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ABSTRACT

Many springs in Alberta have been studied and observed — some
observations date back as far as 1898. In the recent past, various authors and
organizations have made observations and published a few studies. This
report looks at about 600 springs on a provincial scale.

The province of Alberta has a variety of springs, a variety which is directly
related to geology and lithology, to the topography and, thus, to groundwa-
ter flow, and to the position of a spring relative to a particular physiographic
region. The first part of this report looks at the spatial distribution of the
springs by region, flow rate, water temperature, and water chemistry. In the
second part, the report describes in detail several springs that were chosen
because of the magnitude of their discharge (Maligne Canyon karst springs),
or because of their geologic and lithologic setting (Storm Creek Springs,
Butte Springs, and Bow lIsland Spring), or because of associated mineral
depositions and their chemical characteristics (La Saline Spring, Obed
Spring).

Springs having the largest discharge and the least mineralization are
generally found in the Rocky Mountains where fracture, fissure, and
cavity-type permeabilities are encountered, together with steep groundwater
gradients, relatively short flow systems, large amounts of precipitation, and
proximity to recharge areas. Away from the Rocky Mountains and towards
the northeast and the southeast of the province, the character of the
permeability changes to an intergranular type, although there is some
fracturing of the sediments in the plains. Groundwater gradients are
moderate and flow systems are possibly longer than in the mountains. Water
quality deteriorates towards the northeast and the southeast. In general,
spring waters change from a calcium-magnesium bicarbonate type in the
Rocky Mountains to a calcium-magnesium sulfate or sodium-sulfate type in
the Interior Plains to a sodium-chloride type in the Devonian subcrop area in
northeastern Alberta.
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INTRODUCTION

Spring, in this report, is defined by Meinzer (1923):
“A spring is a place where, without the agency of
man, water flows from a rock or soil upon the land
or into a body of surface water.”

Springs have been used by man since time im-
memorial. Some springs were considered sacred in
ancient times, and the curing qualities of some
springs were acknowledged then as now in many
parts of the world. Villages, towns, and cities all
over the world use or have used springs for their
water supplies. Spring waters, for many people,
are a symbol of purity and are used in manufactur-
ing food products and beverages. Advertising
adroitly emphasizes the use of these waters — Cool
Spring beer in Alberta, for example. Several fish-
rearing stations in Alberta (Waterton, Jasper, and
Raven hatcheries) have used or still use spring
water.

In Alberta, although springs have been observed
for a long time, this natural phenomenon has not
been studied on a provincial basis. The location of
springs, particularly well-known springs such as
the Crowsnest Spring, have been indicated on
topographical and geological maps of Alberta from
as early as 1941 (Beach and Hume, 1941). The
Middle and Upper Hot Springs at Banff and Miette
Hot Springs in Jasper National Park have been
advertised widely as tourist attractions.

Springs are mentioned in geological (Allan and
Sanderson, 1945; Allan and Carr, 1947) and other
reports of the Alberta Research Council where
springs and other discharge features are discussed
to some extent. Many springs found, observed, and
sampled during the course of field work are
indicated on the Alberta Research Council’s hydro-
geological maps and are mentioned in various
reports (Toth, 1966, 1971; Tokarsky, 1971a, 1971b,
1974; Ozoray, 1972, 1974, 1976; Ozoray et al., 1980;
Vanden Berg and Geiger, 1973; Borneuf, 1974;
Hackbarth, 1975; Currie, 1976a, 1976b and Stein,
1976). This study describes the physical and chemi-
cal characteristics of many springs in Alberta in
order to evaluate aspects such as discharge, water
quality, and pollution, and to relate these to
potential use.

Springs selected for study are characterized by one
or both of the following features: (1) a flow rate
equal to or greater than 3.8 L/s (50 igpm); (2) a total
dissolved solids content equal to or greater than
1000 mg/L. In addition, to provide a better under-
standing of the variety of springs found throughout
the province, several springs presenting strongly
developed characteristics were selected — major
salt, calcareous tufa, iron or sulfur depositing
springs; hot and warm springs; examples of soap
hole areas; springs due to man’s activities; and a
few saline streams and springs related to the
presence of Devonian carbonate rocks located in
the northeastern part of the province.

This report is in two parts. Part one contains
general aspects of springs in Alberta including the
distribution of springs by regions, lithologies, flow
rates, water temperature, and water chemistry. Part
two describes in detail a selection of springs typical
of those issuing from the main rock types in the
province. Characteristics such as geology, mineral
deposits, temperature, and chemistry are de-
scribed. Each spring area is presented showing
topography, drainage, and geology. The relation of
each spring to the geology is illustrated on a
cross-section, and photographs of many spring
sites are presented.

Springs issue mainly from limestones and dolo-
mites, sandstones, shales, coals, evaporites, col-
luvium, and alluvium. Appendix A contains a list of
the springs used in this report.

PREVIOUS WORK AND PRESENT INVESTIGATION

Thermal and mineral springs found in the province
were observed and described by Dowling (1911,
1912); Elworthy (1917, 1918, 1926); Satterly and
Elworthy (1917); Warren (1927); Pickering (1954);
and Waring (1965). Tilden (1898) mentioned algae
in the Banff Upper Hot Springs. Boyle and Mcln-
tosh (1914) talked about the presence of radium in
some western Canada springs. Some thermal and
mineral springs in the southern Rocky Mountains
of Alberta and British Columbia were observed and
described by van Everdingen (1972). Souther and
Halstead (1973) reviewed the mineral and thermal



waters of Canada. Karst spring studies have been
conducted parallel to karst studies by Brown (1970)
and Ford (1971a and b). These studies cover such
mountain springs as the Crowsnest, Ptolemy, Cast-
leguard, and Maligne Canyon karst springs, the
latter being the largest in the province and among
the largest in the world. The Butte Springs, a few
miles southeast of Rocky Mountain House, have
been studied and portions of the observations were
reported by Geoscience Consulting Ltd. (1975).
Numerous springs of varying importance have
been observed and sampled by various investiga-
tors of the Alberta Research Council in all parts of

the province. Hydrogeological maps published by
the Alberta Research Council show many of these
springs. This information has been gathered
throughout the years and is stored in the files of the
Groundwater Department of the Alberta Research
Council. Data for this report are from those files
and from various other reports, supplemented by
additional information gathered in the field during
the summer and fall of 1976, during which time
observations and samplings were conducted in
every physiographic region of the province. Field
work also included an airborne survey in the
northeastern region of the province.

PART ONE

THE PHENOMENON OF SPRINGS

Figure 1 outlines the groundwater regions of the
province {Ozoray, pers. comm.). These regions are
general subdivisions based on geology, orography,
climate, vegetation, and soils. The main subdivi-
sions are based on the orography and geologic
setting of which the province is divided into the
Rocky Mountains, the foothills, the crystalline
shield, and the Interior Plains region, which is
further divided into sub-regions such as the oil
sands area of the Fort McMurray region and the
Devonian subcrop area. The Interior Plains are
mostly composed of soft Cretaceous sediments.

The climate, vegetation, and soils allow a further
subdivision of the Interior Plains into four sub-
regions. One such region extends from northwest
of High Level in the northwestern part of the
province to southeast of the town of St. Paul in
east-central Alberta. This sub-region is forested
and has short cool summers. The second sub-
region, which extends south of the first sub-region,
is forested and has a foothills ecosystem. Examples
of the third type of sub-region, which has parkland
and grassland vegetation and long cool summers,
are the Peace River-Grande Prairie area, the areas
around Edmonton, Red Deer, and Calgary, and the
area west of Lethbridge. Finally, the steppe sub-
region, with both moist and dry grassland, is found
in southeastern Alberta.

OCCURRENCE AND DISTRIBUTION

Springs are found in a wide range of geographic
and hydrogeologic settings, and are frequently

found at break points in slopes. Some springs issue
from pools like the Ink Pots. “The name Ink Pots
was given by the Warden Service of Banff National
Park to a group of springs located in that Park. It is
based on the one feature that makes these springs
of more than passing interest, namely the greenish
milky appearance of the water in ponds 5 and 6 as
compared with that of the other ponds” (modified
from van Everdingen, 1972). A similar example is
found in Bow Valley Provincial Park. Other springs
issue from the bottom of lakes like the blue holes
(Barnes, pers. comm.}; the blue-hole springs are a
variation of the Ink-Pot types in that these springs
issue from the bottom of lakes and that the water is
a similar color. They have been observed in the
Brazeau area (Plate 1), in Maligne Lake, and in other
parts of the Rocky Mountains and foothills. Others
start at high elevations from perched aquifers
(Storm Creek Spring, see page 42). The various
types of springs are related to the permeability
characteristics of the aquifer from which they issue.
These permeabilities can be of intergranular, fis-
sure, fracture, dissolution channel, or fault type, or
a combination of all of these. Springs can also be
the result of sharp permeability contrasts, as in
contact springs.

The most common and widespread type of spring
is the contact spring, which is found mainly in the
Interior Plains. Contact springs are found at the
contact between two layers of materials with
sharply contrasting permeabilities, such as surficial
sediments resting on shales or sandstones of
lesser permeability, or sandstones resting on top of
shales. Very often seepages are contact springs. At
Trapper’'s Cabin Spring (Appendix A, No. 355) near



PLATE 1. Blue holes in the Brazeau River valley

Rocky Mountain House, groundwater discharges
from surficial sediments (sands, gravels, and clays)
overlying shales; spring waters here deposit
calcareous tufa over a fairly large area (Plate 2). In
the Edson area similar springs have been observed
at several locations (Appendix A, Nos. 439, 441,
445). Springs of this type have also been found
along the eastern shore of Long Lake (Appendix A,
No. 187) and in the Cypress Hills Park. Within the
Edmonton city limits, on the north bank of the
North Saskatchewan River to the west of the Groat
Bridge, a series of springs issue at the contact
between the till and the underlying shales of the
Wapiti Formation (Appendix A, Nos. 168-169).

Although springs issuing from fissures and frac-
tures are sometimes found in the plains region of
Alberta, the majority of such springs, due to the
presence of faults and dissolution channels, are
found in the Rocky Mountains and the foothills
regions of Alberta. Turtle Springs, located to the

west of the Frank Slide in southwestern Alberta, are
probably related to the presence of the Turtle
Mountain thrust fault. Banff Upper Hot Springs
may be related to the Sulphur Mountain thrust
fault; the Fortune Spring west of the Spray Lakes
reservoir to the presence of the Bourgeau thrust;
Miette Hot Springs to the presence of the Hot
Spring fault; and Canyon Creek Spring, southwest
of the town of Bragg Creek, is located near the axis
of an anticline in the Banff and underlying forma-
tions.

In the Rocky Mountains regions, many karst
springs have been located and observed. A karst
spring can be defined as the natual occurrence of a
stream from a karst, which, in turn, can be defined
as “‘the aggregate of the characteristic landforms
produced primarily as a result of solutional remov-
al of mineral in rock” (Ford and Quinlan, 1973).
Karst springs are numerous and some are quite
spectacular. The most important ones are the



PLATE 2. Calcareous tufa deposition at Trapper’'s Cabin Spring, west of Rocky Mountain House

Maligne Canyon karst springs, the Castleguard Big
Springs, the Canyon Creek Springs, and the Crows-
nest and Ptolemy karst springs.

The Butte Springs (see page 34), southeast of
Rocky Mountain House, belong to a different type
of spring; they appear to be a resurgence of the
waters of the Clearwater River through underflow
in sand and gravel deposits. A similar situation
appears to exist close to the town of Okotoks in
south-central Alberta. As indicated by the tempera-
ture data, the Bow Island group of springs (see
page 40), which issues from gravels, is probably
from a resurgence of water from a lake above and
upstream from them.

Figure 1 shows that, of the 568 springs included in
this study, most are in the Rocky Mountain and
foothills regions. These two physiographic areas
also have the largest and most spectacular springs

found in the province issuing from karstic rocks
(Maligne Canyon, page 19; Mount Castleguard,
page 21; and Crowsnest, page 21). The Alberta
Interior Plains contain an uneven scatter of springs
with the greatest concentration in a belt more or
less parallel to the foothills and extending from
Grimshaw in the northwest to the Cypress Hills in
the southeast. In the remainder of the Interior
Plains, springs are distributed sparsely.

DISCHARGE

The magnitude of discharge from springs largely
depends on the permeability of the water-bearing
material, the hydraulic gradient, and the amount of
water available for recharge.

The presence of predominantly fracture and cavity-
type permeabilities partly explains the larger dis-
charge values in the foothills and mountain regions



compared with the Interior Plains where inter-
granular permeability is most common. Also,
annual precipitation, which is directly related to the
amount of water available for recharge to aquifers,
differs significantly from about 230 mm (9 in) in the
southeastern part of the province to 1020 mm
(40 in) and possibly higher in the mountain regions
(Environment Canada, 1973).

The discharge of springs in various environments
in Alberta ranges from innumerable trickles to very
large outflows such as Maligne Canyon karst
springs in Jasper National Park. These karst
springs have a maximum discharge rate greater
than 37 m¥s (about 800 cfs) (Plate 3), making them
“probably the world’s largest karst springs” (Ford,
1969). Between these two extremes are numerous
springs with discharge rates of less than 3.8 U/s
(50 igpm) in all regions of the province. Figure 1
contains the location and the order of magnitude
for Alberta springs included in this report. Most
springs in the Interior Plains have discharge rates
of 3.8L/s (50igpm) or less, with a very few
exceptions, such as Bow Island Springs (see page
40) and the one located below Waterton reservoir
(Appendix A, No. 27). These springs are exceptions
because of local conditions; they issue from allu-
vial sediments (sands and gravels).

Table 1 shows the distribution of discharge rates
for springs included in this report.

About 77 percent of the springs have discharge
rates ranging from 0.1 to 100 L/s (1.32 to
1320 igpm) (Table 1) and belong to the fourth, fifth,
and sixth orders of magnitude. Within these three
categories, 42 percent belong to the fifth order of
magnitude (1 to 10L/s or 13.2 to 132 igpm). In
general, the discharge rates decrease from the
mountains towards the plains (Fig. 1). The com-
bined effects of steep gradients, extensive fracture
permeability, the nature of the sediments, and
higher precipitation values result in higher dis-
charge rates in the mountains and foothills regions.
The combined effects of gentle gradients, inter-
granular permeability, generally lower precipita-
tion values, and the nature of the sediments are
responsible for much lower discharge rates in the
plains, particularly in northeastern Alberta.

PLATE 3. One of the Maligne Canyon springs, in the lower
Maligne Canyon

The exceptions to this trend are due to local
conditions; for example, the occurrence of more
permeable alluvium or bedrock channel sediments
results in higher discharge rates.

VARIABILITY OF DISCHARGE RATES
AND PERMANENCE

The discharge rates of individual springs vary
greatly, more so for those located in the foothills
and mountain regions than for those in the plains.
An example of the variability in spring discharge is
Butte Springs (see page 34) in the foothills region
about 26 km (16 mi) southeast of Rocky Mountain
House. “The springs are located 1 miles or less
from the Clearwater River and are due to underflow



of river water through ailuvial gravels at low points
on the alluvial flats” (Geoscience Consulting Ltd.,
1975). The discharge of these springs was meas-
ured periodically for eighteen months (1971-72)
and was found to range from 230 L/s to 4242 L/s
(3000 to 56 000 igpm). A karst spring (Appendix A,
No. 352), found along the northern shore of Abra-
ham Lake (Fig. 2) west of the town of Nordegg, that
issues from limestone, had an estimated discharge
of about 760 L/s (10 000 igpm) at the end of July
1976; a week later the flow had decreased to about
4 L/s (50 igpm). Discharge from the Castleguard
Big Springs (see page 21) (karst) was found to
range from 9.1 to >11.3 m%/s (320 to >400 cfs) in a
ten day period in August 1961; in April 1961, these
springs were entirely dry (Ford, 1969). The Banff
Upper Hot Springs (Appendix A, No. 288) dried up
completely in March 1923 (van Everdingen, 1972).

Field observations and discussions with local peo-
ple can provide a good idea of the permanence of a
spring. In remote areas, however, field observa-
tions at a specific location at one time are not
enough to determine the degree of permanence of
many springs.

Calcareous tufa deposits indicate once flowing
springs that are now dry; for example, in the
Brazeau River valley and south of the Bistcho Lake
area in northwestern Alberta. Many springs in all
three physiographic regions are probably non-
permanent.

in probably 99 percent of the cases, the flow regime
of Alberta springs is unknown. Eighteen months of
discharge measurements were taken at Butte
Springs (see page 34) and at the Maligne karst
springs (see page 19). In general, spring discharges
have seldom been monitored. The study of hydro-
graphs of various types of springs in various
environments throughout the province would pro-
vide valuable information concerning the question
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TABLE 1. Distribution of spring discharge rates
Discharge rate* No. of
Metric English springs**  Percent
| =10 m?/s >132 000 (igpm)} 1 0.2
1l 1-10 m3/s 13 200-132 000 (igpm) 2 0.5
[} 0.1-1 m¥/s 1320-13 200 (igpm) 23 5.6
v 10-100 L/s 132-1320 (igpm) 76 18.7
\' 1-10 L/s 13.2-132 (igpm) 172 423
Vi 0.1-1L/s 1.32-13.2 (igpm) 64 15.7
Vil 0.01-0.1 L/s 0.13-1.32 (igpm) 33 8.1
Vil <<0.01L/s <<0.13 (igpm) 35 8.6
*After Meinzer (1923) 1, Il etc: Meinzer's order of magnitude
**Springs with known discharge rates that are included in this report




of the rates of recharge and the permeabilities of
various aquifers. These rates of recharge and, to
some degree, the permeability values, are not very
well known and are often guessed at when trying to
establish a groundwater balance. These aspects
deserve study.

TEMPERATURES

Various geographic, climatologic, and hydrologic
factors acting individually or together influence
spring temperatures. Geographic factors include
latitude, altitude, and the nature of the vegetative
cover. Climatologic factors are mean annual air
temperature and influence of precipitation. Hydro-
logic factors are the length of flowpath from the
recharge to the discharge point at the spring,
permeability of the sediments along that same flow
path, and depth to which the water travels before
reaching the spring.

The temperatures of the springs included in this
report were measured at different times of the year.
The range of temperatures (see Fig. 3) varied from
less than 1°C in the mountains and the northern
parts of the province, to 51.2°C at Miette Hot
Springs (Appendix A, No. 432).

The coldest and hottest springs in Alberta are
located in mountain and foothill areas. The moun-
tains-foothills area can be divided into a-northern
half and a southern half with respect to tempera-
ture values. According to the data available to date,
the northern half of the area has cooler spring
temperatures on the average. An area of warmer
springs surrounds Miette Hot Springs (see Appen-
dix A, No.432). Only one spring found in this
general area, however, would be considered warm
(according to the definition of Schoeller, 1962): “A
warm spring is one whose temperature is at least
5°C above the mean annual air temperature.” This
spring has a temperature of 12°C, compared to a
mean annual air temperature of 2.6°C at Jasper
town. Two springs near the Alberta-British Col-
umbia boundary (Appendix A, Nos. 541 and 548)
can also be considered warm springs with temper-
atures of 9°C and 14°C. The northern half of that
same area has two other warm springs. One should
be careful, however, when examining these
temperature values, because continuous tempera-
ture records are unavailable for the province,

excepting those of Miette Hot Springs (see Appen-
dix A, No.432). Several of these springs may
possibly be warmed by the sun.

The springs of the southern half of the mountains-
foothills region have, on the average, higher
temperatures, particularly south and east of the
area of Banff Upper Hot Springs (Appendix A,
No. 288) and Vermilion Lakes Hot Spring (Appen-
dix A, No. 290), whose average water temperatures
are 45.4°C and 20°C, respectively.

The high temperatures of Miette and Banff Springs
may indicate deep groundwater circulation, possi-
bly related to faults in the area. If one uses a
geothermal gradient of 1°C/33 m (100 ft) of depth
increase (AAPG, 1976) and a mean annual air
temperature of 2.8°C and 2.6°C (Environment Cana-
da, 1973) for the towns of Jasper and Banff,
respectively, the depth of groundwater circulation
would be equal to 1620 m (5320 ft) for Miette Hot
Springs (Appendix A, No. 432) and 1480 m (4860 ft)
for Banff Upper Hot Springs (Appendix A, No. 288).
This, however, is only an approximation. A cooling
effect may occur if ascending hot water is being
mixed with colder water at shallower depths and
the geothermal gradient may be different from the
value used here.

Warm and hot springs are the exception rather
than the rule in the mountains-foothills region of
the province. Spring waters are usually cold in
these areas, ranging from less than 1°C to about
5°C.

Cold and warm springs are found in the Interior
Plains. In southern Alberta, temperatures above
5°C are found along a band parallel to the foothills.
The reasons for this trend, which are not known,
could be due to many factors. Heat from the sun
could be an important reason, at least in southern
Alberta. One spring with a temperature of 14°C, at
the northern end of this trend, has been reported to
be truly a warm spring (Barnes, pers. comm., 1975).
In northern Alberta south of Bistcho Lake, most
water temperatures measured in 1977 were above
10 to 12°C, except one spring associated with tufa
deposition which had a temperature of 1.3°C. This
low temperature is probably due to the fact that the
spring is located in the discontinuous permafrost
zone.



in the rest of the province, temperatures range up
to 21°C but, due to a poor distribution and scarcity
of temperature measurements, a particular trend
cannot be discerned.

CHEMICAL TYPES

Generally, mineralization and chemical types of
spring water vary greatly over the province of
Alberta. In contrast to this provincial diversity,
regional unity is obvious in the mountains, the
foothills, and the northeastern portions of the
province (see Fig. 5, the Piper diagram). The map of
chemical types (Fig. 4) also indicates the types of
spring waters in the main physiographic regions of
the province.

Mineralization of Spring Waters

Total dissolved solids (TDS) values of water from
springs throughout the province range from a
minimum of 22 mg/L in the mountains to over
300 000 mg/L in the Devonian subcrop area in the
northeastern part of Alberta. This wide range of
values is somewhat misleading because high TDS
values are few and are limited to a small area. TDS
contents of spring waters are generally low and
quite often below 1000 mg/L. Good quality spring
waters exist most everywhere in the province,
although exceptions are found in various regions.

