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1 Preface
The first Alberta Soils Tour was organized in 1962 by
the Alberta Advisory Fertilizer Committee. Since
then, the Tour has been organized bi-annually by
the Alberta Soils Advisory Committee and later
continued by groups of volunteers. In 2016, the
Alberta Soils Tour became a part of the Alberta Soil
Science Workshop.
The main purpose of the 2019 Alberta Soils Tour is
to show participants the development of cultivated
and undisturbed soils on various geological
materials across Central Alberta. Stops along the Tour will demonstrate the development of Black and
Dark Brown Chernozems on till, Solonetzic and Vertisolic soils on glaciolacustrine sediments and various
types of Gleysols, including saline phases on recent lacustrine deposits. The second aspect of the Tour
will involve an overview of landforms and surficial deposits serving as the foundation for soil formation
across the Alberta prairies. Besides the variety of glacial deposits, exposure of sandstones and preglacial gravels will be examined to demonstrate development of soils on lithic and petrocalcic horizons
respectively.
The Tour route to be followed is shown in Figures 1 and 2 (presented in the following section).
Konstantin Dlusskiy, Ph.D., P.Ag., Tour Coordinator

Past Alberta Soils Tours
1962 – 2000 – information on Alberta Soils Tours is incomplete. The Organizing Committee is asking
participants of those past Alberta Soils Tours to share the archived information, if available.
2002 – Edmonton - Wainwright - Lloydminster (Leaders: W. Pettapiece and K. Cannon)
2004 – Edmonton - Ft. McMurray (Leaders: W. Pettapiece, D. Puurveen, and K. Koehler-Munro)
2006 – Lethbridge - Milk River (Leaders: R. Dunn, R. McNeil, and D. Werk)
2008 – Lacombe - Rocky Mountain House - Drayton Valley (Leaders: J. Cathcart, J.A. Brierley,
W. Pettapiece)
2011 – Valleyview - Peace River (Leaders: K. Raven, T. Goddard, and J. Zylstra)
2013 – Lethbridge - Waterton - Pincher Creek (Leaders: R. Spiess, D. Puurveen, and D. Werk)
2017 – Edmonton - Ft. McMurray - Ft. McKay (Leaders: K. Dlusskiy, L. Turchenek, and L. Leskiw)
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2 Tour Itinerary
May 30 – 31, 2019
Red Deer – Drumheller - Red Deer
Day, time

Activity

May 30, 2019 – Day 1 of the Tour
08:00*

Assemble at Westerner Park (4847A 19th Street, Red Deer, AB). Tour Registration.
Coffee/refreshments will be served at the registration desk.

08:30

Motor coach buses leave for the 250 km (one-way) trip to the town of Drumheller, AB with stops
along the way. The buses are equipped with a lavatory; snacks and cold beverages will be
available en route, coffee will be served at the stops

08:45

Arrive Parkland Nursery and Landscape Services. Tour Stop #1: Deep Black Chernozems at a tree
farm

10:45

Buses depart to Rumsey area

11:45

Arrive Rumsey area. Coffee/refreshments and boxed lunches will be served at the stop. Tour
Stop #2: Hummocky moraine with Dark Brown Chernozems and Gleysolic soils

13:45

Buses depart to Byemoor, AB

14:00*

Arrive hamlet of Byemoor, AB. Tour Stop #3: Rest stop at Byemoor Community Hall.
Refreshments will be served at the stop.

14:30

Buses depart to the Solonetzic site

14:45

Arrive Solonetzic site near Gough Lake. Tour Stop #4: Sequence of Solonetzic and Chernozemic
soils in a lake basin

16:45

Buses depart to Hand Hills

17:30

Arrive the aggregate pit in Hand Hills. Tour Stop #5: Preglacial gravels and soil features

18:15

Buses depart to Super 8 and Ramada Hotels, Drumheller, AB

18:45*

Arrive Super 8 and Ramada Hotels (side by side), Drumheller, AB, for overnight accommodation.
Registration at the two hotels. Shuttle bus will be provided to the Cretaceous Centre at 19:15

19:30*

Catered dinner at the Cretaceous Centre, Drumheller, AB. Cash bar will be available during the
dinner. Tour Stop #6: Presentation by Brent Noland (Drumheller Rocks GeoTourism) on the
history and geology of Drumheller area

May 31, 2019 – Day 2 of the Tour
06:00*

Continental breakfasts at Super 8 and Ramada Hotels, Drumheller, AB

07:15*

Assemble at the main entrance of the Ramada Hotel, Drumheller, AB

07:30

Buses depart for the 250 km trip back to Red Deer, AB with stops along the way

* Washroom facilities
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Day, time

Activity

8:00

Arrive Vertisolic site north of Dorothy, AB. Coffee/refreshments will be served at the stop. Tour
Stop #7: Gilgai landscape and Vertisolic, Solonetzic and Chernozemic soils

10:00

Buses depart to Munson, AB

10:45

Arrive Munson Cemetery. Tour Stop #8: Surface evidence of soil movement in Vertisolic soils.
Coffee/refreshments and boxed lunches will be served at the stop.

11:15

Buses depart to Rowley, AB

11:45*

Arrive hamlet of Rowley, AB. Tour Stop #9: Rest stop. Refreshments will be served at the stop.

12:15

Buses depart to Mudspring Lake

12:30

Arrive Mudspring Lake. Tour Stop #10: Saline wetland soils

14:30

Buses depart to Hunting Hills

15:45

Arrive Hunting Hills Ridge east of Red Deer. Tour Stop #11: Lithic and paralithic variants of
Chernozems at Hunting Hills. Coffee/refreshments will be served at the stop.

17:15

Buses depart to Red Deer, AB

17:30*

Buses return to Westerner Park, Red Deer, AB. Tour Farewell

* Washroom facilities
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Table 1. Soil Correlation Area legend for Figure 1 (adapted from ASIC 2016).
SCA

Soil Zone

Dominant Soil Great Groups

Region

Agroclimate

4

Dark Brown

Dark Brown Chernozems

East-Central Alberta

6

Thin Black

Black Chernozems

South-Central Alberta

7

Thin Black

Black Chernozems

East-Central Alberta

2H

9

Thick Black

Black Chernozems

Southwest-Central Alberta

3H

Thick Black/Dark Gray - Gray

Black Chernozems, Dark Gray
Chernozems, Gray Luvisols

Central and East-Central
Alberta

10

2AH
2AH (3H)

2H (3H)

Table 2. Land Systems legend for Figure 2 (adapted from ASIC 2019).
Land System
Code

Name

Soil Series

Soil Correlation
Area

Dominant

Surface Form Model
Minor

Dominant

Minor

02.2c.01

Byemoor Upland

4

HND

ZSZzdb, ZGW

H1m

H1l

02.2a.01

Chain Lakes Plain

4

HND / CUR

ZSZzdb, ZGW

U1h

D1l

02.3a.22

Cutbank Lake Plain

4

HKR / TLA

MET

U1h

02.1d.08

Dorothy Upland

4

HND / PRO

WES, BFD

H1l

H1m

02.2c.07

East Rowley Upland

4

HND

ZGW, NUT

H1m

H1l

02.2a.03

Golden Grain Plain

4

MET / PRO

HND, ZERzdb

U1h

SC2

02.2b.04

Hand Hills Plateau

4

HAN / THB

HND

I3m

U1h

02.2b.08

Little Fish Lake Upland

4

HND / PRO

ZGW, ZSZzdb

H1m

H1h

02.2a.05

Morrin Plain

4

DMH

HND, DMHzz

U1h

U1h

02.2b.03

Rainbow Escarpment

4

HND

DLA, ZERzdb

I3m

H1m

02.00.03

Red Deer River Valley

4

ZERzdb

I4h

SC2

05.4b.11

Rumsey Upland

4

HND

ZSZzdb, ZGW

U1h

H1l

02.3a.01

Shooting Lake Plain

4

HKR / FST

BFD, HND

U1h

H1l

02.2b.07

South Watts Upland

4

HND

ZSZzdb, PRO

H1l

H1m

02.2a.18

Sunbeam Plain

4

DMHzz

CHN, PRO

U1h

U1h

05.4b.09

Valley Creek Upland

4

HND

ZSZzdb, ZGW

H1h

H1m

05.3c.50

Highland Upland

6

DEL / RKV

LTA, THH

U1h

U1l

05.4a.25

Ewing Lake Lowland

7

IRM / SHS

ZGW, ZERzbl

U1h

W1

05.4b.28

Goosequill Upland

7

EOR

ZGW, ZSZzbl

H1h

H1m

05.4b.52

Scollard Upland

7

EOR

ZGW, ZSZzbl

H1h

H1m

05.3b.10

Farrant Plain

9

TWS / ZERzbl

PED

DL

U1h

05.3c.11

Huxley Plain

9

TWS / CYG

LPN, ZGW

U1h

FP3

05.3c.09

Pine Lake Upland

9

CYG

ZGW, ZERzbl

H1m

H1l

05.00.08

Red Deer River Valley

9

ZERzbl

ZGW

L3

FP2

05.3c.15

Threehill Creek Upland

9

CYG

ZERzbl, WKNaa

M1m

H1l

05.3b.11

Waskasoo Plain

9

PED

LPN, ZGW

U1h

U1l

05.4b.08

Delburne Upland

10

AGS

HBM, ZGW

H1l

H1m

05.3c.10

Hillsdown Upland

10

AGS / CYG

ZGW, ZERzbl

HR2

H1m
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3 Points of Interest along the Tour Route
0 km

Tour registration at Westerner Park in City of Red Deer, AB. The park is located in the
Central Parkland Natural Subregion, Thick Black Chernozem zone (SCA 9) and Waskasoo
Plain. Coffee/refreshments will be served at the registration desk.

10 km

Tour exits Hwy 595 and goes south on a gravel road crossing Hunting Hills for a short
distance before re-entering the Waskasoo Plain. Hunting Hills are a part of the Pine Lake
Upland. The Palliser Expedition in 1858 used names of Hunter's, Hunt and Hunting Hill for
this prominent feature.

13 km

Stop #1. Black Chernozems and a tree nursery (Parkland Nursery & Landscape Services
Ltd.)

23 km

Tour leaves the Threehill Creek Upland and enters the Pine Lake Upland. The highest point
of the upland is Radar Hill (1,052 m asl), located 8 km to the northeast.

31 km

Aggregate pit operation in glaciofluvial deposits looking northeast across a small lake

35 km

Pine Lake to the east is a part of a large glaciofluvial meltwater channel draining to the
southeast.

51 km

Ghostpine Creek, named according to a native legend, and associated ponds are part of
the same meltwater channel as Pine Lake.

57 km

Tour passes hummocky knob and kettle morainal landscape with characteristic kettle
lakes. The landscape is dominated by Thick Black Chernozems (SCA 9)

66 km

Tour exits the Pine Lake Upland Land System and SCA 9 and enters the Goosequill Upland
Land System and SCA 7, dominated by Thin Black Chernozems. Goosequill Lake (to the
north) and the Elnora "trench" at 68 km. The trench is a former meltwater feature that was
partially infilled with glacial till at deglaciation.

80 km to
83 km

Red Deer River valley badlands at McKenzie Crossing; the valley is about 160 m deep. Red
Deer valley slump blocks and seepage zones with GVI site types of Thin Breaks, Subirrigated, Bedrock/Badlands and Lentic Open Water

94 km

Big Valley Creek flowing past the village of Big Valley is a unique, historic stop for spring to
fall steam train tours (Alberta Prairie Railway); Leaving SCA 7 (Thin Black Soil Zone),
entering a narrow portion of the Ewing Lake Lowland in the valley (SCA 4) then entering
the hummocky Valley Creek Upland to east still in SCA 4 (Dark Brown Soil Zone)

104 km to
109 km

Rumsey Ecological Reserve starts to the southeast. The Reserve, formally established by
Order in Council in 1990, protects the largest remnant of aspen parkland in Canada. Most
of the Reserve consists of hummocky knob and kettle topography.
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109 km

Stop #2. Dark Brown Chernozems and Gleysolic soils in hummocky knob and kettle
morainal landscape in Rumsey area. Refreshments and boxed lunches will be served at the
stop.

114 km

Tour leaves the Central Parkland Natural Subregion and enters the Northern Fescue
Natural Subregion; The Tour crosses into the Cutbank Lake Plain with Solonetzic soils in the
Gough Lake basin. This point will be passed again to examine Stop #3 before heading south

129 km

Tour leaves the Byemoor Upland and enters the Shooting Lake Plain

134 km

Stop #3. Rest Stop at the Community Hall in the hamlet of Byemoor, AB located on
Shooting Lake Plain. Refreshments will be served at the stop.

145 km

Tour leaves the Byemoor Upland and enters the Cutbank Lake Plain

150 km

Stop #4. Complex of Solonetzic and Chernozemic soils in level to undulating terrain in the
Cutbank Lake Plain

160 km

Wolf Hill; a prominent glacial till knob.

163 km

Tour leaves the Byemoor Upland and enters the Chain Lakes Plain; Farrell and Chain Lakes
are located in a paleo valley of the former Red Deer River drainage

195 km

Village of Delia to the east; a vibrant small community with murals, historical displays and
various restored buildings. In 1920, Delia became the first community in Alberta to be
governed by a female Reeve, Violet McCulley Barss. In 1923, Barss was appointed to the
Board of Governors of Alberta University, a position she held until 1940.

202 km

Tour leaves the South Watts Upland and enters the Rainbow Escarpment. To the east a
steep road leads south up Rainbow Escarpment and past softrock exposures along the
winding road at the base of the Hand Hills north slope

206 km

Stop #5. Preglacial gravels with cryogenic features in an aggregate pit on Hand Hills; the
entrance to pit is located to the east.

211 km

Mother Mountain (1,090 m asl) a significant height of land in the Hand Hills located
approximately 3 km to the west. The creek to the west, below Mother Mountain, has five
branches. It was named Michichi or “little hand” by Cree First Nations.

217 km

Junction of Hwy 851 and Hwy 576 displaying erosional patterns of misfit streams draining
to the southwest; a misfit stream flows in a valley that is too large for it; such streams
usually develop as a result of a reduction in the total amount of water available.

242 km

Following Michichi Creek Valley, the Tour leaves the Sunbeam Plain and enters the Red
Deer River Valley badlands near Drumheller, AB.

244 km

Tour enters Drumheller, AB
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250 km

Stop #6. Catered dinner at the Cretaceous Conference Centre in Drumheller. Cash bar will
be available during the dinner. Tour Stop #6: Presentation by Brent Noland (Drumheller
Rocks GeoTourism) on the history and geology of Drumheller area. A bus shuttle will be
provided to and from the dinner location. Overnight accommodation in Drumheller, AB.

257 km

Crossing the Rosebud River near it mouth with its numerous bridges up stream to the
south; GVI Lotic zones to the north and Thin Breaks and Bedrock/Badlands to the south

261 km

Red Deer River (the river valley is 140 m deep here). Badlands with bedrock exposures in
sides of the valley

265 km

Hoodoos Provincial Recreation Area to the left (NE), East Coulee to the east. A hoodoo is a
tall, thin spire of rock that protrudes upward from the bottom of an arid drainage basin or
badlands.

267 km

Tour leaves the Red Deer River Valley badlands and enters the Dorothy Upland and
Mixedgrass Natural Subregion (the most southern vegetation type observed during the
Tour)

281 km

Stop #7. Gilgai landscape, Vertisols and Chernozems south of Thumb Hill (991 m asl). A low-

grade gravel road leads into the Little Fish Lake Upland and the transitional zone between
Mixedgrass and Northern Fescue Natural Subregions. Thumb Hill and the surrounding
Hand Hills are part of the Hand Hills Ecological Reserve located to the northeast and in
Special Area 2. Coffee/refreshments will be served at the stop.
290 km

Tour leaves the Dorothy Upland and enters the Red Deer River Valley. Circus Coulee
landslides / slump blocks; Red Deer River valley view. Steep Red Deer valley slope with
coulees, Thin Breaks and Bedrock/Badlands changing to a broad Overflow GVI site or
fluvial apron with silver sagebrush habitat spreading out at the base of the steep slope.

292 km

Hamlet of Dorothy, AB. The community was named for Dorothy Wilson, a young girl that
lived in the area at the time the post office opened. The Mayor of Dorothy is a stray cat
named Oscar. He hitched a ride, frozen to a project car, one cold day in the winter of 2016.
He has kept Dorothy free and clear of mice since. Lotic Deciduous GVI site to the south and
Bedrock/Badlands to the north

304 km

Atlas Coal Mine site to the left (looking south) across the river. Coal beds in the outcrops;
The mine operated from 1936 to 1979. It is Canada's most complete historic coalmine and
was designated a National Historic Site of Canada in 2002.

311 km

The Tour returns to the Drumheller area passing Hoodoos Provincial Recreation Area.
Leaving the Mixedgrass and re-entering the Northern Fescue Natural Subregion

330 km

Tour leaves the Red Deer River Valley and enters the Morrin Plain; Along Hwy 9, the Tour
runs north up a coulee; note the effect of unstable softrock on road condition.
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338 km

Stop #8. Surface evidence of soil movement in Vertisolic soils at Munson Cemetery.
Coffee/refreshments and boxed lunches will be served at the stop. Soil variability across
this township will be discussed en route.

