Text 5% AWC’ Density Cond 

c Cb3.S 13atm 15atm a gicc cmbr 

API 0 0 0 2 3 a 19 48 33 SiCL 30 17 13 

AP~ 0 0 0 3 10 10 23 43 34 CL 23 18 11 

Bml 0 0 0 2 8 7 27 42 41 sic 31 20 II 

Bm2 0 0 0 1 5 10 16 50 34 SiCL 26 Ii 9 

Cea 0 0 0 3 16 14 33 36 31 CL 

WaterSolubleSalts 
met 1 SSP‘ 

sa K Ca Mg ‘7, SAR’ 

‘TEC = total exchangecapaaty: SSP = solublesodium percentage; SAR = sodium absorption rates; AWC = availablewater holdingeapacity. 
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CRADDUCK SERIES 

Location: NW15, Twp4, Rge 18, W4 

Classification: Orthic Dark Brown Chernozemic 

Parent Materiai: Medium to moderately fine textured, moderately calcareous till 

Land Use: Cropland 

ProfileDescription 

Horizon Depth Cm 

AP o-17 

Bm 17-31 

CCL3 31-58 

Ck 58-1OOt 

Very dark, grayish brown (10YR 3/2 m); dark, grayish brown (10YR 4/2 d); loam; moderately, fine, subangular blocky; 
very friable; clear, smooth boundary; 13-18 cm thick; slightly acid. 

Dark Brown (7.5YR 3/2 m); dark yellowish brown (10YR 3/4 dl; clay loam; moderate, fine to medium, prismatic and mod- 
erate, coarse subangular blocky; friable; clear, wavy boundary; 12-16 cm thick; slightly acid. 

Grayish brown tn light olive brown (2.5Y 5/3 m); clay loam; massive; very friable; strongly calcareous; gradual, wavy 
boundary; 25-29 cm thick. 

Darkgrayish brown (2.5Y 4/2 m); clay loam; massive; very friable; moderately calcareous. 
2% coarse fragments throughout profile, some larger than 10 cm. 

CHEMICAL ANALYSIS 

Horizon 
Depth 

em 

AP o- 17 

Bm 17. 31 

CG3 31. 58 

Ck 58.100 

PHYSICAL ANALYSIS 

Horizon >2mm “C 

AP 4 0 

Bm 2 0 

CCa 4 0 

Ck 2 0 

PH N 
H,O CaCI, Ir 

6.8 6.5 0.20 

6.8 6.4 

7.4 7.2 

76 7.5 

Org. c 
58 GIN 

2.32 12 

1.06 

ParticleSizeDistribution 
% 

c m f “f s Si 

1 8 19 10 38 36 

3 11 13 5 32 36 

4 8 10 6 28 40 

1 6 11 7 25 40 

Exchange Catmns TEC’ caca, Elee. WaterSolubleSalts 
meil00g tIltY eq”i” Cond llldl 

,ïa K Ca Mg 1oog Ir dSlm Na K Ca Mg 

0.1 2.0 12.7 2.4 

01 1.1 14.7 3.3 

0.1 0.3 38.3 6.1 

. . . 

C 

MoistureStatus 
Text. c 
Glass 113 atm 15 atm 

26 L 23 13 

32 CL 23 13 

32 CL 

35 CL 24 12 

22.3 

25.3 

19.7 

14.4 

AWC” 
% 

10 

10 

12 

. 

17 

14 3 36.6 0.2 5.9 10.9 68 13 

Bulk Hydr. 
Density Cond. 

giCC cmihr 

1.39 

1.62 1.8 

SSP’ 
% SAR’ 

‘Tee= total exchangecapacity; SSP = solublesod~um percentage;SAR = sodium absorption rates; AWC = available waterholdingcapaclty. 



CRANFORD SERIES 

Location: SW26,Twp 7, Rge 17, W4 

Classification: Orthic Brown Chernozemic 

Parent Material: Medium tomoderately fine textured lacustrineveneer over till 

Land Use: Cropland 

Profile Description 

Horizon Depth cm 

AP* o-22 

Bm 22-42 

Cca 42-75 

IICkl 75-105 

IICk2 105-150 

Dark grayish brown (lOYR4/2.5 m), very dark grayish brown to dark brown (10YR 312.5 dl; silt loam; weak to moderate, 
fine to medium subangular blocky and weak, very fine to fine granular; very friable; slightly plastic; abundant, very 
iïne and fine, random roots; smooth, gradua1 horizon boundary; 20-25 cm thick; neutral. 

Dark brown (10YR 4/3 ml; brown (10YR 5/3 d); silty clay loam; moderate, fine to medium, prismatic and weak moderate, 
medium, subangular blocky; friable; slightly sticky; slightly plastic; abundant, very fine and fine, vertical roots; smooth, 
clearboundary; 18-25~111 thick; mildlyalkalinie. 

Pale brown (10YR 6/3 m); silt loam; weak fine, subangular blocky; friable; slightly sticky; plastic; plentiful, very fine 
and fine, vertical roots; strongly calcareous; smooth, gradua1 boundary; 30-38 cm thick. 

Dar-k grayish brown (IOYR 4/2 ml, grayish brown (10YR 512 dl, 5% coarse fragments; clay loam; massive and medium 
to coarse, subangular blocky; friable; sticky; plastic; plentiful, very fine and fine vertical roots, moderately calcareous; 
smooth, gradua1 boundary; 30-25 thick. 

Very dark grayish brown (10YR 3/2 m), grayish brown (10YR dl, 5% coarse fragments; clay loam; massive and medium 
to coarse, subangular blocky; friable; sticky; plastic; moderately calcareous; few, very fine, vetical roots. 

*Ap is thicker than normal probably due to drifting. 

CHEMICAL ANALYSIS 

Horizon 

Ah 

Bm 

CCa 

IICkl 

IICk2 

Depth PH 
ml HP0 CaCI, 

0. 22 7.5 7.3 

22. 42 7.5 7.4 

42. 75 1.9 1.6 

75.105 6.3 7.5 

105-150 8.1 7.5 

PHYSICAL ANALYSIS 

HorlZol? >2mm ve 

Ah <* - 

Bill <1 

CC3 <1 

IICkl 5 

IICk2 5 - 

N 
% 

0.32 

Org. c 
5% 

2.47 

1.84 

PartieleSizeDistribution MmstureStatus 
lu Text. t AWC’ 

c m f “f s SI C CIaS 113 atm 15atm c 

- - 21 53 

7 67 

39 33 

- 42 30 

26 SiL 27 18 9 

28 SiCL 24 16 8 

26 SiL 

28 CL 

28 CL 

ExchangeCations TEC’ 
me/lOOg me/ 

UN Na K Ca Mg 1oog 

8 0.4 2.2 20.0 3.3 22.7 

0.1 1.0 16.8 4.1 212 

. . 

caca, Elec WaierSolubleSalts 
equiv. Cond. mei 1 SSP’ 

R dSim Sa K Ca Mg % SAH* 

0.3 

0.2 

22 

9 

6 

Bulk Hydr 
Density Gand. 

gkC cmlhr 

*TEC = total exchange capacity; SSP = soluble sodium percentage; SAR = sodium absorption rates; AWC = ava&ble waterholding eapacity. 
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GRUDGE SERIES 

Location: NE31,Twp2, Rge 17, W4 

Classification: Dark Brown Solodized Solonetz 

Parent Material: Medium to moderately fine textured, moderately saline, moderately calcareous till 

Land Use: Rangeland 

Profile Description 

Horizon Depth cm 

Ah* O-2 

Ae 2-l 

Bnt 7-30 

BCs 30-40 

Csal 40-51 

Csa2 51-70 

Cks 70-100+ 

Dark grayish brown (10YR 4/2 dl; silt loam; weak, fine granular; soft; abundant, very fine, random roots, wavy boundry; 
1-3 cm thick. 

Light brownish gray (10YR 6/2 d); silt loam; weak to moderate, fine to medium, subangular blocky and weak to moderate, 
medium platy; soft, plentiful, very fine and fine, random roots; clear, wavy boundary; 4-7 cm thick. 

Very dark, grayish brown (10YR 3/2 dl; heavy clay; strong, coarse columnar, very hard, plastic, many, moderately thick 
clay tïlmson ped faces; few, fine, vertical roots; clear, wavy boundary; 23-25 cm thick; neutral. 

Dark brown (10YR 4/3 dl; clay, strong, medium to coarse prismatic and moderate, medium angular blocky; very hard; 
plastic; weakly saline; few, fine vertical roots; gradua1 wavy boundary; 7-14 cm thick; mildly alkaline. 

Yellowish brown (10YR 5/4 d); silty clay loam, weak, medium to coarse, subangular blocky; hard slightly plastic; weakly 
saline; very few, fine, vertical roots, clear, wavy boundary; 19-26 cm thick; mildly alkaline. 

Dark brown (10YR 313 d); silty clay loam; weak, medium, prismatic; hard; plastic; moderately saline; weakly calcareous, 
very few, fine, vertical roots; gradua], wavy boundary; 19-26 cm thick. 

Pale brown (10YR 6/3 d); loam; massive; very hard; plastic; weakly saline; strongly calcareous. 

*This A horizon thickness is typical oferoded areas 

CHEMICAL ANALYSIS 

Horizon 

Ae 

B”t 

BC3 

Csal 

CSa2 

Cks 

Depth PH 
cm &O CaC1, 

2. 1 7.1 6.6 

1. 30 7.6 73 

30 40 7.6 7.5 

40. 51 1.7 7.6 

51. 70 7.1 7.6 

70-l 10 6.2 1.8 

PHYSICAL ASALYSIS 

N 
% 

0.17 

PartieleSize Distribution 
TE 

erg. c 
% UN 

1.69 10 

1.66 

Ae 18 61 21 SiL 25 9 16 

Bnt 8 29 63 HC 53 31 22 

BCS 9 35 56 C 43 23 20 

CSal 1s 53 29 SiCL 28 11 11 

csaz 1 14 55 31 SiCL 28 14 14 

Cks 1 27 48 25 L 26 11 15 

C 

Na 

ExchangeCations TEC’ c.¶co, Elw. WaterSolubleSalts 
mei100g me/ quiv. Gand. me/1 SSp* 

K Ca Mg 1oog % dsh Na K Ca Mg % SAR’ 

1.1 0.7 6.0 2.6 

8.2 1.4 17.0 16.0 

. . 
. 