As mentioned earlier, in the mountains-foothills
region, the combined effects of steep gradients,
short flow systems, extensive fracture permeabil-
ity, the nature of the sediments encountered, and
higher precipitation are responsible for the lower
TDS. The least mineralized (lowest TDS content)
spring waters are found in these areas. The great
majority of these springs have TDS contents rang-
ing from 24 to about 500 mg/L (Fig. 4) and among
these a few have TDS lower than 100 mg/L. Some
springs have TDS up to 2450 mg/L. These highest
values are found at the boundary between the
foothills and the plains regions and also “. . . in the
deeper valleys at the faulted basal contact of thick
carbonate rock units’’ (Barnes, 1977) in the north-
ern half of the mountains-foothills region.

In the plains region of Alberta, the combined
effects of gentle gradients, longer flow systems,
intergranular as well as local fissure and small
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FIGURE 5. Piper diagram showing distribution of chemical
types by physiographic regions

fracture permeability in some instances, generally
lower precipitation, and the shaley nature of the
sediments are responsible for higher TDS contents.
In the plains region closest to the northern part of
the foothills, the TDS content of spring waters is
within the same range as that found in the foothills
region. The southern Alberta plains display spring
waters with TDS values up to 14 000 mg/L in areas
of saline soils. The average TDS in this area is 1850
mg/L. The central portion of the Interior Plains
contains spring waters with TDS content ranging
from about 500 to 2500 mg/L. In northeastern
Alberta, many springs to the west of the Slave
River and in the Fort McMurray area have TDS
values ranging from about 700 to over 300 000
mg/L. The higher mineralization is related to the
presence of Devonian rocks, evaporites in par-
ticular.

CHEMICAL TYPES OF SPRING WATER

Five main chemical types of spring waters are
found in Alberta. The dominant chemical type (42
percent of the springs included in this report) is
calcium-magnesium bicarbonate. Springs dis-
charging this type of water are found in a variety of
rock formations and in most regions of the pro-



vince with the exception of south-central and north-
ern Alberta. Most spring waters of the mountains
and foothills regions are of this type. In addition,
the Interior Plains region, directly adjacent to the
foothills, has a band about 10 to 110 km (6 to 70 mi)
wide of spring waters with the same calcium-
magnesium bicarbonate type. TDS content for
these springs ranges from a minimum of 23 mg/L
in the mountains to 682 mg/L in the plains area
closest to the foothills.

The next most common chemical type of spring
water (14 percent) is the calcium-magnesium sul-
fate type, also found in most regions of the
province; in the northwestern portion of the Rocky
Mountains and foothills, in the central foothills, and
in the south and south-central part of the province.
The TDS content of spring waters of this type
ranges from a low of 388 mg/L in the southern
Rocky Mountains to a high of 6759 mg/L in the
southern part of the province where many spring
waters of this type are found. About 90 percent of
these springs contain TDS of about 1000 mg/L.

Nine percent of the spring waters sampled are the
sodium sulfate type. This chemical type of water is
found exclusively in the Interior Plains and is
commonly found in association with spring waters
of calcium-magnesium-sulfate type. The largest
concentration of springs with this type of water is
found in the southern and south-central portions of
the province. In these regions, deposition of Glau-
ber's salt can be observed at some spring sites.
TDS content in this group ranges from 1000 mg/L
in south-central Alberta to 19 660 mg/L in the
northeastern part of the province. In the extreme
southern region of the province, a cluster of spring
waters of this type have a TDS content ranging
from about 2000 mg/L to over 14 000 mg/L.

Seven percent of spring waters sampled are of a
sodium bicarbonate type and are scattered all over
the Interior Plains. TDS content ranges from
432 mg/L to 2970 mg/L.

Spring water of a sodium chloride type (4 percent
of the springs) is found almost exclusively in the
northeastern region of the province in the Devo-
nian subcrop area. These spring waters also have
the highest TDS contents of all the springs in
Alberta. In this area, TDS content of spring waters

ranges from 1751 mg/L to over 300 000 mg/L.
Various types of salt deposition are associated with
these springs (see La Saline Springs, page 28).

The waters of the remaining 24 percent of springs
belong to other mixed-chemical types and are
scattered in the Interior Plains.

The Piper diagram (Fig. 5) shows the distribution of
the chemical types of spring waters by physio-
graphic regions. Figure 5 also shows on a provin-
cial scale the evolution of the composition of the
spring water from a mainly calcium-magnesium
bicarbonate type in the Rocky Mountain regions,
characterized by fast moving groundwater result-
ing from steep gradients and high permeabilities in
fissures and fractures; to a calcium-magnesium
sulfate or sodium-bicarbonate sulfate type moving
more sluggishly through relatively lower per-
meability (intergranular) sediments throughout the
Interior Plains; to a sodium chloride type of water
in the evaporite area of the Devonian subcrop area.

MINERAL DEPOSITS ASSOCIATED WITH SPRINGS

Calcareous Tufa

Among mineral deposits associated with springs,
calcareous tufa, composed mainly of calcium car-
bonate, is probably the most common and is found
in various regions of the province, including the
mountains, the foothills, and parts of the plains
region closest to the foothills. The precipitation of
calcium carbonate is related to the concentration of
carbon dioxide in natural waters. If the concentra-
tion of carbon dioxide dissolved in the water is less
than the concentration of free CO,, the solution will
not be in equilibrium and CaCO; will precipitate.
This is a widespread phenomenon in various
environments throughout the province. Calcareous
tufa and marl deposits have been investigated for
possible use as soil conditioners in the province by
the Alberta Research Council, Geological Survey
Department. Some of the springs depositing cal-
careous tufa included in this report warrant further
investigation as possible sources of calcium car-
bonate to be used as a soil conditioner, with
adequate consideration given to preserving the
spring site.

Some deposits, such as the ones found at the
Jacknife Springs (Appendix A, No. 426) (Ozoray,



1972), are rather unusual. At Jacknife Springs, a
travertine mound about 30 m (100 ft) in diameter
and 3 m (10 ft) high is topped by a twin-bathtub-
like structure composed of calcareous tufa (Fig. 6).
During the summer, water very slowly overflows
the rims of the bathtubs as well as through the
permeable mass of underlying calcareous tufa and
around the base of the mound. The total discharge
from the springs is quite small and more or less
ceases during the winter.

Calcareous tufa deposits have been observed and
recorded in the Edson area (Plate 4) (Vogwill, pers.
comm.) and in the Mount Robson-Wapiti area
(Barnes, 1976). Springs found in association with
some of these deposits have been called “’boulder
type springs” (Vogwill, pers. comm.) because
boulders found downstream from the spring are
encrusted with calcareous tufa deposits (Plates 5
and 6).

Large calcium carbonate deposits resulting from
spring deposits can be seen in Big Hill Springs
Provincial Park (Appendix A, No. 292 and Plates 7
and 8) northwest of Calgary. A spring located on
private land upstream from the park has deposited
tufa along most of the length of the park along the
stream issuing from the spring. Close to the western
boundary of the park is a natural dam formed by tufa
that is at some places 3to 4 m (10 to 12 ft) high. This
dam is perpendicular to the stream bed and could
have been formed by the encrustation or petrifica-
tion of a beaver dam by calcium carbonate. The
stream flows through an eroded part of the dam.

In calcareous tufa, petrified vegetal matter is
common. In some instances, mosses, leaves,
pieces of small branches, molds of twigs and leaf
stems are seen; in some cases, minute details can
still be observed. A good example of this is found
at a spring site in Whitemud Park in Edmonton
(Appendix A, No. 167).

Abandoned spring sites can be recognized by the
presence of calcareous tufa. Such occurrences
have been found in the Rocky Mountains in the
Brazeau River valley (Barnes, pers. comm.) (Plate
9). Another abandoned spring site was found north
of Zama Lake in northwestern Alberta. Nearby a
spring issues from a depression atop a mound of
iron oxide. Miette Hot Springs (Appendix A,
No. 432) and Banff Upper Hot Springs (Appendix A,
No. 288) also have calcareous tufa deposits at sites
abandoned by these springs.

Hydrogen Sulfide and Associated Phenomena

Hydrogen sulfide gas (H;S) commonly occurs in
spring waters in the mountains, foothills, and
plains. Hydrogen sulfide is related to the presence
of bacteria, which are observed in numerous
springs. The bacteria can be white, pale yellow, and
pale brown and sometimes form filamentous col-
onies that float gently in the spring waters. The
Canyon Creek Spring site (Plate 10), in certain spring
waters along the forestry trunk road (Appendix A,
No. 362 and Plate 11) and in spring waters near
Mountain Park (Appendix A, No. 413), have spec-
tacular colonies of these bacteria. Associated with

FIGURE 6. Jacknife Spring

10



PLATE 4. Calcareous tufa deposition in the Edson area

PLATE 5. “Boulder type” spring in the
Edson area
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PLATE 7. Big Hill Springs Provincial Park; calcareous tufa deposition

12



PLATE 9. Abandoned spring orifice in the Brazeau River valley
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PLATE 10. Colonies of sulfur bacteria at Canyon Creek
Spring site

PLATE 11. Filamentous colonies of bacteria in the
foothills region
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hydrogen sulfide gas is sulfur, which can be
observed either in suspension in spring water,
giving it a milky appearance, or as sulfur deposits
around the spring orifice. Sulfur deposits and
hydrogen sulfide are also present at Banff and
Miette Hot Springs (Plate 12).

Hydrogen sulfide is also found at springs deposit-
ing iron. Some examples of these springs have
been observed in the plains (Appendix A, No. 199).
The presence of hydrogen sulfide can be related to
the activity of sulfur and iron bacteria. Dirty spring
waters often display a strong hydrogen sulfide
smell from bacterial activity.

Iron Deposits

Springs that deposit iron are a common occurrence
in the province. Only those that show substantial
amounts of deposit have been indicated on
Figure 1. These iron-depositing springs frequently
originate in surficial deposits; however, iron stain-
ing is quite common in other types of springs. Iron
staining is common in spring outlets from fractures
in sandstones, shales, and coals, as well as in
colluvial and alluvial sediments. The delta of the
Mclvor River at the southern end of Lake Claire in
northeastern Alberta displays spectacular iron pre-
cipitation.

Salts

Salt deposits have been seen at many localities in
the province. Glauber’s salt, in the southern, south-
central, and northeastern Alberta regions, is often
associated with discharge areas. Sodium chioride
is found around several springs in northeastern
Alberta. A few examples of salt deposition are
found in the Lake Claire-Fort Chipewyan area in
northeastern Alberta, and at La Saline Springs
(Plate 13 and page 28) north of Fort McMurray and
south of Fort Smith, Northwest Territories (Appen-
dix A, No. 231). All these latter springs issue from
Devonian rocks. Also, in the same area, several
streams discharge brines; some of their names
reflect their chemical composition, for instance,
Brine Creek, Salt River.
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PLATE 12 Squur deposition at one of the outlets of Miette
Hot Springs

PLATE 13. Salt deposmon at La Saline Sprmgs north of Fort
McMurray



Salicornia, a red plant that thrives on salt is
common in salt-laden discharge areas. A striking
example of this is found in the Mclvor Delta at the
southern end of Lake Claire.

POLLUTION OF SPRINGS

Evidence of spring pollution is minimal. One
example was encountered in southern Alberta
where garbage and refuse are dumped at a spring
site (Lsd 16, Sec 28, Tp 21, R 13, W 4th Mer). The
extent to which the water chemistry of the spring is
modified is unknown. Nitrates are not present in
detrimental amounts; the water is a calcium-
magnesium-sulfate type; but the TDS content is
3068 mg/L. Bacteriological analyses of the spring
water are unavailable.

A water sample collection from a spring issuing out
of an old garbage dump in Edmonton (Lsd 14, Sec
33, Tp 52, R24, W 4th Mer) had TDS content of
2330 mg/L. The spring water is a sodium sulfate
type. Again, bacteriological analyses of the spring
water are unavailable.

Mining operations create various pollution prob-
lems. Ammonium nitrate used for blasting in coal
mining operations finds its way into spring and
stream waters in the Grande Cache area.

Waters coming out of coal mines are diverted into
streams. These waters are often loaded with iron,
such as in the Coleman area (Plate 14). Water
flowing out of a mine tunnel at about 75L/s
(1000 igpm) is directed to a wooden canal in which
weirs are placed at about 1.5 m (5 ft) intervals to
allow the iron to precipitate before the water is
diverted into a nearby stream.

Although examples of spring pollution are few, the
probability of pollution is higher for springs issuing
from highly fractured rocks and in karst areas of the
province. As the pressure of industrial and recrea-
tional development increases towards more re-
mote areas of the province, the probability of
pollution of spring waters will be higher and steps
will have to be taken to protect spring catchment
areas. Pollution of springs will more likely occur in
developed areas of the province where pressure
from industrial and recreational activities is more
intense.

PLATE 14. Discharge of mine tunnel water in the town of Coleman
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USE OF SPRING WATERS IN ALBERTA

Other than small springs used by farmers for their
own water supply or for watering their cattle,
springs are not used widely for medium and large
water supplies in Alberta. The main reasons for this
are that water welis are more convenient, they can
be located closer than springs, and they are easier
to keep unpolluted. Although spring waters have
not been tapped extensively, as population centers
grow, this resource may need to be developed. The
chemical analyses included in this study could
serve as a reference for further studies, and
especially for any change occurring in the water
quality of these springs, since most of the springs
included here are still in a virgin or near-virgin
state.

The medium- and large-sized springs that are or
were used to some extent either commercially or
industrially are as follows:

— Raven Spring near Caroline, west of Innisfail
(Appendix A, No. 327), and a spring at the

e
»

PLATE 15. Trout rearing at the Raven trout rearing station
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lower portion of the Maligne River close to the
town of Jasper (Appendix A, No. 503) are, or
were, used for fish rearing (Plate 15). In the
past, another fish-rearing station in the Water-
ton National Park also used spring water.

At Whitelaw in northwestern Alberta and Nan-
ton in south-central Alberta, springs are used
for water supplies.

Miette Hot Springs and Banff Sulfur Hot
Springs in Jasper and Banff National Parks are
used for tourist bathing facilities.

Several campsites in the province probably
use springs for occasional water supplies
during the summer months. A few provincial
parks such as Beauvais Lake and Bragg Creek
Provincial Parks have considered using springs
for their water supplies. In the Cypress Hills
Provincial Park, Nichol Spring (Appendix A,
No. 36) provides water for one picnic site, and
Big Hill Springs Provincial Park (Appendix A,
No. 292 and Plates 7 and 8) 22 k (15 mi) north
of Cochrane has been created to preserve a



magnificent display of spring water cascading
over large and extensive calcareous tufa de-
posits. Numerous examples of magnificent
tufa deposits, which can be found in many
regions of the province, deserve to be kept
intact by preservation within small provincial
parks in a manner similar to the one used when
Big Hill Springs Provincial Park was created.

Spring Catchments

Most spring catchments derive their water from
natural discharge without touching the water in
storage in the aquifer. Different types of catch-
ments have been built to capture spring waters in
various parts of the world and many cities and
towns depend on springs for their water supplies.

In Alberta, spring catchments are usually built by
farmers. Designs are simple and common con-
struction materials are used. Usually, construction
of the spring catchment consists of excavating at
the spring site and installing either a length of steel
culvert or a wooden cribbing, or sometimes a
masonry structure with an overflow. At other
times, a pipe (steel or plastic) is driven horizontally
into the sediments and water is directed to a cistern
or other reservoir. Figure 7 (after Todd, 1960) is an
example of a good spring catchment.

The main concern in the construction of spring
catchments is to protect the site against pollution,
be it from man’s activities or from animals. The
spring site is protected by fencing it off, by keeping

Surface water diversion ditch

-To storage

ELEVATION

FIGURE 7. Typical method of sanitary protection for a spring
(after Todd, 1960)

the site clean, and by chlorinating the spring water
if it is to be used for human consumption. Stan-
dards for construction and sanitary protection of
spring catchments should be developed just as
they have been for the water well industry in this
province.

When dealing with karst springs, it is obvious that,
due to the extensive fracture permeability systems
involved, pollution is likely to reach spring outlets
quickly; thus, the spring basin should be protected.
This is not an easy task when one considers the
complexity of outlining the basin of a spring in a
karst environment.

PART TWO

DESCRIPTION OF INDIVIDUAL SPRINGS

This section describes some springs that issue
from the various rock formations throughout the
province, selected on the basis of their size and
typicalness. Examples of springs issuing from
limestones, sandstones, shales, coal beds, allu-
vium, and colluvium are described. Unique hydro-
geologic features, soap holes, which can be consi-
dered springs, are also described. A bedrock
geology map of Alberta is included (Fig. 30) for the
convenience of the reader.
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KARST SPRINGS

The largest and most spectacular springs in Alberta
are karst springs. These springs are mainly in the
Rocky Mountain regions and in northeastern Alber-
ta. Ford and Quinlan (1973) have worked extensive-
ly on the inventory and study of the karst regions of
Canada. In addition, Ford (1969, 1971) and Ford and
Quinlan (1973) studied the main karst areas of the
province and presented information about the
main karst springs. Brown (1970) describes in detail
the karst geomorphology and hydrogeology of the



lower Maligne Basin in which the largest karst
springs of the province are found. Other smaller
karst springs have been observed in the field by
various investigators of the Alberta Research Coun-
cil during several field seasons: Tokarsky (1971b,
1974); Barnes (1976); Ozoray et al. (1980); and
Borneuf (1979).

The following definitions of karst and karst springs
are excerpts from International Association of
Hydrogeologists (1975) Glossary of karst hydrology
in Hydrogeology of Karst Terrains:

Karst

(a) Definition of karstic region: region under-
lain by compact and soluble carbonate rocks in
which appear distinctive surficial and subterranean
features, caused by solutional erosion.

Karst regions are characterized by limestones
and other soluble rocks at or near land surface that
have been modified by solution erosion.

(Note: the term can also be applied to any
region made up of soluble rocks: gypsum, salt,
etc.).

(b) In a broader sense, the term is utilized to
designate every phase of the karstification process
in karstifiable rocks.

Karstic spring (Synonym: karstic emergence or
discharge)

Any natural appearance of a watercourse origi-
nating from a karst. Numerous types of karstic
springs are distinguishable (according to the origin
of their water, to their regime, to their morphology
and to their geographic or geologic location).

Karst terrains in Alberta are found in two main
areas of the province, the northeastern Interior
Plains and the Rocky Mountains.

Several authors (Ford and Quinlan, 1973; Ozoray,
1974, 1976, 1977) discussed the karst features of
the northeastern Interior Plains, which are in
limestones, dolomites, anhydrite, gypsum, and salt
of Devonian age. These features are indicated on a
few Alberta Research Council maps (Bayrock,
1970a, 1970b, 1970c). Gypsum karst in Wood
Buffalo National Park was observed by Ford (1973)
and Lytviak (pers. comm.); salt springs are also
common in this area. Sinkholes have been studied
north of the town of Fort McMurray aiong the
Athabasca River (Ozoray, 1976) and to the west of
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the Slave River. La Saline Spring (see page 28),
north of Fort McMurray, is an example of ground-
water movement through evaporites (Hitchon
et al., 1969).

The other karst region of Alberta is found in the
Rocky Mountains where the largest karst springs in
the province are found. Karst features are de-
veloped in Middle Cambrian age carbonates, from
which the Mount Castleguard Big Springs
(page 21) issue (Ford, 1971b). The Crowsnest
Spring (page 21) issues from the Fairholme Group
of Upper Devonian age; the origin of its waters is in
carbonate rocks of the Rundle Group of Mississip-
pian age. The Canyon Creek Springs (page 21)
issue from limestones of the Banff Formation of
lower Mississippian age as do the Turtle Mountain
Sulfur Springs (Appendix A, No. 260). The largest
karst springs in the province are the Maligne
Canyon Springs (Appendix A, No.504), which
discharge more than 37 m3s (800 cfs), from lime-
stones of the Palliser Formation of Upper Devonian
age (Brown, 1970).

Maligne Canyon Karst Springs

Appendix A, No. 504

Location: Sec 36, Tp 45, R 1, W 6th Mer
Figure 8

Plates 3 and 16

This is the largest group of karst springs in Alberta
and is probably among the largest in the world and
has been studied in detail by Ford (1969). Brown
(1970), in an unpublished Ph.D. thesis, covered in
detail the karst morphology and hydrogeology of
the lower Maligne basin where these springs are
located. Tracer experiments carrried out by Ford
and Brown demonstrate that water infiltrates
through the bottom of Medicine Lake and flows
through karstified limestone to discharge at a rate
varying from 2.8 m%s (100 cfs) in the winter to over
37 m%s (800 cfs) during the summer from lime-
stones of the Palliser Formation of Upper Devonian
age in the lower part of the Maligne Canyon. The
distance from the sink points to the main springs is
16 km (9.8 mi) in a straight line.
"Knowing the flow-through time and flow rate,
the total volume of water contained by the
system at one time was calculated. With a
discharge of 800 cfs, a water filled cylinder 9.8
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miles in length would be 54 inches in diameter
disregarding friction” (Brown, 1970).

To date the main cave of the system has not been
found.

.
oW,

PLATE 16. Maligne Canyon Spring in the lower Maligne
Canyon

Big Springs, Mount Castleguard Area

Appendix A, No. 334
Location: Lsd 9, Sec 4, Tp 36, R 23, W 5th Mer
Figure 9

Big Springs are a group of large karst springs that
issue from limestones of the Cathedral Formation
of Middle Cambrian age. The flow of these springs
has been known to vary in a few days in 1969 from
9.1 to >11m%s (320 to >400 cfs) (Ford, 1971).
Earlier in the same year, these springs were
entirely dry. Ford (1971) studied the karst system of
the Mount Castleguard area in detail. He states that
over 75 percent of the discharge of the Big Springs
is derived from meltwater from the sole of the
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Columbia Icefield. The spring waters have a
temperature of about 2°C; total dissolved solids
content is near 32 mg/L; and the chemical type of
the waters is calcium-magnesium bicarbonate.
Numerous sinkholes are present in the general
area and 10.2 km (6.4 mi) of cave passages have
been explored and mapped. The main cave en-
trance starts about 1.6 km (1 mi) above the Big
Springs; a smaller spring starts below the mouth of
the cave.

