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PREFACE 

The farmer is among the first to recognize the fact that soils 
vary tremendously in their power to produce crops. This 
variation is due to differences in physical, chemical, and 
biological relationships within the various soi1 types. 

This report describes the properties of the surface and 
subsoil of the various soi1 types, and gives the fertility invoice 
of the principal areas. It describes the topography, drainage, 
water supply, and alkali problems of the area. Methods of soi1 
management and possible utilization of the area are discussed. 
It also contains a brief discussion of the climate and agricultural 
development of the area, together with the important farm 
crops and transportation facilities. 

The soi1 map is an important part of this report. It is made 
on the scale of three miles to the inch, and shows not only 
the different soi1 types represented by different colors, but 
also important physical features such as topography, railroads, 
streams, and towns. The soi1 map serves as a reference by which 
the better land cari be distinguished from the poorer land as 
well as indicating the better methods of utilization. Two other 
maps accompany this report; one shows the distribution of the 
cultivated, abandoned, and virgin lands in the area, and the 
other shows the possible utilization of the area. 

The area covered by this survey, namely the Pincher Creek 
and Lethbridge sheets, is, in general, one of the better produc- 
tive areas of the province. Over most of the area there is a 
high enough average annual rainfall to produce a trop and 
therefore there is much less submarginal land than in the 
semi-arid section of the province. Because of these facts this 
question has been asked-Why is there the need of a soi1 
survey of this area? The following is at least a partial answer 
to the above question. Observation has shown that soi1 
deterioration is taking place; this is manifest in severe wind 
erosion, and in a general drop in fertility over a long period of 
years. Such a deterioration of productive land is a serious 
condition from the individual and from the national view- 
point. Our soils still are our greatest national resource, but if 
they are allowed to deteriorate at the present rate we may 
find within a generation that as a resource they Will cesse to 
exist. Soi1 types vary in their response to rainfall, to irrigation 
water and to farm management. The soi1 survey, by mapping 
the soils of the area, determines the boundaries of the various 
soi1 types and has recorded the chemical and physical proper- 
ties of each type. Such information is necessary if each land 
parce1 is to be utilized to its best advantage and this necessitates 



the most profitable production without inducing any serious 
deterioration. 

An inventory of the soils’ resources is necessary before 
the adequate size of a self-sustaining farm unit cari be calcu- 
lated, and hence the maximum number of such units that an 
area Will economically carry over a long period of years. 

The results of trop, fertilizer, and cultural m.ethod experi- 
ments obtained at the larger government experimental stations 
in our province do not necessarily apply to al.l parts of the 
province. Similarly, results from local illustration stations 
apply particularly to the soi1 types similar to the one at the 
station. When planning experiments in various parts of the 
province the soi1 maps should prove very valuable, since they 
would show where plots should be placed in order to represent 
important or extensive soi1 areas. The farmers round about 
would then know whether a certain trop or treatment could 
be expected to bring results on their land similar to those 
obtained on the experimental plots, since the soi1 maps would 
tell them whether the soils were or were not alike. Similarly, 
the soi1 reports tend to place the information of one farmer 
at the disposa1 of the other farmer. 

The need for a planned agriculture that Will stabilize the 
farming industry of our province is becoming more and more 
apparent. The spectacle of soi1 deterioration, uneconomic use 
of land units and deserted homes, as well as such things as tax 
delinquency and mounting relief costs cannot continue indefi- 
nitely. A survey of the soi1 resources is a first step in obtaining 
the goal of any planned land use. 
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DESCRIPTION OF AREA 

The Lethbridge sheet, number 15, is located in south- 
western Alberta and comprises an area approximately SS miles 
east and west by 48 miles north and south. More exactly it 
consists of townships 1 to 8 inclusive within ranges 16 to 30 
inclusive, west of the fourth meridian. Included in this report 
is that portion of the Pincher Creek sheet (number 14) that 
lies east of the Rocky Mountains. The Pincher Creek sheet 
joins the Lethbridge sheet to the west; that is, it lies immedi- 
ately west of the fifth meridian. Townships 4 to 8 inclusive (or 
portions thereof) in ranges 1 to 5 inclusive were covered by 
this survey. For the purpose of this report the two sheets shall 
be considered as one area. 

The southern boundary of the surveyed area lies along.the 
UnitedStates-Canadian boundary, and the eastern edge of the 
sheet is 90 miles west of the Alberta-Saskatchewan boundary. 
The surveyed area extends in the east from a point about 2 
miles west of Coutts to a point about 6 miles south and five 
miles east of Taber and in the west to the Rocky Mountain 
Forest reserve. The City of Lethbridge is on the northern 
boundary of the area. 

The soi1 map for the area described above represents about 
125 townships or 2,875,OOO acres. 

The area covered by this report lies in four soi1 color zones. 
The soils west of Pincher Creek in the foothills region are in 

*Agricultural Scientiit. Prairie Farm Rehabilitation Act. attached to Soils 
Department. University of Alberta. 

Mess~-.% J. A. MacGregor, R. L. Erdman, H. M. Thompson. G. Richards and 
J. R. McFall assisted with the field and analytical work during the course Of 
the preparation of this report. 
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the black soi1 zone. East of this through Cardston, Glenwood, 
Pincher Creek, and Cowley the soils are in the shallow 
black zone. In the Milk River ridge and through Raymond and 
Macleod the soils are in the dark brown soi1 zone, and the 
eastern edge of the area is in the brown soi1 zone. In Alberta 
the brown soi1 zone corresponds very closely with the bald 
prairie or treeless section of the province. In Southern Alberta, 
however, the dark brown and most of the shallow black zone 
is treeless prairie excepting along most of the stream courses. 
The black zone has considerable tree growth. 

Undoubtedly the Rocky Mountains on the west side of 
the area are the most prominent topographie feature. In tbis 
area the break from mountains to plain is fairly rapid, there 
being no wide range of foothills (see Plate 2). These foothills 
are characterized by a series of rock outcrops that parallel the 
mountains (see Plate 3, Fig. 1). The Porcupine hills, another 
prominent topographie feature, touch the area in the north- 
west corner of the Lethbridge sheet. A lower spur of these 
hills cornes as far south as Pincher. The Milk River ridge in 
the southeastern portion of the area covers an area of over 20 
townships. It runs east and west from near Coutts in town- 
ship 1, range 17, west of the 4th, to Whiskey Gap in township 
1, range 23, west of the 4th, and north as far as township 4, 
range 20, west of the 4th, south of Raymond. The edge of the 
ridge is marked by a steep escarpment that rises quite abruptly 
from the surrounding plain; in general the rise is from 500 to 
700 feet in 2 to 4 miles. It has the appearance of a plateau that 
has been tut internally by eroding agents (see Plate 5, Fig. 1). 
Apart from these major topographie features the rest of the 
area is in the nature of a large plain of level to gently rolling 
topography. There are approximately 1,150,OOO acres of level 
to undulating land mapped. This is a significant fact, par- 
ticularly when the area is SO close to the mountains and con- 
tains as well two other prominent topographie elevations. 

There is a general slope of the entire area from west to 
east and northeast. Crowsnest Mountain has an elevation of 
9138 feet. It is the highest point in the area. The general 
elevation of the western edge of the surveyed area, that is at 
Burmis and at the edge of Waterton Park, is about 4000 feet. 
The low point of the sheet is in the extreme northeast corner; 
it has an elevation of 2750 feet. The Porcupine hills in township 
8, range 30, reach an elevation of 5200 feet. The Milk River 
ridge south of Whiskey Gap reaéhes an elevation of 4700 feet, 
and on the eastern side in township 1, range 18, it reaches an 
elevation of 4350 feet. This latter elevation is about 150 feet 
higher than Waterton Lakes 70 miles to the west; Mokowan 
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Butte in township 6, range 24 has an elevation of 3800 feet; 
Cardston and Pincher have approximately the same elevation, 
3775 feet; Lethbridge has an elevation of 2938 feet and Milk 
River in the southeast corner an elevation of 3422 feet. 

This area is drained by two river systems. In general the 
area south and east of a line joining Whiskey Gap, Stirling and 
Wrentham, drains into Milk river and thence to the Mississippi. 
Al1 west and north of this line drains by way of the Old Man 
river to the Saskatchewan-Nelson system. Three streams, 
namely the Old Man, Crowsnest and Castle rivers, join in 
township 7, range 1, west of the 5th, to form Old Man river. 
Pincher Creek joins this river at Brocket. The Waterton river 
fed from Waterton lakes and the Belly river which rises in 
Montana, U.S.A., near Chief Mountain, join just north of 
Standoff in township 7, range 25, west of the 4th, and thence 
north to join the Old Man river near Monarch. St. Mary river 
rises in Montana from St. Mary lakes, runs north and east 
and joins Old Man river in township 8, range 22, and Old Man 
river leaves the sheet at Lethbridge. Lee creek, which flows 
through the town of Cardston, and Pothole creek, which has 
its source in the Milk River ridge, are both tributaries of St. 
Mary river. Numerous small mountain streams, which include 
such creeks as Todd, Carbondale, Yarrow, Drywood, Mami and 
Boundary, feed the Old Man river system. These streams fluc- 
tuate in size with the season and with the summer rains; at 
times they may reach flood.proportions. The removal of timber 
from the mountain slopes, particularly by fires, adds to the 
seasonal fluctuations. Since heavy demands for irrigation water 
are made on this river system, the preservation of forested 
mountain slopes is of vital importance. The construction of 
reservoirs along their course is receiving justifiable attention. 
The northeast corner of the area is drained by Chin coulee. 
This coulee, which is over 200 feet deep and averages at least 
a mile in width, loops slightly south before joining the South 
Saskatchewan drainage system. 

The main portion of the Milk River ridge is drained by the 
Milk river. Both branches of this river rise in Montana, U.S.A. 
The northern branch enters Canada in township 1, range 23, 
west of the 4th, and the south branch in township 1, range 20, 
west of the 4th. These two branches join in township 2, range 
18 and leave the area southeast of Milk River town in town- 
ship 2, range 16, west of the 4th. Etzikom and Verdigris coulees 
in the east central portion of the sheet drain east and south 
toward Milk river in the Milk River sheet. These two coulees, 
as well as Chin coulee, are old drainage ways but now carry 
only spring water and irrigation spill water. Springs are 
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common in the foothills area and some were found at the edge 
of Milk River ridge and along the drainage ways in the Ridge. 

With the exception of Waterton lakes there are no large 
lakes in the area. Shanks lake in township 1, range 21, covers 
about two square miles and Ross lake in township 2, range 
22, covers a little over 1 square mile. These lakes are both in 
the Milk River ridge. Chin coulee is at present used as a 
reservoir for irrigation water and forms a long narrow lake. 
Weston lake at the head of Verdigris coulee was practically 
full during the summer of 1938. McBride lake in townsbip 7, 
range 26, covers about one quarter section, Stirling lake north 
of Raymond was practically dry in 1938. Some small per- 
manent lakes are found in the foothills country west of Card- 
ston and Pincher Creek. Very few marshes or large hay 
meadows were found in the area. 

The soi1 of the area has been affected by glaciations from 
the east and from the west; that is from both the Hudson’s 
Bay and the Rocky Mountain glaciations. Stones of Hudson’s 
Bay origin are distributed over the eastern portion of the area. 
They are most pronounced along the low ridges in the north- 
east corner. In the western portion of the area there are a few 
scattered boulders, some of large size, of Rocky Mountain origin 
(see Plate 4, Fig. l), but in this section the characteristic 
erratics are small water-worn stones of mountain origin. In 
the central portion of the area there is evidence of a mixing 
of the east and the west glaciations. Bed rock outcroppings are 
found over the entire sheet, but the soi1 in general is formed 
on glacial till. This till is partly of local origin and part 
undoubtedly has been transported great distances. The till is, 
in places, more or less as the glacier deposited it; in other 
places, particularly on the level plains, it has been resorted 
by moving or laking waters. For a more detailed account of 
the geology of these two sheets the reader is referred to the 
appendix by Dr. J. A. Allan. 

The Crowsnest line of the Canadian Pacifie Railway cornes 
through the Crowsnest Pass, extends east around the south 
side of the Porcupine hills and then swings slightly north to 
leave the area about 3 miles west of Macleod. From Macleod it 
extends east just north of the Lethbridge sheet. The city of 
Lethbridge with a population of about 13,500” is on this rail- 
way. The northern boundary of the area runs through the 
centre of the City. Brocket, a village on the Peigan Indian 
reserve, and the villages of Pincher, Cowley and Lundbreck, as 
well as the mining towns of the Crowsnest Pass are on this 
railway. The town of Pincher Creek, with a population of 1000, 

*Population figures given here are 1936 figures 
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is in the valley of Pincher creek two miles south of the railway. 
A branch line operated by the Canadian Pacifie Railway runs 
southeast from Lethbridge to Coutts on the international 
border. The villages of Stirling, New Dayton, Warner and Milk 
River are on this railway. The Manyberries branch line of 
the Canadian Pacifie Railway runs east from Stirling. The 
Village~ of Wrentham is on this line. Another Canadian Pacifie 
branch railway line runs southwest from Stirling to Cardston 
and then northwest to Glenwoodville. The towns of Raymond, 
with a population of 2094, Magrath, with a population of 121’7, 
and Cardston, with a population of 1711, as well as the villages 
of Spring Coulee, Hillspring and Glenwood are on this railway. 
A branch line from Raley runs south through Woolford to 
Whiskey Gap in township 1, range 23. Waterton in Waterton 
Lakes park is a summer resort town and not on a railway line. 
The town of Macleod, with a population of 1365, is one mile 
north of the northern boundary of the ar,ea in township 9, 
range 26. The area is, then, fairly well supplied with railway 
facilities. A small area of the Milk River ridge and some of 
the extreme southwest corner of the area is over twenty miles 
from railway facilities. 

This area is well supplied with highways. A hard surface 
highway enters Canada from Montana along the east bank of 
Belly river, then north to Waterton and Pincher Creek, then 
east to Macleod. Grave1 highways join Macleod and Cardston 
with Carway on the international boundary; Lethbridge, 
Cardston and Waterton Lakes Park; Lethbridge and Coutts 
on the boundary; and Pincher and the Crowsnest Pass. 

Among the better dirt highways might be mentioned the 
Pincher Creek, Glenwoodville, Cardston road; the Cardston, 
Milk River road across the Milk River ridge; the Del Bonita, 
Magrath road, and the Stirling, Wrentham to Manyberries 
road. With the exception of the Blood Indian reserve and the 
Milk River ridge the entire area is quite accessible. Bridges 
cross the rivers on the main and secondary highways. There are 
no bridges on St. Mary river north of Cardston. It is possible, 
however, during the later summer to ford this river; one of 
these crossings is northwest of Spring Coulee and another just 
above its junction with Old Man river. 

The Milk river ridge, Indian reserves and the foothills 
country are sparsely cultivated and are used principally as 
range lands. The entire area north of the ridge is extensively 
cultivated; SO also is the strip between Macleod and Stand Off 
and between Glenwoodville and Cowley (see. Plate 6). .C~fi- 
siderable land between Magrath and Lethbridge is irrigated. 
The water for these projects is taken from St. Mary river at 
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Kimball. Water from Belly river irrigates a block at Hillspring 
and Glenwoodville. 

The Peigan Indian reserve west of Macleod covers approxi- 
mately four townships. Most of the Indians live near to the 
village of Brocket and about 7000 acres of land are cultivated 
south and east of the village. The Blood Indian reserve com- 
prises that land lying between Belly and St. Mary rivers north 
of an east and west line through Cardston. This reserve covers 
between fifteen and sixteen townships and is the largest Indian 
reserve in Alberta. There are about 1400 Indians on this 
reservation. Many of the Indians live in the triangle between 
Stand Off, Glenwoodville and Cardston, and practically a11 of 
the cultivated land is in or adjacent to this triangle. The settle- 
ments north of Stand Off are along Belly river. 

Waterton Lakes International Peace Park is in the south- 
west corner of the area and many delightfully scenic spots dot 
the foothills area. The mountain streams are kept stocked with 
fish. Many other spots of scenic and historic interest are found 
elsetihere on the sheet, particularly along the stream courses. 

CLIMATE 

The climate of the Lethbridge and Pincher Creek sheets 
varies considerably from west to east. Since the west side of 
the Pincher Creek sheet is in the Rocky Mountains and the 
east side of the Lethbridge sheet borders the plains area of 
southeastern Alberta, the reason for this variation becomes 
apparent. Three gentira statements, however, cari be made 
regarding the climate of this area; the total annual rainfall 
decreases from west to east, the mean annual temperature 
increases slightly from west to .east, and although the pre- 
vailing wind is westerly over the entire area the average 
velocity on the eastern side is lower than in the western portion 
of the area. 

In the discussion that follows the above three statements 
must be kept clearly in mind. In general, rainfall and tèmpera- 
ture figures for any one station are representative of only a 
relatively narrow strip that parallels the higher land. Since the 
elevation changes become less abrupt to the east and northeast 
the climate changes in this section of the area are more 
gradua& that is, there is less direct influence from the moun- 
tains in the eastern portion of the sheet. 

Both of these sheets lie in the direct path of the chinook 
winds. They are warm winds of low relative humidity and 
therefore have great drying power. During the winter they 
have a distinctly moderating effect on the climate. Coming as 
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they do with great suddenness they may raise the temperature 
from sub-zero readings to well above the freezing point in a 
few hours. They bare the hills of snow and permit the stock 
to get winter pasture: During the summer months these warm 
drying winds may be quite destructive to growing crops, 
especially during prolonged dry spells. The speed and 
frequence of these winds is greater nearer to the mountains. 
The following table of wind figures at Macleod illustrates the 
high percentage of westerly winds in that area. 

TABLE I.-Relative wind directions at Macleod. Alberta-1900 to 1935 

N. N.E. E. S.E. S. S.W. W. N.W. 
13 20 34 20 19 22 605 28 

From Table 1 it cari be seen that there are almost three 
times as many westerly winds as there are from a11 the other 
directions combined. Farther to the east the predominance of 
westerly winds would.possibly not be as great. 

TABLE IL-Annual mileage and number of gales-1932 to 1935 

Average annual Gales over 31 
mileage miles par heur 

Lethbridge ._. 82,000 24 
Medicine Hat ._...........,..,.................... .._. .._........ 77,500 
Lacombe . . . ._........... 39.000 ‘: 

Table II is included here to show the relative wind velocities 
at three Alberta Stations. Lacombe in central Alberta has less 
than half the annual mileage of Lethbridge. The greater preval- 
ence in the southwest portion of the province of winds of high 
velocity is also shown. The prevalence of the chinook winds has 
a distinct influence on the agricultural practices of the Leth- 
bridge and Pincher Creek sheets. 

Edmonton receives about 2200 hours of sunshine per year 
and Medicine Hat about 2350 hours per year, SO that the total 
annual sunshine of the Lethbridge and Pincher Creek sheets 
should be somewhere between these two figures. 

Al1 the meteorological data given in this report are com- 
piled from Dominion Meteorological records. Because of the 
climate variation in this area reports from more thàn- one 
station are included. Most complete data are given for Leth- 
bridge, Macleod and Pincher Creek. Some data from Beavèr 
Mines (eleven miles west of Pincher Creek), Waterton Park 
and Cardston are included in the tables. No consecutive records 
were available from the southeast corner of the sheet or from 
Milk River ridge. Lethbridge is near the eastern edge of the 
dark brown soi1 zone; Macleod is in the dark brown soi1 zone; 
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Pincher Creek and Cardston are in the shallow black soi1 zone, 
and Beaver Mines in the black soi1 zone. 
TABLE III.-SeasonaI distribution for L&bbridgeI Macleod, Pincher Creek and 

Beaver Mines. Preeipitation m inches. 

Lethbridge 1902-37 Macleod “L g?&y 
1900-37 1900-37 1913-37 

Total 
Average Greatest amount Average Average Average 
monthly amount in dry- monthly mopthly monthly 
y;$; in one est year precip- precip- precip- 

month 1918 itation itation itation 

August ................. 1.62 4.70 1.23 1.52 1.67 
September ............. 1.71 4.86 1.07 1.62 “2% 1.54 
October ................... 0.95 2.44 0.24 0.84 1.29 1.91 

Previous fa11 Tii 

November ................ -iz 
Deeember ................ 

-@ 

0:s 
2.27 

January .................... 1.76 
February ................ 0.62 1.39 
March ....................... 0.86 2.30 

0.43 
0.46 

O:Ei 
0.66 

3.98 

75 
0.71 
0.71 
0.62 
1.00 

0.82 

02 
0.95 
1.19 

1.38 
1.68 
1.46 
1.38 
2.09 

Winter ................ 55 -II Z -CT7 Tii 1.99 

April ....................... GI xiii Tz -ii z 1.95 
Ma y ............................ 2.32 11.27 0.58 

% 
2.54 1.67 

June ....................... 2.72 7.01 0.76 3.30 2.84 
.July ...... .................... 1.68 5.95 0.85 1:72 2.35 1.55 

Growing season -CG 7-r -x 1.54 -ix Tz 

Total .................. 15.66 T z 15.29 l&S 2I.12 

Table III gives the monthly rainfall at Lethbridge, Macleod, 
Pincher Creek and Beaver Mines. In this table the year is 
divided into three sections, namely the previous fall, winter, 
and the growing season. This is done because it is felt that the 
previous fa11 and growing season moisture is fairly closely 
related to trop production. The average annual precipitation at 
Lethbridge is 15.66 inches and at Macleod 15.29 inches. This 
figure is just slightly less than the average of 16.50 at Halkirk, 
which is in the dark brown soi1 zone east of Red Deer, Alberta. 
Pincher Creek in the shallow black zone has an average annual 
precipitation of 19.93, which is slightly higher than the 18.08 
average for Edmonton in the black soi1 zone of central Alberta. 
Beaver Mines in the black soi1 zone has an average of 21.12 
inches annual precipitation. Cardston receives 18.47 inches and 
Waterton Lakes at the edge of the Rocky Mountairis receives 
an average of 30.06 inches of annual precipitation. This last 
figure is the highest recorded average in the province. The 
decrease in rainfall from Waterton to Cardston, a distance of 
about twenty-four miles, is very rapid. 

Of the 15.66 inches total precipitation for Lethbridge 12.10 
inches fell during the previous fa11 and the growing season, 
that is, 7’7% of the total precipitation came during the most 
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effective period. This, fortunately, is typical of most of Alberta’s 
rainfall distribution. During the 3’7 year period, 1902 to 1938, 
the effective precipitation fell below this average in 21 years. 
If between nine and ten inches of rainfall during the previous 
fa11 plus the growing season be considered the border between 
those years that are considered drought years and those that 
are not, then 10 years out of the last 37 at Lethbridge have been 
drought years and 3 have been border line years; that is about 
one year out of every three is a drought year. Pincher Creek 
bas received 13.26 inches of effective precipitation on a 30-year 
average. This is 77% of the total precipitation. During that 
period only 3 years have received less than 9 inches of effective 
precipitation and 2 years have received between 9 and 10 
inches; that is, only one year in six have been drought years. 
Beaver Mines, although receiving a greater annual precipita- 
tion thanpincher Creek, receives only 13.13 inches during the 
previous fa11 and growing season; that is only 62% of the 
annual precipitation. Beaver Mines has a high snowfall. 

During the important growing months of May, June and 
July there is an average of 6.72 inches of precipitation at 
Lethbridge; that is 43% of the total annual fa11 received. 
Pincher Creek receives 8.19 inches or 41% of the total fa11 and 
Beaver Mines receives 6.06 inches; that is only 29% of the 
total fa11 during the three months, May, June, and July. By way 
of comparison Medicine Hat receives 48%, Alix 46%, and 
Edmonton 50% of .the total annual fa11 during these three 
growing months. In at least this respect the foothills region of 
southwestern Alberta has a different rainfall distribution than 
most of the province. At a11 stations reported in Table III July 
is dryer than either May or June; at Edmonton there is on 
the average more rain in July than there is in May or June. 
Beaver Mines in the foothills has a dryer July than either 
Macleod or Lethbridge, both of which have a much lower 
annual precipitation. The prevalence of a dry midsummer pre- 
ceeded by a fairly wet spring in the western portion of the 
area suggests a ,utilization of this area different from those 
having a more uniform distribution of the summer rainfall. 

April is a relatively dry month in the eastern portion of 
the Lethbridge sheet, and since much seeding is done in this 
area in April the conservation of the spring run-off water is 
worthy of attention. An average of 3.55 inches of water 
falls at Lethbridge during the winter months. By leaving the 
land in such a condition that it would hold and absorb some of 
that moisture a better spring soi1 moisture condition would 
result and this should be reflected in trop yield. 

Table IV shows the annual variation in total percipitation 
for Lethbridge, Macleod, Pincher Creek and Beaver Mines, as 
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well as the previous fa11 plus growing season totals for Leth- 
bridge and Pincher Creek. The total annual precipitation at 
Lethbridge has varied between 7.9 inches in 1910 to 27.92 in 
1902, and at Pincher Creek betwen 9.43 in 1904 to 34.31 in 
1927. Since 1913 the lowest annual .fall at Beaver Mines was 
13.66, in 1931. Although total annual rainfall data are of value 
their interpretation must consider various other factors. It 
may be said that below a certain minimum percipitation it is 
impossible to grow a trop and that what rain does corne Will 
TABLE IV.-Precipitation record for stations on or near the Letbbridge and 

Pincher Creek sheets together with stations at Edmonton and Medicine Hat. 

Beaver 
Lethbridge Macleod* Pincher Creek’ Mines* 

Year Previous Previous 
Tot+l fa11 and Total Total fa11 and Total 

P$,gY; growe P&P; ggo&- growing precip- 
season season itation 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 

Et! 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 

%8 
1934 
1935 
1936 
1937 
1938 

.............................. 

................................ 

................................ 

......... ...................... 

................................ 

................................ 

................................ 

............................... 

............................... 

............................... 
................................ 

.age ........................ 

%2 
11:40 
13.78 
22.48 
15.50 
14.88 
10.32 

7.90 
21.31 
13.21 
14.17 
16.52 
17.27 
24.51 

‘E 
12:28 
14.05 
12.77 
12.34 

:::0: 
18.76 
16.19 
23.85 
18.08 
19.71 
12.34 
11.42 

:93 

::t3,8 
12.74 
16.27 

_..... 

7.81 
11.01 

8.57 
16.96 
14.08 
16.25 

9::: 
13.31 
13.73 
13.30 

8.32 
18.18 
14.34 
14.93 

6.81 
6.38 

13.89 
7.66 
9.61 

13.56 
7.83 

11.60 
14.59 
19.57 

:;2 
11:20 

8.49 
11.36 
12.23 
11.65 
10.20 

8.19 
11.91 

9.82 

15.66 12.10 
- 

10.08 
11.71 
10.65 

7.40 
5.34 

11.63 
20.82 
12.31 
18.13 
23.39 

8.69 

273 
10:58 
20.50 
16.53 
24.45 
14.43 

9.92 
13.49 
15.10 
13.46 
16.51 
17.27 
16.90 
20.16 
15.48 
20.91 
16.06 
17.14 
12.91 
14.26 
18.92 
16.99 
17.23 

:;:i; 

15.39 
27.57 

‘7% 
14.52 
23.60 

16.44 
23.19 
11.83 
11.55 

:S:ti 

23.22 

.< 
27.57 
22.30 

:5:Ei 
16.17 
16.80 
17.40 
17.03 
28.61 

2% 
20.40 
34.31 
21.00 
19.85 
16.06 
14.3a 

17.35 
21.07 

:7:88 
15.92 

15.10 19.65 15.26 

19.46 
5.42 

21.37 
15.75 
14.38 

9.97 
9.22 

15.78 
8.40 

12.99 
19.63 
13.33 
14.61 
18.39 
28.07 
20.99 
15.05 
12.11 
11.22 

18.32 
11.30 

7.89 
11.58 
13.15 

30.06 
18.47 
12.04 
18.08 

Average annual precipitation 
Waterton Lakes-21 years ................................................... . . 
*Cardston-14 years .............................................................. 
Medicine Hat-1904-1935 ........................................................ 
Edmonton-1904-1935 ............................................................ 