MoistureStatus 
z 

113 atm 15atm 

12.1 

44.5 

40.9 

28.0 

21.4 

14.5 

AWC’ 
% 

0.3 

0.2 

0.8 

21 

Bulk 
Denslty 

g,ce 

1 _.... . 
2 15.7 0.1 0.8 0.6 92 19 

1 66.6 0.4 22.5 25.8 58 14 

8 72.2 0.5 21.3 34.5 56 14 

9 86.6 0.5 19.3 53.0 54 14 

5 54.4 0.2 2.4 12.2 79 20 

Hydr. 
Cond. 

“TEC = total exchangecapacity; SSP = solublesodium percentage; SAR = sodium absorption rates; AWC = available waterholding capacity. 
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KESSLER SERIES 

Location: WC31,Twp6,Rge20, W4 

Classification: Orthic Dark Brown Chernozemic 

Parent Material: Moderately coarse fluvial 

Land Use: Cropland (irrigated) 

ProfileDescription 

Horizon Depth cm 

AP o-17 

BM1 17-57 

Bm2 57-80 

Bm3 80-100 

Cca lOO-115+ 

CHEMICAL AXALYSIS 

Horizon 

AP 

Brnl 

BKfl2 

Bm3 

CCa 

Depth PH 
em H,O CaCI, 

0. 17 14 7.0 

11. 57 12 7.0 

51. 80 6.3 6.3 

SO-100 6.8 6.6 

100-115 7.2 6.9 

PHYSICAL ASALYSIS 

Horizon >2mm ve 

AP 0 

Brnl 0 

Bm2 

Bm3 0 

Cda 

Dark gray to dark grayish brown (10YR 411.5 dl; fine sandy loam; very weak, medium to coarse subangular blocky; very 
friable; slightly hard; nonplastic; plentiful, micro and very fine, random roots; clear, smooth boundary; 14-18 cm thick; 
neutral. 

Brown (lOYR4/3 m); fine sandy loam; very weak, medium prismatic and weak, fine subangular blocky; fïrm; hard; non- 
plastic; abundant, fine and medium vertical roots; clear, smooth boundary; 38-42 cm thick; neutral. 

Dark yellowish brown (10YR 3.514 m); fine sandy loam; massive; hard; nonplatic; few, very fine and fine vertical roots; 
graduai, smooth boundary; 20-25 cm thick; slightly acid. 

Dark yellowish brown (10YR 4.5/4.5 m); fine sandy loam; massive; firm; hard; nonplastic; few, fine, vertical roots; clear, 
smooth boundary; 18-20 cm thick; neutral. 

Yellowish brown (10YR 5/4.5 m); fine sandy loam; massive; fïrm; hard; nonplastic; moderately calcareous. 

h’ 
7i 

0.16 

Org. c 
'ir 

1.12 

1.12 

1.04 

0 55 

ParticleSwe Distnbutlon 
57 

c m î vf S Si 

0 3 49 22 69 13 

0 2 40 22 64 18 

67 15 

0 2 51 22 76 7 

75 7 

C/h’ 

11 

ExchangeCatmns 
mei100g 

Sa K Ca Mg 

0.0 2.2 10 9 2.2 

0.0 1.2 12.2 2.5 

0.0 0.3 10.3 2.3 

0.0 0.3 13.6 2.9 

0.0 0.2 33.0 2.9 

MoistureStatus 
Text. 5% 

C Ch% 113atm I5atm 

L8 FSL 14 9 

18 FSL 12 7 

18 FSL 13 9 

17 FSL 10 8 

18 FSL 11 8 

TEC’ caca, 
me/ equiv. 
1oog w 

12.7 

14.4 

12.1 

12.7 

5.8 

0.5 

7 

AWC’ 
Q 

Bulk Hydr. 
Density Cond. 

giCC emihr 

El@C. 
Cond 
dS/m 

WaterSolubleSal& 
IlWl SSP’ 

Na K Ca Mg 5% SAR* 

‘TEC = total exthange apacity; SSP = soluble sodium percentage; SAR = sodium abwrptmn rabs; AWC = avai]able wakr holdingapacity 
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LETHBRIDGE SERIES 

Location: SE26, Twp 6, Rge 21, W4 

Classification: Orthic Dark Brown Chernozemic 

Parent Material: Medium to moderately fine textured lacustrine 

Land Use: Cropland (irrigated) 

Profile Description 

Horizon Depth cm 

Apl* o-12 Very dark grayish brown (10YR 3/2.5 m); dark grayish brown (10YR 412.5 dl; loam; weak to moderate, fine to medium, 
subangular blocky and weak to moderate, fine, granular; fïrm; abrupt, smooth boundary; 10-13 cm thick; neutral. 

Ap2 12-20 Very dark brown (10YR 3/2.5 m); clay loam; weak to moderate, coarse platy; friable; clear, smooth boundary; 6-8 cm thick; 
neutral. 

Bml 20-30 Very dark grayish brown (10YR 3/2 m); clay loam; moderate, fine, subangular blocky; firm; clear, smooth boundary; 9-11 
cm thick; neutral. 

Bm2 30-46 Dark yellowish brown (10YR 4/4m); clay loam; moderate, medium prismatic and weak, fine to medium, angular blocky; 
friable; clear, wavy boundary; 15-18 cm thick; neutral. 

Ckl 46-80 Yellowish brown (10YR 5.5/3.5 m); loam; massive; very friable; modeately clacareous; graduai, wavy boundary; 30-36 
cm thick. 

Ck2 80-lOO+ Yellowish brown (10YR 5513.5 ml; loam; massive; very friable; moderately calcareous; 

*A horizon thicker than usual because ofland levelling 

CHEMICAL ANALYSIS 

Ael 0. 12 7.5 7.2 

Ae2 1% 20 1.5 7.2 

AB 20. 30 1.7 7.2 

iBm 30. 46 7.5 7.3 

Ckl 46. 80 7.5 7.4 

Ck2 BO-100 8.0 75 

PH 
H,O CaCI, 

ExchangeCations TEC* CaC03 
N Org. c mei100g me/ equiv. 
c 7c GIN Na K Ca Mg 1oog % 

0.15 1.59 11 

1.27 - 

1.38 - 

0.89 - 

. . 19.7 0.2 

. . 19.4 0.2 

. . 19.8 

. . 15.6 0.1 

. 10.2 12 

. . 16 

Elec. WaterSolubleSalts 
Cond. meil SP’ 
dS/m Na K Ca Mg Ir SAR’ 

<l 

<1 . . . . 

<1 . . . 

<l - 

2 . . . . . 

<l 

PHYSICAL ANALYSIS 
ParticleSize Distribution 

5% 
Horizon >2mm YC c m f vf S Si C 

Text. 
Glass 

Moisture Status Bulk Hydr. 
c AWC* Density Cond. 

113 atm 15 atm 5% gicc clnhr 

AP~ 0 0 0 4 22 15 41 36 23 L 21 11 10 

Ae2 0 0 0 5 23 15 43 29 28 CL 19 11 8 

AB 0 0 0 4 19 16 39 32 29 CL 21 13 8 

Bm 0 0 0 3 16 13 32 33 35 CL 23 16 7 

Ckl 0 0 0 2 17 20 40 39 21 L 18 10 8 

Ck2 0 0 0 2 13 26 41 37 22 L 13 8 5 

‘TEC = total exchange capacity; SSP = soluble sodium percentage; SAR = sodium abmpstion rates; AWC = availablewater holdingcapacity 
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LILYDALE SERIES 

Location: SE9, Twp6, Rge 18, W4 

Classification: Orthic Dark Brown Chemozemic Saline Phase 

Parent Material: Medium to moderately fine lacustrine 

Land Use: Abandonedfarmland 

Profile Description 

Horizon Depthcm 

Ahsal O-10 

Ahsa 10-16 

Bmsal 16-35 

Bmsa2 35-40 

Cksal 50-75 

Cksa2 75-90 

Cksa3 75-120 

Very dark grayish brown (10YR 3/2 m); dark grayish brown (10YR 4/2 d); silt loam; weak, medium, subangular blocky 
to weak, fine, granular; very friable; slightly sticky; slightly plastic; strongly saline; abundant, fine, random roots; 
smooth, clear boundary; 9-11 cm thick. 

Very dark grayish brown (10YR 312 m); silt loam; weak, medium subangular blocky to fine granular; very friable; slightly 
sticky; slightly plastic; strongly saline; abundant, fine random roots; smooth, abrupt boundary; 5-7 cm thick. 

Dark brown (lOYR3/3 ml; silt loam; weak, fine to medium, prismatic and weak, fine to medium, subangular blocky; fri- 
able, slightly sticky, slightly plastic consistence; strongly saline; plentiful, very fine, vertical, roots; gradua], wavy bound- 
ary; 19-21 cm thick. 

Very dark grayish brown (10YR 312.5 m); silty clay loam; very weak, fine to medium, prismatic and weak, fine to medium, 
subangular blocky; friable, slightlyplastic; slightly sticky; strongly saline; plentiful, very fine, vertical roots; clear, wavy 
boundary; 13-17 cm thick. 

Brown (10YR 4.5/3 m); silt loam; massive; friable; slightly sticky; slightly plastic; strongly saline; strongly calcareous; 
very few, very fine, vertical roots; smooth, abrupt boundary; 23-29 cm thick. 

Brown (1OYR 513 m); loam; few, faint mottles; weak, medium to coarse, prismatic; friable; sticky; plastic; moderately 
saline; strongly calcareous; smooth abrupt boundary; 14-16 cm thick. 