Crowsnest Lake Spring

Appendix A, No. 261

Location: Lsd 13, Sec 9, Tp 8, R 5, W 5th Mer
Figure 10

Plate 17

This is also a large karst spring and is along the
north side of the C.P.R. tracks. This spring flows out
of a small cave developed in light grey dolomite of
the Upper Devonian Fairholme Group and flows
into Crowsnest Lake. Ford (1970) shows that the
origin of the spring waters is approximately 4.5 km
(2.8 mi) to the northwest of the Bighorn Range,
which is formed of carbonate rocks of the Missis-
sippian Rundle Group. Tracer experiments indicate
that surface water enters a number of sinkholes in
carbonate rocks in that area and flows beneath the
Crowsnest Ridge to discharge at the spring.

Ford (1970) measured the flow rates of Crowsnest
Spring and found them to be about 2120 Us
(28 000 igpm). Water temperature measured in
August 1976 was 4.9°C. The total dissolved solids
content was 141 mg/L. The chemical type is cal-
cium bicarbonate. Because the water circulates
rapidly, these karst springs might easily be pol-
luted, so their catchment area should be protected.

Canyon Creek Springs

Appendix A, No. 279

Location: Lsd 7, Sec 29, Tp 22, R 6, W 5th Mer
Figure 11

Plates 18 and 19

This group of springs is interesting by virtue of its
location and the number of natural phenomena
associated with it. The total flow of about 76 L/s
(1000 igpm) issues from the valley side of Canyon
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FIGURE 9. Big Springs: location and geology {after Ford, 1971)
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FIGURE 10. Crowsnest and Ptolemy spring locations (after Ford, 1970)
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PLATE 18. Canyon Creek Springs - general view downstream from the springs
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FIGURE 11. Canyon Creek Springs: location and geology
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PLATE 19. Canyon Creek Springs, elemental sulfur and colonies of sulfur bacteria in suspension in the spring waters

Creek through a thick pile of deadwood. The exact
discharge points are hidden but most probably the
springs issue from limestones of the Banff Forma-
tion of Lower Mississippian age. The springs,
which are close to the fold axis of an anticline in
Devonian, Mississippian, and Pennsylvanian rocks,
contain strong hydrogen sulfide gas and sus-
pended sulfur. The Canyon Creek waters are
ponded in many large pools (Plates 18 and 19) and
contain trees and vegetation. A large concentration
of whitish filamentous sulfur bacteria (Desulfovib-
rio Desulfuricans?) are found in the channels where
the water flows. The spring waters have a TDS
count of 470 mg/L and the waters are a calcium-
sulfate bicarbonate type. Downstream from the
pools most of the spring water reinfiltrates into the
bed of Canyon Creek.
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Turtle Mountain Sulfur Springs

Appendix A, No. 260

Location: Lsd 12, Sec 36, Tp 7, R 4, W 5th Mer
Figure 12

Plate 20

This sulfur spring about 1.6 km (1 mi) northwest of
the spectacular Frank Slide was described in detail
by van Everdingen (1972). This spring issues out of
fractured limestones of the Banff Formation of
Lower Mississippian age where the Turtle Moun-
tain thrust fault brings the Banff Formation into
contact with the Fernie Group sediments of Middle
and Lower Jurassic age.

The main spring has a temperature of 9.1°C
(August 1976). A smaller spring a short distance
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PLATE 20. Turtle Mountain cold sulfur spring

from the main spring has a temperature of 7.7°C
(August 1976). Suspended sulfur gives the spring
water a milky appearance; the rocks over which the
water flows are coated with a whitish deposit,
probably sulfur bacteria (Plate 20). The spring
water has 333 mg/L TDS and is a calcium-sulfate
bicarbonate type.

La Saline Springs

Appendix A, No. 201

Location: Lsd 16, Sec 15, Tp 93, R 10, W 4th Mer
Figure 13

Plate 13

This pair of saline springs in northeastern Alberta
at the contact between the shales and argillaceous

‘limestones of the Beaverhill Lake Formation and

the overlying sandstones of the McMurray Forma-
tion are situated about 15 m (50 ft) above Saline
Lake. The main spring flows at an estimated rate of
0.75 L/s (10igpm); the secondary spring nearby
flows at approximately 0.4 L/s (5 igpm). The main
spring, which contains TDS of 71 400 mg/L, issues
from a mound about 3 m (10 ft) in diameter with a
0.6 m (2ft) deep pool in the center. Hydrogen
sulfide gas bubbles up in the pool with the water.
The spring water is a sodium chloride type. The
side spring is the same type with a similar TDS
content (69 764 mg/L). The X-ray analysis of the
mineral deposits from the spring mound shows
that it contains calcite, dolomite, quartz, gypsum,
anhydrite, baryte, and elemental sulfur.
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FIGURE 13. La Saline Springs: location and geology
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SPRINGS ISSUING FROM SANDSTONES

In Alberta, sandstones of Proterozoic to Tertiary
age are found in every physiographic region.

To a large extent, these sediments are important
aquifers in Alberta, especially sandstones of Cre-
taceous and Tertiary age. The most important
sandstone aquifers are the Upper Cretaceous Milk
River sandstone in southern Alberta; the Upper
Cretaceous Horseshoe Canyon, Belly River, and
Wapiti Formations that extend from southern
Alberta to the northwest-central part of the prov-
ince; the Tertiary Paskapoo sandstones that extend
from northwestern Alberta and parallel the Rocky
Mountain Foothills in a wide belt that terminates
south of the town of Grande Prairie in the north-
west-central region of the province; and the Peace
River and Dunvegan sandstones in the Peace River
country to the northwest.

The following examples are springs issuing from
the Paskapoo Formation of Lower Tertiary
(Paleocene) and Upper Cretaceous age, respective-
ly. One example is located in the northwestern
Plains region (Obed) and the other (Rockyford) in
the southern Alberta Plains area.

Obed Spring

Appendix A, No. 445
Location: Lsd 16, Sec 4, Tp 53, R 22, W 5th Mer
Figure 14

This spring, in west-central Alberta approximately
midslope between a topographic high and a river
valley low, is believed to flow from Paskapoo
sandstones, although there might be some drift
water contribution. Calcareous tufa deposits are
widespread in the vicinity of the spring and farther
downstream towards Highway 16. The flow of the
spring is in the order of 18 L/s (240 igpm) and the
TDS content is 320 mg/L. Chemically, the spring
water is a calcium bicarbonate type. The low TDS
content suggests that the recharge area of the
spring is probably quite close and is most likely in
the hills southwest of the spring.

Rockyford Spring

Appendix A, No. 105
Location: Lsd 12, Sec 35, Tp 26, R 23, W 4th Mer
Figure 15
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This spring issues from fractures in the Scollard
Member of the Paskapoo Formation and has a flow
rate of 4.5 L/s (60 igpm). Sodium bicarbonate lines
the edges of the downstream spring channel. The
spring water, with a TDS content of 2617 mg/L, is
sodium bicarbonate. Irrigation water possibly infil-
trates down through the thin surficial deposits into
the Paskapoo Formation along the ridge about
1.6 km (1 mi) north of the spring. The infiltration of
irrigation waters leaches salts from the soils and
would account for the high TDS found in the spring
water.

SPRINGS IN COAL AND SHALES

In Alberta, shales are found in geologic deposits
ranging in age from Precambrian to Upper Cre-
taceous. Coal beds are found in sediments ranging
in age from Triassic to early Tertiary. The main
coal-bearing strata, though, are of Upper Cre-
taceous age in the plains and of Lower Cretaceous
age in the mountains and in the foothills.

Small springs and seepages are usually the rule in
shales and coals and can be observed at many
localities in the province; larger springs issuing
from these sediments are usually the exception
and are the result of fissure and fracture permeabil-
ity. The Mountain Park Spring and the Whisky Gap
Springs described in the following section are two
of these exceptions.

Mountain Park Spring

Appendix A, No. 413
Location: Lsd 11, Sec 32, Tp 45, R 23, W 5th Mer
Figure 16

This spring issues from fractured carbonaceous
shales and coals of the Luscar Formation of Lower
Cretaceous age. The spring, a short distance west
of the abandoned town of Mountain Park at the
boundary between the foothills and the mountains,
discharges at a range from 23 to more than 68 L/s
(300 to >890 igpm) and has a temperature of 4.5°C.
Sulfur bacteria can be seen on the rocks in the
stream issuing from the spring, and hydrogen
sulfide can be smelled in the vicinity. The TDS
content is 536 mg/L and the spring water is a
sodium bicarbonate type. The recharge area of the
spring is probably a few kilometres southwest in
the Cheviot Mountains area.
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FIGURE 14. Obed Spring: location and geology
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FIGURE 15. Rockyford Spring: location and geology
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FIGURE 16. Mountain Park Spring: location and geology




Whisky Gap Springs

Appendix A, No. 5

Location: Lsd 15, Sec 10, Tp 1, R 23, W 4th Mer
Figure 17

Plate 21

This group of springs, in southwestern Alberta
3.2 km (2 mi) north of the Aiberta-Montana border,
is a good example of fractured grey shales with a
large number of individual springs (Fig. 17). These
slightly sandy shales are part of the St. Mary River
Formation of Upper Cretaceous age. The combined
flow of these springs is about 3.5 L/s (50 igpm).
Iron staining is present in the fractures from which
the water flows. The TDS content is 408 mg/L and
the spring waters are a calcium-magnesium bicar-
bonate type. The low TDS value suggests that the
waters have not travelled for a long period of time,
so the recharge area for the springs probably lies a
short distance away, possibly in the hills 3.2 km
(2 mi) northwest of the springs. The waters likely
infiltrate through the Willow Creek Formation into
the St. Mary River Formation.

SPRINGS IN ALLUVIUM

Springs issuing from alluvium sediments are found
at many locations in the province. Alluvium is “a
general term for all detrital deposits resulting from
the operations of modern rivers, and includes the
sediments laid down in river-beds, flood-plains,
lakes, fans at the foot of mountain slopes, and
estuaries’ (Rice, 1963).

Butte Springs

Appendix A, Nos. 335, 336, 337

Locations: Lsd 3, Sec 19, Tp 37, R 5, W 5th Mer
Lsd 13, Sec 24, Tp 37, R 6, W 5th Mer

Lsd 6, Sec 26, Tp 37, R 6, W 5th Mer

Figures 18 to 26

Three interesting springs, in the Rocky Mountain
House area in southwestern Alberta, are unusual in
that they are resurgences of the Clearwater River.
As can be seen on the cross-section (after Geo-
science Consulting Ltd., 1975), the Clearwater River
is at a higher elevation and is hydraulically con-
nected to the springs through alluvial sands and

PLATE 21. Whisky Gap Springs. A number of small springs
issue from fractured shales. Iron has precipitated in the frac-
tures.

gravels that are present in the river valley, and to
the east of the river along Stauffer Creek. These
springs were monitored for eighteen months by
the Alberta Research Council. The fluctuations that
can be observed on the original hydrographs are
due to:

(a) a daily negative fluctuation due to the influ-
ence of evapotranspiration;

(b) positive fluctuations that are the result of
rainfall and snow melt; and

(c) positive fluctuations related to the high water
stages of the Clearwater River.

If one compares the hydrographs of the Clearwater
River and the hydrographs of the springs (Figs. 19,
20, 25, 26), their discharge rates vary at about the
same time during the eighteen-month period. The
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FIGURE 17. Whisky Gap Springs: location and geology
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FIGURE 18. Butte Springs: location and cross section {after Geoscience Consuiting Ltd., 1975)

influence of the snowmelt during the months of
March, April, and May 1971 and 1972 can be
observed on the discharge hydrographs of both the
springs and river. The flow rates of the springs vary
over a wide range. In 1972, discharge from
Edmonds Spring varied from a minimum of 150 L/s
(200 igpm) in April to 4200 L/s (56 000 igpm) in
June. The latter value does not reflect the true
discharge of the spring, because the Clearwater
River overflowed into the spring channel during

this flood period. During the same period, the
discharge of Stauffer Spring varied from about
190 L/s (2500 igpm) in January to 380 L/s
(5200 igpm) in June. Clear Spring discharge varied
from about 230 L/s (3000 igpm) to 530 L/s
(7000 igpm) in June.

The arrows on Figure 18 indicate the general routes

of the water from the Clearwater River through the
alluvial sand and gravel to the various spring
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FIGURE 24. Chemistry - Clearwater River, 1971-1972
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points. The distance covered by the underflow of
water is up to and over 3 km (2 mi) before the water
resurges at the surface. By comparing water
temperatures of the Clearwater River and of the
spring water, Tokarsky (pers. comm.) calculated
the velocity of the groundwater to be about
3 m/day (10 ft/day) at the Edmonds Spring, 5 m/day
(15 ft/day) at Rauch Spring, and 8 m/day (26 ft/day)
at Ditch Spring.

Using an average velocity of 5.3 m/day (17 ft/day),
porosity of the sand and gravel of 35 percent, and
an hydraulic gradient of 0.0043 (from wells in the
area), an hydraulic conductivity of 428 m/day
(8700 igpd/ft?) was calculated. Assuming a satu-
rated thickness of aquifer of about 6 m (20 ft), a
transmissivity value of 2609 m%day (174 000
igpd/ft) can be calculated. These values compare
well with transmissivity values and hydraulic con-
ductivity of sands and gravels in the Calgary area
and at Peace Point near Medicine Hat.

The spring waters are generally a calcium bicar-
bonate type. Chemical variations of the water from
the springs and of the Clearwater River are indi-
cated on figures 21, 22, 23, and 24 for the eighteen-
month period during which the springs were
monitored. Fluctuations of the TDS of the water
from the springs and of the Clearwater River follow
the same trend.

The TDS content of the water of Edmonds Spring,
which is closest to the river, varied from a mini-
mum of about 200 mg/L at the end of August 1971
to a maximum of about 560 mg/L in June 1971
(Fig. 21). TDS content of the water of Ditch Spring,
which is the farthest away from the river, varied
from a minimum of about 235 mg/L at the end of
October 1971 to a maximum of about 450 mg/L in
the middle of June 1971 (Fig. 23). Rauch Spring,
which is about halfway between the two other
springs, had TDS content that varied from about
225 mg/L in August 1971 to a maximum of about
505 mg/L in June 1971 (Fig. 22). Variation differ-
ences were greatest close to the Clearwater River
and smallest farther away from the river. This may
indicate a better permeability of the alluvial sands
and gravels away from the Clearwater River, whose
water may have swept silt into the sand and gravel
closer to the river.

The size of these springs makes them attractive for
some potential major use. The area in which they
are located, however, is subject to flooding, which
renders the springs rather unsuitable for on-site
development for activities such as fish rearing.
High turbidity during periods of flooding also
makes the springs unfit for use unless the water is
filtered.

Bow lIsland Springs

Appendix A, Nos. 57, 58, 59, 60, 61

Location: Lsd- 13, Sec 20, Tp 11, R 13, W 4th Mer
Figure 27

Plate 22

The Bow Island Springs are exceptional in that their
origin is at least partly due to man’s activities. Four
major springs are located in a coulee just below a
small dam. The total discharge from the “springs”
(or resurgence from the lake) is 64 L/s (850 igpm).
The springs’ waters possibly have a double origin,
such as from the lake and from the gravel aquifer.

PLATE 22. Bow lIsland Springs
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Discussions with farmers reveal that the springs
existed at the same location in the past and were
used for water supply in the early settlement years.
Other smaller springs and seepages may be
observed to the east of this location. The spring
waters are still used for drinking water by people of
the area. Waters from three of the springs are a
calcium-magnesium bicarbonate type and one
spring is a calcium-magnesium bicarbonate-sulfate
type. This spring is also the farthest downstream
from the dam. Between September and December
1976, TDS content of water at the spring outlets
ranged from a low of 274 to a high of 508 mg/L.

In August 1976, lake water and spring waters had
temperatures within 1°C. As time passed, however,
temperatures decreased in the lake as well as inthe
springs, but when the lake was frozen in December
1976, the various spring temperatures were still
between 8.3°C and 12.1°C.

SPRINGS ISSUING FROM COLLUVIUM

Colluvium is defined as ““heterogeneous aggre-
gates of rock detritus, such as talus and ava-
lanches, resulting from the transporting action of
gravity” (Rice, 1963). Such sediments are best
developed in the Rocky Mountains and foothills
regions, and many springs issuing from colluvium
have been observed. Springs of this type vary in
size from seepages to several tens of litres per
second (several hundreds of igpm). The origin of
spring waters can be from above the colluvium,
from springs starting higher up, or from the
bedrock situated behind the colluvium, or from
both.

Storm Creek Springs

Appendix A, No. 270

Location: Tp 19, R 8, Sec 12, Lsd 1, W 6th Mer
Figure 28

Plate 23

One of many typical examples is Storm Creek
Springs, located in the southern Rocky Mountain
area. Here, several springs start at an elevation of
about 2750 m (9000 ft) and discharging water flows
down the steep mountain slopes to disappear at
the point where colluvium sediments start (Plate
23). Several tens of metres down the colluvial
slopes, springs again emerge. The colluvial spring
waters originate from both the spring waters found
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at higher elevations and also partly from ground-
waters in bedrock sediments under the colluvium.
A small stream flowing at about 7.5 L/s (100 igpm)
starts from the colluvial springs and forms a
tributary to Storm Creek.

Sunwapta Pass Springs

Appendix A, No. 349
Location: Lsd 4, Sec 35, Tp 37, R 23, W 5th Mer
Plate 24

Another example of springs issuing from colluvium
is a group of springs a short distance northeast of
Sunwapta Pass and south of Highway 93 (Plate 24)
where a small stream starts from numerous small
colluvial springs on both sides of the highway.
Several of these small springs deposit iron. TDS
content of the spring waters is in the order of
200 mg/L and the waters are a calcium bicarbonate

type.

SW NE
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FIGURE 28. Storm Creek Springs: position in relation to the
geology of the area



PLATE 23. Storm Creek Springs

PLATE 24. Sunwapta Pass Springs
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FIGURE 29. Mudspring Lake soap holes: location and water levels



SOAP HOLE TYPE OF SPRINGS

Spring discharge can take various appearances and
soap holes are a unique variation. Soap holes have
been defined as ““a part of the land surface
characterized by a local weakness of limited extent
underlain by an admixture of sand, silt, clay and
water” (Toth, 1966, p. 42).

Soap holes, a relatively common feature of the
central and southern Interior Plains of the province,
have also been observed in the Rocky Mountains
and foothills regions. The main soap hole areas,
the Red Deer, Drumheller, Three Hills-Trochu, Olds
and Pointe aux Pins areas, were investigated and
described by various authors (Téth, 1966; Clissold,
1967; Gabert, 1975; Currie, 1976). Soap holes are
often associated with hummocky ground and salt
deposits.

Mudspring Lake

Appendix A, No. 146
Location: Tp 33, R 20, W 4th Mer
Figure 29

Mudspring Lake, in southern Alberta about 53 km
(33 mi) north of the town of Drumbheller, is the site
of a large concentration of soap holes in and
around the lake area. At the northern end of the
lake and to the north of the secondary highway, the
presence of numerous soap holes has obliged the
telephone company and a local farmer to move
telephone poles and a fence to the north. Bentonitic
mud and silts as well as sand can be seen oozing
very slowly together with water from several of
these soap holes. Tension cracks are also present
and it is unsafe to come too close to them. In one
instance, a 4 m (12 ft) pole was driven by hand with
no difficulty into a soap hole without finding a solid
bottom. Quick ground conditions make these areas
unsafe and farmers usually fence the areas off to
avoid losing cattle. Soap holes at a given site have
also been known to dry up and to reappear at new
locations. Soap holes can be seen in other parts of
the Mudspring Lake area, south of the secondary
highway and at the southern end of the lake. Aerial
photographs suggest the presence of soap holes
within the lake itself.

CONCLUSIONS

The largest number of springs included in this
report are found in the mountains and the foothills

regions of Alberta. The springs are also among
those having the largest discharge rates. Among
them are two springs of the second order of
magnitude (see Meinzer spring order of magnitude
in Table 1), and one group is of the first order and
among the largest karst springs in the world. The
main springs (by size and related to karst terrains)
have been studied in some detail by a few authors.

The large majority of spring waters found in the
mountains, the foothills, and in that part of the
Interior Plains parallel to the foothills region are a
calcium-magnesium bicarbonate type and have a
TDS content that, on the average, ranges from 200
to 300 mg/L.

Calcareous tufas, iron, hydrogen sulfide gas, sulfur,
and sodium sulfate are commonly associated with
springs in most parts of the province. Sodium
chloride deposits are found exclusively in the
northeastern and northern parts of the province
where Devonian rocks are near the surface.

Calcareous tufa deposits are widespread over the
province and should be investigated in order to
provide people, who are interested in calcium
carbonate as a soil conditioner, with a set of
phenomena associated with these deposits, such
as plant association, groundwater temperature, pH,
activity of specific types of bacteria, and types of
soils.

Large fluctuations of the discharge rate of springs
have been observed in the mountains and the
foothills regions: however, little is known about the
flow regime of most springs. These natural varia-
tions should be studied in the future.

Initially, springs with discharge rates ranging from
100 to 1000 L/s (1320 to 13 200 igpm)} and the
relationship of spring occurrence to rock types or to
geologic formations in the province should be
investigated. Some factors that could be studied
include the permeability of the main rock types, the
amount of precipitation that reaches aquifers, and
the variations of the recharge in various rock types
and environments. If, in the future, some spring
waters are needed for industrial or recreational
use, the variations of the discharge, temperature,
and chemistry will need to be known. As well, the
potential for pollutants to reach some springs
should be investigated.
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LEGEND FOR FIGURES

Rock Units or Time Units
and Abbreviations

Qd - unconsolidated surficial deposits
TKp - Paskapoo Fm.

Tkw - Willow Creek Fm.

Ksc - Scollard Member

Ksm - St. Mary River Fm.

Kb+ Kw - Battle and Whitemud Fm.
Khe - Horseshoe Canyon Fm.
Kbr - Belly River Fm.

Ka - Alberta Grp. (undivided)
Kwb - Wapiabi Fm.

Kcer - Cardium Fm.

Kbak - Blackstone Fm.

Kmp - Mountain Park Fm.

Kbl - Blairmore Fm.

Kis - Luscar Fm.

Ke - Clearwater Fm.

Km - McMurray Fm.

Note: The north is always toward the top of the figures.

{No 8 to 22)

JKk - Kootenay Fm.

