PROCEEDINGS
OF
THE SYMPOSIUM ON
WATER MANAGEMENT AFFECTING
THE WET-TO-DRY TRANSITION:

PLANNING AT THE MARGINS

Water Studies Institute

University of Regina
Regina, Saskatchewan
November 8-9,1988

Editors
W. Nicholaichuk & H. Steppuhn




98—

SALT LAKES OF WESTERN CANADA:
A SPATIAL AND TEMPORAL GEOCHEMICAL PERSPECTIVE

William M. Last?

ABSTRACT

The Great Plains of Canada stretch from Winnipeg west-
ward to the Foothils of the Rocky Mountains. This is a vast
region of flat to gently rolling terrain interrupted only by
occasional steeply sided, deeply entrenched river valleys.
Within this region there are thousands of salt lakes.
Indeed, nearly all of the surface water present in the Great
Plains of Canada is saline. In this regard, the Northern
Great Plains of Canada is unigue: there is no other area in
the world that can match the concentration and diversity of
saline lake environments exhibited in the prairie region of
Manitoba, Saskatchewan, and Alberta. These salt lakes and
sloughs are a very important component of the prairie land-
scape and ecosystem. They provide a major staging ground for
over B0% of North America's ducks; their brines and salt
deposits are a source of valuable industrial minerals, con-
tributing over $50,000,000 annually to the prairie economy ;
their sediment records contain clues about past climates andg
environmental changes that have occurred in the region.

Geochemical, sedimentological, and environmental data
have been collected from nearly 400 of the lakes in this
region. The brines show a great range in concentrations on
both a spatial as well as a temporal basis. Although many of
the lakes are dominated by Na and SO., there is considerable
diversity in ionic composition, with nearly every major water
chemistry type represented. Statistical analyses suggest
that the most important factors controlling the brine chemis-
try in this region are basin morphology, climate, and ground-
water,

The chemical diversity of the lakes gives rise to a sur-
prisingly complex suite of endogenic and authigenic minerals.
A wide variety of Na and Mg sulfates, chlorides, carbonates,
and silicates are present in the modern sediments of the
lakes. The stratigraphic sequences in selected basins sug-
gest that significant changes have occurred in brine composi-
tion during the last 12,000 years.

‘Department of Geological Sciences, University of Manitoba,
Winnipeg, Manitoba.



INTRODUCTION

"In this region, there are numerous ponds
and small lekes in the hollows among the hills,
most of them being more or 1less brackish or
naugseous to the taste from the pregsence of
sulphates of magnesia and soda and other salts.
During the dry season of autumn, the water eva-
porates completely from many of these ponds
leaving their beds covered by the dry white
salts, which look like snow and are blown about
in the wind. Around all the ponds, except
those which become completely dry, there is a
rank growth of reeds, sedges and grasses, the
deep green colour of which forms a strong con-
trast to the dull grey appearance of the
stunted and scanty grass of the hills, which
indeed, in many places are almost bare." J. S.
Bell, 1875.

The Northern Great Plains of western Canada contain
thousands of lakes. These lakes show a tremendous diversity
in size, basin morphology, hydrology, hydrochemistry, and
sedimentary and biological characteristics. As pointed out
in the above quote from one of the first scientific efforts
in this region, in much of the area ponded saline and hyper-
saline brines are the only surface waters present. In this
water stressed region of western Canada any changes in lake
salinity or chemistry are of major concern to the environmen-
tal manager.

Salinity has a significant impact on the emergent vege-
tation of the lake's littoral =zone and thus influences the
value of the area as a waterfowl nesting and staging ground.
In addition to the importance of this surface water within
the realm of wildlife conservation, future industrial and
agricultural development in the Great Plains will likely lead
to conflicts and potential environmental problems associated
with the lakes in the region. For example, western Canada is
presently the world's 1leading producer of natural Na,;SO..
This valuable industrial mineral is extracted by solution and
open pit mining of deposits in the more saline lakes of the
region. 1f the demand for Na,SO4 continues to increase as it
has in the last decade, more lakes will be leased and more
mining operations initiated. Increased industrial develop-
ment of this type will have a profound impact on the wetlands
resource.