Brown (10YR 5/3 m); loam; few, faint mottles; massive; friable; slightly sticky; slightly plastic; moderately saline; 
strongly calcareous; smooth, abrupt boundary. 

Note: Not a11 Lilydale is as saline as this profile 

CHEMICAL ANALYSIS 

Ahsal 0.10 7.7 7, 

Ahsa 10.16 77 71 

Bmsal 16-35 7.6 7.1 

Bmsa2 35.50 7.7 7.1 

Cksal 50.75 7.8 7.2 

Cksa2 75-90 8.2 8.1 

Cksa3 SO-120 6.2 8.4 

Csk 120-150 8.1 80 

PH 
H,O CaCI, 

ExchangeCat,ons 
s Org. c me~loog 
<,? <r, C.S Na K Ca 

033 291 g . 

0 24 1 96 8 

1 03 

0 94 

0.94 

Mg 

TEC” caca, Elcc WaterSolubleSalts 
me! equiv. Gond. mei 1 

1oog a dsh Sa K Ca Mg 

0.4 

0.2 

. 16 

19 

16 

18 

25 4873 29 13.5 93.6 82 67 

25 5217 09 20.1 110.2 80 65 

22 4966 03 18.0 99.8 81 65 

24 534.8 03 12.9 104 0 82 70 

15 

8 

PHYSICAL ANALYSIS 
ParticleSize Dutrtbutian 

5% 
Horizon >2mm “C c m f “f s si C 

lèxt. 
Cl%.3 

MoistureStalus 
ci 

113 atm 15atm 
*WC* 

% 

Bulk Hydr. 
Denîity Gond. 

gkC Clllh 

2826 03 155 603 

200.0 0 3 67 189 

Ahsal 0 

Ahsa 0 

Bmsal 0 

BmsaP 0 

Cksal 0 

Cksa2 0 

Cksa3 0 

Csk 0 

18 50 24 SIL 

17 57 26 SiL 30 16 L4 1 25 

21 52 27 SiL 26 13 13 1.33 

17 53 30 SICL 

7 68 25 SiL 24 L2 12 

35 39 26 L 22 L1 11 

38 38 24 L 

8 63 29 SiCL 28 18 10 

Ssp* 
7, SAR’ 

19 46 

89 56 

‘TEC = totalexchangecapacily;SSP = salublesodiumpercentage;SAR = sodlumabsoprtlonrates;AWC = availablewater holdingeapacity 
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MALEB SERIES 

Location: NE24,Twp6, Rge 17, W4 

Classification: Orthic Brown Chernozemic 

Parent Material: Moderately fine to medium textured, weakly calcareous, weakly saline till 

Land Use: Cropland 

Profile Description 

Horizon Depth cm 

AP o-14 

Bm 14-29 

Cca 29-62 

Cksl 62-106 

Cks2 106-140 

CHEMICAL ANALYSIS 

HOtiZOIl 

Ah 

Bill 

CCZI 

CSkl 

Csk2 

Depth 
cm 

o- 14 

14. 29 

29. 62 

62-106 

106-140 

PHYSICAL ANALYSIS 

Brown (10YR 5/3 d); loam, 5% coarse fragments; moderate, fine to medium granular; loose; abundant, fine, random, roots; 
smooth, clear boundary; 10-15 cm thick; neutral. 

Dark brown (10YR 413 d); clay loam; 5%, gravelly and cobbly, coarse fragmenta; weak to moderate, fine, prismatic and 
moderate, medium, subangular blocky soft; plentiful, fine, vertical, exped roota; smooth, clear boundary; 13-19 cm thick; 
neutral. 

Light gray (10YR 712 d) and brown (10YR 5.5/3 d); loam 5%, gravelly and cobbly, coarse fragments; moderate to strong, 
fine, prismatic and moderate to strong, medium, subangular, blocky; hard; moderately calcareous; plentiful, very fine, 
vertical, exped roots; graduai, wavy boundary; 30-35 cm thick. 

Darkyellowish brown 11OYR 3.514 d); loam; 5% gravelly and cobbly, coarse fragment; massive; friable; weakly calcareous; 
weakly saline; few, very fine, random, inped roots; gradua1 wavy boundary; 40-50 cm thick. 

Dark yellowish brown (10YR 3.5/4 m); loam; 5% gravelly and cobbly, coarse fragments; massive; friable; weakly calcare- 
ous; weaklysaline. 

PH N erg. c 
Hz0 C&I, 5% 0 Ch’ Na 

7.6 7.3 0.17 1.84 11 - 

8.0 7.1 - 1.30 

8.0 7.0 - . 

8.0 7.5 - . 

8.1 8.1 - . . 

ParticleSize Distribution 
52 T-X& 

Horizon >2mm “C c m r vf s Si C CIa%% 

Ah 45 - - - - 32 40 28 CL 

Bill -3 - 39 33 28 CL 

CCa -3 - . 36 37 27 L 

Cskl -3 - - - - - 38 38 26 L 

CskP -3 . - - 38 35 27 L 

ExchangeCationa TEC” caca, El% Water SolubleSalts 
mei1oog me/ equiv. Gand. mell 

K Ca Mg 1oog 4r dS/m Na K Ca Mg 

. . 

. . 

. . 

Moisture Statu~ 
4r 

1i3atm lbatm 

25 16 

23 16 

25 16 

AWC’ 
% 

0.6 

0.2 

8 

5 

4 

5 

5 

. . . 

62.2 1.4 10.7 20.4 

37.3 0.9 8.0 20.6 

Bulk HY~ 

. . . . 

Density Cond. 
gkc cmihr 

Ssp* 
52 SAR* 

66 16 

56 10 

‘TEC = total exchangeapacity; SSP = soluble sodium pereentage; SAR = sodium abso@m rata; AWC = av*iIabIe waterholdingeap&ty. 
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MASINASIN SERIES 

Location: SE7, Twp 2,Rge 14, W4 

Classification: Orthic Brown Chernozemic 

Parent Material: Medium tomoderately fine textured, moderately calcareous till 

LandUse: Rangeland 

ProfileDescription 

Horizon Depth cm 

Ahk o-11 

Bm 11-21 

Ccal 21-55 

Dark brown (10YR 313 ml; loam; weak fine to medium, subangular blocky to weak, fine to medium granular; very friable; 
slightly plastic; abundant, very fine, random roots; abrupt wavy boundary; 9-13 cm thick; mildly alkaline. 

Brown (10YR 413 m); loam; weak to moderate, fine prismatic and weak to moderate, fine, subangular blocky; friable; 
slightly plastic; plentiful very fine vertical roots; abrupt irregularboundary; 6-19 cm thick; mildly alkaline. 

Pale brown (10YR 613 ml; loam; 5% cobbly coarse fragmenta; weak to moderate, fine to medium, prismatic and weak 
to moderate, medium to coarse, subangular blocky; slightly hard; slightly plastic; moderately calcareous; few, very fine, 
vertical roots; gradua], wavy, boundary; 23-27 cm thick. 

Cca2 55-120 Brown (10YR 5/3 m); loam; 5% cobbly coarse fragments; massive; soft, plastic; strongly calcareous; very few, very fine, 
vertical roots; gradual, wavy boundary; 35-47 thick. 

Ck 120+ Light olive brown (2.5Y 5/3 m); loam; 5% cobbly coarse fragments; massive; friable; plastic; moderately calcareous. 

CHEMICAL AXALYSIS 

Horizon 
Depth PH N 

ml H,O CaCI, <‘< 

Ahk 0. 11 7.9 7.1 0 10 

Bm 11. 21 7.9 77 

Ccal 21. 55 8.0 7.8 

CcaP 55-120 8.4 6.2 

Ck 120-135 7.8 7.8 - 

PHYSICAL ASALYSIS 

HOlkO” >zmm “C 

Ahk 2 - 

Bm 5 - 

CG31 5 

Cea 5 

Org. c 
7/ C/h. 

1.17 12 

1.22 - 

PartlcleSlzeDistributlon Moisture Statu~ 
“r Te$.t. ci 

c m f “f s SI c CIaS li3atm I6d” 

37 38 25 

37 34 29 

30 44 26 

31 44 25 

L 20 13 

CL 21 15 

L 22 13 

L 

ExchangeCations TEC’ caca, Elec. 
me:100g me, equiv Cond 

Sa K Ca Mg 1oog P dS/m 

AWC’ 
t 

t1 

<1 

3 

Bulk Hydr 
Density Gond. 

gkC emlhr 

151 0.2 

“TEC = tata1 exchangecapacity; SSP = soluble sodium percentage; SAR. scdiumabsorptionraies; AWC = available waterholdmgcapamty. 
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PURESCAPE SERIES 

Location: SWZ, Twp 3, Rge 19, W4 

Classification: Orthic Dark Brown Chernozemic 

Parent Material: Moderately fine tomedium textured, moderately calcareous till 

Land Use: Rangeland 

Profile Description 

Horizon Depth cm 

Ah o-13 

Bm 13-40 

Ckl 40-57 

Ck2 57-93 

Ck3 93-120t 

CHEMICAL ASALYSIS 

Horizon 
Depth 

cm 

Ah o- 13 

Bm 13. 40 

Ckl 40. 57 

Ck2 57. 93 

Ck3 93.120 

PHYSICAL AA’ALYSIS 

Horizon >2mm ve 

Ah 2 0 

Bm 3 0 

Ckl 4 0 

Ck2 3 0 

Ck3 3 1 

Very dark brown (IOYR 3/2 m); dark brown (10YR 412 d); loam; weak, very coarse, subangular blocky to moderate, coarse 
granular; slightly hard; slightly plastic; plentiful, very fine and fine, random roots; clear, irregular boundary; 10-15 cm 
thick; neutral. 

Dark brown (10YR 3/3m, lOY/R 4/3d); clay loam; moderate to strong, medium, prismatic and moderate to strong, medium, 
angularblocky; hard; plastic; few, fine, vertical roots; clear, wavy boundary; 25-32 cm thick; neutral. 