340 km

Village of Munson to the west; note the abandoned railroad with rails removed

353 km

Tour leaves the Morrin Plain and enters the East Rowley Upland

365 km

Tour leaves the East Rowley Upland and enters the Morrin Plain

367 km

Stop #9. Rest stop at the hamlet of Rowley, AB. Refreshments will be served at the stop

373 km

Stop #10. Saline wetland soils at Mudspring Lake

375 km

Tour leaves the Northern Fescue and enters the Central Parkland; also leaving Morrin Plain
and entering Rumsey Upland

380 km

Hamlet of Rumsey, AB to the west

393 km to
400 km

Red Deer River Valley badlands. Tolman Bridge Campground to the south. The valley is
about 200 m deep. Noticeable effect of slope instability in softrock on the highway surface

397 km to
419 km

Tour passes a transitional zone between Northern Fescue and Central Parkland Subregions
as well as between Dark Brown (SCA 4), Thin Black (SCA 6) and Thick Black (SCA 9) zones

412 km

Town of Trochu, AB. The remainder of the Tour route is in the Central Parkland NSR.

420 km

Ghostpine Creek meltwater channel. Traveling through Thick Black soils (SCA 9).

427 km to
431 km

Tour leaves the Huxley Plain (dominated by Thick Black Chernozems, SCA 9) and enters a
narrow portion of the Goosequill Upland (dominated by Thin Black Chernozems, SCA 7).
After about 4 km, we re-enter SCA 9 and the Pine Lake Upland.

438 km

High point with a good view west across the Pine Lake Upland. Knob and kettle morainal
landscape with characteristic kettle lakes.

457 km
487 km

Delburne village and lake to the east
Tour leaves the Hillsdown Upland and enters the Hunting Hills (part of Pine Lake Upland)

488 km

Stop #11. Exposure of sedimentary bedrock at Hunting Hills ridge. Lithic and paralithic
variants of Chernozems. Coffee/refreshments will be served at the stop.

489 km

Tour leaves the Pine Lake Upland Land and enters the Waskasoo Plain; view to the west of
the city of Red Deer

496 km

Return to Westerner Park, Red Deer. Tour Farewell
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4 Natural Regions, Subregions, Soil Correlation Areas and Land
Systems
O.R. Kulikova, A.I.T., Soil Specialist, Paragon Soil and Environmental Consulting Inc.
E.W. Karpuk, Resource Inventory Specialist, Alberta Environment and Parks
R.L. McNeil, President of LandWise Inc.
The province of Alberta uses the hierarchical ecological classification system of Natural Regions and
Natural Subregions to describe the natural landscapes of the province (Natural Regions Committee
2006). The Soils Tour passes through the Central Parkland Natural Subregion of the Parkland Natural
Region, and the Northern Fescue and a small portion of the Mixedgrass Natural Subregion in the
Grassland Natural Region of Alberta. The following sections describe the three Natural Subregions
(Natural Regions Committee 2006).
The National Ecological Land Classification approach uses a hierarchical system of Ecoregion and
Ecodistrict. AGRASID uses a version of this system where all Soil Landscape Models (SLMs) correspond to
a unique Ecoregion and Ecodistrict with a further stratification to Land System. The Land System layer is
used to represent areas with recurring patterns of landforms, soils and vegetation mapped at a
1:250,000 map scale. Land Systems are on average three to four townships in size with the minimum
mapping area suggested of one township (ASIC 2019). A total of 28 different Land Systems are traversed
by the Tour route. Table 2 describes the Land Systems encountered at the Tour Stops with soil and
terrain examples.

4.1 Central Parkland Natural Subregion
The Central Parkland Natural Subregion covers over 50,000 km2 with much of it under cultivation. It
includes all or parts of Alberta’s three largest cities (Edmonton, Red Deer and Calgary), and arches north
from Calgary through Edmonton and east to the Alberta–Saskatchewan border (Figure 2). Elevations
range from 500 meters above sea level (m asl) near the Alberta–Saskatchewan border to 1,250 m asl
near Calgary.

Climate



Mean Annual Temperature (MAT) is +2.3°C, Mean Annual Precipitation (MAP) is 441 mm, and
Growing Degree Days >5°C (GDD5) are 1412.
75 percent of the annual precipitation falls during the growing season (April to August).

Vegetation





Fescue prairies dotted with aspen groves occur in the driest areas to the south and east.
Increased moisture in the central portions allows the development of truer parkland.
Higher precipitation to the north and west promotes closed aspen forests with small grassland
patches.
Balsam poplar is often present with aspen and white spruce on moist, rich sites with lush,
diverse understories throughout the Natural Subregion.
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Common cattail, sedge or bulrush marshes and willow shrublands are common on wet, poorly
drained soils.
Treed fens with black and white spruce, common Labrador tea and feather mosses occur on
poorly drained soils in the aspen dominated northern portion of the Natural Subregion.

Water and Wetlands





Many small waterbodies account for about 2 percent of the area.
The largest waterbodies are Beaverhill, Gull, Buffalo and Sounding Lakes.
Major watercourses include the Red Deer, Battle and North Saskatchewan Rivers.
Total wetlands cover about 10 percent of the Central Parkland Natural Subregion.

Soil Correlation Areas (SCA)
According to the Alberta Soil Names File (Generation 4, ASIC 2016), the Subregion is covered primarily
by three Soil Correlation Areas (Figure 1):




SCA 7 is in the Northern and Northeastern parts (Agroclimate 2H): Thin Black Soil Zone of EastCentral Alberta
SCA 9 running South to North (Agroclimate 3H): Thick Black Soil Zone of Southwest-Central
Alberta
SCA 10 is in the North (Agroclimate 2H, 3H): Thick Black/Dark Gray-Gray Soil Zone of Central and
East-Central Alberta

Soils





Orthic Black Chernozems are typically associated with grasslands and open woodlands.
Solonetzic soils (Solodized Solonetz and Solod) occupy areas of the central low-relief plain.
Forested areas commonly have Orthic Dark Gray Chernozemic and Dark Gray Luvisolic soils.
Humic and Orthic Gleysols are the most common soil types associated with wetlands. Peaty
subgroups are more common along the Central Parkland–Dry Mixedwood Natural Subregion
boundary.

Land Use
The Central Parkland Natural Subregion is the most densely populated region in Alberta and is the most
productive agricultural region of Alberta.




Cropland covers about 80 percent of the plains and about 65 percent of hummocky uplands
with the remaining area as grazing land.
Wheat, barley and canola are the dominant crops in the central and eastern portions with some
specialty crops such as pulses and flax.
Conventional petroleum exploration and development activities, heavy oil, strip mining for coal
and gravel extraction activities occur locally.

4.2 Northern Fescue Natural Subregion
The Northern Fescue Natural Subregion occupies a 50 to 80 km-wide crescent, bordered on the north by
the Central Parkland Natural Subregion and on the south and west by the Dry Mixedgrass, Mixedgrass
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and Foothills Fescue Natural Subregions. Elevations range from about 650 m asl near the Alberta–
Saskatchewan border to nearly 1,100 m asl on the Hand Hills southeast of Drumheller.

Climate



Mean Annual Temperature (MAT) is +2.7C°, Mean Annual Precipitation (MAP) is 385 mm, and
Growing Degree Days >5°C (GDD5) are 1490.
75 percent of the annual precipitation falls during the growing season.

Vegetation
The dominance of plains rough fescue on reference sites differentiates this Subregion from the other
grassland Natural Subregions. In addition, the limited occurrence of aspen and balsam poplar on moist
lowland sites differentiates it from the southern Central Parkland Natural Subregion, where aspen
groves are more frequent.








Sparsely vegetated grasslands, including blue grama grass, northern wheat grass, sand grass and
June grass, occur on the driest sites.
Western porcupine grass, plains rough fescue, northern wheatgrass and porcupine grass occur
on slightly to moderately moister sites.
On lightly grazed sites, common species area western porcupine grass, slender wheat grass,
Hooker’s oat grass, with a variety of perennial herbs.
Moist, moderately well drained sites often support shrub communities (buckbrush, silverberry,
prickly rose and saskatoon).
Balsam poplar, aspen and plains cottonwood stands are limited to river valleys where
groundwater is adequate throughout the growing season; hybrids of plains cottonwood and
balsam poplar also occur.
Willow, sedge, common cattail and bulrush communities occur in poorly drained depressions
and along rivers.

Water and Wetlands





Only 3 percent of the total area is covered by water.
The largest lakes are Sullivan Lake, Chain Lakes and Gough Lake.
The Red Deer River is the only major river to traverse the area.
Five percent of the area is occupied by wetlands, mainly occurring as temporary wetlands and
marshes; alkali wetlands are relatively common.

Soil Correlation Areas
According to Alberta Soil Names File (Generation 4, ASIC 2016), the Subregion generally corresponds to
SCA 4 (Agroclimate 2AH): Dark Brown Soil Zone of East-Central Alberta.

Soils



The principal soils are Orthic Dark Brown Chernozems.
Solonetzic soils (Solodized Solonetz and Solod), with associated Solonetzic Dark Brown
Chernozems occupy about 25 percent of the area, mainly in the central plains.
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Vertisolic soils are significant components associated with fine textured clays of the Drumheller
Basin.
Regosols and Rego Chernozems are associated with eroded knolls, especially in cultivated areas.
Black Chernozems also occur at upper elevations and northerly aspects where conditions are
moister and humus inputs are greater.
Orthic, Humic and Luvic Gleysols are typical of wetland areas. Saline phases of these soils are
common in areas where upland soils are predominantly Solonetzic.

Land Uses







Agriculture is the primary land use.
About 55 percent of the area is annually cultivated, but the extent ranges from 80 percent on
the better quality Chernozemic loams to about 25 percent in sandy and Solonetzic areas.
Wheat is the main crop; however, barley and canola production are also important.
Domestic grazing occurs across the remainder of the area.
There is significant oil and gas activity; sub-surface coal mining occurs as well.
The relatively long summer season provides recreational opportunities such as camping and
nature appreciation.

4.3 Mixedgrass Natural Subregion
The Mixedgrass Natural Subregion curves north from the Alberta–Montana border to the Red Deer River
in a 50 to 100 km wide band. Two outliers occur within the Dry Mixedgrass Natural Subregion at middle
elevations in the Cypress Hills and on the Sweetgrass Upland along the Montana border. It is bounded
on the west by the Foothills Fescue Natural Subregion, on the east by the Dry Mixedgrass Natural
Subregion, and on the north by the Northern Fescue Natural Subregion. Elevations range from about
650 m near the Red Deer River to about 1,450 m on the Cypress Hills.

Climate



Mean Annual Temperature (MAT) is +4.4C°, Mean Annual Precipitation (MAP) is 394 mm, and
Growing Degree Days >5°C (GDD5) are 1578.
71 percent of the annual precipitation falls during the growing season.

Vegetation





Needle-and-thread, northern wheatgrass, sand grass and June grass form open communities on
coarse textured, rapidly drained sandy soils.
Buckbrush, blue grama grass, needle grasses and northern wheat grass communities may occur
on somewhat moister, finer textured sites.
Plains rough fescue, western porcupine grass and sedges form productive communities at the
highest elevations on the midslopes of the Cypress Hills.
Bluebunch fescue, northern wheatgrass, needle-and-thread and buckbrush are dominant
species at the somewhat lower elevations and drier climates of the Milk River and Sweetgrass
Uplands to the extreme south.
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Shrub communities, including buckbrush, silver sagebrush, silverberry and prickly rose, occur in
places such as depressions, ravines, coulees and northerly aspects where there is a reliable
water supply during the growing season.
Tall shrub and forest communities of willows, thorny buffaloberry and narrow-leaf cottonwood
or balsam poplar develop adjacent to rivers.
Sedges, spike rushes and willows occur in wet, poorly drained areas.

Water and Wetlands




There is only about 1 percent open water in the Subregion.
Wetlands cover about 5 percent of the area.
Major watercourses include the St Mary, Oldman and Bow Rivers.

Soil Correlation Areas
According to the Alberta Soil Names File (Generation 4, ASIC 2016), this Subregion generally corresponds
to SCA 2: Dark Brown Highlands of Southern Alberta (Agroclimate 2AH, 2H) and SCA 3: Dark Brown Soil
Zone of Southwestern Alberta (Agroclimate 2A). The part of this Subregion that is crossed by the Alberta
Soils Tour lies within SCA 4: Dark Brown Soil Zone of East-Central Alberta (Agroclimate 2AH).

Soils






The principal soils are Orthic Dark Brown Chernozems.
Rego Chernozems and Regosols are commonly associated with eroded knolls in the cultivated
land and occupy about 5 to 10 percent of the area.
Saline seeps can occur in sloping landscapes but Solonetzic soils are rare.
There may be admixtures of Brown Chernozemic soils in the more arid sites and Black
Chernozemic soils on the north slopes of the Milk River Ridge.
Humic, Orthic and Luvic Gleysols develop in wetlands.

Land Uses






This is the most intensively cultivated Subregion in Alberta with about 85 percent of the area
planted to annual crops. The principal crop is wheat, but significant barley and canola
production also occurs.
About 5 percent of the land is under irrigation with a wide range of crops.
The Lethbridge–Picture Butte area is the most intensive livestock feeding area in Canada.
Oil and gas exploration and development is common throughout.
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5 Bedrock and Surficial Geology
E.W. Karpuk, Resource Inventory Specialist, Alberta Environment and Parks
R.L. McNeil, President of LandWise Inc.

5.1 Bedrock Geology
The most extensive bedrock formations underlying the Tour area formed during the late Upper
Cretaceous and Tertiary periods approximately 75 to 56 million years ago (Alberta Geological Survey
2015). The formations consist mainly of sandstones, mudstones and siltstones formed from sediments
deposited in vast inland seas either non-marine or marginal marine. From oldest to youngest the
sedimentary bedrock are:


The Bearpaw Formation developed around 75 to 74 million years ago in a marine to marginally
marine environment (Figure 5-1). Only a small area extends into the Tour area in the southeast
up the Red Deer River valley about as far as the Hoodoos Provincial Recreation Area. This
bedrock is most evident in the badlands that make up the valley walls and consists mainly of
dark to brownish grey mudstone with concretions containing siderite, bentonite and ammonites
(Prior et al. 2013). When wet, this softrock is extremely sticky and slippery.

Figure 5-1. Bedrock geology of the Tour area
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The Horseshoe Canyon Formation underlies a large portion of the Tour route from Stop #7
northwest to roughly the eastern edge of the Red Deer River valley where the route crosses at
two locations (Figure 5-1). The Horseshoe Canyon formed approximately 74 to 68 million years
ago in non-marine to locally marine environments. It is made up of pale grey sandstone
interbedded with siltstone, mudstone, concretionary sideritic layers, continuous coal seams with
pedogenically altered sandstone and mudstone at the top (Prior et al. 2013). Extensive surface
erosion of till and glaciolacustrine deposits in the portion of the Tour route around Stop #4
(Solonetzic and Chernozemic soils) has resulted in Horseshoe Canyon bedrock lying close to the
surface. The saline bedrock provides the salts necessary for Solonetzic soils development.
The Scollard Formation is roughly 68 to 63 million years in age (Figure 5-1). It is most evident
along the Tour route in the exposed badlands in the Red Deer River valley at Mackenzie Crossing
between Stops #1 and #2 and at the Tolman Bridge crossing west of Stop #10. It also underlies
the dissected slopes that descend from the top of the Hand Hills that include Stop #5. This
Formation is made up of light grey to buff coloured sandstone interbedded with sandy to silty
mudstone with thick coal seams and carbonaceous mudstone layers in the upper portion (Prior
et al. 2013).
The non-marine Paskapoo Formation was deposited about 63 to 55 million years ago
(Figure 5-1). It occurs mostly in the western part of the Tour route, between the city of Red Deer
and the western edge of the Red Deer River valley where the Tour route crosses in two
locations, and in parts of the Hand Hills plateau. The Paskapoo Formation in the central Alberta
plains is described generally as grey to greenish-grey mudstone and siltstone with minor layers
of sandstone, conglomerates, mollusks and coal (Prior et al. 2013). The Paskapoo Formation is
exposed at the road cut on the Hunting Hills ridge at Stop #11. Demchuk and Hills (1991)
describe the Paskapoo immediately east of Red Deer, such as at the Hunting Hills, as the
lowermost Haynes Member, which is dominated by thick, massive, cliff-forming, buffweathering, medium- to coarse-grained sandstones, with lesser occurrences of conglomeratic
sandstone lag deposits overlying erosional contacts. Interbeds of siltstone, mudstone, shale and
coal occur. The overlying Lacombe Member is comprised of interbedded siltstone, mudstone,
shale and coal with subordinate sandstone and conglomerate (Demchuk and Hills 1991). The
eastern-most extent of the Lacombe member is visible at Canyon Ski Hill and the Joffre Bridge
area, located about 5 km north of Stop #11. More details on the Paskapoo Formation are
provided in Chapter 17.
The Hand Hills Formation is the youngest formation in the Tour region, deposited
approximately 7.0 to 5.3 million years ago (Figure 5-1). The Hand Hills Formation comprises
gravel and sand deposited by fluvial streams flowing from the Rocky Mountains. This formation
was once part of a broader fluvial outwash system that extended east onto the plains. Since
then extensive erosion, primarily by lateral fluvial planation, has removed much of the
surrounding landscape (between 1 km and 2 km of total sediment thickness) leaving behind
remnants in the form of high hills or nunataks like the Hand Hills, Cypress Hills in the southeast
part of the province, and Swan Hills in the north. This Formation is composed of mainly of
quarztite and sandstone gravels, sand, locally cemented conglomerate and minor inclusions of
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chert, arkose and coal (Prior et al. 2013). The preglacial gravels evident at Stop #5 are
representative of the Hand Hills Formation. More details on the Hand Hills Formation are
provided in Chapter 17.

