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PREFACE 

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

The report accompanying the soi1 map describes the properties of the 
surface and subsoil of the various soi1 types; topography, drainage, trop 
adaptation, water supply, fertility invoice of the soils, systems of farming 
and methods of soi1 management, alkali and irrigation problems. It also 
contains a brief discussion of the climate and agricultura’ development of 
the area together with the important farm crops and transportation 
facilities. 

The soi1 map is an important part of the 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. Furthermore, the soi1 
map serves as a very convenient.reference by which the better land cari be 
distinguished from the poor land by any person interested in, the soils 
of the surveyed area. 

There has been a large movement of farmers from the Rainy Hills 
area to other parts of the province during the last fifteen years. It 
would have been a kindness to many of the prospective settlers if this 
survey had been made previous to settlement, as many of those settlers 
have abandoned these farms after wasting much money and many years 
of their lives in an attempt to boild up a home. In cases such as this a 
soi1 map would have been very useful. However, such soi1 repoyts are 
of value today to determine those areas that might still be cultivated in 
the “drought area” and to aid in relocating those settlers that it is desir- 
able to move. Such a .transferring of settlers from one community to 
another cannot be done without great expense, first in the actual cost of 
moving; secondly in the loss of the investment in the original home, and 
thirdly in the loss in producdon while these settlers are being established 
in their new homes. It is necessary that a11 possible information be 
available to aid in this re-location. 
’ It is truc that particularly in southeasterp Alberta rainfall is the main 
limiting factor in trop prodùction, but, in a given district, with a given 
rainfall different soi1 types’differ greatly in their trop producing powers 
or their ability to resist drought. The better soi1 types of these areas 
should be profitable under a planned system of agriculture. 

The results of trop, fertilizer and cultural method experiments 
obtained at the larger government experiment stations in our province do 
net necesiarily apply to a11 parts of the province. Similarly, results from 
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local illustration stations apply particufarly to the soi1 type similar to the 
one at the station. When planning experiments in various parts of the 
province the soi1 maps should prove very valuable, siice they would show 
where the 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 tel1 them whether the soils were or were not alike. Similarly, 
the soi1 reports tends to place the information of one farmer at the 
disposa1 of other farmers. If one farmer sees that another farmer on 
land classified the same as his is more successful, he cari observe what 
crops the more successful farmer is growing and what tillage methods he 
employs. 

Our soils still form our greatest natural resource. However, if they 
continue to deteriorate at their present rate we Will soon find that as a 
resource they cesse to exist. It is quite apparent that soils of many areas 
are not as productive today as they were a decade ago even under 
similar climatic conditions. S oi conservation means a utilization of the 1 
soi1 in such a manner that it maintains a certain productive level. A 
program that Will do this is imperative if we are to still have soi1 to 
cultivate for longer than one generation. A survey of our soi1 resources 
is the first step in any such program. 



Soi1 Survey of Rainy I-Ji1l.s Sheet, Alberta 
BY 

F. A. WYATT, J. D. NEWTON, W. E. BOWSER* and 
W. ODYNSKY* (with appendix by J. A. Allan) 

DESCRIPTION OF AREA 
The Rainy Hills sheet located in southeastern Alberta consists of an 

area 90 miles east and west by 48 miles north and south. More exactly 
it consists of that pottion of townships 17 to 24 inclusive which occupy 
ranges 1 to 15 west of the fourth meridian. 

The southern border of the surveyed area lies ninety-six miles north of 
the International boundary and the eastern edge is formed by the Sask- 
atchewan border. The area extends on the east from a point about ten 
miles north of Empress to a point six miles south of Hilda, and in the 
west from a point about 13 miles northeast of G’em to approximately 
seventeen miles southwest of Brooks. The Eastern Irrigation District is 
located in the southwest corner of the sheet and Brooks, the centre of the 
irrigation district, is the largest town withii this area. 

The soi1 map for the area described above represents 120 townships, 
or 2,764,800 acres. 

The atea covered by this report lies wholly within the brown soi1 
zone, and forms a part of the treeless or bald prairie of southern Alberta. 

The surface of the Rainy Hills sheet is in greater part undulating to 
gently rolling. Th e area west of range 10 is level to gently rolling with 
the exception of four small areas found at the following locations: town- 
ship 17, range 11, and range 14, township 19, ranges 11 and 12, township 
24, rahge 12. Th ere are also some large areas of gently rolling topo- 
graphy in ranges, 1, 2 and 3. The extent of the rolling and hilly areas are 
shown on the accompanying map by hatching. There are 598,240 acres 
of rolling land and 274,050 acres of hilly land mapped. This makes up 
approximately 31% of the area. 

The general elevation of the Rainy Hills sheet along the Bassano- 
Empress railway lines is approximately 2,300 feet. Since there has not 
been a topographical survey made of this sheet, elevations for the rest of 

*Soil Specialist, Prairie Farm Rehabilitation A& attached to Soils Department. 
University of Alberta. 
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the area are not known. It is estimated that the Inner and Outer Rainy 
Hills in range 10 and the hills north of Bingville are about two hundred 
feet higher than the surrounding country. 

Red Deer and South Saskatchewan rivers, which flow through this 
sheet, form the principal drainage channels. Red Deer river emnters the 
sheet in the extreme northwest corner at its point of confluence with Bull 
Pound creek. It traverses the entire width of the sheet and enters 
Saskatchewan at Empress. South Saskatchewan river enters the sheet in 
township 17, range 5, flows in a northeasterly direction, and leaves at a 
point about four miles south of Empress. The two rivers join at a 
point about six miles southeast of Empress. Alkali, Blood Indian and 
Berry creeks enter the Rainy Hills sheet from the north and flow into 
Red Deer river. Matzhiwin, One Tree and Little Sandhill creeks drain 
into Red Deer river from the south. At present these latter three are 
used to carry irrigation spill water. There are many other smaller drain- 
age channels that carry the spring run-off. Tide lake is the centre of a 
fairly large inland drainage system. Lake Newell in the southwest corner 
of the sheet is a large artificial lake that is used as a water reservoir 
for the Eastern Irrigation District. 

Flats and meadows are fairly numerous in this area. and supply 
considerable meadow land that isused as a winter feed. There are many 
small inland drainage systems which empty into marshes or sloughs. 
These are particularly numerous in the rolling areas. Some of these afford 
stock water in a11 but the very dry years; others have water in them 
only for a short time and are quite alkaline. The drainage channels 
would appear to offer an opportunity for the construction of stock- 
watering dams and small irrigation projects. There are some small 
projects along the river bottom at present, and it would seem that there 
is an opportunity for further development in the area. 

The soi1 consists mainly of glacial drift. The till varies greatly in 
depth and in some places the underlying parent material cornes practically 
to the surface. Some of this drift has been brought in by the glaciers 
from Hudson’s Bay region, but some of it originated from the underlying 
sandstone and shales in the vicinity. Glacial stones are very numerous 
in the rolling and hilly areas of this sheet, and are particularly noticeable 
on the weathered ridges (Plate 4, Fig. 3). Some sorting due to glacial 
streams and post glacial laking appears evident. For a more detailed 
statement of the geology of the sheet the reader is referred to the 
Appendix by Dr. J. A. Allan. 

Brooks, with a population of about 800, is the largest town in the 
sheet. It is situated in the centre of the irrigation district on the main 
line of the Canadian Pacifie Railway between Calgary and Medicine Hat. 
Tilly lies east of Brooks on the same line. Duchess and Patricia, also 
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in the irrigation district, are on the Bassano-Empress branch of the 
Canadian Pacifie Railway. This line traverses the sheet from west to 
east just south of Red Deer river. The main dry land towns on this 
line from west to east are Jenner, Buffalo, Bindloss and Empress. Hilda 
is in the southeast corner of the sheet on a branch line from Leader, 
Saskatchewan. Cessford and Wardlow, north of the Red Deer river, are 
on a branch of the Canadian National Railway from Hanna to Wardlow. 
Transportation facilities, then, are for the most part good. There are 
very few places on the sheet that are over twenty-four miles from railway 
facilities, and in general most of the farmers are located within easy reach 
of railway towns. Red Deer river is crossed by bridges at Empress, 
Bindloss and Duchess, and by ferries at Hutton, Steveville, Jenner, Atlee, 
and Buffalo. 

The area is fairly well supplied with dirt highways and feeders. 
However, the mass desertion that has taken place has made it impossible 
to keep the municipal roads in adequate repair. 

There has been a great movement of settlers out of this area beginning 
about 1920 and still continuing. It is estimated that there are at present 
at least 200,000 acres of land once cultivated that is now abandoned 
(Plate 2, Fig. 3). The more recently deserted areas are covered with 

weed growth. However, the areas first abandoned now support consider- 
able grass covering. 

Wawaskesy Park, which centres in township 18, range 4, in a bend of 
the South Saskatchewan river, has been set aside as an antelope reserve. 
Antelope, sometimes in considerable numbers, were found over practically 
the entire area. Bad lands of considerable magnitude are found along 
Red Deer river from Steveville to Denhart, and in places this eroded 
area is over four miles wide. Th e area has been quite extensively sur- 
veyed by geologists and paleontologists for its many fossil remains. This 
area should \prove very attractive to the passing tourist because it is 
quite different from the scenery of either the mountain or the prairie 
(Plate 2, Fig. 1). At present it is very difficult to get to the heart of 

the bad lands because of the lack of road facilities. 

CLIMATE 

The climate of the Rainy Hills sheet is typical of the climate of the 
high plains region of western Canada. It is characterized by long bright 
moderately warm summer days and bright cold winter weather. The 
average wind velocity at Brooks is about seven (7) miles per hour. The 
prevailing wind is west to northwest, although the strongest winds are 
from the southwest. This area is in the path of the Chinook winds, 
although they do not occur as frequently as they do nearer to the Rocky 
Mountains. They do, however, very often melt the snow enough to 
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permit winter pasturing. Th ese winds are dry and may be very harmful 
during the growing months. A twenty-year average at Medicine Hat 
shows that the district received 2,320 hours of sunshine per year. This is 
a slightly higher figure than the ones for central or northern Alberta. 

Meteorological records show that there is a greater evaporation from 
a free water surface in the treeless plains of Alberta than in the park 
zone. This is in a11 probability due to a variety of factors. Chiefly 
among these may be noted, a higher average temperature, higher and 
more frequent winds, and a lower rainfall giving an average lower relative 
humidity. Therefore the water lost by evaporation in the Rainy Hills 
sheet would be greater than in the park or black soi1 zone of the province, 
thus leaving a lower percentage of the moisture available to the plant. 

TABLE I.-Seasonal Distribution at Medicine Hat, Brooks and Jenner 
Precipitation in Inches-Years 1916-1935 
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The meteorological data given in this report are compiled from the 
Dominion Meteorological Records and from the Provincial Government 
Reports. Medicine Hat, which is situated about 25 miles south of the 
Rainy Hills sheet, has the most complete records over the longest period 
of time, and therefore, in most cases, Medicine Hat records are used. 
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Table 1 shows the seasonal distribution of rainfaII over a twenty-year 

period at Medicine Hat. Included in the table in the section “Average 
monthly fall” are figures for Brooks over the same period and for 
Jenner over a ten-year period, and an average of these three figures. 
The average monthly fa11 at Medicine Hat over the priod 1885 to 1914 
taken from the Soi1 Survey Report of the Sounding Creek Sheet is also 
included. Table II gives the annual distribution of rainfall over a period 
of thirty-two years at Medicine Hat, Lethbridge and Edmonton. In- 
cluded in this table is an average of the rainfall at Medicine Hat, Brooks 
and Jenner. 

From Table 1 it may be seen that the average seasonal and yearly 
fa11 for the: three stations, Medicine Hat, Brooks and Jenner, are very 
similar and the average fa11 at the three stations is 12.07 inches. The 
records from these three stations are typical for the Rainy Hills sheet. It 
is interesting to note that the average yearly fa11 at Medicine Hat for the 
thirty-year period, 1885 to 1914, is practically the same as the average 
yearly fa11 for the twenty-year period, 1916 to 1935, inclusive. An aver- 
age of 38.6 per cent. of the rainfall at these three stations fell during 
the summer months and 76.2 per cent. of the rainfall came during the 
most effective period, namely the previous fa11 and the growing season. 
During the past ttienty-one years, 1916 to 1936, there were 12 years when 
the effective precipitation was below the 9.15 inch average and 9 years 
that it was above. The average variation below normal is about 2 inches 
and the average variation above normal is about 2.75 inches. Of this 
total of 9.15 inches, 85 per cent. was in individual rains of over 0.2 inches. 
During the important growing season of May, June and July 41.2 per 
cent. fell. With such a distribution of the rainfall it is much more 
effective than if it were evenly distributed over the twelve month period. 

From Table 1 it is seen that June has had an average rainfall of 
,2.19 inches and July an average of 1.59 inches. The fact tbat July is 
much drier than June is significant. From the growing season rainfall 
data for the past twenty-one years, the following rainfall figures are 
obtained. Eighteen Aprils out of twenty-one have had less than two 
inches of rain and eleven have had less than one inch; sixteen Mays out 
of twenty-one have had less than two inches with nine less than one inch. 
May is a growing month, and having a low rainfall it suggests the neces- 
sity of rigid conservation. Thirteen Junes out of twenty-one bave had 
from one. to three inches of rainfall, with only three having less than 
one inch and five having over three inches. Fifteen out of the twenty- 
one Julys have had less than two inches. 

The total annual precipitation is lower than average figures from 
Lethbridge and Edmonton. Precipitation records from 1904 to 1935 show 
that the average annual fa11 for Medicine Hat is 12.04 inches, for Leth- 
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bridge 15.53 inches, and for Edmonton 18.08 inches. It Will also be 
noted from Table 1 and Table II that there is a wide variation between 
the wettest and dryest years; approximately three times as much fell in 
the wettest as fell in the dryest year. Snow fa11 Will undoubtedly vary 
also, and this together with the Chinook winds may cause the land to be 
bare at various times during the winter. This allows for winter evapora- 
tion and possibly aids soi1 drifting, which is a problem in some parts of 
the Rainy Hills sheet. 

From Table II it is noted that the Medicine Hat average precipitation 
is lower than Lethbridge and considerably lower than Edmonton. Although 
tho average for the sheet given in column two of Table II is slightly 
higher than the Medicine Hat average for the some period of years, at 

TABLE II.-Precipitation Records for Medicine Hat, Lethbridge and 
Edmonton, 1994-1935 
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no time in the thirty-two year period did the Edmonton yearly total fa11 
as low as the Medicine Hat average. In only six years out of the thirty- 
two was the yearly fa11 at Lethbridge below the Medicine Hat average 
of 12.04 inches. 

Although distribution and evaporation play an important part in the 
effectiveness of the year’s rainfall, in general it may be stated that below 
a certain minimum fa11 it is impossible to produce a trop, and what little 
rainfall does corne Will have a very low efficiency factor. 

The frost free period has a considerable bearing on the risk of 
producing certain crops and on the var’iety of crops grown. It must 
be noted that the frost free period is ended by one degree of frost, and 
in many cases this shght amount of frost would not harm many of the 
farm crops. Thus, the frost free period is seldom as long as the growing 
season. 

The average length of the frost free period for the pars 1902 to 1933 
was 130 days at Medicine Hat, 112 days at Lethbridge, and 95 &y~ 

at Edmonton. The average length for the eleven year period, 1925 to 

1935, at Brooks was Il5 days. The shortest frost free period during 
these thirty-two years occurred at Edmonton in 1918, having only 52 
days. The shortest at Lethbridge was 70 days in 1902 and at Medicine 
Hat 98 days in 1917. The longest frost free period at Edmonton was 
134 days, at Lethbridge 142 days and at Medicine Hat 161 days. The 
average frost free period for the nine year period, 1925 to 1933, for a11 
three stations was approximately nine days longer than for the thirty-two 
year average. 