1f the future industrial and agricultural development
that is projected for this region is to take place with a
minimum of damage to the natural environment, high priority
must be given to the study and understanding of the salinity
and chemistry of the lakes and the factors that control their
chemical variability. The purpose of this paper is to exam-
ine, on a regional scale, the hydrochemistry of lakes in the
Northern Great Plains.
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PREVIOUS WATER CHEMISTRY WORK

. _The Northern Great Plains lie between i
Shield to the east and north and the Rocky IOCMMMW:MwMMQMw:
west.  Northcote and Larkin (1963) summarized the early 1i <
nological ommOnnm.m: this 350,000 km? area of vestern nw:mam
In one of the first systematic lacustrine surveys in nrm
region, Rawson and Moore (1944) reported the water chemistr
of 53 lakes mnoe southern Saskatchewan. Although still :om
as mm<m:mum a8s in some parts of North America our knowled
and nrmaanmu characterization of the ucnmmnm waters of nmm
Great Plains has progressed considerably in the last 1§
years. Rutherford (1970) showed that Mg, Na, and SO, compo-
nents are the most common in Saskatchewan m:m.nnnoo:mnmm mw<
main water types on the basis of ionic ratios He °
nmwmnoa Spatial variation in water types to the anam
dients and groundwater composition in the province. More
recently, Hammer (1978) reported the water chemistry for 60
mmuusm lakes in southern Saskatchewan and also stressed the
importance of Mg, Na, and SO, in these basins. Other impor-
WWMM:mQWMM%mwuosm nm<mnw:mA smaller geographic areas of unvm

i ude : ovett (1958) and Bierhui
m_wmwv w: Ccentral m:n eastern Alberta; cnw<mwnwwmmmw:M:M~Mme
MMMrouwrWVAﬂmmwwvmmwumwvoz Mountain area of western Manitoba;
1 e Moose Mountain ar t -
rmnn:mtwav Hartland-Rowe (1966) in mOanmmmmwwm M%mequ mmma
Lieffers and Shay (1983) in central Saskatchewan. Loan

REGIONAL SETTING

The Northern Great Plains a i
. h ) , vast region of over 3
km?, is the agricultural heartland of Canada and meWOMMmm
MMHMMNHMMM wm nwm movwwwnwo: of western Canada. The region
erize y at to gently rolling topogr
» - . = m 7
MMWmMWMMme.m nmpa, Seml-arid climate. vpmmwnonwsm nwsmmswmm
ation has resulted in a thick mantl H i
dated glacial, glaciofluvial i Strine sedioemt
: and glaciolacustrin di
overlying the en Y ! 1 and Tertiers
vmmwonr.a generally flat lying Cretaceous and Tertiary
From the standpoint of salt lak
F : e development th
most important M7wmmnau features of the nwmmo:vmnm :mom owww
anwwmwa\m~mmwnmnmnuo: ratios and the presence of large areas
reic drainage. Although the mean annual
. ) temperat
MmmmW@cw won would wsvHM _relatively low m<mUo~mnwow nmnMMo
nnmmnum :usaw.. low 7ceu@.n<~ and warm summer nmannmnCHam
< m:M WMQGOHmnuo:\vnonuvunmn.o: ratios of generally between
Jeqiog mw.mvo M:wom<nnwam annual moisture deficit over the
Te u mm. These climatic featur i
with the poorly integrated draj i ich neatly s tnred
inage, 1in which nearly a i
MMHWWcMwMM“m mmmxmnnwo:m: and eastern Alberta is nowomnwwme
: » result in a large number of saline 1
- - mx
diverse morphologies and sedimentary characteristics. es %M
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contrast to many other areas of the world
an abundance of salt lakes,

a local or regional scale.