21.80 
27.71 
29.71 
26.81 
20.40 
15.74 
16.32 
17.29 
18.56 
14.61 
23.33 
20.24 
23.58 
20.59 
31.35 
19.71 
22.11 

:::Si 
22.62 
22.73 
19.41 
20.07 
23.02 

...< 

2x 
- 

*Data from nearby stations have been supplied for months that were not 
reported. 
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have a very low efficiency factor, but it should also be remem- 
bered such factors as rainfall distribution, the amount of 
evaporation, the soi1 type, and the type of farm management 
influence the efficiency of the rainfall. Evaporation is an 
important factor in this area. The presence of the chinook winds 
of low relative humidity causes a great evaporation loss and 
considerably reduces the effectiveness of the annual precipita- 
tion. This may be in part responsible for the fact that under 
nearly equal annual rainfall Edmonton has developed a soi1 
with a deep black horizon and Pincher Creek a soi1 with a 
shallow black horizon. The slightly higher mean annual temp- 
erature in the southwest corner of the province may also be a 
contributing factor. By using the previous fa11 plus growing 
season total rather than the total annual fa11 the distribution 
factor is partly eliminated. 

Snowfall increases from east to west in this area. Macleod 
receives an average of 5.03 inches of precipitation in the form 
of snow; that is about 50 inches of snow. Pincher Creek 
receives an average of 6.96 inches, Beaver Mines an average of 
11.5 inches, and Waterton Lakes an average of 14.7 inches. This 
last figure is equivalent to about 12 feet of snow annually. 

The frost free period has a considerable bearing on the risk 
of producing certain crops and on the variety of crops grown. 
It must be noted that the frost free period is ended as soon as 
the temperature reaches 32OF. and this slight frost will not 
damage most farm crops. Thus the frost free period is seldom 
as long as the growing season. It should also be noted that the 
amount of frost Will vary locally with changes in relief or 
topography. For the 37 years, 1902 to 1938, the average frost 
free period at Lethbridge was 114 days. The longest was in 
1938 with 151 days and the shortest in 1910 with 80 days. 
Pincher Creek for a twelve year average has a frost free period 
of 100 days. If 31°F. were taken as ending the frost free period 
then for the same twelve years at Pincher Creek the period 
would be 122 days instead of 100 days. In the eastern portion 
of the area frost is not considered a hazard to grain production. 
Rarely has there been any frost during the growing season. In 
the foothills region, however, frost is a definite hazard, par- 
ticularly to wheat production. 

The climate of the Lethbridge and Pincher Creek sheets is 
characterized by warm summers and relatively cold winter 
temperatures subject to great fluctuations due to the chinook 
wind. Tables V and VI give the temperature variations at 
Macleod, Lethbridge, and Pincher Creek. In order to clarify the 
column headings the August figures in Table V may be con- 
sidered. 
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The first column, first line, gives the mean, or average 
August temperature over the thirty-seven year period. 

Column two, first line, gives the mean or average maximum 
temperature for August over the same period. It is obtained 
by adding the daily maximums for that period and finding 
the average. The mean minimum, column three, is found in like 
manner. 

TABLE V.-M?ntbly, seasonal, and annual mean and extremes at 
Macleod. Alberta. 1999-1936. 

Auguot ............................ 63.4 77.1 49.0 
September .................... 53.2 65.7 40.7 
October .......................... 45.1 56.2 33.9 

Previous fa11 .......... -G -%Iii 272 

84.5 44.0 
72.0 35.0 
65.3 25.0 

- - 

-ici 
- 2.0 
-21.5 
-21.0 

4.0 - 

99 
91 
86 

November ..................... 
December ..................... 
January .......................... 
February ...................... 
March ............................ 

Winter ...................... 

31.8 40.9 22.6 56.5 
22.6 31.7 13.5 45.0 
la.2 28.2 8.1 44.5 
19.6 29.7 9.4 46.5 
29.2 33.9 18.6 54.3 

24.3 rl 

-30 
-4s 
-4s 
-4s 
-33 

-4s 

April ............................. 42.7 55.2 30.1 69.0 23.5 -6 
May ................................ 

22 
63.7 39.1 74.5 27.9 z3” 5 

June ............................. 71 .a 46.5 79.5 37.1 101 
July ................................ 65.2 79.6 50.8 88.0 46.0 102 3: - 

-6 Growing season -iii 67.6 41.6 

Year . . . . Xi Gi ,30.2 -4s 

TABLE VI.-Monthly, seasonal, and amual means at 
Lethbridge and Pincher Creek 

Lethbridge 1902-37 Pincher Creek lQOl-36* 

Lowest 
monthly 

mean .-~ 

4’3:; 
32.0 

- 

Highest Lowest 
monthly monthly 

mean mean 
79.0 
70.0 
59.1 

- 

42.0 
33.0 
24.0 

Highest 
monthly 

mean 
67.4 
57.8 
52.8 

- 

Mean 
59.6 

41:: 
- 

Mean .~ 
August _...._....__......<............ 62.3 
September _,_........ 53.0 
October .._................... 44.3 

Previous f a11 _. _. 53.2 .._. 51.0 

November _........._...._.. .._ 1.7 -iii ?G Ko zi --ii 
December ..,...................._.. 21.4 35.1 6.5 22.0 44.2 - 7.2 
January 42.0 -16.5 _. ._ ._ 16.3 - a.9 19.1 
February .._...... 19.1 34:: 19.9 44.5 -21.0 
March 51.9 5.6 28.4 42.5 -:Fi 28.5 

zi 77. 
- 

Winter 24.1 
- - 

.._...... ._. 

April .,. -iG 51.0 -%i -iG xi 
May 71.5 33.1 ,._. ...< .<.... ._... <.< < 50.8 57.9 45.3 % 
June ._.......,....._......._........... 58.7 62.4 
July _. ._ ._ .< 64.3 70.3 % 

50.7 74.3 38.8 
62.4 81.5 42.5 

Growing season .._. GTl -II. -x xc2 TX z 
- - -- I - - 

Year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41.0 ...< 39.6 .. 
*There are some months during this period for which r-0 data have been 

recorded. 
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In the fourth ~ohunn is given the highest monthly mean, 
which in this case represents the average temperature of the 
warmest August during the period, and the fifth column gives 
the average’ temperature of the coldest August during the 
period. 

The sixth and seventh columns give respectively the 
warmest and coldest August temperatures recorded. Only 
column one, four and five have been included in Table VI. 

The yearly mean or average temperature for Macleod for 
the period 1900 to 1936 is 41.8 degrees Fahrenheit. This is 
about one degree higher than the average for Lethbridge and 
about two degrees higher than the average for Pincher Creek. 
Medicine Bat has an average temperature of 43 degrees 
Fahrenheit and Edmonton an average of 37 degrees Fahrenheit. 
The mean maximum temperature at Macleod is 53.6 degrees 
and the mean minimum temperature is 30.2; that is an average 
fluctuation of about 23 degrees between the days’ maximum 
and the days’ minimum readings. The highest temperature, 102 
degrees, was recorded in July in 1919 and the lowest, -49 
degrees, was recorded in February 1905, December 1924 and 
January 1929. Variations across the sheet cari be seen by com- 
paring the mean temperatures by seasons. Macleod with a 
mean temperature of 53.9 degrees for the fa11 months is 
about the same as Lethbridge and about 3 degrees warmer 
than Pincher Creek. The mean winter temperature at Leth- 
bridge is 23.4 degrees, at Pincher Creek 24.1 degrees and at 
Macleod 24.3 degrees. The mean growing season temperature 
is 54.6 at Macleod. The Lethbridge mean is less than one 
degree cooler than the Macleod and the Pincher Creek mean is 
slightly over 4 degrees cooler than the Macleod. By a com- 
parison of the highest and lowest monthly means it is seen 
that there is a greater temperature fluctuation at Macleod and 
Pincher Creek than at Lethbridge. In general, the summers 
are wam and permit of rapid growth. The temperature usually 
drops fairly rapidly after sunset, making the nights cool. 

AGRICULTURE 

The coming of the R.N.W.M.P. to Alberta in 1874 marked 
the real beginning of settlement in this province. Settlement 
naturally radiated from the original police barracks. During 
the decade prior to the police arriva1 at Fort Macleod, such 
trading posts as Fort Whoop-up at the junction of Old Man 
and St. Mary rivers, Stand Off near the junction of Waterton 
and Belly rivers, and also the one along Lee .creek were 
catering to the Indians in the southwest. And nine years 
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previous to their arriva1 “Kootenai” Brown had taken up 
residence along Waterton Lakes. 

Possibly the first agricultural enterprises in the southwest 
corner of the province were a dairy farm started south of 
Macleod in 1875 to ‘supply dairy products to the police and a 
horse ranch started along Pincher creek the same year to 
breed “remounts” for the police. From this beginning the 
ranching industry grew very rapidly and by 1885 practically 
every acre from Macleod west to the mountains and south to 
the U.S. boundary was covered by lease. The Cochrane Ranch 
southwest of Macleod and the Waldron Ranch north of Cowley 
were both established during that period. Most of these 
ranchers were from England. 

By 1885 the Blood and Peigan Indians, tribes of the Black- 
foot confederacy, had been established on their respective 
reserves, and as early as 1882 a good potato trop was grown 
on the Peigan reservation. 

The town of Lethbridge, called Coal Banks in 1880, was 
surveyed in 1885 and in that year a narrow gauge railway was 
built from Dunmore (near Medicine Hat) to Lethbridge. This 
marked the beginning of a farming settlement in the Leth- 
bridge district. In 1887 the Mormon immigration to Cardston 
began, and shortly after their arriva1 considerable land was 
broken and crops sown. Early in the ‘nineties a railway line 
was built from Calgary to Macleod and in 1898 the line from 
Macleod through the Crowsnest Pass was completed. The 
coming of the railway meant increased settlement and the 
gradua1 disappearance of the ranches. By 1905 there were 
about 50,000 acres of cultivated land in the Lethbridge and 
Pincher Creek sheets, and about 15,000 acres of this was 
sown to wheat. 

In 1895 a narrow gauge railway line was built from Leth- 
bridge to Coutts by the Alberta Railway and Coal CO.; 
following this a line was built from Stirling to Cardston. By 
1906 a11 these lines had been converted to standard ‘gauge and 
at present a11 are operated by the Canadian Pacifie Railway 
Company. The Manyberries railway line that runs east from 
Stirling was built about 1913 and the Glenwoodville extension 
of the Cardston line was built about 1925. Early in the Century 
a railway line was built from Pincher Creek to Beaver Mines. 
However, due to a fault in the coal seam the mine was aban- 
doned and the rails were lifted off the line during the 1914-18 
war period. 

The Lethbridge-Coaldale irrigation project was in operation 
by 1903 and.from then on settlement was quite rapid. The 1920 
Dominion census shows that there were nearly 500,000 acres 
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of land in trop in the Lethbridge and Pincher Creek sheets; 
this does not include the land in fallow. The increase in 
cropped land since that date has not been great, for the 1935 
census shows about 550,000 acres in trop that year. It is, 
however, reasonable to suppose that there was much more 
fallowing practised by 1935 than there was in 1920. 

There is very little abandoned land in this area-in a11 
less than a township of land. A large percentage of this 
abandonment is south of Macleod, particularly in township 8, 
range 28 (see -Plate 6). The gravelly soils in this area have 
nearly a11 been abandoned. There are a few sections of 
abandoned land at the base of Porcupine hills, a few on the 
Indian reserve, and a few on Milk River ridge. The light 
textured soils south of Macleod that have been abandoned are 
in general greatly deteriorated through wind erosion, and in 
places at present are not even good pasture. 

In general the farm homes in the area are fair to fairly 
good. Many good farmsteads are found in the Warner and Milk 
River districts, on the Del Bonita plateau and on the Halifax 
flats east of Pincher Creek, as well as on many established 
farms in other parts of the area (see Plate 8 Fig. 3). In some 
districts the type of farm home did not seem commensurate 
with the apparent productivity of the soi1 and the relative age 
of the area. 

The data in Table VII were obtained from the Dominion 
Government census returns by municipal units. Since some of 
these units fa11 only partially within the surveyed area, and 
since no acreages were obtained for hay crops and specialized 
irrigation crops, the figures given in this table must be con- 
sidered as estimations. 

TABLE VII.-Acreage in trop in the Lethbridge and Pincher Creek Sheets. 
Total acres of grain crops by zones. 

Brown 
Dark 

Brown Black Total 
1920 .................................. 85.000 230,000 135,000 450,090 
1925 .................................... 70,000 180,000 175,000 425.000 
1930 .................................... 120,000 230.000 175.000 525,000 
1935 ................................ 125,000 255,000 170,000 550,000 

Wheat 
470,000 

Distribution of grain crops 1935. 
Oats Barley 

52,000 20,000 
Rw 
8,000 

From this table it is seen that there has been some increase 
in total acres seeded to the grain crops since 1920, namely from 
450,000 to 550,000. There has been nearly 50 per cent increase 
(40,000) acres in the brown soi1 zone. The smaller increases 
in grain crops in the dark brown zone is possibly accounted 
for by the fact that most of the irrigation is in this zone and’ 
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in the irrigation areas there has been a large increase in the 
acreage seeded to more specialized crops. Acreage seeded to 
grains in the black zone has remained fairly stationary since 
1925. However, it is believed that there has been a marked 
increase in total acreage cultivated. There is a much greater 
percentage of land in fallow now than there was in 1920; 
also there has been an increase in the amount of irrigated land 
planted to such crops as alfalfa, beets, etc. Acreage estimates 
taken on each township during the soi1 survey showed that 
in 1938 there were approximately 1,200,OOO acres of land 
under cultivation, or about 40% of the total area. Of this 
cultivated acreage about 40 % was in wheat. The second portion 
of the table gives the grain trop acreage distribution in 1935. 
Besides this there are at least 15,000 acres of beets, more than 
this in alfalfa, and a considerable area this last two or three 
years in peas and beans. 

The Milk river ridge and the Indian reservations are the 
only large blocks as yet uncultivated. Cultivation in the 
foothills region is patchy (see Plate 6). Large numbers of 
cattle, horses and sheep are pastured in these areas. 

Table VIII gives the wheat yield for the zones of the 
Lethbridge and Pincher Creek sheets as well as figures of 
other representative soi1 areas of the province. The figures for 
Edson and Edmonton are taken from the records of the Provin- 
cial Government and represent a 15-year average. The 
figures for the Lethbridge and Pincher Creek sheets are 
estimations computed from station and municipal unit yields. 
They caver the years 1920, 1925, and 1928 to 1935 inclusive. 
Census division II which excludes the three eastern ranges 
of this sheet and includes an area as far north as Clareshohn 
has a 15-year average of about 18 bushels of wheat per acre. 
By way of comparison the following individual examples 
should be of interest: Wheat on fallow for the years 1931 to 
1938 inclusive at the Pincher Creek illustration station has 
averaged 22 bushels per acre; wheat on dry land fallow at the 
Lethbridge experimental farm has over a 26-year period 
averaged about 25 bushels per acre;. during a 14-year period 
at the same station second trop wheat in a three year rotation 
has averaged about 16 bushels per acre. One farmer on the 
brown soi1 east of Warner has averaged 25 bushels per 
seeded acre on fallow over a 25-year period, one farmer west 
of Cardston on the shallow black reports an average of 30 
bushels of wheat per acre over a 14-year period. 
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TABLE VIIK-Comparative wheat yields in Alberta. 
Ai-ea Yield of wheat 

Edson-Better wooded soil .._I..............................,.....................,,...... 
Edmonton-Black soil . . . . . . . . . . . ..~............................................................ :::::::: 

19.0 
Lethbridge-Brown soil 
Lethbridge-Dark 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
brown 

% 
soil .._._._,._._.,.._... ..__..._. _.. .._.... ._... ,.... ._.,._. .,_ 

Lethbridge and Pincher Creek-Black soi1 . . ..__.................................... 
Average for province 

:to 
. . . . ..__..... .._.... .._. .,... .._. .,... .,... .._... 17:o 

The figures given in Table VIII for the Lethbridge sheet 
represent a rainfall efficiency of about 1 bushel of wheat per 
inch of rainfall; the individual records given above represent 
a somewhat higher yield of wheat per inch of rainfall. By 
way of comparison one inch of rainfall in the Edmonton 
district produces approximately an average of 1.3 bushels of 
wheat per acre. However, the fluctuation in any area between 
the wet and dry years is very qgreat. How best to utilize the 
soi1 and moisture resources of the area still remains a major 
problem. Certain general suggestions are made in the section 
on soils and the section on farm practice. Many of the original 
big ranches have been converted into wheat lands. Some of 
the present wheat lands may in the future be used for other 
purposes due to the increasing importance of irrigation and 
other diversified crops. 

SYSTEM OF SOIL CLASSIFICATION 

The soils of Alberta are divided into broad soi1 zones. These 
zona1 divisions are based principally on the color of the soi1 
profile, these color differences having develoged as the 
result of certain soi1 moisture and vegetation conditions over 
a long period of time. The soils of the respective zones are 
again clivided on the following bases: (1) the texture of the 
surface soil, generally of the A horizon; (2) the dominant 
characteristics of the soi1 profile; (3) the mode of deposition 
of the parent material, that is, its geological deposition. Such 
factors as topography, stoniness, alkali accumulation, grass 
or tree growth and degree of erosion all influence the soi1 
type finally designated. The combination of a11 the factors that 
characterize a given soi& other than its surface texture, gives 
that soi1 its series designation. On the Lethbridge and Pincher 
Creek sheets there are four soi1 color zones, namely brown, 
dark brown, shallow black, and black. On the map accompany- 
ing this report the soi1 classes, determined by the surface 
texture, are shown in different colors. Each textural class, 
however, may be subdivided into smaller areas, and each of 
these areas carries a three digit number. This number deter- 
mines its series. Although the complete legend for the classifi- 
cation of the soils of this sheet appears on the map, an 
explanation of the legend is in order here to facilitate the 
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interpretation of the next section in this report, namely, the 
soils of the Lethbridge and Pincher Creek sheets. 

Soi1 Zone. 
The 1.0.0 soils are those in the brown soi1 zone. This zone 

corresponds to the bald prairie of southeastern Alberta. These 
soils are relatively low in nitrogen and have a shallow 
profile. They have developed under a low annual rainfall and 
a relatively high evaporation. 

The 2.0.0 soils are those in the dark brown soi1 zone. This 
zone forms a broad transition belt between the brown and 
black or parkland soils of the province. It averages about 50 
to 75 miles in width. This area has developed under somewhat 
more humid conditions than prevail in the brown zone. 

The 3.0.0 soils are those in the shallow black soi1 zone. 
Although formed under a fairly high annual rainfall a rela- 
tively high evaporation rate has restricted the accumulation 
of organic matter, and a shallow profile with a correspondingly 
shallow black A or surface horizon has developed. 

The 4.0.0 soils are those in the black soi1 zone. These soils 
have a fairly deep profile and a black A horizon over 10 
inches deep. They have developed under a fairly humid 
soi1 moisture condition. (See Plate 10, Fig. 1). 

Mode of Deposition of Parent Material. 
This column deals with the parent material on which the 

soi1 profile’ developed. Glaciers, wind and water a11 played 
a part in the transporting and sorting of this parent material. 
In many cases it is impossible to determine what agency has 
been most active. In this classification certain type profiles 
most characteristic of the mode of deposition were set up. 
It is possible that in many cases the geological agency 
indicated in the legend may not have been solely responsible 
for the deposition of the parent material. 

O.O-These soils are residual soils, that is soils formed in 
situ from the weathering of the underlying rock formations. 
(see Plate 10, Fig. 2). Since most of the consolidated rock 
formations of Alberta were formed in the beds of large 
bodies of water, this material is relatively stone free and 
the soi1 that has formed from their weathering is also stone 
free. In most cases the topography is uniform, level to 
undulating, and the unweathered parent rock is fairly close 
to the surface. 

I.O-These soils are termed sorted residual. They are 
formed principally from the weathered material of the under- 
lying parent rock that has undergone some surface sorting. 



Soi1 Survey of Lethbridge and Pincher Creek Sheets 25 

Many of these soils may have been glaciated at one time, but 
in some places the finer materials have a11 eroded off, leaving 
only the transported stones on the surface. The depth of 
unconsolidated material over the parent rock varies greatly, 
but in these areas exposures of the underlying formation are 
quite numerous. 

2.0-These soils are unsorted glacial soils, that is soils 
which have developed on the unsorted till just as the 
receding ice left it. These soils are characterized by a rough 
topography and few to many stones scattered throughout the 
profile. Due to the broken nature of the topography and the 
absence of grave1 and sand lenses the areas often contain 
numerous sloughs and meadows. The till or glacial drift in 
this area was partly transported by the Keewatin or Hudson’s 
Bay glaciations and partly by the Cordilleran or Rocky Moun- 
tain glaciations. The eastern portion of the area is principally 
of the former material and the western portion principally of 
the latter. Some of the material naturally is of local origin, 
but some has been transported long distances. Because of the 
variety of sources of this material the texture of these soils is 
often quite variable. 

3.0-These soils are termed resorted glacial. They have 
developed on glacial till that has undergone a surface sorting. 
Generally these areas have level to undulating topography, 
that is on ground moraine. There are glacial stones throughout 
the profile, particularly in the unsorted subsoil, and the 
surface material may contain some waterworn grave1 and 
stones. Wind, as well as water, may have been responsible 
for the formation of this surface layer. These soils are of a 
more uniform surface texture than the unsorted glacial soils 
and agriculturally are generally good soils. 

C.O-These soils are a grouping under the title, gravelly 
outwash. They are characterized by being very gravelly and 
often stony. In many cases they are non-arable. The gravelly 
nature may be due to an alluvial deposition or to the removal 
of the. finer particles from glacial dumps. In either case the 
coarser grave1 and stones predominate due to the washing 
out of the finer material. They are generally light text-ured 
soils with level to undulating topography. 

5.0-These soils are of alluvial origin. They are char- 
acterized by the presence of some water worn stones in the 
profile and by the presence of grave1 and sand lenses through- 
out the profile. The variable deposition is the result of water 
moving at different speeds or carrying loads of varying 
materials. These soils vary in their utility with the percentage 
of grave1 and the frequency of sand lenses. These sandy lenses 
affect the drainage and the water holding capacity of the soil. 
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ô.0-These soils may be alluvial or eolian. In this class are 
put the uniformly deposited light textured soils. In many cases 
these soils are of alluvial origin but have been subsequently 
moved by wind. The sand dune areas fa11 in this group. In 
the areas of restricted rainfall these soils are rarely better than 
of marginal arable value. They are generally stone free and 
have undulating to gently rolling topography. 

7.0-These soils may be lacustrine or eolian. In this class 
are put the uniform medium to heavy textured soils. Most of 
‘the soils of this class are of lacustrine formation, that is, they 
have formed on the material that settled out of still water. 
As a result the texture of these soils is fairly uniform through- 
out the profile. They are practically stone free and generally 
on level to undulating topography. Post glacial winds may have 
been responsible for deep silt deposits, paricularly in the 
glaciated areas. In general this eolian deposition is shallower 
than the average lacustrine deposition. 

Profile Variation. 
This column deals with the variations that are found in 

profile development as well as the degree of salinization of 
the soil. Chemical and physical weathering of the parent 
material, the movement of soluble substances throughout the 
soi1 profile by the percolating rain water, the addition of 
organic matter due to vegetative growth and the activity of 
soi1 microorganisms are some of the important agencies that 
have created the soi1 profile. 

0-These soils have very little profile development. The 
sands, recently flooded river bottoms, and areas that have 
recently been severely drifted lack profile development. They 
may be considered as raw or undeveloped and in general have 
a single grain structure. 

l-These soils are hillside soils. As a result of loss of run- 
off water these soils are locally more arid than the surrounding 
soils and generally they are of a lighter color and have a 
shallower profile. The run-off water carries with it much of the 
surface soi1 from the slopes. 

2-These soils are non-saline and have a normal profile 
development; that is they are normal for their texture and the 
amount of rainfall they receive. The structure is commonly 
cloddy to columnar. They are generally the good arable 
soils. 

S-Soils of profile 3 are non-saline, but are developed in 
local depressions. Due to a lower position they receive run-off 
from the higher soils near-by and as a result may develop a 
deeper and darker profile than the normal soils of the area. 
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If these soils do not have a drainage problem they are among 
the best arable soils. 

4-These soils are characterized by a weak solonetz devel- 
opment. They have a well developed columnar B, horizon, 
but the white rounded tops and the break between the A, and 
B, is not SO clearly defined as in 6. They are intermediate in 
character and utilization between soils 6 and 2. 

5-These soils are somewhat saline and are generally 
found in areas that have poor to fair drainage. Due to the 
poor drainage a normal soi1 profile does not develop and the 
profile has very little differentiation from the surface down. 
They are often of quite a heavy texture. The alkali salts move 
up and down in the soi1 depending on the direction of the 
movement of the water in the soil. Many of these grow good 
meadow hay and some might produce certain cultivated crops 
if properly drained. 

6-These soils are slightly saline, but generally less SO 
than the soils of 5. They are characterized by a hard impervious 
subsurface layer. The hard B, horizon has a well developed 
columnar structure and the surface of this horizon often 
looks much like a cauliflower head; the A? horizon that lies 
immediately above this layer is often very light in color and 
of a layered or platy structure. Although there are exceptions, 
most of the solonized profiles are found on level to undulating 
areas where possibly at one time drainage was not adequate. 
The areas are often characterized by a patchy micro-relief due 
to the erosion of the A horizon. If the hard layer is close to 
the surface they are generally inferior soils. 

7-These soils have a high concentration of lime carbonate 
practically to the surface and are, in general, much lighter in 
color than the soils normal for the area. Since much of the 
parent rock in or near the Rocky Mountains contains lime- 
stone it is thought that the origin of these soils is associated 
with this parent material. Many of these soils have a lifeless 
appearance and are generally of low productivity. 

Each soi1 area outlined or described, then, carries a three 
dignit number. Each of the digits is separted by a dot, for 
example, 1.2.1. This number represents a brown, glacial soi1 
profile developed on sloping ground. It is quite possible that 
two modes of deposition may be found, one over the .other 
within the profile depth; for example, it is possible to have an 
eolian deposition over glacial till. Some large areas in these 
sheets have been mapped as 7/2. In these areas laking has 
occurred over the glacial till, causing a sorting of this till as 
well as adding some new transported material. It should also be 
recognized that the profile development in a given soi1 area is 
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not entirely uniform. If one form of development is quite 
dominant a single number is used in the units column. How- 
ever, if there are two distinct forms of development SO inter- 
mixed that separation is not practical a fraction may be used 
in this column. For example, the complex 2/6 would indicate 
a normal soi1 profile over most of the area with pa,tches of 
solonized soils scattered throughout the area. Such a soi1 area 
might carry the number 2.1.2/6. This indicates a dark brown 
soi1 formed on sorted residual parent material having generally 
a normal profile development, but containing patches of 
solonetz soils within the area. 