The average frost free period for Medicine Hat is generally longer 
than the growing season for most crops, and therefore the frost hazard 
is not a serious one. It may be of interest that in 1936 one farmer in 
the Tilly area, under irrigation, marketed wheat 87 days after seeding. 

As previously stated the climate of the Rainy Hills sheet is char- 
acterized by warm summers and dry cold Winters. Table III compiled 
from Dominion Meteorological Records for the period 1916 to 1933 , 
gives the temperature variations. 

In order to clarify the column headings the December figures may be 
considered. 

The first column, first line, gives the mean, or average December 
temperature over the eighteen year period. 

Column two, first Iine, gives the mean or average maximum tempera- 
ture for December over the same period. It is obtained by adding the 
daily maximums for that petiod and finding the average. The mean 
minimum is found in a like manner. 
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In the fourth column is given the highest monthly mean, which in 
this case represents the average temperature of the warmest December 
during the period, and the fifth column represents the coldest December 
in the period. 

The sixth and seventh columns give respectively the warmest and 
coldest December temperatures recorded. 

In column eight is given the average mean temperatures for the 
Rainy Hills sheet. This is compiled from the weather maps issued by 
the Dominion Meteorological Service and is an approximate figure. It is 
included, however, to show that on the average the temperature of the 
Rainy HilIs sheet is slightIy colder than that of Medicine Hat. 

Th .e yearly mean or average temperature for Medicine Hat is about 
43 degree Fahrenheit for the period 1910 to 1933. It is interesting to 
note that this is the same figure as is given in the Report of the Soi1 
Survey of the Sounding Creek Sheet as the mean temperature for 
Medicine Hat for the period 1905 to 1914. The mean maximum is 
about 55 degrees. Th is is an average of the highest daily temperatures 
throughout the year for the eighteen year period. The mean minimum 

TABLE III.-Monthly, Seasonal and Annwd Meam and Extremes at 
Medieine Hat, Alberta, 1916-1933 
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for the same period is about 31 degrees. The highest temperature re- 
corded is 105 degrees and the lowest -48 degrees. However, a better 
idea of temperature variations is obtained from the mean maximum and 
mean minimum readings. For the winter months the mean maximum is 
27 degrees above zero and the mean minimum is 7 degrees above zero. 
For the summer months the mean maximum is 82 degrees and the mean 
minimum is 53.5 degrees. The mean spring and fa11 temperatures are 
practically equal to each other. In general, the summers are long and 
warm permitting of rapid growth. The temperature usually drops very 
soon after sunset, making the nights cool. 

AGRICULTURE 

The Rainy Hills area concurrently with most ‘of southern Alberta was 
settled by cattle ranchers very soon after the building of the Canadian 
Pacifie Railway. The heavy covering of bunch grass, tha possibility of 
winter pasture and the presence of two large rivers, which afforded water 
supply and ideal building sites, made at least the eastern half of the 
Rainy Hills sheet a very desirable ranching country. The present Buffalo 
trail follows very closely its deeply rutted predecessor that was used by 
these ranchers on their occasional visits to the railway at Medicine Hat. 

The Rainy Hills sheet, together with the areas to the north and south, 
experienced the greatest influx of homesteaders between 1909 and 1916. 
The railway from Swift Current to Empress was built in 1914 and then 
continued westward to Bassano. The building <of the railroad was 
accompanied by an active settlement on homesteads during 1913 and 
1914. Another branch line was built from Hanna to Wardlow in 1920; 
however, the Berry creek area had been settled previous to this date. 

It was seen under the discussion of climate that the rainfall in the 
Rainy Hills area is limited. As a result there have been cycles of good 
and poor trop years. Abandonment has followed a series of dry years. 
The large mass departures have occurred in the periods 1919 to 1921, 
1930 to 1931, and since 1934. 

In general, the farm buildings erected have been good and represent 
a large capital outlay. Many of these buildings have been moved to the 
irrigation areas to the west; others, left uncared for, are in a very 
dilapidated condition (Plate 2, Fig. 3), Of those settlers who still re- 
main, some have spent the best part of their lives building homes in this 
area and do not feel capable of starting afresh in another; others, because 
of climatic conditions, better utilization of soil, diversification, or a better 
soi1 type, are still able to successfully carry on. 

Large areas of this sheet are still uncultivated, and.much of the land 
that was abandoned early is ‘now partially grassed over. Winter pasture 
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is not as available now as it was in the days of the early rancher. This 
is, at least in part, due to over-grazing. The over-grazing appears to 
induce the growth of low growing moss which in places covers over fifty 
per cent. of the surface, and SO reduces the grass covering pcoportionately. 

A large portion of the Eastern Irrigation District lies within the 
boundaries of the Rainy Hilis sheet, and it is estimated that approxi- 
mately 70,000 acres of land are irrigated in the sheet. Irrigation Will be 
discussed under a separate heading. The number of cultivated acres of 
dry land cari only be roughly estimated. From a calculation of the 
cultivated areas in the township maps and fcom figures obtained from 
the Dominion Bureau of Statistics for the acres seeded in 1936 in the 
municipal units partly or wholly within the sheet, it is estimated that in 
1936 there were appcoximately 190,000 acres of dry land cultivated in the 
Rainy Hills sheet. From figures given for 1920 it is estimated that 
there were approximately 350,000 acres cultivated then. Knowing that 
there has been a considerable amount of virgin soi1 brought under cultiva- 
tion since that time, it is safe to assume that there are about 200,000 acres 
of abandonel land in the acea. 

TABLE IV.-Acreages of dry land crops in the Rainy Hills .sheet. _- 
I 

Year 

I 

Wheat 

1920 acres __,.._......._. 
k total trop ‘8%? . 0 

1925 acres .._......... 
% total trop ‘“$7 0 

1930 acres ..<....... 168,000 
% total trop 88% 

1936 acres .._<....... 
l 

105.000 
% total trop 82.8% 

- 

- 

Oats Barley RY~ 

1s:3y 0 
14,400 

10% 

14,700 
7.7% 

10,500 
8.2% 

- 

1,320 2,900 
0.6% 1.3% 

940 2,150 
0.6% 1.4% 

640 r,800 
0.3% 4% 

900 

I 

10,700 
0.7% 8.3% 

-- - 
I - 

- 

Total 
cropped 

235,520 

143,490 

191,140 

127,100 

~- 

TOM 
culti- 
vated 

L- 

353,300 

215,250 

286,700 

190,650 

-  

The data in Table IV were obtained from the records of the P ro vincial 
Statistician and were taken from Dominion Government census retucns 
by municipal units. Since many of thése municipal units only fa11 partly 
within the Rainy Hills sheet, it is understood that the figures given are 
estimations. They include only dry land. 

Table IV shows the genecal distribution of ccops in the Rainy Hills 
sheet as well as the trend in distribution over a period of seventeen years. 
It is seen that wheat makes up about 85 pet cent. of’ the crops grown. 
Oats, the second lacgest ccop sown in 1920 is very gradually being dis- 
placed by rye. In 1936 thece was slightly more rye sown than there 
were oats. This is mostly fa11 rye. A few small patches of flax were 
noticed growing the summer of 1936. 
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The last cohunn in Table IV was obtained by assuming that approxi- 
mately one-third of the cultivated area was summerfallow. This coIumn 
shows the decline in cultivation during the seventeen year period. 

TABLE V.-Comparative yields of crops in Alberta, 1921-1935 
Area Wheat RYe 

Edson-Wooded soi1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Edmonton-Black 

. . . . . . .._I.__...__....................... 
soil 

hovost-Dark 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

broum 
2:: ::t 

Rainy Hi%-Light 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11:5 

broum 
Average 

. . ._ .._ _. _. ,. .__ __ 
for 

“92 
province . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.1 12:: 

soi1 
Table V gives the. comparative yields in bushels per acre from four 

zones of the province. The figures for Edson, Edmonton and 
Provost are taken from the records of the Provincial Government and 
represent a fifteen years average of the respective census divisions. The 
figures for the dry land of the Rainy Hills sheet is an estimated yield, 
and is computed from census division, station, and municipal unit yields. 
It is seen that the yields given for the Rainy Hills sheet are considecably 
lower than the yields given for areas representative of the other three 
major soi1 zones of the province. The yield of 9.5 bushels per acre for 
wheat is also considerably Iower than the average yield of 17.1 bushels 
for the whole province over the fifteen year period. 

It was seen in the discussion on climate that the annual rainfall for 
the Rainy Hills sheet is relatively low, and therefore its amount and 
distribution are very important factors in the production of crops. 

Table VI is constructed to show the relationship between the annual 
rainfall and the bushels of wheat produced. It gives what might be 
termed the efficiency of the rainfall. The wheat yields given in the table 
are, as stated previously, estimates for the dry land of the Rainy Hills 
sheet. Precipitation figures given in the table are an average of the 
recordings at Medicine Hat, Jenner and Brooks. Column three .gives what 
is considered the more effective precipitation, namely, the rainfall of the 
previous fa11 months of August, September and October, plus the 
growing months of April, May, June and July. It was stated previously 
that the rainfall for this period amounted to 76 per cent. of the total 

TABLE VI.-Rainfall efficiency in the Rainy Hills sheet 

Year 
Yield of 

wheat in 
bushels 

Average of p&vious 
annual fall and 

precipitation fzrOWln~ 
in inches Seasoi 

in inches 

Bushels 
of wheat 
per inch 

of rainfall 

Bushels 
of wheat 

per inch of 
effective 

precipitatibn 
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annual fall. The effectiveness of the previous fall’s precipitation Will, 
however, vary inversely with the amount of winter evaporation. 

From Table VI it is seen that over the fifteen year average an inch 
of rainfall has produced 0.77 bushels of wheat. However, there is a 
wide deviation from this average. In 1928 an in& of annual rainfall 
produced 2.6 bushels of wheat per acre and in 1934 an inch of annual 
rainfall onfy produced 0.34 bushels of wheat per acre. The last two 
columns show that the trop yields are more closely related to the previous 
fall’s’ precipitation plus the growing season than to the annual rainfall, 
and that the efficiency of a unit of rainfall increases with increased pre- 
cipitation. However, factors such as rainfall distribution, frosts, tempera- 
ture, disease, etc., SO affect final trop yield that an absolute correlation 
between yield and rainfall is not possible. During the fifteen years 1921. 
1935 an inch of rainfall in the Edmonton district, where the average an- 
nual rainfall is approximately 17.5 inches, produced 1.28 bushels of wheat 
per acre. 

It is seen from these figures that the efficiency of a unit of rainfall 
is very low in the Rainy Hills sheet. This is partly due to the Iow 
annual rainfall. However, it suggests that a better utilization of the 
rainfall is necessary. A lessening of evaporation loss and a conservation 
of run-off water should raise the rainfall efficiency. Keeping fallow 
weed free from early spring would eliminate much transpiration 10s~. 
This is discussed under farming practice. 

As already stated, there has been considerable abandonment in this 
area. The land that was abandoned in 1920, that is approximately fifteen 
years ago, is about two-thirds grassed over. The grass at present in these 
areas appears to be of coarser varieties than on the virgin land. If these 
fields are typical examples of regrassing, it is reasonable to assume that 
complete regrassing would take about twenty-five years. Experiments are 
at present being conducted to study regrassing by the sowing of grass 
seed. 

From a study of trop yields and rainfall over a long term of years 
it is evident that much of the Rainy Hills sheet Will not support a purely 
grain growing population. There is, at present, a large capital investment 
in the area in schools, roads, railways and rural and urban property. 
Complete reversion to ranching would tiot support a population large 
enough to warrant the maintaining of these facilities. 

It seems, also, reasonable to believe that practicing a diversified system 
of farming would support a population large enough to warrant main- 
taining most of these facilities. It is suggested that if the farmsteads 
could be grouped on the better soi1 areas where there are possibilities for 
small reservoir irrigation projects it would make for a better community 
life and for the more efficient administration of public services. Each 
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farm could be supplemented with lease facilities for live stock. Provision 
for rotation grazing would materially increase the stock carrying capacity. 
However, this solution would apply to only a relatively small proportion 
of the total area of this sheet. Th ere is a large area of the sheet mapped 
as eroded, Sand, and rolling to hilly, that is suitable only for grazing. 

SOILS 

The soils of the Rainy Hills sheet are derived largely from glacial drift, 
some of which came from the underlying rock formations. The presence 
of granite and gneiss erratics from the Hudson’s Bay region suggests that 
some material has been transported long distances, but’ much of the soi1 
is derived from the parent rocks in the vicinity. 

The underlying rock of the Rainy Hills sheet is a11 upper Cretaceous. 
The area east of South Saskatchewan river north to township 19 and the 
area west of a line from Lake Newell running north easterly through 
Jenner and up to township 24, range 8, is underlain with Bearpaw shale. 
Mith the exception of a few small isolated areas of Bearpaw, the rest of 
the sheet is underlain by Belly River Pale beds of freshwater sands and 
sandy shales. The valleys of Red Deer and Saskatchewan rivers are quite 
deep, thus giving some excellent exposures of the underlying rock (see 
Plate 2, Fig. 1). 

The country rock cornes to the surface in a few places, but in general 
the entire area is covered with unconsolidated material. This varies from 
a few feet to at least two hundred feet in depth. The eastern two- 
thirds of the sheet is of rolling to hilly topography, probably morainal in 
f ormation. 

The area west of range 10 is mostly of undulating topography, and 
suggests some post glacial laking. There is evidence of some working and 
assorting of the soil. It is thought that the sandy areas were formed 
in this maimer. Since some of the more level areas that are silty also 
contain stone, it is possible that the lacustrine deposit over the ground 
moraine is quite shallow. In the irrigated area there were a few deep 
deposits of silt found. Th e ro 11 ing and hilly areas of the sheet have had 
very little assorting other than the removal of soi1 from the higher 
elevations by wind erosion (see Plate 2, Fig. 2). 

The underlying formations consisting of sandstones and shales form 
at least part of the parent material of the soils of the area. The soi1 is 
the product of the weathering and mixing of these sandstones and shales 
and therefore it is expected that most of it would be of an intermediate 
texture. Only in the areas where considerable assorting has taken place 
are the purer classes of Sand and clay found. The lime content, which 
is often quite high, may corne from a calcareous sandstone cernent. Bear- 
paw shales generally contain much gypsum. It is found in large inclusions 
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of crystals between the layers of shale. The subsoils of the western portion 
of the sheet which is underlain with Bearpaw is quite high in these salts. 
The inclusions of crystals cari be easily seen. 

The figures in Table VII show the acreage and percentage distribu- 
tion of the various soi1 series and types in the Rain Hills sheet. The 
blow-out soil, that is the 1600 series, has the largest total acreage on the 
sheet. It makes up 37.37 per cent. of the total area. Of this percentage 
approximately 21 per cent. is loam. These soils are in general non-arable 

TABLE VII.-Extent of soil types in Rainy Hilk oheet 
GLACIAL SERIES 

Sd Type 
Sand .................................................. 
Sandy loam .................................. 
Fine sandy loam .......................... 
Loam ................................................ 
Silt loam ....................................... 
Clay loam ...................................... 
Mixed ............................................. 

Acres 
33.682 

Total ,__. .,._< ..__._,..<_..... <.... ..<.. 790,424 

LACUSTRINE SERIES 
Loam ................................................ 1240-1249 1.685 .06 
Silt loam ........................................ 1250-1259 38.021 1.37 
Clay loam ...................................... 1260-1269 3,280 .14 
Clay .................................................. 1270-1279 68,317 2.47 

TOM ., 

Sandy loam .................................. 
Fine sandy loam .......................... 
Very fine sandy loam .............. 
Loam ................................................ 
Mixed .............................................. 

Total. ._ _< 

Sand ................................................ 
Very fine sandy loam .............. 

Total .......................... 