Groundwaters in the region are of several
Most of the groundwater

by Ca, Mg, and HCO3; ions.
tion,
SO; ion rather than HCOj. The shallow bedrock aquifer
(Upper Cretaceous and younger rocks) are mainly Na-HCO; i
southern Alberta, Ca-Mg-Na-SO; in Saskatchewan, and Ca-Mg-Na
HCO3 in western Manitoba.

bedrock contains higher salinity water (up to 300 ppt TDS
that is usually dominated by Na and Cl.

SOURCES OF DATA

The deeper Paleozoic and Cenozoic

in which there is
the Northern Great Plains region
is tectonically stable, does not exhibit striking topographic
relief,

nor is there dramatic lithologic diversity on either

main types.
in unconsolidated surficial deposits

is of low to moderate salinity (< 3000 ppm TDS) and dominated

In the areas of lowest precipita-
shallow drift groundwater is usually dominated by the

s
n

)

Much of the data used in this paper is derived from pre-

viously published sources.
tion is from Last (13984},

Most of the Saskatchewan
and Rozkowska

Hammer (1978),
and Roskowski (196S).

and Govertt
Information on Manitoba lakes is from Barica (1978),
Driver (1965), and Thomas (1959)}. In addition to the 268
published lake water analyses, 111 previously unpublished
analyses are also included to bring the total number of lakes
discussed in this report to 379. Most of these analyses rep-

resent single samples, however, some of the data are averages
of numerous samples collected over

a perioé of months or
years. Of the 379 lakes used in this study, 11% are located
in Manitoba, 73% in Saskatchewan, and 16% in Alberta (Figqg.
1),
CHEMICAL CHARACTER OF THE LAKE WATERS
General

The lake waters of the Northern Great Plains show a con-
siderable range in ionic composition and concentratior.

The
lakes range in salinity from relatively dilute water (0.1 ppt
TDS) to brines more than an

order of magnitude greater than
normal sea water (Table 1). While the "average" lake water
has about 31 ppt TDS, nearly 85% of the lakes surveyed have
salinities less than 20 ppt.

Although the lakes are dominated by only a

few major
these major solutes exhibit a considerable range in
concentrations and relative proportions.

The freguency dis-
tributions of Mg, Na+K, Cl1, and SO. concentrations in the

ions,
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informa-
Rutherford (1970},

The data on Alberta
lakes is mainly from Bierhuizen and Prepas (1985)
(19581} .
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Table 1. Mean Chemical Composition of Saline Lakes of the
Northern Great Plains. Values in brackets indicate
range. Concentration units are mmol/l except for Total
Dissolved Solids, which are parts per thousand. Total
number of lakes used in analysis is 379.

Total Dissolved Solids 31.8 (0.02-408)
Calcium 7.8 (0.0-1150.0)
Magnesium 6B8.4 (0.0-2814.1)
Sodium 345.2 (0.0-4832.7)
Potassium 5.1 (0.0-644.5)
Bicarbonate i2.4 (0.0-312.0)
Carbonate 17.9 (0.0-1008.0)
Chloride 54.8 (0.0-2961.6)
Sulfate 4021 (0.0-2467.0)

lake waters of the region are multimodal (on a log'0 basis)
as opposed to the Ca and HCO; ions which show a more normal
distribution pattern.

Ionic Ratios

zmmnucheﬂwsmuow:mﬂmwnosnomwwWOJnMUmmmwmnnmmmnﬂm&
in lakes of the Northern Great Plains (Fig. 2). S0. and car-
bonate rich lakes clearly dominate the anion field comprising
over 95% of the total lakes. The cation raties are much more
diverse with the abundance of all three major types showing
approximately subegual proportions. The "average" lake is
the region shows: Na>>Mg>Ca>K and S0.>>C1>HCO;>CC5.

- f

Trends and Interrelationships Among Maijor Ions

Most of the solutes in the lake waters of the Northern
Great Plains increase in concentration with ncreasing total
salinity (Fig. 6). Na, K, anc S0:; ions show the best corre-
lation with TDS, while Ca and carbonate concentrations are
less directly related to salinity.