There are eight main texture classes mapped. These are, 
going from the lighest to the heaviest, Sand, sandy loam, fine 
sandy loam, loam, silt loam, silty clay loam, clay loam and 
clay. There is also a mixed class that is used where the 
surface is SO badly mixed that separation is not practical. 
Some of these classes are subdivided into light medium and 
heavy phases; on the map Lt. refers to the light phase and H 
to the heavy phase. Descriptions of the textures of these soils 
are found in a later section of this report. 

Topography, the presence of eroded surface patches in the 
solonized soils, and rock outcrops are indicate,d on the soi1 map 
by symbols. 

SOIL SURVEY METHODS 

The soi1 survey was generally carried out by driving along 
the roads and stopping frequently to take notes regarding class 
of soi1 and subsoil, topography, stones, suitability of soi1 for 
cultivation, etc. The roads running north and south are one 
mile apart, and the roads running east and west are two miles 
apart. In most cases the land was traversed at intervals of one 
mile. In some cases roads had not been opened up, and it was 
then necessary to drive across the prairie. The location was 
usually obtained from corner posts and speedometer readings. 
In some cases one soi1 class changes abruptly to another, and in 
these cases there is no doubt regarding the point at which the 
boundary line should be placed, but more often one soi1 class 
merges gradually into another, and in these cases the point at 
which the boundary line is placed must be chosen arbitrarily. 
Then, of course, it is necessary to draw in the boundaries 
arbitrarily between roads, or between points of observation. 
After the boundaries had been established in this way the 
areas were sampled systematically and the samples were sent 
into the laboratory for analysis. 

Most of the field notes were recorded on township maps 
obtained from the Topographical Surveys Branch of the DO- 
minion Department of the Interior. The townsbip map is made 
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with a scale of two inches to the mile. Further notes were 
recorded in convenient field note books. 

In a survey carried out in this manner, and recorded finally 
on a map with a scale of three miles to the inch, minor areas 
cannot be outlined, and boundaries cannot always be very 
accurately established. It should also be noted that in a survey 
such as this one, small areas could not be outlined. Hence, 
although the extensive soi1 types are outlined fairly accurately, 
the map should not be depended upon without further inspec- 
tion for the soi1 type of individual quarter sections. 

SOILS 

The Lethbridge sheet has been affected by both the Hudson 
Bay and the Rocky Mountain glaciations-the Pincher Creek 
sheet has possibly only been affected by the latter (see appendix 
by J. A. Allan). Although most of this area appears to have 
been glaciated at one time the till covering is eroded away in 
many places leaving only glacial erratics scattered over the 
soi1 surface. In these areas consolidated parent rock is rela- 
tively close to the surface. This parent rock varies in age from 
lower Cretaceous to Tertiary; however, most of it is Upper 
Cretaceous and Lower Tertiary. The north escarpment along 
the edge of Milk River ridge and an area in Blood Indian 
reserve east of Stand Off are two of the larger areas mapped 
as sorted residual soils. 

There are no large terminal moraines in this area. The 
Milk River ridge does not, in general, have any great depth of 
unsorted till; parént rock exposures are found very close tG 
the surface in many‘places (see Plate 3, Fig. 3). The rough 
topography of the foothills is composed principally of ridges of 
rock outcroppings associated with the Rocky Mountain uplift. 
Local glacial dumps, however, are found throughout the foot- 
hills region and there is a fairly large morainal area north and 
west of Mountain View along Belly river. In the northeast 
portion of the sheet long low moraines a mile or more in width 
run from east to west like fingers from the larger glacial areas 
of the Milk River sheet. There is a considerable depth of till 
remaining over the north-eastern portion of the Lethbridge 
sheet, in general east of the Lethbridge-Coutts railway line. 
This till is in the nature of ground moraine and much of it 
has been subjeced to post-glacial sorting. 

Post-glacial waters have considerably modified the surface 
geology of this area.. A large glacial-lacustrine area extends 
from Lundbreck to near Cardston. This area is a long narrow 
basin. Another such area extends from Raley to Raymond and 
north to Lethbridge. Both of these areas show various degrees 
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of laking and the soi1 in general is quite heavy textured. There 
are many waterworn stones of Rocky Mountain origin in the 
soils of these areas. 

There are no large sandy areas on these sheets-some sand 
of alluvial deposition is found along the present stream courses. 
One of the largest of these is along Old Man river between 
Peigan and Macleod, another is along Milk river near Milk 
River town. Sand dunes of eolian origin are found in this 
latter area. The areas of light textured soils just east of 
Lethbridge and near Raymond are possibly associated with 
the large laking area mentioned above. There are areas of 
outwash grave1 along the stream courses near the mountains, 
the two largest of these being associated with Waterton river 
and Crowsnest river. The relatively small percentage of sandy 
soils is noteworthy since most of the parent rock in the area 
has a sandstone base. 

The data in part 1 of Table IX give the acreages and per- 
centage distribution of the main topographical types on the 
Lethbridge and Pincher Creek sheets. From these figures it 
is seen that about 40 per cent of the area is composed of level 
to undulating topography. In general, the area from Spring 
Coulee east and north, most of the Blood Indian reserve, the 
wide valley stretching from Lundbreck to Glenwoodville and 
north to Macleod, and smaller areas at Brocket and Del Bonita, 
are a11 relatively level land. There are small areas of fairly 
level topography in the Milk River ridge and in the valleys 
of the foothills belt. 

About 23 per cent of the area is mapped as gently rolling. 
Land of this topography class offers very little obstruction to 
cultivation; the slopes are gentle and in general the hills are 
very low. Pockets of gently rolling land are found in the larger 
rolling and hilly areas, particularly near the edges, and ridges 
of this topography class run through the more level areas. 
One of these ridges extends from township 7, range 21, south of 
Lethbridge through Wrentham to the eastern boundary of the 
sheet. 

Hilly and rolling areas make up respectively 16 and 14 
per cent of the total area. Hilly land is considered, excepting 
under exceptional circumstances, as being too steep to culti- 
vate. Large areas of hilly and of rolling land are outlined in the 
Milk River ridge, in the foothills belt -west of a line through 
Cardston and Pincher Creek, and in the Porcupine hills. 
Rolling land is, if other .conditions are favourable, possible of 
cultivation. This class includes low choppy hills and fairly 
high ridges with a uniform, gradua1 slope. Cultivated areas of 
rolling topography generally cost more to farm than the 
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more level areas; they are subject to greater water erosion, and 
the crops tend to ripen unevenly. 

TABLE IX.-Extent of topograpby divisions and soi1 cIasses in tbe Lethbridge 
and Pincher Creek sheets. 

Division 
Part 1-Topography division 

g;ylYh,. : :: :: : :: ::: :: ::: :: :: : :: :: : : : ::: :: :: : :: ::: : : .:: :::: : :: :: : :: :: : :: :: ::: : : : :: : :: .::. : .:: :: 

Gently rolling . . . . . . . . . ..<.................................................. :..:.: .,., 
Level and undulating 
Erosion 

_._....._.. .__,_,. ______.. ._.,. ._.__. .,._. ..__..,__, 

Water 
.., _. ._ _. ._ ._ _. _. _. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total . . . .._.......<.... . . . .._.___...< ...<< ._..._. .<. ..__. ,__.. ._ 

Per cent 

:4 

4: 
6.5 
0.7 

2.860,OOO 

Part II-Soi1 Classes 

3%0” 
40:ooo 

410,000 

48E~O 
250:000 
212,000 

Total .< ._ _. ._ _. _< _._ _. ._ _. ._ ._ _. __ 

. The locations of the four topography ._ 

2,858,OOO 

0.8 
1.3 
1.4 

14.4 
33.0 
16.8 

8.7 
7.4 
8.1 
0.7 
6.6 
0.4 
0.2 

Gii 

classes described 

100.2 
- 

abOVe are shown on the soi1 map that accompanies this report. 
The data in Part II of Table IX shows the acres and per- 

centage distribution of the textural soi1 classes on the Leth- 
bridge and Pincher Creek sheets. From this table it is seen 
that the loam textured soils make up the greatest percentage, 
approximately 49 per cent of the total area. Loam soils are 
medium textured soils generally underlain by a subsoil heavier 
than the surface soil. A true loam soi1 has the three frac- 
tions-Sand, silt, and clay-mixed in such proportions that 
no one fraction predominates. The light loams have more sand 
and less clay than the medium loams. A fairly large percentage 
of the soils of thi’s area are graded a heavy loam. This class 
includes loams that are heavy due to a fairly high clay 
content and loams that have a fairly high silt content. In 
other words the heavy loam class includes those soils that fa11 
between loam and clay loam, or between loam and silt loam. 
Loam soils generally do not drift as readily as do the soils of 
either a lighter or a heavier texture; they are relatively fertile 
and in areas other than those of restricted rainfall are often 
good arable soils. 

SiIt loam forms approximately 17 per cent of the total 
area. Silt loam soils have a predominance of silt particles in 
their mechanical composition, usually over 50 per cent. Silt 
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loam is generally associated with water deposition or water 
sorting, although many silt loam soils are the result of post- 
glacial wind deposition. Most of them have few to no stones. 
They are not as heavy to cultivate as the clay soils but they 
have a high water retention power and are usually well 
supplied with the plant food elements; as a result of these 
factors they are generally among the best arable soils. Large 
silt loam areas are outlined between Raley and Lethbridge, on 
Blood Indian reserve, and south and west of Pincher Creek. 

Silty clay loam forms approximately 9 per cent of the total 
area of the two sheets. In general silty clay loam soils have a 
high concentration of both silt and clay; they could be de- 
scribed as heavy silt loam soils. Like the silt loam soils they are 
associated with water deposition. The areas of silty clay loam 
on these sheets are found in the laking areas; the largest areas 
are between Bradshaw and Stirling, on Blood Indian reserve 
between Stand Off and Glenwoodville, on the flat south of 
Macleod, and at the base of the Milk River ridge east of Card- 
ston. In general they are good arable soils. 

Clay forms approximately 8 per cent of the total area of the 
two sheets. There is then a relatively large area of clay textured 
soils in these two sheets. Clay soils contain about 25 per cent 
or more of clay particles, that is, of the smallest soi1 particle 
fraction, in their mechanical composition and are therefore 
definitely heavy soils. Clay areas are generally associated with 
laking, the fine particles having settled out of still water. The 
largest clay area mapped stretches from Lundbreck through 
Pincher Creek to Glenwoodville. Another large area lies at 
the base of Porcupine Hills and extends south of Brocket. Two 
other fairly large areas are outlined, one around Stirling lake 
and one in the Milk River ridge along the south branch of 
Milk river. Clay soils with a normal profile aré good dry land 
soils. They have a high water holding capacity and generally 
contain a fairly large amount of available plant foods. Under 
irrigation these heavy soils may be difficult to work and may 
tend to bake with excess water. 

Clay loam forms about 7 per cent of the total area of the 
two sheets. Clay loam soils average between 15 and 25 per cent 
clay particles and are therefore fairly heavy soils. Clay loam 
differs from the silty clay loam in that it usually has a greater 
percentage of Sand. It is often stonier and rougher and is not 
necessarily associated with water deposition. There are two 
areas of clay loam outlined near the eastern edge of the Milk 
River ridge, both principally of glacial origin. A fairly large 
area in the northeast portion of Blood Indian reserve and one 
on the higher land south of Peigan Indian reserve are mapped. 
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Clay loams are generally intermediate in utilization between 
heavy loams and clays. 

Only 0.8 per cent of the area is mapped as sandy loam and 
1.3 per cent as fine sandy loam. Fine sandy loam soils contain 
about 65 to 75 per cent sand and sandy loam soils about 80 to 
85 per cent Sand. The former contains enough of the finer soi1 
particles to give the soi1 some firmness, and they are fair arable 
soils excepting under quite dry conditions. Sandy loam soils 
are very loose, often low in fertility, Will drift readily and, 
excepting under exceptional circumstances or an adequate 
rainfall, should not be considered as arable land. No sand is 
mapped in this area although small areas of sand dunes occur 
in township 2, range 17, near Milk river. 

About 0.2 per cent of the area is mapped as mixed soils. 
They are principally those river bottom soils that it was found 
impractical to separate on a map of the scale of three miles to 
the inch. Many of these areas are at present liable to’ flooding 
during periods of high water, 

About 6.5 per cent of the total area is mapped as eroded 
lands. These are principally located along the stream courses. 
In general they are too steep or too broken to cultivate and 
are from poor to good pasture land. Less than one per cent of 
the area is water. There are no large lakes in the area nor 
are there any large marshy flats. 

On the soi1 map that accompanies this report the soi1 
textures are designated by different colors. Each soi1 area on 
the map carries a three digit number; this number indicates the 
soi1 series to which the area belongs. The first or hundreds 
digit refers to the color zone, the second or tens digit refers 
to the way the parent material, upon which the soi1 profile has 
formed, was deposited, and the third or unit digit indicates the 
form of profile that has developed. In the section on “System 
of Soi1 Classification” these factors were broadly defined and 
the method of using them indicated. 

Four soi1 zones are mapped in this area. These color zones 
have developed as a result of different soi1 moisture relation- 
ships; for example, the brown soils on the eastern side have 
been formed, over a long period of time, under drier soi1 con- 
ditions than those forming the black soils on the western side. 
Drier soi1 conditions may be due to a lower rainfall, higher 
temperature or a greater evaporation, or a combination, of 
these factors. The line dividing the brown and dark brown soi1 
zones starts .in township l,.range 1’7, west of the 4th, extends 
north passing just west of Warner and just east of Lake Tyrrell. 
From here it turns northwest through Judson to a point just 
east of Wilson and then north to leave the sheet in township 
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8, range 19. The line dividing the dark brown and shallow black 
starts south of Whiskey Gap in township 1 between ranges 23 
and 24 and extends north along the base of Milk River ridge to 
township 4, range 23. It then turns east to include most of town- 
ship 4, range 22, in the shallow black zone, back west through 
Bradshaw, and then north to cross St. Mary river in township 
5, range 23. From here it goes northwest to Belly river. From 
this point it extends southwest to Stand Off and then westward 
to Ewelme. It loops north to take in most of township 7, range 
26, and then extends in a northwesterly direction to leave the 
sheet in township 8, range 29. The line dividing the shallow and 
normal black starts in township 1, range 28, extends in a north- 
westerly direction through Twin Butte, between Pincher Creek 
and Beaver Mines to Lundbreck, and then out of the sheet in 

’ township 8, range 2, west of the 5th. It must be recognized that 
any color line represents actually a fairly broad strip of land; 
that is, there is a gradua1 change from one zone to the next. It 
must also be recognized that due to differences in soi1 types, in 
relief and in local precipitation, islands of darker soi1 may be 
found within a lighter soi1 zone. 

. 

The color of the soil, the method of deposition of the parent 
material and the type of profile ail imprint certain character- 
istics on the final soi1 area, each factor contributing to the soi1 
morphology and to its utilization. It must be recognized that 
natural abjects-and soi1 is a natural object-commonly do not 
fa11 into hard and fast classifications. There are, variations 
within any given series and within any given type, and ‘one 
series or type gradually chànges into another. Such variations 
must be expected in any soi1 area, but in general within any 
given soi1 boundary the profiles do not deviate far from the 
average for that particular area. 

In the description of the soi1 areas of the Lethbridge and 
Pincher Creek sheets the following arrangement is made: 

The areas are first divided into their respective color zones, 
then the major soi1 areas within each zone are described. These 
major areas include, in a general way, those soils that are 
somewhat similar in morphology and utilization. Following 
these descriptions for each zone there is a table in which the 
principal characteristics and total acreage of each series type is 
listed. In this table the following abbreviations are used: In 
the location column the first number refers to township, the 
second to range. In the topography column L. is level, U. is 
undulating, G.R. is gently rolling, R. is rolling and H. is hilly. 
In the classification column, M. is marginal, F. is fair, F.G. is 
fairly good, G. is good, V.G. is very good, P. is pasture and A. 
is arable. 
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BROWN %IL ZONE 
In general the brown soils are characterized by a shallow 

profile and a light color. The brown color of the A horizon 
indicates that these soils are relatively low in organic matter 
content when compared with the soils of the more humid 
sections of the province. These soils are fairly well supplied 
with the minera1 constituents, and in years of sufficient rain- 
fa11 there has been enough available plant food to produce good 
growth. The lime carbonate horizon is found at from 9 to 24 
inches and averages about 12 inches from the surface in this 
area. The brown soils of the Lethbridge sheet lie on the 
eastern side of the sheet but are on the western rim of the 
large brown soi1 zone of southeastern Alberta. The brown soils 
of this sheet have formed under an annual rainfall of about 
14 inches with, however, a fairly high evaporation rate. In this 
area the change from dark brown to brown is very gradua1 
and actually the zone line here is a fairly broad strip of land. 

Below is given a description of the major soi1 groups of this 
zone; the descriptions are principally on a utilization basis. 
Table X gives the main characteristics of each individual soi1 
area. 

Brown Sandy Soils of MiEk River VaEley. 
There is a large area of sandy soil, principally of alluvial 

deposition, along the valley of the Milk River, stretching from 
township 2, range 16, west to township 2, range 18. The sandy 
deposition is- quite deep over the underlying heavy strata. On 
the southern edge, however, the sandy deposition overlies 
glacial till and gets gradually thinner as it goes up the slope. 
Much of the eastern half of the area is cultivated and has 
drifted badly, although very narrow strips are apparently quite 
effective in preventing further drifting. At best this portion of 
the area is only marginal arable land requiring, if cultivated, 
careful handling; fa11 sown grain and grass should form the 
principal crops. The western portion has rougher topography 
and contains some open sand dunes. This is at present unculti- 
vated and should remain SO. The sloping portion of the area 
contains some stones and, although slightly heavier in texture 
than the centre, has about the same utilization. 

Brown Loams South of MiEk River. 
This area lies principally in township 1, range 16, and has 

from undulating to hilly topography. The undulating area 
north of Macklin Lake is fairly uniform and is fairly good 
arable land. There are some parcels of fair to fairly good arable 
land in the gently rolling areas surrounding the undulating 
area described above and in the area north of the 1.5.2’6 clay 
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loam area. The soils in the southern portion of the township 
have a shallow profile, are quite high in lime and are generally 
pasture Iands. 

Brown Loams North of Milk River. 
A large loam area, principally sorted glacial, lies between 

Milk river and Etzikom coulee and west to about Warner. The 
gently rolling to rolling portion north of Milk river is an area of 
rough topography sloping to the north at the base of Milk 
River ridge escarpment. Stones are, in general, not a serious 
problem in this area and many of the slopes are long and 
gradual. The area is on the average fair arable land. Small 
patches of glacial stony loam are outlined in the area; these 
are principally pasture lands. In general however, the soils of 
this area are midway in color between the brown and dark 
brown. They also represent a deposition that is partly sorted 
glacial and partly the better phase of the unsorted glacial. 
There is in this area a fairly great depth of ground moraine. 
Stones are generally few. The following is a description of a 
profile taken in section 28, township 3, range 16. 

Of’-5”-A. Brown to dark brown in color. Cloddy colum- 
nar, heavy loam containing some coarse Sand. 

5”-12”-B,. Very similar to A but slightly lighter in color, 
and the columns are of a slightly smaller diameter. - 

12”-18”-B,. Cloddy, light brown, has a high lime content 
and contains many pebbles. 

at 24”-Upper C. Very friable, a light brown color. This 
horizon has a fairly heavy uniform lime concen- 
tration and also some lime inclusions. 

This profile is about average for the area, although some 
of the more sorted areas are somewhat deeper. The area is 
practically a11 cultivated at present and is fairly good arable 
land, Moisture conservation is an important factor in the 
utilization of thés soil. In general the soils south of Verdigris 
coulee are heavy loams, those between Verdigris and Etzikom 
coulees are slightly more gritty. 

Brown Sorted Silt Loams Around Chin Coulee. 
The brown soils north of Etzikom coulee, that is from range 

16 to about range 19, are in general light silt loam in texture, 
and represent the eastern edge of the large Lethbridge- 
Magrath laking basin. Two fingers of glacial loam jut in from 
the east. These areas are of gently rolling to rolling topography 
and are fairly stony. Where topography permits these are fair 
arable lands. The main portion of the area is mapped as a 
sorted glacial silt loam. Practically a11 of it has level to undulat- 
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ing topography. The narrow strip of undulating topography 
through Wrentham lies as a trough between the two strips of 
rough glacial loam. There are some stones in the area and also 
the occasional patch of solonized soil. It is nearly a11 cultivated 
and is fair arable land. The large area adjoining and south of 
Chin coulee is similar to the one described above excepting 
that the silt content of these soils may be slightly higher. They 
are fair to fairly good arable soils. The area north of Chin 
coulee has undulating topography that is in the nature of long 
low rolls. There are a few stones but the profile suggests that 
some sorting of the ground moraine has taken place. The 
surface horizon has an average silt content of about 40 to 50 
per cent. The profile is generally deeper than the average for 
the brown soils of this sheet, the B- being found at from 18 
to 24 inches. It is nearly a11 cultivated and is fairly good arable 
land. 



TABLE X.-Soi1 area of brown soi1 zone 

Series Location 
Topo- 
raphy 

U.-G.R. 

U.-R. 
U. 

R. 
U.-H. 

uo-lf 
G:R: 

Z: 
G.R. 
U.-G.R. 

g; 

L.-U. 
G.R. 
L.-U. 

k-“. 
L.-U. 

L.-U. 
L.-U. 

U: 

Total 
ACES 

20000 

2z 

115000 

96000 
400 

1000 
3200 

500 

% 

110000 
2700 

600 

2800 
2500 
1500 
1200 

EOi 
3500 
2400 

Classi- 
fication 

M.A. 

M. -F.A. 
M. -F.A. 

F.P. 
F.G.A. 
F.A. 
F.A. 
M. -F.A. 

F.A. 
F.G.P. 
M. -F.A. 

Y.GYA. 
F.G.A. 
F. to F. GA. 
M. -F.A. 
M. -F.A. 
F.G.A. 
F.A. 
F.P. 
M.A. 

F.A. 
;/cG.A. 

M. -F:A. 
M.A. 

F.A. 
F.G.A. 
F.G.A. 
C.A. 

t’tiF’A’ 
M.A: 
P. 

%A. 

P. 
M.A. 

Remarks 

Has drifted badly : practically stone free. 

Slopes to the river. 

This area slopes to the coulee: very stony. 
The best arable portion is in the northern part of the tP. 
North gradua1 slope of Milk River ridge escarpment. 
Just slightly rougher than the sorted glacial surrounding. 
These are two long glacial tangues. 
Transition areas on east side of Si.L. areas. 
Slopes to coulee, very stony. 

North portion level and less stony than south. 
Transition between glacial and sorted glacial. 
Transition between glacial and sorted glacial. 
This area a little lighter in texture than above two areas. 
Contains patches of solonized soils. 
Contains silt and sand lenses. 
Contains fine Sand. 
Heavy textured BI horizon. 
This area in a draw; very stony. 
This area relatively low. 

Contains patches of solonized soils. 
Slightly higher silt content than above area. 
Fairly deep profile; surface varies in silt content. 

These areas lower than surrounding areas. 
Variable, drainage basins. 
Deep profile and uniform. 
Part of area low land. 
Native alkali resistants plants iu this area. 
Variable, some slough beds. 
Very stony. 
Variable 
Area partly cultivated. 

Marshy flat. 
High land that slopes to the drainage way. 
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DARK BROWN SOIL ZONE 
The dark brown soi1 zone forms a transition belt between 

the brown soi1 zone of southeastern Alberta and the black zone 
to the north and west. In the Lethbridge sheet the average 
nitrogen content of the dark brown soils is about midway 
between the brown and shallow black soils. In general the lime 
carbonate horizon is found at from 12 to 30 inches from the 
surface and averages about 15 inches in the Lethbridge sheet. 
The annual precipitation averages between 15 and 16 inches 
with a fairly high total evaporation rate. The arable areas of 
dark brown soils are generally good wheat soils. 

Below is given a description of the major soi1 groups of this 
zone; the descriptions are principally on a utilization basis. 
Table XI gives the main characteristics of each individual soi1 
area. 

Light Textured Soils Between Peigan ad M&leod. 
North of Peigan along the Old Man river is an area of 

light textured soils of alluvial and gravelly outwash deposition. 
This area starts as a series of low rolls along the river bank 
and then gradually levels out to the east. The surface texture 
is fairly uniform, but the depth of sandy textured soi1 varies 
greatly. The soi1 has a relatively high.lime carbonate content 
and the grass growth is only fair. It is pasture land. The north- 
ern portion of the area is a very gravelly river bench. The fine 
sandy loam area. in township 8, range 26, southwest of Mac- 
leod, is quite variable. Grave1 bars or ridges traverse the area 
and pockets of loam to clay loam textured soils are found in 
some of the draws. Parts of the area have been cultivated but 
these have drifted badly and are now generally abandoned. 
In its present state it is only poor to fair pasture land. The 
area of gravelly fine sandy loam in township 8, range 25 is 
very light colored due to the high lime carbonate content 
practically to the surface. The area has principally rolling 
topography and has been partly cultivated but these cultivated 
areas have drifted badly and patches, acres in extent, have 
lost over two feet of surface soil. The area Will have to be 
reseeded before it is of value even as pasture. The area. on the 
east side of the Belly river in townships 7 and 8 is a level to 
undulating flood plain. Much of it has been cultivated but is 
now abandoned and partially regrassed. The sandy deposition 
is fairly uniform and fairly deep. Under dry land farming it is 
pasture land. 

AliuviaE Area Around Wild Turnip HiZZ. 
At the north end of the Blood Indian resérve, sloping east 

and west from Wild Turnip hill, are three alluvial areas; one 
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fine sandy loam, one heavy loam and one clay loam. The 
deposition, in general, in these areas is not uniform but there 
is rather a patchwork of light and heavy pockets. These two 
depositions varying from a few square rods to a few acres in 
area have clearly defined boundaries. It is thought that stream 
action was responsible for this deposition, although some 
cognizance is taken of the close intermingling of Sand, silt and 
clay lenses in the underlying bed rock. The fine sandy loam 
area supports a good growth of grass. at present and should 
be left as pasture land. The loam area is of a more uniform 
texture than the other two. It is generally fairly good arable 
soi1 but the steep western slope is possibly only fair arable 
land. The clay loam area slopes to the east and has a predom- 
inance of the heavy textured pockets. It supports a good grass 
growth although there is a fairly large percentage of sage which 
reduces the pasture carrying capacity. It is fairly good arable 
land. 