Grayish brown (10YR 512 m), brown (10YR 5/3 d); loam; weak to moderate, medium, subangular blocky; hard; plastic; 
moderately calcareous; few, fine, vertical roots; gradua], wavy boundary; 36-45 cm thick. 

Grayish brown (2.5Y 5/2 m); pale brown (1OYR 613 d); clay loam; 5% gravelly, coarse fragments; weak, coarse, subangular 
blocky; hard; plastic; moderately calcareous; veryfew, fine vertical roots; graduai, wavy boundary; 36-45 cm thick. 

Dark grayish brown (2.5Y 412 ml; clay loam; 5% gravelly, coarse fragments; massive; friable; plastic; moderately calcare- 
ous. 

PH 
HpO CaCI, 

7.3 6.9 

72 6.8 

16 1.3 

7.1 7.3 

7.8 1.6 

N 
$ 

0 25 

Org. c 
a 

2.26 

1.43 

Partide Siz Distribution 
% 

c m f “f s Si 

2 9 11 8 36 37 

3 9 17 8 37 32 

3 9 1’7 9 38 35 

2 9 20 8 39 33 

2 5 12 9 29 40 

ExchangeCations TEC” caca, Elec. WaterSolubleSalts 
me/lOOg me, equiv. Cond l?E,l Ssp* 

Cis Na K Ca Mg 1oog 7r dS/m Sa K Ca Mg Q SAR* 

9 0.0 1.1 14.2 5.8 

0.3 0.7 16.8 5.3 

Mo~stureStatus 
Text. ?r 

C CIELS 113 atm 15 atm 

27 L 24 18 

31 CL 22 16 

27 L 19 10 

28 CL 

31 CL 22 11 

26.2 

27.3 

15.6 

15.6 

17.7 

4wc* 
B 

11 

11 

9 

9 

2 . . . 

<1 

, . 

Bulk Hydr. 
Density Cond. 

gicc cmh 

‘TEC = total wchange capacity; SSP = soluble sodium percentage; SAR = sadum absorptmn rates; AWC = availablewater holdingcapacity. 
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ROCKFORD SERIES 

Location: NE31, Twp 3, Rge 19, W4 

Classification: OrthicBlackChernozemic 

Parent Material: Medium to moderately Ane textured ice-contact material 

LandUse: Rangeland 

Profile Description 

Horizon Depth cm 

Ah O-10 

Bml 10-30 

Bm2 30-45 

Ckl 45-105 

Ck2 105132 

Ck3 132-180 

CHEMICAL 

Horizon 

Ah 

bml 

Bm2 

Ckl 

Ck2 

Ck3 

ANALYSIS 

Depth 
em 

a- 10 

,a- 30 

30. 45 

45.105 

105-132 

132.180 

Very dark brown (10YR 2/2 m); very dark grayish brown (10YR 3/2 dl; loam; 10% gravelly, coarse fragments;s strong, 
medium subangular blocky; hard; plentiful, medium, random roots; elear, wavyboundary; 8-12 cm thick; neutral. 

Dark brown (10YR 4/3 m); yellowish brown (10YR 5/4 dl; loam; 10% gravelly, coarse fragments; moderate to strong, 
medium prismatic, and moderate to strong, medium angular blocky; hard; slightly plastic; few, fine, vertical roots; 
gradua], wavy boundary; 20-25 cm thick; neutral. 

Dark brown (10YR 3/3 ml; dark yellowish brown (10YR 414 dl; sandy loam; 10% gravelly, coarse fragments; moderate, 
medium, prismatic; slightlyhard, nonplastic; few, fine, vertical roots; clear, wavyboundary; 15-27 cm thick; neutral. 

Yellowish brown (10YR 514 m), brown COYR 513 dl; gravelly, sandy loam; 40% gravelly and cobbly, coarse fragments; 
5% boulders; massive; loose; nonplastic; moderately calcareous; few, fine, vertical roots; gradua], wavy boundary; 40-75 
cm thick. 

Yellowish brown (10YR 5/4 m); brown (10YR 513 d); gravelly loam; 30% gravelly and cobbly, coarse fragments; massive; 
very friable, slightlyplastic; moderately calcareous; gradua], wavy boundary; 27-35 cm thick. 

Dark yellowish brown (10YR 414 m); light yellowish brown (10YR 614 dl; gravelly clay loam; 20% gravelly, coarse frag- 
ment; 15% boulders; massive; friable; plastic; moderately calcareous. 

Exchange Catwns TEC’ caca, Elec. WaterSolubleSalts 
PH N Org. c mei100g DE, quiv. Gond. nlo’l ssp- 

H,O CaCI, 9 4< UN Na K Ca Mg 1oog Q, dS/m Sa K Ca Mg 4 SAR* 

74 71 0.29 4.02 14 0.0 0.6 11.7 3.2 26.2 0.1 

72 6.6 0.99 0.0 0.4 13.3 3.0 19.7 

72 6.9 0.64 0.0 0.3 13.9 2.6 16.2 0.3 

17 6.9 115 112 <l 

1.6 7.2 . . 12.1 9.6 <l 

7.7 7.3 14 5 92 <* 

PHYSICAL ANALYSIS 
PartlcleSizeDistribut,on MaistureStatus Bulk Hydr. 

r/, TtY& R AWC’ Denaity Gond. 
HOrlZ0” >Zmm vc c m f vf S Si C Clt3S.S 113 atm 15atm % gicc cmlhr 

Ah 2 8 L8 18 5 51 27 22 L 22 17 5 

Bml 2 7 16 17 3 45 33 22 L 17 11 6 

Bm2 1 8 27 25 5 66 14 20 SL 13 9 4 

Ckl 4 14 20 20 5 63 19 18 GSL 13 8 5 

Ck2 2 9 16 17 7 51 29 20 GL 13 7 6 

Ck3 1 3 9 16 7 36 35 29 GCL 20 10 10 

‘TEC = total exchangecapacity; SSP = solublesodiumpercentage;SAR = sodiumabsorption rates; AWC = availablewater holdingcapacity. 
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SEXTON SERIES 

Location: WC26,Twp 5, Rge20, W4 

Classification: Cumulic Humic Regosol 

Parent Material: Medium to moderately coarse textured fluvial 

Land Use: Rangeland 

Profile Description 

Horizon Depth cm 

Ah O-23 

Ck 23-34 

Ahkbl 34-53 

Ckbl 53-68 

Ahkb2 68-74 

Ckb2 74-100 

CHEMICAL ANALYSIS 

Horizon 
Depth 

cm 

Ah O- 23 

Ck 23. 34 

Ahkbl 34. 53 

Ckbl 53. 68 

Ckb2 74-100 

KO 
PH N 

CaCI, F/o 

7.7 1.2 0.17 

7.9 7.3 

7.9 7.4 

8.2 1.5 

Very dark brown COYR 3.5/2.5 dl; fine sandy loam; very weak, fine, subangular blocky and weak, very fine granular; 
~OR; abundant, fine and very fine, random roots; clear, smooth boundary; 21-25 cm thick; neutral 

Pale brown COYR 613 dl; fine sandy loam; massive; soft; weakly calcareous; plentiful, very fine and fine roots; abrupt 
irregular boundary; Il-30 cm thick. 

Dark grayish brown (10YR 4/2 dl; fine sandy loam; soft, massive; weakly calcareous plentiful, very fine and fine, random 
roots; abrupt smooth houndary; 8-20 cm thick. 

Pale brown (10YR 6/3 dl; fine sandy loam; massive; soft, weakly calcareous; few, fine, vertical roots; abrupt, smooth 
boundary; 13-77 cm thick. 

Brown (10YR 513.5 dl; sandy loam; massive; soft; weakly calcareous; few, fine, vertical roots; abrupt, smooth boundary; 
5-6 cm thick. 

Pale brown (lOYR6/3 dl; loam; massive; soft; weakly calcareous; few fine vertical roots. 

8.7 8.0 - 

ExchangeCations TEC’ caco3 EIX. WaterSolub1eSalt.s 
Org. c me/lOOg me/ quiv. Gond. me/1 SSP’ 

% GIN Na K Ca Mg 1oog 4r dsim Na K Ca Mg % SAR* 

1.58 g . . 12.1 I il 

0.60 - - 10.6 5 il 

0.91 - 8.6 2 <1 

0.52 6.6 4 <1 

0.24 7.6 7 3 

PHYSICAL ANALYSIS 
ParticleSize Distribution Moisture Statu~ Bulk Hydr. 

% Text. 4r AWC* Density Cond 
Horizon >2mm ve c m f vf S Si C CIaS8 113 atm 15 atm 4r gh cm/hr 

Ah 0 1 10 39 15 65 24 11 FSL 12 9 3 

Ck 0 0 9 28 17 54 33 13 FSL 11 7 4 

Ahkbl 0 1 15 40 13 69 20 11 FSL 10 5 5 

Ckbl 0 1 7 37 19 62 29 9 FSL 10 5 5 

CkbP 0 1 5 27 17 50 39 11 L 15 7 8 

‘TEC < total erchal.gecapaeity: SSP = solublesodiumpereentage:SAR = ecdiumabwrptionrates;AWC = availablewaterhold~ngcapacity. 
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SLOUGHAY SERIES 

Location: SW32, Twp 5, Rge 16, W4 

Classification: Rego Humic Gleysol 

Parent Material: Moderately fine textured lacustrine 

Land Use: Cropland 

Profile Description 

Horizon Depth cm 

AP O-16 

cg 16-40 

Ckgl 40-62 

Ckg2 62-78 

Ckg3 78-120 

CHEMICAL AXALYSIS 

Horizon 

AP 

cg 

Ckgl 

CkgZ 

Ckg3 

Depth PH 
cm H,O CaCI, 

0. 16 6.8 6.4 

16. 40 7.0 6.6 

40. 62 8.0 7.1 

62. 78 8.3 7.5 

78.120 8.4 8.1 

PHYSICAL ASALYSIS 

Horizon >2mm “C 

AP 

cg 

Ckgl 

CkgP 

Ckg3 

Dark brown UOYR 313); silty clay loam; weak to moderate, fine to medium, subangular blocky; friable; slightly plastic; 
smooth, clear boundary, 14-18 cm thick; slightly acid. 