Jf - Fernie Grp.

T - Triassic (undivided)

Rs - Spray River Grp.

Pzu - Upper Paleozoic {undivided)
Pzl - Lower Paleozoic (undivided)
Mr - Rundie Grp.

Mbf - Banff Fm.

Dpa - Palliser Fm.

Df - Fairholme Grp.

Dw - Waterways Fm.

€ - Upper Cambrian (undivided)
€lx - Lynx Grp.

€pk - Pika Fm,

Cel - Eldon Fm.

€st - Stephen Fm.

€ca - Cathedral Fm.

B - Miette Grp.

Scale: 1:50 000 (unless otherwise indicated)

Other Symbols Used

Spring site, more than
one spring _—

Ice cave 'S
//

— —— — |rrigation ditchl(es)
NVAAANAA

® Glacier(s)

—+ —» Tracer experiment

Coal seam

Geological boundary
defined/inferred

—w—<— Thrust Fault

—_— #— — — Syncline

Anticline

Sand and gravel
Shale

Sandstone



APPENDIX A

Characteristic features of some Alberta springs

Abbreviations used

Mer — meridian

Tp — township

R - range

Sec — section

Lsd — legal subdivision

Elev — elevation (in ft a.m.s.l.)

Meinz. — Meinzer spring order of magnitude
field cond. - field conductivity ( umhos/cm)
field temp. — field temperature (in degrees Celsius)
alk. — alkalinity (as mg/L CaCO,)

g — gravel

s&g - sand and gravel

ss - sandstone

cgl - conglomerate

Is - limestone

dol — dolomite

gyp - gypsum

sh — shale

sst — siltstone
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All measurements of dissolved solids and alkalinity given in mg/L.

Lab. | TDS HCo Field Lab.
pH Ca Mg Na+K +03 80“ Cl NO3 SIO2 Fe Alk. Alk. Remarks
- 7,016 - - - - 3963 74 30 - 0.1 - 373
- 1,070 - - - - 283 9 ] - 1.0 - 490 Red Creek spring
- 6,654 - - - - 355 69 - - - - 940
Two springs at same
8.0 w55 39 40 386 18 4 6h 1 7.6 | 0.3 ] 384 | 309 | [0 skri
Whisky Gap Springs;
7.7 ho3| 57 34 48 386 45 4 18 7.8 0.1 408 | 309 see text, p. 34
- 218 - - - - 12 2 0 - 0 - 160
8.4 1,348 25 20 354 L3 366 6 1 - 0 - 6
8.2 | 4,812 198 195 [1019 417 2875 | 108 26 - 0.1 - M7 Forms pond
8.7 | 2,990 29 51 903 322 1725 43 22 - 0 - 322 Concrete catchment
7.0 | 6,193 380 | 268 |1259 473 | 3635 | 148 258 [12.2 | 1.h | sz | 378 ‘;’:‘r’?:; cribbing around
7.3 1,456/ 185 83 158 388 515 37 1 - 0 - 388
_ _ _ _ - _ _ Plastic pipe for
1,104 457 14 0 0 514 catchment
7.6 1,128 146 93 77 427 558 38 0 - 0 b 350
. N _ _ _ - - Crystal spring colony
662 298 2 15 0 198 5' deep reservoir
7.5 200 33 23 8 232 5 4 3 9.5 0.3 - 186
- _ Used in the past for
8.2 164 35 28 8 200 6 1 3 0 200 Fish hatchery
- 1,066/ - - - - 322 6 0 - 0 - 476
_ - Wooden cribbing around
8.1 2,396( 188 135 270 324 1257 10 20 o 324 spring
- 1,768 - - - - 868 22 8 - 0.1 - 4os
7.7 {14,089 380 440 3881 1017 8500 120 262 6.7 2.4 1035 814
- 14,680 - - - - 8976 280 1 - 0.1 - 610 Slumping in the area
7.7 6,184 166 218 1488 276 3750 213 93 - 0 - 276 Pipe in hillside
- 2,286 - - - - 1158 24 8 - 0.1 - 392
- 1,980 - - - - 1073 12 3 - 0 - 355 Reservoir at spring site
- 5,076 - - - - 3000 16 142 - 0.1 - 585
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All measurements of dissolved solids and alkalinity given in mg/L.

I
Lab. | TDS HCO . Field l Lab, |
o ca Mg Natk | B3 1 s, ct NO sio, | Fe | P8 rab. ] Remarks
- - - - - - - 1 Five small springs
1,540 680 0 5 0 50 Tlong ot
7.8 400 b 28 63 222 144 4 I ] 6.7 0.3 237 178 i: '!'hree flowing wells
! . in coulee; see text p.5
T
8.6 | 1,968 48 31 1230 526 2279 47 1 35 - 0 - 526 Pipe in hillside
R
- 2,188 - - - - . onol 20 25 - 0 - 348
|
! i i
- 1,512 - - - - | 651 20 | 3 - | 0.3 - 485 Piped to house
_ . ! . . ;
b | 3,613 163 | 330 291 10 | 2600 | 360 18 - o Il - 8
| ! T
- 1,38 - | - - S T 3 - 0.1 - 305
! | R
8.3 | 2,33 13 | 71 274 : 194 1240 13 46 - o - ' 194
! H i i
| | | ! |
8.4 | 1,646 6 | 3 587 924 263 50 8 - 10 - 924 Slumping in spring area |
: {
8.6 { 1,112 24 35 280 190 600 34 2 - 0 - ; - '
_ 214 _ _ - 160 14 2 0 R 0 _ : 160 Nichol Spring Cypress Hills
| i Provincial Park l
! | |
| . A |
7.9 | 1,892 208 | 109 204 182 | 1096 17 2 - o | - | 182 | Wooden cribbing around !
| ; spring
- 6,210 - - - - . 3270 75 416 - 7.9 - i 130 STumping in the area
| !
| !
9.1 | 2,53 1 35 720 530 | 840 | 108 81 - o | - ! s30 Slumping in the area
' i
- 2,038 - - - - 1064 34 36 - 0 - 410 i
|
- 1,032 - - - - 439 4 - - 0 - 426
- 3,134 - - - - 1836 5 10 - 0.2 - 180 I
- 3,738 - - - - 2232 36 | 0 - 0.9 - 150
- | 3,008 - | - - - 142 | 57 0 - 14 - 990
|
8.1 | 2,70 72 | 42 621 772 950 29 l 0 - 2.5 - 633
] . N
8.0 | 1,356 137 | 82 146 | 420 510 nol8 - 0.1 - 420
1 1
i T .
8.0 | 1,360 10 | 3 518 843 185 30 | 7 - 0.1 - 843
| ! '
8.0 | 5,90 27 | 19 1681 | 1514 | 2000 | 56 | 24 - ez | - 1514
f i ! i !
- 7,99 - - - - 4oh7 | 226 | 20 - |0 - 244
- 1,790 - - 334 466 806 15 - - - - - Along Oldman River




Flow . . IField Field R !
I;gex Mer | To | R | Sec| Lsd || Elev | Rate Meinz. Ll.\z:|Ter PNatu;?‘?: Perman= P;merél Cond. Temp. Field
Ft Usec ithology |Permeability ence eposnt| prmhos/cm? o pH ;
|
! !
51 4 |10 (17| 2v [ 13 | 2700 1.51 v s&g intergranular - - - - !8.10!
52 4 10 24 15 1 3125 - - - - - - - - - |
l
53 y |10 |24 | 17 8 ll3015| o0.08 | vii ss fracture yes | no | - 6.0 -
' 5 |
54 4 |1t 31 35 3 1 2475 | 0.16 Vi sS fracture yes no || 1,400 8.0 8.0 |
55 4 1 || 816 2350) 7.5 v s &g lintergranular - &;;‘]’:s 2,700 s | 8.2
| i
56 4 11 1} o22 8 || 2300 | 5.68 v s&g intergranular yes, no - 10.1 | -
| : .
57 4 {11 j13 | 20 [ 13 | 2k50 | 64.0 v s &g |intergranular | yes | no | 395 (18.7 ! 7.8 |
Total { | X |
i : : . f
58 4 |11 |13 | 20 | 13 | 2450 - - s&g intergranular yes no ! 535 17.7 7.7 ,
| ; 1 |
59 4 [ {13 |20 |13 2450 - - s &g [intergranular | yes no ' 485 17.4 1 7.8 ¢
! I l ] %
60 & 13 { 20 | 13 | 2450 - - s &g intergranular | yes no 455 16.9 ‘I 7.7 i
|
T T T
61 5 1N 13 | 20 | 13 | 2450 - - s &g intergranular yes no ' 355 7.0 l 7.7 |
! T
| : | i |
62 4 |1 {13 |20 |13 j2455 ) - - - - | o | koo  |1k.6 9.2 |
3 3 | yes n : i ; |
63 4 I 14 | 23 1 ||2475 | 0.02 VIl ! s &g intergranular yes \ no l 2,300 !12.5 7.3 |
i ; S i
| ; I l 1 ; !
64 4 111 15 | n 3 2540 | 0.02 Vit s&g intergranular - salts 5,000 117.0 : 7.8 l
T : T f
65 4 | e | 5 | 4 f2500 | - - - - - P Po- - -
} |
66 4 {1 |16 |30 | 4 2575 | - - - - - - - - - ‘
|
67 i 4 12 3 5 1 2500 - - gravel intergranular - - - - - !
I
T 1
68 D2 [5 |31 - 2250 | 0.76 | VI - - - - too- - - |
!
i
69 y |12 |8 |26 |14 j2300 | - - - - - - Lo bo. -
| |
70 s hz2 [z |6 2 l2390 | 3.80 |V s &g intergranularI yes no " 700 5.4 | 7.4
o bw b2 jar |28 [ v {3035 | - - - - |- - | - |- -
| ;
72 4 13 6 |13 16 {2175 - - - - - - i - - -
; —
|
73 5 |13 |6 |23 |16 {2325 ; - - - - - - L - | - -
' | .
74 4 i3 6 |25 - 2200 - - gravel intergranular - - - !— -
75 I 4 [ f22 |2 [1s lag7s | - - - - - - - I- -
i




All measurements of dissolved solids and alkalinity given in mg/L.

-

Lab.

TDS

HCO3 . Field Lab,
PH Ca Mg Na+K +£03 SOA cl NO3 S|O2 Fe Alk. Atk Remarks
mg/1
- 1,814 - - 483 525 720 26 - - - - - Along Oldman River
8.6 6,124 262 290 1250 - 3967 58 - - 0.1 - 4ho
- 1,564 - - - - 863 32 14 - 0 - 164
7.9 1,310/ 101 L1 177 324 457 7 2 - 0.1 - 324
_ Three discharge points with
8.0 1,621 34 73 485 939 504 52 2 3.5 1039 75 wooden cribbing around
8.1 | 1,236] 64 4 238 | 424 33 | 17 9 - 0 - | 42y | Extenisve slumping in
general area
_ Bow Island Springs
7.5 284 4o 20 b | 190 78 4 2 | 73 197 1152 1 1ain stream
| See text, p. 40
i ! JBow Island Springs
7.4 394 53 30 48 234 126 12 1 9.1 0.1 250 | 187 Discharge point B
I See text, p. 40
T Bow Island Springs
7.5 304 43 19 38 215 79 8 2 9.4 0 229 | 172 Discharge point C
! See text, p. 40
Bow Istand Springs
7.5 340 42 21 37 224 48 6 1 9.4 - 236 179 Discharge point D
See text, p. 40
Bow Island Springs
7.3 319] 43 22 40 224 86 8 o !10.8 - 237 | 179 Discharge point E
See text, p. 40
Lake to the north of
7.4 268] 24 18 34 142 71 10 9 1.1 0 103 | 114 Discharge point B
See text, p. 40
7.7 2,514 313 138 153 264 1300 16 5 - 0.1 - 264 Slumping in the area
8.0 5,678 458 222 899 249 3400 78 8 - 0.1 - 249 Seepages in the area
- 1,428 - - - - 662 12 - - 0 - 323
8.7 1,254 12 35 374 468 469 13 3 - 0 - 468
- 1,340 - - - - 582 32 0 - 0.1 - 4oé
8.1 2,444 242 185 150 128 1441 33 3 - 1] - 128
8.0 1,672 18 15 541 818 283 49 6 - 0 - 818
8.1 74| 69 32 75 358 105 0 2 - 0.1 - 358 Quick ground
7.6 4,576 400 330 351 785 1663 323 136 - 0.2 - 785
7.8 3,388 463 134 260 232 1925 50 93 - 0 - 232
- 1,254 - - - - 498 39 22 - 5.0 - 190
8.3 1,341 25 67 384 988 343 35 0 - 0 - 811
8.0 2,832 144 145 575 506 1562 28 5 - 0 - 506




Flow . . Field Field .
l:gex Mer | Tp.| R | Sec| Lsd| Elev | Rate Meinz. Ll'\t::llfer PNatu;g]?: Perman- glner?l Cond. Temp. F':]d
£t L/sec ithology ermeability ence epos i amhos/cm? °c P
76 | o | |z | | ua2075| - - - - - - - - - :
i
77 4 | 1s5f23 | 20 1 |3120] - - - - - - - - "
T T
78 | 4 | 15|23 | 20| 1 3120 - - - - - - - -
I t i
79 | & | velas | 0 3375 - - - - - - - Lo -
1
80 4 16 {30 1 36 | 14 J3565] - - - - - - : - - -
E |
[ i
81 b | 17 |24 | 24 |13 3250 | - - - - - - - l - -
! L
82 b {17 |26 |26 | 4 3355 - - - - - - - - -
| -
83 | 4 | 1929 [17 [16 |3465 | - | - - - - - - - 1 -
|
| | |
84 4 20 1 26 13 2375 0.08 : Vil - - - - ; - - -
! s
85 L] 20 |28 15 14 || 3550 - - - - - - [ - - -
% ‘z
86 4 | 20|29 ;27 | b |3425| - - - - - - Po- - l -
|
87 4 |21 |9 |33 |14 j2225 | - - - - - - - |- -
|
88 4 21 |13 128 |16 {2300 | 3.8 v s &g intergranular! yes iron l 3,750 12.4 7.7
|
89 &4 21 |14 |14 116 {2450 | 0.38 Vi sand intergranular - - - i0.0 | -
90 |4 |2216 | 8 |16 f2050 | - - - - - - 10.0 | -
I
91 4 22 9 2 1 2050 - - - - - - ! - - -
92 4 22 |12 34 4 2175 | 0.38 Vi - - - - ‘ 1,500 4.0 -
X |
|
93 4 23 7 9 16 2025 1.51 v - - - - 2,100 22.0 -
| ! | |
94 4 23 7 10 16 2025 0.23 Vi - - - - 1,800 16.0 -
!
95 4 |2u |2 |31 |1 l2325 | - - - - - - | - - -
96 4 24 14 |18 13 2230 | 0.15 Vi gravel intergranular | yes salts ! 2,400 20.0 7.0
97 4 25 5 5 1 2450 - Vil - - - salts ' 5,000 13.0 7.5
|
98 |4 25 |7 |36 |6 @590 |o0.76 | vi s“"‘:]'a;”tintergranular yes no 1,500 [13.0 | 6.8
T
99 4 25 14 {16 {16 [2350 | 0.30 Vi gravel intergranular | yes no | 2,100 7.5 7.0
100 4 25 |20 6 - 2950 - Vil san:ia;ilt intergranular | yes :;;ﬂ‘t ! - - -
I




All measurements of dissolved solids and alkalinity given in mg/L.

L:E‘ ™ | e Mg Na+K :'_Egg 50, ¢l Noy | sio, | Fe |Field | Lab. Remarks
7.3 | 1,524 94 76 150 463 722 19 ] - 0.1 - 381
- 2,098 - - - - 492 81 0 - 1.0 - 1145 Spring #1
- |w,904] - - - - 2564 35 212 - 0 - 750 Spring #2
8.0 | 1,080 | 106 bl - - 337 15 - - 0.1 - 312
7.5 [ 1,106 88 55 182 399 382 8 10 - 0 - 399
7.4 | 1,627 1w 105 253 509 843 29 0 - 0.1 - 87y
- |38 - - - - | 1637 32 0 - 0 - 370
- {1,012 | - - - - i 410 2 8 - 0.1 - 425
H
8.4 14,722 29 37 1473 512 2580 168 1 - 0 - 512
7.6 {1,322 75 45 256 424 L6 7 12 - 0.1 - 424
- 2,080 - - - - 2l 834 2 - 0.5 - 373
8.3 | 1,892 22 27 504 580 | 632 1" 9 - 0 - 580
|
7.8 [3,068 | 385 150 | 338 368 : 1985 n ] W | o 39 | 294 ‘:‘;‘r",’:g cribbing around
7.7 1,448 173 73 110 84 | 836 8 1 - 0 - 84
8-. 7 11,070 13 36 329 580 288 29 1 - 0 - 580
8.3 (2,250 4 2 779 682 770 139 9 - 0 - 682
8.4 (1,178 80 50 161 190 470 7 13 - 0 - 190
8.3 1,624 35 93 304 323 74k 19 1 - 0 - 323 }:°R:;h;;e:";ai'l‘*]’:y"earby
7.9 11,206 4} 95 209 362 539 13 8 - 0 - 362 In Red Deer Valley
LT T - - - 07 6 5 - o - 441 S’I‘z";f't‘;r spring in the
7.6 2,212 199 107 354 494 1006 22 3 - 0.1 - LEL]
8.3 |5,270 | 100 224 | 1234 478 | 3160 70 1 - 0 - 478
7.7 {1,228 202 84 89 336 548 16 0 - 0.1 - 336 Ponded
7.5 11,560 176 74 271 676 540 8 1 - 0.2 - 676 One other spring nearby

Soap hole, tension cracks

57




Flow . R Field Field
Izgex Mer | Tp | R | Sec| Lsd |l Elev | Rate Meinz. L@quufer Natur? ?F Perman- Mlner?l Cond, Temp. Field
fr L/sec ithology |Permeability ence Deposit amhos/cm? ¢ pH
d, silt|, ligh
tor | & |25 |23]| 12| 14 || 2900 - Vi sa"cla;' intergranular | yes :aiist - - |I -
102 4 26 (23| 18 4 | 2975| 0.15 Vi - intergranular yes no 1,015 18.8 8.0
103 4 26 15| 20 4 2625 - - - - - - - - - l
T T
104 4 26 | 22 6 13 2900 - - - - - - | - - -
i
105 4 26 |23 35 12 || 29001 4.5 v ss fracture yes salt | 3,450 7.1 7-9
|
106 4 26 |29 25 1 3625 - - - - - - - - -
H T
107 4 27 11 17| 14 || 2400| 0.08 Vi sand intergranular yes no 1 1,200 |20.0 7.0
1 '; AL
| r |
108 |4 |27 | 3] 19|13 lass0| - - - - - - - - -
109 |4 |27 | 3| 35| b 2550 - - - - - - - - -
i
110 4 27 6| 25 8 || 2490| o0.08 VI sand intergranular yes no | 3,500 !11.0 | 6.8
! i
i [
11 [} 27 15 1 16 2675 - - - - - - - - P
i |
il ; , !
Mz (& |27 {17 ] 1| & j2550| =~ - - - - - - - -
| ] | | 1
13 (4 |27 |18z ] u 2650 - - - - - - - - -
1
114 4 27 20 17 13 2600 1.14 v - - - - ! - 8.0 « -
i
115 4 27 |23 | 22 {16 [2800| 0.76 Vi ss fracture - - - - |-
i |
16 |4 |27 |24 |19 1 2950 | - - - - - - - - |- i
ny & |28 | 2| 2| 4 f2375| - - - - - - ! - - -
e 4 |28 22 |9 |13 f2800 | - - - - - - - - -
119 4 28 22 17 12 2890 | 0.08 Vil - - - salts ! - 12.5 -
! , |
120 | 4 28 |27 |30 8 ;3180 | 0.9] Vi ss fracture yes - - - -
i T
121 iy 29 2 7 3 2350 1.51 v sandy clay intergranu]ari yes iron 1,700 i7.0 7.0
122 L} 29 6 |30 1 {2400 | 0.15 Vi gravel intergranular! vyes no 2,000 14.0 7.0 i
! i
123 & |29 [1& {18 [16 j2700 | - - - - - - - | - -
| ' '
126 i |29 |27 | B | 1 (3180 | 015 | W - - - iron | - L - -
| 1
125 & |29 (28 | 3 | 8 [3200] - - - - - iron | - l - -
]




All measurements of dissolved solids and alkalinity given in mg/L..