The proportions of some of the soclutes also show a sys-
tematic change with salinity (Fig. 3). Nz and SU. 1ncrease
in relative ionic proportion from less than 30% equlivalents
in dilute lakes to generally more than 90% in lakes with more
than 10 ppt TDS. Ca and HCO, proportions show an inverse
relationship with salinity, decreasing from over 70% eguiva-
lents in the dilute waters to nearly 0% in lakes with more

than 25 ppt TDS.

Spatial Variation

Ca HCO34CO,

% EQUIVALENTS

Na+K ClI

379 LAKES
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CHLORIDE (EQ/L)
TOTAL 270 LAKES

SALINITY (TDS -PPT)
TOTAL 310 Laxes

SASKATCIC WaN SASKATOCHEWAH

SCOUMIEQ 1)
TORAL 310 1AN S

SULFATE (EQ /L)
TOTAL 379 LARES

SASKATCIL WAN o ALOCRIA SASKATOE WaN

BCARBONATE (EQ/L)
TOTAL: 370 LAKES

CALCILM (EQN)
rOTAL: 370 LAKCS

SATKAIO® wan

. [} v ’ ) a° ﬁGw
m_@c-@ 4 m—ubﬂ_w— variation in T al s :__ﬁv~ Na Cl SO
ot al Ca and h n
wh— ine lakes of the Nor them Great Plains.
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A major complicating factor in characterizing the chem-
istry of the salt lakes of the Northern Great Plains is that
many of the lakes exhibit playa characteristics: filling with
water during the spring and early summer and dr ing during
the late summer or fall. Last and Schweyen Admmuw estimate
that 85% of the salt lakes in this region are influenced by
this type of seasonal hydrologic cycle. This strong season-
ality of water levels gives rise to dramatic changes in both
ion concentrations and ratios, as demonstrated by numerous
studies. For example, Last (1987, 1984) shows that Ceylon
Lake, a salt-dominated playa in southern Saskatchewan, annu-
ally undergoes changes in concentration from about 30 ppt TDS
to greater than 300 ppt. This lake also exhibits dramatic
fluctuations in ionic ratios on a seasonal basis from a
Na=-(Mg)-S0.-HCO, type in early spring to a Mg-{(Na)-C1-s0,
composition by fall, Unfortunately, only a few lakes in the
the Northern Great Plains have undergone periodic detailed
sampling over a period of years.

Long-Term Temporal Variation

Because lake basins are sinks for sediment they provide
a very important source of information about past chemical,
hydrological, and climatic conditions in the drainage basin
and surrounding area. The sediment records of topographi-
cally closed basins, in particular, offer excellent opportu-
nities to evaluate changes in the chemical nature of the
brine and the inflowing waters, and to relate these changes
to climatic fluctuations or evolutionary changes in the wat-
ershed of the lake. Although the literature on the paleo-
chemistry of saline lakes is small relative to that of fresh-
water lacustrine environments, numerous examples exist which
demonstrate the large potential of salt lake sediment records
in terms of deducing past geochemical conditions (e.g.,
Smith, 1979; Bowler, 1981; Smith et al., 1983; wWasson ct al.,
1384; spencer et al., 1985). However, paleocenvironmental
interpretations of salt lake sediments are not without pit-
falls. Saline and hypersaline lacustrine environments are
amongst the least understood depositional regimes in sedimen-
tary geclogy. Thus, interpretations of the preserved strati-
graphic records are hampered by this incomplete understanding
of the modern depositional and diagenetic processes.

Few of the many thousands of saline lake basins in the
Northern Great Plains have been examined from a sedimentolo-
mmnmw\mnnmnmmnmbsmn perspective. Of the approximately 400
lakes for which water chemistry has been documented, we have
knowledge of the sediments in only about a third of these.
Similar to the early brine composition work, initial sedimen-
tological efforts on these lakes stressed the dominance of
sodium sulfate salts, and were directed mainly toward basins
with large reserves of economically important industrial min-
erals. We now realize that the lakes exhibit a complete
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