Dark gray (5Y 411 m); silty clay loam; massive; friable; very plastic; graduai, wavy boundary; 22-25 cm thick; neutral. 

Dark gray (5Y 411 ml; silty clay; massive, friable; very plastic; weakly calcareous; gradua], wavy boundary; 20-25 cm 
thick. 

Dark gray (10YR 4.511 m); silty clay; massive; friable, plastic; moderately calcareous; clear, wavy boundary; 15-17 cm 
thick. 

Brown (IOYR 513 ml; faint, fine grayish brown (2.5Y 512) mottles; Ioam; massive; friable; plastic; moderately calcareous. 

s Org. c 
Li % 

0.16 1.49 

0 55 

0.47 

Part~& Sne Distribution 
?z 

c m r “f s B 

- 20 51 

13 47 

13 33 

17 42 

39 37 

GIS Na 

9 0.1 

0.4 

ExchangeCatmns 
me/lOOg 

K Ca Mg 

20 9.7 3.7 

2.3 10.3 6.8 

C Ch.% 

29 SiCL 

40 SiCL 

43 Sic 

41 SIC 

24 L 

MoistureStatus 
? 

1’3 atm 15 atm 

29 18 

32 22 

33 24 

llld 
1oog 

*7* 

20.2 

AWC’ 
c 

11 

10 

9 

0.5 

9 

15.0 

Elec WaterSolubleSalts 
Cond me1 SSP- 
dS/m Na K Ca Mg ‘7, SAR* 

<1 

Cl 

<* 

<l 

t1 

Bulk Hydr. 
DUlSlt) Gand. 

gicc cmh 

*TEC = total exchange capac~ty; SSP = soluble sodium percentage, SAR = sadium absorption rates; AWC = avallable ~a& holdmg capacity 
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WILDA SERIES 

Location: C7,Twp4, Rge 18, W4 

Classification: Rego Dark Brown Chernozemic 

Parent Material: Moderately fine to medium textured, moderately calcareous till 

Land Use: Cropland 

Profile Description 

Horizon Depth cm 

Apk o-15 

Ckl 14-41 

Ck2 41-75+ 

CHEMICAL ANALYSIS 

Horizon 

.W 

Ckl 

Ck2 

Depth 
em 

o-15 

15-41 

41.75 

PHYSICAL ANALYSIS 

Dark brown (10YR 3/3 m); dark grayish brown (10YR 412 dl; clay loam; weak to moderate, fine to medium, subangular 
blocky and weak, fine, granular; friable, hard; very weakly effervescent; clear, wavy boundary; 10-19 cm thick. 

Brown (10YR 5/3 ml; clay loam; massive; very friable; moderately calcareous; graduai, wavy boundary; 20-28 cm thick. 

Light brownish gray (2.5Y 6/2 ml; clay loam; massive; very friable; moderately calcareous. 
2% coarse fragments throughout profile. 

PH N 
Hz0 CaCl, a 

7.5 7.1 0.19 

7.8 7.2 

7.9 7.6 - 

ParticleSiz Distribution 
r% 

Org. c 
4r 

1.R6 

1.02 

0.31 

Horizon >2mm YC e m f “f s si 

A# 0 1 6 16 8 31 38 

Ckl 0 1 5 9 6 21 42 

Ck2 0 1 5 14 8 28 38 

CN 

10 

C 

31 

37 

34 

Exehange C&ons TEC* caca, Elec. 
mei100g me/ equiv. Cond. 

Na K Ca Mg 1oog s dS/m 

MoistureStatus 
Teut. B 
CIaS. 113 atm loatm 

CL 24 16 8 

CL 24 13 11 

CL 25 15 10 1.57 0.9 

23.2 0.3 <I 

20.6 13 <1 

9.0 11 <1 

AWC* 
I 

Bulk Hydr. 
Density Cond 

@CC cmh 

WaterSolubleSalts 
me:1 SSp* 

Na K Ca Mg % SAR* 

‘TEC = totalexchangecapacity;SSP = MllubIesodiumpercentage;SAR= sodiumabsorptionrates;AWC = avallablewaterholdingcapaeity. 
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APPENDIX C: Available moisture and aridity classes for individual map units in Warner County. 

Map unit AWC Arldity Map unit AWC Aridity Map unit AWC Aridity Map unit AWC Aridity 

ANBVII3 2 9 
ANBVlM 2 9 
BUT1/3-2 2 9 
BUT3/3-2 2 9 
BV:G4/4 1 10 
BV:L1/3 1 10 
BZR1/4 3 6 
BZRll5 3 6 
BZRl/SD-GD 3 6 
BZR2/4 3 6 
BZR215 3 6 
BZR4I6D 3 6 
BZRFl/S 3 6 
BZRFl/BD 3 6 
BZRFl/G 3 6 
BZRF2/5 3 6 
BZSDlN 3 6 
CFD112.3 3 8 
CFD213.2 3 8 
CFD312-3 3 8 
CFBV213 3 8 
CFCH713-2 3 8 
CFMS3/3 3 8 
CFMS’I/?:R . 3 8 
CHN2/2 3 8 
CHN512 4 8 
CHBV1/3-2:R 2 9 
CLD1/2-3 4 6 
CLD312-3 4 6 
CLD312-3:R 4 6 
CLLElA 4 6 
CLLEl/O:R 4 6 
CLRlI5 3 8 
CRDlI2 3 7 
CRDlI2:R 3 7 
CRD113 3 7 
CRDlI3:R 3 7 
CRD1/4 3 7 
CRDlI4:R 3 7 