Lab., TDS HCO3 . Field Lab.
oH Ca Mg Na+K +C03 50[, 3] NO3 S|02 Fe Alk. Alk. Remarks
- - - - - - - - - - - - - Soap hole tension cracks
Discharge increases
8.0 679 43 24 186 534 147 6 1 10.3 0 570 427 downs tream
8.3 1,040 - - - - 292 11 6 - 0 - 500
- 1,428 - - - - 667 10 29 - 0 - 340
| Rockyford Spring
7.9 |2,618| 79 31 753 | w2z | 1520 | 4 6 7.0 | o bhs | 338 See text, p. 30
7.6 |2,284 - - - - 380 550 0 - 5.0 - 400
| _ _ Dugout for spring
7.9 |2,434 81 | 133 490 528 1110 20 2 0.1 528 discharge
I
- 12,336 - - - - 1179 28 0 - |i5.0 - 480
- 1,690 - I - - - 641 24 0 - 0.5 - 582
I
I
_ B Dugout for spring
7.9 [3,012] 93 60 794 554 1575 18 12 0.1 554 discharge
- (1,760 | 165 85 - - 475 20 9 - 1.2 - 790
8.4 1,644 - - - - | 378 26 - - - - 880 Cement catchment
|
- | 1,h494 - - - - 750 12 0 - - - 340
]
|
8.5 1,076 1" 16 338 604 263 16 2 - 0 - 604
8.6 (1,214 25 8 381 378 532 12 0 - 0 - 378 One other spring nearby
8.9 {1,500 18 68 430 640 566 8 1 - 0 - 640
- 1,028 - - - - 271 14 0 - 0 - 460
- 1,546 - - - - 686 6 0 - 0.2 - s
8.2 1,390 12 2 506 608 477 5 0 1.2 - - 608
_ - - Flow increases rapidly
7.6 |[1,948 150 77 387 456 955 7 2 456 with rainfall
8.2 1,242 95 90 188 434 510 16 1 - 0.1 - 434
8.1 1,416 4g 53 354 328 660 24 1] - 0 - 328
- 1,336 102 37 - - 201 15 0 - 0 - 490
7.9 |2,110 208 144 134 484 1025 4 1 - - - 484 Seepages in vicinity
7.4 3,158 450 220 119 424 1688 9 " - - - 424




| T
Index Mer | Tp R | sec| Lsd || Elev [ ;::: Meinz. | Aquifer Nature of Perman- | Mineral Z'e;d :leld Field |
No ft L/sec * |Lithology |Permeability ence Deposit pr:r:‘os}cm* Srgp- pH i
126 b |29 |28 | 18| 6 |3300| - Vil - - - - - - -
| —
127 4 {30 1 8 8 |l 2325 1.90 v s&g intergranular| vyes iron 940 4.6 7.8 i
|
r t —t
128 4 |30 31033 3 |t 2210 - v s&g intergranular| yes | no - ; - . 7.0 :
" |
| . | |
129 4 30 8 19 1 2450 - - - - - | - i - | - | -
| ! i '
| i . !
130 4 30 29 10 4 3200 - - - - - l - ' - : - | -
i : ;
131 |31 | 1|23 13 {2190f - VIl - - - 1 - 1,550 \ 23.0 | -
1 —
132 4 131 3 1 15 12375 ' - VI sandy clay | intergranular - ; - ! 2,500 i 15.0 : 7.0 |
} ! : i .
133 i 4 32 |22 23 | 2750 1 0.15 - - - - - I - 6.5 7.9
i | ; : i
| T l i ! i
134 || 4 |32 |26 | 1 1 2935 - - - - - - | - - -
; ;
': | i ! 1
135 i 4 132 24 | & |12 [2790 | 0.3 Vi 0 - - - ; iron - k.1 -
J i
136 | 4 |33 9 (23 |16 |2500 | 0.15 Vi | sand intergranular - salts ! - 7.0 | - }
L } I
137 bw {33 123 | 8| 1 [2850 | 0.23 | wi - - - salts - - -
| t
138 0 4 (33 j23 ] 8 j13 l2775 | 015 | Wi - - - - - - -
3 i :
139 4 33 {23 {17 |16 ! 2875 | 0.04 VIl - - - | salts - - -
! |
T T T T
i ! | !
140 4 (33 24 |11 |13 |2940 | 0.04 VI - - - ] - | - - -
| i
14 L |34 6 | 14 4 2575 | 0.15 Vi sandy clay | intergranular{ yes [ no - - -
i ]
W2 | b |34 25 |27 |16 [3015 | - - - - - - . . )
’.
143 }I 4 i35 |21 l22 | & {2500 | - - - - - - - - -
14k i‘ 4 (35 |22 | & |13 |2850 | - - - - R - -
t f !
] | i
W5 L4 (38 22 | 3 |1 :‘moo | - - - - - ! - : i
v }
:= | . * !
146 !i 4 133 |20 - - l$2670 - VIt san:],azllt intergranular| yes salt | - - [ - |
147 L] 39 10 29 5 2350 7.6 Ly - - yes } no 800 10.9 |, 8.3 |
: : ;
148 4 |ho |16 |36 |14 12350 | - - - - - iron - - =
! |
s 4 s |17 |10 |16 faueo | - - - - - - B - ‘ -
150 4 Juo |23 [19 |13 Morso | 379 v - - yes calearem 1100 5.9 | 7.8 l




All measurements of dissolved solids and alkalinity given in mg/L.

' |
Lab, TOS HCO3 . Field Lab.
-’ Ca Mg Na+k | 3co3 | SO, cl NO, sio, | Fe ATk, ATk' ' Remarks
9/1
7.6 1,870 240 113 189 532 843 4 17 8.3 = - 532
Flow increases rapidly
7.7 | 701, 109 5h 60 W2 | 24k | 18 0 | 134 | 2.5 | B3| 330 ) ok rainfall
7.6 l 1,216 68 38 296 388 | 420 26 29 - [} - 388 Seepage area
i
8.3 1,371 19 2 i 549 : 631 8 0 - 1.7 - 450
- 1,274 - - - - 403 3 0 - 1.0 - 595
|
8.0 | 1,108 79 56 193 410 i 385 24 1 -, 0.1 - 410 Dugout gathered discharge
: !
7.7 | 2,78 55 57 833 752 1160 42 33 - 0.1 - 752
| |
7.8 2,482 27 ; 5 883 1207 799 7 0 - 0 - 1010
.
|
- 3,086 - - - - 1316 27 3 - 0 . b4s
. |
7.9 | 1,306 36 | w0 389 482 634 5 0 - 0.4 | - 425
7.9 | 3,224 23 5 1033 488 1875 12 3 - 0.1 - 488
|
| T
7.5 | 1,380 19 45 383 689 | 480 3 - - 0 - 565 Seepages in the area
7.4 | 1,168 22 28 347 750 301 0 - - 1.6 - 615 Other springs nearby
8.0 [ 2,198 16 46 667 897 906 5 - - 0 i - 735
|
8.3 11,002 5 3 365 365 312 | 2 - - 0.6 - 470
7.8 {1,102] 108 4o 237 402 495 11 1 - 0.1 - 4o2 Spring mound
- 1,258 - - - - 457 0 1 - 0.4 - 555 Wooden catchment
- 1,276 - - - - 196 ) - - 0.1 - 875
7.8 1,511 112 108 225 630 750 3 0 - 0 - 516
7.3 1,748 114 29 462 946 564 6 0 - 0.7 - 775
Mudspring Lake; numerous
- - - ! - - - - - - - - - - soap holes, tension cracks.
See text, p.4%
8.2 512 82 37 65 hi2 95 2 2 11.3 1.4 467 354
- 2,620 - - - - 1264 16 - - 4.5 - 126
8.1 11,195 45 1 9 kog 867 293 7 0 - 0.2 - 712
7.9 656 61 36 152 593 101 4 2 8.1 0 629 474

61




| |
Flow . . Field Fleld .
l::ex Mer Tp R | Sec| Lsd|l Elev | Rate Meinz. Lli\:::)fzr Petri::;?l?: P:;v::n- g;n::?l Cond. Temp. Fi:ld
ft . L/sec 9y Y P umhos/cm? °c P
151 4 |82 {17 2 6| 2275| - - - - - - - - -
f i
152 4 |42 |17 v | 3 ak2s| - - - - - - - | - -
153 4 [ 43 |17 | 10| 13 | 2320 - - - - - - - - -
| i
i :
154 4 |uh |19 6| 5| 2275 - VIt - - - - - - i -
155 4 |45 | 1+ | 3|16 |1800]| 0.08 | viI - - yes :.i::?t | 1,070 : 1.8 '| 8.2
! 1
H
| :
156 | 4 |49 Yig | 32| 16 |2us0| - - - - - - - | . -
. ! ' %
157 4 {50 |19 10| 1 |2400| - - - - - - - A
: ; | !
!
] i
| 158 4 jso |19 | 11! w3 [l2375] - - - - - . - - - -
:
159 4 {so |19 | 12| 7 {2320} - - - - - - - L
¥ t
160 4 |51 {19 ) 3| & {2330 - - - - - - - ' - -
[l
161 4 |51 |25 |29 | 4 |2150]| - - - - - - - x - -
I - |
L T + [
i [ | { i
162 ¢ & |51 |25 | 33 |16 ;2125 - - - - - - - R |
| ) i [ i
163  oi52 (18 |19 { & |2275| - - - - - - - ‘ -
i | l , ! | "
164 4 |52 |19 | 24 |16 2300, - - clay - - - - | - [-
T t .
165 | o |52 |19 |25 |16 |2275 | - - - - - - - Lo- -
T t
166 4 |52 |24 |33 |14 {2100 | 0.08 | Vil - - - no - - -
167 4 {52 |25 |13 |13 J2075 | 2.30 | v sand intergranular| yes ;:l“:::;' 2,050 5.0 -
I calcare- | T
168 4 |52 |25 |36 {15 {2050 | 1.5 v gravel intergranular, vyes lous tufa | 1,350 4.0 - i
& iron !
calcare- ;
169 - 52 |25 | 36 13 2050 | 0.15 Vi sand intergranular| vyes ous tufa! 1,550 7.0 - |
| & iron | | |
170 4 152 25 |36 |16 [2050 | 5.4 v sand intergranular - iron 1,800 6.0 -
: ]
7 4 |53 17 |31 4 12200 - - - - - - Lo- _ .
172 4 (53 |19 |25 (16 {2275 | - - - - - - - L= F - 4
! | i
173 | & |53 |22 | & | 3 J2330 | - - - - - -y - - -
; |
174 4 |53 (22 |12 1 ]2330 - - - - - - ’ = _ _
i | !
175 i 4 |53 |22 [17 |10 |2250 | - - - - - - | - - -
i 1




All measurements of dissolved solids and alkalinity given in mg/L.

Lab, TDS HCO3 . Field Lab.
pH Ca Mg Na+K +003 SOl‘ ] NO3 5102 Fe Alk. Alk. Il Remarks
- 2,970 - - - - I 372 288 - - 6.4 - 1560 Other springs nearby
!
- 12,360 - - - - | 528 12 - - 2.4 - 1230 Brown in color
i
- 1,702 - - - - 634 6 - - - - 300 Brownish in color
- 1,436 - - - - 571 6 - - 0.3 - 350
Plastic pipe for
8.0 |1,366 | 37 22 I 437 856 425 12 2 10.3 0.9 | 907 685 catehment
|
8.1 1,634 19 23 | 548 1071 | 134 13 0 - 0.1 - 1071
| |
i I |
- 1,734 - - - T 649 6 10 12 0 - 675
- |2,056 | 24 8 - - 0 5y 23 0 - - - 1610
Y
- 1,784 I0 4 - - 408 152 11 12 - - 825
- 1,580 - - - - 571 10 0 - 3.8 - 480
7.8 1,572 | 286 78 130 150 1000 8 0 - 0.3 - 123
7.9 2,290 303 88 272 354 540 542 2 - 0 - | 354
|
- 2,326 52 9 806 1366 660 5 - - 0.4 - 1125
- 1,214 - - - - 355 2 2 - 0 - 545
- 2,514 59 14 7tk 707 1213 2 0 - 1.8 - 540
7.8 |2,330 | 85 51 512 Lk 690 206 10 - 0.1 - Lkl 01d garbage dump site
whitemud Park
- 1,700 - - - - 845 12 - - 1.8 - 531 See text, p. 10
7.7 |1,054 | 131 56 81 216 | k66 12 5 - 0.1 - 216 :‘;2‘:;;?3:::"”93
_ _ - ~ . = _ _ - - North of Groat Bridge
- - - and to the west
7.9 1,334 | 184 59 7 506 528 8 5 - 0.2 - 506 ::;:tng:itgg:est of
- 1,744 12 5 631 926 547 8 - - 0.3 - 800
- 2,514 | 59 14 - 300 |[1218 2 0 - 1.8 - 500
- 1,020 - - - - 223 13 - - 0 - 605
- o014 - - - - 198 4 4 - 0.2 - 687
7.8 1,355 164 21 - 357 0 20 - - 0.1 - 596




. I [
Flow . . Field Field: _.
I:gex Mer | Tp | R | Sec| Lsdff Elev | Rate Meinz. Ll.\z::llfer P Natu;g]t_)f Perman- glner.?l Cond. Temp. ! Field I
ft L/sec ithology [Permeability ence eposit | ot oerem? i o I pH
T t
176 4 53 | 22| 22 9 | 2195 - Vit s:n:ia;"t intergranular yes salt 2,200 - x - i
177 14 | 53| 28| 3| 4] 2050 0.09 | vii shale fracture - -0 - - - J
178 | 4 |53 |24 6 | 16| 2150 - - - - - I i} )
I
179 4 54 | 20 21 13 2335 - - - - - - - ' - - |
180 | 4 |55 |12|33 | 13] 1900] 3.79 | v - - yes iron | 880 13.8 | 7.8
| |
181 4 57 | 21 ] 15 | 2025 0.76 | VI sand intergranular yes iron 2,350 2.2 | 7.0
' |
: ( ‘ |
182 b 58 | 151 36 3 1 2100i 3.80 v | sand intergranular | vyes iron ! 495 i 3.6 | 7.5
—t : ; : : !
183 4 60 6115 5% 18501 1.90 v sandy clay |intergranular yes iron l 1,260 7.2 l 7.2
! 1 4 z '
[ J | :
184 f 4 60 [17] 4 1] 2050 - - - - - - - - -
| |
185 | 4 62 5|30 12 1700 - - - - - - } - - -
| i !
H i !
186 i 62 7135 14 Y 1760 3.4 v sand intergranular yes iron | 1,005 4.8 7.6
t
187 4 63 1191 1 1 | 2100 3.79 v sand intergranular yes iron 650 8.8 - [
| |
188 §4 |67 |16 |29 | 16 {1900| - - - - - - - - -
189 14 |67 |1afm | 8 l1900! 0.38 | wi - - - Tron 1,850 7.0 | -
| 5
190 |4 |68 21 |16 |13 | 1675, 0.38 | VI - - | - salts | 500 [12.0 | - !
i i |
! ' I
191 4 68 |21 |20 3 :! 1800 0.76 V! sand intergranular | yes no - 5.5 - |
192 4 69 |23 | 2 | 15 - - - - - yes - - - - \
t 7 ! '
193 i“ 81 3|23 9 {1500| 0.15 | VI - - I - - - - .
#
| | '
19h 4 {8 | 61]26 | 8 jiooo| - - - - |- salts - - - I
|
J i ] l
195 14 88 6 |26 9 | 1000 - - ss - - salts - - -
i | : | |
] I .
196 V4 89 1 ! 2 |2 1000 | 0.23 Vi s - yes salts - 4.0 -
|
197 4 89 | 3 N 13 jl1oo0 | 7.6 | v Is - yes salts - 5.0 -
198 |4 |8 |3 (16 |10 J1000 3.8 v ss - | yes salts - 6.5 -
199 b 89 3 |19 7 1500 7.6 v - - yes salts | - 6.5 -
} .
200 4 89 8 2 3 900 - - - - l - - . - - -
i




All measurements of dissolved solids and alkalinity given in mg/L.

Lab, | TDS HCO3 . Field Lab,
oH Ca Mg Na+K +003 SO“ c) NO3 S|02 Fe Alk. Alk. Remarks
8.2 (1,568 25 10 480 - 241 34 0 - 0.2 - 1002 Soap Koles
R I Approximately 102 Avenue &
8.7 |1,158 5 1 362 694 109 4 3 0.4 694 87 Street, Edmonton
7.8 1,170 222 96 123 4y 524 70 0 - 1.1 - 339
- 1,420 124 107 124 354 238 209 99 - 0.4 - 290
7.8 567 94 34 80 527 79 6 1 15 1.1 573 422
6.5 949 127 20 327 54 34 4oo i 0 14,2 16.8 89 43 Pipe in ground
! i
7.2 | 214 | 66 20 9 | 317 | & 2 2 |19 | 2.2 | 336 | 25k
| || Concrete construction over
7.3 797 EL 146 654 153 6 3 21.8 2.0 | 694 523 spring; sulfur smell
; f
- 1,142 - - - - 256 8 0 - 0.1 - 600
%
7.8 |1,318 70 3 405 720 454 72 15 - - - | 590
7.3 498 94 47 27 488 66 4 1 19.9 1.0 622 390
T
_ _ _ _ _ _ _ 1 Three springs in the
348 71 2 0 16.4 285 vicinity
7.9 1,212 86 4y 290 638 | k29 43 7 - 0.1 - 523
|
8.3 [1,258 80 35 277 330 493 38 3 - 0.1 - 330 Near Pine Creek
_ - _ _ _ _ _ Two springs in vicinity;
1,428 544 108 0 0 h37 quick ground
- 1,236 - P - i 559 38 0 - 0 N 383
_ _ _ i _ _ _ _ _ _ _ _ _ _ Slumps and springs
in vicinity
- 2,414 - - - - 37 866 1 - 0.9 - 839
f
- 19,660 - I - - 11733 1075 1 - 0.1 - 314 Ponded spring
8.1 18,858 300 78 6539 456 718 9860 4 1.3 0.1 - 456 HpS gas
T
8.4 3,452 71 i 50 1210 331 68 1760 2 5.4 0.0 = 331 HaS gas
8.1 7,346 119 78 2592 184 394 |3840 6 - 0.1 - 184 Three main springs
8.6 (7,358 | 189 ] 2390 240 445 (3630 3 6.8 0.1 - 240
st gas; milky water
7.9 [20,452| 480 200 6667 256 1776 {10000 9 - 0.1 - 256 See text, p. 15
- 10,124 - - - - 5266 1082 0 - 0.1 - 395 Several ponds
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I:gex Mer | Tp | R |Sec | Lsd || Elev ;L(t’: Meinz. L}i\‘::ci){gr P Natulr;?lt?f Permang Hiner?l z;:;d :‘;;:)d Field
Ft | L/sec gy | Permeability ence Deposi t smhos/cm? o¢ pH
201 4 193 | 10| 15{ 16 860| 0.9 Vi 1s - yes salts - 8.0 -
202 § [ 9h | 11| 23] 11 7701 0.76 Vi ss intergranular - iron - 10.0 -
203 4 |97 13 11 - 1500| 0.76 Vi ss/sh - yes - - - 8.3
204 4 floo | 9| 1| s | 770| - - - - - - - - -
205 4 oo 9 11 1 770 . - - - - - - 10.0 -
206 4 1os | 14 9 8 N - - - - - iron - 8.0 -
207 4 l1os 16 1 16 - - - - - b - - 7.0 -
208 4 flos (17| 25 | 14 b N - sst,sh - - - - 8.0 -
209 4 o6 |14 7 2 - - - s &g intergranular - - - 16.0 -
210 4 noée |14 7 7 - - - s&g intergranular - - - 16.0 -
211 4 ho6 17 10 2 . b - - - - iron - 13.0 -
212 4 o7 |13 | 22 2 - - - - - - - - - -
213 4 f1o7 |20 19 4 - - - clay - - - - - -
214 4 {108 |14 26 9 - - - - - - sul fur - 4.0 -
215 4 Ns |13 1 10 - - - sand intergranular - - - - -
216 4 e |18 |27 7 800 - - sand intergranular yes - 1,300 17.0 7.8
217 4 e 18 |27 7 - - - - - yes - 2,200 18.0 7.9
218 4 18 |10 |26 1 - - - sand intergranular yes salts >8,000 13.0 8.0
219 4 qn19g [9 |19 |15 - - - silt, sand|intergranular | yes - 10,000 16.5 8.6
220 4 120 {9 |17 |16 - - - sand intergranular - no 2,600 17.0 8.7
221 4 120 (i0 &4 15 725 - - - - . . >8,000 4.5 7.1
222 4 n20 fiz |30 1 - - - sand intergranular | yes no 1,500 12.5 8.0
223 4 [z |9 (3% |13 - - - silt, sand lintergranular - iron >8,000 15.5 8.6
224 4 21 o |30 (1 - - - silt, sand |intergranular | yes no >8,000 13.5 8.1
225 & 121 n 8 4 - - - silt, sand lintergranular | yes - >8,000 12.5 8.2




All measurements of dissolved solids and alkalinity given in mg/L.