ALLUVIAL SERIES 
1310-1319 185.321 
1320-1329 120,915 
1330-1339 24,177 
1340-1349 1,765 
1380-1389 3,069 

EOLIAN SERIES 
1400-1409 134,478 
1430-143s 20,064 

BLOW-OUT SERIES 
Fine sandy loam ........................ 1620-1629 
Loam ................................................ 1640-1649 
Silt loam ........................................ 1650-1659 
Clay loam ...................................... 1660-1669 
Clay .................................................. 1670-1679 
Mixed .............................................. 1680-1689 

Total ................................................ 
Alkali .................................................................... 
Eroded ................................................................. 
River bottom ...................................................... 
Water .................................................................... 

2,240 
2;;s;; 

44:130 

111,303 

335,247 

154,542 

1,033,959 

Total _. _< ._ _, _. ._ ,_ _. ._ _< ,_ _< 339.325 

Grand total ................................... 

Total rolling area ............................................ 
Total hilly area .................................................. 

2,764.800 

Per cent. 
1.22 
2.25 
2.70 

20.28 
.08 

1.09 
99 

- 
28.61 

4.04 

4:;: 
.87 
.06 
.ll 

- 12.10 

“:73” 
- 

5.59 

1.46 
20.91 
11.18 

3.06 
.02 
.74 

- 
37.37 

.08 
8.05 
2.52 
1.60 

- 
12.25 

99.96 
- 
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‘for dry land farming. Silt loams, the second most extensive type in this 
series, make up 11 per cent. of the total area. Many of these soils are 
in the irrigation block. 

The glacial series, that is the 1100 series, has the second largest total 
acreage on the sheet. It makes up 28.6 per cent. of the total area, and 
of this glacial loam makes up over 20 per cent. Most of the rolling and 
hilly areas of the sheet are in this series, and as a result most of the 
glacial area is grazing land. 

Alluvial soils, the 1300 series, make up 12.1 per cent. of the tota1 area. 
These soils are generally of light texture, but there is much continued 
cultivation on them. 

The eolian soils, the 1400 series, are principally sands. They are found 
in the southeast and northwest portions of the sheet. They are of low 
agricultural value. 

The lacustrine series, that is the 1200 series, makes up 4.04 per cent. 
of the total area. These soils are on undulating to gently rolling topo- 
graphy, and because they are of medium to heavy texture are generally . 
the better soils in the dry area. 

River bottom soils make up 2.52 per cent. of the total area. Some of 
these have irrigation possibilities. Eroded lands found along the rivers 
and their tributaries, and water accounts for 9.65 per cent. of the total 
area. 

The soils of this area belong to the brown soi1 zone of the plains 
area. The brown soi1 zone, in turn, corresponds to the semi-arid section 
of the province. The coior of the Upper horizons of the profiles vary 
from brown to yellow brown, ahhough some of the heavier soils are dark 
gray. The C horizon, which in general may be termed the subsoil, is from 
a light brown to a yellow gray in color. In the blow-out profiles much 
of the C horizon is a dark gray color, with the B horizon usually darker 
in color than the A horizon. 

The organic matter content of the soils in the Rainy Hills sheet is 
relatively Iow when compared with the more humid parts of the province. 
The organic matter is distributed in the Upper three to five inches of the 
soi1 and conveys a slightly darker color to the surface horizon. These 
soils are a11 fairly well Supplied with the minera1 constituents and in the 
years of sufficient rainfall there is enough available plant food to produce 
good growth. Th e soils of this area were formed under relatviely arid 
conditions from parent rock containing calcareous material. The lime 
concentration layer is in general quite heavy and varies in depth from 
about nine to twenty-four inches. This lime concentration layer indicates , 
the degree of leaching, and it is the result of the eluviation of the Upper 
horizons. 
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Descriptions of characteristic profiles are given in the discussion of 
the various soi1 series. 

1100 SERIES-GLACIAL 

The soils of the glacial series are formed on glacial till morainic in 
nature. They are light to heavy in texture and contain stones throughout 
the profile. The topography varies from undulating to hilly and the 
texture from sand to clay loam. 

About 70 per cent. of the glacial series is loam. Practically a11 of 
the loam is on rolling to hilly topography, and contains stone (see Plate 4, 
Fig. 3). These are particularly noticeable along the ridges where wind 
erosion has removed much of the original deposition. They ate generally 
of low agricultural value. Most of this land is virgin, and where there 
have been attempts at cultivation on the hi11 slopes it is now practically 
a11 abandoned. However, on the undulating and gently rolling areas 
most of the land has been extensively cultivated and is still being fatmed. 

The glacial loams on uneven topography are light brown in color, and 
although they contain considerable grit are usually medium in texture. 
Excepting the low spots they have a shallow profile or weathered layer 
that is slightly columnar over a heavy subsoil or C horizon that is light 
brown to yellow brown in color. The line concentration layer varies from 
eight to twenty inches in depth. These areas are tut by numerous drain- 
age channels and draws that contain many marshes and sloughs that offer 
possibilities for the construction of stock watering dams. The vegetative 
covering on these areas varies from fairly heavy in the lower spots to 
very sparse on the knolls, but the grass seems to be very high in nutrient 
value. Over-grazing, particularly during dry seasons, may be responsible 
for much of the sparse covering. Scattered throughout a11 these large 
areas of rolling and hilly loam are small portions of more level topography 
that are or could be cultivated to grow supplementary crops. One of 
these areas, 1143, is outliied in township 2.0, range 5, and one, 1146, in 
township 19, range 5. 

Most of these loam areas are numbered 1145 or 1146. Two Iighter 
areas, 1142, of considerable size are outlined; one in township 17, range 7, 
and one west of Alkali creek centering in township 23, range 5. 

The area around Bingville, 1146, although appearing to be in a basin 
and in places quite silty, is on rolling topography and contains a few 
stones. The profile in this area is a darker brown than the surrounding 
hilly loam and the development is on the average deeper. There is very 
little deserted land in this area (see Plate 3, Fig. 2). 

The atea around Hilda, 1148, is the largest glacial loam area in 
gently rolling topography. This area is still a11 being cultivated, and it 
appears to be one of the better producing areas of the sheet. This soil 
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has a fairly deep profile that is relatively high in organic matter. The 
nitrogen content of the surface soi1 (see Table VIII) is over 0.2%. 
There is a considerable silt admixture, and many of the lower spots are 
heavy enough to be classed as clay loam. A fairly heavy lime concen- 
tration layer is found from 20 to 40 inches below the surface. The 
alkali content is very Iow. 

Practically a11 of the glacial fine sandy loams, 1125, are on hilly 
topography and are very stony. They are therefore a11 grazing lands. 
Many of the draws contain sloughs, and there is a fair grass covering 
over the areas. ,The largest area, 1125, is the one stretching from town- 

. ship 19, range 5, to township 21, range 7. The soi1 contains a relativeIy 
high percentage of the finer soi1 particles, but the Sand fraction is very 
coarse and in many places the subsoil is Sand. 

The area of 1123 in township 20, range 4, contains a small gently 
rolling portion along a drainage channel which is still partly cultivated. 
Although most of this parce1 is of value only as grazing land, there are 
possibilities for some cultivation as a supplement. 

A large area of sandy loam, 1117, mostly on rolling topography, is 
outlined from township 17, range 6, to township 19, range 4. ~ It com- 
prises about 35,000 acres. The soi1 of this area is heavier and is higher in 
organic matter content than the average sandy loams, but the texture 
varies from a very coarse Sand to fine gravel. In places the lime con- 
centration layer cornes very close to the surface and practically reaches 
the extent of a marl deposition. It is quite stony. In general, the grass 
covering is good and there are many sloughs that provide stock water. 
It is grazing land. 

The sandy loam area centering in township 21, range 4, number 1115, 
is on partly rolling and partly gently rolling topography. The more level 
portion has been almost a11 cultivated, but is now abandoned and is 
badly drifted in many places. There are some stones, particularly in the 
rolling portion. 

The southern portion of the large sand area in the Middle Sand 
hills west of South Saskatchewan river, numbered 1104, appears to be of 
morainal formation. It is of rolling topography, stony and contains 
many active dunes. The sand is fairly coarse and the profile practically 
structureless. It supports a fairly heavy growth of coarse grass, which is 
considered to make good winter pasture. It is not used as a summer 
pasture because it is not well supplied with water and because it is 
believed that the type of grass grown is not a particularly good forage 
for fattening stock. 

There are three areas of glacial clay loam outlined. The largest area, 
1168, is found in township 24, range 1. This area is on gently rolliig 
to rolling topography, and contains some stones. The dark brown surface 



18 Bulletin No. 28 

- soil, although gritty, is a heavy clay loam and is underlain by a cohunnar 
B, horizon of clay. This columnar structure carries down into the lime 
concentration Iayer which is usually found at depths varying from five 
to fifteen inches. The area in township 17, range 1, is slightly Iighter in 
texture than the area just described. These soiis are well supplied with 
the plant food constituents and are among the better soils of this area. 
The fact that they are still being cultivated would indicate this. 

The area in township 21, range 6, number 1166, appears to be rather 
badly washed, exposing the heavy subsoil and in places grave1 ridges. 

There are two mixed areas included in this series. Although many 
types of soi1 are found in these areas they are generally a light texture. 
The area of, 1182, north of Red Deer river, in range 6, is on gently 
rolling topography and is partly cultivated. The area south of Atlee in 
ranges 7 and 8, number 1185, is on rolling to, hilly topography, and is 
quite stony. It supports a fairly good grass growth and there are some 
large sloughs in the draws. It is good range land. The composition of 
these soils varies with the types found in the mixture. Some parcels of 
farming land cari be found in them, but they are light and therefore 
subject to drifting. Only th ose light parcels that are underlain by a 
heavy subsoil should be considered worth cultivating. 

The soils of the glacial series are mainly grazing lands. The broken 
topography and the presence of stones, in themselves, make much of the 
series non-arable. However, scattered throughout these areas are small 
parcels of arable land of this and other series. These areas should prove 
valuable to the rancher-farmer for the growth of crops. 

1200 SERIES-LACUSTRINE 
Lacustrine soils were formed on post-glacial lake deposits where the 

finer soi1 particles have settled out of relatively still water; consequently 
they are medium to heavy textured soils. Excepting along the edge of 
the deposit where the glacial till is close to the surface, they are prac- 
tically stone free. The topography is in general undulating to gently 
rolling. With the exception of three flats, numbered 1270, the soils of 
this series are fairly well drained. 

There are three soi1 types in this series; clay, clay loam, and silt 
loam, making a total of 111,303 acres, or 4.04 per cent. of the total area. 

The most extensive parce1 in the series, number 1276, forms the 
southern portion of the Acadia Valley clay area, and is located in the 
northeastern portion of the sheet. The entire parce1 is of undulating to 
gently rolling topography, and with the exception of a few ridges is 
practically stone free. Th e soi1 profile shows practically no distinct 
horizon, and it is of a uniformly dark brown color. The fact that there 
is lime from the surface down at least to twenty inches (see Table VIII) 
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is possibly the cause of the granular structure of the soit, and hence its 
good tilth. Over 50 per cent. of the area is cultivated, and trop yield 
records indicate that it is a relatively productive soil, Analyses show that 
the surface soil contains 0.055’% phosphorus and 0.16% nitrogen. These 
soils represent the better ones in the brown soi1 zone, but require more 
tare in cultivation than the intermediate soils to prevent a breaking up of 
the loose texture, and therefore deveIoping a puddled condition. There is 
some evidence of drifting in this area. 

The other clay areas outlined, number 1270, are in the nature of 
flats and are more or less alkaline. They are usually in a deflocculated 
condition and therefore very difficult to cultivate. Of these, the old 
bed of Tide lake in township 18, range 10, requires special mention. The 
soi1 is a heavy clay that shrinks and cracks very badly when dry and that 
supports a growth of wild barley, but analysis show that it does not 
contain enough water soluble salts to be classed alkaline. Part of it is 
being irrigated, and in 1936 was producing a fairly good trop. Difficulty 
in cultivation and in getting the irrigation water to penetrate plus the 
consequent tendency to make, would suggest that great tare Will have to 
be used in its utilization. 

The area in townships 21 and 22, range 3, number 1266, is very 
similar to the areas (1270) just described. However, the presence of 
considerable sand has necessitated classing it a clay loam. 

The silt loam area, 1255, between Bindloss and Empress, is on gentIy 
rolling topography (see Plate 3, Fig. 1). It occupies a lower plane than 
the surrounding country, on what may have been an old course of Red 
Deer river. There are very few stones in the area. The surface A 
horizon is dark brown and somewhat platy, underlain by a slightly 
columnar horizon of lighter color. The lime concentration layer varies 
in depth from six to twenty inches. The whole area is fairly uniform, 
excepting for some admixture of very fine sand particularly along the 
western edge of the area. It is still practically a11 being cultivated. 
Analyses (see Table VIII) show that it contains 0.177% nitrogen and 
0.04970 phosphorus. The only drifting of any severity is from the sandy 
soils to the west. Three small areas of 1256 are mapped; one in township 
21, range 5, one in township 22, range 6, and one in townships 22 and 
23, range ,4. The small area in township 18, range 1, number 1255, has 
a lighter subsoil than the areas described above. 

The area in township 21, range 8, number 1258, is of level to un- 
dulating topography and the soi1 is a heavy silt loam. It has consistently 
produced good crops of grain under climatic conditions that have rendered 
some of the surrounding soils much Iess productive. 

The silt Ioam soils are relatively easy to cultivate, and they do net 
drift as readily as the lighter or the heavier soils do. 
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1300 SERIES-ALLUVIAL 
The alluvial soils have been formed on material that has been 

subjected to water sorting, and consequently they are generally located 
along drainage courses. On the Rainy Hills sheet they are a11 of light 
texture; they may contain stone, and there is a large variation in the 
closeness to the surface of the heavier subsoil. 

Four relatively small areas of very fine sandy loam, 1335, are outlined 
in the eastern portion of the sheet south of Red Deer river. The largest 
area is that one in township 20, range 1. The sandy surface is underlain 
by a Iight subsoil of silt and Sand. Nearly a11 of this area is still being 
cultivated. The farms that are deserted have drifted badly. The other 
three areas of 1335 in township 20, range 2, township 22, range 3, and 
township 21, range 5, are also still being cultivated. Every precaution 
Will have to be taken to prevent drifting on these areas, otherwise they 
Will soon lose their value as arable lands. 

There are 120,915 acres of alluvial fine sandy loam on this sheet. 
In general, these soils show profile development. The A horizon, which 
is from 8 inches to 20 inches in depth, is light brown to brown in 
color, and is of a massive columnar structure. The B, horizon varies 
from a darker massive columnar structure to a distinct solonetz-like de- 
velopment composed of very hard columns from two to five inches in 
diameter. The lime concentration horizon usually contains more clay and 
silt and is lighter in color. In organic matter content and plant food 
constituents they are generally intermediate between the eolian sandy 
Ioams and the medium textured glacial loams. Particularly where the 
subsoil is heavy, these soils rae considered to be worth cultivating. They 
do, however, drift fairly readily. 

The long narrow strip of 1324 east of South Saskatchewan river 
contains considerable coarse sand and some stone. It is practically a11 
grazing land. 

The area of 1325 extending from township 22, range 3, to township 
21, range 5, contains considerable abandoned cultivation that has drifted 
and in places still is drifting badly. However, the portion of the area 
north of Cavendish (Pancreas) is still being cultivated. The sand fraction 
in this portion is of a finer texture and the subsoil is fairly heavy. There 
are some stones throughout the area, but in the more level portions they 
are not frequent enough to be considered detrimental. Many small areas 
of 1325 and one of 1324 are outlined. Most of these are grazing lands. 
Where they have been cultivated they have drifted badly. 

The area north of Atlee, 1322, seems to form a transitional soi1 belt 
between the sandy loam and the loam. There is a surface horizon of 
coarse sand over a fairly heavy subsoil, excepting along the ridges, which 
are quite gravelly. Practically the entire area is deserted. 
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The area in township 24, range 9, and the area in townships 18 md 
19,. range 14, both 1325, follow water courses. The surface horizon 
contains sands ranging from coarse to very fine in texture, nad it varies 
greatly in depth. Both areas are cultivated. 