5.2 Surficial Geology
The surficial geology along the Tour route and in most of Central Alberta is a result of glacial and postglacial geomorphic processes that occurred during the advance and retreat of continental ice sheets
during the Pleistocene. The last glacial advance retreated from the area roughly 22,000 years ago
(Fenton et al. 2013). The most common surficial deposits in the Tour area are those associated with
glacial activity namely stagnant ice moraine and to a lesser extent ground moraine (Figure 5-2). Stagnant
ice moraine is the result of the collapse and slumping of debris on the surface of or within glacial ice due
to differential melting of buried, stagnating ice at the margin of the glacier (Fenton et al. 2013). The
resulting landform is hummocky moraine often known as “knob and kettle”. Hummocky moraine is
evident in most of the Tour area and a good example during the Tour will be at Stop #2. Ground moraine
has similar mineral constituents of clay, silt and sand but is typically an undulating landform compared
to hummocky moraine (Fenton et al. 2013). Patches of ground moraine are found throughout the area
notably in the higher ridges east of Red Deer, and as part of the low-lying undulating terrain around Stop
#4 and parts of the Hand Hills.

Figure 5-2. Surficial geology of the Tour area
The second most common surficial materials are glaciolacustrine deposits that were laid down in or
around the margins of post-glacial lakes. Typical glaciolacustrine deposits are laminated fine sands, silts
and clays in the form of varves laid down in the central part of a lake basin. Stratified, sorted sands and
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minor gravels are often found around the perimeter of a lake basin, in beaches, bars and deltas (Fenton
et al. 2013). Notable lake basins in the Tour area are those that contain the city of Red Deer, a basin
west of Byemoor, part of the Farrell-Chain Lakes system between Stop #4 and #5, and the Drumheller
basin north and east of Drumheller.
Coarse glaciofluvial deposits associated with post-glacial fluvial channels are occasionally found in the
northwest portion of the Tour area. These deposits laid down by glacial meltwaters are sediments that
can range from massive unsorted deposits to well-sorted coarse to fine grained materials (Fenton et al.
2013); they may be sources of aggregate material for construction purposes. As described in Section 3,
the Tour passes through some of these meltwater channels near Pine Lake (km 35 to km 51) and near
Elnora (km 68).
An area of eolian deposits comprised of medium to fine-grained sand and some silt deposited by wind in
the form of dunes or sand sheets are shown on the map (Fenton et al. 2013) but are not visible along
the Tour route. These coarse materials are most evident in a dune field southwest of the City of Red
Deer. Colluvial deposits are sediments formed as a result of movement by gravity, commonly on steeply
sloping terrain. These deposits are evident in the form of slumps on the valley slopes and floors of the
Red Deer River valley and its tributaries. Fluvial deposits are actively laid down by rivers and streams like
the Red Deer River. Fluvial materials include sand, gravel, silt, clay and organic sediments. These
materials can be found in flowing channels or in overbank deposits on floodplains (Fenton et al. 2013).
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6 Stop #1 – Thick Black Chernozemic Soils at a Tree Nursery East
of Red Deer
B.D. Walker, P.Ag. (Retired), Owner/CEO of BeauTerre Soilscapes Consulting Inc.

Introduction
The general concept of the Chernozemic order is that of well to imperfectly drained soils having surface
horizons darkened by the accumulation of organic matter from the decomposition of xerophytic and
mesophytic grasses and forbs representative of grassland communities or of grassland-forest
communities with associated shrubs and forbs (SCWG 1998). Black Chernozemic soils have A horizons
darker in colour and commonly thicker than soils of the Brown Chernozem and Dark Brown Chernozem
great groups. Black Chernozems usually occur in association with a native vegetation of mesophytic
grasses and forbs or with mixed grass, forb, and tree cover (SCWG 1998).
At the first stop of the Tour, soils characteristic of Soil Correlation Area 9 (SCA 9), the Thick Black Soil
Zone of Southwest-Central Alberta (ASIC 2016), will be examined. This site is located a short distance
(within 13 km by road) southeast of the Tour starting point in Red Deer. In the various eco-stratification
systems that are available to describe the landscapes of Alberta, Stop #1 is in:





National Ecological Framework for Canada (ESWG 1995) – Prairies Ecozone / Aspen Parkland
Ecoregion / Red Deer Plain Ecodistrict.
Natural Regions and Subregions of Alberta (Natural Regions Committee 2006) – Central Parkland
Natural Subregion of the Parkland Natural Region.
Ecodistricts of Alberta (Strong and Thompson 1995) – Red Deer Plain Ecodistrict.
AGRASID Land Systems (ASIC 2019) – Waskasoo Plain Land System.

This narrative will focus on descriptions of the Aspen Parkland Ecoregion and Waskasoo Land System.

Climatic and Ecological Setting
Stop #1 is located within the Aspen Parkland Ecoregion of the Prairies Ecozone (ESWG 1995). The
parkland is considered transitional between boreal to the north and grasslands to the south. The area is
influenced by continental climatic conditions, and has short, warm summers and long, cold winters with
continuous snow cover. Large yearly and daily temperature ranges, extreme temperature differences,
plus maximum precipitation in summer (June/July) attest to the continental conditions (Table 6-1).
Native vegetation of the Aspen Parkland Ecoregion is dominated by groves of trembling aspen with
patches of mixed tall shrubs and intermittent fescue grasslands (ESWG 1995). Black Chernozemic soils
are characteristic of the Ecoregion. Significant areas of Gleysolic soils also occur.
Most of the Aspen Parkland Ecoregion is farmland (ESWG 1995). Owing to its favourable climate and
fertile Black soils, this ecoregion represents some of the most productive agricultural land in the prairies.
A wide diversity of crops, including barley and other cereals, oilseeds, forages, and several specialty
crops, are produced. Livestock-based farming systems, primarily cattle, are also important in the region.
Dryland continuous cropping methods are prevalent in the production of agricultural crops.
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Land Systems – Physiography and Geology
A Land System is a subdivision of an Ecodistrict (Nikiforuk 1998). Land Systems within an Ecodistrict are
recognized and separated by differences in one or more of: general pattern of land surface form, surficial
geological materials, amount of lakes or wetlands, or general soil pattern (Nikiforuk 1998). All Land
Systems within an Ecodistrict have the same general climate for agriculture; differences in microclimate
patterns may occur.
Table 6-1. Selected climate normals (1981-2010) for Red Deer A weather station
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Temperature (°C):
Daily Average
-11.6
-9.1
-3.7
4.3
9.7
13.7
15.9
14.9
9.9
3.9
-5.1 -10.0
Daily Max.
-5.5
-2.7
2.2
11.1
16.8
20
22.7
22.1
17.2
11.0
0.7
-4.0
Daily Min.
-17.6 -15.4
-9.5
-2.6
2.6
7.4
9.1
7.7
2.7
-3.3
-10.8 -15.9
Extreme Max.
10.9
18.1
24.8
32.8
34.5
33.5
36.1
35.0
35.0
28.9
22.8
17.2
Extreme Min.
-46.1 -43.9 -42.8 -32.8 -15.6
-5.0
0.2
-5.1 -11.7 -28.8 -38.4 -44.1
Precipitation:
Rainfall (mm)
0.4
0.6
1.7
12.1
47.2
94.0
94.4
71.2
47.4
13.0
1.0
0.7
Snowfall (cm)
18.6
14.5
20.4
14.0
8.5
0
0
0.4
3.0
9.9
16.6
13.5
Precip. (mm)
16.1
12.2
19.0
24.8
55.4
94
94.4
71.6
50.2
22.3
14.8
12.3
Growing Degree Days:
Above 5°C
0
0.2
2.5
44.1 156.0 262.1 338.9 311.4 156.2
44.2
2.0
0.2
Climate normals provided for the Red Deer A, AB, station located at 52°10'N 113°53'W, 905 m asl (ECCC online).

Year
2.8
9.3
-3.8
10.9
-46.1
383.7
119.6
487
1317.8

Stop #1 is sited at the eastern edge of the Waskasoo Plain Land System in a landscape that is nestled
against, and transitional to, the prominent hills and ridges of the Pine Lake Upland Land System (refer to
information at Stop #11). Figure 6-1 shows an elevation profile four miles (6.4 km) in length along
Township Road (Tp Rd) 374 from Range Road (RR) 270 in the west to RR 262 in the east. Approximate
locations of range roads and Tour Stop #1 along with soil polygon and land system boundaries are
shown. Over this relatively short distance, the difference in elevation and slopes between the Waskasoo
Plain and Pine Lake Upland is striking. Figure 6-2 provides a plan view of the soil map polygons.
In general, the Waskasoo Plain features gently undulating to undulating surface forms. Soil parent
materials are mainly medium to moderately fine textured glaciolacustrine sediments of varying
thickness overlying medium to moderately fine textured glacial till. Penhold (PED) soil series is listed as
the main soil type of the Waskasoo Plain; Lonepine (LPN) series is significant. In contrast, the Pine Lake
Upland showcases much steeper hummocky, ridged and even some rolling terrain. Surficial deposits
here are mainly glacial till, in some cases overlying bedrock ridges.
Both land systems are characterized by 3H Agroclimate and are dominated by thick Black Chernozemic
soils. Paskapoo Formation bedrock strata (Prior et al. 2013) underlie the surficial geologic materials of
both land systems. Because of its gentle slopes, the Waskasoo Plain has much more cultivated land.

Soil Patterns at Stop #1 – LNP4/IUlc Map Unit
The soil landscape at Stop #1 is mapped as LNP4/IUlc (ASIC 2019). LPN4 – signifies that Lonepine (LPN)
soils are dominant in this landscape (see LPN description below). The number “4” denotes that soils with
thinner A horizons and/or carbonates in middle and upper sola horizons are subdominant. While Rego
and Calcareous Black Chernozemic soils like these are frequently associated with erosion due to
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cultivation, the detailed soil survey of Olds College Farm (Walker and McNeil 2004), which has the same
types of soils, revealed that two other factors were at least equally important:



Biotic influences, including turbation (mixing) caused by burrowing animals (e.g., crotovinas or
krotovinas, which are burrows infilled with soil and organic material) and earthworm activity.
Re-carbonation of mid-solum pedogenic horizons, linked to groundwater discharge, may be a
factor in some lower lying areas of west-central Alberta landscapes.

Eluviated Black Chernozemic soils are listed as subdominant in this polygon. They are represented by the
closest recognized soil series, Cygnet (CYG), which is developed on glacial till (ASIC 2016). It is more likely
that the Eluviated Black Chernozemic soils found here will be an unnamed variant of the LPN series.
Eluviated Blacks will likely be found on northerly-facing, lower-lying slopes in this landscape.

Figure 6-1. Elevation profile along Tp Rd 374 from RR 262 to RR 270 (ASIC 2019)
Other types of soils that might also be found in this LPN4 soil unit include imperfectly to poorly drained
soils in low-lying portions of the landscape. Likely present, but in low proportions, will be Gleyed Black
Chernozems, and perhaps even Humic Gleysols in the wettest depressions. These wetter soils may have
carbonated sola where groundwater discharge occurs, or an eluviated (Ae) horizon where water can
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freely drain through the profile. It might even be possible to find occurrences of Penhold (PED) in spots
where the glaciolacustrine overlay is thicker than 1 m.

Lonepine (LPN) Soil Series Description
The Lonepine (LPN) series pedon described below, with analytical data
in Table 6-2, was sampled on the Olds College Farm in 2003 (Walker
and McNeil 2004). It is a well-drained Orthic Black Chernozem
developed on medium textured, water-laid (glaciolacustrine) material
overlying medium textured, moderately calcareous, non-saline till. The
local topography was described as low-relief, inclined-undulating (IUl)
slope; upper slope; nearly level topography (1%); east aspect. Land use
at the time was forage (i.e. pasture), and the land had either never
been cultivated or had not been cultivated for many years.
Horizon Depth (cm)
F

3-0

Ah1

0 - 14

Ah2

14 - 27

Btj

27 - 45

IIBm

45 - 70

IICk

70 - 100

Description
Root mat under dense grass vegetation.
Discontinuous.
Very dark gray (10YR3/1d); loam to silt
loam; weak to moderate, fine to medium,
subangular blocky; slightly hard; abundant,
very fine roots; many, micro pores; 1-2% coarse fragments, mainly gravel;
clear, smooth boundary.
Very dark brown (10YR2/2d); loam to silt loam; very weak, medium, prismatic
breaking to weak, fine to medium, subangular blocky; soft; abundant, very
fine roots; many, very fine to micro pores; 1-2% gr. coarse fragments; abrupt,
wavy boundary.
Brown (10YR4/3d); loam; very weak, medium to coarse, prismatic breaking to
moderate to strong, fine to medium, subangular blocky; slightly hard;
plentiful, very fine roots; many, micro pores; 1-2% gr. coarse fragments;
abrupt, wavy boundary.
Dark yellowish brown to yellowish brown (10YR4.5/4d); sandy loam to sandy
clay loam; weak, medium to coarse, subangular blocky; slightly hard; few,
very fine roots; many, micro pores; 5-10% coarse fragments, mainly gravel;
very weak (audible) effervescence; abrupt, wavy boundary.
Brown (10YR5/3d); loam to clay loam; weak to moderate, very fine to fine,
subangular blocky; hard; few, very fine roots; common, very fine pores; 1020% coarse fragments, mainly gravel.

Soil Notes:




The F horizon is discontinuous – disappears where the grass cover is thin and short.
A couple of small crotovinas were present in the Ah2 and Btj horizons.
The IIBm horizon is transitional between the overlying glaciolacustrine material and the
underlying till. It contains sandy lenses and layers, which influenced the overall texture (SL) of
the horizon.
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Table 6-2. Selected chemical and physical characteristics of the Lonepine pedon
Horizon
F
Ah1
Ah2
Btj
IIBm
IICk

pH
(CaCl2)

Organic C
(%)

Total N (%)

5.9
6.6
7.0
7.3
7.8

5.65
3.39
0.76
0.57
0.54

0.44
0.24
0.04
0.04
0.03

CaCO3 Equiv.
(%)
E.C. (dS/m)
Not sampled
0.42
0.41
0.37
0.7
0.46
12.0
0.76

Figure 6-2. Cross-section along Tp Rd 374 from RR 262 to RR 270
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SAR

Sand
(%)

Silt
(%)

Clay
(%)

0.3
0.7
0.8
0.7
0.8

38
37
39
63
35

45
46
36
21
35

17
17
25
16
30
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7 Stop #2 – Chernozemic and Gleysolic Soils in Hummocky
Moraine in the Rumsey Area
E.W. Karpuk, Resource Inventory Specialist, Alberta Environment and Parks
R.L. McNeil, President of LandWise Inc.



Ecodistrict and Land System: Bashaw Upland Ecodistrict and Valley Creek Upland Land System
Soil Correlation Area, Elevation, Soil Subgroups and Parent Material: SCA 4 (Dark Brown Soil
Zone of East-Central Alberta, ASIC 2016), 870 m asl; uplands have Orthic Dark Brown
Chernozems on medium to moderately fine-textured till; Gleyed and Gleysolic soils on lacustrine
and/or till are developed in toe slopes and in depressions

Stop #2 occurs within a vast area of hummocky ablation moraine often referred to as “knob and kettle”
topography. This site is mainly in excellent native condition. It occurs adjacent to the Rumsey Ecological
Reserve, which in combination with the larger Rumsey Natural Area to the south, makes up the largest
tract of native aspen parkland in Canada at roughly 18,400 hectares in area (Alberta Parks 2017). It is
home to the plains rough fescue (Festuca hallii) which once covered vast areas of the Central Parkland
and Northern Fescue Natural Subregions before European settlers converted significant areas of native
grassland to agricultural land.

Surficial Geology and Topography
During deglaciation, a disintegrating continental ice mass left behind ablation moraine in knob and
kettle topography. The ice mass deposited mainly moderately fine textured (SCL, CL, SiCL) glacial till with
a few to numerous coarse fragments made up mostly of sub-rounded gravels and cobbles. Thicknesses
of these till deposits range from 14 to 30 meters (Fehr 1982) with occasional veneers and blankets 8
meters or less, often over softrock. Average slopes on the hummocks range from 25% to 30% and up to
40%. Numerous small scattered internally drained wetlands or sloughs occupy the depressional kettles,
with drainage areas generally ranging from 0.5 to 3 ha.
The hummocks have occasional level to undulating morainal plateaus, or flat-topped summits, that are
overlain by till, or in some cases by thin veneers of lacustrine sediments. Slopes range from 0 to 5% in
the central portion of the plateaus, and as high as 15% on the ridges around the perimeter (Karpuk,
1995). One such plateau occurs less than half a kilometer southwest of Stop #2.
Occasionally, coarse-textured glaciofluvial deposits in the form of kames are found in some of the
highest hills in the Rumsey area. A notable kame feature located 13 km southeast of Stop #2 called
“Gopher Head” rises prominently above the surrounding hummocky moraine to an elevation of
915 m asl.

Biophysical Setting
This Stop occurs in the Bashaw Upland Ecodistrict near the southeastern edge of the Central Parkland
Natural Subregion where it transitions to the Northern Fescue Natural Subregion. The Bashaw Upland is
a rolling morainal upland with 6-30% slopes, and extensive cleared land. Stop #2 also occupies the Valley
Creek Land System, a subdivision of Soil Correlation Area 4 (Dark Brown Soil Zone of East-Central
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Alberta) and consists predominantly of Orthic Dark Brown Chernozems (Hughenden, HND) with minor
amounts of Solonetzic soils and Gleyed subgroups, Gleysols and open water. Typical surface landforms
range from high-hummocky terrain with 12-30% slopes to moderate-relief hummocky terrain with 715% slopes.
Typical plant communities developed on the hummocky uplands are open grasslands predominantly
vegetated by plains rough fescue (Festuca hallii) on mid to lower well-drained slope mesic sites. Drier
knolls and upper portions of rapidly drained south facing slopes with thinner soil profiles are favored by
porcupine grass (Stipa spartea), pasture sagewort (Artemesia frigida) and blue grama grass (Bouteloua
gracilis) (Fehr 1982). Rough fescue is often found intermixed with shrub cover, mostly buckbrush
(Symphoricarpos occidentalis) on lower slopes. Deciduous woodlands consisting mostly of aspen poplar
(Populus tremuloides) with occasional balsam poplar (Populus tremuloides) occupy moist habitats with
moderately well to imperfectly drained conditions adjacent to wetlands and on north facing slopes.
Narrow bands of tall willow, mostly slender willow (Salix petiolaris) and some Bebb’s willow (Salix
bebbiana), frequently fringe the poorly drained wetland perimeters (Fehr 1982). The wetlands in the
poorly to very poorly drained kettles are mostly vegetated with graminoid species such as wheat sedge
(Carex atherodes), common river grass (Scolochloa festucacea) and common spike rush (Eleocharis
palustris) (Fehr 1982). The area is home to many wildlife species such as moose, white-tailed deer,
coyote and Richardson’s ground squirrel. The kettles or sloughs provide productive waterfowl breeding
and feeding habitat.