CRDlIQD 3 7 
CRD213.4 3 7 
CRD213.4:R 3 7 
CRD313 3 7 
CRD313:R 3 7 
CRD4/4 3 7 
CRD414:R 3 7 

CRD4/4D 3 7 
CRD4/4D:R 3 7 
CRD4/5 3 7 
CRD4l5:R 3 7 
CRD4/5D 3 7 
CRD6/3 2 8 
CRD6/5 2 8 
CRD7l4D 3 7 
CRD7/4D:R 3 7 

CR:P1/3-4:R 3 7 

CRNE113:R 2 a 

CRNE313:R 2 8 
CRWN1/3-2 3 7 

CRWNlI3-2:R 3 7 
CRWNlI4 3 7 

100 

CRWN2l3 3 

CRWN5l3 3 

CRWN7l3 3 

CVDl/B 1 

DHPll2 4 

DHPlI2:R 4 

DL 

FOKS1/3 2 

G 
GEM3/2-3 3 

GLSl/P 3 

GR:E113 4 

GR:E113:R 4 

HDHU1/3-4 4 
HDHU1/3-4:R 4 

HU:E113-4 4 

HU:E113-4R 4 

HEG113 4 

HEG712 4 

HRK1/3-4 1 

HRK1/3-4:R 1 

HRK4/4 1 

HRK4/4:R 1 

HRX415 1 

HRNEl/B 1 

HRNE1/4 1 

JAT312 4 

KBD112.3 3 

KH03/2-3 3 

KH03/2-3:R 3 

KGTl/P 5 

KNTlI4 0 

KSRI/J 2 

KSRII4 2 

KSR2/3 2 

KSR213:R 2 

KS:Gl/B:R 1 

KS-GlI4:R 1 

KSMGlI3 2 

KSMG1/4 2 

KSOAlI3 2 

LET112-3 3 

LET1/2-3:R 3 

LET3/2-3 3 

LET312-3:R 3 

LEKS2/4 2 

LEXS6/3-4 2 

LEOA1/2-3 3 

LEOA 1/4D 3 

LLD112-3 3 

LLD112.3:R 3 

LUP1/2-3 4 

LVY 112 3 

MAB 113-4 3 
MAB2/3 3 
MAB2/4 3 
MAB4/4 3 

MABll4 3 
MA:P1/4 3 
MACFlW 3 
MACFSM 3 

7 MACF7l3 3 
7 MCN3/3-3 3 
7 MCN7/3-2 3 

10 MC:Sl/â 3 
6 MGCR1/3-4 3 
6 MGHR114-5:R 2 

9 

8 
7 

6 
6 
7 
7 

7 
7 

5 
5 
9 
9 
9 
9 

9 
9 

9 
4 
8 
7 

7 
4 
9 
8 

8 
8 
8 

9 
9 
8 

8 
8 
7 
7 

7 
7 
8 

8 
7 
7 
7 

1 
6 
6 

8 
8 
8 

8 
8 
8 

8 
a 

MKRlI3 1 

MSN1/3 3 
MSNlI3:R 3 
MSN1/4 3 
MSN1/4:R 3 
MSN2/4 3 
MSN3/3-2 3 

MSN3/3-3:R 3 
MSN3/4-3 3 

MSN4l4 3 
MSN4/4:R 3 
MSN4/5 3 

MSN5l3 2 

MSN6/4 2 
MSN6/5 2 
MSN7l4 3 
MSN714:R 3 
MS:P1/4-5 3 

MSAN1/3 2 

MSANl/J:R 2 

MSANlN 2 

MSAN1/4:R 2 
MSCFl/B 3 
MSCFl/B:R 3 
MSCF2/3 3 
MSCF213:R 3 
MSCF713 3 
MSF7/3:R 3 

NED1/4-3 0 

NED1/4-3:R 0 

PUN1/4-3 0 

PUN114-3:R 0 
PUR114 3 
PURlI4D 3 
PUR115 3 
PURllGD 3 
PUR2/5-4 3 
PUrw4 3 

PUR4l4:R 3 

PUR415 3 

PUR4/5D 3 

PUR4/6D 3 

PUR514 2 
PUR7/4-3 3 

PUR714-3:R 3 

PUBZlI4D 3 

PUBZlI5 3 
PUBZlI5 3 

PUBZlIGD 3 
PUBZlI5D 3 
PUBZ2/4 3 

PUBZ2/5 3 
PULU1/3-4 3 

PULUlI3-4:R 3 
PULU7I3D 4 

8 

8 
8 
8 

7 
8 

10 

8 
a 
8 
8 
8 
8 

8 
8 
8 

8 
8 
9 
9 
9 
8 
8 
8 
9 

9 
9 
9 

8 
8 
8 
8 
8 
8 

10 
10 

10 

10 
7 

7 
7 
7 
7 
7 
7 
7 

7 

7 
8 
7 

7 
7 
7 
7 
7 
7 

7 
7 

7 
7 
6 

PULU7WD:R 
PURF2l6 
RAMlI3:R 

RBl 
RS2 
RS3 

lu4 
RDM2/4 
RDM4/4 
RDWNlI3 
RFBZl-4 
RFKNlI5 
RFKN2/4 

S 
SLY 1/2 

SOF1/3 
SOL114 
SOLl/SD 
SOL1160 

SPS312 
SXT1/2-3 
SXT3/2-3 
TEPl/P 
VAC4/4-3:R 
VAC713:R 

VEBlI5 
VEBlI5:R 
VTR3/2-3 

VTR3/2-3:R 
WDWlI2 
WIDl/5 
WIDl/GD 
WLHl/P 
WNY 112-3 
WNY 1/2-3:R 
WNY3/2-3 

WNY3/2-3:R 

WNCR3/3-2 
WNCR3/3-2:R 

WNLE1/2-3 
WTNlI3 
WTN312 

4 

3 
2 

3 
3 

3 
2 

1 
1 

4 
3 
3 

3 
3 
4 
2 
2 
5 
2 

2 
2 
2 

4 
4 
3 
3 
3 
4 
3 
3 

3 
3 

3 
3 

3 
4 
4 

6 
1 
9 

7 

6 
7 
7 
7 

7 
8 
8 
6 
9 
9 

8 
8 
6 

6 
8 
7 
7 
6 
7 
7 

7 
7 

7 
7 

7 
7 
7 



APPENDIX D 

TABLE 24: Predicted Soi1 Etodability of Map Units in Warner Comty 

ANNUAL EROSION (A) 

MAP UNIT BARE 

SOIL 

GRASS S. WHEAT 

SUMMER- 

FALLOW 

classes’ 

W. WHEAT 

SUMMER- 

FALLOW 

ANBV1/3 2 

ANBV1/4 3 

BLJT1/3-2 1 

BUT3/3-2 1 

BV:G4/4 3 

BV.Ll’3 2 

BZKI 4 2 

BZR1:5 4 

BZR1/5D-6D 5 

BZR214 2 

BZR2 5 4 

BZRIWD 6 

BZRF1/5 4 

BZRFlI5D 4 

BZRFIIG 5 

BZRF2l5 4 

BZSD214 2 

CFD1/2-3 1 

CFD2/3-2 1 

CFD3/2-3 1 

CFBV2/3 2 

CFCH7/3-2 1 

CFMS3/3 2 

CFMS313:R 2 

CHN212 1 

CHN5l2 1 

CHBVl13-2:R 1 

CLD1/2-3 1 

CLD3/2-3 1 

CLD3/2-3:R 1 

CLLElI2 1 

CLLEl/P:R 1 

CLRlI5 5 

CRDlA 1 

CRDlI2:R 1 

CRDlI3 1 

CRD1/3:R 2 

CRDlI4 3 

CRD1/4:R 4 

CRDlIID 4 

CRD2/3-4 2 

CRD2/3-4:R 2 

CRD3/3 1 

CRD313:R 2 

CRD414 3 

CRD4/4:R 5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

1 

3 

4 

2 

3 

3 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 

1 

1 

1 

1 

2 

3 

2 

1 

1 

1 

1 

2 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

2 

MAP UNIT 

ANNUAL EROSION (A) 

BARE GRASS S. WHEAT W. WHEAT 

SOIL SUMMER- SUMMER- 

FALLOW FALLOW 

classes‘ 

CRD4l4D 4 

CRD414:R 5 

CRD4/5 5 

CRD4/5:R 6 

CRD4l5D 6 

CRD6/3 1 

CRDtÎl5 5 

CRDll4D 4 

CRD714D:R 5 

CR:P1/3-4:R 3 

CRNE113:R 2 

CRNE3/3:R 2 

CRWN1/3-2 1 

CRWN1/3-2:R 2 

CRWNll4 3 

CRWN213 2 

CRWN6/3 2 

CRWN7l3 2 

CVD1/3 1 

DHPll2 1 

DHPl/Z:R 1 

DL 5 

FOKS113 1 

G 1 

GEM3/2-3 1 

GLSlW 1 

GR:E113 2 

GR:E1/3:R 3 

HDHU1/3-4 3 

HDHU1/3-4:R 3 

HU:E1/3-4 3 

HU:E1/3-4R 3 

HEG113 1 

HEG7/2 1 

HRK1/3-4 1 

HRD1/3-4:R 1 

HRK4/4 1 

HRK4/4:R 1 

HRK4/5 2 

HRNEl/B 1 

HRNE114 1 

JAT3/2 1 

KDB1/2-3 1 

KHD3/2-3 1 

KHD3/2-3:R 2 

KGT112 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

3 

4 

3 

1 

3 

2 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

3 

3 

3 

1 

3 

2 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

101 



APPENDIX D con’t 

ANNUAL EROSION (A) ANNUAL EROSION (A) 

MAP UNIT BARE GRASS S. WHEAT W. WHEAT 

SOIL SUMMER- SUMMER- 

FALLOW FALLOW 

classes’ 

KNT1/4 

KSR1!3 

KSRlI4 

KSR213 

KSR213:R 

KS:G1/3:R 

KS:G1/3:R 

KSMGlI3 

KSMG114 

KSOAl/3 

LET112.3 

LET112.3:R 

LET312.3 

LET3:2-3:R 

LEKS2/4 

LEKS6/3-4 

LEOAl23 

LEOA1!4D 

LLD1/2-3 

LLD1123:R 

LUP1/2-3 

LVY 112 

MAB1/3-4 

MAB2/3 

MAB214 

MAB414 

MAB7l4 

MA:!‘114 

MACFlI3 

MACF213 

MACF713 

MCN313.2 

MCN713.2 

MC:Sl/Z 

MGCR1/3-4 

MGHR1/4-5:R 

MKRlI3 

MSN 113 

MSNl/B:R 

MSNlI4 

MSNlI4:R 

MSN214 

MSN313-2 

MSN3/3-2:R 

MSN3/4-3 

MSN4l4 

MAP UNIT BARE GRASS S. WHEAT W. WHEAT 

SOIL SUMMER- SUMMER- 

FALLOW FALLOW 

classes’ 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

3 

2 

1 

5 

1 

2 

1 

1 

2 

1 

3 

3 

3 

2 

2 

2 

2 

1 

1 

1 

2 

4 

1 

2 

2 

3 

5 

3 

1 

2 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

3 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

MSN4l4:R 5 

MSN415 5 

MSN6l3 1 

MSN614 3 

MSN615 5 

MSN714 3 

MSN714:R 5 

MS:P114-5 4 

MSAN113 1 

MSANlI3:R 2 

MSANlI4 3 

MSANlI4:R 4 

MSCF113 2 

MSCFlI3:R 2 

MSCF213 2 

MSCFPI3:R 2 

MSCF713 2 

MSCF713:R 2 

NED1/4-3 2 

NED1/4-3:R 2 

PUN114-3 2 

PUN1!4-3:R 2 

PUR114 2 

PURlI4D 3 

PUR115 4 

PURlIGD 6 

PUR215-4 3 

PUR414 3 

PUR4/4:R 5 

PUR415 5 

PUR4l5D 5 

PUR4I6D 6 

PUR614 3 

PUR7/4-3 2 

PUR7/4-3:R 2 

PUBZlI4 2 

PUBZlI4D 3 

PUBZlI5 4 

PUBZ115D 5 

PUBZllGD 6 

PUBZ2l4 2 

PUBZ215 4 

PULU1/3-4 2 

PULU1/3-4:R 2 

PULU713D 1 

PULU7IBD:R 2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

1 

1 

3 

2 

3 

2 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

4 

2 

1 

3 

3 

3 

5 

1 

1 

1 

1 

2 

3 

3 

4 

1 

3 

1 

1 

1 

1 

3 

3 

1 

1 

3 

2 

3 

2 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

3 

3 

1 

1 

1 

1 

1 

2 

3 

1 

2 

1 

1 

1 

1 
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APPENDIX D con? 

ANNUAL EROSION (A) 

MAP UNIT BARE 

SOIL 

GRASS S. WHEAT W. WHEAT 

SUMMER- SUMMER- 

FALLOW FALLOW 

classes’ 

PURFL% 

RAM1/3:R 

RH1 

RH? 