The area of 1324 in townships 20 and 21, range 13, has a sand 
deposition varying from three to at least seven feet in depth. The Iower 
horizons are quite loose and sandy, but the surface shows some profile 
development and it is fairly well supplied with organic matter. There is 
considerable rosebush growth over the area, but only a fair to poor grass 
trop. This is due, possibly, to the depth of the sand deposition and 
consequent lack of available moisture. It would seem to be a continuation 
of the sandy loam area to the south that has given such an alkali accu- 
mulation under irrigation. 

The area of 1325 in townships 18 and 19, range 15, is on level to 
gently rolling topography and is practically stone free. There is definite 
profile development. The A horizon of medium sand has a massive 
columnar structure and is underlain by a hard pan, B horizon, of round 
tops (see Plate 6). In the portion of this area that is irrigated there 
is considerable alkali showing. 

The area of 1322 in township 21, range 14, is irrigated, but as yet 
there are only slight traces of alkali in evidence. The area of 1324 in 
township 24, range 15, is composed of Sand, that is very dark in color, 
and enough silt to give some body to the soil. The underlying sand is 
much lighter in color than the surface. The subsoil is a sandy clay. 
There is no cultivation on this parce1 and it is good grazing land. 

Most of the sandy loams of the Rainy Hills sheet belong to the 
alluvial series. Although by definition the sandy loams contains from 50 
to 80 per cent. medium sand the class has been broadened here to include 
the fine and coarse sandy loams of a poorer nature. As a result the 
term coarse sandy loam is not used, and the term fine sandy loam is 
reserved for the better grades of the sandy loams. 

The sandy loams being generally quite loose show practically no proflie 
development, and in many areas differ from the sands principally because 
they show no dune formation. Some of them have, however, developed 
a hard B, horizon at depths varying from two to four feet. They vary 
in color from a yellow-brown to almost black. Due to the low content of 
organic matter and the mïneral plant foods, sandy loams are generally 
classed with the sands as being soils of low agricultural value. Once the 
top binding has been broken by cultivation they Will drift and even 
form active dunes unless farmed with the utmost tare. 

The area of 1314 in townships 18 and 19, east of South Saskatchewan 
river, is composed mainly of coarse sand and contains some stone. Those 
portions that have been cultivated are now almost entirely abandoned. 
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The area of 1315 south of Cavendish has been practically a11 culti- 
vated, but is now abandoned. The fine Sand deposit is quite deep, and 
once loosened it has drifted badly. The area of 1317 in township 21, 
range 2, is also drifting badly, and there is practicallv no cultivation left. 
The area of 1317 in township 18, range 5, has not been cultivated, and 
is fairly good grazing land. 

The area of 1315 north of Atlee is medium to coarse in texture, 
and although relatively stone free contains many grave1 ridges. It is 
practically a11 abandoned at present. 

The area of 1314 north of Patricia in township 20, ranges 12 and 13, 
is a medium to coarse sandy loam characterized by a slight amount of 
fine material which causes the soi1 to pack to a brick-like hardness along 
the roadway, but which under irrigation readily washes away and Ieaves 
a structureless lo,ose soil. Although very low in water soluble salts, under 
irrigation the alkali accumulation in some of the low places is quite heavy 
(see Plate 5, Fig. 3, and Table X). 

The areas of 1315 centering in townships 22 and 23, range 13, are 
praetically stone free and are composed of sands that are medium to 
coarse in texture; although the sand becomes much finer in the portions 
nearer to Red Deer river. A large part of this area has a well developed 
hardpan layer at depths varying from two to four feet that make for 
many small alkali pot holes. Th e area supports a good grass growth con- 
taining much Stipa. 

The areas of 1311 in range 15 are mainly stone free level areas of 
considerable size between the sand dune areas, and they differ only 
slightly in composition from that portion mapped as sand (see Plate 4, 
Fig. 2). However, the clay substrata that underlies these areas causes 
the formation of a permanent water table, and as a result there is a good 
grass covering. Th ese areas make good grazing lands. The areas of 
1314 in range 15 are darker and heavier than the ones just described. 
None of these sandy loam areas in range 15 have been cultivated. 

As stated above, the sandy loams are, in general, soils of low agricul- 
turaI value. Plant foods are low (see Table VIII) and their water 

1s renders them less able to niaintain growth ;;;;x,;““~;; “,dsTh 
. However, since roots penetrate the lighter 

soils quite readily, the areas of sandy loam that have a water impervious 
layer fairly close to the surfcae offer some possibilities. Deep rooted 
perennials, such as certain varieties of alfalfa, might be successful on 
these soifs. Wind breaks set out in these soils some years ago have made 
remarkable growth, and they still appear quite sturdy in spite of the 
lack of attention folIowing desertion. 

In general, the soils of the alluvial series, being light in texture, are 
a11 subject to drifting. Th ey are also medium to Iow in the plant food 
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eiements. However,. there is more continuous cultivation on these soils 
than on some of the heavier types, and it would appear that attention 
should be given to their utilization and conservation. 

I 1400 SERIES-E• LIAN 

The soils of the eolian series have been formed on material that has 
been deposited by the wind. With the exception of one area of very 
fine sandy loam these soils are a11 sands which show definite dune form- 
ation (see Plate 4, Fig. 1). 
that are active at present. 

Practically a11 of the areas contain dunes 
It is supposed that these sands have been 

formed from the sandstones of the underlying formations. Since origin- 
ally deposited by the glacier they have undergone possibly first lake and 
later wind assortmg. The dunes that are still moving appear to be 
travelling in an easterly direction, that is, with the prevailing wind. The 
water and more recently the wind would tend to sort the sand into 
different grades, and as a result there are areas of coarse, fine, and very 
fine sand found. 

The area of 1432 from township 21, range 2, to township 22, range I, 
forms a transition between the silt loam to the north and the sands to 
the south. As a result, its original deposition may have been partly by 
water. This area, comprising approximately 20,000 acres, is relatively 
rich in plant foods (see Table VIII), The A horizon sample that was 
analysed gave 0.211 per cent. nitrogen and 0.045 per cent. phosphorus. 
The A horizon is brown and practically structureless. The B, horizon, of 
about nine inches is of a large loose columnar structure. The lime 
concentration horizon is from twelve to eighteen inches below the surface. 
Practically the entire area has been cultivated, and much of it is still being 
cultivated. The deserted farms are drifting quite badly. 

In general, the sands of this series lack profile development, and it is 
practically impossible to detect any horizon differentiation. The color’ 
which is usually quite uniform for considerable depth varies from a light 
yellow to a medium brown. The surface may be darker due to the 
presence of organic matter which varies from practically nothing in the 
active dunes to a slight accumulation for a depth of eight to ten inches 
in the more fixed areas. Much of the area seems to be underlain by a 
heavy clay, which, because of its impervious nature, causes the formation 
of a water table. The depth to this water naturally depends on the 
thickness of sand deposition which varies from a few feet to at least 
thirty or forty feet. 

Large areas of 1407 are located in the southeast portion of the sheet. 
The largest area is a continuation of the 1104 area in the Middle Sand 
hills. The sand in these areas is of a fmer texture than in the glacial 
area, 1104. In general the sand in the southwest portion of these areas 
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is coarser than that found in the northeast portions. There are active 
dunes, some of considerable magnitude and with large exposed faces, over 
a11 these areas. These have some value as grazing lands patticularly for 
winter range. 

The other areas of eolian sands are located in the northwest portion 
of the sheet. They are a11 numbered 1404, that is, they are of medium 
sand texture. In the areas west of Red Deer river most of the dunes are 
covered with a fairly heavy growth of rosebush, liquorice, and sand grass, 
that is effectively holding them from further movement. This sand area, 
possibly having its origin from Edmonton and Fox Hi11 sandstones, is 
formed on otherwise level topography and is practically stone free. In 
general the clay strata below is close to the surface, therefore bringing 
the water table quite close to the surface. Running Springs from the 
contact of the sand and clay are frequent along the banks of the eroded 
coulees. A well (only six feet deep) dug between two sand dunes con- 
tained water in August, 1936. Massive round tops forming a hardpan 
Iayer underlain by a heavy lime horizon was also found in the depressions 
between dunes. This area carries over to the east side of Red Deer river, 
patticularfy in township 23, range 13. Other small Sand areas are 
located in this portion of the sheet along the branches of Berry creek. 
There ars isolated spots where cultivation has caused the formation of 
active dunes. A good example of this is found in township 24, range 14. 

The Sand areas of this sheet have a very low plant food content when 
compared with the heavire soi1 types, and, since the soi1 .presents a drifting 
problem as soon as the surface is broken, it is imperative that they remain 
entirely for grazing purposes. In 1936 the sand areas were found to be 
quite moist and maintained a green covering long after the vegetation on 
the heavier soils had tutned quite brown. The sand had received much 
sprmg moisture and the dry top Iayer of Sand had acted as an effective 
mulch. Their usefulness, in this area, would seem to be best realized by 
utilizing their winter pasture possibilities. 

It is suggested that the only eolian soi1 of arable value on the Rainy 
HiIls sheet is the area of 1432 in the east portion. 

1600 SERIES-BLOW-OUT 

The soils of the blow-out series are defined to include those soils having 
a hard B solonetz-like horizon devebped within approximately one. foot 
of the surface and a broken surface topography due to the patchy removal 
by erosion of varying percentages of the A horizon (see Plate 6, Fig. 2, 
and Plate 7, Fig. 1). In the Iight brown. soi1 zone these blow-out de- 
pressions average about ten feet in diameter and vary in depth from about 
three to eighteen inches. Th ey caver from ten to practically one hundred 
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per cent. of the surface. This series corresponds to the Echo series of 
Saskatchewan and the Phillips loams of Montana. 

These soils are, in general, medium textured in the A horizon with 
heavy textured B horizons. Th ey are developed largely on parent shales, 
but may occur on glacial, lacustrine or alluvial material provided these 
materials contain quantities of the fine clays. These soils generally contain 
salts, which are often encountered below the B, horizon. The topo- 

graphy of these soils is generally level to gently rolling, although a few 
areas of rolling topography were found to contain blow-out development. 

The surface drainage in these soils appears to be adequate. They 
are, however, slightly higher in soluble salts than the non-blow-out soils. 
Table X indicates that the subsoil in the slick spot has a fairly high Salt 
content. 

Practically a11 the blow-out series found on the Rainy Hills sheet lie 
west of a line drawn from township 17, range 8, to township 24, range 7. 

The soils in this series include loams, silt loams, some clay loams, 
and the heavier fine sandy loams. Most of the lighter fine sandy loams 
and the sandy loams west of the above stated line have developed the 
solonetz-like profile. but the B horizon is quite deep and they do not 
show the blow-out depressions found in the heavier soils. These soils are, 
therefore, described under other series. 

The following profile description is characteristic of the blow-out loams 
and Silt loams: 

Al 

A2 

B, 

B, 

C 

is from two to six inches in thiekness. It is a brown loose struc- 
tureless loam to silt loam containing some gras53 roots. 
is from one to four inches in thickness. It is light brown, friable 
and generally has a characteristic platy structure. The soi1 
usually has a gritty feel and an ashy appearance. It may be 
ecidic. 
is from four to eight inches in thickness. It is dark in color. It 
has a well developed columnar structure. The break between 
the A, and the B, horizons is distinct and very abrupt. The 
clearage faces of the columns have a waxy appearance and show 
coffee colored stains. In many cases the columns will crumble to 
a nut structure. It is a clay loam to clay texture. 
is from three to eight inches in thickness. It is slightly columnar 
to cloddy in structure and is yellow brown to brown in color. 
This is the lime concentration horizon and is usually very friable. 
is the undiierentiated material below the lime concentration 
horizon. It ranges from loose and friable to a hard nut structure 
and is dark gray to dark brown in color. It contains lime and 
generally many large Salt pockets. Pieces of unweathered parent 
shale are often found in this horizon. 

Table X gives the alkali salt content of characteristic blow-out profiles 
and Table VIII the principal plant food constituents. 



26 Bulletin No. 28 

In general the loams of this series are found on gently rolling topo- 
graphy; they contain some stones and grit and they are of a relatively 
uniform profile throughout. The loams on rolling topography constitute 
a small percentage of the total and have a much lower percentage of 
eroded patches, usually not over 15 to 20 per cent. Areas on rolling 
topography are outlined south of Jenner in the inner and outer Rainy 
Hills, north and east of Tilley, around Lake Newell and north of Red 
Deer river in townships 23 and 24, range 9. With the exception of the 
last named, these are a11 numbered 1646. The area in townships 23 and 
24 and a small hilly area in township 17, range 10, are of a heavier 
type and are numbered 1649. The knolls are very stony and support 
only a fair grass growth, but the draws contain numerous meadows that 
produce a good growth of meadow hay. The larger ones are of value for 
stock water. As a result these areas make good ranching lands. 

The loams on gently rolhng topography are a11 numbered 1646, with 
the exception of a lighter area in townships 23 and 24, range 10, which 
is 1643. They contain only a few stones, but are frmo 25 to 50 per 
cent. blow-out. They appear to be formed on ground moraine containing 
a fairly high percentage of silt. The change between these loams and 
the adjoining silt loams is very gradual, and hence the Line drawn 
diving them is often quite arbitrary. The gently rloling, 1646, areas 
around Lake Newell and north of Red Deer river were once extensively 
cultivated, but are now almost entirely abandoned. These areas were 
among the first deserted, and as a resub they are now from one-third to 
two-thirds regrassed. They are producing fairly good pasture at the 
present time. However, these areas are not as well supplied with hay 
meadows and water as the rolling topography, with the result that there 
is not the meadow hay available and the stock have to travel longer 
distances for water. The large, 1646, area northeast of Tilley gets stock 
water from irrigation spill. The depth of the lime accumulation layer 
varies in these loams, but it is generally quite close to the surface overlying 
a heavy subsoil that contains a higher percentage of salts, principally 
CaSO,. 

The loams in the blow-out area close to Red Deer river, 1645, 
particularly those in townships 22 and 23, range 14, differ from the others 
in that they contain a higher percentage of very fine Sand and that they 
have very few blow-out patches. 

The blow-out silt loams are found almost entirely on level to un- 
dulating topography, and in general they suggest lacustrine formation. 
They are particularly stone free, but the eroded depressions are deeper 
and generlaly more extensive than on the loams, many of them are 
characterized by a heavy A, horizon that are very light in color and flaky 
in structure. 



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 sheet. 



PLATE 2 

Fig. l-Eroded land. Steveville bad lands. Note exposures of 
parent rocks. 

Fig. â-Virgin area. ‘Note stones on west side of hi11 exposed by severe 
erosion. Several feet of soi1 must have been removed to expose 
SO many stones. 

Fig. 3-One of the many deserted homes in this area. ApproximateIy 
200,000 acres once cultivated on the Rainy Hills sheet are now 
abandoned. 



PLATE 3 

Fig. 1-Silt loam area (1255) southeast of Bindloss. One of the 
better soi1 areas. 

Fig. 2-Loam area (1146) west of Bingville. One of the better soi1 areas. 

Fig. 3-Loam area not grazed. Note the abundance of grass. Over 
grazing greatly reduces the pasture value of range lands and in- 
tensifies both wind and water erosion. 



PLATE 4 

Fig. l-Sand dunes that are partly grassed over. Special tare should 
be taken in grazing such areas. 

Fig. 2-Level light sandy loam area. At present good grazing, but once 
the surface is broken it would drift badly. 

Fig. 3-Typical stony rolling loam, useful only for grazing. 



PLATE 5 

Fig. l-Typical river flat. Some of these offer possibilities for 
local irrigation. 

Fig. 2-Grove with fruit trees on dry land. This has received special 
tare and additional water. It illustrates what might be done under 
favorable conditions and with a conservation reservoir. 

Fig. 3-Alkali accumulation in a sandy irrigation area. While local areas 
may be ruined by seepage and alkali the general benefits from 
irrigation more than compensate for the loss of such local areas. 