Soils
Hughenden (HND) is the dominant soil series that generally occupies mid to lower slopes. Hughenden is
a well-drained, moderately calcareous, non-saline to weakly saline Orthic Dark Brown Chernozem
developed on moderately fine textured glacial till. Table 7-1 below shows a modal soil profile description
of a Hughenden series with a loamy Ah horizon over a clay loam Bm horizon. The characteristic dry
Munsell colour of Dark Brown Chernozems Ah horizon is a chroma higher than 1.5 and values 3.5 to 4.5.
Table 7-1. Hughenden soil series: Profile and analytical data (ASIC 2016, 2019)
Depth,
Horizon
cm
Texture

Coarse
Frag.,
%
Sand, %

Silt,
%

Clay,
%

TOC,
%

Bulk
CaCO3
pH
pH
CEC,
density, equival.,
(CaCl2) (H2O) meq/100g g/cm3
%

Ah

0-15

L

3

32

42

26

3.3

6.9

7.3

28

1.15

0

Bm

15-30

CL

5

32

34

34

1.7

7.1

7.4

23

1.40

0

BCk

30-50

CL

5

27

37

36

0.0

7.3

7.6

15

1.45

7

Ck1

50-75

CL

10

27

44

29

0.0

8.2

8.2

14

1.45

9

Ck2

75-137

CL

10

30

36

34

0.0

7.7

7.9

13

1.45

6

Well to rapidly drained, eroded or calcareous phases of Orthic Dark Brown and Rego Dark Brown
Chernozems occur on the drier upper slopes, including south aspects and hummock crests. These soils
have thinner horizons or lack upper horizons, mainly because they are in water-shedding slope positions
and soil development is compromised. Material from these upper slopes can accumulate in the mid to
lower slope positions, resulting in the well-developed and deeper profiles of the Hughenden Orthic Dark
Brown Chernozems. Stop #2 is located near the boundary with the Central Parkland, and some Black
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Chernozemic soils occur in more moist locations such as areas with significant snow catch and reduced
evapotranspiration (Karpuk 1995).
Soils associated with poorly and very poorly drained depressions are mainly Orthic Humic and Rego
Humic Gleysols. Soils in kettles and toe-slope positions have generally developed on fine to moderately
fine textured lacustrine sediments that are water saturated for all or most of the year. Moisture
conditions during the summer months can range from 20 to 30 cm of standing water to very shallow
water bodies, which later dry out. A few permanent bodies of water or ponds occur in the larger, deeper
depressions.

Grassland Vegetation Inventory (GVI) Site Types in the Vicinity of Stop #2 Correlated to
Landscape Features and Soils
The Grassland Vegetation Inventory (GVI) is a recent vegetation inventory captured for the Grassland
Natural Region of Alberta which includes GVI site types classes closely linked to soil properties and
landscape features. Table 7-2 consists of the following site types described in further detail based on the
GVI specifications (ASRD, 2011). Figure 7-1 shows geographical extents of the GVI site types in vicinity of
the Stop #2.
Table 7-2. Grassland Vegetation Inventory (GVI) site types at Stop #2
GVI Site Type
Loamy (Lo)
Sub-irrigated
(Sb)
Blowouts (BlO)
Limy (Li)
Lentic Water
(LenW)
Lentic Seasonal
(LenS)
Crop Nonirrigated (CN)
Pasture Nonirrigated (PN)

Definition
All normally developed soils on medium and
moderately fine-textured materials. Mainly Orthic
Chernozemic soils
Water table is close to the surface during part or
most of the growing season. Not confined to distinct
basins
Areas with the presence of Solonetzic Order soils,
commonly referred to as hardpan
Eroded or immature soils with free lime (CaCO3) at
or within 15 cm of the soil surface
Open water wetland >1.0 ha
Wetland with surface water persisting for more than
three weeks and usually disappearing by summer
Non-irrigated agricultural land used for annual crop
production
Areas of non-native grasses, legumes, or grasslegume mixtures

Comment
Dominant prairie site type
Often represented by areas of lush vegetation
that may be in patches or bands
May include eroded surface pits. Can occur at
swales or slope inflections
Usually on water shedding slopes. E.g., hummock
crests, upper coulee slopes. Surface pH >7.5
Standing water persists in most years, and is
generally considered to be a fresh water wetland
“Marsh” modifier represents emergent
vegetation
Typical crops are small grains, oilseeds, and
occasional row crops, or fallow land

Soils and Water Movement in Hummocky Till Landscapes in Western Canada
A typical prairie catena in hummocky glacial terrain has Calcareous or Rego Chernozems on the upper
slopes, Orthic Chernozems on mid-slopes, Gleyed Chernozems in the lower and toe slopes, and Gleysolic
soils in the depressions (Pennock et al. 2011). Humic Gleysols dominate in the more humid southeastern
Canadian prairies, while Luvic Gleysols are more prevalent in the northeastern prairies. In areas with
high moisture catchment, a combination subgroup, Humic Luvic Gleysols, may dominate (BedardHaughn 2011).
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Figure 7-1. Grassland Vegetation Inventory of hummocky landscape at Stop #2
A detailed study of soils in the lower, toe and depressional landscape positions was conducted by Miller
et al. (1989) at the St. Denis study area, located 40 km east of Saskatoon (Table 7-3). The St. Denis site is
representative of prairie and parkland pothole wetland locations, and the wetland soils in this
hummocky setting are similar to those mapped in various soil surveys in east-central Alberta.
Table 7-3. Soils characterized by Miller et al. (1989) at the St. Denis, SK, study site
Soils

Depth to Water Table (m)

Humic Luvic Gleysol

0.2 to 0.4 m

Humic Luvic Gleysol

>2 m

Rego Humic Gleysol

>2 m

Orthic Humic Gleysol

0.2 to 0.4 m

Humic Luvic Gleysol

>1.5 m

Gleyed Rego Dark
Brown Chernozem

>1 m

Main Vegetation
Sedge (Carex atheroides) and
Smartweed
Sedge (Carex atheroides) and
Smartweed
Quackgrass (Agropyron repens)
Sedge (Carex atheroides) and
Whitetop
Sedge (Carex atheroides) and
Whitetop
Mixed grasses

Position from Willow Ring
Inside central
Inside near ring
Outside on lower, steep northfacing slope
Inside central
Inside near ring
Outside on moderate slope,
lower position

A water balance study was conducted in a 2.4 ha pothole catchment area at the St. Denis site (Hayashi
et al. 1998). The St. Denis site has shallow oxidized till (4 to 6 m deep) overlying a denser unoxidized till.
Flows are largely lateral through fractures in the oxidized till zone. This shallow flow provides
enrichment to adjacent plant communities in lower and toe slope positions, including willows, poplars
and herbaceous types. At the studied wetland, adjacent vegetation consumed about 62% of total input
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water (including snow catch) and pond evapotranspiration consumed about 38%, while less than 1%
recharged to the sand aquifer that occurred 25 m below the surface (Hayashi et al. 1998).
Oxidized till at Stop #2 is much thicker than at the St. Denis site, being about 18 to 20 m thick. The
oxidized till is overlying a thick unoxidized till of 17 to 23 m thick (based on drill logs recorded by Alberta
Environment and Parks 2019). However, the shallow lateral flow system described by Hayashi et al.
(1998) is expected to predominate at the Stop #2 site. This is because even in areas of thick oxidized till
in southern and central Alberta, fractures become much less frequent and inter-connected with depth,
and it is common for newly recharged groundwater to flow mainly through the uppermost few meters
(Rodvang et al. 1998). The rich vegetation zones and Gleysolic soils located adjacent to kettle holes but
at slightly higher elevations (Table 7-1 and Figure 7-1) indicate that in addition to snow catch due to
topographic changes, shallow lateral groundwater flow is supplying an extended-season water source. In
hummocky moraines, Gleysolic soils can occur in settings that are not quite typical, such as the Rego
Humic Gleysol that occurs outside of the willow ring, with a rich community of quackgrass (Table 7-1).
Areas receiving shallow lateral groundwater flow are best described as Sub-irrigated (Sb) GVI site type
(Table 7-2), however Sub-irrigated (Sb) site is under-represented in GVI mapping at this location (Figure
7-1).
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8 Stop #3 – Hamlet of Byemoor, AB
K. Dlusskiy, Ph.D., P.Ag., Senior Soil Scientist, Paragon Soil and Environmental Consulting Inc.
The hamlet of Byemoor, AB, is located on a high relief undulating landscape with a very complex soil
cover. Soils are a combination of Orthic Dark Brown Chernozems developed on moderately fine textured
till (30% Hughenden soil series) or glaciofluvial veneer over till (30% Provost soil series), with Dark
Brown Solodized Solonetz on moderately fine textured till (30% Halkirk soil series), and Gleysols (10%) in
depressions (ASIC 20196, 2019).
Byemoor was built in the early twentieth century along the railroad and was so named for the area's
resemblance to a moor in England (Byemoor name originates from “By-the-moor”). In its early years, it
was an important center as it was the main service town for a large number of small farms. Byemoor
was established in 1925; however, the school counts its history from 1913. By 1926, Byemoor had two
general stores, a hardware store, a barbershop, two restaurants, a lumberyard, a blacksmith shop, two
grain elevators, a harness and boot repair shop, dance hall, hotel, and even a hospital.
Changes in agricultural practices, such as small farms converting to larger farms, and the improvement
of transportation to larger centers, led to the slow depopulation of the hamlet and area. The railroad
company pulled its track, eliminating a major source of
transportation into and out of Byemoor. Most recently, the
Byemoor general store, which was an active hub for the
community, closed its doors in 2017. Currently, Byemoor has a
population of 35 living in 18 of its 22 total private dwellings
(https://en.wikipedia.org/wiki/Byemoor).
Byemoor has managed to survive but not without its struggles.
The hamlet is home to a small hotel, arena, community hall,
curling rink, church and school, all of which service the small
farming community. The Byemoor Hotel holds an annual
Halloween bash with musical entertainment. The Byemoor BullA-Rama rodeo event is the longest consecutively held bull riding
event in Canada. The Byemoor School has about 30 students
from Pre-K to Grade 9, seven people on staff and has proudly
served the community for over 100 years.
(http://byemoor.clearview.ab.ca).
Byemoor lies in the heart of what is a “hunter’s paradise” due to
the numerous lakes interspersed through the prairie parkland.
The local district also attracts fishing enthusiasts, nature lovers
and those interested in exploring Alberta villages and hamlets
representing remnants of a past vibrant rural history
(http://www.ghosttowns.com/canada/alberta/byemoor.htm).
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9 Stop #4 –Solonetzic and Chernozemic Soils in a Lake Basin
E.W. Karpuk, Resource Inventory Specialist, Alberta Environment and Parks
R.L. McNeil, President of LandWise Inc.



Ecodistrict and Land System: Castor Lake Plain Ecodistrict and Cutbank Lake Plain Land System
Soil Correlation Area, Elevation, Specific Subgroups and Parent Material: SCA 4 (Dark Brown
Soil Zone of East-Central Alberta, ASIC 2016), 830 m asl, primarily with Dark Brown Solodized
Solonetz on moderately fine textured till blanket to veneer overlying saline-sodic softrock.

Stop #4 is located in a remnant lake basin formed during deglaciation. Soils at this stop were developed
on medium to moderately fine textured glaciolacustrine materials overlying saline-sodic softrock. Soils
developed on till are also present in the vicinity. Stop #4 is under native-natural grassland cover; primary
land use is grazing by livestock. Soils examined at Stop #4 are part of a Solonetz-Chernozem catena.

Geology and Topography
The Stop #4 location lies within a shallow lake basin; surficial materials consist of glaciolacustrine and till
veneers to blankets over bedrock. The landscape is level to undulating with slopes ranging from 0 to 5%.
Scouring by glacial meltwater during deglaciation has removed most of the till, and the Horseshoe
Canyon Formation, consisting of sandstone, siltstone and mudstone softrock, lies close to the land
surface. The high salt content of the Horseshoe Canyon Formation, in combination with high water
tables during much of the Holocene, resulted in the development of Solonetzic soils at Stop #4 (Bowser
et al. 1951; Wells and Nikiforuk 1988).

Biophysical Setting
Stop #4 occurs in the northwestern portion of the Northern Fescue Natural Subregion. Figure 9-1
displays the Ecodistricts and Land Systems mapped in this area (ASIC 2019). The Castor Lake Plain
Ecodistrict (thick white line) generally follows the extent of the lake basin and is described as a level to
undulating morainal plain with 0 to 5% slopes. Soils are comprised mainly of Solodized Solonetz and
Dark Brown Chernozems. The Cutbank Lake Plain Land System (thin line, as described in AGRASID) is
characterized by predominantly Dark Brown Solodized Solonetzic soils (Halkirk and Torlea soil series),
and by lesser amounts of Orthic Dark Brown Chernozems (Metisko soil series).
The Grassland Vegetation Inventory (GVI) would classify Stop #4 as a complex of Blowouts/Solonetzic
Order (BlO) and Loamy (Lo) site types. The landscape at Stop #4 has some degree of pitting, which
typifies Solonetzic microtopography, with some areas lacking in topsoil, others with thin topsoil over
hardpan, and other areas of moderate topsoil depth. High concentrations of sodium in Solonetzic soils,
and the resulting columnar and/or prismatic Bnt horizon, favour the growth of grass species rather than
trees and shrubs. Typical native species on the Blowout site type are western wheat grass (Pascopyrum
smithii former Agropyron smithii), plains rough fescue (Festuca hallii) and sedge species (Kupsch et al.
2012). Loamy sites, which have deeper Ah horizons and less restrictive B horizons, are preferred by blunt
sedge (Carex obtusata), plains rough fescue (Festuca hallii), June grass (Koeleria macrantha), western
porcupine grass (Stipa curtiseta), and buckbrush (Symphoricarpos occidentalis) (Kupsch et al. 2012).
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Figure 9-1. Comparison of Ecodistrict and Land System mapping at Stop #4

Defining Criteria for Solonetzic Soils
Soils of the Solonetzic order in Canada have B horizons that are very hard when dry and swell to a sticky
mass of low permeability when wet (SCWG 1998). Solonetzic soils are developed from saline parent
materials that are particularly high in sodium salts. Since deglaciation, salts have progressively leached
downward, but the sodium attaches to clay and builds the hardpan layer. The diagnostic Bn or Bnt
horizons have a columnar or prismatic structure, breaking to hard blocky peds when dry. Bn and Bnt
horizons must have a Ca:Na ratio of 10 or less (SCWG 1998).

Great Groups and Subgroups in the Solonetzic Order
Four Great Groups have been established within the Solonetzic order, distinguished based on the degree
of solodization, reflected in the structure of the B horizon and the presence or absence of an Ae horizon.
Defining criteria for the four Great Groups and their applicable subgroups are shown in Table 9-1. The
Alkaline Solonetz Subgroup has a surface pH ≥8.5 due to concentration of carbonates by groundwater
discharge. These soils are azonal, meaning they can occur in any soil zone.

Processes Involved in the Formation of Solonetzic Soils
Solonetzic soils typically occur in locations where saline marine shales occur near the surface and
intermittent groundwater discharge occurs (Peters 1978, Pawluk and Bayrock 1969). Solonetzic soils are
theorized to develop through step-wise pedogenic processes, as shown in Table 9-2 in relation to soil
subgroups (originally by Pawluk 1982; enhanced by Miller and Brierley 2011). Groundwater discharge
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over time causes salt to accumulate. The adsorption of sodium to clay particles causes deflocculation
and the result is the development of Bn and/or Bnt horizons. During solodization, progressive leaching
of sodium causes clays to become increasingly dispersed, and eluviation causes the Bnt to gradually
disintegrate and an Ae horizon to form. Salinization represents the initial stage, and calcification and
humification occur during the later stages of solodization.