HiZZy Loams and Clay Loams of the Milk River Ridge. 
Most of t.he Milk River ridge, extending from range 17 to 

range 23 and as far north as the top of township 4 in range 20, 
is graded a loam. These soils on gently rolling to hilly topog- 
raphy are principally of glacial origin. Along the western side 
of the ridge is a group of soils mapped as 2.2/0.1 heavy loam. 
In these soils parent rock outcrops are frequent and although 
glacial boulders are scattered over the entire area it is thought 
that the local parent rock has contributed much of the soi1 
material. The 2/0 designation is used here to indicate a patchy 
mixture of residual and transported soils. The largest 2/0 area 
is centred in township 3, ranges 22 and 23. The north escarp- 
ment of the ridge is mapped as a 2.1.1. heavy loam. This escarp- 
ment, averaging between two and three miles in width, drops 
from 300 to 500 feet in elevation from south to north. Bed rock 
is exposed in the many draws that tut the area and occurs 
near the surface on the plain. Although glacial rocks are found 
on this slope, possibly the finer till has been eroded away and 
the soi1 profile as it now exists is formed principally of weath- 
ered and sorted material from the parent rock. The area con- 
sists principally of a level to sloping crown tut by numerous 
draws that drain to the level plain to the north (see Plate 5, 
Fig. 1). Some of these crowns are cultivated and are fairly 
good arable land b u every effort should be made to prevent t 
loss of water and soi1 by run-off. Contour farming might be 
valuable in this area. The rougher portions are fairly good 
pasture lands. Most of the remainder of the soils of the ridge 
are mapped as 2.2.2. heavy loam. In general the texture varies 
between a medium loam and a clay loam. In no place does 
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there appear to be any great depth of glacial till but glacial 
erratics in considerable numbers are found in the area. Water- 
worn small stones are found in practically a11 of the profiles. 
The topography is from gently rolling to hilly and numerous 
small draws and sloughs are found in the area. Although there 
are a few natural inland drainage systems most of the drains 
have connections to Milk river or to the plain to the north. Most 
of the area is good pasture land (see Vegetation); however, 
the construction of stock watering dams in places that are a 
considerable distance from water would increase the value of 
these areas. Roads are limited in number at present and in some 
of these areas there are no trails. From the appearance of the 
area in 1938 there did not seem to be any serious overgrazing. 
Small arable patches are found throughout the area (see land 
class map) . These are the more level areas that in general have 
had some sorting. 

Mention should be made here of the 2.2.2. clay loam area 
in township 1, range 1’7. This area is nearly a11 cultivated, 
apparently with some measure of success. This area does not 
lend itself to large scale farming and its rough topography 
offers many obstacles to grain growing. The success attained 
is in no small measure due to very hard work on the part of 
the farmer occupants. In its native state it would be generally 
graded as pasture to marginal arable land; at present it is 
rated as marginal to fair arable. One observation might be 
made, however, and that is, during the dry years there is 
generally some trop in the lower draws even if it is produced 
at the expense of the hills and hillsides. 

Glacial Loarns Southwest of Macleod. 
Southwest of Macleod centering in township 7, range 26. 

is a large glacial crown surrounded on a11 sides by water sorted 
soil. Glacial erratics of both Rocky Mountains and Hudson Bay 
origin are found in this area. The topography is gently rolling 
to rolling and the area lies partly in the dark brown and partly 
in the shallow black zone. In general the soils get darker and 
heavier from north to south. In the rolling portion most of the 
hills are low but quite frequent and have fairly steep slopes. 
This portion is good pasture land. The northern half is gently 
rolling and is fairly stony. The soi1 is quite high in organic 
matter content and where not of too rough a topography is 
fair to fairly good arable land. A rough area containing grave1 
ridges is mapped along the east side and separates the glacial 
loam from the silty clay loam basin to the east in the Belly river 
flat. 

Along the west and northwest side of the loam area are 
two areas of sorted glacial silt loam. These areas slope to the 
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north and west and have undulating topography. These are 
transition areas between the glacial loams to the east and the 
sorted clays to the west. They contain some glacial boulders 
and grave1 stones. There are a few meadows or sloughs and the 
occasional patch of solonized soil. The profile is in general 
shallow. There is a fairly good grass growth at present; culti- 
vated, it should be fair arable land. 

Alluvial Heavy Loams Around Del Bonita. 
An area of 2.5/4.2. heavy loam is mapped in township 1, 

ranges 21 and 22. This area is a northern arm of the Flaxville 
plains found principally in Montana. Beginning three to six 
feet below the surface there is a great depth of Saskatchewan 
grave1 of either post or inter-glacial origin. In one coulee about 
30 feet of gravel, containing some limestone cernent, was noted 
resting directly on St. Mary River sandstone. The surface 
deposition is quite uniform and contains a fairly high percent- 
age of silt. There is a heavy lime concentration horizon that 
in places has the appearance of marl. Most of the area is a 
level plateau (see Plate 5, Fig. 2) ; the western portion, how- 
ever, is gently rolling and has been affected, possibly, by 
glaciation. The area is practically a11 cultivated. Due to the 
level nature of the area run-off loss should be very small; 
however, the gravelly nature of the subsoil would not permit 
any great water storage. Any loss by drifting in this area 
would be very serious due to t.he limited depth of the soil. It 
is fairly good arable land. 

Loams and Silt Loams Between Magrath and Warner. 
A large level to undulating plain of sorted glacial soi1 lies 

at the base of the Milk River ridge between Raymond and 
Warner. These soils vary only slightly in silt content and 
amount of water sorting. The loam areas in general are not 
quite as uniform as the silt loam areas. Some grave1 streaks 
occur in the loam areas and a few of the fields have drifted. 
The entire area slopes generally to the north; the western 
portion is tut somewhat by draws and is generally on undulat- 
ing to gently rolling topography. .In this portion of the area the 
more level fields have a deep profile well supplied with organic 
material. In general the western portion is not as uniform as 
the eastern portion. The eastern portion of the area, south of 
Craddock, is on level to undulating topography and is quite 
uniform throughout. It is not as dark colored as the western 
portion. This area is from fairly good to good arable land. 
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Medium to Heavy Textured Laking Basin Between Magrath 
and Lethbridge. 

A large level to undulating basin of water sorted soils lies 
between Magrath, Stirling and Lethbridge. Included in this 
area are the sorted glacial clay and clay loams west of St. Mary 
river centering in township 7, range 22. IÏi this general area 
there are two light loam areas. These are possibly associated 
with shore-line depositions of the laking basin. The light loam 
area stretching from Magrath to north of Raymond is quite 
variable in depth and texture. The southern tip of the area is 
heavier in texture but is on land that slopes to the creek. It is 
fair arable land. Much of this area is irrigated. The eastern 
portion of the area is mapped as 2.5.2/5. loam due to the alkali 

. spots found there. This alkali accumulation in the lower spots 
has possibly been due to the lateral movement of irrigation 
water through the sandy lenses in the subsoil. The light loam 
area south and east of Lethbridge in township 8, ranges 20 and 
21, has level to undulating topography. Where the topography 
is suitable the area is irrigated and appears to be fairly good 
irrigable land. Some of the fields under dry land conditions 
have drifted rather badly. Those portions that are not irri- 
gated might best be seeded to grass. 

Also in this general area is a tongue of glacial loam with 
gently rolling topography. It is a westward continuation of 
the glacial tongue mentioned in connection with the Chin 
coulee silt loam area. This soi1 has a fairly high silt content. 
There are some stones in the area and patches of quite choppy 
topography. Where topography and stones do not offer too 
great an obstacle to cultivation it is fair arable land. 

In general the remainder of the soi1 of this basin varies from 
a silt loam to a clay in texture. The 2.7/2.2 silty clay loam area 
centering in township 6, ranges 21 and 22, is practically level, 
contains only the occasional stone and has a fairly deep uniform 
profile. The lime horizon is found at from 20 to 30 inches from 
the surface. Mechanical analysis of a profile in this area showed 
little variation with depth; the A horizon had 62 per cent silt 
and clay particles, the B, horizon 66 per cent, the B, horizon 
63 per cent, and the Upper C horizon 62 per cent. Other 
analyses from this area showed as high as 70 per cent silt and 
clay in the surface horizon. The area is practically a11 irrigated 
east of Pothole couIee and appears to be very good irrigable 
land. The dry land portion is good arable land. Just east of 
this glacial lacustrine area is an area of alluvial silty clay 
loam centering at Raymond. There is some very fine sand in its 
mechanical composition and the occasional grave1 streak 
throughout the profile. It is practically a11 irrigated and 
excepting the few alkali seepage spots it is good irrigable land. 
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The northern portion of the area adjacent to Lethbridge 
is not quite as heavy textured as the southern portion of the 
area and is graded a silt loam. It has level topography, is 
uniform, and contains only the occasional glacial stone. As with 
the &y clay loam area it is nearly a11 irrigated and appears 
to be very good irrigation soil. 

The following description of a profile taken in section 31, 
township 7, range 20 is fairly typical of the silt loams and silty 
clay loams of this basin: 

0”-5”-A. Very dark brown in color, cloddy structure 
with a definite indication of vertical cleavage 
Iines. Analysis showed 52 per cent silt in this 
horizon. 

5”-12”-Upper B,. Dark brown color, columnar structure 
with the columns averaging about one inch in 
diameter and having a slightly waxy appearance 
on the outside. The columns are fairly friable and 
break up into small cubes. Analysis showed that 
this horizon had 26 per cent clay (less than 
0.002) which was about twice the quantity of clay 
found in the A horizon. 

12”-18”-Lower B,. Brown color. This horizon has slightly 
wider and more friable columns than the Upper 
B,. 

18”-24”-B,. There is a heavy lime carbonate disposition 
in this horizon. The soi1 is cloddy and quite 
friable. 

at 30”-Lower B,. The soi1 material here is tightly 
packed but when removed is quite friable. There 
is a lime deposition as well as being spotted with 
lime inclusions. 

A chemical analysis of this profile is given in Table XIV, 
page 65. A clay area is mapped in this area from Stirling lake 
west to St. Mary river. In general the soi1 gets slightly lighter 
to the north and west. The lake bed soils in the east end are 
slightly alkaline. This portion is marginal to fairly good arable 
land depending largely on the drainage. Portions of the rest of 
the area have drifted rather seriously but in general the area is 
good arable land. The area west of St. Mary river is level to 
undulating with a gradua1 slope to the river and is tut by 
coulee draws. In general the lime horizon is from 10 to 12 
inches below the surface. There are many shallow patches that 
have a washed appearance although the clay area seems to 
have lest slightly more surface soi1 than the clay loam area. 
They are fair pasture at present but should be fairly good 
arable lands. . 
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Sorted Heavy Textured SO& Along the South Branch of 
Milk River. 

Along the south branch of Milk river, principally in town- 
ship 1, ranges 18 and 19, lies an undulating basin that slopes 
on. both sides towards the river. Two main areas, one 2.7/2.2 
clay and one 2.3.4 clay loam, from the group. The 2.7/2.2 clay 
area has a definite south slope to the river. The analysis of a 
surface sample from this area showed about 2 per cent calcium 
and a sample at 24 inches from the same profile about 4 per 
cent calcium. It has a good grass growth at present and should 
be fairly good arable land. The 2.3.4 clay loam is an undulating 
area and contains only a few stones. The hard waxy B, horizon 
occurs at from 3 to 6 inches from the surface, although in some 
spots it cornes practically to the surface. It is fairly good pasture 
at present and should be fair to fairly good arable land. Adjoin- 
ing the last area is an area of 2.3.4 clay. It is a western con- 
tinuation of the 2.3.4 clay loam area. The heavy B, horizon is 
quite close to the surface. It is quite stony in places and is 
only fair arable land. 

High Lime Silty Clay Loams South of Macleod. 
Along the Belly river bas& between Macleod and Stand Off 

lies a group of high lime water sorted soils of medium to heavy 
texture. The northern portion mapped as a 2.7.7 silty clay loam 
is quite uniform and is practically stone free. The central 
portion is mapped as a 2.3.7 and 2.3.2/7 silty clay loam. These 
areas contain some stones and many waterworn pebbles. The 
topography is an undulating gradua1 slope to the river. A road 
tut in the area showed a heavy lime content from the surface 
to the bottom of the tut at 8 feet and pebbles were scattered 
throughout this entire depth. 

The 2.7.7 area is a11 cultivated and has drifted rather badly. 
It is fairly good arable land. The 2.3.7 and 2.3.2/7 areas have 
practically a11 been cultivated; a little is now abandoned. These 
areas are fair to fairly good arable land. The southern portion 
is mapped as a 2.7/2.7 clay. This area is nearly level and practi- 
cally stone free. The profile is cloddy and quite friable and 
generally has a fairly high silt content. This portion of the 
area does not appear to have quite as, high a lime content to 
the surface as the silty clay loams to the north. It is a11 culti- 
vated and is fairly good to good arable land. 

Water Sorted High Lime Clays and Clay Loams Near Brocket. 
In the Old Man river basin, principally north and west of 

Brocket, is a group of heavy textured soils with a high lime 
profile. The area north of the Old Man river, mapped princi- 
pally as 2.1.7 clay and silty clay loam, slopes gradually south 
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from Porcupine Hills. Parent rock exposures are found all 
along the erosion coulees and on some of the remaining knobs 
of high land. It would appear that the soi1 material of these 
areas may be from the weathering of the local bed rock, 
although some deposition from the mountain region to the 
west may also be present. The soils are light in color, due 
principally to a high lime carbonate deposition to the surface. 
The profile, in general, is cloddy, friable and contains a fairly 
high percentage of silt. Most of the area is cultivated, some is 
abandoned. The 2.7/2.7 clay south of the river at Brocket is 
partially level. There are a few surface stones, but very few in 
the profile. Analysis of a profile from this area showed 2 per 
cent calcium in the top 4 inches and 10 per cent calcium in the 
7 to 18 inch horizon. Well logs from this area indicate a great 
depth of this light colored high lime clay. The area is partly 
cultivated. The soi1 has a “dead” appearance and the crops did 
not seem as vigorous as those on surrounding areas with 
normal profiles. Chemical analysis of a profile from this area 
is found in table XIV. North and east of this last area on the 
south side of the river is an undulating area of 2.3.7 silt loam. 
This area also has the white ap 

f-Y 
earance characteristic of the 

soils of this group. In general t ese soils are only fair arable 
land. They should respond to the addition of plant food. 

Along the north side of this area in township 8, ranges 29 
and 30, are areas of 3.1.2 clay principally in gently rolling 
topography. In these areas the surface few inches bave a much 
lower lime content than the soils described above. These areas 
appear to be fairly good arable land. 



TABLE XI.-fhi~ areas of dark brown sotl zone 

Series Location 
Topog- Total Classi- 
rwhy Acres fication Remarks 

Sandy Loam 
2.5.0 2-18 
3’ 

2.2:1 

Sand; - ?rn 

2-18 
2.4.2 2-19 

8-26 
2.5.2 3.23 

7 & 8-24 
8-27 

2.4.7 8-25 
and Heavy Loam 

River beds 
2-21, 3-23 & around 
l-22; 2-17 to 3-21 
2-21, 3-20, 1-22 
3-22 
I-18. l-20, 
3-1'7 to 2-23 
7-17 to 7-21 
7-26 

2.2.m 
2.3.2 

8-22 

2.4.2 

l-22, 1 & 2-23, 
3 & 4-22 
4 & 5-20 & 21 
5-19 to 6-20, 
5-17 & 18, 4-17 & 18 
l-20, 3-19. 8-26 
7-28 

2.5/4.2 
2.5.2 

1-21 and 22 
l-23 
2-18, 3-21 
4-19 
4-19 
8-20 & 21 

77:;: 
8-24 

;:;; 

G.R. 2000 

800 
400 

8000 

F.P. Contains grave1 pockets. 

H: 

GE-"* 
LX. 
L.-U. 

zR‘-= 

L.-U. 

E-H. 

E.iL 

11700 
2500 

14000 

8%: 

'7500 

$FP. & F.G.A. Arability depends principally ,on grave1 content. 
Frequent rock outcrops. 

F:G:P. & F.G.A. Escarpment tut by draws. 
F. to F.G.P. 

G.P. 

EZH. 
G.R: 

G.R. 
190000 

4000 

G,.A? V.G.P. 
$2; F.G.A. 

G.R. F.G.A. 
G.R.-R. F. to F.G.A. 

2 

i5G.R. 
II: 
G.R. 
G.R. 
u. 
L.-U. 
L.-U. 

E: 
L. 
U. 

88000 

22000 
21000 

60000 M.A. Sandy and gravelly. 

Generally till covering not deep; practically a11 pastured 
at present. 

Texture somewhat silty. 
Boulders from the east and west found here. 
Some driiting on knolls. 

In general the 2.3.2 loams have a fairly deep A horizon. 

Profile contains grave1 streaks. They are not as uniform 
as the surrounding silt loams. 

Generally river grave1 beds. 
Has a fairly high lime content. 
Underlain by Saskatchewan gravels. Stones rare. 
A river bench; variable. 
The 3-21 area contains marshes. 
North slope. contains some alkali spots. 
Variable, some alkali spots in east end. 
Faidy good irrigable land, dry portions drifted. 
Slopes to coulee, fairlv heavv texture. 
Contains sandy pocketi; slopes from Wild Turnip hill. 
River bench; variable. 



TABLE XL-Soi1 areas of dark brown soil zone-Continued 

Series Location 
Total Classi- 
Acres fication Remarks 

Loam- 
6-20 

Eige 22 
2.1.2 6-23 
2.3.2 1-21 

2-21, 3-21 
3-22 to 5-18 
7-20 
8-23 
l-27, 8-27 

2.4.2 6-24 

;:y 
2.7j2.2 

7-19 8-20 

i-84 SI9 
2.7.2 5-19, 2-22 
2.7.3 5-20 
2.3.4 1-21 
2.1.6 6-23 to 7-24 
2.3.6 6-18 
2.3.7 7-27 
2.7.7 7-28 

2.1.4 
8-23 
5-23 

L.-U. 
L.-U. 

i: 
G.R. 

ii: 

L.-U. 
L.-U. 
L. 
G.R. 

U.-G.R. 
U. 
L.-U. 

U:-G.R. 

L:-U 
L.-u: 

L-u. 

Lhl 
Lx. 

%J. 
U. 
L. 

::R 
L.-C. 

L:-“. 

L.-U. 
L.-U. 
L. 
L.-U. 
L.-U. 

,- 
5% 

400 

‘%: 

“4:: 
5000 

%O 

‘“%Fi 
5000 
3000 

39000 
1700 
400 
200 

15000 
300 

::o: 

10000 

15000 
17000 
35000 

K:O 

1500 

M.A. 

GC:A: 
F.G.A. 

M.A. 
F.-F.G.P. 

G.P.-G.A. 

%:A. 
F.A. 

F.G.-G.A. 
F.A. 
F.A. 
G.P. 
F.G.A. 

EA. 
F.-F‘.G.A. 
G.A. 
G.A. 
F.G.A. 

F.A. 

%:A. 
F.G.A. 

These are portions of the general 2.5.2 area. 
This area irrigated. 
Uniform, southern portion irrigated. 
Area stone free. 
Fairly deep profile. 
A wide basin-like valley. 
Variable and some stones. 
Some stones. 
Should remain as pasture land. 

These areas are along Old Man and St. Mary River bottoms. 
The lime content of this river bench is quite high. 
There is some alluvial material over the bed rock. 

These areas are more uniform than the surrounding glacial loams. 
The western portion is less uniform and darker than the eastern. 
This area is on the eastern edge of the laking basin. 
Lime at 9 to 12 inches. Much spear grass at present. 
Contains patches of solonized soi1 and some stones. 
Quite gravelly sub-surface. 
A few large boulders; contains some very fine Sand. 
There is considerable fine sand in this soil. 
These are two uniform areas, nearly a11 irrigated. 
The steep western slope presents management problems. 

A basin area. 

BI has from definitely columnar to hard round top development. 
Contains patchy eroslon of A horizon. 
Only poor grass growth at present. 

Lime 4 to 6 inches from surface; some alkali spots. 
This area slopes from a 2.2.2 C.G. crown. 
Partly in a basin, very few stones. 
Lime within 4” of surface, many pebbles in proflle. 
Lime at about 25”: area uniform and mostly irrigated. 

Occasional grave1 streak on edge of laking basin. 
Similar to 2.5.2 above, only contains alkali spots. 
Stone free and uniform. 
Uniform but relatively shallow profile. 
On an upper bench of St. Mary River. 



2.3.4 
2.7.4 
2.7.5 
2.1.7 
2.3.7 
25.7 
2.7.7 

2.2.1 2.2.2 :-:t 
2-18, 8-27 

2.2.2/7 
z t” 2-1g 

2.3.2 1120 
2-19 

2.4.2 
2.5.2 

2.5.2,‘5 
2.3.4 

2.4.5 
2.5.5 
2.7.5 
2.5.6 
2.7.6 

7-23 
7 & 8-22 
8-23 
8-27 
3-16 & 17 
1-18 
,g:;g 
3-21 
l-20 
5-20 to 4-18 
8-24 

2.1.7 
2.3.7 
2.5.7 
2.7.7 
Clay 
2.1.0 
;:J:;/” 
2.7/2.2 

G3; to 7-29 

8-26 & 27 
8-24 

2.7.2 
2.7.2/5 
2.3.4 
2.5.5 
2.7.5 
2.5.6 

2.1.7 
2.7/2.7 

7-24 
6-27 & 28 
7-22 

:~% g, 21 
S-23, 6-25 
:If; & :; 
6-21 

2.7.7 
6-26 
8-24, 8-26 ü. 

L. 
L. 

kU. 
U. 
U. 
U. 

H. 

~~-“~ 
$“i,H. 

&R. 
. . 

U: 
L.-U. 

L-U. 

z! 

O:R. 

u. 

iï 
L: 

LU:G.R* 
U. 
L.-U. 

k 
L:-u. 
L.-U. 
U. 

L: 

z: 

k. 

Lu 
T. 

1200 
1000 
1000 

750: 
3500 
7000 

%O 
3000 

20000 

27000 

24000 
2000 

12000 
3000 

:“o”oi 
1200 
200 

3000 
2500 

1000 

E 
1800 

1000 
8500 

10000 

33000 
5000 

12000 
2200 

800 
1600 
2500 

18000 

12000 
2006 

F.A. 

Mi?.^. 
M:A: 
F.A. 
F.-F.G.A. 
F.-F.G,A. 

F.G.P. 

F:A: 

5-P 
F:G:P.-F.G.A. 

FA 
F:G:A. 
F.-F.G.A. 

;:A. 

M.-P.G.A. 

EiF 
M.F.A. 
F.G.P. 
F.G.A. 
P.-F.G.A. 
F.P. 

M.F.A. 
F.G.A. 
M.F.A. 
F.A. 

F.P. 

z&iG’A’ 
G. A’. * 
F.G.A. 
F.G.-G.A. 
M.-F.G.A. 

%%A.. 
~:-~.~.A. 

F.A. 

g:G:-G.A 
F.-F.G.A.’ 

Adjacent to deep coulee, hard columnar BI horizon. 
Contains patches of solonized soils. 
These are seepage areas. 
At base of Porcupine hills, surface has washed appearance. 
Cut showed lime and pebbles from surface to at least 8 feet. 
Grave1 streaks; an eastern slope. 
Has drifted badly, uniform texture, stones rare. 

Considerable dwarf tree growth. 
Slopes to drainage ways. 
Fairly steep slope to east: some abandoned land. 
Variable; see section on Hilly Loams of Milk River 
Arable oatches within thesa nreas. 
Stones ând grave1 streaks; undulatiig areas darker 
Slopes to river; partly irrrgated. 
Basin area, fan-lx high in lime, contains sloughs. 
Uniform. mmer river bench. ~^_~~ 
Friable cloddy p 
Gravelly 

aofile, lime fairly close to surface. 
river bench. 

Contains sandy pockets. considerable sage growth. 
Gravellv. 

ridge. 

colored. 

Variablë basin, alkaline patches. 
Hard BI at 3 to 6 inches. 

River bench, might be seeded to grass. 
Coulee draw, washed appearance. 
Area around lake bed. 
Coulee draw, variable. 
Solonized flat receiving spring flood waters, might be seeded to 

grass. 
Bench lands of Old Man river. 
Sloping river bench. 
stony. 
River bench tut by draws, has washed appearance. 

Red coloration similar to Willow Creek bed rock to the east. 
The southern half contains more solonized patches. 
Has lost surface soil; lime at 10 to 15 inches. 
Some drifting: area lighter in texture to north and west. 
South slope to river, some lime to surface. 
Some limë to surface. 
This area near the centre of laking basin, portions poorly drained. 

Fairly stony, heavy B1 close to surface. 
Contains patches of hard pan soil. 
These are areas of restricted drainage. 
Coulee draw, variable. 
Lime to surface, sloping bench from hills to the river. 
Profile cloddy. high lime, and practically stone free. 
Lime content not as high as above area. 
The second area contains some low land. 
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SHALLOWBLACKSOILZONE 
Thk color zone, has been formed under an annual rainfall 

of about 18 inches but with a correspondingly relatively high 
evaporation rate. The black surface or A horizon is generally 
about 4 to 8 inches deep and the lime carbonate horizon is 
found from 10 to 30 inches from the surface and averages about 
18 inches in this area. The relatively shallow nature of the 
profile has resulted from a high evaporation rate and also a 
fairly high initial lime content of the parent material. Although 
formed under a total rainfall similar to the deep parkland soils 
of central Alberta, these soi1 areas are practically a11 grass- 
lands in their native state. The zone (in this sheet) lying 
principally in the Card&on-Pincher Creek area, has in general 
quite productive soils which at present are cereal producing 
areas. 

Beiow is given a description of the major soi1 groups of 
tbis zone; the descriptions are principally on a utilization basis. 
Table XII gives the main characteristics of each individual 
soi1 area. 

HiEly Loams and Clay Loams of the Porcupine HiUs Area. 
In the northwest corner of the Lethbridge sheet are a 

group of 2.2/0.1 and 2.1.1 clay loams and 3.2/0.1 and 3.1.1 
loams and clay loams. The main block lies in township 8, 
range 28, west of 4th to township 8, range 1, west of 5th, at 
the southern edge of the Porcupine hills. Porcupine sandstone 
outcroppings are found throughout the area and tree growth 
is found on the slopes and on the rock ledges, particularly in 
the western half. Although sandstone bed rock is close to the 
surface over most of the area and is possibly the parent material 
for most of the soil, the surface texture varies from a loam to 
clay loam, The area is fair to good pasture. Some arable land is 
found in the valleys. 

Porcupine sandstone exposures are found just north of 
Pincher and in a ridge that stretches east from Pincher Creek 
along the north side of the 3.7/2.2 clay basin. This ridge, mostly 
3.2/0.1 and 3.1.1 clay loams, is much higher than the surround- 
ing areas and therefore quite vulnerable to the wind. They are 
good pasture lands. Fairly good arable land is found on some 
of the more level stretches. 

HilEy Loams and Clay Loams South and West of Car&ton. 
Lying south and west of Cardston is a group of hilly loams 

and clay loams mapped as 3.2/0.1 and 3.2.2. This group, in the 
shallow black zone, is very similar to the black hilly loams of 
the Foothills region described under the black soi1 zone section. 
This area is practically a11 grass covered and lacks the tree 



PLATE 1 

Sketch map of Alberta showing locations of surveyed areas for which 
reports have been published. (1) Macleod sheet; (2) Medicine Hat 
sheet; (3) Sounding Creek sheet; (4) St. Ann sheet; (5) Dunvegan area’ 
(6) Peace River-High Prairie-Sturgeon Lake area; (7) Rainy Hills sheetj 
(8) Sullivan Lake sheet; (9) Lethbridge and Pincher Creek sheets. 