PLATE 6 

Fig. l-Fine sandy loam pro- 
file showing blow-out hori- 
zon. Huge A horizon clods 
piled on surface. Note B, 
horizon in which round top 
structure is very pro- 
nounced. 

-B,, round top structure 

Fig. 2-Silt loam profile. Note 
continuous solonized B 1 
horizon at 10 inches. Lime 
found at 14 inches, concen- 
tration horizon at 18 inches. 

lO/‘- 

18”- 



PLATE 7 

Fig. 1-Typical blow-out surface topography in west half of Rainy Hills 
sheet. Note A horizon still in situ in right foreground with B 
horizon exposed nearby. 

Fig. Z-Brown soi1 profile. Note nearness to the surface of B2 
(lime layer). 
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The area in townships 18 and 19, range 9, number 1656, has been 
very largely cultivated, but is now practically a11 abandoned. It contains 
many large marshes and has a fair water supply SO that given an oppor- 
tunity to regrass it might be of value as grazing land. 

The area around Denhart, 1653, is possibly the area of greatest 
erosion, the blow-out patches reach a depth as great as two feet and 
caver from 30 per cent. to 60 per cent. of the surface. The underlying 
Bearpaw shale is quite close to the surface in this area and exposures are 
found in many places. Some of the western portion of this area has 
been ditched for irrigation, but due to the extreme irregularity of the 
surface the cost of levelhng would be an important factor in its utilization. 
However, there is a fair growth of grass on the virgin land, which forms 
the greater portion of the area, and SO is of value as grazing lands if 
irrigation spill water is available. The leached A, horizon is extremely 
deep, there being as much sa four inches of the ashy layer formed in 
some places. 

The area around and east of Cessford, some number 1656 and some 
1653, north of Red Deer rvier contains a little coarse grit and some very 
fine Sand, suggesting some eolian deposition. The blow-out patches are 
shallow and many are grassed over. 
a fairly high percentage of salts. 

The subsoil which is quite heavy has 
A large percentage of this area has 

been cultivated, but only a small portion is still being farmed. 
The largest silt loam blow-out area on the sheet is that in the block 

extending from Tilley to Duchess, 1655 and 1656. Although profile 
development is more difficult to determine when irrigated, it appears that 
there have been varying degrees of erosion. In places the solonization is 
weakly developed, but is continuous, in other places, particularly in 
township 17, range 13, it would seem that the surface hae been almost 
entirely removed leaving a soi1 of a silty clay loam texture. Between 
Brooks and Duchess there is a very deep deposit of silt interspersed in 
places with layers of a sandy texture. This would appear to be a very 
productive area and what solonization there has been has softened and 
partly decomposed under the irrigation water. 

The blow-out clay loams are areas that have approximately over 75 
per cent. of the surface horizon removed exposing the hard B, horizon 
which contains a high percentage of the clay fraction. The area in 
township 24, range 7, that is partly on rolling topography has undergone 
considerable drifting, makmg the entire surface soi1 quite heavy. The 
remainder of the area outlined, namely the one around Tide lake, 
the one south and east of Jenner, and the one in township 17, 
range 5, are what appear to be silt loam areas that have com- 
pletely solonized and have had practically the entire surface removed 
by erosion. As a result the soils are fairly alkaline, they are heavy and 



28 Bulletin No. 28 

at present support very little native vegetation. They would appear to be 
very poor agricultural soils; however, since they are areas of lower elevation 
they might have some utility under water from local irrigation projects if 
loosened by cultivation and the addition of fibrous organic matter. 

The fine sandy loams included in this series are those that have the 
hard B, horizon fairly close to the surface. Two of these areas are in 
the irrigation block, one, 1623, is northwest of Duchess and one, 1625, is 
south of Patricia. Two areas of 1626 and one area of 1628 are outlined 
along the forks of Berry creek. The soi1 is of fine sand texture over a 
heavy subsoil and has an appreciable lime accumulation layer at depths 
averaging about twenty-four inches. There is still considerable cultiva- 
tion on this area, and in the year 1936 they seemed to be withstanding 
the drought better than the surrounding heavier soils. 

A large mixed area, 1685, centering in township 20, range 9, is 
generally light in texture over a heavy subsoil. This area has considerable 
land on it that is still being farmed. 

The blow-out soils, particularly those with considerable of the surface 
removed, are viewed with suspicion. The hard almost impervious B, 
horizon makes difficult both water and root penetration, and consequently 
limits the feeding range of the plant. The removal of part of the surface 
soi1 means a consequent loss of plant food and presents an irreguIar 
surface difficult to cultivate. It was apparent in 1936 that the crops 

. on the medium to heavy textured blow-out soils were extremely patchy 
under dry land conditions. The spot over the solonetz profile was prac- 
tically void of vegetation, while the non-solonized spot adjoining supported 
a fair growth. However, under irrigation they are loosened and seem to 
be fairly productive. 

RIVER BOTTOM SOILS 

Practically a11 the river bottom soils are of alluvial formation, but 
sinuce they are Young soils and usually badly mixed, it was thought 
advisable to put them in a separate class rather than to attach them to 
any series. In this sheet there are 70,364 acres of such lands outlined. 
This area includes only those portions of the river bottom that are con- 
sidered to have some agricultural value. A percentage of the portion 
included in this figure has distinct possibilities for producing stock feed 
and for growing garden produce under local irrigation projects (see 
Plate 5, Fig. 1). 

These areas are found on the map between the eroded banks of the 
rivers and they are given a soi1 name where possible. Although there are 
a few along South Saskatchewan river and along the tributaries of Red 
Deer river, most of these soils are flood plains of Red Deer river. Be- 
cause they have heen subjected to much water assorting they are usually 
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quite mixed; very fine sand. and silt are the principal constituents with 
some areas of fine sandy loam and some clay foam. There are numerous 
small areas of less than one hundred acres that are too small to include 
on the sheet map. 

A few of these areas are being irrigated at present. Water cari be 
obtained from the river by means of a pumping system and flume, or by 
damming a tributary coulee and holding the spring run-off. However, 
not a11 of these areas are irrigable due, among many other factors, to an 
adverse soi1 type, alkali content, or degree of slope, and a detailed survey 
should be made of each projected area. 

ALKALINE AND ERODED SOILS AND WATER 

In few places in the province is there such an extent of eroded land 
as in the Rainy Hills sheet; in a11 baout 8 per cent. is classed as eroded. 
The major portion of this is along the river channels, principally the Red 
Deer and its tributaries. In most of these eroded areas the underlying 
rock formations are exposed to the surface, consequently they are prac- 
ticalfy devoid of vegetation and SO agriculturally are waste lands. They 
are, however, of particular interest to geologists and their scenic value has 
been mentioned elsewhere in this report. There are thin seams of coal 
in some of the country rock that have been exposed by the erosion which, 
although of low grade, cari supply a fuel need to nearby residents. 

The percentage of the sheet covered by water is relatively low. Lake 
Newell, the Eastern Irrigation water reservoir, is the only large body 
mapped. Red Deer and South Saskatchewan rivers are a permanent water 
supply, but their tributaries are mostly seasonal and cannot be depended 
upon to supply water a11 year round. There are many marshes and 
sloughs, particularly in the more hilly areas that have water in them for 
part of the year or possibly a11 year in the wetter seasons. There are a 
few that would appear to contain water a11 summer. Many of the smaller 
sloughs were recorded on the township maps, but were too small to 
record on the sheet map of the report. The ones that are recorded may 
be included as water or as alkaline flats depending on the time of year 
in which they were surveyed. Some, when dry, are barren, others produce 
a good stand of meadow hay. It is doubtful if they should or could ever 
be cultivated, but some investigation with the seeding of tame grasses to 
grow with the native vegetation might be warranted. They are nearly a11 
heavy clay soils in a deflocculated condition and differ from those de- 
scribed under clay in that they are more alkaline and have held water 
more recently. 
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COMPOSITION OF SOILS OF RAINY HILLS SHEET 
The chemical composition of representative profiles of the Rainy Hills 

sheet are given in Table VIII. 
This table shows that far a11 soils the nitrogen content is greatest in 

the surface horizon and that it decreases rapidly below the A horizon. 
This is accounted for by the fact that nearly a11 the nitrogen is held in the 
form of organic matter; most of which is found near the surface. In the 
column following the per cent. nitrogen is given the per cent. nitrogen 
found in the first foot of soil. If this figure is used for a comparison 
basis, it is seen that the clay loam, number 1168, is highest in nitrogen 
content, having 0.173 per cent., and that the very fine sandy loam, 
number 1432, loam, number 1148, and clay, number 1276, in the eastern 
portion of the sheet rank second with about 0.150 per cent. There has 
been very little abandonment in these areas. The area of silt loam, 1256, 
which is &Il being cultivated, has a nitrogen content of .124 per cent. 
The rolling loam profile has .114 per cent. nitrogen. The blow-out 
profiles average about .125 per cent. nitrogen in the spots where the A 
horizon still remains and about .095 per cent. in the “slick” spots where 
the A horizon has been ecoded off. The Sand and sandy loam is low in 
nitrogen. These percentages compare quite closely with figures for other 
areas in the light brown soi1 zone. 

The phosphorus content does not differ greatly between horizons nor 
does it vary greatly between soils. However, the sandy soils are lowest 
and the clay and clay loam are highest. The variation in available 
phosphorus is very great. With the exception of the sandy soils the A 
horizon contains the geatest amount of available phosphorus. 

There were no potassium determinations made, but analysis of other 
fight brown soils from southeastern Alberta indicate that they range from 
1 to 1.75 per cent. 

The calcium and magnesium, as a rule, are lowest in the surface soils 
and highest in the subsoils, whereas the phosphorus and potassium are 
about equally abundant in the surface and subsoils. This is accounted 
for by the fact that the former two elements are much more soluble than 
the prosphorus or potassium of the soil, and any rain penetrating the soi1 
carries them downwards. Again, the quantities required to produce the 
native grasses and fram crops are taken largely from the surface soil. 
Many of the surface soils contain twice as much calcium as magnesium, 
and many of the subsurface nad subsoil samples contain three times as 
much calcium as magnesium. Th e magnesium of the soi1 is less soluble 
than the calcium, and the plants demand less magnesium than calcium; 
thus the ratio is narrowec in the surface than in the subsoil. It should be 
noted that none of the soils of this sheet are deficient in either calcium or 
magnesium. 
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TABLE VIII.-Chemical composition of representative soil profiles 
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The figures of Table VIII might appear more significant and the 
comparisons stand out in better relief if we were to show the relation 
between the supply of essential elements present in the soils and the 
quantity required by crops. From the per cent. of any essential element 
found in the soi1 and the trop it is possible to calculate the quantity 
present in a given depth and area of soil, and how many crops such a 
soi1 could theoretically produce. For example, a 20-bushel trop of wheat, 
including straw, would require 38 pounds of nitrogen, 6 pounds of 
phosphorus, 4.2 pounds of calcium, 3.2 pounds of magnesium, and 24 
pounds of potassium. Th e average soi1 to a depth of 12 inches would 
weight approximately 4 million pour& per acre. Table IX gives the 
theoretical number of 20-bushel crops of wheat that could be produced 
from the surface foot of some of the profiles that were analysed. 

TABLE IX.-Total numhers of crops produceable. 
Soi1 Nitroeen. Phosahorus. Calcium. Maenesium. 

Sandy loam .............................. 1315 45 &ps 240 ckps 3,620 crops 1.625 crops 
Loam .......................................... 1148 161 crops 340 crops 17,714 crops 8,120 crops 
Silt loam one tbird (1/3) 
. blow-out .............................. 1656 130 crops 286 crops 15,700 crops 9.500 crops 

Clay loam ................................ 1168 182 crops 373 Crops 14,300 crops 8.500 crops 
Clay ............................................ 1276 154 crops 353 crops 15,525 crops 17,120 crops 

The total potassium would produce about 2,000 crops. 
Apart from water the only soi1 elements essential for plant growth 

other than those given in Table VIII, are sulphur and iron, and it is 
seldom considered worth while to determine the quantities present since 
most soils contain large quantities as compared with the amounts required 
by crops. 

From these figures and statements it might seem as though the supply 
of essential elements, 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 explanation 
for this is that the essential element dissolves slowly or becomes available 
slowly. 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 is more intense in fallow soi1 than in cropped soil. 
However, the percentage of organic matter in these soils is relatively low 
and therefore the amount of essential elements coming into solution by 
such a procss would be limited. 

Although the importance of soi1 moisture as a limiting factor in trop 
production in southeastern Alberta should be emphasized, the importance 
of soi1 fertility should not be disregarded. Among other things the effi- 
ciency 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. 
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The ceaction of the profiles are given in the last cohunn in Table VIII. 
Fcom these figures it is seen that none of the soils are acid enough to be 
considered souc nec are the surface horizons in any measuce. alkaline. 
The B, and C horizons are quite alkaline, but this is pcincipally due to 
the pcesence of lime. 

FARM PRACTICE 

The pucpose of the soi1 survey is pcincipally to locate and map the 
aceas according to theic agricultucal desicability. Aftec this is done one 
of the gceatest pcoblems of ccop production in southeastecn Alberta is to 
find how. to best utilize the available soi1 moisture. The avecage annual 
cainfall foc Medicine Hat is 12.5 inches. In the focty-yeac peciod from 
1895 to 1935 the annual rainfall was below ten inehes foc ten yeacs and it 
W~S above 15 inches foc twelve yeacs. Since, up to a certain limit, in- 
creased available moistuce means a gceatec cainfall efficiency in the ccop 
produced and every effort should be made to efficiently utilize as much 
of that moistuce as possible. Th IS means conservation of moistuce by 
fallow, pcevention of cun-off as much as possible, and the prevention of 
10~s of moistuce by transpiration thcough weeds. 

By cacefully contcolled expeciments it has been found that gcowing 
plants utilize a sucpcisingly large amount of watec. The amount utilized 
varies with the kind of ccop and the gcowing conditions. The avecage 
of many determinations and many ccops is ovec 400 pounds of watec foc 
each Pound of dry mattec. The watec must pass fcom the soi1 into the 
plant coots and out through the leaves. This quantity of watec thus tcans- 
pired for each Pound of dry mattec pcoduced is known as the transpiration 
ratio. Using this figure and a given weight foc a given ccop we cari 
calculate coughly how much watec would be tcanspiced by that ccop. 
Thus, foc example, a thirty-bushel trop of wheat, including grain and 
straw, would contain at least 5,000 pounds of dry mattec, and requice 
1,000 tons, or about 9 acre-inches of water. The loss of water by 
evaporation and cun-off would bcing the above figures somewhat higher. 
It has been shown (page 11) that undec actual facming conditions in 
southecn Alberta ducing the last ten yeacs the wheat ccop has cequiced, 
not 400 pounds of watec, but about 1,500 pounds of water to produce 
one Pound of dry mattec. Th is means that ovec thcee thousand pounds 
of watec wece requiced to pcoduce one Pound of grain and one Pound 
of stcaw. The facmer has ceceived only about 0.8 bushels of wheat for 
each inch of cainfall. 

Expeciments conducted at Swift Cucrent show that to pcoduce one 
Pound of wheat gcowing in competition with Russian thistle it took 2,930 
pounds of water, wheceas to pcoduce one Pound of wheat without weed 
competition but with equal amounts of watec supplied it took only 1,060 
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pounds of water. It would thus seem that the utmost effort should be 
made to control the weeds and therefore obtain a greater efficiency in 
the use of rainfall. The summerfallow should be done early in the season, 
not after the weeds have become well established and have pumped the 
soi1 of a11 its moisture reserve. 

The difficulty of keeping weeds under control and the necessity of get- 
ting the greatest efficiency from the rainfall has resulted in recommending 
a two year falfow-wheat rotation. Figures from the 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. The average yield of wheat over the eleven year 
period 1925-1935 at three stations on the Rainy Hills sheet was 14 bushels 
per acre on a wheat-fallow rotation. 