RB3 

RB4 

RDM2/4 

RDM4l4 

RDWNlI3 

RFBZlI4 

RFKNlI5 

RFKN214 

S 

SLY 112 

SOF1/3-4 

SOL114 

SOLl/SD 

SOLlIGD 

SPS3/2 

SXT1/2-3 

SXT312-3 

TEP112 

VAC414-3:R 

VAC713:R 

VEBlIS 

VEBlI6:R 

VTR312.3 

VTR312-3:R 

WDW1:2 

WIDl/S 

WIDl/GD 

WLHlI2 

WNY 112-3 

WNY 112-3:R 

WNY3/2-3 

WNY3/2-3:R 

WNCR3/3-2 

WNCR3/3-2:R 

WNLE112-3 

WTNlI3 

WTN3”I 

NOTE: 

5 

2 

6 
6 
6 

5 

3 

3 

2 

3 

3 

1 

2 

1 

2 

3 

5 

6 

1 

1 

1 

1 

3 

2 

5 

6 

1 

2 

1 

5 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1. Glass 1 = O-6 tha/yr; Class 2 = 611 t/ha/yr; Class 3 = 11-22 thdyr 
Glass 4 = 22-33 thdyr; Class 5 = 33-55 t.ha/yr; Class 6 = 55 thdyr 

* DRAINED SOILS ASSUMED 
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Appendix E: Glossary of Terms. 

acid soi1 - A soi1 having a pH of less than 7.0. 

aggregate - A group of soi1 particles cohering SO as to be- 
have mechanically as a unit. 

alkaline soi1 - Any soi1 that has a pH greater than 7.0. 

alluvial deposit - (alluvium) - Material deposited by moving 
water. 

apran - an extensive, continuous, outspread, blanket-like 
deposit of alluvial, glacial, eolian or other unconsolidated 
material derived from an identifiable source, and deposited 
at the base of a mountain or highland. 

atterberg limits - Various moisture contents of a soi1 at 
which it changes from one major physical state to another. 
The liquid limit is the moisture at which a soi1 passes from 
a plastic to liquid state. The plastic limit is the moisture 
content at which a soi1 changes from a semi-solid to a plas- 
tic state. 

badland - A land type generally devoid of vegetation and 
broken by an intricate maze of narrow ravines, Sharp 
crests, and pinnacles resulting from a serious erosion of soft 
geologic materials. Most common in arid of semiarid re- 
gions. 

bedrock - The solid rock underlying soils and the regolith 
or exposed at the surface. 

blanket - A relatively uniform caver of unconsolidated ma- 
terial which is thick enough to mask irregularities in the 
underlying unit, or exceeds 1 m in thickness. 

bulk density, soi1 - The mass of dry soi1 per unit bulk vol- 
ume. 

calcareous soi1 - Soi1 containing sufflcient calcium carbo- 
nate (often with magnesium carbonate) to effervesce visi- 
bly when treated with cold O.lN hydrochloric acid. 

capability class - (soi11 - The class indicates the general 
suitability of the soils for agricultural use. It is a grouping 
of subclasses that have the same relative degree of limita- 
tion of hazard. The limitation or hazard becomes progres- 
sively greater from Class 1 to Class 7. 

capability subclass - (soils) - This is a grouping of soils with 
similar kinds of limitations and hazards. It provides infor- 
mation on the kind of conservation problem or limitation. 
The class and subclass together provide the map user with 
information about the degree and kind of limitation for 
broad land use planning and for the assessment of conser- 
vation needs. 

carbon-nitrogen ratio - The ratio of the weight of organic 
carbon to the weight of total nitrogen in a soi1 or in organic 
material. It is obtained by dividing the percentage of or- 
ganic carbon (C) by the percentage of total nitrogen (N). 

cation - An ion carrying a positive charge of electricity; the 
common soi1 cations are calcium, magnesium, sodium, 
potassium, and hydrogen. 

cation exchange capacity (C.E.C.) - A measure of the total 
amount of exchangeable cations that cari be held by the 
soil; it is expressed in terms of milliequivalents per 100 g 
of soil. 

chroma - The chroma notation indicates the degree of de- 
parture of a given hue from a neutral gray of the same 
value. The scales of chroma extend from 0 for a neutral 
gray out to 8. A strong brown, for example, has a chroma 
of6. 

classification, soi1 - The systematic arrangement of soils 
into categories and classes on the basis of their characteris- 
tics. Broad groupings are made on the basis ofgeneral char- 
acteristics and subdivisions on the basis of more detailed 
differences in specific properties. 

clas - as a particle-size term: a size fraction CO.002 mm 
equivalent diameter. 

clod - A compact, coherent mass of soi1 produced by digging 
or plowing. 

coarse fragments - Rock or minera1 particles ~2.0 mm in 
diameter. 

coarse texture - The texture exhibited by sands, loamy 
sands, and sandy loams except very fine sandy loam. A soi1 
containing large quantities of these textural classes. 

concretion - A local concentration of a chemical compound, 
such as calcium carbonate or iron oxide, in the form of a 
grain or nodule of varying size, shape, hardness and color. 

consistency - (i) The resistance of a material to deformation 
or rupture. (ii) The degree of cohesion or adhesion of the soi1 
mass. 

control section - The vertical section upon which soi1 classi- 
fication is based. 

creep - A slow mass movement of soi1 material down steep 
slopes primarily under the influence of gravity, but aided 
by saturation with water and alternate freezing and thaw- 
ing. 

deposit - Material left in a new position by a natural trans- 
portation agent such as water, wind, ice, or gravity, or by 
the activity of man. 

dissected - A relatively even topographie surface which has 
been sculptured or destroyed by the formation of gullies, 
ravines or canyons or other kinds ofvalleys by erosion. 

droughty soi1 - Sandy or very rapidly drained soil. 

dryland farming - The practice of trop production in low- 
rainfall areas without irrigation. 

dunes - Wind built ridges and hills of sand formed in the 
same manner as snowdrifts. They are started by some 
obstruction such as a bush, boulder, fente, or other obstacle 
which causes an eddy, or otherwise thwarts the Sand-laden 
wind. Once begun, the dunes themselves offer further re- 
sistance and they grow to form various shapes. 
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eluviation - The removal of soi1 material in suspension or 
in solution from a layer or layers of soil. 

end moraine - A ridge like accumulation of drift built along 
any part of the margin of an active glacier. 

engineering tests - Laboratory tests made to determine the 
physical properties of soils that affect their uses for various 
types of engineering construction. 

eolian deposit - Material deposited by wind, including both 
loess and dune Sand. 

erosion - The wearing away of the land surface by running 
water, wind, ice, or other geological agents, including such 
processes as gravitational creep. 

esker - A winding ridge of irregularly stratifïed Sand, 
grave1 and cobbles laid down under the ice by a rapidly 
flowing glacial stream. 

fan - Material deposited by a stream when it emerges from 
hills unto a lowland where there is a marked decrease in 
gradiant. 

fertility, soi1 - The status of a soi1 with respect to the amount 
and availability to plants of elements necessary for plant 
growth. 

fertilizer - Any organic or inorganic material of natural or 
synthetic origin which is added to a soi1 to supply certain 
elements essential to the growth ofplants. 

fine texture - Consisting of or containing large quantities 
of the fine fractions, particularly of silt and clay. 

floodplain - The land bordering a stream, built up of sedi- 
ments from overflow of the stream and subject to inunda- 
tion when the stream is at flood stage. 

fluvial deposit - Al1 sediments, past and present, deposited 
by flowing water, including glaciofluvial deposits. 

friable - A consistency term pertaining to the ease of 
crumbling of soils. 

frost-free period - Season of the year between the last frost 
of spring and fïrst frost offall. 

glacial drift - Embraces a11 rock material transported by 
glacier ice, glacial meltwater, and rafted by icebergs. This 
term includes till, stratified drift and scattered rock frag- 
ments. 

glaciofluvial deposits - Material moved by glaciers and sub- 
sequently sorted and deposited by streams flowing from the 
melting ice. The deposits are stratifïed and may occur in 
the form of outwash plains, deltas, kames, eskers, and 
kame terraces. 

gravelly - containing appreciable or significant amounts of 
gravel. 

ground moraine - Generally an unsorted mixture of rocks, 
boulders, Sand, silt and clay deposited by glacial ice. The 
predominant material is till, though stratified drift is pre- 

sent in places. The till is thought to have accumulated 
largely by lodgment beneath the ice but partly also by 
being let down from the Upper surface of the ice through the 
ablation process. Ground moraine is most commonly in the 
form of undulating plains with gently sloping swells, sags 
and enclosed depressions. 

groundwater - That portion of the total precipitation which 
at any particular time is either passing through or stand- 
ing in the soi1 and the underlying strata and is free to move 
under the influence of gravity. 

horizon - A layer in the soi1 profile approximately parallel 
to the land surface with more or less well-defined charac- 
teristics that have been produced through the operation of 
soi1 formingprocesses. Soi1 horizons may be organicor min- 
eral. 

hue - One of the three variables of color. It is caused by light 
ofcertain wavelengths and changes with the wavelength. 

hummocky - abounding in rounded or conical knolls or 
mounds, generally of equidimensional shape and not ridge- 
like. 

ice contact material - Stratified drift deposited in contact 
with melting glacier ice, such as an esker, kame, kame ter- 
race, or afeature marked by numerous kettles. 

illuviation - The process of deposition of soi1 material re- 
moved from one horizon to another in the soil; usually from 
an Upper to a lower horizon in the soi1 profile. Illuviated 
substances include silicate clay, iron and aluminum hydro- 
us oxides andlor organic matter. 

immature soi1 - A soi1 with indistinct or only slightly de- 
veloped horizons. 

impeded drainage - A condition which hinders the move- 
ment of water through soils under the influence of gravity. 

impervious - Resistant to penetration by fluids or by roots. 

indicator plants - Plants characteristics of specifïc soi1 or 
site conditions. 

infiltration - The downward entry of water into the soil. 

intergrade - A soi1 that possesses moderately well-de- 
veloped distinguishing characteristics of two or more 
genetically related taxa. 

irrigation - The artificial application of water to the soi1 for 
the benefit of growing crops. 

kame - An irregular shaped ridge or hi11 of stratifïed gla- 
cial drift. 

lacustrine deposit - Material deposited in lake water and 
later exposed either by lowering the water level of by uplift 
of the land. These sediments range in texture from sands 
to clays. 
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landscape - Al1 the natural features such as tïelds, hills, 
forests, water, etc., which distinguish one part of the 
earth’s surface from another part. Usually that portion of 
land or territory which the eye cari comprehend in a single 
view, including a11 its natural characteristics. 

leaching - The removal of materials in solution from the 
soil. 

lime concretion - An aggregate of precipitated calcium car- 
bonate, or of other material cemented by precipitated cal- 
cium carbonate. 

liquid limit - (Upper plastic limit) - (i) The watercontent cor- 
responding to an arbitrary limit between the liquid and 
plastic states of consistency of a soil. (ii) The water content 
at which a part of soil, tut by a groove of standard dimen- 
sions, Will flow together for a distance of 12 mm under the 
impact of 25 blows in a standard liquid limit apparatus. 

lithic - A feature of a soi1 subgroup which indicates a bed- 
rock contact within 50 cm ofthe soi1 surface. 

loose - A soi1 consistency term. 

matrix (soi]) - The soi1 material that encloses other soi1 fea- 
tures. e.g. concretions embedded in a fine-grained matrix. 

mature soi] - A soi1 with well-developed soi1 horizons pro- 
duced by the natural processes of soi1 formation. 

medium texture - Intermediate between fine-textured and 
coarse-textured (soils). (It includes the following textural 
classes: very fine sandy loam, loam, silt loam, and silt). 

microrelief - Small-scale, local differences in topography, 
including mounds, swales, or pits that are only a few feet 
in diameter and with elevation differences ofup to 6 feet. 

moderately-coarse texture - Consisting predominantly of 
coarse particles. (In soi1 textural classification, it includes 
a11 the sandy loams except the very fine sandy loam). 

moderately-fine texture - Consisting predominantly of in- 
termediate-size (In soi1 textural classification, it includes 
clay loam, sandy clay loam, and silty clay loam). 

morphology, soi1 - The makeup of the soil, including tex- 
ture, structure consistence, color, and other mineralogical, 
physical and biological properties of the various horizons 
of the soi1 profile. 

mottles - Spots or blotches of different color or shades of 
color interspersed with the dominant color. 