Soils at Stop #4
A series of three Dark Brown soil subgroups occur at Stop #4 on different microsites within about 100 m
of one another. Parent materials are glaciolacustrine blanket (>1 m thick) at the Solod and Solonetzic
Chernozem locations. The parent material of the Solodized Solonetz is a glaciolacustrine veneer (<1 m
thick) overlying weathered residual materials derived from sodic shales and sandstones. There are no
recognized soil series in SCA 4 for the three subgroups, although the Solodized Solonetz most closely
resembles the Torlea series, a Dark Brown Solodized Solonetz developed on thin till veneer over residual
or softrock as described by Wells and Nikiforuk (1988). At the Stop #4, the Solodized Solonetz typically
occurs in or close to shallow blowouts, with evidence of a hard Bnt clay pan at or near the surface. The
Solod occurs at blowout perimeters where the Ah is thicker and formerly hard Bnt horizons are breaking
down due to solodization. The Solonetzic Chernozem is found in the slightly elevated portions of micromounds (up to about 20 cm higher than blowout hollows), where the Ah horizon is the thickest and
solodization has weakened formerly hard Bnt horizons into Bnjt.
Field observations show that Solonetzic Chernozems are correlated with more productive vegetation
growth, where low shrubs provide more organic matter to the topsoil. The Solod and Solodized Solonetz
areas are correlated with sparser vegetation.
Table 9-1. Dark Brown subgroups applicable to the four Solonetzic Great Groups (SCWG 1998)
Defining Horizon
Ae

Solonetz
No continuous Ae or
Ae <2 cm thick

AB or B
Subgroups
Modal to Great
Group
Gleyed
Alkaline
Vertic Intergrade

Dark Brown Solonetz
Gleyed Dark Brown
Solonetz
Alkaline Solonetz

Solodized Solonetz
Continuous Ae ≥2 cm
thick
Intact columnar Bnt
or Bn
Dark Brown Solodized
Solonetz
Gleyed Dark Brown
Solodized Solonetz

Solod
Continuous Ae ≥2 cm
thick
Distinct AB or BA over
Bnt or Bn

Vertic Solonetz
Any Solonetzic Great Group
feature
Slickensides in subsoil or
lower depths

Dark Brown Solod
Gleyed Dark Brown
Solod

Gleyed Dark Brown Vertic
Solonetz
Dark Brown Vertic Solonetz

Chemical and physical lab analysis data are provided for the three soil subgroups in Tables 9-3 and 9-4.
Data for the Torlea series represents the Dark Brown Solodized Solonetz in the two tables are from
Wells and Nikiforuk (1988). The Dark Brown Solod and the Solonetzic Dark Brown Chernozem pedons
were sampled and analyzed for this Soils Tour.
The laboratory analyses corroborate field evidence showing the progressive degree of solodization from
the Solodized Solonetz to the Solod to the Solonetzic Chernozem. The sodium adsorption ratio (SAR),
which measures the amount of sodium (Na) relative to calcium (Ca) and magnesium (Mg), is high in the
Bnt horizons of both the Solodized Solonetz and the Solod (12 and 26, respectively), and much lower in
May 2019

Page 33

2019 Alberta Soils Tour

the Solonetzic Chernozem (1.0). This conforms to the findings of Harron et al. (1983) that SAR values are
above 3 for Solonetzic Order soils and below 3 for Chernozemic soils at this site. The B horizons of the
Solod and Solodized Solonetz also contain much higher levels of other salts, with values of electrical
conductivity (EC) and exchangeable cations being 9 to 95 times higher than for the Solonetzic
Chernozem (Table 9-4). Organic carbon levels in the A horizon also reflect progressive solodization, as
the values increase from 4.4% in the Solodized Solonetz, to 4.9% in the Solod, to 5.3% for the Solonetzic
Chernozem (Table 9-4).
Table 9-2. Developmental stages of Solonetzic soils
Direct Groundwater Influence Water Table is Below the Soil Pedon
Saline
Alkaline
Solodized
Solonetzic
Regosol Solonetz Solonetz
Solonetz
Solod Chernozem

Process

Basic Explanation
Soluble salt accumulation arising from
Salinization
yes
discharge and evaporation
Progressive leaching of soluble salts
Desalinization
yes
due to lowering of the water table
Accumulation of carbonates causes
Alkalization
high pH
Sodium accumulation and high SAR
Initial
causes clays to disperse into colloids
Solodization
that are vulnerable to leaching
(eluviation)
Subsequent
Disintegration of the B horizon due to
Solodization
clay dispersion and eluviation
Accumulation of precipitated calcium
Calcification
carbonate in the subsoil
Carbon from organic residues is
Humification
converted to humic substances
Adapted from Pawluk (1982) and Miller and Brierley (2011)

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Table 9-3. Physical properties of the three soils at Stop #4
Dark Brown Solodized Solonetz (Torlea)

Dark Brown Solod

Solonetzic Dark Brown Chernozem

Hzn

Depth, Sand, Silt, Clay,
Depth, Sand, Silt, Clay,
Depth, Sand, Silt, Clay,
cm
%
%
% Texture Hzn cm
%
%
% Texture Hzn cm
%
%
% Texture

Ap

0 - 11

42

52

6

SiL

Ah

0-11

27

53

20

SiL

Ah

0-20

29

47

25

L

Bnt 11 - 28

28

43

29

CL

Ahe 11-18

25

50

24

SiL

Ahe 20-40

23

49

28

L

Csa 28 - 48

22

50

28

CL

AB

18-26

25

44

31

CL

Bnjt 40-55

28

30

52

C

IICs

39

37

24

L

IIBnt 26-40

10

32

58

C

23

36

41

C

IICsk 50-70

10

25

64

HC

55+
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Table 9-4. Chemical properties of the three soils at Stop #4
Soil Series
and
Depth,
Subgroup Horizon
cm
Torlea,
DB.SS

DB.SO

SZ.DBC

Exchangeable Cations (mg/kg)
pH
(CaCl2)

EC,
dS/m

SAR

CEC
Sat., % TOC, % (cmol/kg)

Ca

Mg

Na

K

Ap

0-11

5.4

-----

-----

---

4.42

---

60

9.5

8.2

12.6

Bnt

11-28

7.6

1.6

11.9

---

2.41

---

110

26.9

75.5

9.8

SO4

Csa

28-48

7.9

4.1

17.9

---

---

---

----

----

----

----

----

IICs

55+

8.1

1.0

19.9

---

---

---

----

----

----

----

----

Ah

0-11

4.47

0.68

4.0

76

4.9

-----

13

7.0

64

15

35

Ahe

11-18

5.04

1.3

19

53

2.2

-----

3.9

2.1

140

1.4

180

AB

18-26

7.00

4.0

27

38

0.72

-----

11

10

320

2.5

530

IIBnt

26-40

7.87

3.7

26

97

1.8

1.0

33

29

830

7.6

1500

IICsk

50-70

8.31

9.8

21

99

2.5

300

240

2000

27

5400

Ah

0-20

5.62

0.41

0.76

83

5.3

17

5.9

13

43

30

Ahe

20-40

5.36

0.21

0.81

71

3.4

10

2.7

9.5

21

19

IIBnjt

40-55

5.53

0.18

1.0

60

1.6

<0.60

6.6

1.7

8.7

8.3

20

IICk

75-95

7.38

0.27

1.1

54

3.8

14

2.6

12

5.3

16

Notes: Parent materials within the soil profiles for the Solod is a medium textured glaciolacustrine over fine textured
glaciolacustrine and for the Chernozem a medium textured glaciolacustrine. The Torlea parent material is till over weathered
residual sodium-rich softrock. Exchangeable cations for the Solodized Solonetz are converted from meq/100g assuming a bulk
density of 1.4 g/cm3. Not all horizons were sampled so depths are not continuous.
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10 Stop #5 – Hand Hills Preglacial Gravels
G. Hartman, Quaternary Geologist with Alberta Geological Survey
J.A. Brierley, Pedologist, retired from Agriculture and Agri-Food Canada
R.L. McNeil, President of LandWise Inc.
E.W. Karpuk, Resource Inventory Specialist, Alberta Environment and Parks

Geographical Setting
The Hand Hills preglacial gravels are located on the Hand Hills in the Northern Fescue Natural Subregion.
This unique highland plateau is located approximately 150 m above the surrounding plains, with Black
soils on the highest areas reflecting a cooler and moister climate compared to the Dark Brown soils on
the surrounding plains. Stop #5, at an elevation of 1080 m asl, is located near the boundary between the
Hand Hills Plateau Land System and the Rainbow Escarpment Land System to the north (Figure 10-1,
ASIC 2019). The plateau is generally gently inclined with slopes of 1 to 5%, but also includes stronger
slopes (6 to 15%) and dissections or gullies, especially near the northern and western plateau edges.

Figure 10-1. AGRASID Soil Landscape Models and Land Systems at Stop #5 in the Hand Hills
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Dominant soils on the plateau are well drained Orthic Black Chernozems developed on moderately finetextured till with both veneer and blanket expression (Hanalta soil series, HAN). Significant soils include
Orthic Black Chernozems developed on moderately fine textured eolian (loess) deposits (Thumb soil
series, THB). The AGRASID soil landscape model for Stop #5 is HATH1/IUh (Figure 10-1). Hanalta and
Thumb soil series are of codominant proportions, and the landscape expression is inclined and
undulating with slopes of 3 to 9% (ASIC 2016, 2019).
Stop #5 is at an aggregate pit used for gravel and sand extraction. Preliminary investigations indicate
soils at this location are developed on gravel or on loess veneer over gravel. Isolated till stones are the
result of continental glaciation. There is no identified Orthic Black soil series in SCA 4 for soils developed
on gravel. The Orthic Black soil developed on loess veneer over gravel is represented as a gravelly or
coarse variant of the Thumb soil series.

Geology
Relict fluvial gravel deposits are found across the western Interior Plains in four distinct topographic
settings (McConnell 1885, Calhoun 1906, Collier and Thom 1918, Alden 1932, Rutherford 1937, Horberg
1954):
1.
2.
3.
4.

on flat-topped uplands high above the plains (e.g. Cypress Hills and Swan Hills);
on lesser flat-topped uplands (e.g. Hand Hills and Del Bonita);
at the average elevation of the plains; and
covering the floors of paleovalleys buried beneath the plains.

The gravels were deposited by ancient northeastward trending fluvial systems with headwaters in the
Rocky Mountains. As the mountains and adjacent plains uplifted, fluvial systems cut down and
deposited gravel at successively lower elevations. The gravel protected the valley floors from
subsequent erosion such that the gravel beds eventually became elevated relative to the surrounding
eroded landscape. This process was termed “topographic inversion” by Howard (1960), meaning that
former valley floors are currently at the highest elevations.
The highest and oldest preglacial gravels (e.g. Cypress and Swan Hills) are Oligocene to Miocene,
representing ages of approximately 30 to 15 million years (Ma) (Vonhof 1969; Storer 1978; Leckie 2006).
Those that mantle lesser uplands (e.g. Hand Hills) are mid-Miocene to early Pliocene (14 to 4 Ma) (Alden
1932; Storer 1978; Osborn and du Toit 1991; Vreeken and Westgate 1992; Edwards and Scafe 1994;
Barendregt et al. 1997; Leckie 2006). Gravel deposits at about the same elevation as the plains are late
Pliocene to early Pleistocene in age (4 to 2 Ma) (Collier and Thom, 1918; Alden, 1932; Horberg, 1954;
Osborn and du Toit 1991). The youngest preglacial gravels (e.g. Saskatchewan Gravels) mantle the floors
of buried valleys. They are sometimes exposed and often drain into modern river valleys (Sracek 1993).

Lithology
Vonhof (1969) differentiated four groups of relict gravel deposits in the western plains and associated
these with potential source areas in the mountains. The four groups were based on clast lithology, heavy
mineral assemblages, gradients of the lower contact, and paleoflow measurements. Edwards and Scafe
(1994) expanded on Vonhof’s work to identify seven lithological groups and associated mountain source
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areas. Lithological groups are independent of elevation, and the geographic boundaries of the groups
approximate modern river basins.
Group 2 lithology (Edwards and Scafe 1994), which include the Hand Hills Gravel, are theorized to
originate as the product of lateral planation of the ancestral Bow River (Osborn and du Toit 1991). The
lithological composition of Group 2 includes mainly quartzite, sandstone, and carbonate (97% by
weight). Shale/siltstone, conglomerate, and chert comprise less than 3%. Gravels in all seven groups are
dominated by resistant lithologies derived from the Rocky Mountains (mainly quartzite and chert). The
maximum clast size within a group generally decreases with increasing distance from the mountains
(Edwards and Scafe 1994). Clast size in Group 2 is up to 60 cm across the a-axis near the mountains at
Calgary and Nanton, decreasing to a maximum of 25 cm across the a-axis at the Hand Hills. Group 2 is
unusual in that it contains a relatively high proportion of large carbonate clasts, which are rapidly
weathered and not found in other groups. The clasts were probably derived locally from underlying
bedrock (Edwards and Scafe 1994).

Sedimentary Structures
Primary and secondary sedimentary structures are observed in relict gravel deposits. Primary structures
typically include massive to crudely-bedded, clast-supported gravel. Cross-bedding, sand lenses and
matrix-supported beds are rare. Secondary sedimentary structures include root casts, burrow casts
(Young et al. 1999) and cryoturbation (permafrost) features.

Cryoturbation Features
The unique geomorphic features at Stop #5 on the Hand Hills plateau are the result of the sediments
being subjected to periglacial conditions where frost action is the dominant geomorphic agent altering
materials. Frost action is a mechanical weathering process caused by repeated freezing and thawing of
water in the pores, cracks and other openings at the ground surface (Gary et al. 1972). Frost action
encompasses frost heaving, frost sorting and the formation of frost wedges.
Cryoturbation features result from sediment deformation in a periglacial environment with permafrost.
Deformation features include fossil ice wedges, involutions, redistribution of calcium carbonates within
the infill matrix, and patterned or polygonal ground features.
The Hand Hills were a nunatak during a portion of the Wisconsin Ice Age (an unglaciated upland
surrounded by the continental ice sheet), and the gravels and overlying calcareous material were
exposed to moist periglacial conditions. Other examples of nunataks in southern Alberta include the Del
Bonita uplands (Brierley 1988) and the Cypress Hills (Kulig 1995, 1996). Within the active layer above the
permafrost, the gravels and overlying sediments were subjected to alternate freezing and thawing
cycles. Present-day cryoturbation features could be the result of the following sequence of events.
Cracks initially formed during a cooling period as the mean annual temperature decreased to -5°C or
colder, due to contraction within the frozen surficial materials and associated ground ice. These cracks
were several millimetres wide and up to a meter in depth. During a thaw period, runoff from the melting
snow drained into the cracks and refroze when permafrost was encountered. The reformed ice
developed upward from depth towards the surface. With subsequent freeze-thaw cycles, the repeated
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contraction and refreezing of “active” ice caused the frost wedges to grow in width (wider near the
surface, narrower with depth) (Washburn 1973).
During a climatic warming period, ice within an active wedge was replaced with other materials, but the
shape of the original wedge was preserved. These relic periglacial features are referred to as ice wedge
casts or fossil ice wedges. As mean annual temperature increased, the permafrost layer in the periglacial
area melted from the surface downwards. “Pure ice” within the frost wedge melted faster than the
surrounding material. Preferential melting of ice occurred along the edges of the ice wedge adjacent to
the surface material, causing voids to appear along the interface. These voids were subsequently filled
with transported sediments from melting snow and surface permafrost deterioration. As the thaw cycle
continued, all the ice within the original wedge was replaced with transported sediments. During later
stages of cast formation, upper surficial materials became “supersaturated” as there was more ice than
water pore space within still frozen underlying material. The “soupy” surface material subsequently
flowed and slumped into the ice wedge depression (Black 1976).
Involutions are often found in association with fossil ice wedges. Involutions are described as “aimless
deformation, distribution and interpenetration of beds produced by frost action” (Washburn 1973).
French (1976) and Vandenberghe (2013) state that involutions are the product of pressures induced by
uneven freezing within in the active layer, the density of different sediments, and frost heaving.
During deglaciation, supersaturated surficial material was subjected to numerous freeze-thaw cycles.
Upon cooling, the freezing front descended unevenly due to differences in moisture content within the
surficial material (the amount of interstitial water varies with texture of the material). Cryostatic
pressure was exacerbated by the presence of underlying permafrost. The variability of pressures exerted
upon the saturated sediments contorted bedding planes, created pocket formations, and altered the
distribution and concentration of calcium carbonate within the surficial materials (i.e. involutions)
(Vandeberghe 2013).