’*::' ™ | ca Mg Na+K ﬁggg 50, ¢l No, | sio, | Fe |Fed | Lan. Remarks
7.3 [71,140 1708 | 480 | 23672 | 525 | 4310 | 39200 | o - - - 430 :;:ss;;i';“s:zri:g:, p. 28
7.3 | 1,202 37 14 Wiy | 588 2 Wy |1 - - - 482 :’;:;:9 flowing through
8.9 | 1,672 6 4 628 | 1122 | 254 138 | 9 7.2 | - - 958 | H,S gas
6.0 | 4,904 672 89 804 a | 2070 78 | o - - - -
7.3 | 4,520] 636 89 741 W7 11775 | 1014 | o - - - .
7.4 | 1,429) 330 45 31 | 100 | 955 2 | 6 0.9 | - . 80 f:‘“"'l"i’;'i‘gi‘:;" seepages
7.6 | 1,196 179 38 169 | 246 | 674 2 | 12.0 | - - 197 | Seepages
8.6 | 1,751 21 n 541 W3 | 327 660 | 10 b8 | - | - 287 | Sseepages in vicinity
:
7.7 1,183 172 55 126 4sh 582 4 7 4.4 - [ - 363 Seepages
6.8 1,124} 215 46 65 44y 555 6 2 14.2 - |- 359 Seepages
7.4 [ 2,13] 202 | 12 347 | 625 | 1126 10 | & b2 | - - 500 | Seepages
7.5 [27,123] 1300 | 139 | 8768 | 271 3470 |13300 | 1 n.e | - - 217 | Ponded, Hzs gas
7.3 | 2,794| 480 | 225 50 | 264 | 1890 I 15 | - - 211 f:e"jfgffn‘:;d s1umps
6.4 |2,703| 585 85 54 | by [1705 b | 2 we | - | - 359
8.0 | 1,062 226 49 15 | 122 | 700 2 | & 6.2 | - - 98 || Seepages
7.6 | L016| 175 | 53 w7 158 | 519 23 | - 0.1 - 158 | Kilpatrick Creek
7.6 2.026 | 500 52 53 184 1200 60 3 - 0.1 - | 184 Stream
7.6 7,466 | 480 163 1824 186 1588 3060 5 - 0.1 - 186 Seepages along stream
7.6 15,264| 18 | 82 | 1605 | 236 | 271 2720 | 1 - 0 - 236 | Darough Creek
7.6 {1,494 | 97 54 313 | 204 65 654 | 2 - 0 - 200 | stream
7.4 Wiaho| 730 ! 248 {14028 | 222 [1929 23300 | 2 - 0.2 | - 220 | Ponded spring
7.8 1,194 | 260 47 17 196 675 6 1 - 0 - 196 Stream
7.6 19,090 | 255 [100 | 2926 | w8 | 483 |uzz7 | - 0 - 148 | Stream
j
7.0 27,338 |1275 Ezha 760 | 172 |32 fiz700 | 3 - ok | - - Pond
7.8 |6,000] 350 {100 [1657 | 266 | 960 |2610 | 1 - 0 - 266 | stream

67




|r';:ex Mer | Tp [ R |Sec | Lsd |l Elev :.Ia:: Meinz. L?‘::ci)lf:r P Natu;flc‘)f CSrmans Hlner?I :c‘::tl:: :’L;Ld Field
ft L/sec gy | Permeability ence Deposit amhos/cm? °c pH
226 b (1211 { 8 4 780 - - sand intergranular - iron >8,000 4.0 7.0
227 b 1123 | 11| 6 (13 - - - sand intergranular| yes salts >8,000 17.5 8.2
228 4 23| 1| 6 |13 - - - sand intergranutar| vyes salts >8,000 15.5 8.7
229 4 (123} 1y 27 3 - - - silt, sand) intergranular| vyes - >8,000 21.0 7.6
230 ] 123 12| 27 5 - - - sand intergranular| vyes no 2,000 15.5 7.7
231 4 123 20| 29 [ 925 - - - - yes salts 1,350 i2.0 7.6
232 4 26 ) 1| 6 1 - - . silt, sand|intergranular no iron >8,000 12.0 7.4
233 4 12 | 1| 6 1 - - - silt, sand| intergranular no iron >8,000 17.5 8.0
234 4 24 11| 8 |16 - - - sand intergranular no salts 5,500 14.0 7.5
235 4 124 | 11|25 7 - - - silt, sand|intergranular| vyes - >8,000 17.5 8.6
236 4 124 (12|11 |10 - - D silt, sand|intergranular | vyes iron >8,000 17.0 8.1
237 4 24 {12122 |13 - - - gravel intergranular N salts >8,000 6.0 7.5
238 4 2k | 12|35 7 - - - gravel intergranular | yes - >8,000 19.5 8.3
239 4 124 | 12435 9 - - - silt, sand|intergranular | yes no 5,000 18.0 8.4
240 4 124 |13 |36 8 - - - s&g intergranular - no >8,000 13.0 8.1
241 4 125 |12 | 8 |12 - - - sand intergranular | yes no >8,000 21.0 8.2
242 4 125 12 |10 12 - - - silt, sand |[intergranular - iron 5,000 1.0 7.0
243 4 izs |13 1 9 7 - - - shale - - - >8,000 7.0 7.2
244 4 h2s (13 132 12 - - - silt, sand |intergranular | yes no >8,000 15.0 8.2
245 4 qp25 13 |32 |2 - - - silt, sand lintergranular | yes no >8,000 16.0 8.7
246 4 f2as |1h (36 2 600 - - gypsum - yes no 8,000 1.5 7.5
w7 & fizs | {36 |8 |- - - ESS;L:W - : salts |>8,000 [19.5 | 6.6
248 & 125 |20 | & {14 - - - gravel intergranular | yes no 2,500 16.0 7.7
9 |4 26 |3 |7 |- - - shale - yes g‘:l“:::; 5,000 7.5 {7.9
250 4 126 |14 |6 |13 600 - - gypsum - yes - 2,800 4.0 7.7




All measurements of dissolved solids and alkalinity given in mg/L.

L:z' s Mg Na+K Eggs 50, c1 Fe il Remarks
.5, 424 134 3194 252 1956 4850 0.2 252 Hy$ gas
.2 po,110 86 6826 208 | 1034 | 11000 0 208 salt River
.0 | 8,066 70 2590 200 LIE) 4320 Y 200 Stream
.9 h4,216 2k2 | 10290 153 | 1221 | 22700 0.4 153 Ponded
.3 [ 1,246 35 155 200 305 251 0 200 Ponded; quick ground
.9 1,020 24 13 141 526 16 0 14 HyS gas; see text, p.15
.8 17,436 234 1239 238 194 3525 0.1 238 Stream
.8 [9,448 196 2340 250 207 4675 0 | 250 Stream
.7 (3,586 i 87 661 147 79 1640 0.1 147 Seepage ponds

t
.9 5,112 55 1646 234 290 2675 0 234 Stream
.6 15,420 38 4380 131 | 2215 7450 0 131 Stream

|

.1 118,250 82 | 43399 112 ;2166 68300 0.2 : 12 Seep
.3 15,750 50 5043 174 ‘ 1627 7960 0.1 | 174 Stream
.7 3,072 39 899 198 191 1550 0 198 | Stream
.3 6,786 34 1494 79 1748 2420 0 79 Stream
.5 llo,780 43 3054 150 | 1578 4975 0 150 Stream
b 13,154 50 685 309 681 1060 0 309
.0 0,662 32 3140 157 1762 4630 0.1 157 HyS gas; seep
.7 8,170 51 2155 179|150 3410 0 179 Stream
.9 |6,588 49 1799 165 |1010 2870 0.2 165 Brine Creek
.7 |5,678 49 1242 186 1560 1870 0 186 Several springs
.0 7,708 90 5099 280 2091 8500 0.6 280 Quick ground; seep
.0 (2,448 172 12 172 1450 | 0.4 172 H,S gas; pond
5 |3,4k2 45 w7 | 244 132z 730 0.2 244 | Seshage area and quick
.5 [1,928 50 27 241 1119 29 0.2 241




0dex | g | 15 | [ sec | Loa | Erev| Rave |Moina. | fauifer | Matureof | perman-|mineral | Cot \T | rield
ft | Lisec wmhos/cm? | °C P
251 4 126) 13| 18 6 - - - silt, sand|intergranular yes salts 7,500 17.0 8.7
252 4 126 14 18 1 - - - gypsum - - salts >8,000 10.5 7.4
253 4 126 14| 18 | - - - s &g intergranular - salts >8,000 7.0 6.9
254 4 126 14 | 20 6 600 - - sand intergranular - salts >8,000 6.5 6.2
255 04 126 144 29 2| - - - - - - salts [ >8,000 4.5 6.4
256 b 126 | 14 29 9 - - - gypsum - yes salts - - -
257 4 126 {20 30| 11 - - - - - - no 1,000 10.0 7.8
258 5 5 1 29 1 5200 | 7.6 v - - yes no 230 10.7 8.4
289 |5 7| 3730 |12 [wiso] 3.8 | v b | fracture - sulfur - 5.0 -
260 |5 71 4| 36| 12 | 4700] 7.6 v L:]zmi te| fracture yes - 1,020 9.1 7.3
261 5 8| 5 9 | 13 || 4700 R120.0 11 s fracture yes no 225 4.9 8.0
262 5 10 3| 32 6 || 4590 | 37.8 v Is fracture yes o - 6.0 -
263 5 il 3 3 5 {4480 | 3.8 v Is fracture - - - 8.0 -
264 5 12 (10 {13 J4o50| 3.8 v ss fracture yes no - 2.6 -
265 5 15 1 3 13 {4350 | 5.70 v - - yes no 445 8.0 -
266 [3 15| 2 |27 [ 13 |4450 { 4.5 v ss fracture yes no - 5.8 -
267 5 16 | 2 | 22 1 |4400 | 3.8 v - cavity ves no - 5.2 -
268 s 1165 [35 {13 {4850 {22.70 | v - - yes | Salearel 36 6.8 -
269 5 1812 |29 1 |4140 - - clay - yes no - 14,2 -
270 5 19| 8 12 1 7100 (22.80 v - - yes - 190 3.2 -
271 5 20 | 1 36 3 3460 - Vit - - - - 800 27.2 -
272 5 20 | 3 [35 - 14200 - - - - - - - - -
273 5 20 | 8 13 12 §7300 | 3.8 v - - yes iron 240 1.9 -
274 5 20 19 (36 {13 5500 [22.30 v - - yes - 500 7.1 -
275 5 21 2 |25 16 |[3690 | 0.23 Vi - intergranular | vyes - 925 7.8 -
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All measurements of dissolved solids and alkalinity given in mg/L.

thel ™| ce Mg Na+K :‘_Eg; 50, ¢l No, | sio, | Fe |Fleid | Lab. " Remarks
7.9 | 4,h28| 205 41 | 1345 211 362 2140 1 - 0 - 211 | salt River
7.5 |80,252| 1840 138 | 27021 193 247 | k3500 1 - 0.1 - 193 | H,S gas; quick ground
7.0 115,400 1030 148 | 41288 282 | 2775 | 67200 0 - 0.3 - 282 | Seep
7.0 314,070 1160 171 118493 122 | 3802 {189000 4 - 0.4 - 122
6.9 (309,780, 1320 166 119116 134 | 3785 (192000 3 - 0.2 - 134
7.7 | 5,872 680 70 | 1510 208 | 1300 2480 0 - 0.3 - 208 [ Stream; seep
6.9 724/ 157 19 6 78 381 o | 1 - 0 - 78 || Preble Creek
7.9 44| 32 8 10 | 156 9 b | 4.8 0 168 | 125 | peauwnais Lake
8.1 584 50 30 43 224 90 1 2 - 0 - 224 || HyS gas
Turtle Mountain Springs

7.1 334 82 19 7 141 ILYA 4 ] 4.6 - 150 113 | Sulfur bacteria

| See text, p. 26
6.8 1h2| 38 7 6 | | 2 | 2.8 | - | 130 | 99 | Stedied by bor. Ford®

i See text, p.21
8.1 388 79 26 3 122 208 ] 1 - 0 - 122
7.8 1,054 175 54 7 152 474 4 1 - 0 - 152 Other spring nearby
8.1 432| 67 39 43 439 53 4 3 7.3 - N 351 Concrete catchment
7.8 285| 61 30 11 329 13 0 2 6.5 - - 263
8.1 313 64 24 24 344 18 4 2 7.3 - - 275 Rock catchment
8.1 324 68 25 23 342 19 6 8 7.7 - - 274 Concrete catchment
8.3 239| 61 17 3 242 26 0 8 4.2 - - 194
7.9 500 112 4o 23 503 32 19 |14 12.4 - - 402 || Concrete catchment
7.9 130 36 8 o | 102 33 2 | o 1.5 - - 82 | oo barots S "9
8.0 630 70 46 103 420 186 2 3 13.4 - - 336 Ponded; seep; H,S gas
7.4 1,371 | 250 5 157 516 360 31 0 - 0.1 - 423 Pipe catchment
8.0 146 | 46 6 2 163 6 2 1 4.3 - - 130
8.2 301 | 66 23 2 161 126 2 0 3.4 - - 129
8.1 567 55 41 95 454 132 8 5.2 7.6 - - 363 HoS gas; quick ground
I

T




Flow Field Fleld
tndex Aquifer Nature of Perman-| Mineral Field
Mer | Tp | R |Sec | Lsd || Elev| Rate [ Meinz. . Cond. Temp.
No fe | L/sec Lithology | Permeability ence Deposit mbos/cm? °c pH
s & calcare-
276 5 21 {9 |15 1 5400 7.60 | V dolomi te fracture yes ous tufa 450 8.5 -
277 5 22 | 2 3 1 3760, 6.10 | V 13 fracture yes no 740 8.6 -
278 5 22 | 5 |36 |16 k00| 7.6 v - intergranular yes no 515 9.4 -
Is & cavity & R R
279 5 22 6 29 7 5100| 75.70 v dolomi te fracture yes 650 5.5
calcare-
280 5 22 7 |28 10 5750 5.7 v 0 = yves i s 400 8.2 S
281 5 23 |10 10 3 5600(227.0 1 = S yes = 188 5.4 S
282 5 23 |10 |22 |1 5600 7.6 v s&g intergranular yes no 300 3.2 7.9
calcare-
283 5 24 6 |31 i3 4750( 15.10 IV = = ous tufa 3.0 o
284 5 24 18 |30 5 4280 11.4 v s56g intergranular yes no 430 5.7 7.7
285 5 2k 19 {17 |10 4340 3.79 |V dolomite fracture yes no 1,450 10.0 -
286 5 24 |9 |18 2 4400 | 3.79 |V is fracture yes no 360 6.0 -
287 5 25 |8 4 7 4260 | 0.15 | VI sh, s 8§ g - yes no 600 8.0 -
Is & calcare-
288 5 25 (12 |24 4 5000 { 9.1 v dolomite fracture yes ous tufa 1,250 LT 7.2
289 5 25 12 (33 4 5000  12.5 v 1s fracture yes - 675 20.0 7.6
230 5 25 I3 |36 3 5000 | 16.70 | IV s fracture yes no 305 7.4 8.0
291 5 26 (2 |20 (13 3850 | 3.8 v s &g intergranular yes no 605 6.2 7.4
calcare-
292 |5 [26 |3 |29 & |3900 [11.36 |1V ss fracture ves | Tiufa 545 7.3 | 8.1
293 5 26 |4 3 4 3715 | 3.8 v gravel intergranular yes gzlc:::; 530 6.5 7.7
294 5 26 |11 |33 1 4850 | 15.10 |1V sh & 1s - yes no - 2.5 -
calcare-
295 5 27 6 |10 8 4400 | 7.6 v gravel ntergranular - ous tufa 3.5 -
. calcare- _ _
296 5 27 9 [36 N 5490 |15.10 IV gravel intergranular - ous tufa 3.0 -
297 5 27 I3 6 5 5365 {30.3 v sst & sh cavity yes = 470 3.7 7.5
298 5 28 2 N4 3 3800 | 5.0 v ss fracture - - - 13.0 -
299 5 28 |9 |2 ] 5490 | 7.6 v gravel intergranular = s - 3.0 -
300 5 28 11 p7 né 7500 | 3.8 v o o = = o 0.5 =
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All measurements of dissolved solids and alkalinity given in mg/L,

LR ™ ] ca Mg | oNes | HE03 1 so, | Nog | sio, | Fe | Fleld | Lan. Remarks
8.3 262] 61 23 3 | 239 52 0 0 5.4 - ) 191
8.1 439 59 40 52 432 48 8 10 8.9 - S 346 Wooden catchment
7.9 204 46 16 8 | 237 6 1 2 8.0 - - 190 | Bar K.C. club ranch
7.7 471 118 24 5 | 216 196 2 0 bk - £ 197 §:2Y;’:x5“;k S prings
7.8 202| 52 " 6 | 227 12 4 0 5.0 : - 182
8.0 19| 35 5 3 120 12 2 1 2.4 - - 96 || Several springs form stream
7.1 175 W4 15 P T 40 2 1 3.4 | o | 107
7.9 2100 48 23 15 | 220 9 i 0 - 0.1 ) 220 | Ponded
7.4 236| 6 20 6 | 217 32 4 2 5.1 0 2351 || 174 | Sona¥alley Irrovincial, Park
7.8 | 1,188 214 78 | oy 668 y 0 7.5 0 - -
7.6 268| 48 14 2 | 139 48 0 1 b7 0 L -
7.4 286 713 21 10 | 317 12 2 2 7.5 0 - -
7.3 0| 215 38 13| 137 564 | 12 o |30.0 | 0.1 - 1o :;’s‘f;a‘;""’:;e“‘t’:xfp ghik
7.4 39| 73 20 34 | 154 138 | k2 2 s | oon - 123 | Sulfur bacteria
7.2 162 33 14 6 141 30 4 1 3.8 0.1 154 13 ‘S'z;'“él)'(‘t’" :f’kfs Hot Spring
7.6 430 73 43 35 451 43 2 3 8.6 0 484 361 In creek bed
Big ATTT Spring
7.9 307 65 32 10 349 7 6 7 8.4 0 370 279 Provincial Park
7.4 sub| 79 47 53 | 40 138 6 10 9.6 0 441 328
8.3 100 28 6 6 92 10 4 0 - 0 - 92 Lake Minnewanka spring
7.6 302{ 56 27 2 | 276 12 2 0 - 0.1 - 276
8.0 282 57 10 21 228 8 4 1 - 0.1 e 228 | Other springs nearby
- 253 52 20 1 183 80 0 5 4 - - - l::d?ﬁ:ny); quicksand
7.8 372| 68 38 31 346 21 5 4 - 0 - 346
8.1 16| 47 10 1 14k 14 ! ! - 0.1 . 144 | Springs form creek
8.0 1ol 21 6 0 68 8 2 1 - 0.1 : 68 | other springs nearby
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Ir'::ex Mer| Tp | R [Sec | Lsd || Elev :.Ia?:: Meinz. L‘?‘::g;gr P Natu;?ﬂ: fetm ginerel (F:;:llid :‘ir::ad Field
ft | Lsec gy | Permeability ence eposit | hosromt | oc pH
301 5 28 |15 7 {13 5000 3.8 v gravel intergranular no iron 300 3.0 -
302 5 28 |16 [ 12 7 5000, 3.8 v - - no no 290 - -
303 5 29| 6 | 35 [ 4250 3.8 v (33 fracture yes no 320 4.9 7.1
304 5 29 | 7 11 5 4500| 75.76 v ss fracture - - - 10.0 -
305 5 30 (12 {20 |10 58851 0.76 | VI ss & sh intergranular yes - - 2.8 7.4
306 5 30 |15 3 4 6850(380.0 VHI - - no no - 2.0 -
307 5 |31 |8 L | & 4590| 3.8 v - intergranular - - - 4.0 -
308 5 33 |20 |20 {1 4750(379.0 1 s fracture no no - - -
309 5 34 17 |32 6 3980| 3.8 v s intergranular - - - 4.5 -
310 5 34 )21 7 8 5250 23.0 v - intergranular no iron - - -
311 5 34 19 |19 4 4780 15.1 v ss fracture - - - 6.0 -
312 5 3% 19 |31 [13 4500| 7.6 v - - - - 1,250 6.7 -
313 5 |34 |10 [36 |16 45001 7.6 |V Is fracture no - 380 5.6 -
314 5 34 1 j22 2 4980 | 3.8 v Is & ss fracture - - - 2.5 -
315 |5 |34 pz {30 [13 |sw00}20.5 }1v - - - - - bo | -
316 5 35 |4 |25 2 3225| 7.6 v gravel [intergranular yes no 555 7.6 7.3
37 |5 |35 |6 |26 |1 |3770| 6.06 |V - - - [QPleare) bo | -
318 5 35 {7 [36 113 3700 5.7 v gravel |intergranular yes zzlsci::; 505 4.8 7.5
319 5 35 19 5 ) 4200 | 4.5 v dolomite fracture yes - 1,455 6.4 7.5
320 |5 (35 |9 |35 |5 |4oo| 7.6 |V ss fracture - no - 3.0 -
321 5 35 |18 |11 11 4800 | 38.0 v gravel intergranular - no - 3.0 -
322 s (35 19 |8 |8 lurso|75.8 |iv - intergranular | - no - 3.0 -
323 5 35 {19 |15 4 4550 {378.8 (NN - intergranular yes no - 2.0 -
324 5 35 19 {23 6 4500 | 22.7 v gravel intergranular no no 260 4.5 -
325 5 35 o |12 5 5400 | 6.06 |V gravel intergranutar | yes no - 3.0 -
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All measurements of dissolved solids and alkalinity given in mg/L.

tab- | T | ca Mg Na+K Tég; so | ¢ Moy | sio, | Fe | Fpnid L Remarks

7.5 199| 4o 17 10 | 200 22 2 2 8.0 | 0.1 3 160

8.1 m 37 15 12 | 1es 1 2 ! 7.2 | - - 156

6.5 186 | 42 9 19 | 190 4 2 § 126 | o 207 | 152

7.2 66| 13 3 5 16 n 2 0 - o ) 46

- |ree| 222 85 18 | 296 | eu3 | 10 12 10.8 | - ) - || Panther Spring H,S gas
7.8 133 33 14 0 146 8 2 0 3.5 0.1 - 17

7.6 178 45 12 8 | 16 15 4 1 - |oa s 161 || Ponded

7.5 ng| 30 9 2 | 129 9 2 0 3.2 | - - 103

7.9 224 | 56 17 6 | 204 7 2 1 - |oa - 204 | Near creek

7.6 180| 48 14 § | 210 1 2 0 8.1 | - = 168

7.1 100 8 2 3 26 9 i 1 - o - 26

7.9 [1,090] - - - - 621 4 0 - o2 : 115 | HyS gas

8.1 320 - - - - 50 0 - - o2 . 188

7.9 130| 38 8 8 | 3 4 i - o . 141

7.9 190 43 17 5 142 37 6 i - 0 - 142 || Three ponds

7.3 306 73 26 10 356 9 4 1 9.3 0 372 285

8.4 10| 19 24 6 | 152 5 0 2 - 0 - 152 | Two springs and seepages
7.4 299| 83 26 7 | 33 3 2 3 na | oo 363 | 267

7.6 982 | 232 59 9 | 198 | s76 0 1 7.5 | o | 211 | 158

7.8 308| 65 20 b | 292 8 4 - - |oa ) 240 | Quick ground in vicinity
7.8 61| 37 6 2 | s 23 2 1 5.6 | 0.0 ) 123