PLATE 2 

Fig. 1-Looking west to the Rocky Mountains. Note the absence of 
foothills and the apparent level sweep to the mountain’s edge. These 
mountains have markedly influenced the climate and surface geology 
of the adjacent plains. 

Fig. 2-Looking west to the Rocky Mountains. Note the coulees that 
tut through an otherwise fairly level plain. 

Fig. 3--A creek valley near thc mountains. Good arable land of dark 
color is found in these valleys. 



PLATE 3 

Fig. l-Parallel rock outcrops near the mountains. Dwarf pine grow 
along these rock ledges. The area is good grazing land. 

Fig. Z-The Mokowan Buttes at Stand Off formed by the erosion of the 
colorful Willow creek bed rock. Much of the west central portion 
of the area is underlain by this formation. Belly river flat is in the 
distance. 

Fig. 3St. Mary sandstone on the escarpment of Milk River ridge. The 
Magrath plain that stretches to the north is of a much lower eleva- 
tion. Considerable material must, then, have been eroded off this 
plain at one time. 



PLATE 4 

Fig. 1-A glacial boulder of quartzitic sandstone (Rocky Mountain origin) 
northeast of Glenwoodville. Similar boulders are found southwest 
of Macleod and south of Stand Off. Tremendous ice pressure was 
needed to transport these. 

Fig. 2-Strip farming on the high lime clay soils at the base of Porcupine 
hills. Oldman river in the foreground. Large basins of heavy textured 
soils are found in the west half of the area. 



PLATE 5 

Fig. 1-The rim of Milk River ridge: there is about 500 foot rise in three 
miles along this escarpment. The level slopes between the erosion 
coulees are cultivatéd. 

Fig. 2-The Del Bonita plateau, a level stretch of arable land in the Milk 
River ridge. This area is underlain by a considerable depth of 
Saskatchewan gravels. 

Fig. L-There are still many fine herds of cattle in southwestern Alberta. 
Good pasture lands are found in Milk River ridge and in the Foot- 
hi&. 
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PRESENT CULTIVATED, ABANDONED 
AND PINCHER 

Completely Cultivated (140-160 acres) .................. n 
Partially Cultivated (10-140 acres) .............................. q 



ATE 6 

AND VIRGIN LANDS OF LETHBRIDGE 
CREEK SHEETS 

GEND 

Abandoned Cultivation (10-160 acres) __.,,_.__.._... _,...... @ 
Virgin Lands (Idle and Pasture) ..__........................ Cl 



PLATE 7 

i 

Fig. l-Grass growth in Blood Indian reserve in 1939. Stipa (spear grass) 
and blue joint were the principal grasses. Growth like this holds 
the winter snow and retards run-off. 

Fig. 2-Wind erosion in clay soil. Most of this drifted from bare fallow 
in the fa11 of 1937 and the spring of 1938. Most of the heavy soils of 
these sheets have drifted badly. 

i 

Fig. 3-Water erosion in loam soil. A heavy downpour in June, 1938, 
washed these gullies. Cultivation across the slope would assist in 
preventing this. 



PLATE 8 

-Photo courtesy Lethbridge Herald 
Fig. 1-Harvesting sugar beets on level irrigated land in the Lethbridge 

district. Irrigated land is valuable land and every effort should be 
made to ensure its permanent productivity. 

Fig. Z-Alkali accumulation in an irrigated area. Unless adequate pre- 
ventative measures are taken these waste spots may grow in sire. 

Fig. 3-One of the many fine homes on the glacial heavy loams that 
border the irrigated area to the east. At present a two year rotation 
is practiced in this area, but the inclusion of a fibre trop in that 
rotation would lengthen its productive life. 



PLATE 9 

Fig. l-3.2.2 loam. A glacial 
loam formed on till that has 
a fairly high lime content. 
These black soils were 
formed under a fairly high 

rainfall with a corresponding 
high evaporation rate. 

Fig. 2-2.‘7/2.2 Silty clay loam. 
A fairly deep stone free 
profile, typical of many of 
the soils on the level basin 
in the east central portion of 
the area. Some drift has been 
removed from the surface. 

4 



PLATE 10 

Fig. 1. - These four profiles 
represent the four color 
zones of the Lethbridge- 
Pincher Creek sheets. Con- 
siderably drier soi1 condi- 
tions formed the brown soils 
than formed the black soils. 

Fig. 2-2.0.2 Loam. This soi1 
has been formed in place by 
the weathering of the parent 
sandstone. 



PLATE 11 



Soi1 Survey of Lethbridge and Pincher Creek Sheets 51 

growth found in the black zone. Some of the level crowns 
bordering the rock outcrop ridges are cultivated; the slopes 
generally are too steep and dry to cultivate. Stones vary from 
few to many and are principally of Rocky Mountain origin. The 
areas are very good pasture land. Good arable valleys of sorted 
glacial loam are threaded throughout the entire area. Along 
the north side of this area, particularly about township 2, range 
27, west of 4th, are glacial loams with gently rolling to rolhng 
topography. These areas are fairly good arable land. 

Sorted Loams of the Central and West Base of the 
Milk River Ridge 

Starting just west of Wbiskey Gap, running north to Spring 
Coulee and then east to about township 4, range 20, is a strip 
of sorted glacial heavy loams about three to six miles in width 
around the base of the Milk River ridge escarpment. The 
eastern portion of this area is in the dark brown zone; the 
remainder is shallow black. This area is tut by draws and is 
generally irregular. Stones are few and the profile is deep. The 
soi1 has a silty feel and is generally quite friable. Where topog- 
raphy is satisfactory it is good arable land. 

Sorted Loams and Siit Loams of the Foothiils Region. 
Extending from township 6, range 1, west of the 5th 

meridian, southeast to township 1, range 26, west of the 4th, 
and bounded on the west side by the black-shallow black soi1 
line and on the east by an approximate line through Pincher 
Creek, Fishburn, Hillspring and Cardston, lies a large acreage 
of undulating to gently rolling sorted loam and silt loam areas. 
In general the area is bounded on the west by the black hilly 
loam area, and on the east by the Ievel to undulating Pincher 
Creek to Cardston basin. In the portion southwest of Cardston 
the sorted areas are generally in valleys. between the hilly 
ridges. These valley areas are somewhat silty, have deep pro- 
files and are fairly free of stones. They are in general small 
areas but are good arable lands and are valuable being in juxta- 
position to the surrounding pasture areas. The portiori of the 
area lying between Waterton river and Pincher Creek is 
undulating to rolling and is tut by drains and slopes to the 
east, However most of the slopes are long and gradua1 and 
relatively easy to cultivate. Stones in this area are generally 
few, although there are considerable small, waterworn pebbles 
throughout the profile. This area is generally good arable land. 
The northern end of this general area is mapped as a silty clay 
loam. It is an undulating area that slopes towards the clay 
basin. The profile in this area is deep and quite dark colored. 
It is very good arable land. 
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Solonid Silt Loams on the Bzooa Inclian Resewe. 
On the west side of the St. Mary river from Cardston north 

to township 7, range 24, is a large area of sorted glacial and 
sorted residual silt loam that contains a fairly high percentage 
of solonized soil. In this general area soils with definite round 
topped B, horizons occur as well as the patchy micro-relief 
due to the erosion of the A horizon. The southern half of this 
area is principally of sorted glacial deposition. The eastern 
portion of this is practically a11 solonized and the A or surface 
horizon has been eroded off in many places leaving the surface 
with a washed appearance. There are very few stones in the 
area. Grass growth is poor. It is marginal arable land unless by 
vegetative growth the hard pan horizon cari be loosened and 
made more permeable. 

West of this, principally along Layton creek, is an area of 
3.3.2’6 silt loam. Patches of solonized soils occur in this area. 
It is fairly good arable land. The northern half of this area is 
principally of sorted residual deposition. In the 3.1.2’6 areas 
the solonized patches are found principally along the drains, 
in the 3.1.6 areas these patches occur much more frequently. 
The areas have undulating topography with a gradua1 slope 
dovnwards to the east. The soi1 is friable and has a pink colora- 
tion similar to the underlying Willow Creek bed rock. The 
ayeas are good pasture land and should be margiual to iairly 
go?ld arable land. 

Just north of Cardston there is an area of 3.7.6 clay mapped. 
A large percentage of the surface in this area has been eroded 
off exposing the hard B, horizon. The area is only fair pasture 
since native grasses are not invading the exposed sub-surface. 
If the hard B, horizon cari be broken up it should be fair arable 
land. 

Sort& Silt Loams and Silty CEay Loams Along St. Mary Rive? 
A general area of silty medium to heavy textured soils with 

undulating topography is mapped from Kimball north to Raley, 
then east to Bradshaw and south east along Pothole coulee 
valley to the base of Milk River ridge in township 4, range 22. 
In general the area slopes towards the St. Mary river. Stones 
are few but there is a very great number of waterworn pebbles 
throughout the area. In places where soi1 drifting has occurred 
these become concentrated on the surface. The profile is deep 
with a fairly heavy-textured subsoil. Nitrogen and phosphorus 
analyses of samples taken in this area indicated that they con- 
tained more than the average for the shallow black zone. This 
.area is good to very good arable land and is one of the better 
wheat producing areas of this sheet. 
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Heavy Textured Water Sorted Soi& Between 
Lundbreck and Stand Off 

A long, narrow, level to undulating basin of 3.7/2.2 and 3.7.2 
clay, that is, shallow black lacustrine and glacial lacustrine 
clay, with a normal profile extends from township 8, range 2, 
west of the 5th meridian, through Pincher Creek to Stand Off. 
The 3.7/2.2 silty clay loam east of Belly river at Glenwoodville 
and the 3.7/2.2 clay between Lundbreck and Ewelme lies in 
a valley that averages 4 to 5 miles in width. The average 
texture of this area is very heavy; it was stated earlier that 
mechanical analysis of a surface sample from this area con- 
tained nearly 50 per cent clay particles (less than 0.002 mm.). 
The sub-surface horizons from this profile each had approxi- 
mately the same clay content as the surface sample. Although 
definitely formed in laking water there are occasional glacial 
boulders scattered throughout the area and there are many 
small waterworn pebbles throughout the profile. It is estimated 
from well logs that this heavy waxy clay deposition extends 
10 to 15 feet below the surface in the main settling basin, 
and that a great depth of buff colored clay underlies this darker 
colored surface deposition. The following profile in section 12, 
township 6, range 29, is fairly typical of the area. 

O”S’-Drift. The depth of this layer varies, in places being 
18 to 20 inches deep. In general it is structureless 
although evidence of new profile development was 
noted in some of the older drift. 

6”-11”-A. Dark brown to black in color and contains 
pebbles. The structure is of elongated clods that 
break readily into large granules that have a waxy 
appearance. 

11”-18”-B,. This horizon is a little more gray in color than 
the A horizon above. The structure is cloddy to 
massive and breaks into hard waxy rectangular 
fragments. Some pebbles in this horizon. 

18”-30”-B,. Dark gray brown in color. Generally massive 
structure, hard and somewhat waxy. Although 
there is some lime to the surface there is a definite 
lime concentration in this horizon. Waterworn 
pebbles present. 

As indicated in the profile description this area has had 
some severe drifting. A concentration of small stones on the 
surface in the fields indicates the amount of surface soi1 lost. 
The chemical analysis of this profile is given in Table XIV, 
page 65. Excluding the drift horizon, the nitrogen content of 
this profile is not particularly high. The growing of clover 
on this soi1 would, besides raising the nitrogen content, 
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greatly improve the tilth and make the soi1 much more easy to 
cultivate. It is very good arable land. 

The 3.7.2 clay south and west of Stand Off differs from the 
above area principally in having fewer stones. The 3.7/2.2 silty 
clay loam east of the Belly river varies from silty clay loam 
t.o light clay in texture. It is good arable land. The area of 
3.7/2.2 silt loam around Hillspring is level to undulating and 
slopes gradually to the east. The west side of the area is more 
stony and not as uniform as the eastern side. It is partly irri- 
gated and is good arable land. 

Between the 3.7/2.2 silty clay loam and the sorted glacial 
loams west of Cardston lies a transitional area of 3.3.2 silt loam 
that slopes to the north. Patches of solonized soils occur within 
the area and in general the horizon of lime concentration is 
fairly close to the surface. It is fairly good arable land. South- 
east of Brocket, principally in township 6, ranges 27 and 28, 
are two clay areas-one mapped as 3.3.2 and one as 2.1.2/6. 
Excepting the south half of the 2.1.2/6 area, which is little 
better than pasture land, these areas are fairly good arable 
lands. 



TABLE XII.-Soi1 areas of shallow black soil zone. 

Series Location 
Total Classi- 
AIXes fication Remarks 

Fine Sandy Loam 
3.5.0 7-30 
3.2.2 6 & 7-Z* 
3.5.2 

“4Y 2* - 
Loam 
3.5.0 4-27 to 5-26 

3-28 to 5-27 
5-27 
6-30 
7-l*. 6-1 & 2* 
l-25 to 4-27 

6-29 
8-30. 8-l’ 
5 & 6-23 
f-!tween 1-26 & 7-l 

3-2: 
4-24 
1-24 
1 & 2-25 
i-$2-26, Z-27. 2-28 

2 & 3-28 
6--4’ /; 7-26 

4-29.’ 
5-28 & 29 

s:29 a 3o 
8-Z’ 
1-23 to 3-22 
l-25 
2 & 3-25, 26 & 27 
3 & 4-26 
6-27, 7-27 
4-29 
5-29 & 30 

3.2,‘O.l 

3.2.1 

3.1.2 
3.2.2 

3.3.2 

U. 

gg 

6.R. ’ 

H: 

%R.-H. 
!* R.-H. 

G:E: 
R. 
G.R.-R. 

;,$Y. 

G.R: 
R. 
G.R.-R. 

::R. 
G.R.-R. 

R: 

Q:Fs - . 

u”: 

GR. 
G:R: 

600 
1600 

2000 

4600 

44000 

“3% 

140000 

112,000 

F.A. 

oGpp. 
F:A: 

M.-G.A. 

F:iF.G.A. 
M.A. 
F.G.P. 
V.G.P. 
$.$F.G.A. 

G:P: ’ 
G.P. 
F.-F.G.A. 
F.G.A. 

kTA. 
$-:$A. 

F:-F&A. 
V.G.P. 
V.G.P. 
G.P.-G.A. 

F.G.A. 
F.G.A. 

O:F:-“.“. 

3 
F.G:A. 
G.-V.G.A. 

F.G.A. 
F.G.-G.A. 

E51-G.A. 

Portions of this could possibly be flooded. 
These are stony. 
Along Ca&le river drifted fields should be reseeded to grass. 
Has drifted in spots. 

Belly river flat. 
Waterton river flat, generally gravelly loams. 
An Upper river bench. 
Slopeito river, contains considerable sand. 
Variable, portions gravelly. 
Contains rock outcrop ridges; stones few to many. 
Southern limit of Porcupine Hills exposures. These are high lands. 
Some tree erowth. 
Slopes rapiiily to the east. 
These areas generally StonY and often steeply sloping hillsides. 
Fairly steep slope to river. 
Soi1 fairly silty; slope from residual crown to river. 
Sandy in Places; drifted portions should be seeded to grass. 
Many sloughs anfi mn~rln.xrc 
Some of the Ste< 
Some arable patcnes IK 
Fairly stony but textu 
Gently sloping and dol 
LOW hills with steep s 
Stones fzenerallv few. 1 
A long karrow” cr&n, _______ 
An area of high knolls with*lzg-Gidual slopes. 
Eastern portion arable. 

- _ _  . * _ _ - - ”  .  .  “ .  

eper .$opes are subject to erosion. 
L the valleys. 
re silty; mostly pasture at present. 
tted with lakes. 
lapes, stony. 
Black surface horizon deep. ml-lstl” arF<hl* 

Quite stony. 
Base of Milk river ridge, tut by draws, deep friable profile. 
A fairly stony basin-like area. 
These are valley soi& bave deep profile. somewhat silty. 
There are patches of solonized soils in this area. 

Soi1 somewhat silty. 
Soi1 somewhat gritty. Western portion high knolls with long 

slopes. 



TABLE XII-Soi1 areas of shallow black soil zone-Continued 

Series Location 
Topog- Total Classi- 
raphy Acres fication Remarks 

Loam-Continued: 
3.42 between 1-26 & 3-30 

I-24, 3-25. 
5-27, 4-28 
7-l to 8-5 

3.5.2 river beds 

3.3.3 2 & 3-26 
7-26 
2-28 

3.3.6 3.5.7 Z-1" -* 

Silt Loam 
3.5.0 

3336 
l-25, 5-24. 
4-27, 4 & 5-28 
6 & 7-24 
1 & 2-24 
3 & 4-24 
5-24 
2-25 

::32$i 
3.5:2 
3.7/.2.2 

3.7.2 

y:;/5 

3.1.6 
3.3.6 

- -_ 
5-25 
3-26 
4-26 
fi-RI-I - -- 
5-28 

5-g 4-25 
2-2s 

4-25 

Silty Clay Loam 
3.1.2 

8 21 6-25 3.2.2 - 

G.R.-R. F.G.-G.P. Most of these are outwashed glacial dumps. 

U. 
L.-G.R. 
U. 7000 

M.A. 
F.-F.G.P. 
M.-F.G.A. 

Along present water courses, patches cultivated: 
Along Crowsnest river, alluvial outwash deposrtion. 
These areas are along St. Mary, Waterton and Old Man river 

valleys. 
G.A. 
F.G.-G.A. 

1800 
1500 
2600 

This is a deep wide valley. 
Basin-like area around the lake. Lime content F. high. 
This is a marshy flat. 

M.A. There is considerable surface erosion. 
M.-F.A. Some grave1 streaks; some abandoned fields. 

L.-U. 
U. 
G.R. 
U.-G.R. 
U.-G.R. 
L+U. 

G-if 
u: ’ 

V!-R. 

L. 
L. 

kit . . 
L. 
L. 

u 
LT: 

1600 
15000 

gGGy.A. 

$%A. 

F:G:A. 
ggrgt 

G.A. ’ ’ 
F.G.A. 
$:GkA&A. 

F.&.A. ’ 

FGbArG.A. 
GA. 

E2A. 
F:G.-G.A. 
G.P. 

MA . . 

These are the more uniform river bottom soi%. 
Eastern slope, friable soi1 with pink coloration. 
Many water-worn pebbles and some grit. 
Heavy subsoil, some drifting. 
At present is good pasture. 
Some drifting. a fairly heavy subsoil. 
This area slightly higher than heavy Si. L. to north and west. 
A basin of quite dark coIored soils. 
Slopes to north, patches of solonized soil. Lime close to surface. 
Slopes to north; surface soi1 dark but profile fairly shallow. 
Cut by draws. slopes long and gradua]: variable proflle. 

Some spots where A horizon has been eroded off. 
Uniform.. 

14000 

'2% 
1200 
9500 

16000 

Has a heavy subsoil, columnar in places. 
Slopes to east: some stones in western portion. 
Uniform and stone free. 
Slight slope to the river. 
Area has slight marshy appearance; red streaks in profile. 
Meadow land along Shanks creek. 
Patchy solonization, bed rock close to surface. 
Much of the A horizon eroded off, grass growth poor. 

L.-U. 
U.-G.R. 

G.A. Profile fairly deep: area has gradua1 slope to river. 
G.A. This is a crown of higher land. 



%Y” . . 

3.3.2/6 
3.5.2 
3.7/2.2 

3-g 6-24 8z 25 
;4$ to 4-22 

6-l* 
3-24 

4-25 i-P 

4 & 5-26 

Clay Loam 
3.5.0 
3.1.1 

3.2/0.1 

3.2.1 
3.2.2 

3.4.2 
3.7.4 
Clay 
3.1.2 
;:;:; 

3.7.2 

3.7/2.2 
3.7.2/5 
3.1.4 

% . . 

river beds 
;:g $ 

l-25 - 
;; 

6-28 to 8-30 
5-28 to 30 
1-24 & 35 
4-24 
4& 5-27 

3-27 

E& 3o 
4124 

;4< to 7-2’ 

l-23 

7& 4-25 

U. 

EG.R. 
u: 

L.-U. 

u 
L.. 
L.-U. 

L: 

G:R.-R. 

UH.TR. 

&II 

G.R. 

GIR.-R 
U.-G.R: 

G.R. 
G.R.-H. 

::%.R. 

k-U. 

k-“* 

k-“* 
U. 
U. 
L.-U. 

3500 

55000 
6000 
3500 

2460 

2500 

18000 

“ik% 

?ioo~~ 
3000 

13500 
2000 

25000 

11660 

‘E: 
1000 
4000 
3000 

F&A. 

GA”, 
G: A: 
V.G.A. 

%A 
V:G:A: 

%%A. 
P.P.’ 
F.A. 

F.-G.A. 
F.G.A. 

Et A- 
F.G:P. 
F.G.-G.A. 

F.G.A. 
G.P.-F.A. 
G.A. 

ZA-“.“. . . 

%%.G.A. 

VGGA 
~.&A-. 
FG.-G.A. 
F.G.A. 
F.-F.G.A. 

Solonised spots principally along shallow drains. 
Subsoil heavy. a little soi1 drifting. 
Stones few but manv water-worn-nebbles. 
A higher crown that slopes each ‘Ivay to-the rivers. 
Profile deep and quite dark colored, slopes to north. 
Patches of soi1 with columnar to solonetz-like B horizon. 
Soi1 gritty and some stones. 
A deep profile with a fairly heavy subsoil. 
Subsoil in places strongly colmnnar. 
Texture quite heavy. uniform, nearly alI irrigated. 
These are low areas having inadequate drainage. 
A low area with only fair drainage, some solonised patches. 

Along Belly. Old Man and Castle rivers. 
Profile relatively shallow; run-off conservation important. 
These areas bave long slopes between residual hills. 
Some arable patches in this area, outcrops few. 
Sandstone outcrops and ridges. Some tree growth. 
North slope, some stones. 
Contains many marshes; heavy textured subsoil. 
Contains patches of very heavy textured soil. 

Fairly high lime. 
Slight slopes to river; good pasture at present. 

zFn;what darker surface than 2.1.7 clay to south. 

This- area fairly high land. 
There ;r~+~~~e stones in the area in 8-2. 7. Some 
Varies?iGz%ty clay loam to heavy clay, partly irrigated. 
Very heavy textured and surface horizon deep. 
1s fairly low land. 
Heavy tex tured, many water-worn pebbles. 

---+y spots. -. Contams r..arr, 
The eastern pc 
1Much A horizon or 
Southern slope, fail 

ntion is quite alkahne. 
- --oded off: only fair pasture at present. 

rly high lime. some abandoned land. 

* Areas marked * are west of the 5th meridian. 
Note: For abbreviations see page 34. 
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BLACK SOIL ZONE 

There is a fairly narrow zone of deep black soils along the 
eastern slope of the mountains. This zone receives an average 
of over 20 inches of rainfall annually. In general the black 
surface horizon averages 10 to 12 inches deep and the lime 
horizon is about 30 inches from the surface. The black soils of 
this sheet are in broken topography and are a mixture of 
timber, grazing and arable lands. The arable lands are princi- 
pally valley soils. It should be noted here that there is a frost 
hazard in this zone. This zone is partly in the Lethbridge and 
partly in the Pincher Creek sheet. 

Below is given a description of the major soi1 groups of this 
zone; the descriptions are principally on a utilization basis. 
Table XIII gives the main characteristics of each individual 
soi1 area. 

HiZZy Loams of the Foothills Region 
In this group are included mostly the 4.2/0.1 and 4.2.2 loams 

and heavy loams with rolling to hilly topography. It forms a 
strip about ten to twelve miles wide, east of the Rocky Mo~n- 
tain forest reserve. In general it falls within the Rocky 
Mountain disturbed belt and ridges of bed rock occur through 
the area. The rock outcrop ridges generally have considerable 
dip and dwarf evergreens grow from these rocks (see Figure 
1, Plate 3). Glacial material of Rocky Mountain origin covers 
most of the slopes. Many of the slopes are wooded, particularly 
close to the forest reserve, but the tree growth is generally of 
no timber value. They are from fair to very good pasture 
lands. 

Valley Soils of the Foothills Region 
Within the foothills region described in the section above 

lie many level valleys that receive soi1 material from the 
surrounding higher lands. They are generally good arable 
lands of heavy loam texture, containing a fairly high percent- 
age of silt. The following description of a profile taken in 
section 27, township 5, range 1, west of the 5th, is fairly typical 
of these arable lands: 

0”-7”-A. Black, friable, prismatic, cloddy. It breaks into 
fine grains on crushing. It contains some pebbles. 

7”-10”-The clods in this horizon are more elongated than 
in the horizon above. It appears to be a transition 
zone between A and B. Black in color. 

10”-20”-B,. Black, hard and somewhat waxy. When 
crushed it breaks into a nut structure. 
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20”-30”-Lower B,. Dark olive black color, waxy and 
columnar. These columns do not break as easily 
as the one above. It contains pebbles. 

at 30”-Upper B,. Lighter in color than the horizon 
above. It contains about 2% per cent calcium. 
It is hard and has the waxy appearance of the B, 
horizon. 

Many of the profiles of this zone have an olive to blue cm? 
in the B, horizon suggestive of restricted drainage. 



Series Location 

TABLE XIILSoil areas of the black soll zone. 

Total 
Acres y;;$ Remarks 

Loam 
6-2*, 2-29 

Silt Loam 

l-28 to S-5* 
4-29 & 30 
1-28 & 29, 3-29 
3-29 to 6-30 
4-S”, s-1*, 5-2’ 
4-2* to 7 & 8-3* 
4-30, 5 & 6-l*, 

S-1" 
Y$-$ 
8-30 
S-30 

6-2* 

River 

bHfttom 

2 

G:P”* 
R. ’ 
U.-G.R. 
L.-U. 
L.-U. 
U. 
L.-U. 

Silty Clay Loam 
4.3.2 6-2* G.R. 

Clay Loam 
4.3.2 3-29 & 30 U. 

Clay 
4.1.2 3-30 L. 

800 
138000 

1500 

“SS~O 
300 

1300 
1000 

200 

500 

200 

F:-GI: 
G.i’. ’ ’ 
G.P. 
G.P.-G.A. 

i%--G.A. 
G.A. 

MA- 
G :A: 
V.G.A. 

The first area is gravelly, the second a hay meadow. 
Contains rock outcrop ridges; much is tree covered. 
This area a high ridge. 
Fairly stony areas. 
The more level arable portions bave a deep black profile. 
These are the larger more level areas in the hi&. 

These are valley soils. 
This is a low area near river valley. 
A very gravelly river bench. should possibly be seeded to grass. 
In creek basin. patches cultivated. 

G.A. Creek valley walled by foothills, deep black horizon. 
V.G.A. Basin surrounded by foothills. 

G.A. Slopes to creek. 

G.A. 

F.G.A. Has a hard columnar subsoil. 