Cementation
Cementation of preglacial gravels by calcium carbonate (CaCO3) accumulation is evident at various
plateau locations in the Hand Hills. Vonhof (1969) identified the presence of Hand Hills conglomerates
similar to those in the Cypress Hills and noted some cases of strong cementation. Continuously
cemented gravels on the Hand Hills, such as on Mother Mountain, occur directly above and in contact
with sandstone outcrops of the Paskapoo Formation. Isolated water flow and ponding on the Paskapoo
barrier may have accelerated cementation.
The Canadian System of Soil Classification recognizes irreversibly cemented pedogenic horizons (c) and
concretions (cc) (SCWG 1998). The ‘c’ designation can be correlated with Soil Taxonomy in the USA for
calcic and petrocalcic horizons (Soil Survey Staff 1999). Petrocalcic horizons are plugged and cemented
with agents such as calcium carbonate. They are >10 cm thick and cannot be penetrated by spade or
auger when dry. Petrocalcic soils are sometimes referred to as either calcrete or caliche. A calcic horizon
is neither plugged nor continuous (Soil Survey Staff 1999).
Soil cementation in Canada can also be described by the degree and extent of cementation, and noting
the cementing agent (ECSS 1982), which can be iron, lime, silica, lime and silica, or humus with
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aluminum. The classes describing degree of cementation are listed in Table 10-1 (ECSS 1982), along with
stages of carbonate plugging recognized in the USA for gravelly materials (Table 10-2, Gile et al. 1981).
The extent of cementation is reported as discontinuous over a 1 m distance or continuous over a
distance of 1 m or more (ECSS 1982). Stop #5 has an example of discontinuous cementation, and other
Hand Hills locations have continuous cementation. Examples of all four stages of carbonate
accumulation (Table 10-2) are present in the Hand Hills gravels. The time period required to develop
such extreme carbonate accumulation has not been evaluated at the Hand Hills. Examples from
locations in the western USA suggest time periods of at least 20,000 years to reach Stage II carbonate
cementation (Harden et al. 1991). Stage IV cementation with plugging requires at least 0.4 million (Gile
et al. 1981) to 1.1 million years (Harden et al. 1991). Petrocalcic cementation is common in sediments
subjected to periglacial conditions. Sediments with higher concentrations of calcium carbonate are
found in association with cryogenic features, because the solubility of carbonates increases as
temperature decreases (Doner and Lynn 1977).
Table 10-1. Degrees of cementation (ECSS 1982)
Class
Weak
Moderate
Strong
Indurated

Breakage description using wet cubic sample (2.5 cm2)
Crushes between thumb and finger
Brittle and hard; breaks in hands
Easily broken with a hammer
Only with a very sharp hammer blow, or maintains condition

Table 10-2. Stages of carbonate accumulation used in USA gravels (Gile et al. 1981)
Stage and Character of Carbonate
I – weak macroscopic expression
II –segregations separated by smaller amounts of
carbonate material
III –essentially continuous; plugs forming.
IV – plugged, with a laminar carbonate cap
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Diagnostic Carbonate Morphology in >50% gravel material
Thin discontinuous pebble coats
Continuous pebble coatings, and some inter-pebble fillings
Many inter-pebble fillings
Laminar over plugged horizon
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11 Stop #6 – Drumheller: Coal Geology, Mining History (and
Dinosaurs)
B. Noland, geologist and owner of Drumheller Rocks GeoTourism
After dinner at the Cretaceous Conference Center, Brent Noland, geologist and owner of Drumheller
Rocks GeoTourism will give a presentation on the history of Drumheller. This after dinner talk will take
the audience back into Drumheller’s geologic, cultural and industrial past.
Brent will give a brief review of the geologic history the Drumheller region. First the founding of
Drumheller: the early days when Coal was King. Second, a brief review of Cretaceous swamps, mountain
building and erosion will be presented. Last, in fieldtrip fashion, we will move upstream and up-section
from the Dorothy bentonite beds to the Cretaceous–Paleogene Boundary, traversing the Horseshoe
Canyon Formation. The focus will be on coal, but other cultural and scientific points of interest will be
discussed along the way.
Brent Noland has lived a life rich in experience. Born in Calgary, Brent obtained his BSc in Geology from
University of British Columbia in 1980. He had nearly two decades as an Expert Practitioner of
Geostatistics and 3D Reservoir modeller with Imperial Oil in Calgary before that career ended when
Brent became disabled.
Brent moved to Drumheller in 2005 and volunteered with Dr. Dave Eberth at the Royal Tyrrell Museum.
He has contributed a chapter in a book on bonebeds, researched the geology of China and introduced
ArcGIS and AccuMap GIS systems to the Royal Tyrrell Museum. After 3 years, Brent was chosen to lead
the Dinosaur Valley Heritage Society. The Society oversees the wonderful East Coulee School Museum
and produces the annual SpringFest fundraiser. Brent was successful in setting the museum up for its
next 25 years with a fundamental business review and setting a renewal plan in place.
Over the last 3 years, Brent has developed a successful GeoTourism hobby business. His intent is to
launch this business as a non-profit organization in two years when he retires. His vision is to develop
GeoTour guides and incorporate other areas of expertise such as plants, birds and agriculture.

www.drumhellerrocks.com
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12 Stop #7 – Vertisolic Soils and Vertic Intergrades
R.L. McNeil, President of LandWise Inc.
J.A. Brierley, Pedologist, retired from Agriculture and Agri-Food Canada

Introduction
Vertisolic soils have been recognized for decades in various classification systems, including the World
Soil Classification. In 1998, Vertisols were included at the Order level within the Canadian System of Soil
Classification (SCWG 1998). Vertisolic soils have a moderate to high content of expanding clays that are
prone to large volume changes in response to soil moisture changes during drying and wetting cycles.
Soils with smectite clay minerals, including montmorillonite, have a high shrink-swell potential. At least
30% smectite is required on a total soil basis (<2mm sized fraction) to produce soil mass disruption and
qualify in the Vertisolic order (Brierley et al. 1996).
About 3.2 million km2 of Vertisols are recognized worldwide representing 2.4% of the world’s ice-free
surface (Eswaran et al. 1999). The three largest contiguous areas of Vertisols are the Deccan Plateau of
India (79 million ha), the Murray-Darling Basin of Australia (70 million ha), and the Gezira Plains of Sudan
(50 million ha) (Eswaran et al. 1999).
Swelling clays on the Canadian prairies are mainly derived from Cretaceous shale such as the Bearpaw
Formation. The clays were entrained and transported by ice sheets during glaciation, and ultimately
deposited in glacial till or concentrated on settling in glaciolacustrine basins. In Alberta, Vertisolic soils or
Vertic intergrades occur in fine and very-fine textured glaciolacustrine basins, including the Drumheller,
Acadia Valley, Edmonton and Peace River regions. In Saskatchewan and Manitoba, Vertisolic soils and
Vertic intergrades occur in the Regina, Kindersley-Rosetown and Nipiwan areas, and near Winnipeg in
the Glacial Lake Aggasiz sediments (Brierley et al. 1996).

Clay Mineralogy
Swelling clays such as montmorillonite are 2:1 ratio clays where one octahedral iron sheet is sandwiched
between two tetrahedral aluminum sheets. In contrast, 1:1 clays, such as illite, are comprised of
matched pairs of octahedral and tetrahedral sheets (Borchardt 1977). Clay mineralogy is sometimes
reported for two clay size classes: coarse (0.2 to 2 µm) and fine (<0.2 µm in diameter). For coarse clays,
the general order of silica clay minerals in Canadian prairie glaciolacustrine deposits is smectite >50%,
illite 15 to 30%, kaolinite 10%, and vermiculite <10%. The fine clay fraction typically has a higher
percentage of smectite (Brierley et al. 1996).

Landscape Characteristics
Natural landscapes dominated by Vertisolic soils often display random and complex patterns of microrelief, commonly referred to as gilgai. The micro-relief is destroyed upon cultivation, and the presence of
gilgai is not a requirement for defining Vertisols. The term gilgai is traced to Australian aborigines
(Eswaran et al. 1999). Worldwide examples of the arrangement of gilgai knolls and depressions include
linear (parallel to the general slope direction), lattice, mushroom, round, wavy, and tank patterns
(Eswaran et al. 1999).
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Gilgai micro-relief, at Tour Stop #7, is characterized by a pattern of randomly-arranged and closelyspaced polygonal features with diameters of about 0.5 to 2 m. The polygons are usually hexagonal but
can have as few as three sides. The polygons are usually characterized by a lower or depressional
perimeter surrounding a raised area, or micro-knoll. The general vertical micro-relief of depressions to
micro-knolls is about 10 to 40 cm. The local rancher at Stop #7 aptly refers to gilgai as “turtle-backs”.
Vertisolic soils often show high variability both vertically and horizontally in their morphological,
chemical, physical and mineralogical properties (Wilding et al. 1991). The intensity of cracking and soil
displacement varies with the degree and frequency of changes in soil moisture content, especially
during drying. Freeze-thaw processes may also play a role in gilgai formation, especially in cold climates.

Classification of Vertisolic Soils in Canada: Defining Criteria
Soils of the Vertisolic order in Canada typically occur in heavy textured materials with ≥60% clay, with at
least half as smectite. Vertisolic order soils have shrink-swell characteristics that impose unique
morphological characteristics and must have two diagnostic horizons within the control section: a
slickenside (ss), and a vertic horizon (v) (SCWG 1998).
Slickensides are sheer surfaces with an aerial extent of at least 4 cm2, that form when one soil mass
moves over another. Slickensides commonly display unidirectional grooves parallel to the direction of
movement (Brierley et al. 1996). Photographic examples of slickensides and wedge structures are
provided by Watson (2007).
In Canada, the vertic horizon (v) is recognized by the presence of irregular-shaped and randomlyoriented intrusions of displaced soil material within the solum. This displaced material is the result of
shrink-swell processes where sloughed-in surface materials move by gravity and other processes. Soil
profiles in parts of the Drumheller Plain have discontinuous subsurface lenses and tilted horizon
boundaries, the result of argillipedoturbation (Brierley et al. 1996).

Vertisolic Great Groups and Subgroups
Two Great Groups have been established within the Vertisolic order, based on surface soil colour,
thickness and organic carbon content of the Ah or Ap horizon.



The Vertisol Great Group has a dry surface colour value ≥3.5, and an Ah or Ap <10 cm thick,
with organic carbon content <2%. These soils tend to occur mainly in the Brown soil zone.
The Humic Vertisol Great Group has a surface dry colour value <3.5, and an Ah or Ap ≥10 cm
thick, with organic carbon content ≥2%. These soils tend to occur mainly in the Black and Dark
Gray zones. Vertisolic soils in the Dark Brown zone may occur in either of the two Great Groups.

Each of the two Vertisolic Great Groups has three recognized subgroups (Table 12-1).

Vertic Intergrades
Soils that are transitional between the Vertisolic order and other soil orders are recognized as Vertic
intergrades. These intergrades typically have clay content ranging from moderate to high, with the
presence of some swelling clay minerals. Vertic intergrades occur most commonly in two settings:
1) clayey deposits with a low portion of swelling clay minerals, and
2) landscape settings where wet and dry cycles are not extreme (Brierley et al. 1996).
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For example, in the Pincher Creek region, soils developed on fine and very fine textured glaciolacustrine
materials are rich in illite and carbonates, and, typically, smectites are less than 30% of the clay minerals.
These soils contain surface cracks and slickensides, but they lack argillipedoturbation features and are
classified as Vertic intergrades. Vertic intergrades in the Drumheller region are commonly associated
with soils of the Chernozemic, Solonetzic and Gleysolic orders (Table 12-1). The Drumheller soil series is
an Orthic Humic Vertisol and the Drumheller zz variant is an intergrade, classified as a Vertic Dark Brown
Chernozemic subgroup.
Vertic Intergrades within the Solonetzic order (Table 12-1) in Canada may be characterized by columnar
soil structure and high amounts of exchangeable sodium. Similar soils with both sodic and vertic
characteristics are also described elsewhere in the World, such as Gujurat, India (Eswaran et al. 1999).
The Luvisolic soil order also recognizes four Vertic subgroups applicable to western and northern plains
regions (SCWG 1998). The Luvisolic intergrades are not listed in Table 12-1, because none occurs in the
Tour region.
Table 12-1. Summary of subgroups in Vertisolic and Vertic intergrade soils in the Tour area
Vertisolic Great Groups

Vertic Intergrades in Other Soil Orders

Vertisol
(Ah or Ap <10 cm)

Humic Vertisol
(Ah or Ap ≥10 cm)

Dark Brown Chernozemic
Great Group

Solonetzic
Soil Order

Gleysolic
Soil Order

Orthic Vertisol

Orthic Humic Vertisol

Vertic Dark Brown

Dark Brown Vertic
Solonetz

Vertic Luvic Gleysol

Gleyed Vertisol

Gleyed Humic Vertisol

Gleyed Vertic Dark Brown

Gleyed Dark Brown
Vertic Solonetz

Vertic Humic Gleysol

Gleysolic Vertisol

Gleysolic Humic Vertisol

Vertic Gleysol

Note: Additional information on the differentiation of all subgroups noted in Table 12-1 is contained in SCWG (1998).

Drainage and Other Distinguishing Features
Vertisolic soils are typically well- to moderately-well drained in the Vertisol and Humic Vertisol
subgroups, and in the non-gleyed subgroups of the Chernozemic and Solonetzic orders. Drainage is
typically imperfect in the Gleyed subgroups, with faint to distinct mottles within 50 cm of the mineral
soil surface. Drainage is typically poor in both Gleysolic subgroups of the Vertisolic order, and in Vertic
subgroups within the Gleysolic soil order (Table 12-1).

Vertisolic Soil Classification in Other Jurisdictions
Criteria used to identify and differentiate Vertisolic soils differ by jurisdiction. The Soil Taxonomy (a soil
classification system used in U.S.A. and worldwide) recognizes Vertisols as clay soils based on the
presence of deep wide cracks at some time during the year, and soil material of high bulk density
between the cracks (Soil Survey Staff 1999). Soil Taxonomy defines a slickenside horizon as a layer with
more than two slickensides, which may be intersecting, with their long axes tilted 20 to 60 degrees from
the horizontal. This slickenside horizon must be at least 25 cm thick, with the upper boundary occurring
within 100 cm of the mineral soil surface.

May 2019

Page 44

2019 Alberta Soils Tour

According to the World Reference Base for Soil
Resources, Vertisols should have the following
features (IUSS Working Group WRB 2015):





30% or more clay in all horizons to a depth
of at least 50 cm;
cracks, at least 1 cm wide, develop in most
years from the soil surface down to a depth
of 50 cm;
intersecting slickensides, or wedge-shaped,
or parallel-piped structural aggregates,
occur at some depth between 25 and 50
cm.

Figure 12-1. Gilgai micro-topography at Stop #7

Vertisols can occur with or without gilgai (IUSS Working Group WRB 2015).

Site and Soil Description at Stop #7






Ecodistrict and Land System: Wintering Hills, Little Fish Upland (McBride et al. 1995) with
mainly Chernozemic soils developed on glacial till; significant wetlands and Solonetzic soils on
moderate and high-relief hummocky moraine.
Soil Correlation Area, Elevation, Specific Subgroups (SCWG 1998) and Parent Material: SCA 4,
885 m asl, Orthic Humic Vertisol and Dark Brown Solonetzic Chernozems on fine and very fine
textured glaciolacustrine.
Grassland Vegetation Inventory (GVI): GVI provides detailed mapping of Ecological Range Sites,
characterized as GVI site types (ASRD 2011). Vertisolic soils and Vertic intergrades are
characterized in GVI as the Clayey (Cy) site type in native natural landscapes.

Figure 12-2 provides the GVI characterization with site type classification percentages and polygons. The
Cy site type is not recognized at the Stop 7 location because the clayey areas are smaller than the
minimum upland polygon size of 5 ha.

Laboratory Results for Stop #7
Chemical and physical lab analysis data for soils at the Stop #7 are provided in Tables 12-2 and 12-3.
Table 12-2. Chemical properties of Vertisolic and Vertic intergrade soils (thin Ah phases) at Stop #7
Soil Series
and
Depth,
Subgroup Horizon
cm
Orthic
Humic
Vertisol

Vertic Dark
Brown
Solonetz
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Exchangeable Cations (mg/kg)
pH
(CaCl2)

EC,
dS/m

SAR

CEC
Sat., % TOC, % (cmol/kg)

Ca

Mg

Na

K

SO4

22

-----

-----

-----

-----

-----

2.5

40

9.6

5.4

87

5.3

150

2.7

------

8.5

3.5

97

2.2

180

70

------

------

250

120

430

15

1900

-----

4.6

17

------

-----

-----

-----

-----

68

2.5

------

7.5

4.6

84

9.0

62

9.0

85

------

------

51

24

290

16

530

7.4

85

------

------

370

220

670

44

2800

Ah

0 - 10

-----

------

------

-----

7.8

Bv1

30 - 40

5.9

0.7

6.7

68

Bv2

40 - 50

6.1

0.8

8.6

68

BCsss

50 - 65

6.8

4.7

6.8

Ah

0 - 10

------

------

------

Bntss

10 - 22

6.5

0.7

7.2

BCss

22 - 50

8.2

1.9

CKsss

50 – 70

8.0

5.7
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Figure 12-2. Grassland Vegetation Inventory at Stop #7
Table 12-3. Physical properties of sampled soils at Stop #7
Orthic Humic Vertisol

Vertic Dark Brown Solonetz

Horizon

Depth,
cm

Sand, %

Silt, %

Clay, %

Texture

Ah

0-9

26

45

28

CL

Bv1

30 - 40

14

32

54

C

Bv2

40 - 50

17

34

49

BCsss

50 - 65

13

36

50
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Hzn

Depth,
cm

Sand, %

Silt, %

Clay, %

Texture

Ah

0-9

26

51

23

SiL

Bntss

9-22

24

33

43

C

C

BCss

22-50

16

29

55

C

C

Cksss

50 70

10

25

65

HC
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13 Stop #8 – Surface Evidence of Soil Movement in Vertisolic Soils at
Munson Cemetery
J.A. Brierley, Pedologist, retired from Agriculture and Agri-Food Canada
R.L. McNeil, President of LandWise Inc.
This chapter provides a site summary, a profile description, an analysis of the Drumheller soil series at
the Munson Cemetery (Brierley et al. 1996), and interpretations related to agriculture and engineering.





Ecodistrict and Land System: Drumheller Plain, Morrin Plain (McBride et al. 1995).
Soil Subgroup and Parent Material (SCWG 1998): Orthic Humic Vertisol, fine-textured
glaciolacustrine.
Soil Series, Soil Correlation Area and SLM: Drumheller (DMH), SCA 4, DMHzz1/U1h.
Elevation and Legal Location: 762 m asl, 2-30-20-W4, at south end of the Cemetery.