However, the one-trop farming system tends to reduce the Soi[>s 
supply of organic matter, and of nitrogen also, since the soit-nitrogen is 
very largely held in the form of organic matter. Organic matter is 
constantly decaying in the soil, and the only source which tends to 
replenish the supply is the stubble and roots of grain together with any 
residue from weeds that may have grown on the land. When the Iand 
is fallowed the increased air and moisture favor a more rapid decom- 
position of the organic matter, and at the same time no organic matter is 
added to replace that decomposed. Experiments conducted at the Univer- 
sity of Alberta show that the accumulation of available plant foods, par- 
ticularly nitrate ntirogen, 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. 

Dr. Shutt shows that soils from Portage la Prairie lost 22 per cent. of 
its nitrogen in the twenty-five years it had been cropped and fallowed; 
or the nitrogen content fefl from .651 to .506 per cent. This is equal to 
about 2,900 pounds per acre for the surface soil. 

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. of watre when saturated, whereas organic matter may hold from 

, 50 to 200 per cent. at saturation. Th ese rotations include grass and clover 
crops, but excepting the few years of high rainfall these crops cannot be 
grown satisfactorily. At some of the illustration stations in this area 
sweet clover in the years 1924-1929 only gave an average yield of one- 
half ton per acre. Fall rye has been grown with success at some of the 
stations, but with indifferent results at others. It has, however, some 
desirable characteristics and may prove useful in this area. Information 



Soi1 Survey of Rainy HilIs Sheet 35 

about these and other crops that might be used in a rotation cari be 
obtained from the Experimental Station at Lethbridge or from the district 
agriculturist. 

The wheat-fallow rotation, if properly conducted, Will give a relatively 
high rainfall utilization factor. The fallow carmot. be expected to con- 
serve moisture, however, unless weed growth is controlled throughout the 
entire season. 

The two year rotation, however, 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 rrue in years of low rainfall and high 
winds. In general the light sandy soils and the heavy clays are most 
subject to drifting. Many of the sandy soils of this area should never 
have zeen cultivated and other untouched by cultivation at present should 
remain SO. These have been discussed under the soi1 types. The sandy 
areas that are drifting badly at the present time should be covered to 
prevent them from encroachiig on t0 better types of soi1 nearby. The 
clays, which are among the better types of soi1 found in this area, Will 
drift and therefore cultural practices that Will aid in its control should 
be strictly adhered to. The soils of an intermediate’ texture, such as the 
loams and silt loams, are lease liable to move with the winds. 

Soi1 drifting not only damages the growing trop, but it reduces 
materially the soil’s plant food resources. One inch of top soi1 removed 
by thé wind would mean a loss of at least 150 pounds of phosphorus 
and 400 pour& of nitrogen. per acre. This amount is equal to the 
phosphorus removed by twenty-five twenty bushel crops of wheat, and 
the nitrogen removed by twelve twenty bushel crops of wheat. 

The longer soils are cultivated the greater Will become the tendency 
for them to drift due to the loss of fibrous organic matter. This Will be 
particularly true if it is not practical to include a green manure trop in the 
rotation. However, any permanent system of agriculture that is de- 
veloped for this area should consider the possibility of periodically seediig 
portions of the farm to grass to restore the organic matter content. 
Under the existing climatic conditions it could noa be planned for at a 
definite period, but rather at opportune times when the moisture reserve 
was adequate. A discussion of the methods of controlling soi1 drifting 
has occurred elsewhere in printed form, but it is not out of place to 
mention a few that are particularly applicable to this area. Control weeds 
on summerfallow by using such implements as the rod weeder and the 
duckfoot cultivator, which do not pulverize the surface soi1 and which 
leave the trash on top. The cultivator is used for the first operation and 
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the rod weeder for subsequent cultivations. If the stubble is particularly 
heavy a one-way disc may be used instead of the duckfoot cultivator. The 
trash covering, as well as aiding in drift control, hilps to hold the spring 
run-off water. Experiments at Lethbridge Experimental Station from 
1929 to 1934 with rhe plowless fallow give the following results: The 
average wheat yield on plowed fallow was 17.4 bushels per acre, while 
the average yield on the plowless fallow has 19.4 bushels per acre. 
This would indicate that fallowing SO as to keep the trash on the top 
does not reduce the yield. Alternate strips of trop and fallow at right 
angles to the prevailing winds might be advantageous in the areas most 
liable to drift. Soi1 drifting is accumulative. Often litter spread over a 
few of the more vulnerable spots may prevent the field from starting to 
drift. In any discussion on soi1 drifting the value of wind breaks muse 
not be underestimated. It is calculated that one foot of tree growth has 
a protective action for at least fifty feet on the leeward side. 

This discussion under farming practices for the Rainy Hills area has, 
up to the present, been confined entirely to the growing of crops. What is 
the place of live stock in the general scheme? 

In the descriptions of the various soi1 classes definite areas of the 
sheet were described as being useful only as grazing lands. Some of the 
larger sized areas would provide leases for the rancher or rancher-farmer. 
Many of these areas are at present overgrazed and as a result their 
carrying capacity is greatly reduced. However, with a planned grazing 
program, to allow the area to get a good grass covering and in some 
areas complete abstention from grazing for a time to allow the grass to 
seed, should raise the carrying capacity of these areas from as little as 
one hundred acres per head as at present to an average of at least forty 
acres per head (see Plate 3, Fig. 3). The smaller areas of grazing lands 
should provide valuable pasturage for the farmer-tancher’s stock. It would 
provide him with a supplementary revenue from lands otherwise non- 
productive. The keeping of some cattle or sheep necessitates providmg 
for winter feed. The value of holding a reserve of fed from yeat to year, 
however, cannot be over-emphasized. Viewed from a long term policy 
basis it is much more profitable to hold the surplus of the good years 
than it is to buy extra feed during the lean years. 

The size of the farm unit that would provide adequate retutns under 
a system of agriculture as outlined above would of necessity be larger 
than a unit in the better soi1 belts. 

IRRIGATION . 
A large percentage of the Eastern Irrigation District is located in the 

Rainy Hills sheet. The towns of Brooks, Tilly, Duchess and Patricia are 
a11 in this irrigation block. The water for this project cornes ftom BOW 
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River at Bassano and from Lake Newell in the southwest corner of the 
sheet, which is an artificial lake that serves as a water reservoir. The 
complete project, which extends south and west of the Rainy Hills sheet, 
contains approximately 400,000 irrigable acres. At the present time there 
are about 95,000 acres irrigated. Water was first applied in the summer 
of 1917. 

Practically a11 types of soi1 are included in the irrigated area,‘but silt 
loam and loams containing a high percentage of silt form the greater 
portion. The sandy soils in the area are providing, in places, an acute 
alkali problem. This is probably due to the lateral movement of water 
that readily takes place in these soifs causing a concentration of sait in 
the lower spots. Although .analyses indicate that the percentage of soluble 
salts in the sandy soils in this area (see Table X) is very low, they 
should be viewed with caution due to the above mentionel lateral move- 
ment of the water under the surface. If they are irrigated adequate 
provision must be made for the drainage of the lower spots. 

The loams and silt loams in the irrigation block practically a11 belong 
to the blow-out series. In the description of these blow-out soils it was 
stated that they were poor agricultural soils. However, under irrigation 
the hard impervious B horizon seems to have partially broken up so that 
water and .root penetration is not SO difficult. The blow-out soils are 
higher in alkali salts than the normal soils, but as yet there is not 
evidence of bad alkali on these soils. There are indications, however, 
that with flooding and poor drainage there is enough alkali accumulation 
to materially affect growth. The irregularity of the surface and the 
percentage loss of the surface soi1 Will affect their value. In general, 
however, these soils are fairly good irrigation soils. They are medium 
textured and are relatively free of stone. They absorb water freely and 
posses a rather high retentive power. There are very few sandy strata in 
the subsoil through which the percolating waters might escape. They 
could be improved by the addition of organic matter, which under 
irrigation means systematic rotations and live stock. The soils being rela- 
tively high in limestone are well adapted to the growth of legumes. 

In a twenty-one year average at the Lethbridge Experimental Station 
wheat yielded 26 bushels per acre on dry land and 48 bushels per acre 
on irrigated land. Potatoes yielded 223 bushels in dry land against 512 
bushels in irrigated land. The above results, obtained in small plots, are 
possibly higher than would be generally expected in practice, but the 
comparative results Will be the same on larger areas. Besides obtaining 
higher yields under irrigation there are many crops that cari be grown 
under water that it would be impossible to grow under dry land conditions. 
However, irrigation farming is a highly specialized occupation and re- 
quires very careful planning if it is to be successfully carried on. The 



38 Bulletin No. 28 

success of irrigation in Alberta would appear to depend upon a decrease in 
acreage of the grain crops and a correspondmg increase, as the markets 
warrant, of the more specialized crops. In growing grains the irrigation 
farmer has to compete against the dry land farmer whose overhead expense, 
including investment, is much smaller. In general, only in the dry years 
does he find grains profitable. It Gould seem that alfalfa should be 
grown to supply feed for the range cattle on the dry land nearby. For 
such a plan to be most satisfactory and profitable to both parties it 
should be on the basis of a long term agreement. 

There are a few small private irrigation projects in this area along the 
valleys of Red Deer and South Saskatchewan Rivers. Water for these is 
being supplied from the river by means of pumps. There are many other 
parcels of good level land along these valleys that could be irrigated, 
either by water from the river or from dams across coulees that empty in 
the river valley. These would be of great value in supplying feed for 
stock. There is also a definite place in this area for small dams along 
drainage ways. These, besides supplying stock watering holes, could be 
used to irrigate a small garden. A few square rods of irrigated land sown 
to vegetables and small fruits would not only have a monetray value, but 
would provide a feeling of security in the dryer years (Plate 5, Fig. 2). 

ALKALI 

Al1 soils are formed by the weathering of rock materials and alkali 
salts corne originally from this decomposed rock. Since much of the 
parent material, particularly shales, was formed in Salt water they contain 
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. It generally appears in the valleys and depressions chat 
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 slightiy 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 alkaline 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, magnesium 
sulphate, magnesium chloride, and the similar salts of calcium, and even 
at times potassium. Th e main salts of both the brown and white alkali 
are neutral in reaction and not alkaline, as is the case with black alkali. 
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Black alkali is the most toxic, and when present in quantities exceeding 
.1 of one per cent. is usually 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 soil, 
and causes them to become tough and impervious. White alkali has no 
injurious effect upon the physical condition .of soils, but tends rather to 
produce a granular character which accompanies good tilth. The in- 
-jurious 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 salt outside the plant roots prevents water 
absorption. If the concentration of the salt outside the plant roots is 
sufficiently 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 shale and alkali incrustations 
representing various soi1 conditions and types on the Rainy Hills sheet 
were analysed, but only representative profiles are reported in Table X. 
The soils from this area are, in general, relatively free from alkali salts. 
(Samples 322, 323 and 324) a 1 oam from the Hilda area and (samples 330 
to 333) a silt loam from Bindless both have negligible quantities of water 
soluble alkali salts. The clays from Acadia Valley (samples 328 and 
329) also have a low salt content. However, the subsoil of some of the 
blow-out soils in the western portion of the sheet have a higher alkali 
content and Will be discussed later in a separate paragraph. 

Most productive arid or semi-arid soils contain from 25 to SO of one 
per cent. of water soluble salts. Soils containinb more than .50 of one 
per cent. of total water soluble salts exclusive of calcium sulphate are 
justly viewed with suspicion, but soils containing large quantities 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. The sodium reported in the table was not determined 
bu rather obtained by differences. That is, the sodium is assumed to make 
up the difference between the sum of the ions determined and the total 
non-volatile salts. 

The shales, principally, Bearpaw, which underlie most of the western 
half of the sheet are one source of the salts of these soils. 

StEI. 

Large selenite 
SU) crystals are found in pockets between the laminations of the 

An analysis of a sample of this shale is given under number 369. 
This sample has a high percentage of sulphate, much of it being sodium 
sulphate. 



TABLE X.-Water soluble or alkali salts of Rainy Hills sheet 

%Epie Location 
and horizon Depth Remarks 

330 Silt loam A . ..<............__.. 
331-3 15-22-2 B . 
491-4 Sandy loam A . 
495-6 26-20-13 B 
328 Clay 21-12 A . . . .._.... 
329 B 
322 
323-4 

Loam 34-+7-l A ..,....... 
._ 

365 Clay flat 28-18-IO...... 
423 $axix $ow-out Al.... 
4;; 1‘ - A2.... 

Bl.... 
426 “ B2 
427 “ C...... 
428 Loam blow-out A 
429 35-24-12 Bl 

B2 
C.. 

.out A.. 
Bl 
B2 

-out Al 

ci: 
B2 
B3 “V. 

3% 
;;~$$II blow-out Bl 

B2 
369 Shale 5-20-10 
523 Alkali incrustations 

513 
14-20-13 
Al-~~il;ncrustation 

ât 6” 

surface 

surface 

Caused by irrigation 

Caused by irrigation 

22.027 

21.065 

0.029 0.007 0.504 0.191 0.226 
0.008 0.001 0.860 0.076 0.031 

o& 
. 

0.049 0.065 15.080 0.205 0.352 6.325 trace 

0.092 0.092 15.153 1.077 0.689 4.054 3.3 

Sa1t.s extracted by using 50 grams of soi1 and 250 Cc. of Waters shaking for 20 minutes and then filtering through a 
candle filter. 

“O-4” 
"4-20" 
"O-34" 

‘W8” 

8”-16” 
(y-4” 
4"-30" 
(y-7” 
O”+j” 
5”~6” 
6”-10” 

lo”-14” 
14"- 

o”-1” 
1”-5” 
p-9” 
g”- 
o"-5" 
5"-10" 

lO”- o”-5” 
P-5.5" 

$j 5”4” 
‘$“” 

(p-4” 
d”- 

Gently rolling area 

Dry land in the 
irrigation block 

Gently rolling area 

Gently rolling area 

Lake bed 

Sampled two feet 
from edge of 
“slick” spot 

Sampled in “slick” 
spot four feet 
from previous 

Samgled 15 feet 
from “slick” spot 

Sampled at edge of 
“slick” spot 

Sampled in the centre 
of “slick” spot 

Blow-out area 

Non- 
H&%?- 

P.P.M. 
volatile nitrate 

solids CO& cl- SO& Ca** Mg** Na* nitrogen 

E% 
0:025 

00% 

EE 
0:049 
0.058 
0.020 

%i 
Oh63 
1.699 
1.225 

0.035 0.013 0.844 0.092 0.063 0.027 



. 

Soi1 Survey of Rainy His Sheet 41 

Crarmles of Salt, principally gypsum, are found in the subsoil of most 
of the area that contains blow-out soils. These soils have a high content 
of limestone as well as gypsum; thus the tendency is to retard the formation 
of the toxic black alkali. Although normal carbonates were not found in 
any of the samples there is a little of the bicarbonate. With the possible 
exception of sample 513, in no sample analysed would the concentration 
of the black alkali, sodium bicarbonate, reach the toxic limit of 0.1 per 
cent. 

In no case was there .any appreciable amount of nitrate present. 
Consequently brown alkali does not exist in measurable quantities. 

Special mention should be made at this time of the two sets of blow- 
out profiles tabulated. One set of samples (number 352 to 361 inclusive) 
contains three profiles taken within a few rods of each other in a blow-out 
silt loam area. The other set of samples (number 423 to 431 inclusive) 
contains two profiles taken four feet apart in a blow-out loam area. 
These samples are from areas of level to gently rolling topography. It .’ 
is noted that the only alkahne horizons in these two series are the two 
directly below the round top development in a “slick” spot. Although 
they do not appear to present an alkali problem under dry land conditions 
they should be carefully considered before being irrigated. Over irrigation 
or flooding might cause enough Salt accumulation on the surface to be 
detrimental to trop growth. 

Sample 365 is representative of the clay flats; that is flats that are in 
a poor physical condition and only sparsely covered with vegetation. 
Although the alkali Salt concentration is high it is below the toxic limit, 
and SO these soils are put in a special class. They have been given the 
unit zero designation on the map. 