7.4 | 32 14 y | 129 26 2 0 3.8 | - - 103

7.9 57 ] 35 16 2 | 146 26 2 0 ue | - - 17

7.8 123 30 10 2 | k2 3 2 0 5.2 | 0.1 - 14

7.5 129 | 32 9 2 | 13k 1 6 1 3.0 | 0 - 107 ?:n:i?gf““‘”' highway
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Flow R _ Field Field
Irr::ex Mer | Tp | R |Sec | Lsd || Elev| Rate Meinz. L{\q:l:’er P Nam;?]?f Fetman glner?l Cond. Temp. LI
ft Lisec ithology | Permeability ence eposit | hesiom? | oC pH
326 5 351 21| 5§ 8 | 5500|454.0 1 - intergranular no iron - - -
calcare-
327 [ 36 51 s 3 || 3430|265.0 v ss fracture ves Lo tufa 545 4.7 7.4
328 5 36 7118 1 3700| 75.76 v - - - - - - -
329 5 36 8|13 1| 3700( 7.6 v gravel intergranular yes no 495 5.9 7.5
330 5 36 | 13| 2 4 || shoo| 7.6 v gravel intergranutar yes - 70 3.3 -
331 g 36 | 13| 25 9 || 4900 37.90 | 1V gravel intergranular - - - 4.0 -
332 5 36 | 1h| 4 13 | 5500 7.6 v dolomi te fracture yes no 250 3.7 8.0
333 5 36 | 21|18 16 || 5700| 7.6 v - intergranular no no - - -
334 5 36 [ 23] &4 9 | 6000p887.0 1 Is fracture no no - 2.0 -
335 5 37 5(19 3 | 3260(287.9 11 gravel intergranular yes no 515 5.0 8.0
336 5 37 6 | 24 13 | 3260(758.0 i gravel intergranular yes no - 4.5 -
337 5 37 6|26 6 || 3260(303.0 11 gravel intergranular yes no - 4.0 -
338 5 37 8127 11 | 3500 7.6 v s &g intergranular yes no 490 5.1 7.5
339 5 37 11112 7 | 4500 15.10 | IV dolomite fracture yes - 1,330 6.8 7.6
calcare-
340 5 37 12 |25 - 4500 {189. 41 1 b - - ous tufa - 10.0 -
341 5 37 (13 |13 15 || 4700 [ 0.3 Vi sh fracture yes salts - 9.5 -
342 5 37 |18 {15 10 | 4750 | 10.4 v gravel intergranular yes no 295 4.2 7.9
calcare- _
343 5 37 18 |27 7 4600 | 3.4 v s - yes ous tufa 440 11.0
344 5 37 |18 |27 7 4500 3.8 v - intergranular yes no 310 6.6 8.1
45 |5 |37 |22 [1o |15 |suoo [15.10 v Is & cavity and no no 340 4.0 -
345 ) dolomite fracture :
346 5 37 |22 |12 3 | 5500 )51.0 i do:ts)mti;te cavity yes no 250 2.5 -
347 5 37 |22 |21 11 6400 [15.10 |1V gravel intergranular| no iron 265 1.5 -
348 5 37 |23 |28 13 |6900 |75.80 |1V - - yes - 79 0.2 8.5
349 |5 |37 |23 [35 4 fe700 | 7.6 |V - - no iron 360 [11.3 -
350 5 38 |12 |2 1t 4500 |26.52 |1V s fracture - - - 10.0 -
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All measurements of dissolved solids and alkalinity given in mg/L.

ahe [ T | ca Mg | Na+k Eggg so, | ¢ Moy | sio, | ke | Fleld | rab. Remarks

.5 246 | 52 23 3| 168 77 2 0 6.8 | o | - 134

ol w0 [ v (e | - | | | e
8.3 32| 79 24 2 | 20 47 5 - 5 0 - 243

3 284 | 7 23 9 | 310 14 4 2 8.7 o | 329 | 248 | Ricinus Spring

! 136 | - - - - 17 2 - - |- 45 | In Elk Creek valley

.0 72| 59 16 2 | 242 12 4 - - 0 - 198 | Forms waterfall

.6 4 9 3| s 14 4 4 3.8 | oo | 151 | 236

7 893 | 182 61 | o | oss2 2 1 7.6 | oo | - 137

5 32 9 . 2 32 2 2 0 0.5 0.2 _ 25 Big Springs to the east of

Mt. Castleguard
See text, p.21

Stauffer Creek Spring
.9 330 69 21 2 168 73 2 4 - 0 - 168 (Butte Spring)
See text, p.34

Rauch Spring
.0 348 74 18 2 220 74 4 - - 0 - 180 (Butte Spring)
See text, p. 34

Edmond's Spring
.2 264 56 20 1 194 45 4 - - 0.1 - 145 (Butte Spring)
See text, p.3

3 309 | 76 19 no| 266 60 2 2 8.7 o | 286 | 213
6 |12 | 272 46 6 | 176 | 700 4 i 7.3 | o1 | 188 |
.5 2,408 | 473 128 35 | 180 | 1560 8 . - 0 - 148 of Buifur springs jon
.6 (2,300 | 365 160 16 136 | 1425 6 - - 0.2 - 12 gﬁngi::zks of
.5 200 [ 45 13 Y™ 48 | 20 1 3.5 o | 150 | 114
0 227 | 53 17 5 | 212 39 2 0 75 | o2 | - 170
8.0 a3 | w 14 3| 132 46 | ko 1 3.9 o | 135 | 106
7.5 166 | 67 10 5 | 137 10 2 2 3.9 0 - 110
6 130 | 35 10 3| 139 7 2 2 3.4 0 - m
6 130 | 35 10 3| 139 7 2 2 3.4 0 . m
! 99 | 25 5 2 76 17 ] 10 2 a2 |- 61 gllglarels Slacter stream

Quick ground
Sunwapta Pass Springs
See text, p. 42

.3 2,168 425 128 49 180 1275 4 - - 0 N 148 HZS gas




Irr;:ex Mer | Tp R |Sec | Lsd || Elev :;‘:: Meinz. L?qt:;f:r P Natu;?‘t')f Ferman- Miner§l E::::ld :’;;:)d Field
ft | L/sec gy | Permeability ence | Deposit amhos/em? | °C pH
351 5 38 | 23( 5 1| 6200 7.6 v - - no no 260 8.0 8.1
352 |5 (3818 1| of - | so |v Is C‘;‘:;zujzd no no 174 5.2 | -
353 5 39 1| 14 7| 2950 1.9 v ss fracture yes no 595 4.9 7.8
356 |5 | 39| 70 7 | 12| 3250 18.94 | 1v gravel [intergranular| - calcares} . bo | -
355 5 |39 | 931 | 16| 3400| 7.6 |v drift/ss - yes | 2learer w0 b | 7.8
356 5 39 | 15[ 16 16 || 4820 15.1 v sh fracture yes no - - -
357 5 39 | 16|32 8 | ussoo| 3.80 | v gravel intergranular yes no 670 - -
358 5 39 | 20|33 14 || 6300] 75.76 | v - - no iron - 4.0 -
359 5 39 | 2331 2 || 6400f 7.6 v - - no iron - - -
360 |5 |39 | 26|34 | 12 s5221| 7.6 |v - - - no 45 7.6 | 7.5
361 |5 w0 [1tlio | 8| 3575|1136 | 1v gravel lintergranular| - gz:°::‘;; - bo | -
362 5 40 | 15|29 16 || 4400| 7.6 v sh fracture yes no 1,400 3.7 7.4
363 |5 |40 20|31 | 12 | 5500] 1.90 |V - - - no - 9.0 -
364 |5 |40 |21 | & |13 f7000[757.0 |11} Is cavity yes no - 4.0 -
365 |5 |40 |21 |25 {16 |ss00) 7.6 |V - intergranular | yes no - 3.0 -
366 |5 |40 |24 18 |16 |5250]| 3.8 v - intergranular | yes no 60 7.0 | 8.4
367 5 40 |24 |19 3 | 5000 {30.3 v - intergranular yes no 50 4.0 8.0
368 |5 40 [25 (26 |13 |4o00| 3.8 |v gravel lintergranular [ - iron Lo 5.2 7.1
369 5 bo |25 (34 12 | 5000 | 7.6 v gravel intergranular yes no 23 5.8 7.0
370 |5 |40 |26 [15 |13 4700 | 4.5 |V - intergranular | no no - 4.0 -
371 5 4o |27 |30 8 |s5600 |15.1 v . intergranular no no - - -
372 s [wm |5 |is 1 3425 | 3.8 |V ss fracture - no - 3.0 -
373 |5 | |21 {1 |11 {ss500| 1.14 |V - - - no - 13.0 -
37 |5 w0 |21 {23 |10 |ss00| - - 1s cavity and | - no - - -
375 05 |41 |22 |29 |16 [e6oo|38.0 |1V Is cavity and | no - bo | -
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All measurements of dissolved solids and alkalinity given in mg/L.

Rl ] e Mg | Nevk | 03 | so |l Mo, | sioy | Fe | Fpsld | Lab. Remarks

7.6 138 32 12 2 | 2 25 2 | 3.6 | 0.1 - 98 | Dries up in the winter
7.6 124 29 10 0 98 32 2 | 2.0 | 0.3 - 78 tlzzg_sczx “I’:r?:;f:a'f"l 0
7.7 351 4o 4o w | 395 20 4 8 50 | o 421 | 316 | Flow increases downstream
8.0 528 83 28 4 388 7 4 - - 4 - 318

7.9 299| 73 15 9 | 300 5 | 4o 1 8.2 | o0 3ib | 2ko | {TaPPers cepgrispring
8.0 179| 44 12 8 | 181 16 2 ! 7.8 | o E 145

7.4 359| 80 35 13 | 388 25 2 1 .o | oa : 310 :;g:::;:k":dia"

7.6 251 | 62 16 3| 137 95 2 0 w2 | o - 110

6.3 38 8 3 0 29 5 2 0 5.4 | 0.9 - 23

7.1 63 14 4 3 54 7 2 0 6.9 0.1 58 43

8.0 300 68 15 b 278 6 b - - 0 - 228 T‘;’Zai‘i’;;"gs atthis
7.9 8a2 | 38 13| 32 | 883 55 | 20 2 7.3 | - 961 | 706 | H,S gas

6.6 |1,832| 348 90 | 125 | 154 | 1160 | 24 0 3.9 | 0.1 ) 123 || 9ncSuiBhut Hountan
7.0 n2| 28 8 2 85 28 2 0 2.6 | 0. - 68

7.4 245| 59 22 4 | 200 54 2 1 5.4 | 0.1 - 160

6.4 33 7 2 2 24 2 2 0 5.2 | o - 20 | Ponded

6.9 34 5 2 2 27 3 4 1 3.5 | o - 2

6.2 25 3 ! 3 10 7 2 1 3.8 | o 15 8

5.6 22 2 ! 4 12 3 2 1 3.6 | 0.1 15 10

6.5 23 3 ! 3 15 2 2 ! 3.6 | 0.1 - 12

6.1 34 4 4 3 32 4 2 0 0.8 |o. - 25 | Ponded

8.3 W76 | 6h 29 20 | 319 1 1 - - 0 - 295 | Three spring outlets
6.5 |2,048 | 426 88 | 113 | 142 | 1268 | 74 0 9.7 | 0.2 - 14

7.5 310 66 29 3 159 124 2 1 7.1 - - 127 Large pond

7.6 172 | 39 3 2 | 120 53 2 ! 3.0 | 0.1 - 9%
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':2”‘ Mer| Tp | R [Sec | Lsa || Elev ;;‘:: Meinz. Li“‘::llf:’ , "““;?“.’f Pernan(Nineral E:;::id 52.7.:," Field
ft | L/sec gy | Permeability ence Deposit amhos/om? oc pH
376 .} 5 41 122 | 33 11 || 6400| 11.3 v - intergranular no no - 3.0 -
377 5 41 |25 8 2 || 4900f 7.6 v - intergranular yes no 50 9.0 8.2
378 5 41 125 | 34 4 || 6500{378.8 1 - intergranular yes no - 2.0 -
379 | 5 | 41 {26 |11 | 12 3800| .14 |V - - no salts - . -
380 | 5 | W |26 |13 2 | 4800| 10.6 | 1v - intergranular| yes no 15 5.0 | 8.7
381 | 5 | &1 {26 |31 | 15| s200{ 23.0 | IV sty intergranular| no no 310 7.0 | 8.0
382 5 41 128 | 34 1| 6800(378.0 1 - intergranular no no - - -
383 |5 [42 |6 (19 | 16 3400 3.8 |v - - - ;Zl‘:::; ) 3.0 | -
384 §5 (62 |6 [30 | 1| 3400 2.3 |v - - yes ;zlc":::; 600 5.5 | 8.0
385 5 42 | 20 | 20 5 | 5200 - - - - - no - - -
386 [ 5 |42 | 22|20 | 10| 6000| - - - . - no R - -
387 {5 |42 | 28|20 9 | 4100| 60.6 | 1v - - yes no 65 3.5 | 8.6
388 |5 |43 ] 3|10 1 | 3050 11.36 | v - - - no 750 6.0 -
389 |5 |43 |20{22 2 §s000| 2.27 |v g/sh - - ;:;‘:Z‘f: - 5.0 -
390 |5 |43 |20|27 | 14 | 4880| 7.60 |V gravel  [intergranular [ - ;3;‘::‘;; - b0 | -
390 (5 |43 |23| 4 | 6 |6700] 7.6 [v s af‘;az::[‘t’y - no ) 2.0 | -
392 |5 |43 |24 |9 |16 |6600[379.0 |11 - - no no - - -
393 |5 (43 |25 [19 8 | 5500 3.8 |v - - no no - 2.5 -
394 g 43 126 |24 13 § 5800 | 45.4 v gravel intergranular yes no 85 7.0 8.3
395 5 |43 |27 | & 5 | 4000 [15.10 |1v gravel  |intergranular | yes no 110 6.0 |8.7
396 5 |43 |27 |9 6 juo00| 7.6 |V - - yes no 125 5.0 |8.2
397 |5 |43 |27 {16 |12 {3800 0.15 |vi - - yes no 640 9.0 | 7.9
398 |5 |44 | 3 (31 14 [ 3250 3.8 v ss fracture yes E:;c::;;; 805 3.9 | 7.1
399 5 44 611 5 3250 3.8 v - - - - - 3.8 -
calcare-
400 5 4y 119 |33 14 [ 4650 | 2.3 v gravel intergranular yes ous tufa 440 4.0 -
and iron
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All measurements of dissolved solids and alkalinity given in mg/L.

TDS

Lab ca Mg Na+K Eggg S0y ¢l Noy | sio, | Fe F;‘I’Ld k‘i':: Remarks

7.4 62| 35 13 3 | s 48 2 1 3.1 0 - 92

5.9 27 6 ! 2 24 1 2 0 2.2 0 - 20

7.5 106 21 10 3 | 1o 12 2 0 2.8 0 - 88

6.8 208 57 14 6 | 217 n 2 6 4.3 | 03| - 174

8.0 68| 17 3 3 76 2 2 0 3.3 0 - 61

8.1 191 52 14 3 | 207 9 2 0 8.4 0 - 166

7.3 7|15 7 6 68 9 2 0 20 | o1 | - 54

8.2 384 64 34 5 348 8 2 - - - - 298 Another spring nearby
7.6 336 | 65 25 15 | 339 13| 4o ! 9.9 o | 380 | 27

7.0 172 35 17 2 | 146 39 2 0 5.5 0 - 117 | Ponded; blue holes

7.7 205 | W7 15 2 | 27 73 2 0 3.5 | 0.1 - 102 | Ponded; blue holes

6.7 35 7 3 4 29 3 2 1 2.1 0.2 - 23

8.7 432 - - - - 33 4 - - 0 - 330 Seepages in vicinity
7.1 216 | 51 21 b | 246 5 2 1 9.2 - - 197 ';‘:;::2:;2::9 I
7.3 32| 57 19 3 | 268 7 2 ! 10.5 | 0.1 - 214

7.5 150 | 35 12 2 | 1o i 2 ! 2.8 | 0. - 88

7.8 161 | 37 13 2 | 102 53 2 ! 2.6 | o.1 - 82

7.8 gy | 123 27 4 | ez | 253 2 1 w3 | oo | - 14

7.4 50 10 4 3 b 3 2 1 5.3 | o1 - 35

7.1 69 | 15 5 4 68 6 2 1 3.7 | 0.z | - 54

7.3 74 13 6 [ L 22 2 0 4.6 0 - 35

7.5 211 W 22 12 | 205 1 10 2 |13 0.2 | - 164

7.1 w76 | 103 38 b | su2 23 0 4 2.0 0 | 582 | 434

8.1 460 82 28 27 424 43 4 - - 0 - 348 Two springs at this site
7.6 214 | 57 16 6 | 25 2 2 1 7.0 | 0.1 - 201 [several discharge points
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Flow . . Field Field .
I:dex Mer | Tp | R |Sec | Lsd || Elev| Rate |[Meinz. {\qutfer Natur? ?f Perman- Mlnerz-.ll Cond. Temp. Field
o ft Lisec Lithology | Permeability ence Deposit umhos/cm? °c pH
fracture calcare-
4ol 5 44 | 20| 23 3 || 4800 - - s . yes jous tufa - - -
and cavity
land salts
calcare-
402 5 4y 22| 22 6 6380( 15.1 1V - - yes bus tufa - 4,0 -
fracture calcare-
403 5 4y | 22| 22 16 || 6200 - - Is and cavity ves | T ufa 6.0 -
bou | 5 | a4 24| 2 | 16 6000| 3.8 |v - - - no - 5.0 | -
405 5 by | 24| 34 11 || 5250 7.60 | v gravel intergranular yes no - - -
406 5 k4 | 25| 6 2 || 7600 11.40 | 1V Is intergranular yes no 70 0.5 8.3
407 5 kb | 25| 26 10 | 6000 7.60 |V - intergranular - no - 3.0 -
408 5 4y | 26|15 2 | s100] 75.80 | 1v gravel intergranular yes no 220 4.0 8.2
409 5 44 | 28| 2 4 || 36500 11.40 | 1V gravel intergranular no no 125 10.0 8.5
410 5 45 1 9 8 2300 3.80 v - - yes no 690 6.9 8.6
calcare-
411 5 45 | 16 | 31 12 || 4390 0.23 | VI ss fracture yes ous tufa 440 k.o -
412 5 45 | 23 |24 2 [ 6000| 3.8 v gravel intergranular yes iron 300 - -
03 5 45 |23 |32 11 { 58501 52.0 v coal fracture yes no 895 4.6 7.3
calcare- _ _ -
it |5 |us |26]18 | 12 | ss00| - - - - yes | o
fracture
g 5 45 | 25 [ 34 11 4700 |379.00 1l Is and cavity yes no - - -
416 5 45 | 26 | 5 16 | 4800 75.80 | IV Is & sh - yes no 465 k.o 7.9
fracture _ _
4y 5 45 26 |19 8 7000 [348.00 111 1s and cavity yes no 3.0
418 5 45 |27 1o 16 | 4600! 3.8 v s fracture yes no 220 4.5 -
419 5 45 |27 |19 16 | 4500 | 75.80 |1V s &g intergranular| vyes no 160 5.0 7.9
420 5 45 127 |25 9 151001 75.80 |1V - - yes no - - -
421 5 45 28 {15 14 6200 3.00 v - - yes no 85 5.0 -
422 5 46 | 22 |22 13 | 5250 6.00 |V sst - yes no - 4.0 -
Is &
423 5 46 | 23 |30 S § 5500| 15.15 | 1V dolomi te fracture yes no 255 5.6 7.5
424 5 46 23 |31 b4 5300 | 22.73 v Is - - - - 3.5 -
. calcare- _ _ _
425 5 b6 |26 |28 13 | 3500| 2.30 |V gravel intergranular| vyes ous tufa




All measurements of dissolved solids and alkalinity given in mg/L.

Lab.

TDS

HCO3

Field

Lab.

pH ta Mg Na+K +€03 S0, cl NO, $io, | Fe Ak | Alk. Remarks
6.9 196 50 13 4 220 4 2 0 14.0 - - 176 || Large blue hole
7.6 215 48 14 16 220 19 2 0 8.7 | 0.3 - 176
7.1 169 43 10 5 173 17 2 0 7.0 | 0.3 - 138 | Bright blue iakes
7.9 171 43 12 2 146 35 2 1 3.9 | 0.1 - 117
7.2 215 57 14 3 156 56 2 1 4,3 | 0.2 - 125
6.9 33 6 3 2 32 3 2 1 1.2 | 0.1 - 25
7.2 207 51 15 3 129 69 2 0 4.0 - - 103
7.2 115 26 7 6 49 4y 4 0 4.0 | 0.4 - 39
8.0 61 12 4 3 51 9 2 0 4.5 | 0.1 - 41 || Ponded
8.1 683 50 38 76 483 21 8 0 6.7 0 500 802
7.7 224 60 17 5 261 3 2 0 10.1 0 - 209
7.4 150 4o 11 2 151 18 2 0 3.0 | 0.1 - 121

Mountain Park Spring
7.4 536 39 13 167 608 8 2 1 7.2 - 631 486 | H2S smell
See text, p.10

7.5 155 34 13 3 127 28 2 1 1.2 | o.1 - 102
7.7 172 by 13 3 137 39 2 0 3.2 - - 1o
7.8 265 62 18 9 178 80 4 1 4.2 | 0.2 - 142
7.3 103 30 6 3 98 1 2 ] 2.0 | 0.1 - 78
8.2 135 29 1h 3 156 5 2 0 4.8 | 0.6 - 125
7.9 116 29 9 3 1RY) 10 4 0 3.3 0.1 - 94 Smell around spring (HZS)
7.3 124 | 33 9 3| 1o 20 2 0 2.5 | - - 88 ;?:c§::gzype of
6.7 48 10 3 3 39 6 2 1 4.8 0 - 31
7.2 118 28 8 3 127 6 2 0 7.8 | 0.2 - 102
6.9 178 43 12 6 134 43 b 1 3.9 - 135 107
8.2 124 31 7 6 96 14 2 0 - 0 - -
7.4 196 55 14 3 227 3 2 0 6.9 | 0.1 - 182




"X | her | Tp | R | sec | Lsd | Elev Rave | Meinz. auiter | perature of | Perman- hineral Cond ;;ren::d Field
ft | Lsec gy | Permeability ence eposit amhos/em? °¢ pH
w26 {5 |47 10| 14| 10 3250 0.76 | wi - - - ::;C:::; - 4o | -
427 | 5 | 47 | 10| 14| 15| 3250| - - - - - z:;cx:; - 8.0 | -
428 |5 |47 | 10| 14| 15 [ 3250 1.50 | v - - - g:;cizg; - 8.5 | -
429 |5 |47 | 24| 21| 16 | 5800| 3.8 |v - - - - 530 4.0 | 7.3
430 § 5 |48 | 23| 24| 15| w75 3.8 |v - - - - 420 - 7.6
431 5 48 | 26 4 5 || 4650| 15.10 | v dolomite fracture yes no 380 3.0 7.3
w2 |5 (48 |26] 8| s ue00| 7.60 | v s a:;azjji":y - calearer) 950 |51z | 7.0
433 5 48 [ 28 | 11 1 3350 23.00 | IV s &g intergranular no no 590 6.5 8.1
434 5 48 | 28| 24 2 || 3275 - - sand intergranular no no 350 5.0 8.1
435 |5 |48 | 28| 25| 13 | 3275] 3.8 |V Is fracture no no - 5.0 -
436 |5 |49 f27| 5| 11 | 3500]30.30 | 1v stg intergranular | yes no 346 4.0 | 7.9
437 45 |49 {27 6| 16 | 3250 23.00 | 1v stg intergranular | yes no 520 4o | 7.9
438 5 49 127 ] 13 4 | 3400 7.6 v - - no no 335 6.0 8.2
839 |5 |50 [12| 9| 9 {3060] 7.6 |v - - - calcare) . 8.0 | -
4ho 5 50 |27 | 26 8 |3500] 7.60 [v sand intergranular - no 410 7.6 7.8
w1 s st 1z 3| 1 [[318] 3.8 |v sand intergranular | yes f;l“::‘f’; 470 4.7 |7.6
w2 |5 |5 |25 32| 6 |4000]| 4.20 |v s g intergranular | yes Zﬁlc‘::‘;; 505 | 4.2 | 7.8
443 5 52 |23 9 |14 [3900| 3.8 |v - - - - 470 - 7.9
by s |52 |26 |32 | & |380] 3.8 (v gravel intergranular | vyes gz;cizi; 445 2.9 | 7.6
whs Is |53 |22 | & |16 |3600 |18.20 |1v ss fracture yes |3lcare 450 | 9.7 | 8.4
4h6 5 |53 (23 [ 32 |11 w00 5.68 |v - - - - 400 - 7.9
447 5 53 (26 | 22 9 {3780 | 4.93 |v - - - - 280 7.0 8.0
448 5 |s4 [15 |13 {13 |2850 | 7.58 |v - - - - 1,000 4,0 [8.2
449 f5 |54 23 |35 [ 9 |3850| 3.80 |v - - - - 420 - 7.7
450 5 |sh |24 |11 9 |[4100 | 7.58 |v - - - - 380 - 7.7




All measurements of dissolved solids and alkalinity given in mg/L.