Munsel color system - A color designation system that 
specifies the relative degree of the three simple variables 
of color: hue, value, and chroma. For example: 10YR 6/4 is 
a color (or soi11 with a hue lO-YR, value - 6, and chroma - 
4. These notations cari be translated into color names as de- 
sired. See chroma, hue, andvalue. 

neutral soi1 - A soi1 in which the surface layer, at least to 
normal plow depth, is neither acid nor alkaline in reaction 
(pH657.5). 

organic matter - The decomposition residues of plant mate- 
rial derived from: (a) plant materials deposited on the sur- 
face of the soil; and (b) roots that decay beneath the surface 
of the soil. 

outwash - Sediments “washed out” by flowing water 
beyond the glacier and laid down in thin foreset beds as 
stratifïed drift. Particle size may range from boulders to 
silt. 

parent material - The unconsolidated and more or less 
chemically weathered minera1 or organic matter from 
which the solum of a soi1 is developed by pedogenic proces- 
ses. 

particle size - The effective diameter of a particle measured 
by sedimentation, sieving, or micrometric methods. 

ped - A unit of soi1 structure such as a prism, block, or 
granule, formed by natural processes (in contrast with a 
clod, which is formed artificially). 

pedology - Those aspects of soi1 science involving the con- 
stitution, distribution, genesis and classification ofsoils. 

percolation, soi1 water- The downward movement of water 
through soil. Especially, the downward flow of water in 
saturated or nearly saturated soi1 at hydraulic gradients of 
the order of 1.0 or less. 

pH, soi1 - The negative logarithm of the hydrogen-ion activ- 
ity of a soil. The degree of acidity (or alkalinity) of a soi1 
as determined by means of a glass, quinhydrone, or other 
suitable electrode or indicator at a specified moisture con- 
tent or soil-water ratio, and expressed in terms of the pH 
scale. 

phase, soi1 - A subdivision of a soi1 type or other unit of clas- 
sification having characteristics that affect the use and 
management of the soil, but which do not vary sufficiently 
to differentiate it as a separate type. A variation in a prop- 
erty or characteristic such as degree of slope, degree of ero- 
sion, content ofstones, etc. 

plastic limit - (i) The water content corresponding to an ar- 
bitrary limit between the plastic and the semisolid states 
of consistency of a soil. (ii) Water content at which a soi1 
Will just begin to crumble when rolled into a thread approx- 
imately 3 mm in diameter. 

plasticity index - The numerical difference between the liq- 
uid and the plastic limit or, synonymously, between the 
lower plastic limit and the Upper plastic limit. 

platy - Consisting of soi1 aggregates that are developed pre- 
dominately along the horizontal axes, laminated; flaky. 

profile, soi1 - A vertical section of the soi1 through a11 its 
horizons and extending into the parent material. 

reaction, soils - The degree of acidity or alkalinity of soil, 
usually expressed as a pH value. 

residual material - Unconsolidated and partly weathered 
minera1 materials accumulated by disintegration of con- 
solidated rock in place. 
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saline soi1 - A nonalkali soi1 containing soluble salts in such 
quantities that they interfere with the growth of most trop 
plants. The conductivity of the saturation extract is greater 
than 4 ms/cm, the exchangeable-sodium percentage is less 
than 15, and the pH is usually less than8.5. 

salinization - The process of accumulation of salts in soils. 

Sand - A soi1 particle between 0.05 and 2.0 mm in diameter. 

series, soü - The second category (111 in the Canadian Clas- 
sification system. This is the basic unit of soi1 classification 
consisting of soils which are essentially alike in a11 major 
profile characteristics except the texture of the surface. 

silt - A soi1 separate consisting of particles between 0.05 to 
0.002 mm in equivalent diameter. 

soil - The unconsolidated minera1 material on the im- 
mediate surface of the earth that serves as a natural 
medium for the growth of land plants. 

soi1 complex - A mapping unit used in detailed and recon- 
naissance soi1 surveys where two or more defined soi1 units 
are SO intimately intermixed geographically that it is im- 
practical, because of the scale used, to separate them. 

soi1 genesis - The mode of origin of the soi1 with special re- 
ference to the processes or soil-forming factors responsible 
for the development of the solum, or true soil, from the un- 
consolidatedparent material. 

soi1 map - A map showing the distribution of soi1 types or 
other soi1 mapping units in relation to the prominent phys- 
ical and cultural features ofthe earth’s surface. 

soilmoisture - Water contained in the soil. 

soi1 structure - The combination or arrangement of primary 
soi1 particles into secondary particles, unit, or peds. These 
secondary units may be arranged in the profile in such a 
manner as to give a distinctive or characteristic pattern. 
The secondary units are characterized and classified on the 
basis of size, shape, and degree of distinctness into classes, 
types, andgrades, respectively. 

SO~I survey - The systematic examination, description, clas- 
sification, and mapping of soils in an area. Soi1 surveys are 
classifïed according to the kind and intensity of field 
examination. 

soil variant - A soi1 whose properties are believed to be suffi- 
ciently different from other known soils to justify a new 
series name but comprising such a limited geographic area 
that creation of a new series is not justitïed. 

solum (plural sola) - The Upper horizons of a soi1 in which 
the parent material has been modified and within which 
most plant roots are confined. It consists usually of A and 
B horizons. 

terrace - A level, usually narrow, plain bordering a river, 
lake, or the sea. Rivers sometimes are bordered by a 
number of terraces at different levels. There are also man- 
made terraces. 

till - Unstratified glacial drift deposited directly by the ice 
and consisting of clay, Sand, gravel, and boulders inter- 
mingled in any proportion. 

toposequence - A sequence of related soils that differ, one 
from the other, primarily because of topography as a soil- 
formation factor. 

value - The value notation indicates the degree of lightness 
or darkness of a color in relation to a neutral gray scale. 
The value symbol0 is used for absolute black; the symbol 
10 is usedfor absolute white. 

veneer - Unconsolidated materials too thin to mask the 
minor surface irregularities of the underlying unit. Aven- 
eer Will range between 10 centimetres and 1 metre in thick- 
ness and Will possess no form typical of the materials 
genesis. 

weathering - The physical and chemical disintegration, alt- 
eration and decomposition of rocks and minerals at or near 
the earth’s surface by atmospheric agents. 
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APPENDIX F: Common and scientific names of planta referred to in this report. 

Common Name 

Atriplex(saltsage1 

Bedstraw, northern 

Bluegrass, Sandberg’s 

Broomweed 

Buckbrush 

Buffaloberry, thorny 

cactus 

Cattail, common 

Cinquefoil, shrubby 

Clubmoss, little 

Cottonwood, western 

Crocus, prairie 

Fescue, Idaho 

Fescue, rough 

Fleabane, tufted 

Golden bean 

Grama grass, blue 

Gressewood 

Hedysarum, American 

Junegrass 

Kochia 

Lupine, silvery 

Mallow, scarlet 

Needlegrass (spear grass or needle and thread) 

Needlegrass, green 

Needlegrass, Columbia 

Oatgrass, Hooker’s 

Oatgrass, wild 

Phlox, moss 

Porcupine grass, western 

Prickly-pear,plains 

Pussytoes 

Reedgrass, plains 

Rose 

Saskatoon 

Sage, pasture 

Sagebrush, silver 

Sedge, low 

Sedge, threadleaved 

Silverberry 

Snowberry, western 

Wheatgrass, northern 

Wheatgrass, western 

Willow 

Scientific Name 

Atripex nuttallii 

Galium boreale 

Poa secunda 

Gutierrezia diversifolia 

See Snowberry 

Shepherdia argentia 

See Prickly-pear 

Typhalatifolia 

Potntillafruticosa 

Selaginelladensa 

Populussargentii 

Anemonepatens 

Festuca idahoensis 

Festuca scabrella 

Erigeron caespitosus 

Thermopsis rhombifolia 

Boutelouagracilis 

Sarcobatusvermiculatus 

Hedysarum alpina var. Ameri< 

Koeleria cristata 

Kochia scoparia 

Lupinus argenteus 

Malvastrumcoccineum 

Stipa comata 

Stipaviridula 

Stipacolumbiana 

Helictrotrichon hookeri 

Danthonia intermedia 

Phlox hoodii 

Stipaspartea var. curtiseta 

Opuntia polyacantha 

Antennaria sp 

Calamagrostismontanensis 

Rosa sp. 

Amelanchieralnifolia 

Artemisia frigida 

Artemisia cana 

Carex eleocharis 

Carex tïlifolia 

Elaeagnuscommutata 

Symphoricarposoccidentalis 

Agropyron dasystachyum 

Agropyron smithii 

Salixsp. 
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