In the soils of arid or semi-arid regions the greatest concentration of 
alkali is often. found at about the depth of annual percolation of rains. 
The tendency of irrigation frequently is to produce a concentration near 
the surface. The water dissolves the salts, and when evaporation begins, 
especially if excessive amounts of water have been applied, the water moves 
upward carrying the salts and leaving them at the surface. This may 
ruin the land for ordinary crops. 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 or fieid below the ditch and 
bring up alkali gathered while passing through the soil, resulting in the 
spoiling of valuable land. This is illustrated in the analysis of samples 491 
tO 496. This is a sandy area and the figures show that the concentration 
of alkah salts in the profile is very low. However, part of this area bas 
been irrigated and the consequent lateral movement of water has caused a 
high enough concentration of salt in the lower areas to practically inhibit 
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trop growth. Sample 513 was taken from this area and sample 523 
in an alkali accumulation formed under similar conditions. 

It should be mentioned that, in general, southern Alberta contains a 
smaller proportional amount of soi1 with excessive alkali salts than the 
great majority of districts of similar size in arid and semi-arid regions, 
but that with irrigation caution should be taken not to over-irrigate, other- 
wise certain sections may soon give trouble resulting from the accumulation 
of alkali salts. The best possible natural drainage should be utilized. It 
is more difficult to reclaim alkali lands than it is to prevent their formation. 
The lack of sufficient natural drainage has caused the formation of 
alkali flats and lakes. When th e f armer applies irrigation water in excess 
he only facilitates the formation of alkali spots, unless he controls the 
amount used and provides for the drainage of any excess. 

Since some of the land is injured or rendered useless by alkali, its 
reclamation is an important problem. It is sometimes possible to produce 
crops on soils which cnotain considerable alkali by choosing alkali risistant 
crops, such as sweet clover or sugar beets, and by making an effort to 
prevent the accumulation of salts at the surface of the soit, as this is the 
point at which alkali salts do most of their injury. Deep plowing, just 
previous to seeding, and turning down the alkali which has accumulated 
near the surface Will enable the seeds to germinate and the Young plants to 
become established, and by proper tillage a mulch may be provided which 
checks evaporation and the rise of alkali until the trop is large enough to 
shade the ground. The removal of the excess salts from the soil, however, 
is the only remedy that Will permanently reclaim alkali land. Leaching out 
the salts through underdrains or open ditches is usually the most practical 
and permanent remedy. Th’ , f 1s o course, means the expense of a drainage 
system, and it may afterwards be necessary to flood the land several times 
before the excessive salts have been removed. 

VEGETATION 

The brown soi1 zone, in which lies the Rainy Hills sheet, corresponds 
fairly closely to the bald prairie of southeastern Alberta. As this 
suggests, there are no native trees on the plains of this area. There is, 
however, considerable tree growth in the river flats. Poplar, willow and 
some small fruit shrubs are the most abundant. 

Short grasses occur throughout the entire plains area. However, there 
is a low growing moss abundant on much of the range land. It appears 
to be getting a foot-hold principally where there has been over-grazing 
and the grass covering is very thin. No grass grows on the spots that are 
covered with moss, and in some areas it was estimated that over 50 per 
cent. of the surface was SO covered in the eastern half of the sheet. There 
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is also much sage growth over the entire area, although it is more 
abundant on the more level areas in the western half of the sheet. There 
is considerable cactii growth, principally in the eastern half of the sheet. 
Sand grass (Calamovilfa lonigolia) and Liquorice (Glycyrrhiza lepidola) 
are quite abundant in the sandy areas. The sand grass gives a fairly 
luxuriant growth and remains green well into the fall. The Liquorice 
plant is a ta11 legume with red colored seed pods covered with burrs. This 
plant is not relished by the stock. 

A gold flowered thistle (Gutierrezia diversifolia Greene) of low 
growing habit is a characteristic plant in the blow-out spots. It appears 
to be the first growth to survive on the exposed hard B, horizon. 

The alkali areas, particularly those from irrigation seepage, supported 
an abundant. growth of alkalite Blite (Chenopodium humile). This is 
a low growing bushy plant covered with red seed pods. 

Russian thistle (Salsola kali) is possibly the commonest weed. It SS 
found in the cultivated fields, on deserted farms, and along roadsides. Its 
ability to produce growth under extremely dry conditions is well known. 
They cari be and are in some places used as feed, although they have a 
very high salt content. In the fa11 of 1936 both cattle and hogs were 
seen psaturing on Young Russian thistle. It is. one of the first weeds to 
caver the deserted farms. In many‘ cases this thistle is followed by 
mustard, principally the tumbfing variety, and in four or five years after 
a farm is deserted there is little else growing on it. Spear grass (Stipa SP.) 
seemed to be one of the first grasses to make its appearance in the 
natural regrassing cycle. Experiments are at present under way to 
determine possible means of hastening the regrassing of these deserted 
areas. 

SOIL SURVEY METHODS 

The soi1 survey was generally carried out by driving along the roads 
and stopping frequently to take notes regatding 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 ftom 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 metges 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 
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boundaries had been estabhshed 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 Dominion Department of 
the Interior. The township map is made 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 
accuratefy, the map should not be depended upon without further inspec- 
tion for the soi1 type of individual quarter sections. 

SYSTEM OF SOIL CLASSIFICATION 

The area is first divided into the soi1 zones on the basis of large 
differences in soi1 profile. Th e soils of this area a11 belong to the brown 
soi1 zone (see page 15). Th e zones are again divided into series on the 
basis of their original formation, and the series are finally divided into 
soi1 classes on the basis of texture, principally of the A horizon. The 
topography, freedom from stones and sometimes other factors influence 
the soi1 class finally designated. 

On the map accompanying this report the soi1 classes are shown in 
different colors and each class carries a number. The number indicates 
the class, series and zone to which the soi1 belongs. The numbers consist 
of four digits; the first two figures on the right indicate the class, the 
third figure the series, and the fourth figure the soi1 zone. 

The legend that accompanies the map illustrates the classification 
system used and the classes and series recognized in this sheet. The soi1 
zones and the series not found in this sheet are not included in the legend. 

The tens digit, that is, the second number from the right, is the number 
that designates the soi1 type. The unit’s digit, that is, in the right hand 
column, varies as the mechanical composition of the surface and the sub- 
soi1 varies. The zero in the unit column is reserved for poorly drained 
areas that have a slight alkaline concentration. One, two and three 
represents a light surface; four, five and six a medium surface; and seven, 
eight a.nd nine a heavy surface within the soi1 class. Within each of 
these three divisions there are three subdivisions. The first figure in the 
subdivision indicates a light subsoil, the second figure a medium subsoil, 
and the third figure a heavy subsoil. For example, in the fine sandy 
loams which a11 fa11 between 20 and 29, twenty-one would be a light 
surface phase with a light subsoil, twenty-three would be a light surface 
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phase with a heavy subsoil; similarly, twenty-eight would be a heavy 
surface with a medium subsoil. Th e number 1286 is a medium clay on 
a heavy subsoil that belongs to the lacustrine series and is in the light brown 
soi1 zone. 
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APPENDIX 

THE RELATION OF THE GEOLOGY TO THE SOILS IN 
THE RAINY HILLS SHEET 

BY JOHN A. ALLAN* 

Geologically, soils are regarded as Young deposits which belong to 
l Recent or Pleistocene ages. Soils may be regarded as unconsolidated rock. 

The major part of most soils is made up of minera1 particles varying in 
size and shape, but these particles have been derived in some way from 
solid rock. When rocks become exposed on the surface to the action 
of the atmosphere they decay slowly and are turned into soil. 
transformation is the result of various agencies. There are four rn:E; 
processes in the development of soil, namely, decomposition, disintegration, 
transportation and deposition. The solid rock may be acted upon by 
chemical agents which decompose the rock, or it may be acted upon by 
mechanical agents which disintegrate or reduce the rock to gravel, sand, 
clay or silt. If no other agents are at work then the unconsolidated 
material becomes residual soil, that is, soi1 which has been formed in situ 
from the underlying rock. In this case the residual soi1 Will have at least 
some physical and minera1 characteristics of the underlying rock. 

Most soils have been transported from their original source and become 
mixed during the process of transportation. The three principal trans- 
porting 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 deposits left from the melt- 
ing of glaciers. Water transported material is usually deposited in 
bodies of water, such as lakes, giving rise to lacustrine deposits, swamps 
as palustrine deposits, 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. 

Professor of Geology, University of Alberta. 
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There is still another kind of unconsolidated mamrial influenced 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 hi11 side 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 in 
which the outwash has become deposited. 

These introductory notes on the origin of soils are given here to make 
it clear that there is frequently a close relationship between the kind of 
soi1 and even the depth of soi1 and the geology of the district. There is 
no Sharp line of demarcation in unconsolidated deposits between what 
shall be classed as soi1 and what shall be called gravel, or boulder deposits. 
In some parts of Alberta certain types of vegetation grow on grave1 
deposrts and even on rock surfaces void of soil; in the latter case the 
plants de:ive their food from the minerals in the solid rock. However, 
these are finer points which do not enter into a discussion of the geology 
of .the Rainy Hills sheet. Th e conditions of soi1 origin as described above, 
occur throughout much of the Rainy Hills sheet. 

PHYSICAL FEATURES 

The area embraced by the Rainy Hills sheet is part of the Alberta 
plains. The surface of this plain is gently rolling except adjacent to the 
main drainage courses where the surface becomes more irregular. 

The Red Deer river extends with a meandering course across the 
northern half of the sheet. The post-Glacial valley is deeply incised 
into the plain, and varies in depth from one hundred to 350 feet below 
the general plain level. The valley is over one mile wide in most places. 
The widest part of the valley is from the vicinity of Steveville south 
through ranges 12 and 11, where it varies from 3 to 4 miles in width. The 
course of this river across this sheet is about 145 miles long. The 
elevation of the river where it enters the sheet Eorth of Hutton in town- 
ship 24, range 15, is 2,134 feet above sea level, and at Empress at the 
east side of the map-area the low water elevation is 1,911 feet. The 
difference in elevation between these two points is 223 feet which 
represents a stream gradient of about one and a half feet to the mile. 
Th Red Deer valley between ranges 15 and 8 or possibly further east is 
post-Glacial in origin. 

The South Saskatchewan river cuts across the southeast corner of 
Rainy Hills sheet. The river enters the sheet in range 5 where the stream 
elevation is 2,021 feet above sea level and passes out of the sheet in 
township 22, range 1. The elevation at the fourth meridian is 1,902 
feet. The river on the Rainy Hills sheet is 75 miles long and the average 

. 
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stream gradient is 1.57 feet to the mile. The valley of the South Sask- 
atchewan is also deeply incised into the plain, one hundred to four 
hundred and fifty feet deep and approximately one mile wide. It is a 
youthful valley and is also of post-Glacial origin. 

These two valleys give extensive exposures of the rock formations. 
There are almost continuous rock exposures along both sides of the South 
Saskatchewan river within the sheet. Along the Red Deer valley the 
rock exposures extend a11 the way from the northwest corner of the map 
in range 16 downstream to the west side of range 10 near Parvella. There 
are also continuous rock exposures in range 4 from the vicinity of Alkali 
Creek to the west side of range 3. 

There are a number of small valleys tributary to both sides of the 
Red Deer and cutting back into the uplands, but these do not contain 
running water except for a short time in wet seasons. 

On the upland there are four prominent hills. The Middle Sand 
Hilfs are on the west side of South Saskatchewan river in townships 18, 
19, and 20 and consist chiefly of dune Sand. The Outer Rainy Hi11 
rises about one hundred feet above the plain at the south boundary of the 
sheet, chiefly in township 17, range 10. Thé Inner Rainy Hi11 is a 
pronounced physical feature in range 10, extending from the north half 
of township 19, northwards beyond Iddlesleigh into township 21. The 
top of this hi11 is about 2,600 feet above sea Ievel. The fourth group of 
hills on the sheet occurs in township 20, range 6, south of Majestic. The 
top of this group has an elevation about 2,675 feet above sea level. This 
is -the highest point recorded within the Rainy Hills sheet. These last 
mentioned three groups of hills are residual hifls, that is, they are 
remnants of erosion as the surrounding plains have been worn down by 
erosion ‘agents. Al1 three hills are capped by the Bearpaw shale forma- 
tion which has not been removed by erosion from the underlying Belly 
River beds. 

. 

The surface topography is not shown on the Rainy Hills sheet and 
the contours have not yet been determined. On the accompanying map 
thé altitudes of various stations along the railways are recorded. 

Bench macks have been established and altitudes determined every 
three miles along the fifth base line .at the south of township 17 and 
along the sixth base line between townships 20 and 21. There are also a 
few bench marks along the seventh base fine in ranges 12 to 15. It 
would appear that the general altitude of the plain in the Rainy Hills 
sheet varies from 2,000 feet tb 2,600 feet above sea level. 

SUB-SURFACE GEOLOGY 

The entire area of this map has been traversed to obtain geological 
data. In 1917 the writer made a traverse of the entire length of the Red 

. 
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Deer river across this sheet. At later dates he made traverses across the 
plain north of the Red Deer and down the east side of the map area 
on both sides of the South Saskatchewan river. The Steveville district, 
south of Sandhill creek and east to Happy Jack ferry has been studied 
in greater detail as this area contains one of Alberta’s famous dinosaur 
fossil fields. 

This brief report must not be regarded as a complete geological report 
on the surficial deposits in the Rainy Hills sheet. An attempt Will be 
made to point out some of the more prominent geological features re- 
sponsible for the di t ‘b t’ s rr u ion of some of the soi1 types shown on the map 
accompanying this report. More detailed observation would have to be 
carried out in the field. before the relation of the geology to a11 of the 
soi1 types in every part of the area mapped could be correctly interpreted. 
A correct interpretation of the soi1 occurrences in every case requires a 
knowledge of the sub-surface geology and structure of the rocks. This 
detailed information is not yet available in some parts of the Rainy Hills 
sheet, as most of the rock exposures are along the Red Deer river and 
its semai tributaries and along the South Saskatchewan river. 

The geological formations which occur at the surface or immediately 
below the’ unconsolidated deposits in the entire area of the Rainy Hills 
sheet belong to the Upper Cretaceous. There are three formations 
represented by the rocks under this map-area, which in order or age, from 
the youngest formation to the oldest,‘are as follows: 

Bearpaw-mainly marine shales. 
Belly River series: 

Pale beds-non-marine sandstone and shale. 
Foremost-non-marine, brackish water, sandstone and shale. 

The Belly River rocks consist of two formations, the Foremost below and 
the Pale beds above. These two formations are somewhat alike and in 
places are difficult to distinguish from one another. The main difference 
is .one of colour. The Pale beds, are lighter in colour than the Foremost 
which are sombre and brownish. 

In the Rainy Hills sheet the Foremost member of the Belly River 
series is exposed only along the South Saskatchewan river, from the south 
boundary of the sheet, downstream through townships 17, 18 and the 
south half of 19, chiefly in the narrow gorge formed by the river where 
only about 90 feet of the Upper part of this formation are exposed. 
There are several. coal seams in the Foremost, but none were observed in 
this map-area. The total thickness of the Foremost in the vicinity of 
Medicine Hat is about 350 feet. The strata in the Foremost consist 
chiefly of brotinish and yellowish sandstones and shales interbedded. 