Field and Laboratory Results
Brierley et al. (1996) described two soil profiles on the same side of a 1-m long pit at the Munson
Cemetery. The profile that is not provided in Table 13-1 was described adjacent to a large (>20 cm wide)
infilled crack or fracture extending to 90 cm depth. The profile present on the other side of the fracture
was distinctly different as carbonates were present after a depth of 10 cm.
Table 13-1. Drumheller soil series profile description at Munson Cemetery (Brierley et al. 1996)
Depth
Horizon
(cm)
Ap
0 - 10

Bm

10-50

Bmkssj

50 - 78

Bssk

78-150

Soil Profile Description: Colour; Texture; Structure; Consistence; Roots; Thickness Range;
Horizon Boundary; Carbonate Reaction.
Dark gray (10YR 4/1 crushed dry), very dark brown (10YR 3/1 crushed moist); heavy clay;
weak, medium subangular blocky and strong, fine granular; firm; very few, very fine,
random, inped; abrupt, smooth
Very dark grayish brown (10YR 3/2 crushed moist), black (10YR 2/1 crushed moist); heavy
clay; weak, coarse prismatic and weak to moderate, medium subangular blocky; friable;
very few, very fine, random, inped; 35-98 cm thick, gradual, wavy
Dark gray (10YR 4/1 exped moist); heavy clay; moderate, coarse angular blocky and strong,
medium angular blocky; friable; very few, very fine, random, inped; 0-28 cm thick, diffuse,
wavy. moderate effervescence
Very dark grayish brown (10YR 3.5/2 exped moist); heavy clay; strong, coarse angular
blocky and strong, medium angular blocky; very few, very fine, random, inped; moderate
effervescence

Agricultural Use and Management
Soils classified as Vertisols and Vertic intergrades in Alberta, Saskatchewan and Manitoba are excellent
soils for annual cropping. Soils developed on the Regina clays are considered some of the best wheatproducing lands in Saskatchewan. In general, the clay soils in the plains of western Canada have a
significantly higher inherent fertility status than coarse-textured soils (Brierley et al. 1996). However,
clay soils present tillage limitations such as extreme stickiness when wet and hard surface clods when
dry. The specific heat capacity of these soils is three to four times higher than for coarse-textured soils,
which take longer to warm up in the spring and may delay germination and seedling emergence.
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Table 13-2. Chemical analysis of Drumheller soil series at Munson Cemetery (Brierley et al. 1996)
Horizon
Ap
Bm
Bmkssj
Bssk

Depth,
cm
0-10
10-50
50-78
78-150

pH
(CaCl2)
6.9
7.1
7.7
7.8

TOC, %
3.6
2.5
1.8
1.6

Total N,
CEC,
%
C:N Ratio cmol/kg
0.2
18.0
59.6
0.2
12.5
60.4
0.1
18.0
52.3
0.0
-----44.2

Exchangeable Cations, cmol/kg
Ca
Mg
Na
K
37.1
10.9
0.1
2.5
35.2
14.0
0.3
1.5
58.4
16.7
1.1
1.1
55.2
15.0
2.1
0.9

CaCO3
Equiv., %
0.3
0.2
4.7
7.6

Table 13-3. Physical analysis of Drumheller soil series at Munson Cemetery (Brierley et al. 1996)
Horizon
Ap
Bm
Bmkssj
Bssk

Depth, cm
0-10
10-50
50-78
78-150

Sand, %
2
2
2
1

Silt, %
24
20
22
20

Clay, %
74
78
76
79

Fine Clay, %
19
57
53
46

Texture
HC
HC
HC
HC

Table 13-4. Relative abundance of clay minerals in Drumheller soil series at Munson Cemetery
(Brierley et al. 1996)
*Clay
MicroPlagioFractions Smectite Chlorite
Mica
Kaolinite Quartz
cline
clase
Calcite
Fine
Mod.
Minor
Minor
Minor
Minor
None
None
None
Bm
10-50
Coarse
Minor
Minor
Minor
Mod.
Mod.
Trace
Trace
None
Fine
**Ab.
Minor
Minor
Minor
Minor
None
None
None
Bssk 78-150
Coarse
Mod.
Minor
Minor
Mod.
Mod.
Trace
Trace
Minor
Notes: *Clay fractions: Fine clay is <0.2 µm; Coarse clay is 0.2 µm to 2 µm. **Ab = abundant; Mod. = moderate.
Vermiculite was not found in any of the samples.
Hor.

Depth,
cm

Dolomite
None
None
None
Minor

Erosion can be problematic for agricultural management of clay-rich soils (Brierley et al. 1996). Water
erosion can be severe in areas of gentle to moderate gradients due to the low permeability and high
potential for surface runoff. Wind erosion generally only occurs if there is negligible crop residue or
other surface protection. Cropping systems in the Drumheller glacial lake basin are dominated by
reduced tillage, with secondary zero tillage operations. Both systems are efficient and practical methods
to prevent soil degradation and to build soil health.

Engineering Interpretation
Vertisolic soils present engineering limitations due to inherently high shrink-swell potential and low
bearing strength (e.g. building sites, roads and/or pipeline construction). Engineers conduct tests to
derive parameters that are used as a basis for design criteria. Parameters include bearing capacity,
coefficient of linear extensibility (COLE) (FAO-UNESCO 1973), shear strength, potential volume change,
permeability, thermal conductivity and Atterberg constants (liquid limit, plastic limit and plasticity index)
(Brown 1977). The Soil Taxonomy uses COLE values in the recognition of Vertisolic soils (Soil Survey Staff
1999). Structures built on Vertisolic soils are subject to extreme pressures due to volume changes of up
to 50%; this affects integrity and stability of buildings. The presence of fractures may result in slope
instability issues (slumping), cracks in roads and sidewalks, and possible disruption of utility lines.
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14 Soil Variability Analysis at Munson (en route discussion)
R.L. McNeil, President of LandWise Inc.
B.D. Walker, P.Ag (Retired), Owner/CEO of BeauTerre Soilscapes Consulting Inc.
The Soil Variability Analysis to Enhance Crop Production (SVAECP) project, which was completed in 1999,
developed an internet-based decision-information system on agricultural soil properties to assist
agronomists, producers, retailers and researchers with management of soil variability throughout the
agricultural portion of Alberta. Project partners included Alberta Agriculture, Food and Rural
Development; Agriculture and Food Council; Agrium; Westco; LandWise Inc; BeauTerre Soilscapes
Consulting Inc.; Exova Group (formerly Norwest Labs); InfoHarvest Inc.; and Agriculture and Agri-Food
Canada.
The project focused on identifying soil property information pertinent to slope position at 101 locations
in Alberta. The sites were selected using the 1:100,000-scale Agricultural Region of Alberta Soil
Inventory Database (AGRASID, ASIC 2019) to represent regional climates, soils, parent materials, and
land management systems. For example, 18 sites represent the Dark Brown soil zone. Detailed soil and
landscape data were collected on a landscape basis with samples from upper, mid and lower slope
positions along three transects. Data include pH, organic matter content, topsoil depth, depth to lime,
electrical conductivity, bulk density, macronutrient fertility status, and related land history and crop
management. Digital Elevation Model Data were used at some sites to determine slope segments,
gradient, length, aspect, and topographic relief. Field-specific management issues were identified,
including strategies for soil sampling, nutrient management and other potential issues. Example issues,
observations and recommendations were provided.
Soil Variability to Enhance Crop Production (SVAECP) is freely available at: www.infoharvest.ca/SVAECP.

Soil Variability Analysis Results of the Munson Site





Site Number and Legal Land Location: SVAECP Site 02-12, Township 30 Range 20 West of the
Fourth Meridian.
Soil Zone, Parent Material, and Expression: Dark Brown, very-fine textured glaciolacustrine,
undulating.
AGRASID SLM: DMH2/U1h, Orthic Humic Vertisol with significant Gleyed and Gleysols. This SLM
represents 4.32% of the Drumheller Plain Ecodistrict.
Agricultural Land Use: Rain-fed continuous cropping.

Topsoil data for pH, electrical conductivity, organic matter and macronutrients is averaged by slope
position in Table 14-1.
Table 14-1. Average laboratory results by slope position for topsoil samples (0-15 cm).
Slope Segment

pH

EC, dS/m

OM, %

NO3-N, ppm N

PO4, ppm P

K, ppm K

SO4, ppm S

Upper

8.2

0.4

3.5

4

13

600

7

Mid

8.2

0.4

3.3

3

10

567

2

Lower

8.1

0.4

3.5

3

14

550

3
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Soil variability by slope position is largely absent at the Munson site; soil characteristics are
relatively homogeneous.
Topsoil pH, EC, OM and macronutrient levels are not usually related to slope position, because
many soil properties are uniform, and the landscape is gentle to undulating.

The complete analytical results for SVAECP Site 02-12 at Munson are provided in Table 14-2.
Table 14-2. Laboratory results for specific transect locations and slope positions at Site 02-12.
Transect

Slope
Position
Lower

A

Mid

Upper

Lower

B

Mid

Upper

Lower

C

Mid

Upper

Sample
depth, cm

pH

EC,
dS/m

OM,
%

CaCO3,
%

NO3-N,
ppm N

PO4,
ppm P

K,
ppm K

SO4,
ppm S

0-15

8.5

0.45

3.1

2.4

2

14

450

6

15-30

8.6

0.50

2.7

4.0

2

6

324

6

30-60

8.0

4.83

8.5

2

12

163

>20

0-15

8.4

0.48

3.2

1.8

3

9

502

1

15-30

8.6

0.59

2.7

2.6

2

5

359

5

30-60

8.7

0.84

2.6

2.6

3

9

413

13

0-15

8.1

0.42

3.5

1.2

5

18

>600

2

15-30

8.4

0.38

2.7

3.9

3

12

379

1

30-60

8.9

0.36

14

2

9

134

3

0-15

8.2

0.36

3.8

<0.5

3

11

>600

2

15-30

8.5

0.34

3.6

0.8

2

5

459

1

30-60

8.6

0.69

2.2

3

8

445

8

0-15

8.0

0.35

3.6

3

13

>600

2

15-30

8.5

0.38

2.9

30-60

8.8

0.66

2

6

331

1

5.3

3

13

338

8

0-15

8.4

0.38

3.2

1.7

3

11

>600

16

15-30

8.7

0.33

1.5

20.3

3

12

150

1

30-60

9.0

0.34

13.6

2

12

202

6

0-15

7.7

0.45

3.5

15-30

7.9

0.18

3.3

30-60

8.7

0.73

0-15

8.1

0.33

3.0

15-30

8.6

0.31

2.4

30-60

8.9

0.36

1.7

0-15

8.1

0.38

3.7

15-30

8.4

0.36

3.0

30-60

8.9

0.72

3

17

>600

2

<0.5

2

9

525

3

2.5

2

10

479

14

4

9

>600

2

2

9

321

1

1

10

206

9

3

11

>600

2

2

4

344

<1

2

8

332

11

6.2

Observations and Recommendations Pertinent to SVAECP Site 02-12 (Munson)



High pH values and presence of carbonates may limit phosphorus (P) availability and inhibit
germination.
Elevated SO4 levels in subsoil, especially on mid and lower slopes, indicate soil churning and
water movement through cracks.
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High potassium (K) levels (due to weathering of clays) – fodder grown on these soils may be
problematic for beef and dairy animals.
Composite or benchmark methods are both appropriate strategies for soil sampling at site
02-12.

On our return to Red Deer, we will drive by a different SVAECP Site (02-13). This site is located east of
Trochu, AB, and is representative of fine-textured lacustrine deposits, with the Soil Landscape Model
described as a DMHzz1/IUl. A digital elevation model was developed and analyzed for site 02-13. Refer
to the SVAECP website www.infoharvest.ca/SVAECP to obtain data on the Site 02-13 or any other
SVAECP sites.
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15 Stop #9 – Hamlet of Rowley: Community Kept Alive by Partying
K. Dlusskiy, Ph.D., P.Ag., Senior Soil Scientist, Paragon Soil and Environmental Consulting Inc.
The hamlet of Rowley, AB, is found on a very gently sloping landscape dominated by Orthic Humic
Vertisols (80%, Drumheller soil series) and Gleysols (20%) developed on very fine textured
glaciolacustrine sediments (ASIC 2016, 2019).
Rowley was established in 1910 as a train station on the railroad that served the area from Drumheller
to Stettler. The town grew in the 1920s after United Grain Growers built the first industrial style elevator
by the station. At its peak, Rowley reached a population of about 500, had schools, a church, a hospital
and a municipal district office. It survived “the dirty” 1930s despite frequent fires that took out some
homes and businesses.
The town declined in the 1950s. The decline was the result of the building and upgrading of local
highways and roads that bypassed the town. As a result, many businesses closed due to the dwindling
amount of traffic. The last school and railway station were closed in 1965, followed by the grocery store,
which closed in 1973.
New hope came to the town in the mid-eighties when its rural flavor caught the attention of major
moviemakers. Bye, Bye Blues, The Magic of Ordinary Days and Legends of the Fall were filmed here.
Then the Alberta Prairie Steam Train, a private tourism operation, began running along the old central
Alberta rail line. The grain elevators in town were closed in 1989, a result of modern-day shift from the
pioneer wooden grain elevators along the central Alberta rail line to selected "super-elevators" in larger
centers. Tourism dollars encouraged the remaining residents to buy the elevators for $1 each and
restore them.
In 1997, the Alberta Prairie Steam Train canceled their tours to Rowley. CNR pulled its track in 1998
ending the 88 year-long railway story of Rowley. Currently, Rowley is just eight people short of a ghost
town. However, Sam's Saloon is still open for business, and
tourists still trickle in. Once a month the saloon swells with
hundreds of people from the surrounding area for a party
called, “pizza night” and the revenue is donated to maintain
Rowley’s historic charm (Maimann 2018, Bachusky online,
www.acrockofschmidt.com/2016/08/02, Alberta Culture and
Community Spirit 2006).

Facts about Rowley





Population: 9 (6 in the winter) and 15 cats
Founded in 1910, population reached 500 in 1920s
Filming site of the movies Legends of the Fall, Bye, Bye
Blues and The Magic of Ordinary Days
Monthly pizza night raises revenue for power, gas and
upkeep of the town.
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16 Stop #10 – Mudspring Lake, Saline Gleysolic Soils
R.L. McNeil, President of LandWise Inc.






Ecodistrict and Land System: Drumheller Plain Ecodistrict, Morrin Plain Land System (McBride et
al. 1995) with mainly Chernozemic soils developed on moderately-fine textured till; significant
Vertic Dark Brown Chernozems.
Soil Correlation Area, Elevation, and Soil Landscape Model: SCA 4, 820 m asl, ZGW 14/U1l,
dominant Gleysolic soils with significant saline Rego Dark Brown Chernozems and Solonetzic
soils. This Soil Landscape Model is misrepresented; it should recognize dominant saline soils.
Grassland Vegetation Inventory: Site type classification, percentages and polygon boundaries
are shown in Figure 16-1.

Figure 16-1. Grassland Vegetation Inventory at the southern end of Mudspring Lake.

Classification of Gleysolic Soils in Canada: Defining Criteria
Gleysolic soils are wetland soils that formed under prolonged conditions of periodic or sustained
saturation with reducing conditions. The word “gley” is of Russian origin and means “sticky blue clay”
(Bedard-Haughn 2011). Gleysolic soils typically occur in basinal settings with prolonged surface water
collection or a high water table.
Many Gleysolic soils are poorly or very poorly drained, and some are imperfectly drained. The
classification of the Gleysolic Order and Gleyed subgroups does not depend on drainage class
(McKeague et al. 1986). Some Gleysolic soils occur in areas where drainage modifications have improved
the drainage to moderately well or well-drained.
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Gleysolic soils are defined based on colour and mottling, both of which indicate periodic or continuous
reducing conditions during soil formation. Colour is the most useful and easily observable indicator of
the oxidation/reduction status prevailing during soil genesis. Soil matrix colours and mottles that
identify soils within the Gleysolic Order are shown in Table 16-1. To qualify within the Gleysolic Order,
mottles must be ≥1 mm in size and comprise an area of ≥2% of an unsmeared mineral horizon ≥10 cm in
thickness, and the upper boundary must occur within 50 cm of the mineral surface (SCWG 1998).
Gleysolic soils in the plains and forested regions of Alberta typically are of non-red hues, and typically
have brighter mottles. Soils with dark chroma (<1) were generally formed under conditions of
permanent saturation; they may lack the mottles that indicate alternating periods of oxidation and
reduction.
Table 16-1. Colour criteria for soils in the Gleysolic Order. Adapted from Bedard-Haughn (2011)
Matrix is a Red Hue
Defining
Parameters
Matrix Chroma
Mottles*

5YR or redder

Matrix is a Non-Red Hue
7.5YR and 10YR

Yellower than
10YR

Bluer than 10Y

All Other Non-Red
Hues

N/A

≤2

≤3

≤1

≤1

Distinct or Prominent

Prominent

Prominent

May be present

None

Gleysolic Great Groups and Subgroups
Three Great Groups were established for the Gleysolic order: Luvic Gleysol, Humic Gleysol, and Gleysol
distinguished on the presence or absence of an Ae horizon or an Ah (Ap) horizon or both. Each Great
Group has five or six subgroups, listed in Table 16-2 in the order they are keyed out. For example, the
subgroups in the Luvic Gleysol Great Group are keyed out first, starting with Vertic Luvic and proceeding
down to Orthic Luvic and then to the Humic Gleysol Great Group. Gleysolic soils in Alberta are most
commonly in the Orthic, Humic Luvic, or Rego Subgroups (Table 16-2).
Table 16-2. Summary of Great Groups and Subgroups in the Gleysolic Order
Gleysolic Great Groups
Luvic Gleysol (with
Ae or Ahe, and Btg)

Humic Gleysol (Ah or
Ap ≥10 cm and no Bt)

Gleysol (Ah or Ap absent or
<10 cm thick, and no Bt)

Vertic: Intergrading to the Vertisolic Order,
with slickensides or Vertic horizons or both

Vertic Luvic

Vertic Humic

Vertic

Solonetzic: Intergrade to Solonetzic Order,
with a hardpan B

Solonetzic Luvic

Solonetzic Humic

Solonetzic

Fragic: A loamy subsurface horizon of high
bulk density and low organic matter; brittle
when moist and hard when dry

Fragic Luvic

Humic Luvic: Ah >10 cm or Ap >15 cm, with
>2% organic carbon; with Ae or Ahe leached
horizon