* Areas marked * are west of the 5th meridian. 
Note: For abbreviations see page 34. 
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ERODED LANDS 

Approximately 190,000 acres in the Lethbridge and Pincher 
Creek sheets have been classed as eroded lands. Most of 
these areas are along coulee and river banks. In some cases 
the erosion is mainly denuded banks of parent rock exposure 
(see Plate 3, Fig. 2), but generally they are slopes that, 
although too steep or broken to cultivate, are good grazing 
lands. Some of the steepest slopes where there is hillside 
slip, are of lesser pasture value. The eroded areas also include 
some river bottom lands that are, in the main, too rough or 
broken to cultivate. There may be, however, within these 
eroded areas small patches of arable land, some of them 
irrigable from coulee dams or from the river. Excepting the 
areas close to the mountains practically a11 are treeless. 

RIVER BOTTOM Sor~s 

Soi1 areas carrying the profile designation “0” are mapped 
along the valleys of the numerous stream courses. These areas, 
of alluvial deposition and some still liable to frequent flooding, 
are quite variable in texture and in utilisation. Where possible 
the more uniform areas are outlined and given a texture class. 
Where this is not possible the areas ,are mapped as mixed. 
The more uniform areas are generally arable land, some of 
them offer irrigation possibilities by the construction of coulee 
dams. 

MAFCSHES, ALKALI AND LAKES 

There is calculated to be about 20,000 acres of water 
surface in the Lethbridge and Pincher Creek sheets. This 
acreage is made up of relatively permanent lakes and stream 
beds. Shanks lake and Ross lake, both in the Milk River 
ridge are the largest lakes in the surveyed area; Chin reser- 
voir, east of Lethbridge, fluctuates in size depending on the 
drain imposed to supply the Taber irrigation project. Stirling 
lake is now practically dry and is partly cultivated. Waterton 
lakes are within the park boundary and are not included in 
the surveyed area. 

There are no large hay marshes in this area. There are, 
however, a few low-lying hay lands in the foothills and in some 
of the mountain valleys. Likewise there are no large alkaline 
wastes. Scattered small patches of alkali were found in the 
irrigation areas and in some of the coulees in the southeast 
portion of the sheet. 
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COMPOSITION OF SOILS OF LETHBRIDGE AND 
PINCHER CREEK SHEETS 

The nitrogen, phosphorus, calcium, magnesium ,and potas- 
sium contents were determined on soi1 samples taken in the 
Lethbridge and Pincher Creek sheets. Only a few representa- 
tive profiles are reported in Table XIV. These profiles were 
selected to give a fairly complete coverage of the main soi1 
areas as well as coverage for the four color zones. Since 
these zones are relatively narrow in this corner of the prov- 
ince the decrease in the soils’ organic matter content is quite 
rapid from west to east. The average nitrogen content (calcu- 
lated on the surface foot) of three black soils was 0.51 per 
cent, for twenty-seven shallow black soils was 0.25 per cent, 
for twenty-four dark brown soils was 0.21 per cent and for 
eight brown soils was 0.14 per cent. The spread in nitrogen 
content between the first two is fairly great but the black- 
shallow black line in these sheets, in general, divides the 
parkland from the prairie. At this point possibly a consider- 
able increase in evaporation occurs with a decrease in rain- 
fall. The average nitrogen content of the black, dark brown 
and brown soils of these sheets corresponds very closely with 
the averages from other surveyed areas. This is, however, the 
first large area of shallow black soi1 covered by an Alberta 
soi1 survey. 

The variation in nitrogen content of the soils in the 
shallow black zone is quite great, being from about 0.15 per 
cent for clay samples north of Old Man river to 0.35 per cent 
for silt loams and clay loam samples south of Fishburn. Thir- 
teen clay and clay loam soils in the shallow black zone averaged 
0.22 per cent nitrogen in the surface foot and fourteen loam 
and silt loam soils in the same zone averaged 0.27 per cent. The 
extreme variation in nitrogen content of the surface foot in the 
soils from the dark brown zone was from 0.11 per cent to 0.32 
per cent. Excluding these two extremes the variation was from 
0.15 to 0.26. The variation in the brown zone samples was 
from 0.10 to 0.18. 

In practically a11 cases there was a decrease in nitrogen 
content from the surface down. Table XIV illustrates this, 
the decrease in most cases being quite large (this nitrogen in 
the soi1 occurs principally as organic matter). Since, as 
stated, most of the nitrogen is in the A or surface horizon, 
the loss of that surface by erosion means not only the loss of 
much fertile soi1 but exposing for production a soi1 much 
lower in natural fertility. Out of approximately sixty profiles 
analyzed only one showed any appreciable increase in nitrogen 
content in the B horizon. 
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The average phosphorus content (calculated in the surface 
foot) of three black soils was 0.095 per cent; of twenty-three 
shallow black soils was 0.068 per cent; of twenty-one dark 
brown soils was 0.061 per cent and of six brown soils was 
0.053 per cent. As in the nitrogen content, the black soils are 
considerably higher than the shallow black. The decrease in 
the last three zones is not great. The average phosphorus 
content (surface foot) of eleven clay and clay loam soils in 
the shallow black zone is 0.072 per cent and in fourteen silt. 
loam and loam soils is 0.064 per cent. The extreme variation 
between profiles within a color zone is not great. In the shallow 
black zone the lowest analyzed sample contained 0.051 per 
cent (phosphorus in the surface foot) and the second highest 
0.080 per cent. One sample of silt loam from near Woolford 
contained 0.091 per cent phosphorus. In the dark brown zone 
the extreme variation was from 0.048 per cent to 0.077 per 
cent. As cari be seen from Table XIV the phosphorus content 
does not change greatly with depth. The subsoil may be slightly 
higher or slightly lower than the surface soil. In general, 
however, the readily available phosphorus (determined at pH 
3) is greater in the surface horizons than in the subsurface. 
Although the total phosphorus is greatest in the black soi1 
zone, the available phosphorus in the profiles analyzed from 
this area was very low-an average of 10 to 20 parts per 
million in the surface foot as compared with over 100 parts per 
million in the shallow black, brown and dark brown zones. 

Most of the soi1 areas of these two sheets have a high lime 
carbonate content; the dolomitic ranges of the Rocky Moun- 
tains have been a large contributing factor to this. In some 
soils the high lime content cornes right to the surface and 
these areas have been classed as profile 7. The 2.7/2:7 clay area 
reported in Table XIV is such an area, where there is over 6 
per cent calcium in the surface or A horizon and 10 per cent 
calcium, that is about 25 per cent calcium carbonate, in the B 
horizon. The soils of normal profile average about 0.75 per cent 
calcium in the A horizon and from about 3 to 5 per cent in 
the B, horizon. Magnesium analyses show an average of about 
0.75 per cent in the surface horizon and from 1.25 to 1.50 per 
cent in the B, and C horizons. In general the magnesium con- 
tent of the surface horizon is slightly higher in the west half 
than in the east half of the sheet, and some of the clay textured 
soils have well over 1.0 per cent magnesium in the surface 
horizon. The figures given in Table XIV indicate a higher 
magnesium content, particularly in the surface horizons, for 
the soils of these two sheets than was found in either the soils 
of the Rainy Hills sheet or the Sullivan Lake sheet on the east 
side of the province. 
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The calcium and magnesium, as a rule, are lowest in the 
surface horizon and highest in the subsoil. This is accounted 
for by the fact that being slightly soluble they are carried 
downwards by the penetrating rain water. Some of the surface 
soils contain twice as much calcium as magnesium, and many 
of the subsurface and subsoil samples contain three times as 
much calcium as magnesium. The magnesium of the soi1 is 
less soluble than the calcium, and the plants demand less 

.magnesium than calcium; thus the ratio is narrower in the. 
surface than in the subsoil. In a11 cases there is a big increase 
in calcium and some increase in magnesium in the B, horizon. 
This concentration generally carries down into the Upper 
portion of what was sampled as C horizon. Since most of the 
samples of the B, and C contain upwards of 5 per cent calcium 
and over 1 per cent of magnesium it should be noted that none 
of the soils of this sheet are deficient in either calcium or 
magnesium. Many of the soils that have a very high lime 
concentration practically to the surface have a distinctly 
inferior appearance. 

Potassium analyses were made on a few type samples. 
These determinations indicate that most of the soils of these 
sheets contain between 1.25 and 1.75 per cent of potassium. 
There is no noticeable difference going from west to east 
across the sheet and little difference between soi1 types. 
Unlike calcium and magnesium, there is a slightly higher 
percentage of potassium in the surface horizons than in the 
subsoil. This concentration is due to the return of the potas- 
sium to the surface by way of the plant roots. These determina- 
tions indicate that there is a large supply of potassium present 
in the soil; however its immediate value depends on the 
amount readily available to the plant. 

Some other essential elements for plant growth, namely 
iron, sulphur and manganese, are generally present in large 
quantities as compared with the amounts required by crops. 

If the total figures as reported in Table XIV were converted 
into crops theoretically producible, it might seem that the 
supply of essential plant foods other than nitrogen and 
phosphorus is practically inexhaustible. However, the fact of 
the matter is that trop growth may be retarded by the lack 
of a certain element, even though there is enough of that 
element present to produce hundreds of crops. The explana- 
tion for this is that the essential elements dissolve slowly or 
become available slowly and only in their available form cari 
they be used by the plant. The rate of solution cari often be 
hastened by better methods of tillage and soi1 management 
and by rotation of crops. The decomposition of organic matter 
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TABLE XIV.-Chemical composition of representative soil profiles. 
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...< 
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870 
871 
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1017 
1018 
1019 
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.77 
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0.12 
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is more intense in fallow soi1 than in cropped soil. However, 
the percentage of organic matter in the brown and dark brown 
soi1 zones of these sheets is relatively low and therefore the 
amount of essential elements coming into solution by such a 
process might be limited. The black zones of these sheets are 
more favorably supplied in this respect. 

Although soil- moisture as a limiting factor in trop produc- 
tion should be emphasized in a11 soi1 zones the importance of 
soi1 fertility should not be disregarded. Among other things 
the efficiency of a unit of soi1 moisture Will vary directly with 
the concentration of the soi1 solution. This, in turn, depends on 
the amount of readily available essential elements SO that, 
although there is an abundance of total plant food elements 
in the soil, the plant may be starved because there is not 
enough food readily available. Much of the available food is 
in the surface soi1 and the removal of this surface through soi1 
erosion seriously reduces the immediate as well as the poten- 
tial productive capacity of the soil. 

The reactions of the profiles are given in Table XIV. From 
the figures it is seen that most of the profiles are very close to 
the neutral point. One black profile is about pH 5 in the 
surface horizons, but practically a11 others determined were 
between pH 6 and 7. The B2 and C horizons of most profiles 
are sligthly higher than this due principally to the presence 
of lime. A few alkaline soils of about pH 8 were found in low 
areas. 

FARM PRACTICE 

The purpose of the soi1 survey is principally ta locate and 
map areas of soi1 according to their agricultural desirability- 
Each area on the soi1 map carries a three digit number as well 
as the soi1 texture designation (see page 33). Each of these 
numbers indicates a specific characteristic of the soi1 profile 
and each of these affects the soils adaptability or possible utili- 
zation. Included in this report is a possible land utilization map 
of the Lethbridge and Pincher Creek sheets. There are seven 
grades of land mapped in this area, grading from poor pasture, 
non arable, to very good arable land. These grades are calcu- 
dated from the physical data obtained in the field on the basis 
used in this survey, namely a mile basis; the economic and 
social factors, excepting in SO far as they have determined the 
kind and yield of crops grown, did not enter into this classifi- 
cation. A fuller description of this map is given on page 84 
under the heading of Land Class Map. Lands vary in their 
productive capacity and adaptability and it is generally recog- 
nized that many of the failures on Alberta farms are attribut- 
able to an incorrect utilization of those land areas. In this 
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regard the best utilization of any land area Will tend to get 
the most economical return from the land without causing any 
immediate or permanent deterioration. 

It has been stated earlier in this report that the chmate 
changes rapidly from the east to the west side of the area. As a 
result practices applicable in one portion of the area are not 
satisfactory in another portion. Undoubtedly a limited rainfall 
is an important factor affecting the agricultural practices in the 
eastern half of the area. In the west half of the area where the 
rainfall varies from 16 to 20 inches annually drought is not SO 
serious a problem. SO it may be said that, particularly in the 
eastern portion and to a lesser degree in the western portion, 
how best to utilize the available soi1 moisture is a major 
problem of trop production. Since up to a certain limit 
increased available moisture means a greater rainfall efficiency 
in the trop produced, every effort should be made to efficiently 
utilize as much of that moisture as possible. This means such 
things as conservation of moisture by fallow, preventing of 
run-off as much as posible, the prevention of loss of moisture 
by transpiration through weeds and the growing of crops best 
adapted to the soi1 and moisture conditions. 

Experiments at Swift Current Experimental Station show 
that wheat on fallow only required about two-thirds as much 
rainfall to produce a bushel of wheat as did a trop of wheat 
following wheat. This illustrates what was said above, namely, 
that increased available moisture means a greater rainfall 
efficiency. In the drier sections it seems that a one-trop wheat 
fallow system is the most logical one to use. 

However, the one-trop farming system tends to reduce the 
soil’s supply of organic matter, and of nitrogen also, since the 
soi1 nitrogen is very largely held in the form of organic matter. 
Organic matter is constantly decomposing in the soil. The 
stubble and roots of grain, together with any residue from 
weeds that may have grown on the land, are sources of organic 
matter. When the land is fallowed the increased air and 
moisture favor a more rapid decomposition of the organic 
matter and at the same time no new organic matter is added 
to replace that which is decomposed. Experiments conducted 
at the University of Alberta show that the accumulation of 
available plant foods, particularly nitrate nitrogen, is much 
greater at the end of the season on land under fallow than on 
land that has been cropped. It is, therefore, not difficult to 
understand why this system of farming tends to exhaust the 
soil’s supply of readily decomposable organic matter. 

Analyses being conducted at the University of Alberta 
by Mr. Caldwell as part of the P.F.R.A. program, indicate that 
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there is a drop in the nitrogen and carbon content of cropped 
land as compared with the native sod. Most of the fields 
sampled for these analyses have been cultivated for over 
twenty years and have been on a grain fallow rotation. 

Normally a rotation that would maintain the percentage of 
organic matter in the soi1 and therefore its nitrogen content 
is to be recommended over the one-trop grain rotation. Organic 
matter also increases a soil’s water holding capacity. The 
average soils may hold from 15 to 40 per cent water when 
saturated, whereas organic matter may hold from 50 to 200 
per cent at saturation. These rotations include grass and clover 
crops, and such rotations must be used if the fertility of these 
soils is to be maintained. The incorporation of fibrous organic 
matter with the heavy textured soils of this area, besides 
improving their texture, would render them less liable to drift. 
Information regarding crops for the area cari be obtained from 
the experimental farm at Lethbridge, Alberta, or from the local 
district agriculturist. 

The wheat fallow rotation, if properly conducted-and this 
means, as stated above, the periodic inclusion of a hay crop- 
Will give a relatively high rainfall utilization factor. The fallow 
cannot be expected to conserve moisture, however, unless 
weed growth is controlled throughout the entire season. Since 
each cultivation tends to pulverize the soi1 and encourage 
soi1 drifting, tends to dry the soi1 out and tends to increase the 
cost of production, cultivation cari be considered as an import- 
ant factor in weed control. 

The one trop rotation has another objection, and. that is 
it aggravates the problem of soi1 drifting. Practically a11 
Alberta soils Will drift after ten or fifteen years of the one- 
trop grain farming system, which destroys the soi1 fibre unless 
adequate provision is made for its replacement. This is 
particularly true in years of low rainfall and high winds. Soi1 
drifting has been a problem in this area for some time, due 
partially to the very high prevailing winds. The problem is 
not confined to the drier eastern section, in fact some of the 
worst soi1 drifting on the area is in the central to western 
portion (see Plate 7, Fig. 2). In general the light sandy soils 
and the heavy clays are most subject to drifting. 

There is very little sandy soi1 on these two sheets; one area 
is outlined near Macleod and the other area south and west 
of Milk River town. The areas south of Macleod have drifted 
very badly and in many places the land is virtually ruined. 
Large blown out holes three to four feet deep and acres in 
extent caver what was once cultivated fields. Such areas should 
be regrassed as soon as possible, and then left in permanent 
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pasture. The area along Milk river has drifted badly in spots, 
but by the early adoption of control measures such as very 
narrow strips and growing winter wheat, drifting is very much 
reduced. However, brown soils of light texture are of question- 
able arable value and it would appear that if they are to be 
farmed, seeding to grass should form an important part of the 
rotation. However, a large percentage of the soils on these two 
sheets are heavy textured and some of these have drifted 
rather badly. One of the most noticeable of these is the clay 
area between Pincher Creek and Glenwoodville. Farmers say 
that soi1 drifting on this area started as early as 1915. .The 
accumulated drift on the roadside as well as the concentration 
of small stones on the cultivated surface of the land indicate 
that, in places, upwards of a foot of surface soi1 has been lost. 
The loss of one inch of top soi1 from this area means the loss 
of up to 300 pounds of phosphorus and up to 800 or 900 pounds 
of nitrogen per acre. This loss represents the phosphorus 
removed by 50 twenty-bushel crops of wheat and the nitrogen 
removed by 30 twenty-bushel crops. The cost in dollars to 
replace this plant food would reach surprising amounts. The 
loss on the brown soi1 zone would not be as large in total 
amount but relatively would be great, and here it might be 
even more serious since there is much less depth of top soi1 
than in the black zone. Such deterioration car-mot be allowed 
to continue if we are to have soi1 to cultivate for more than one 
generation. 

A discussion of- the methods of controlling soi1 drifting has 
occurred elsewhere in printed form but it is not out of place 
here to mention a few methods that are particularly applicable 
to this area. Two are o-standing in their application, namely, 
the practice of stripping (see Plate 4, Fig. 2) and the use of the 
plowless fallow. Strip farming alone cannot be expected to 
completely control soi1 drifting. It does prevent the accumula- 
tive effect of drifting soil. It has certain objections such as 
being a little more difficult to farm than the larger fields, and 
inereasing insect damage. The plowless fallow seems to be 
attracting more attention each year. Net only has it proved 
very effective in controlling soi1 drifting, but it also aids 
materially in holding the winter snow and hence adding to 
the soil’s moisture réserve; and plowless fallowing is generally 
a more economical operation than the plowed fallow. The use 
of the plowless fallow depends on the fact that there is some 
stubble or trash on the surface. If, due to extreme drought the 
land is practically bare, the plowless fallow may leave the land 
surface more vulnerab1.e to the winds than the plowed fallow. 
Mr. Palmer of the Lethbridge Experiinental Farm, speaking at 
Swift Current in 1938, said, “From experience gained SO far, 
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it seems quite safe to say that where strips of 10 to 20 rods in 
width are used and good trash covers are maintained, the 
possibilities of drifts originating in such fields is quite remote 
excepting in coarse sandy soils. . . . When drought conditions 
make it impossible to get sufficient trash caver, listing or 
some other control must be added.’ Chepil and Doughty of the 
Swift Current soi1 laboratory have found that in a controlled 
wind tunnel it required a wind of about 15 m.p.h. velocity one 
foot from the ground to start a medium textured soi1 to drift 
if the surface of the soi1 was smooth. It required an 18 m.p.h. 
wind to move the soi1 if the surface was ridged and about 21 
m.p.h. if the surface was ridged and trash was incorporated 
with the surface layer of the soil. The average yield of wheat 
at Lethbridge for the period 1929 to 1934 was 17.4 bushels per 
acre on plowed fallow and 19.4 on plowless fallow. This would 
indicate that fallowing to keep the trash on the surface does 
not reduce yields. The trash caver by holding the snow gives a 
more moist seed bed and hence the grains tends to caver the 
ground in the spring more quickly. Some farmers state that 
periodically plowing the land tends to return the soi1 to the 
more desirable lumpy structure. 

There are many implements in use in.western Canada that 
are designed to help control soi1 drifting. It should be kept in 
mind that none of these implements has a universal use. An 
implement that works in one soi1 type may not work in another 
soi1 type, and an implement that gave satisfactory results one 
year may not be of value another year. Excluding those 
implements that have a specialized use they should a11 satis- 
factorily kil1 the weeds and they should leave the land surface 
as little subject to drifting as possible. 

Wind breaks of trees have a definite place in the control 
of soi1 drifting. Under the direction of Mr. N. ROSS, Superin- 
tendent, Dominion Forest Nursery Station at Indian Head, 
Saskatchewan, extensive experimental field shelter belts have 
been planted since 1935. It is too early yet to draw definite 
conclusions as to their effectiveness in controlling soi1 drifting. 
Shelter belts have a distinctly protective effect on the leeward 
side but tare must be taken to see that they do not become 
merely a trap for drifting sand and weed seeds. Cover crops 
planted in the fa11 in rows are being used in some parts of the 
area to hold the fallow from drifting during the winter months 
and early in the spring before the grain trop becomes estab- 
lished. 

Some severe cases of water erosion were seen in 1938. 
principally in the southeast corner of ‘the area (see Plate 7, 
Fig. 3). This was the result of a very heavy June downpour. 



Soil Survey of Lethbridge and Pincher Creek Sheets 71 

Fields were rutted and patches of trop were washed out. 
Heavy rains such as this are rare but there is considerable loss 
of top soi1 each spring with the run-off waters. Leaving the 
land in the fall in such a condition that it Will hold snow and 
water Will tut down the run-off considerably and lessen the 
annual loss of soil. Contour farming may yet be considered as 
an extreme control measure but, for example; if the land were 
plowed across the slope rather than with it each furrow would 
act as a check dam rather than a water course. 

Many factors affect the efficiency of the rainfall of any 
district (see Climate, page 12). Although the western portion 
of this area receives a fairly high rainfall, trop yield data 
indicate that the relative efficiency of that rainfall is not 
high. This is due in part to high evaporation caused by the 
warm chinook winds. Figures for May, June, July, August 
and September, 1917, showed evaporation from a free water 
surface to be 28.11 inches at Claresholm as against 19.25 at 
Olds. The evaporation at both places was greatest during July. 
Also, available ‘precipitation figures for the foothills section 
indicate that for three of the growing months, May, June and 
July, July is the dryest month. If on the average July is a 
dry month and evaporation during that month is high, ‘consider- 
able damage would be done to a growing trop. It appears that 
the growing of grass crops for hay or seed and winter wheat 
would make for a better utilization of the year’s moisture 
distribution. Near the mountains where there is a definite 
frost hazard such crops would have a distinct advantage over 
later maturing crops. 

Soi1 types vary in their productivity as well as in their 
response to cultural and other treatments. These differences 
are discussed in the section on Soils, which describes the 
various soi1 areas. 

This discussion under farming practice for the Lethbridge 
and Pincher Creek sheets has up to the present been confined 
principally to the growing of crops. Although ranching has . 
had to give way to cultivation, the southwest still has a fairly 
high stock population (see Plate 5, Fig. 3). During the last 
ten years there has been an average of about 20,000 head of 
cattle and over 3,000 head of horses shipped from this area 
annually. 

In the description of the various soi1 types and in the 
utilization map certain areas are designated as useful only as 
grazing lands. The Milk River ridge is the largest single grazing 
area on the sheets. Some of the foothills area has been desig- 
nated as pasture land, although portions of this area carry 
a fairly heavy tree growth. The Milk River ridge is in the dark 
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brown soi1 zone and supports a fairly heavy grass growth. The 
soi1 for the most part is good but large portions of the area are 
too rough to cultivate. Some portions are a considerable 
distance from water but the area is well supplied with coulee 
draws that afford excellent opportunities for the construction 
of stock watering dams. The area west of a line drawn through 
Cowley, Pincher Creek and Cardston is comprised, in the main, 
of a series of fertile arable valleys and steep ridges that are 
principally pasture lands. Such an area lends itself very 
favorably to mixed farming. In view of what was said of this 
area earlier in this section such crops as spring wheat should 
possibly have even less acreage devoted to it than at present. 
Most of the Indian reserves are at present used as pasture 
lands. There is still considerable arable land in these areas that 
have not yet been plowed. It was stated earlier in this section 
that the most desirable utilization of any land area means 
getting the most economical return from that area without 
causing any immediate or permanent deterioration. Tbis 
applies equally well to pasture lands. Over-grazed lands mean 
greater spring run-off, greater erosion and greater evaporation. 
Pasture land should be grazed on a long term carrying capacity 
basis. This might actually mean under-grazing during a wet 
cycle of years (see Plate ‘7, Fig. 1). Economically there is little 
profit in increasing a herd during good years and then having 
to sacrifice that herd during the dry years. This principal 
applies equally well to the supply of winter feed; a carry over 
in a wet year may alleviate an otherwise shortage during a dry 
year. The stockman who works in co-operation with the 
irrigationist eliminates to a great extent the seasonal fluctua- 
t.ion in winter feed supply. 

The size of farm unit that would provide adequate returns 
under such practices as have been briefly considered above 
would vary with the soi1 type and with the zone. The arable 
unit would naturally be larger in the eastern portion of the 
area. 

Irrigation in this area is discussed under a separate 
heading. 

IRRIGATION 
In 1892 an irrigation ditch was constructed which took 

water out of the west side of Lee creek to irrigate about 15 
acres near the then village of Cardston. In 1895 a larger ditch 
took water out of the east side of Lee creek to irrigate about 
250 acres. Also in 1895 a canal was constructed to carry water 
out of Pincher creek to irrigate land just east of the present 
townsite of Pincher Creek. The first named project operated 
for about eight years, the latter two only two or three years. 
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However, from this beginning irrigation in the southwest 
corner of the province has grown to large proportions; at the 
present time, 1938, about 60,000 acres of land in the Leth- 
bridge and Pincher Creek sheets receive irrigation water. 

The A.R. and I., possibly better known as the Coaldale 
project was Eonstructed at the turn of the Century and was in 
operation in 1903. This project takes water from St. Mary 
river at Kimball to irrigate land between Lethbridge and Chin 
Coulee.. Approximately 40,000 acres of this project lie within 
the Lethbridge sheet with about 20,000 acres at present 
irrigated. Spill water from this project is stored in Chin Coulee 
and is used from there to irrigate in the Taber district. The 
Magrath and Raymond projects, irrigating about 20,000 acres, 
were constructed in 1925 and also used water from the A.R. 
and 1. canal. About 1905 the A.R. and 1. constructed a canal to 
take water out of Milk river and irrigate land between Warner 
and Milk River; however, it never carried water. 

The year 1919 saw the beginning of the United project 
at Glenwoodville and bf the Lethbridge Northern project; the 
latter one only touches the Lethbridge sheet in township 8, 
range 22. The United project takes water from Belly river and 
irrigates about 15,000 acres. In 1923 a small project was con- 
structed at Mountain View. It is estimated that this project 
irrigates between 1,000 and 2,000 acres. Some small privately 
owned projects are in operation in the foothills region and in 
the Milk River ridge. Surveys are at present under way, 
1938, for an extension to the Mountain View project and of a 
portion of the Macleod Southeastern project. Tentative 
irrigation surveys have been made in the country between 
Raymond and Milk River and along Beaver creek, south of 
Porcupine hills. Table XV gives the approximate irrigable 
acres and the estimated irrigated acres in the major projects 
on the Lethbridge sheet. 

TABLE XV.-Irrigation acreages in the Letbbridge sheet. 