The Pale beds have a wide distribution in the Rainy Hills sheet. On 
the south boundary of the map-area the Pale beds extend from The Rapid 
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Narrows on the South Saskatchewan river in range 3, west to Lake Newell 
in range 14. On the Red Deer the Pale beds extend from Empress, 
upstream almost completely across the map into the centre of township 24 
in the vicinity of Hutton. Th ere is a continuous exposure along the 
sides of the Red Deer valley west of range 8 and including the famous 
badlands in the Steveville district from which several scores of more or 
less complete dinosaur skeletons have been collected. Specimens from 
these fossil beds are on display in the small museum in the Department 
of Geology at the University of Alberta and large exhibits have been 
prepared in the National Museum, Ottawa, the Royal Ontario Museum, 
Toronto, and in the American Museum of Natural History, New York. 
The Pale beds are also exposed along an old river course which occurs 
along the south border of township 17, range 8, and which is shown 
distinctly on the accompanying map. Along this old channel the Pale 
beds are overlain by Bearpaw shales, but the .area was SO small that they 
are not shown on the geological map, (plate 8). A complete section of 
the Pale beds (350 feet thick) is exposed in the deep gorge on the South 
Saskatchewan river in the vicinity of The Rapid Narrows in townships 
17 and 18. There is a continuous exposure of the Pale beds throughout 
the whole extent of the South Saskatchewan river on this map-area. On 
the north boundary of the Rainy Hills sheet the Pale beds form the 
surface member west to about range 7. 

The Pale beds are of fresh wated deposition and consist of “pale” 
yellowish, sandstones and shales often lenticular in form. Crossbeddmg 
is common in the sandstone. Frequently there is bentonite in the strata, 
which when wet forms a very slippery surface. Concretions of hard 
sandstone and often clay ironstone are common in this formation. In 
the badlands erosion has developed fantastic mesas and pinnacles, pro- 
ducing a beautiful scenery of a very high order. This scenery attracts 
many visitors and is worthy of wider publicity to interest the tourist. 
Coal seams occur chiefly near the top of the formation and are exposed 
in ranges 14 and 15. Coal from these seams has been mined in the 
vicinity of Hutton in township 23, range 14. 

At the close of Belfy River time the land surface was submerged and 
the sea covered this part of Alberta. In this sea were deposited marine 
muds which have been consolidated into shales. These shale strata form 
the Bempuw formation which is of marine origin. The Bearpaw consists 
mainly of shales varying in coior with grey, brown and green predominat- 
ing. There are occasional beds of sandy shale and a few bands of 
ironstone nodules. There are several bentinitic beds in this formation. 
One of the chief characteristics of bentonite is that is absorbs water rapidly 
up to seven times its own volume and forms a very soapy-like clay. Small 
quantities of bentonite mixed with clay is commonly known as “gumbo”. 
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Where these bentonitic shales occur at the surface gumbo days are pro- 
duced which are very slippery when wet. This characteristic is readily 
recognized when driving along the roads after a rain storm, particularly in 
the northwest corner of the Rainy Hills sheet, such as in the vicinity of 
Bullpound, Berry and Blood Indian creeks. 

The Bearpaw shales are almost entirely free from lime SO that any 
soils formed from these rocks Will not contain any appreciable amount 
of lime unless it has been washed in from the glacial till. 

Calcium sulphate in the form of gypsum crystals occurs rathëc 
abundantly in this formation. Sodium and magnesium sulphates bave been 
observed by the writer in areas where the Bearpaw is the surface forma- 
tion. These sulphates are at least in part responsible for the alkali content 
of the soils and particularly the alkali flats in the northwest part of the 
Rainy Hills sheet and shown on the map. The alkali flats south of 
Brutus along the old river charme1 at the south end of township 17, 
range 8, have been formed from the Bearpaw strata which occur over the 
Belly River on the south side of this old valley. 

The Bearpaw shales form the surface member in the extreme southeast 
corner of the Rainy Hills sheet on the east side of the South Saskatchwan 
river in townships 17, 18, and 19. It also caps the Belly River on the 
west of the river gorge in range 4. 
the northwest part of the map-area. 

The largest area of Bearpaw is in 
The contact between the Bearpaw 

and Belly River is not exposed, but it occurs approximately along a line 
from Lake Neweli in a northeasterly direction, passing east of Inner Rainy 
hill, and Iddesleigh, and northwards to some point near the east side of 
township 24, range 8. Along the valley of Red Deer river west of 
range 8, the Bearpaw overlies the Belly River which has been described 
above. 

At one time the Bearpaw extended across the whole of the area in- 
cluded in the Rainy Hills sheet, but erosion has removed these shales 
from the central part where the Belly River now forme.’ the surface 
member. There are two small islands of Bearpaw, as shown in Plate 8, 
and are represented by Outer Rainy Hi11 in township 17, range 10 and 
the hilly area- in township 20, range 6 south from Majestic and Buffalo 
on the Canadian Pacifie railway. It is believed that the Bearpaw shales 
have been to a large extent responsible for the formation of the “blow- 
out sèries” of soil types which are shown on the accompanying map to be 
widely distributed west of range 8 in the Rainy Hills sheet. 

ORIGIN OF SURFICIAL DEPOSITS IN RAINY HILLS SHEET 
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. Th’ 1s is particularly true in the case of reworked deposits 
such as outwash plains, alluvial, and marginal deposits. 
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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 accumulation of organic material, both 
vegetable and animal, has caused the soils, particularly the surface soils, 
to assume a dark color. In most cases surface leaching has deprived the 
soils of certain original minerals, and often the minera1 content of the 
subsoils has been changed. In many of the soils in the Rainy Hills sheet 
the calcareous content has been reduced by process of weathering and an 
increase of the lime content occurs in the subsoils. In general it is a 
fact that the surface unconsolidated deposits in the Rainy Hills sheet are 
lower in calcium carbonate than are the deposits to the west and south- 
west of the map-area. This is due to the fact that the older rocks under- 
lying much of the Rainy Hills sheet are lower in calcium content than are 
the younger rock formations closer to the foothills. On the other hand, if 
the unconsolidated deposits contain certain soluble minerals these are 
brought to the surface in the ground waters, and in such cases the soils 
Will be richer in those minerals than the subsoils. Al1 these conditions 
have to be considered in explaining the origin of the soi1 types that occur 
in the map-area. 

The unconsolidated deposits in the Rainy Hills sheet cari be classified 
into four major types: 

1. Glacial moraine, unsorted. 
2. Resorted glacial deposits. 
3. Transported deposits of alluvial, lacustrine and dune or eolian 

origin. 
4. Residual deposits. 

Most of the surficial deposits in this area are of Glacial and post- 
Glacial ages. The pre-Glacial topography has not yet been determined 
in detail. It is known however that there was a pre-Glacial drainage in 
a few places. It has been mentioned that much of the present courses of 
the South Saskatchewan and Red Deer rivers- is of a youthful character 
and has been formed in post-Glacial time. The pre-Glacial topography 
has to a large extent been obliterated by the glaciers which covered much 
of the Rainy Hills sheet. 

It is believed that the Red Deer enters a pre-Glacial valley about range 
8 and continues in this old valley much of the way to the confluence with 
South Saskatchewan river about 5 miles east of Empress. This acconnts 
for the lack of rock exposures along this part of the present valley. 
There was also a pre-Glacial valley extending westward from The Rapid 
Narrows in township 17, range 3. Th ere might have been several tribu- 
tary valleys to the west, but at least one of these old valleys is seen in 
township 17, range 8 south of Brutus. 

The Glacial deposits consist of tilt or boulder clay in the form of 
moraines which have been Ieft by the ice-sheet. These deposits are tm- 
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stratified and consist of an unsorted mixture of boulders, gravel, sand 
and clay. 

Morainal deposits are distributed widely in the Rainy Hills sheet, 
particularly in ranges 1 to 5 on the east side, and in ranges 13 to 15 on 
the west side of the map-area. The thickest moraine occurred along the 
eastern side of the sheet. Boulders are common from the Hilda district to 
E mpress. The Middie Sand Hills, b t e ween the South Saskatchewan and 
the Red Deer are very sandy and in part were formed as sand plains 
marginally to the last retreat of the continental glacier. These deposits 
bave been resorted. The wind has developed dunes which are migrating 
in an easterly direction. TO th e west reworked glacial deposits extend 
west for several miles. There are also outwash deposits from the glacial 
moraine extending to the centre of the sheet. In many areas boulders are 
common, and in places a stony surface has been developed from the 
ground moraine by the removal of the finer materials in the moraine. 
Occasional boulders are found over much of the sheet, but many of these 
have been transported from the main morainal belts. Boulders are very 
common along the west side of the Middle Sand Hills belt. 

A thick morainal covering is also quite evident in the western side of 
the sheet in ranges 13, 14 and 15. Here again there has been much 
resorting of the material. Th ere is considerable eolian material prin- 
cipally wind-blown sand in the northwest corner of the Rainy Hills sheet. 
In these areas there are no boulders visible, while in other areas the 
boulder content increases-until in some spots the surface is high in coarse 
grave1 from which the finer material has been blown or washed. 

It is not possible with the data available to differentiate the morainal 
and resorted morainal areas on this sheet. In some cases outwush plains 
have been formed from deposits carried out by streams coming from the 
margin of the ice sheet. One such plain occurs at the northeast corner of 
the map-area. This is the south continuation of the Acadia valley plain 
and it has been, at least in part, built up from the finer material washed 
out of the glacial moraine which occurs both to the east in range 1 and 
to the west in ranges 3 and 4. 

Along the Upper margins of the Red Deer valley and tributaries such 
as Bullpound, Berry, Sandhill, Matzhiwin creeks and others, the finer 
material has been removed from the boulder clay since it was deposited. 
The result of this erosion is the development of a stony soi1 and some- 
times a grave1 band. This type is clearly shown on the west side of the 
Red Deer valley as a narrow band extending from section 18, township 
23, range 14, northwards to section 33, township 24, range 15. 

The third type of surface material includes the trdnsported deposirs. 
The transporting agents are wind and running water, either in streams 
or as run-off. The former gives rise to dunes or eolian plains, the 
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latter to alluvial, food 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, forming a sandy 
soi1 or a clay soil. These deposits may also be a mixture of Sand and 
day with varying proportions of each, giving rise to a sandy clay, a clay 
loam or a sandy loam soil. The dune areas in the southeast part of 
Rainy Hills sheet and in the northwest corner of the sheet have been 
described in dealing with glacial deposits because much of the eolian sand 
has been deprived from glacial or glacio-Iacustrine deposits. There are 
also eolian deposits associated with the “blow-out” areas shown on the 
accompanying map, throughout the western half of the sheet. 

The alluvial deposits are distributed along the present drainage 
channels as flood plains and flats and terraces and along the old pre- 
Glacial channels such as those described above. These alluvial plains are 
usually irregular in extent and limited by the shape of the valley. There 
are prominent alluvial plains in the vicinity of Parvella, north of Atlee, 
at Steveville and north of Hutton. 

Due to the pronounced slopes of the sides of the Red Deer and other 
smaller valleys, the finer materials from the drift on top or from the 
rocks exposed in the sides of the valley have been removed by the 
“run-off” and washed down and spread out over the floor of the 
valleys. This characteristic is marked in the “badland” area, such as those 
in ranges 11 and 12 on the Red Deer. Differential erosion by water 
and wind has produced fantastic forms of buttes, mesas, and pinnacles. 
This grotesque landscape is known as “badlands.” Where badlands are 
formed throughout the sheet the covering of glacial material at chese 
places is usually thin. 

There are many dry valleys which indicate earlier drainage and the 
floors of these usually contain water-sorted soils, No attempt Will be 
made to mention many of ,them, but this type occurs east of Bingville, 
north of Middle Sand Hills in range 4, tributary to Alkali creek, and in 
the northwest corner in townships 23 and 24, range 15, as well as many 
other points. 

The lacustrine deposits consist chiefly of clays and fine Sand de- 
posited on lake basins, sometimes large but usually small in area. There 
may be a small lake remaining or there may not be any surface evidence 
of such a lake at the present time except a broad plain’surface. In this 
type of deposit the character and composition of the soi1 are usually 
quite uniform. Lake Newell is the only large lake at the present time 
on the Rainy Hills sheet and is now used as an artificial reservoir for 
irrigation purposes. This lake b asin is of glacial origin as, it occurs in 
the moraine. This lake at one stage was much larger than it is today as 
there are lake deposits marginal to the present lake. Berry lake is re- 
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ported to contain some water in wet seasons but this Iake, basin is much 
larger than is indicated on the map. Many of the small Iakes on this 
map-area are intermittent, as some of them contain water after a period 
of rainfall. 

The fourth type of soti includes the residual depoh 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. Frequently the 
residual soils have been reworked and in such cases the composition is not 
similar to that of the underlying strata. The principal residual soi1 areas 
observed are distributed mainly down the central part fo the map-area in 
ranges, 10, 11 and 12 where the glacial drift is absent or extremely thin. 
North of Red Deer river and both east and west of the east branch of 
Berry creek there is a large area where much of the soi1 htis been formed 
in situ from the Bearpaw shales. These Bearpaw residual soils usually 
contain a higher alkali content than most of the other types. The extent 
of a11 the residual soils has not been determined. 

WATER SUPPLY 

There is a lack of accurate information on the possible water supply 
or on the possible water-bearing horizons in the Rainy Hills sheet. There 

.is a scarcity of good water on the surface and in shallow Wells in much 
of this map-area, particularly in the central part of the sheet. There are 
possibly some areas where this does not apply. The presence of irrigation 
ditches in ,the western part of the map-area suggests that there is a 
deficiency of surface water. This deficiency of water may be due to 
iack of precipitation, to rapid run-off, to the porous surface soils or to 
sulphate or alkali impurities in the surface soi1 which make the water 
unfit for domestic use. It is a fact that water collecting on the Bearpaw 
shales or obtained from the shales is usually unfit for domestic use due to 
dissolved salts. There are many stream courses in this map-area but most 
of these have dry channels throughout most of the years and some are 
always dry. Experience in central Alberta bas shown that the glacial 
deposits usually contain good water if the deposit is thick enough to 
collect a water supply. There are water seepages along some of the 
coulees in the morainal deposits at the western side of the sheet and 
good water has been obtained in some shallow Wells in the sand deposits. 

One is not advised to dig or drill a well into the Bearpaw shale. The 
writer has not corne across any good water in Wells drilled into the Bear- 
paw formation in either the Rainy Hills or the Sounding Creek sheets. 
As it has been stated previously this formation consists chiefly of shales 
of marine deposition in which the alkali content is high. Good water 
cannot be expected to be encountered in this formation. In the Bearpaw . 

-- 
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shale area good water is scarce unless it cari be obtained from the over- 
Iying glacial deposits, or by drilling through the Bearpaw into the 
underlying Belly River strata. The depth that would have to be drillecl 
ta reach the Beily River would vary with the location as the Bearpaw 
has a maximum thickness of over 500 feet west of the map-area and 
thins out to the east to the place where the Belly River reaches the 
surface. 

The Belly River strata contain much sandstone suitable as a container 
of water and are of continental or fresh-water origin. It should be 
possible to obtain good water by drilling into the Pale beds member of 
the Belly River. North of this map-area and three miles east of Alsask 
the writer observed a series of strong flowing Springs of excellent water 
coming from the sandstone near the top of the Pale beds. This suggests 
that water might be expected to occur in some of the uppermost sand- 
stone beds in the Belly River within the Rainy Hills sheet. 

A well is being drilled north of Atlee on the north side of the Red 
Deer river in section 10, township 23, range 7, under the supervision of 
the Prairie Farm Rehabilitation Board. Alkaline water was encountered 
at about 270 feet, but the well has not yet been completed. 

There were no artesian Wells found and there are very few running 
Springs. Many of the sloughs in the map-area are at present dry and 
stock-water supply is a serious problem in some of the districts that are 
farthest removed from the rivers, thus the water conservation program 
of the P.F.R.B. Will result in benefits throughout the Rainy Hills sheet. 

There is no oil development in the area, but there are at Ieast two 
producing gas Wells. One of these Wells is in the valley of South 
Saskatchewan river in L.S. 13, section 24, township 17, range 5. Water 
was encountered in this well at 765 feet and gas at 770 feet. The farmer- 
owner uses this gas to operate an engine to pump water for irrigation 
purposes. The other field is at Brooks where the gas is used for heating 
purposes in the town. There have been some test wells drilled in various 
places and it is thought that there is a supply of gas within reach, 
particularly in the river valleys, that could be used as power to pump 
irrigation water. 