Humic Luvic

Fera Luvic

Fera Humic

Fera

Orthic Luvic

Orthic Humic

Orthic

Rego Humic

Rego

Simplified Explanations of Subgroup Types

Fera: Contains accumulated hydrous iron
oxide, possibly due to oxidation of ferrous
iron. With high chroma and rusty mottles
Orthic: General properties of the Great Group
Rego: The B horizon is <10 cm thick or absent
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Mudspring Lake – A Groundwater Discharge Basin
A recharge area is the portion of a drainage basin where the net saturated flow of groundwater is
downwards and away from the water table. A discharge area occurs where the net saturated flow of
groundwater is upwards and toward the water table. The water table is usually close to the surface in
discharge areas, and at deeper depths in recharge areas. Recharged groundwater moves laterally
downslope, and areas of artesian salinity occur where water from a pressurized aquifer emerges at
ground surface in lower areas (Freeze and Cherry 1979).
Mudspring Lake is an excellent example of groundwater discharge in a hypersaline (saltier than
seawater) evaporative lacustrine basin. Geologic logs recorded by Alberta Environment and Parks
(online) indicate that a thin layer of shallow oxidized and fractured till (up to about 7.5 m thick) overlies
an unoxidized dark gray till ranging from about 4.5 to 13 m thick. Shallow groundwater flows from the
northeast through the thin fractured till, and discharges in the topographic depression of Mudspring
Lake. Well data (Alberta Environment and Parks online) confirm that saline artesian groundwater
pressure occurs throughout the area of Mudspring Lake, producing springs or soap holes that are visible
in the southern portion of the basin (Figure 16-1). Hypersaline lacustrine basins like Mudspring Lake are
common in the northern Great Plains. Discharge lakes exhibit a wide range of chemistry depending on
geomorphology, groundwater input, and climate, but they tend to be high in sodium and sulphate and
low in chloride (Last and Ginn 2005), consistent with the groundwater chemistry recorded at Mudspring
Lake.
Characteristic relationships between groundwater flow and soil properties in southwestern Manitoba
were described by Eilers (1973). Eluviated soils are associated with recharge areas and saline and
carbonated soils are associated with discharge areas. Topographic drainage basin models have also been
described in southwestern Saskatchewan (Freeze 1969) and North Dakota (Abel et al. 1995), with
distances between prominent recharge and discharge areas being approximately 6 to 10 km in these
examples. Each of these discharge examples are characterized by abundant carbonate, gypsum, and
saline materials concentrating in evaporative basins, in a model similar to Mudspring Lake.
The classification system for Gleysolic soils (Table 16-1) is limited for classifying soils in saline and
hypersaline discharge basins (SCWG 1998). Almost all soils in saline basins lack B horizons and they often
lack a topsoil horizon. Under the Canadian System of Soil Classification, they can be classified only as
Rego Gleysols or Rego Humic Gleysols with the use of the saline phase (SCWG 1998, Bedard-Haughn
2011). Carbonated soils often meet the colour criteria for Gleysolic soils, but they may lack the mottles
that confirm genesis under saturated or reducing conditions, possibly because oxidation by near-surface
water movement inhibits mottle development (Miller et al. 1989). Colours usually used to diagnose
Gleysolic soils may be obscured by geochemical properties in saline and/or carbonated discharge areas.

Grassland Vegetation Inventory and Wetland Classification
Classification of wetlands in the northern Great Plains and the prairie zone of Alberta has been
enhanced by the wetland classification system of Stewart and Kantrud (1971), which is based on
recognized vegetation zones that develop in response to normal seasonal variations in the water period.
The groupings are characterized by distinctive plant community structure, assemblages of plant species,
and ponding regime. The Grassland Vegetation Inventory (GVI) of Alberta correlates to the wetland
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classification of Stewart and Kantrud (1971) as shown in Table 16-3. GVI is tied to visible differences
using detailed imagery. GVI, which uses a minimum polygon size of 1 ha for wetlands, provides much
more detail and precision compared to AGRASID, with a minimum polygon size of 64 ha, and municipal
soil surveys, with minimum polygon sizes of 30 to 50 ha. The Grassland Vegetation Inventory is complete
for the Grassland Natural Region of Alberta and extends into the Parkland Natural Region and a small
portion of the Foothills. GVI includes all Alberta municipalities south of a line from Provost in the east
through Paintearth, Stettler, Kneehill and Mountain View at the west. The Lentic Alkali (LenA) site type
used in GVI represents saline and hypersaline discharge basins (Table 16-3 and Figure 16-1). Fresh-water
wetlands, such as those noted at Stop #2, include Lentic Temporary, Lentic Seasonal, and Lentic Semi to
Permanent site types. Zones enhanced by lateral movement of subsurface water at Stop #2 include
Lentic Temporary and Subirrigated site types (Figure 7-1).

Table 16-3. Correlation of the Grassland Vegetation Inventory (GVI) to prairie wetland classification
Wetland Zone (Stewart
and Kantrud 1971)

Water Regime –
Degree of Flooding
(USFWS online)

Normal Ponding
Duration

Water
Depth,
cm

Low Prairie

Rare

Few days in spring

<15

Lentic Temporary (LenT)

Wet Meadow

Temporary

Few weeks in spring

<15

Lentic Seasonal (LenS)

Shallow Marsh

Seasonal

1 to 3 months

>15

GVI Wetland or Transitional Site
Types
Subirrigated (Sb)

Lentic Semi to Permanent (LenSP)
Lentic Alkali (LenA)
Lentic Semi to Permanent (LenSP)
Lentic Alkali (LenA)

Deep Marsh

Semi-Permanent

About 5 months

>15

Intermittent Alkali

Intermittent

Varies

Varies

Permanent Open Water

Permanent

Most years

>15

Fen (Alkali Bog)

Saturated

High water table

>15

Soil Analyses Applicable to Stop #10, Mudspring Lake
The Gough Lake (GLK) soil series describes a saline phase Rego Gleysolic soil developed on fine-textured
glaciolacustrine deposits in the Northern Fescue (SCA 4). The Gough Lake soil series does not have an
analytical description, but the Dishpan (DHP) soil series, which occurs in the Dry Mixedgrass (SCA 1), has
similarities to Gough Lake (Kjearsgaard et al. 1983). The Dishpan soil series is developed on moderatelyfine textured lacustrine, although it may have fine-textured layers such as clay at 61-91 cm (Tables 16-4
and 16-5). Dishpan soils commonly have a surface salt crust, particularly during mid- and late summer,
when evaporation exceeds groundwater input.
Stop #10 focuses on the evaporative basin at the southern end of Mudspring Lake. Peripheral upslope
wetland areas of the basin may be described with the Fleet (FLT) soil series (Wells and Nikiforuk 1988),
describing a weakly calcareous and moderately saline Orthic Humic Gleysol developed on fine-textured
glaciolacustrine deposits (Tables 16-4 and 16-5). Another soil series in SCA 4 that may be like areas
adjacent to the basin is the saline variant of Throne (THRsa), which is a moderately calcareous Rego
Gleysol (saline phase), developed on medium-fine to moderately-fine textured lacustrine deposits.
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Table 16-4. Chemical analyses of soils applicable to Stop #10
Depth,
cm

pH

ACs
Cgsk1

Rego Gleysol
saline phase
(Dishpan)

Orthic Humic
Gleysol, mod.
saline weakly
calcareous
(Fleet)
Notes:

ZpH

Soluble Cations, meq/L

EC,
dS/m

SAR

TOC,
%

TEC,
meq/100 g

Ca

Mg

Na

K

SO4

0-5

z8.4

4

----

1.9

----

----

----

----

----

----

5-38

z8.4

33

----

----

----

----

----

----

----

----

38-61

z8.2

27

----

----

----

----

----

----

----

----

Cgsk3

61-91

z8.3

19

----

----

----

----

----

----

----

----

Cgsk4

91-107

z8.5

11

----

----

----

----

----

----

----

----

Ap

0-10

Y7.1

----

----

14.4

55.0

----

----

----

----

----

Bg

10-20

Y7.9

3.3

25.3

2.7

37.7

2.6

2.8

42.0

0.1

39.7

Csakg

20-45

Y8.0

8.3

18.9

----

----

21.8

17.1

83.5

0.7

125.0

Cskg

45-75

Y8.1

7.1

7.0

----

----

4.3

2.8

13.3

0.2

20.9

75-130

Y8.2

5.8

25.4

----

----

5.3

6.5

62.6

0.5

75.0

Soil Subgroup

Horizon

Cgsk2

Ckg

method is H2O.

YpH

method is CaCl2.

Table 16-5. Physical analyses of sampled soils applicable to Stop #10
Rego Gleysol saline phase (Dishpan)
Horizon

Depth,
cm

Sand, %

ACs

0-5

27

Cgsk1

5-38

Cgsk2

38-61

Cgsk3
Cgsk4

May 2019

Orthic Humic Gleysol, mod. saline, weakly calcareous (Fleet)

Clay, %

Texture

Horizon

Depth,
cm

Sand, %

Silt, %

Clay, %

Texture

61

12

SiL

Ap

0-10

16

41

43

SiC

19

63

18

SiL

Bg

10-20

11

38

51

C

15

60

25

SiL

Csakg

20-45

15

35

50

C

61-91

9

39

52

C

Cskg

45-75

22

30

48

C

91-107

14

46

40

SiCL

Ckg

75-130

71

22

7

SL

Silt, %
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17 Stop #11 – Exposure of Sedimentary Bedrock at Hunting Hills
Ridge
L.D. Andriashek, Quaternary Geologist with Alberta Geological Survey
E.W. Karpuk, Resource Inventory Specialist, Alberta Environment and Parks

History of the Hunting Hills Name
Hunting Hills represents a series of bedrock-controlled hills oriented in roughly NW-SE linear fashion
along the east side of Red Deer from the Red Deer River Canyon south across Highway 11 and Secondary
Highway 589, then southeast to its highest point at Radar Hill. Parts of the divide then extend to Horn
Hill and Antler Hill to the southwest. This line of hills is often referred to by the locals as “The Divide”
(confirmed by local historian, Michael Dawe, 2019). Originally, these features were named Hunt Hill and
Hunter’s Hill according to records from the Palliser Expedition in 1858 (Spry 1968). The name(s)
originate from the fact that these hills were considered excellent historical hunting grounds for First
Nations people. There is some suggestion these hills contain remnant buffalo jumps somewhere south
of Secondary Highway 595, also known as the Delburne Road. Hunting High School, located in the
southeast part of Red Deer, takes its name from the hills, which can be clearly seen to the east. Another
name for this range of hills is the Blue Hills, especially evident during summer evenings due to the hue
from rural subdivisions, such as Poplar Ridge located west of Red Deer (Source: Dawe 2019, email
conversation). For further information on Radar Hill, refer to
http://albertadiscoverguide.com/site.cfm?grid=E3&number=12

The Paskapoo Formation
“Paskapoo” is the Cree word for “blind man”. This sedimentary formation was first described by
J.B. Tyrrell in 1887 in outcrops along the Blindman River near its confluence with the Red Deer River
north of current location of the City of Red Deer (https://en.wikipedia.org/wiki/Paskapoo_Formation).
The Paleogene Paskapoo Formation constitutes the uppermost preserved clastic unit of a series of
eastward-thinning, continentally derived wedges deposited in a foreland setting within the Alberta Basin
(Jerzykiewicz 1997, Hamblin 2004). Strata in the lower part of the Paskapoo Formation lie in a shallow
homocline that dips westward, forming the eastern limb of the Alberta Syncline. In contrast, upper
strata of the Paskapoo Formation are nearly horizontal due to the eastward-tapering wedge geometry
of the formation (Hamblin 2004). From its eastern subcrop and outcrop margin, the Paskapoo Formation
thickens westward to as much as 800 m at the margin of the Cordilleran deformation belt (Figure 17-1).
The Paskapoo Formation comprises dominantly alluvial fan and fluvial floodplain facies resulting from
deposition associated with orogeny (Hamblin 2004). It is generally accepted that the lower boundary of
the Paskapoo Formation is defined by first thick (>5 m) sandstone that overlies the uppermost coal seam
of the underlying Ardley coal of the Scollard Formation (Gibson 1977, Demchuk and Hills 1991). This is a
disconformable contact, representing a hiatus of about 1.2 million years (Lerbekmo et al. 1990, 1992,
2008). The upper boundary of the Paskapoo Formation is an erosion surface, which marks the bedrock
top across its extent. An evaluation of the quality and rank of coal beds in the near-surface of the
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Alberta Plains (Nurkowski 1985) showed that these
Plains coal beds had previously been buried by at
least 900 m of sediment, indicating that the
Paskapoo Formation must have been significantly
thicker prior to erosion. Much of the Paskapoo
Formation is weakly lithified – in most places the
weathered upper metre or so can be excavated
with a shovel.

Internal Stratigraphic Divisions
Demchuk and Hills (1991) proposed a threemember division of the Paskapoo Formation. The
lowermost Haynes Member is characterized by
multi-storey channel bodies, forming a massive (up
to a 100 m thick) conglomeratic sandstone unit that
is regionally extensive and continuous. In outcrop,
this unit weathers to a buff colour and forms
resistant cliffs along valleys. This cliff-forming
characteristic may have biased early interpretations
of the Paskapoo Formation as being dominantly
Figure 17-1. Thickness of the Paskapoo Formation
composed of sandstone. While not visible at Stop
#11, an erosional remnant of the Haynes Member forms the prominent Hand Hills east of Drumheller,
which is visited earlier in the Tour. The overlying Lacombe Member is characterized by light grey to
olive-green, interbedded siltstone and mudstone, with thin coal or carbonaceous beds and minor
sandstone and conglomerate. The Lacombe Member constitutes the bulk of the Paskapoo Formation
but because of its recessive nature, outcrops of the member are relatively uncommon. An exposure of
the Lacombe Member is located at the confluence of the Blindman and Red Deer rivers, north of Red
Deer. The uppermost Dalehurst Member consists of interbedded sandstone, siltstone, mudstone, shale
and coal, with the type section (type log) dominated by buff-coloured, cliff-forming sandstone and
siltstone. The Dalehurst Member is characterized primarily by the occurrence of thick coal beds of the
Obed-Marsh coal zone, which is confined to a small erosional remnant located northeast of Hinton. Noncoal bearing units of sandstone of the Dalehurst Member (Sunchild aquifer bodies) extend into the
plains and are found as discontinuous remnants in the Red Deer area. Sandstone exposed in outcrops in
the Hunting Hills (Stop #11) is interpreted to be part of the Dalehurst Member (Sunchild aquifer system).

Mapping aquifer systems in the Paskapoo Formation: Just how sandy is the Paskapoo
Formation?
Recently, a geostatistical approach was applied to map aquifer systems in the Paskapoo Formation
where correlation of channel sandstone bodies proved to be difficult using conventional geological
mapping methods (Lyster and Andriashek 2012). A depth-slice analytical method was used to derive
sandiness values for intervals within the Paskapoo Formation. Sandstone abundance was calculated in
25 m thick slice intervals from approximately 2,400 oil and gas gamma ray logs. In addition, water-well
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driller’s descriptions of geological material from about 35,000 water-well lithologs were coded into a
bimodal classification scheme – sandy and non-sandy sediment. The results of the slice analysis revealed
that sandstone is estimated to make up 40% of the Paskapoo Formation, with single- and multi-storey
channel sandstone bodies constituting about 30% volume of the entire Paskapoo Formation.
A probabilistic geostatistical method was then applied to model the 3D proportion of sandstone within
specified volumes within the subsurface. Their model defined the geometry of both horizontal and
vertical sandstone connections, which delineated the boundaries of regional aquifer systems. Their
results, depicted in Figure 17-2, reveal the architecture of connected sandstone bodies (>60%
sandstone) that define the Haynes and Sunchild aquifer systems in the Paskapoo Formation.

Figure 17-2. Sunchild Aquifer
a) Edge-on view of the Sunchild aquifer, Lacombe aquitard and Haynes aquifer.
b) Remnants of the Sunchild aquifer almost onlap the Haynes aquifer as the wedge of muddy
sediments of the Lacombe aquitard thins to the east.
Stop #11 is situated at the eastern edge of the Sunchild sand bodies.
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Paralithic Material vs. Lithic Contact
The Soil Taxonomy defines paralithic as material that is partially weathered or weakly consolidated
bedrock, which is permeable and penetrable by plant roots (Soil Survey Staff 1999). Paralithic material is
sometimes referred to as “diggable” bedrock. In AGRASID, the term softrock is synonymous with
paralithic material. A lithic contact is the boundary between the soil material and consolidated
“undiggable” bedrock. In the Alberta Soil Names File, soil variants are used to recognize the depth to
paralithic and lithic contacts present within soil profiles. If the contact depth is between 30 and 99 cm,
XP denotes paralithic variant and XL denotes lithic. If the contact depth is between 100 and 200 cm,
then paralithic and lithic codes are YP and YL, respectively (ASIC 2016).
Soil profiles developed on sedimentary bedrock ridges, such as the example at Hunting Hills, typically
have paralithic material and a lithic contact within the control section. As the present-day soil
developed, pedogenic processes not only altered the upper surficial materials, but also altered the
underlying bedrock. The resulting paralithic horizons consist of a matrix of variable textured material
with a variable percentage of local bedrock coarse fragments. The percentage of coarse fragments
increases with depth until consolidated bedrock, or the lithic contact, is encountered.

Land System and Local Soils
Hunting Hills lies within the Pine Lake Upland in SCA 9 (Thick Black Soil Zone of Southwest-Central
Alberta). The soil series on this ridge is the well-drained Antler Hill Orthic Black Chernozem paralithic
variant with softrock at 30-99 cm below the surface (ASIC 2019). The parent material consists of a
veneer of moderately fine (SCL, SiCL, CL) glacial till over Paskapoo Formation sandstones. On top of the
ridge the till overlay is quite thin and gets thicker downslope.
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