Froject 
Approximate Estiiated 

Irrigable Irrigated 
Acreage Acreage 

A.R. and 1. Company* . ..__..._........._................,.......,,,......,,..,. 
United Irrigation District .._. .._._.__.._... .._... ._... ._... .,. .,_ 
Raymond Irrigation District .,._. ..__..._,_.__. ._., .,.... ,... ,..,_._.,. 
Lethbridge Northern Irrigation District* .._...._...._. .._._.. 
Magrath Irrigation District .._._.__._............................. 
Mountain View Irrigation District _._... .._. .._ ..__._.._. .._._.._, 
Macleod Southeastern .._...._....__._.__.................,..,....,....,... ,...., 
Raymond, Milk River .._....__._.__..._................,....,....,..,.......,.,.. 
Beaver Creek .._..._ .._._.__._.__...__..............., ,..,,,._..,..,., 

20,000 
:4”9: 

2:500 
6,000 
1,500 

*Acreage covers only that portion lying within the Lethbridge sheet: ie. 
south of township 9. 
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The construction of irrigation projects in the southwest haq 
in many cases, turned a treeless semi-arid plain subject to 
great climatic fluctuations into areas producing a luxuriant 
growth and dotted with groves of trees. In the earlier days of 
irrigation, cereals, mainly wheat, formed the principal trop. 
However, the picture is gradually changing and although 
wheat still is a major trop on the projects, more and more 
acreage is devoted to such crops as alfalfa and sugar beets. 
Sugar beets, which supply the factory at Raymond, are proving 
to be one of the best cash crops in the area. During the last 
two or three years the growing of vegetable crops for seed 
and for canning purposes is receiving attention. 

It is fairly generally recognized that the high capital cost of 
irrigated lands, plus the cost of applying water, makes such 
land too costly to grow wheat in competition with the dry 
land farm; that is to grow wheat to the complete exclusion 
of a11 other crops. Alfalfa and the intertilled crops are generally 
recognized as irrigation crops, particularly in the south portion 
of the province. They are more specialized and usually pay a 
higher return per acre than do the cereal crops. In the past 
the market for these crops has been limited and in many 
respects is still limited. That is, the production of alfalfa, sugar 
beets, vegetables and small fruits is determined by the avail- 
able markets and only as the market expands cari the produc- 
tion of these crops be increased. At this point it should be 
mentioned that apiculture is becoming a valuable sideline on 
some irrigation farms. 

The alfalfa grown on the project is used principally as 
feed for the stock maintained on the irrigation farm and 
for range stock from the surrounding ranches. The maintain-. 
ing of some live stock by the irrigationist is valuable, not 
alone for the additional source of revenue obtained, but also 
for maintaining the fertility of the irrigated land. Barnyard 
manure adds fibre as well as minerals to the soi1 and the 
inclusion of alfalfa in the rotation is not only considered 
advantageous but imperative. It is believed that the irriga- 
tionist and the rancher cari work in close co-operation to 
mutual advantage. The irrigation farmer needs a steady outlet 
for bis surplus of alfalfa hay and the rancher needs the 
insurance of a reliable source of winter feed. During past 
years many range cattle, particularly from the foothills, have 
been wintered a on the irrigation farms. This seems like an 
advantageous arrangement. It saves the rancher the expense of 
transporting feed. It provides winter employment on the 
irrigation farm as well as valuable fertilizer for his farm. At 
this point it might be well to again point out that since irrigated 
land is valuable land when subjected to intensive cultivation, 
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maintaining or increasing the productive ability of that land is 
of prime importance. The addition of fertilizers and adequate 
rotations are both essential in the maintaining of that fertility. 
The Dominion Experimental Farm at Lethbridge Will supply 
information on adequate rotations for the irrigation farms of 
this area. 

Earlier in this section it was intimated that any change in 
the amount or kind of crops grown was governed in a large 
measure by the market for those crops. Apart from markets 
there are other major irrigation problems in the southwest; * 
two of these are, alkali and the supply of water. The first is 
an immediate problem, the second, although felt to some 
degree at present, is more concerned with the long time future 
development of irrigation. 

Al1 arid and semi-arid soils contain some water soluble 
alkali salts. The parent rocks from which they are formed 
determine largely the kind and amount of these salts. Under 
dry land conditions in Alberta these salts, being below the 
toxic limit, generally do not cause an alkali problem, How- 
ever under irrigation the concentration of seepage water, with 
its load of Salt, in the lower areas renders some of these areas 
non-productive (see. Alkali, page 76). Where such areas 
exist provision for adequate drainage should be made, other- 
wise the seepage spots may grow in size ruining more land 
each year. Before new projects are constructed the alkali 
problem of the area should be considered and the necessary 
steps taken to prevent the ruination of productive land. Over- 
irrigation and flooding may cause an alkali problem on land 
that normally has adequate drainage. The excess water Will 
return to the surface and bring with it the salts dissolved from 
the lower soi1 horizons. 

As stated previously the .problem of a sufficient supply of 
irrigation water is beginning to be manifest and as larger 
acreages are brought under the ditch this problem may become 
an acute one. The solution of this problem lies in two directions. 
The first is the maintaining of a sufficiently dense vegetative 
mantle in the mountains to hold the winter snow and to 
prevent the too rapid melting of that snow during the spring 
and summer months. TO do this means the prevention of 
forest fires and controlled cutting of the forested areas. The 
loss of the protective covering on the mountain slopes increases 
the flood hazards in the spring as well as greatly lessening the 
later summer river flow. The other phase of the solution lies 
in the construction of reservoirs to impound some of the excess 
spring waters for use in the later summer. 
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One other factor in the successful operation of an irrigation 
farm should be considered, and that is the soi1 type. Al1 soils 
do not respond equally to the application of irrigation water, 
nor is the same type of management applicable to a11 the soi1 
types. Most of the irrigated lands of this sheet are medium to 
heavy textured soils formed in the beds of post-glacial lakes. 
Where other factors are satisfactory, the medium to mediumly 
heavy textured soils are good irrigation soils. Most of the 
irrigated areas of the sheet are graded a silt loam to a silty 
clay loam. These soils are naturally productive soils but fairly 
heavy and tare must be exercised in their management SO 
that they do not puddle and become intractable. Clay soils are 
generally not as good irrigation soils as the ones described 
above. They offer cultivation difficulties and take the irrigation 
water very slowly. However, most of the clay areas of these 
sheets have a fairly high lime carbonate content. This is very 
desirable since the lime improves the structure of these soils 
and helps to prevent them puddling. The mixing of organic 
matter in the form of barnyard or green manures with these 
soils Will greatly improve their tilth. Very light textured soils 
do not satisfactorily hold the irrigation water. Partly because 
of ease of water movement through the light textured soils 
alkali problems may arise. They also are usually lower in 
initial fertility than the medium to heavy textured soils. There 
are no large sandy areas irrigated in this area; there is how- 
ever, a light loam area near Raymond and one east of Leth- 
bridge. 

Irrigation in the southwest is recognized as a valuable 
asset to the general prosperity of the area. More lands of a 
selected character are capable of being irrigated and Will be 
as economic conditions warrant. It seems logical to suggest 
that, since their installation represents a large capital outlay, 
a11 information pertinent to their successful operation should 
be obtained and adequate measures should be taken to insure a 
sufficient and uniform supply of water to these projects. 

ALKALI 

Soils are formed by the weathering of rock materials and 
alkali salts corne originally from this decomposed rock. Since 
some of the parént material, particularly shales, is of marine 
formation it contains various salts, and these salts when set 
free by the decomposition of the rocks tend to accumulate 
wherever the rainfall is not sufficient to dissolve and carry 
them off in the drainage water. 

Alkali lands usually occur in areas where the annual 
rainfall is less than twenty inches. Alkali generally appears in 
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the valleys and depressions that receive the drainage from the 
surrounding soils and from which there is no drainage outlet. 
However, alkali may occur in level land that is not too well 
drained even though the land is slightly elevated. 

The alkali salts are commonly classed as brown, black or 
white. Brown alkali consists chiefly of the nitrates. Black 
alkali consists chiefly of the carbonate and bi-carbonate of 
sodium, and owes its name mainly to the fact that when this 
alkali salt is present it dissolves organic matter and produces a 
dark brown to black color. White alkali consists chiefly of the 
neutral salts, such as sodium sulphate, sodium chloride, mag- 
nesium sulphate, magnesium chloride, and the similar salts of 
calcium, and even at times potassium. The main salts of both 
the brown and white alkali are neutral in reaction and not 

_ alkaline, as is the case with black alkali. 
Black alkali is the most toxic, and when present in quanti- 

ties exceeding .1 of one per cent is often detrimental to plant 
growth. The white alkali is least toxic and seldom causes injury 
unless present in quantities exceeding .5 of one per cent. Black 
alkali deflocculates fine textured soi1 and causes it to become 
tough and impervious. White alkali has a less injurious effect 
upon the physical condition of soils and sometimes tends 
rather to produce a granular character which accompanies 
good tilth. The injurious effect of black alkali is largely caused 
by its corroding effect upon the plant roots; however, in the 
case of white alkali it is believed that the high concentration 
of sait outside the plant roots prevents water absorption. If 
the concentration of the salt outside the plant roots is suffi- 
ciently great the osmotic pressure would cause the water to 
be drawn from the plant roots into the soil, thus causing the 
death of the plant. 

Many samples of soil, as well as some alkali incrustations, 
representative of various soi1 types on the Lethbridge and 
Pincher Creek sheets were analyzed; only representative 
profiles and samples, however, are reported in Table XVI. 
The first six profiles reported in Table XVI-two loams, two 
clays, and two silt loams-a11 show negligible quantities of 
water soluble alkali salts. Al1 but the 2.7.7 clay have normal 
profile development and contain less than .05 of one per cent 
non-volatile solids; the high lime clay contains .06 of one per 
cent non-volatile solids in the surface horizon and less than 
this in the lower horizons. 

Many productive and semi-arid soils contain from .25 to 
.50 of one per cent of water soluble salts. Most of the Alberta 
semi-arid soils contain less than .l of one per cent total water 
soluble salts. Soils containing more than .50 of one per cent 
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of total water soluble salts, exclusive of calcium sulphate, are 
justly viewed with suspicion but soils containing large quanti- 
tics of gypsum (calcium sulphate), as do many of the soils of 
southern Alberta, Will produce crops when they contain 
quantities of soluble salts which would be decidedly injurious 
were there no calcium sulphate present, since this Salt, partly 
by its flocculating action, ameliorates the toxic effect of the 
other alkali salts. Although the percentage of water soluble 
calcium in these profiles is relatively low, many of the soils 
are extremely high in total calcium. Particularly is this true 
of the western half of the area. As stated previously black 
alkali may be toxic in concentrations greater than .1 of one 
per cent. The sodium reported in this table was obtained by 
difference. That is, the sodium is calculated to make up the 
difference in positive ions necessary to link with a11 the anions 
determined. However some sodium determinations were made 
and in each case they checked very closely with the figures 
obtained by difference. 

One river bottom profile, T 57 to T 59, is reported. These 
samples show a negligible amount of water soluble Salt. Other 
river bottom samples also showed a low alkali content. A 
profile taken in the Milk River flat in township 1, range 23, 
had an appreciable amount of alkali salt in the B horizon. 

In certain of the irrigated sections of these sheets there 
is an alkali problem. There is an accumulation of alkali near 
the town of Hillspring in the United Irrigation Project and 
alkali is found in several places on the Magrath-Stirling 
project. Some patches are at present non-productive because 
of alkali and some of these spots are growing in size each 
year. Seepage waters from canais and ditches sometimes pass 
through porous soi1 formations which permit of large losses of 
water, and may cause a great amount of alkali trouble. The 
water may corne to the surface at some spot in the field below 
the ditch and bring with it alkali gathered while passing 
through the soi1 (see Plate 8, Fig. 2). If this continues for any 
length of time valuable land may be ruined for trop produc- 
tion. Profile T 29 to T’31 and T 32 to T 34 were taken in just 
such a seepage area. Wheat on the first named profile was 
completely killed out; that on the second was partially killed. 
The two profiles were only a few rods apart. In both profiles 
sodium is the most abundant cation and sulphate the most 
abundant anion. The bicarbonate concentration is relatively 
low-if a11 of it were linked with sodium there would only be 
about .03 of one per cent sodium bicarbonate present. Although 
slightly high in chlorides the above two profiles are fairly 
typical of the alkali infested areas of this irrigation project. The 
lateral movement of water may be due, as suggested, to seep- 
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age from the diteh or in some cases it may be due to over- 
irrigation. If it is not possible to prevent this accumulation 
in the lower areas provision should be made by drainage to 
carry the excess water away. Without adequate drainage the 
water table in these lower areas may continue to rise and more 
and more land Will become alkali infested. 

The analyses of three surface trusts are reported in Table 
XVI. Sample number 763 was taken in the Porcupine Hills 
area underlain by Porcupine sandstone. Sodium sulphate is the 
principal salt in this sample. Sample T 1 was taken from the 
shore of Mary lake, which is on St. Mary sandstone. In this 
one sodium sulphate is the principal salt, ahhough there is a 
small amount of bicarbonate present. Sample T 15 is from the 
shore of Tyrrell lake. Belly river sandstone forms the tmder- 
lying bed rock in this area, although there is a fair depth of 
glacial till. Although the sodium and the sulphate ions are 
predominant there is a fairly high concentration of the 
carbonate and bicarbonate ions. 

There is a considerable number of soi1 areas, particularly 
in the eastern half of the sheet, that carry the unit digit 5. 
These are principally in the wide coulees and drainage ways. 
The sait concentration in these areas varies from well below 
the toxic limit to such a concentration that patches are 
practically devoid of natïve vegetation. In many of these areas 
deep plowing just before seeding, Will turn down the alkali 
that has accumulated near the surface, and Will enable the 
seeds to germinate and the Young plants to become established. 
The choice of alkali resistant crops for these areas is desirable. 
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VEGETATION 
Since four color zones occur in these two sheets the area 

is characterized by a gradua1 transition from a strictly prairie 
vegetation, through a parkland belt to a mountain flora. In 
general, tree growth is limited to the area adjacent to the 
mountains and cari be said to extend approximately twenty- 
five miles east of the Rocky Mountains proper. The river 
valleys, however, support a good growth of trees much further 
east. Balsam poplar (Populus tacamahacca) is the most com- 
mon tree, atlhough the aspen poplar (Populus tremuloides) 
and cottonwoods are quite abundant. The latter appears to be 
the dominant tree of the lower foothill region, growing mainly 
as saplings in dense thickets rather than as large, solitary 
individual trees. In the rock outcrop area further to the west 
the aspen is limited to areas between the outcrops, the rocky 
exposures themselves supporting a good growth of limber pine 
(Pinus flexilis), shrubs such as creeping juniper (Juniperus 
horizontalis) and low juniper (Juniperus sibirica) . Douglas 
fir (Pscudotsuga Douglasii) is common at slightly higher 
altitudes, and in some areas, that is on some of the mountain 
slopes and in the mountain valleys proper this tree has some 
commercial value. The poplars of the foothills region are of 
insufficient size for lumber and are utilized mainly as fire- 
wood. This tree growth reduces soi1 erosion by either wind 
or water and therefore is valuable even though it does reduce 
the amount of pasturage available. 

A low Woody shrub known as buckbrush or western snow- 
berry (Symphoricarpus occidentalis) is common over the 
larger part of the two sheets, being particularly abundant in 
the western portions. A rather dwarfed rose bush growth 
(Rosa SP.) is also especially common in the west. A heavy 

growth of a small Woody plant known as shrubby cinquefoil 
(Dasiphora fruticosa) occurs in the area adjacent to Waterton 
Lakes. 

Probably the four most con-mon and also most valuable 
grasses of the entire area are: blue grama grass (Bouteloua 
gracilis), a low growing fine-leaved grass having a curved 
scimitar type of head which becomes a deep purple upon 
curing; June grass (Koeleria cristata), a fine-leaved grass 
having a small compressed panicle type of head; plains reed 
grass (Calamagrostis montanensis), a plant much like the 
previous named only slightly coarser and with a larger head; 
and bluestem or bluejoint (Agropyron smithii), a medium 
sized grass having a true spike type head. Probably the first 
three of these grasses is more important than the last men- 
tioned, since the bluejoint tends to be coarse and unpalatable. 
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Bluejoint is especially common in small local depressions and 
often forms a fairly dense mat, almost to the exclusion of other 
grasses. These four grasses, however, form the bulk of the 
native grass of the area, and at least one of them is present in 
.every locality. 

Several other grasses are of importance in more localized 
areas. The Fescues, namely sheep fescue (Festuca ovina) and 
red fescue (Festuca rubra) and also the oat grasses (Dan- 
th,onia SP.) are especially common in the foothill region. Com- 
mon spear grass (Stipa comata) is common in the eastern, 
drier section. In the eastern portion of the Milk River 
ridge. and the northern portion of the Blood Indian reserve it 
is very abundant. While quite valuable in the earlier stages of 
growth, the spearlike awns of this grass, by working into the 
fleece of grazing sheep, offer a serious problem to sheep 
ranchers in areas where it is abundant. Some stockmen claim 
it affords good winter pasture, as the spear tipped seeds drop 
out and leave the leaves and culms standing. Porcupine grass 
(Stipa spartea Evar curtiseta) and green spear grass (Stipa 

viridula) are fairly common over most of the area, particularly 
in the drier sections. Sandberg’s bluegrass (Poa secunda), a 
small low growing tufted grass of good forage value, is common 
in the Milk River ridge area and in the western foothills region, 
but it is also an important forage grass in the east as well. 
Sand grass (Calamovilfa longifolia) , occurs on the small sandy 
area immediately west of Milk River village and acts as a 
binding agent for the Sand. It is a ta11 coarse grass of little 
forage value. Wild barley (Hordeum jubatum), COXI.JSIO~~~ 
though incorrectly called foxtail, is of widespread occurrence 
over the entire area. It is most prevalent in small slightly alka- 
line depressions and is a serious pest on the waste lands of 
the irrigated areas. It is usually considered unpalatable, but if 
tut sufficiently early it is of some feeding value. Timothy 
(Phleum pratense) has volunteered abundantly in the foothill 
region and is very common along roadsides and on other 
uncultivated lands. Alkali grass (Distichlis spicata), a low 
growing plant with numerous florets arising from one culm, 
is often found growing in mat-like fashion in alkaline draws. 
It is quite abundant in the Upper reaches of the Etzikom coulee. 
Several members of the wheat grass family (Genus Agropy- 
ron) and also several of the bent grasses ‘(Genus Agrostis) 
occur in many sections of the area. These, in general, are of 
secondary importance, but a11 are palatable grasses. 

Several plants might be named which occur in the pasture 
areas and have seriously reduced the grazing value of such 
lands. Perhaps the most serious of these is the con-mon club 

. 
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moss (Selaginella densa). This is a very low growing club 
moss that, in patches, spreads over the ground surface to the 
exclusion of the forage grasses. Pasture sage (Artemesia 
frigida) and silver sage (Artemesia gnaphalodes), both of 
which are abundant, and since they are useless for pasture 
purposes they seriously reduce the carrying capacity of an 
area. Prairie phlox (Phlox Hoodii), a low growing plant, 
which though not a moss has the appearance of such, is not as 
serious a pest as those previously mentioned but is quite abund- 
ant in many places. A plant fairly common in the eastern part 
of the area is the narrow leaved milk vetch (Astragalus pect- 
inatus) which is an erect growing plant with short, broad, 
curved seed pods. While it does not occur in sufficient quanti- 
ties to affect the pasturage available, in various parts of the 
western United States it has been found to be a definite 
selenium gatherer, if selenium is present in the soi1 in even 
minute quantities. The element selenium in plants is extremely 
poisonous to animals and has been shown to be the cause of 
“alkali disease.” 

The control of weeds is a major problem to the farmers 
of the western plains. Weeds are generally of little -or no 
fodder value and take the moisture that should go to the 
growing trop. Russian thistle (Salsola kali) is probably the 
most serious weed in the eastern section. It has been used for 
fodder when better feeds were not available. However, it 
should be tut early if used for fodder purposes and even then 
its possibilities are decidedly limited. Stinkweed (Thlaspi 
arvense) is abundant and a serious problem is many sections 
of the west, and in some places, especially where.soil drifting 
has previously occurred, it often “chokes” the roadways. Weeds 
less common to the area are tumbling mustard (Sysmbrium 
altissimum) , lambs quarters (Chenopodium album), worm- 
seed mustard (Cheirinia inconspicua) , Canada thistle (Cirsium 
arvens&) and blue burr (Lappula echinata) as well as many 
others. 

Other plants common to the area are yarrow (Achillea 
lanulosa), a small serrated leaved plant with a wide dense 
cluster of small white flowers; prairie cane flower (Lepachys 
columifera), a small yellow flowered plant which develops a 
conspicuous elongated brown cane; dwarf rose bushes (Rosa 
SP.), and gum-plant (Grindelia squarrosa), a ta11 yellow 
flowered plant which secretes a gum-like substance. A plant 
very common on the heavy soils to the west is the common 
sunflower (Helianthus arida). These ta11 yellow flowers make 
a colorful array along the roadsides. Broomweed, (Gutierrezia 
diversifolia), a small, low growing, yellow flowered plant is 
commonly found growing along the roadsides over most of the . 
area. 
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LAND CLASS MAP 
Accompanying this report is a suggested land class map 

of the Lethbridge sheet, and a portion of Pincher Creek sheet, 
on the scale of six miles to the inch. This map divides the area 
into seven land classes: three pasture, three arable, and a 
marginal class between the pasture and arable classes. No 
attempt has been made to state the type of trop that should be 
produced on the arable land. The map is applicable only under 
dry land conditions. 

The data on this map is based mainly on the physical 
characteristics of the area. In making the map such physical 
data as soi1 texture, soi1 color, mode of deposition, the type 
of soi1 profile, degree of stoniness, topography, relief, alkali, 
rainfall, and rainfall variability, were a11 taken into considera- 
tion. Each of these factors was given a number value for 
each soi1 area, Sand the multiplying together of these values 
gave the final index rating of the soi1 area. With the aid of 
pasture carrying capacity data and with wheat yield data 
obtained from government statistics and the Alberta Economie 
Survey, P.F.R.A., a suggested productivity grouping of these 
rated areas was obtained. These groups each carry a number 
and a legend on the map: Group 1 is poor to fair pasture, 
group 2 is fair to good pasture, group 3 is good to very good 
pasture, group 4 is pasture or marginal arable land, group 5 is 
fair to fairly good arable land, group 6 is fairly good to good 
arable land and group 7 is good to very good arable land. It is 
realized that this grouping is based on past performance under 
existing farm practices. 

The introduction of more drought resistant varieties of 
farm crops, the introduction of improved farming methods as 
well as a change in economic requirements might, for example, 
make some of the areas now designated as marginal land 
definitely arable land. It must also be noted that the number 
of quarter sections of land necessary to constitute a self-sus- 
taining unit varies from class to class. 

It is practically impossible to set any definite productivity 
limits for these groups. The following tentative limits, however, 
are suggested to give an approximate idea of the productive 
capacity of the various groups. Group 1 areas would take over 
40 acres to pasture one head of cattle and group 2 areas would 
take between 20 and 40 acres per head. Group 3 soils would 
take under 20 acres per head. Group 5 soils over a long term 
of years have produced from 10 to 15 bushels of wheat per 
seeded acre and group 6 soils have produced from 15 to 20 
bushels of wheat per seeded acre. Group 7 soils have produced 

~ between 20 and 25 bushels of wheat per acre. Group 4 soils, 
marginal land, in general have produced less than 10 bushels. 
Some farmers in these sheets have exceeded these limits. 
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APPENDIX 

THE RELATION OF THE GEOLOGY TO THE SOILS IN 
THE LETHBRIDGE AND PINCHER CREEK SHEETS 

BY JOHN A. ALLAN:~ 

INTRODUCTION 
Geologically, soils may be regarded as Young deposits of 

Pleistocene ‘or Recent ages and are unconsolidated rock. The 
inorganic part of soi1 consists of minera1 and rock particles 
which vary in size and shape, but these .particles have been 
derived at some time and in some way from solid rock forma- 
tions. This unconsolidated mantle of weathered rock material 
when acted upon by organic agencies and mixed with organic 
matter may contain the required conditions to support vege-. 
table growth. When rocks are exposed at the surface, various 
chemical and mechanical agents of erosion act upon the rock 
surfaces and slowly transform the solid rock into soil. The 
more soluble constituents in the rock are first affected and 
the structure of the rock is weakened. The less soluble por- 
tions of the rock remain to form the regolith or unconsolidated 
mantle which may be further broken up by mechanical agents 
of erosion to produce gravel, sand, clay or silt. If the rock 
debris produced by weathering is not removed by other agents 
then the product is residual soil; that is, soi1 that has been 
formed in situ from the underlying rock. Soils formed in this 
way Will have some of the physical and minera1 characteristics 
of the underlying rock. 

Minera1 soils are formed from the decomposition and dis- 
integration of rocks, but a11 soils are not formed from the rock 
immediately underlying the soil. There are four major pro- 
cesses in the development of soil; namely, decomposition, 
distintegration, transportation and deposition. 

Most soils have been transported from their original source 
and become mixed during the process of transportation. The 
three principal transporting agents are wind, running water 
and ice in the form of glaciers. However, transported material 
must eventually corne to rest and here the fourth process in 
the development of soil, namely, deposition, results. The 
material transported by wind or by glaciers may be deposited 
on a land surface. Such deposits transported by wind are 
known as dune, eolian, or some loess deposits. Moraines are 

*Professor of Geology, University of Alberta. 
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deposits left from the melting of glaciers. Water transported 
material is usually deposited in bodies of water, such as lakes, 
giving rise to lacustrine deposits, swamps as palustrine de- 
posits, and .along the margin of river courses as alluvial soils. 
In water transported deposits there is greater sorting action 
and the finer particles Will be carried farther than the coarser 
particles. Such deposits might vary from the finest clays and 
silts, and even colloidal particles, up to the coarsest of gravel. 
This fact often explains why the texture of a soi1 may change 
materially even within the same section of land. During the 
process of transportation many kinds of rocks become mixed 
and the soils produced from these transported deposits may 
be heterogeneous mixtures and of complex minera1 composi- 
tion as, for example; a soi1 produced from the weathering of 
an interbedded-sandstone-shale formation Will be different 
from a soi1 derived from a shale formation, or from slate and 
granite rock debris, and SO on. 

There is still another kind of unconsolidated material in- 
fluenced by water transportation. Rain falling upon any kind 
of surface deposit such as glacial moraines, residual soils or 
wind deposits may wash out the finer rock particles and 
deposit them further down the hillside or on the flats at the 
bottom of the slopes. These are known as alluvial fans or 
outwash plains. The character of the soi1 in these outwash 
areas might be quite different physically and even chemically 
from the soi1 on which the outwash has become deposited. 

These introductory notes on the origin of soils are given to 
make it clear that there is frequently -an obvious and close 
relationship between the kind of soi1 and even the depth of 
soi1 in an area and the geology of the district. There is obviously 
no Sharp line of demarcation in surficial unconsolidated 
deposits between what may be called soi1 and what may be 
called grave& Sand, till, or boulder clay. In some parts ot 
Alberta, particularly in the mountains, or in the Precambrian 
rock area in northeastern Alberta, certain types of vegetation 
grow on grave1 deposits and even in fractures on rock surfaces 
void of soil. In the latter case the plants derive their food 
from the decomposed products of minerals in the solid rock. 
If the rock contains potash-bearing minerals, the rock decay 
Will produce potassium carbonate which is favorable to plant 
growth. Other rocks with a phosphate content or a gypsum 
content Will support a luxuriant plant growth even though. 
the soi1 is scarce. 

The map-area discussed in this report includes the whole 
of the Lethbridge sheet and that part of the Pincher Creek 
sheet east of the Rocky Mountain forest reserve boundary. 
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Most of this area has been traversed to obtain geological data, 
but only about two weeks were spent in the field examining 
the unconsolidated surface deposits. On this account the 
following notes must not be regarded as a complete geological 
report on the superficial deposits in the Lethbridge and 
Pincher Creek sheets. Some of the more prominent geologicai 
features responsible for the distribution of the several soi1 
types shown on the accompanying soi1 map are recorded. 
More detailed field observation would have to be carried out 
before a11 soi1 types in every part of the area mapped could 
be interpreted correctly. A correct interpretation of the soi1 
occurrences requires not only a knowledge of the subsurface 
geology and structure of the rocks underlying any area, but 
also the source of the transported soi1 and the sorting and 
mixing processes which have occurred since the transported 
material has been deposited by these agents. 

PHYSICAL FEATURES 
The major physical features and the character of the sur- 

face of this map-area have been adequately described in the 
earlier part of this report under the heading “Description of 
Area’ and Will not be repeated. 

The surface relief of this map-area is shown by means of 
contour lines drawn at fifty-foot contour intervals. The eleva- 
tion of railway stations and of a number of the lakes are shown 
on the accompanying map. Precise level lines have been made 
by the Geodetic Survey of Canada along the railway from 
Lethbridge to Crowsnest pass, and also south to Coutts. Bench 
marks have been established and altitudes determined by the 
Topographical Survey of Canada along the Second Base Line, 
which is between townships 4 and 5; along the east outline 
of range 17; the east outline of range 28, between townships 
1 and 4; and along the Fifth Meridian between townships 5 
and 8 inclusive. 

The surface of this map-area is represented by the south- 
western plains of Alberta and the narrow foothills belt which 
borders the east side of the Rocky Mountains, from Waterton 
lakes to Crowsnest Pass, and the Livingstone Range. The 
foothills belt in this area has an average width of 10 to 15 
miles. In most places the foothills belt terminates abruptly on 
the west at the older rocks in the east escarpment of the 
Rocky Mountains, but merges gradually into the plains on the 
east. Elevations in the foothills belt range from 4,000 feet to 
about 5,000 feet above sea-level. The surface of the plains 
varies from low relief or broad gentle easterly slopes in the 
eastern part of the map-area, to a gently or more abruptly 
rolling character on the west. 
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East of the foothills belt the plain-like surface is broken by 
two prominent uplands, the Milk River ridge and the Porcu- 
pine Hills. Altitudes in the Milk River ridge range from about 
4,250 feet at the east end in townships 3 and 4; Ranges 18 to 
21, to about 4,500 feet south of Spring Coulee, and about 4,600 
feet in the vicinity of Fareham. The highest altitude in the 
Porcupine Hills in the Lethbridge sheet is about 5,200 feet but 
a higher upland occurs north of this map-area with a maximum 
altitude of approximately 5,600 feet above sea-level. 

Stream flow-The drainage in the map-area has been dis- 
cussed in another part of this report. A few notes on the 
stream flow are here included. The flow of water in the major 
rivers varies throughout the year. It is unfortunate that more 
complete stream-gauging records are not kept for the flows 
in the various streams traversing the foothills and plains especi- 
ally in western Alberta, as these data extending over a period 
of years are most valuable in irrigation, and moisture prob- 
lems. According to the report compiled by the Dominion Water 
and Power Bureati, Department of Mines and Resources, 
Ottawa, Water Resources Paper No. 75, the data for the 
climatic year (October to September) 1934-35 are as follows: 

St. Mary River Basin-The basin above the gauging station 
near Lethbridge in S.E. 1/4 Sec. 19, tp. 7, rg. 21, W4th meridian 
has a drainage area of 1,328 square miles. The maximum dis- 
charge in second-feet is in May and June, and the minimum 
about September. In 1934-35 the mean discharge was 469.0 
second-feet and the total run-off was 339,400 acre-feet. 

BeEly River Basin-The station is near ‘Stand Off in S.E. 
1/4 Sec. 21, tp. 6, rg. 25, W4th meridian, and the drainage area 
is 477 square miles. The mean discharge for August, September 
and October, 1935, was 65.0 second-feet and the total run-off 
for this period was 8,290 acre-feet. 

Waterton River Basin-The gauging station near Stand Off 
and close to the mouth is in N. E. 1/4 Sec. 29, tp. 6, rg. 25, W4th 
meridian. The drainage area is 695 square miles. The mean 
discharge between March and October 1935 was 901 second- 
feet, and the total run-off was 389,800 acre-feet. 

Pincher Creek Basin-Above the town of Pincher Creek 
the drainage area is 50 square miles. The mean discharge for 
August, September and October, 1935, was 0.8 second-feet and 
the run-off for the same period was 113 acre feet. The minimum 
flow is ni1 at various times throughout the year. 

Oldman River Basin-The Oldman above Macleod has a 
drainage area of 2,230 square miles and an average discharge 
between October 1934 and September 1935, of 950 second-feet. 



Soi1 Survey of Lethbridge and Pincher Creek Sheets 89 

The total run-off for the same period was 688,000 acre-feet. The 
flow in the Oldman river is materially increased by the water 
from the Belly and the St. Mary rivers. At Lethbridge the 
drainage area is 6,710 square miles. The mean discharge for 
the same period was 2,560 second-feet and the total run-off 
between October 1934 and September 1935 was 1,856,OOO acre- 
feet. 

SUB-SURFACE GEOLOGY 
The areal geology of the Lethbridge and Pincher Creek 

sheets is shown on the small scale map (Plate 11) with this 
report. This information is taken from the geological map of 
Alberta prepared by the writer and published in 1937. 

The geological formations which occur at the surface or 
immediately below the unconsolidated deposits in the plains 
and foothills belt in the map-area are Cretaceous and Tertiary 
in age. The rocks within the Rocky Mountains, and exposed 
in the transverse valley across the mountain ranges from 
Burmis to Crowsnest Pass which is included in the soils map- 
area, range in age from Precambrian up to Cretaceous. Of 
the nine geological units mapped on Plate 11, a11 but the 
oldest, the Precambrian and Early Palaeozoic, are present in 
the soi1 map-area. 

It is not necessary to discuss each of these units in detail 
but mention Will be made of some of the characteristics of 
each group. The rocks in this map-area, in order of age from 
the youngest to oldest, ate as follows: 
Tertiary 

Upper Cretaceous 

Porcupine Hills 

Willow Creek 

St. Mary River 

Bearpaw 

Belly River 

Lower Upper Cretaceous Alberta Shale 
(chiefly Benton) 

Non-marine, soft gray, clayey 
sandstones and clays. 

Non - marine. s o f t sandstones, 
shales, and clays. commonly 
red, mauve and gray ln color. 

Non-marine highly ealcareous 
sandstones irregular bedded 

and cross-bedded sandy shales, 
and some coal near the base 
with oyster beds. 

Mainly marine dark gray, clay- 
shale and sandy shale witb 
limestone concretions. 

Mainly non-marine, ligbt gray, 
greenish gray and buff sand- 
stones, inter-bedded with dark 
gray shales and some con- 
glomerate lenses.. Coal and 
;~y& beds occur m the Upper 

Marine, dark gray shale with 
several bentonite beds; inter- 
f;ztded sandstone 111 lower 60 

Lower Cretaceous CrowSnest Volcanics Volcanic tuffs and breccias. 
Blairmore-Kootenay Non-marine green, gray and red- 

dish shale and sandstonq with 
thi$ s~~omerat.e beds and 
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Jurassic 

Triassic 

Palaeozoic 

Fernie 

Erosion Unconformity 

Precambrian 

Marine dark gray to black 
shales, with some phosphatic 
beds. 

h!L&&marine. dark gray. sandy 

Mainly marine limestones, dark 
calcareous shales and some 
quartzitic sandstones and con- 
glomerates. 

Marine slate. quartzitic sand- 
stones varied in color. 

The large area in the central part of the map is underlain 
by the youngest formations of Tertiary age. These strata 
occupy the southern part of what is known as the Alberta 
synchne. The older rocks corne to the surface on the east and 
on the west of this trough. The Porcupine hills are capped by 
the Porcupine Z%ZZs formation. Around the south end of 
Porcupine hills and extending south to Cardston and down to 
the International Boundary, the soft sandy shales and sands 
have influenced the soils where they occur near the present 
surface. These beds are low in lime. The most continuous 
section of these beds is in Mokowan buttes east of Stand-Off 
and shown in Plate 3, figure 2. 

East of the Tertiary basin and occupying the eastern half 
of the Lethbridge sheet, Upper Cretaceous rocks occur, and 
are divided into the St. Mary River, Bearpaw, and BeZZy River 
groups from west to east. On the west side of the Tertiary 
basin, the strata are less regular in extent, because in the 
foothills the structure is more folded and broken than in the 
plains. 

The St. Mary River non-marine strata underlie the WiZZow 
Creek formation of Early Tertiary age, and represent the 
uppermost Cretaceous strata in Alberta. This formation con- 
sists mainly of highly calcareous light gray sandstones and 
sandy shales. Irregular bedding and crossbedding are common. 
Soils which have been influenced by these beds have a pro- 
nounced lime content. Fresh-water oyster shells are common 
in this formation. There is one bed near the base of the forma- 
tion consisting almost entirely of the shells of oysters. These 
shells have been ground to make chicken feed in the vicinity 
of Cardston. This shell bed occurs in a number of localities 
near the base of the St. Mary River formation and is usually 
underlain by a coal seam. 

The marine Bearpaw formation consist mainly of dark gray 
clay shales and sandy shales. In some places there are numer- 
ous hmestone concretions in the lower part of the formation. 
Quite commonly the concretions and some of the shale beds 
contain fossils such as Bacdites and Placenticeras. These are 
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often coated with an iridescent layer of lime carbonate known 
as qnother-of-Pearl”. 

The largest area of Beurpuw extends from township 1, 
range 21 at the south margin of the map, northwards to include 
the Magrath plain and the plain west of Lethbridge in town- 
ship 8, ranges 22 and 23. The clay loam and silt loam in the 
vicinity of Magrath and north to Lethbridge have been influ- 
enced in a large way by these. marine shales. A narrow band 
of Beurpaw’ shales extends from Cardston, southeast beyond 
Kimball and includes in part the clay loam and silt loam areas 
in the vicinity of Kimball. 

The Beliy River series forms the surface rocks in 42 town- 
ships in the east side of the Lethbridge sheet. The contact 
between the BeZly River and Bearpaw occurs at the west side 
of range 20 on the International Boundary, swings round the 
east end of Milk River ridge in townships 3 and 4, passes 
midway between Raymond and Magrath, and extends north to 
Lethbridge where it occurs in the bottom of the valley and 
below the Bearpaw. The Belly River also occurs in narrow 
bands on the west side of the Tertiary basin throughout the 
foothills belt and within the mountains between Coleman and 
Crowsnest pass, 

The BeZEy River strata are of fresh-water deposition and 
consist chiefly of gray, greenish and buff sandstones inter- 
stratified with gray, greenish and carbonaceous shales. 

Crossbedding caused by deposition in shallow water is 
common in the sandstone. There are lenses of conglomerate 
but these are not extensive. There are several coal beds in the 
Belly River. Coal from the BeZZy River strata is mined at 
Lethbridge. A number of small coal mines have been worked 
in the Pincher Creek, Lundbreck and Magrath districts. 

The strata in the lower part of the Upper Cretaceous is 
represented by the Alberta Shale formation, which includes 
what was formerly known as the Benton shale. This formation 
consists chiefly of dark gray shale of marine deposition. The 
shale is interbedded with thin beds of sandstone and several 
thin beds of bentonite. These strata occur as two narrow bands 
in the inner foothills. One of these bands extends in a south- 
easterly trend from Burmis, but this formation has not influ- 
enced the soi1 types to any marked degree. 

The Lower Cretaceous and older formations occur at the 
surface at the western edge of the map-area and within the 
Rocky Mountains. Many kinds of rock occur in these forma- 
tions. Between the AZberta ShaZe and the. Blairmore (Lower 
Cretaceous) there are the Crowsnest volcanics, which consist 
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of volcanic tuffs and breccias. These rocks occur in the vicinity 
of Blairmore and Coleman. Boulders and pebbles are common 
in the soils in the foothills belt. This is the only igneous rock 
within the southern part of the Rocky Mountains in Canada. 
The Lower Cretaceous (Blaiirmore-Kootenay) are composed 
essentially of sandstones and shales, and several coal seams 
that are mined at Bellevue, Hillcrest, Blairmore and Coleman. 
The Jurassic and Triassic rock are mainly shales and thin 
sandstones. The Palaeozoic strata are mainly limestones, cal- 
careous shales with some quartzitic sandstone. The Precam- 
brian strata are slates, quartzites, argillites, conglomerates and 
metamorphosed limestones. The color of these rocks is varied 
with red, green, gray and white predominating. The Precam- 
brian and Palaeozoic rocks have been extensively eroded and 
the rock debris has been carried by glaciers and by running 
water eastward from the mountains and deposited throughout 
the western side of this map-area. A few notes on these de- 
posits are given in another part of this report. 

ORIGIN OF SURFICIAL DEPOSITS IN LETHBRIDGE 
AND PINCHER CREEK SHEETS 

It is not always possible to determine the origin of the 
surface deposits in certain areas, because frequently the 
unconsolidated material is of mixed origin. This is particularly 
true in the case of reworked deposits such as outwash plains, 
alluvial and marginal deposits. 

The soi1 differs from underlying deposits upon which it is 
developed in that weathering agents have changed its original 
texture, color and composition. In some soils the accumula- 
tion of organic material, both vegetable and animal, has caused 
the soils, particularly the surface soils, to assume a dark color. 
In most cases the surface leaching has deprived the soils of 
certain original minerals, and often the minera1 content of the 
subsoils has been changed. 

Much of the Lethbridge and Pincher Creek sheets is 
veneered with glacial deposits left when the glaciers melted. 
Glaciation was general over most of the area and the rock 
debris carried in and on the glaciers was strewn about as 
deposits of irregular thickness after the ice sheets had re- 
treated from the area. There is also a widespread distribution 
of reworked glacial deposits, as well as alluvial and lacustrine 
deposits transported by rivers and numerous small drainage 
streams. It has not been possible to classify as to origin a11 
types of surface deposits in the time available for this investi- 
gation. There are also smaller areas of residual soils which 
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have been developed by the erosion of the underlying rock 
formations. 

The unconsolidated surface deposits in the Lethbridge and 
Pincher Creek sheets cari be classified under four major 
types: 

(1) Residual and sorted residual deposits. 
(2) Glacial deposits-moraine, till, boulder clay. 
(3) Resorted glacial deposits. 
(4) Transported deposits of alluvial, lacustrine 

and dune or eolian origin. 
The first type includes the residual soils formed by erosion 

processes from the underlying rock formation. Soils formed in 
this way Will have a composition somewhat similar to the 
composition of the underlying rock from which the soi1 has 
been formed, except in cases where solutions have removed 
a part of the more soluble constituents. More frequently the 
residual soils have been resorted or affected in some way by 
various transporting agents of erosion and in such cases the 
composition of the soi1 is ‘net similar to that of the underlying 
strata. There are very few small areas of residual soi1 in this 
map-area, but there are some sorted residual soils bordering 
the south end of Porcupine Hills north of Pincher Creek and 
Srocket, and also in Blood Indian reserve marginal to Moko- 
wan buttes which are underlain by flat-lying WUow Creek 
and St. Mary River strata. 

The second major type includes those deposits of glacial 
origin which occur in the form of terminal moraine, often 
quite thick, or as ground moraine, usually thin or represented 
by scattered glacial boulders and pebbles. 

The glacial deposits have been derived from one of two 
sources. The mountain or alpine glaciers originated within the 
Rocky Mountains and proceeded eastward over the foothills 
and plains, carrying rock debris from the rock formations 
within or possibly west of the front ranges of the. Rocky 
Mountains; and the Keewatin or Continental glaciers that 
originated in the vicinity of Hudson Bay, bringing wi2h them 
a very different kind of rock debris derived from the Pre- 
cambrian rocks in the Canadian Shield and also the rock 
material from the plains over which the glaciers passed. No 
attempt Will be made to discuss in detail the glacial history 
or the deposits of glacial origin which were left in this part of 
Alberta. 

The morainal material transported from the mountains 
consists largely of limestone, shale, slate and quartzitie sand- 
stone, or volranic rock such as derived from the Crowsnest 
volcanics in the vicinity of Coleman. 
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The detrital material transported from the northeast by the 
Keewatin glaciers consists largely of igneous rocks such as 
granite, gabbro, gneiss, greenstone, etc., etc., and locally of 
harder sandstone from the younger rock formations under the 
plains over which the ice moved. 

The mountain glaciers extended down the valleys, and 
spread out over the intervening ridges. The ice was deflected 
southwards by the Porcupine hills, but spread eastward south 
of Oldman river. The most easterly extension of these glaciers 
is not yet known but large boulders of quartzitic sandstone 
from the mountains were observed at an elevation of about 
3,500 feet above sea-level, between the Belly and Waterton 
rivers, four miles northeast of Glenwoodville in the southwest 
corner of section 29, township 5, range 26, W4th meridian 
(Plate 4, fig. 1). This boulder is 25 feet high, 50 feet long and 
about 35 feet wide above the surface. Other smaller boulders 
of similar quartzitic sandstone were observed about 12 miles 
north of Cardston in the Blood Indian reserve. There is a con- 
glomerate boulder, possibly from the Blairmore formation, 
about seven feet in diameter on a hi11 about 4 miles south and 
one mile east of Brocket in the Peigan Indian reserve. Small 
boulders and pebblés occur in glacial till from the moun- 
tains as far east as Del Bonita in range 21, and north to the 
top of Milk River ridge in townships 2, 3, and 4. There are 
mountain boulders in the vicinity of Spring Coulee. At the 
crossing of Milk river, in the northeast corner, section 11, 
township 1, range 23, W4th meridian, there is a section of 
two boulder tills separated by about one foot of coarse boulders 
and gravel. On this exposure the lower dark . colored till is 
15 feet thick and contains mountain boulders, but the Upper 
till is yellowish and silty with many small Keewatin pebbles 
indicating an eastern origin. This exposure indicates that there 
is an overlapping of the Keewatin boulder clays and the cor- 
responding material from the mountain glaciers. It would 
appear that the mountain glaciers extended at least as far east 
as range 21 and that later the Keewatin glaciers extended 
considerably farther west and overrid the older mountain 
boulder clay and moraines. No evidence of glacial boulders 
was observed on top of Porcupine hills in townships 11 and 12, 
but are reported as occurring farther north. 

Keewatin pebbles were found as far west as section 30, 
township ‘7, range 30, W4th meridian on the south end of 
Porcupine hills, and north of Pincher station at an elevation 
of about 4,250 feet above sea-level. This is the highest point at 
which I have found Keewatin drift. The Keewatin drift occurs 
on the south slope of the Porcupine hi&, but the boulder clay 
of mountain origin is exposed in the bank of Oldman river, at 
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the north end of the traffic bridge in the southwest quarter? 
section 17, township 7, range 29, W4th meridian, about one 
mile northwest of Brocket station. At this point there is a 
section of 80 feet of till overlain by 6 feet of alluvial gravels. 

There is a prominent morainal belt from the valley of 
Pincher creek in township 5, extending in a southeasterly 
direction across Drywood and Yarrow creeks to Twin Butte. 
A cluster of lakes on the west side of the Belly river west of 
Caldwell and Mountain View are formed in the moraine. Many 
excellent examples’ of kettle holes were observed. This mor- 
ainal belt forms the irregular topography southwest and south 
of Cardston, and also at Kimball and eastward to Fareham. 
The irregular upland south of Milk River and west of Coutts 
is capped with morainal deposits. 

There are two pronounced narrow ridges of moraine in 
the northeast corner of the map-area, one parallels the strike 
of Etzikom coulee on the north side and extends to the junc- 
tion of the Oldman and St. Mary rivers. The other glacial ridge 
is about 3 miles north and extends from Wrentham to Leth- 
bridge. 

There are many areas of glacial soils but the widest distri- 
bution includes the Twin Butte area, the Peigan Indian reserve, 
north of Spring Coulee, the top of Milk River ridge, the south- 
east corner of the map-area south of Milk river to the Interna- 
tional Boundary line, and in the two ridges between Etzikom 
and Chin coulees. 

There is a wide distribution of the third type, namely, 
sorted or reworked glacial deposits. These are common soi1 
types along the eastern, northern, and western margins of 
Milk River ridge. The Upland in the Blood Indian reserve 
consists largely of these sorted glacial deposits. Where the 
surface slopes are pronounced there appears to have been a 
greater sorting effect in the original moraine. There is very 
little wind sorting of the silts and finer textured soils except 
in quite small areas such as those southwest of Cardston, and 
west and southwest of Lundbreck. 

Along the courses of the larger valleys there are several 
well defined flat-topped terraces, covered with well or poorly 
sorted gravel, sands and clays. This physical feature is con- 
spicuous along such valleys as the Oldman, Crowsnest, Pincher 
and parts of the valleys of the Waterton, Belly and St. Mary 
rivers. Two terraces at different levels are quite common and 
on the Oldman north of Pincher there are five distinct terraces. 
On some of these terraces there is a thin layer of till or gravel. 
The highest terrace observed on the Crowsnest river and on 
the Oldman opposite the mouth of Castle river is about 200 to 
225 feet above the river level. 
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There is a conspicious bed of well washed grave1 inter- 
bedded with the glacial till. This bed has been named the 
“Saskatchewan gravels’ by Dr. G. M. Dawson in 1896. This bed 
is interglacial in age, that is, the gravels were deposited 
between two advances of the glaciers, SO are both underlain 
and overlain by glacial till. The Saskatchewan gravels are 
exposed along the highway from Lethbridge to the crossing of 
the Oldman river where they are about 15 feet thick and are 
overlain by till. The gravels are about 20 feet thick. On the 
north branch of Milk river, three miles north of Del Bonita 
post office, in section 5, township 2, range 21, W4th meridian, 
the Saskatchewan gravels are 18 feet thick and consist of 
smooth, or well rounded boulders and pebbles of quartzites, 
quartzitic sandstones, metargillite and other siliceous rocks 
such as occur in Precambrian formations in the Crowsnest and 
Waterton areas in the Rocky Mountains. In other places these 
gravels are only about one or two feet in thickness, SO the 
thickness varies considerably. The extent is not yet known, 
but they are believed to extend into the foothills. This bed of 
grave1 makes a good marker in working out the glacial 
deposits. The history of the movements of the glaciers is not 
yet clearly understod, but the glacial debris may be classified 
tentatively into seven stages from the oldest to the youngest 
as f ollows: 

(1) Glacial drift from Rocky Mountains. 
(2) Interglacial gravels. 
(3) Boulder clay from Keewatin glaciers. 
(4) Interglacial beds of gravel, sand and clay. 
(5) Drift from the mountain glaciers. 
(6) Keewatin boulder clay and till and partly 

stratified debris. 
(7) Recent fluvial deposits-along river courses. 

The fourth type of surface material includes the trans- 
ported deposits. The transporting agents are wind and running 
water, either along stream courses or as run-off. The former 
gives rise to dunes or eolian plains, the latter to alluvial, flood 
plain and lacustrine deposits. Transported soils are bedded in 
character due to the sorting action of the transporting agents. 
The sand and clay may occur in separate layers or lenses, 
forming a sandy soi1 or a clay soil. These deposits may be a 
mixture of sand and clay with varying proportions of each, 
giving rise to a sandy clay or a clay loam or a sandy loam 
soil. 

It is not always possible to distinguish the fourth type, 
that is the transported deposits of recent origin, from tbe 
resorted or transported glacial deposits. 
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.There are true alluvial and lacustrine deposits in addition 
to the glacio-fluviatile and glacio-lacustrine deposits in this 
area. The alluvial beds are confined chiefly to the drainage 
courses of post glacial formation. 

There are several broad flats in this map-area that appear 
to be of lacustrine origin. These old lake basins represent 
areas where the earlier drainage was dammed, and lakes were 
formed, and later the basins were filled in with silts, clays and 
sands. 

The Lundbreck put extends along the Oldman, north of 
township 7, range 1, W5th meridian where it is joined by the 
Crowsnest and Castle rivers. The HaZZfux: fEat extends from 
the town of Pincher Creek to southeast of Waterton river in 
township 5. The Hillspting put lies between the Waterton and 
Belly rivers mainly in township 4. The Glenwoodville flut is 
narrow and is marginal to the Belly river and may be the 
eastern end of the Halifax flat, but it is at a lower elevation. 
There is a small lacustrine basin nine miles south of Magrath 
at the McIntyre ranch, The Stirling Put is probably the largest 
of the lacustrine basins and includes Stirling lake which is now 
used as a storage reservoir. There was considerable laking 
along the drainage southeast from New Dayton, which is now 
partly occupied by Suds, Tyrrell, Weston and Verdigris lakes 
that are scarcely more than Alkali flats. There is distinct 
evidence of laking along Milk river in ranges 17, 18, and 19, 
W4th meridian, at an elevation of 3,850 feet above sea-level 
but this may have been of glacio-lacustrine origin. This bench 
is associated with laking in Milk river and is different from 
the plain north of Del Bonita, which is part of a preglacial 
surface known as the Flaxville plain that is more pronounced 
in Montana. 

There are many old drainage courses in the Lethbridge 
and Pincher Creek sheets that are not occupied by flowing 
streams today. Some of these channels are of preglacial age. 
Mention Will be made of a few of the more obvious ones which 
are indicated on the soi1 map. One of the oldest buried channels 
in the map-area occurs under the city of Lethbridge at a 
depth of approximately 300 feet below the surface. This old 
channel, determined by drilling, extends from Oldman river 
eastward towards Chin coulee. One of the largest preglacial 
valleys extended from the Lundbreck flats, southeast under 
the HuZifur fZut towards Ewelme and Stand Off about the 
junction of the Waterton and Belly rivers. Glacial or post 
glacial laking has alluviated this depression and formed the 
various flats. 
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Another pronounced drainage extended from the north 
branch of Milk river in township 2, range 20, in a north- 
westerly direction through Lonely valley and the southeast 
fork of Pothole creek to township 4, range 22, and joined with 
St. Mary river about three miles north of Spring Coulee, or 
possibily extended northward through the clay flats about a 
mile west of Magrath. In much of this course the depression 
is floored with clay, clay loam and silty clay loam. Both Middle 
coulee and Kipp coulee were old drainage channels possibly 
most active drainage ways during the retreating stages of 
glaciers. Both of these channelways extend from the vicinity 
of Welling in an easterly direction to Verdigris coulee, the 
former by way of McNab station and the latter by way of 
New Dayton, Suds lake and Tyrrell lake. The depression 
between New Dayton and McNab is of post glacial origin. 

Aluviation has reduced the size of most of the present 
lakes in the map-area. Verdigris, Weston and Suds lakes in 
Verdigris coulee are temporary lakes or playa lakes. 

In almost every case old lake basins cari be recognized by 
the flatness of the surface, and by the fineness and uniformity 
of the clay or silt unless the fine soi1 has been piled up by wind 
action. 