TDS

Lab. Ca Mg Na+K 223; so, | ¢ Moy | sio, | Fe | Field - Remarks
Large tufa mound

8.4 48| 33 29 19 | 206 30 2 ] 128 | o - 206 [|Little Jacknife Spring
See text, p. 9

8.2 | 22| o 3 3] 280 | 23 | 3 1 -0 - | 8o | SifeifarE mound,

8.5 252 | 28 31 21 218 30 2 1 - 0 - 218

7.8 256 | 59 24 | 100 | 490 65 2 1 9.5 | 0.8 - -

7.7 228 64 12 6 | 249 23 0 1 6.2 | - - -

8.0 164 | & 13 51 178 6 4 3 b9 | o0 - 142

7.0 1,778 | 386 64 31 135 | nes | 4 ! 18.4 | 0.3 - 107 'Eéﬁiﬁit'fia?‘c’i;lﬁt
See text, p.

7.8 wh | 95 34 7 | 229 | 167 2 0 6.8 |0 - 199

7.9 26 | 60 18 Lo 163 76 4 0 3.9 |o. - 130

- - - hd - - - - - - - - - Culvert catchment

8.1 201 by 17 10 | 203 22 4 0 3.8 o - 162 | Ponded

7.7 26 | 56 18 7 | 232 24 2 1 k5 | o - 186 | Ponded

7.8 225 | 52 14 y | a6 75 4 0 3.2 | 0.2 - 17

8.1 246 | 50 21 23 | 260 6 2 ! - 0 - 260

7.4 297 | 74 21 9 | 263 56 2 0 6.1 - 276 | 210 E;‘:‘;f:"]‘e ":;;ezm’::fh

7.3 261 72 17 8 | 303 4 2 0 9.2 | - 319 | 262 | Pipe used for catchment

7.5 280 | 77 19 7 | 322 4 2 1 9.k |o0.1 k2 | 262

8.1 234 | 68 18 5 | 305 6 0 1 10.7 {o0.2 - -

7.7 188 | 48 1 7 | 207 5 4 0 7.0 | o 306 | 166

7.6 | 320| 68 20 6 | 298 T | ATE T A 1 VT I Pt N

8.0 28 | 70 15 3 | 293 1 2 0 9.6 | - - -

7.5 182 | 62 13 5 | 273 9 2 2 9.1 0.3 - -

8.0 606 | 26 " 219 | 649 54 2 0 8.2 |o0.1 - -

7.8 240 65 19 10 307 9 2 0 8.3 0.1 - -

7.9 218 | 68 15 5 | 290 2 0 0 9.9 {o0.1 - -
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'::"‘ Mer| Tp | R |Sec | Lsd || Elev ;::: Meinz. | Aquifer Nature of | Perman-| Mineral Ecl,:;d :;::ad Field
Ft L/sec Lithology | Permeability ence Deposit | ,rhos/em? °oC pH
451 5 56119 | 16 16| 4o00d 5.68 [V - - - - 175 5.5 8.8
452 5 | 58119 | 14 10( 4oog 7.58 (v - - no - - 7.0 -
453 5 58119 | 19 1| 2730013.60 |11 gravel intergranular yes - - 4.0 -
L5k 5 58127 | N 6| 3679 8.71 |v - - - - 305 4.0 8.0
455 5 60 |13 9 5| 2400 37.90 | IV gravel intergranular yes - - 4.9 -
456 5 60 |18 3 8| 26200 3.80 |V gravel intergranular ye§ no 595 5.2 7.5
457 5 60 (18 | 10 41 2750 1.90 |V ss fracture yes no 520 3.9 7.6
458 5 | 64|18 | 27 8 2480|22.73 |1V - - - - - - -
459 5 66 |25 6 4 | 2350 0.04 ([vil sand intergranular yes - - - -
460 5 67 (23 | 14 13 | 2350 0.19 |vi clay intergranular yes no 1,675 5.2 8.0
461 5 68 |22 19 10 2325, 0.09 |VII sand intergranular yes no 1,580 4.8 8.0
462 5 68 |26 2 8 | 2020| 0.15 VI sand, clay | intergranular yes iron - - -
463 5 69 | 2 | 14 16 ) 1820| 3.80 (v sand intergranular yes no - 5.5 -
L6k 5 71 1 2 3 1920] 1.51 v - - - iron - - -
465 5 71 | 6 |12 10 | 2675) - VIt - intergranular - salts - - -
466 5 75 | 5 | 14 154 3185 - Vi - - - iron - - -
467 5 81 |21 25 16 1835 - - - - - - - - -
468 5 |8 |19 |13 1§ 2040 - - - - - - - - -
469 5 82 123 |32 3| 1850] 0.76 |V gravel intergranular yes no 1,440 3.6 8.1
470 5 | 82023 |36 | 16| 1140| - - - - - salts - - .
471 5 82 |24 [ 91 1760 - - - - - - 1,620 16.0 -
472 5 82 (24 14 15 | 1875/15.20 v s &g intergranular yes no 740 4.8 7.7
473 5 82 |25 9 7 i 2050(15.10 v gravel intergranular yes no 665 4.7 7.6
474 5 83 |23 |28 10 | 2050| 3.80 |V gravel intergranular yes no 770 5.2 7.4
475 5 83 |23 |29 6 | 2100 3.80 |[v gravel intergranular yes no 895 7.8 7.2




All measurements of dissolved solids and alkalinity given in mg/L.

tab- | ™S ca Mg Na+K ﬁgg; 50, ¢l Noy | sio, | Fe F}‘fld k?t: Remarks

7.6 16| 26 5 4 | 02 9 0 1 1.7 | 03| - -

7.7 78| 2 3 0 56 y 0 1 - 01| - -

8.2 324 67 14 14 226 8 7 2 - 0.2 - -

8.1 32| 72 13 7| 302 6 0 ] 7.8 | 02| - -

8.0 346 | 46 10 6 1 16k 6 1 2 - 01| - 164

7.4 283 70 18 | 37 13 2 1 10.1 o | 406 | 254

7.5 23| 5 18 6 | 237 8 2 0 10.9 o | 358 | 190 ;‘::;;:a’:lpsezuf‘:;s“tc""‘e“‘
6.7 168 10 3 6 32 &4 1 3 - 0.5 - 32 Coming from muskeg area
8.2 (1,028 182 40 17 | 228 | woo 1 3 - 01 | - 224

8.2 1,120 7 6| sz | 88 | 214 2 1 1.1 2.1 |12 | 709 :;;:";;]:‘s"iﬁa:ﬁ::‘e"t'
8.5 |1,026 4 1| w37 | 1005 65 4 0 10.5 | 0.1 | 1128 | 822 | wWooden catchment

8.2 (1,648 ] 136 48 | 343 | 584 | 700 | 16 2 - 0.1 | - 584 | fontact springs, slumping
8.3 250 | 61 10 6 | 206 5 ! 3 - 0.2 | - 206 | Near river

8.2 26| 70 16 19 | 34k 5 2 1 6.6 - - 282 ﬁﬂ:l'mﬁiei';rf‘n’;?“ by
8.6 1,222 24 8 452 915 249 2 2 24,0 - - 768 Soap hole

5.8 78 & 1 5 24 6 0 2 6.0 - - 20 Discharge meadow

7.8 |1,468 | 328 94 39 | 690 | ehs | 18 0 - 0.4 | - 565

7.2 |2,020 | 282 o | - - | 1200 0 1 - - - 430 | In Harmon valley

7.5 860 | 120 61 90 | 39 | 352 2 3 16.4 | 0.6 | 557 | 38

8.4 |[1,426| 60 27 | 394 | s91 | w01 | 78 0 - 0.8 | - 500

8.0 |[1,398 | 208 61 55 | 415 | 498 5 0 - 0.2 | - 340 | Ponded area

7.4 ws | 87 29 30 | 293 | 134 2 3 15.3 | 0.3 | 313 | 23 | wooden catchment

7.6 399 | 83 25 22 | 290 | 108 2 2 15.3 | 0.3 | 312 | 232

7.3 466 | 104 28 25 | 315 | 130 2 5 17.0 | 0.3 | 335 | 252

7.1 598 | 119 34 b7 | 305 | 215 8 8 17.3 | 0.2 | 324 | 244
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'ndeX ] mer | To | R |Sec | Lsd || Elev Rate | Meinz. e | permeabi1 Tty | Fonea™ | Denes Cond. Temp. | Field
ft | L/sec y ence eposit amhos/cm? ¢ pH
476 5 |84 |21 30 5 {| 1790 0.08 | VIl clay - yes iron 2,950 5.2 7.3
477 5 | 87 25 | 24 7 2125 0.23 Vi clay - yes salts 2,800 3.4 8.1
478 5 (90| 2| 8| s - 7.6 |v - - - iron - - R
479 | 5 90 23| 33| 13 | i590| - - - - - - - - -
480 5193 24 12 13 1800 - - - - - - - - -
481 5 194 (22] 10 3 1300 | 0.08 [vIl s &g intergranular, - iron - - -
482 | 5 flo3 16| 24 [ 13 | 1700] 0.0 | i sh - - fron and| - -
483 5 ltoy |15 | 24 4 900 [ 0.76 | VI s&g intergranular| vyes no 1,590 6.2 8.0
484 5 [fog |15 13 5 950 | 0.15 |vI sand intergranular| vyes no 2,100 6.2 7.3
485 5 109 19 34 2 1000 0.15 | VI - - - iron 3,000 - -
486 5 |8 6] 2 - | 3000 - - - - - - - - -
487 6 | 4o 2|10 |11 [4300]| 3.80 |V - - no no - 2.5 -
488 6 |40 2 | 14 [ 11 [ 4990 B79.0 (AN - intergranular| no no - 2.0 -
489 | 6 | | 1| & |14 Jusoo| 1.0 [iv Is cavity ves gzlci::; - b0 -
490 6 |4 1 15 4 |4s00 | 7.60 |V - intergranular| no no - 4.0 -
491 6 |41 2|33 |16 (5300 (15.10 |1V - fracture yes no - 3.0 -
492 6 | 42 | 10 2 | 4300 [378.80 (AN - - yves no - - -
493 6 42 2 | 31 9 | 6400| 7.6 v - intergranular| no no - - -
49k 6 |43 3 (13 7 | 6400 | 15.00 |1V - intergranular| no no - 1.0 -
bos | 6 |w || | 6 |3%00] 0.37 (v - fracture | yes [S3lC3rer) . - -
496 6 | 4b 1| 24 2 §3625| 4.50 jv - fracture yes no 250 8.0 8.3
497 6 |45 1 14 - {4000 - - Is fracture - - - 7.0 7.7
498 6 |45 1 26 3 3385 7.60 |V - intergranular| vyes no - 6.0 7.6
499 6 |45 1| 34 1 3900 - - - - - - - 12.0 -
500 6 |45 1 34 8 3300 [151.50 |11l - fracture yes no - 9.0 7.4




All measurements of dissolved solids and alkalinity given in mg/L.

BT | s Hg Na+K fgg; so, | o No; | sio, | Fe | F 'Aflld m: Remarks

7.7 |2,245( 133 90 | 500 600 | 1115 80 19 [ 131 | 5.5 | 748 | 480 | Wooden catchment

7.5 1,990 12 8 716 678 900 2 11 8.0 0.6 756 542 Plastic pipe for catchment
- |86 - - - - hok | 398 - - | oo - 507

- 2,718 - - - - - 1088 4 - 9.0 - 746

- Jeaa| - - - - | 3066 | wig 27 - | o - 190

- 7,902 - - - - LT1Y) 128 1 - 125.0 - 0 Mudslide area

7.2 {1,015 196 80 44 boo | 4n 8 3 162 |06 | 558 | 320

7.6 |1,647 | 236 93 | 207 h25 | 842 48 2 9.2 | 2.5 | 48 | 340 | ponded

7.2 |2,492] 9 141 - - 935 | 370 i - 133 - 310 | Springs on Bushe River
- la2s| - - . - 884 4 - R - 355

7.3 78| 22 4 2 88 3 2 0 2.2 |o.9 - 70

7.7 7] 19 5 2 83 2 2 1 1.8 | 0.1 - 66

7.3 s | 30 15 2 17 33 2 1 b Jo.2 - 94 | Karst

6.7 4 10 1 3 37 1 2 0 5.2 |o0.1 - 29

6.8 86 | 20 6 4 78 13 2 0 3.3 | 0.1 - 62 Z‘f’"g?gc;algt pot type
7.5 el 30 8 3 17 8 2 0 4.7 | o - 94

6.6 33 7 3 2 34 1 2 0 1.9 | o - 27

5.9 26 3 2 3 10 9 2 0 2.5 |o0.7 - 8

7.7 292 | 67 22 15 310 18 2 o |17 |o.2 - 248 |Hys gas

7.6 133 | 26 10 7 122 17 2 ! 9.1 0 - 98 [ Ponded

7.8 o1 | 24 8 ] 88 21 2 I 1.6 |o.1 - - :ff:;‘:'s‘ 5th and 6th
7.8 157 | 34 14 3 149 20 6 3 3.9 | 0 - 119 [ Ponded

9.4 1,262 3] 192 | 213 899 | 227 12 3 14 o - 955 | Ponded

7.6 131 26 10 3 90 39 4 0 T - 72




Flow . . Field Field .
I:gex Mer | Tp sec | Lsd | Elev| Rate |Meinz. L{\c::l:’er . Natu;?‘?f Perman- Mlner?l cond. Tle:p. Field
) ft L/sec ithology | Permeability ence Deposit amhos/cm? °c pH
501 6 | 45 36| 1| 3400| 7.60 |V Is fracture - - - 4.5 -
502 6 4g 36 6 | 3400] 5.68 |V gravel intergranular - - - 5.5 -
503 6 45 36 | 14 | 34o0| 76.00 | IV Is cavity yes no - 7.0 7.5
fracture
504 6 4g 36| - 3400 [36830.00 - s and cavity yes no - 7.8 7.8
505 6 45 30 4 || 6400 (151.50 | V11 - intergranular yes no - - -
506 |6 |46 33 3 | 3350] 7.60 |V s&g intergranular yes no 330 5.0 -
507 6 46 34 | 10 || 3500| 26.50 | IV d;?o;i td cavity yes no 280 4.5 7.5
508 6 47 6| 16 (| 3450 L4.50 [V s cavity yes no 320 6.0 -
509 |6 |47 9| 7 |3450]15.10 |1v Is & fracture es - w0 |10.0 | 7.5
: dolomite and cavity Y . :
510 6 47 15 5 |l 3300 | 63.00 | IV Is - yes no 690 6.5 8.0
51 6 47 20 3 {3500 (76.00 |1V s&g intergranular yes no 230 5.0 -
512 6 47 21 | 13 {3300 75.80 |1V Is - yes no 305 5.1 8.2
513 6 47 23 | 1 3300 | 30.30 |tV s fracture yes no 220 5.0 7.8
s1h |6 |47 34 | 2 {3500 7.60 |v s&g intergranular | yes Z:lsc:::; 495 6.3 | 8.2
515 6 47 35 | 13 {3900 | 3.30 |V gravel intergranular yes no 460 6.1 8.2
516 6 48 5 | 12 5000 | 3.80 |V - intergranular yes no 180 3.5 7.3
s calcare-
517 6 48 7 2 [4500| 3.80 |V - intergranular yes ous tufa 320 5.0 7.4
518 6 48 14 - 3600 - - - - - - - 9.0 -
. calcare- _ _ _
519 6 49 18 7 {5480 3.78 |V - intergranular yes ous tufa
520 |6 |50 17 111 ]s000) 1.13 |v Is a:za‘;::l":y yes no - 12.0 -
fracture calcare~ _ _ _
521 [3 50 20 i 43900 0.15 Vi Is and cavity no ous tufa
522 |6 |50 31 | 16 |s5500 | - - dl?o:\i te [ntergranutar | yes no - - -
fracture calcare-
523 6 51 31 |16 |5600) 1.14 (v Is & sh and cavity yes ous tufa - 4.0 -
524 6 52 20 | 12 [ 6350 | 0.38 |vI sst & sh l|intergranular yes - - 4.0 -
525 |6 |53 27 7 |6150| 3.78 |v - - - - 320 4.0 8.1




All measurements of dissolved solids and alkalinity given in mg/L.

LRl ™| ca Mg Na+k 258; so, | ¢ Nog | sio, | Fe | Field o Remarks
el s e e o | e f e | o [ - | sering in metigne comon
7.8 134 28 8 1 80 14 0 1 - o1 | - - | 35, Left bank of Haligne
7.8 02| 25 8 1 93 19 2 1 1.6 | o | - 74 || plsh hatchery
No chemistry
- - - - - - - - - - - - - Maligne Canyon Springs
See text, p. 19
6.5 32 6 3 2 32 2 2 1 1.2 0.1 - 25 [ Ponded
7.6 132 36 10 3 115 22 4 1 0.6 0 - 92
7.6 122 30 10 2 122 16 2 0 2.1 0 - 98
7.7 130 36 10 3 137 9 4 0 1.0 0 - 110
7.8 261 64 17 8 166 81 4 1 3.6 0 - 133 | slight H2S odor
7.9 578 92 30 5 124 380 4 0 5.9 4.5 - 29 Ponded
7.4 87 26 5 3 93 3 4 0 0 0 - 74 Small wood weir
7.2 168 Ly 12 2 132 39 2 1 3.6 0.1 144 106 Named Pretty Creek
7.7 121 33 8 3 127 10 2 1 2.0 0 - 102 || Edna Lake Spring
7.6 319 69 28 2 195 14 2 1 7.5 0.1 | 210 156
7.3 265 73 20 2 266 3 0 ] 7.2 0.1 | 283 213
7.3 - - - - - - - - - - - - Vine Creek area (east)
7.8 203 53 17 1 205 22 4 0 4.7 0 - 164 | Vine Creek area (west)
7.5 [1,633 | 368 86 8 117 | 1098 2 0 13.3 0.2 - 94 | seep
7.6 132 36 10 1 141 12 2 ] 2.3 - - 113
6.8 841 139 48 46 98 . 484 62 1 7.3 0.3 - 78
7.7 1,435 314 76 5 188 925 2 3 1.2 0.4 - 150 Boggy area
7.0 214 48 19 2 207 26 0 6 8.4 - - 166 | sulfur flats,HaS gas
7.6 |1,052 | 202 79 7 215 643 2 2 8.8 0 - 172
8.0 228 45 17 4 193 29 0 2 3.4 0.5 - 154 Soap hole in area
7.8 170 49 1 3 185 19 1 0 3.8 0.9 - 148
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Flow

. . Field Field .
Index . Aquifer Nature of Perman=-| Mineral Field
No Mer | Tp | R |Sec | Lsd E:,:v t?st:c Heinz. Lithology | Permeability ence Deposit m&:g:/cm’ Tfré\p. pH
526 6 |53 [ 7] 22| 9550 0.38 |vI - - - - 2,650 4o 7.3
527 6 | 54 8 13 6 || 5000 0.23 | VI - - - - 1,800 3.0 7.3
B calcare-
528 6 |55 1113 2 | 4200| o0.22 VI - - - ous tufa - - -
and iron
529 6 |55 (10 3 1 4000 75.80 v - - - - 2,500 - 7.1
530 6 |56 2| 30 1 [ b4BO| 3.78 |V - - - - - 3.3 -
531 6 | 56 5 5 1 5000 | 37.88 v - - - - 580 4.0 7.4
532 6 | 56 7 5 12 || 4500 | 0.76 | VI - - - - 2,650 7.0 7.2
533 6 [56 [11 | 19| 1 || 5000(11.36 [1v - - - - 600 4.0 7.1
534 6 56 11 20 8 4800 | 15.15 v - - - - 1,100 4.0 7.3
535 6 |57 | 3|36 |15 |b200] 2.20 |v - - - ;3?:;:; - - -
536 6 |57 4 1 [ 15 | 4400 | 15.15 |[1v gravel intergranular - - - - -
537 6 |58 | 4] 9| 5 [4200( 1.50 |v - - - ::lC:::; - - -
538 | ¢ [59 [ 235 (1 Jmso| 0.23 {wi - - - |@leare] 2.2 -
539 f 6 |59 | 4| 3|10 fus00| 1.3 |v - - - ;ilc‘::;-; - 5.0 -
540 6 60 |11 35 9 [ 3650 | 2.30 |V s:n:ia;i Tt intergranular yes iron - - -
541 6 60 13 28 1 4000 - - ss - - - 1,300 9.0 6.8
542 6 |61 4 |15 8 J2750| 3.78 |v gravel intergranular yes - - - -
543 6 62 4 |14 2 |2700| 2.30 |v gravel intergranular yes ;:lC:::; - - -
sih | les [ 1| 2| 1 2800 0.38 |wi - - - |Galare) - -
calcare-
545 6 64 1| 28 1 12900 | 0.23 (VI - intergranular yes |ous tufa 1,080 8.0 -
and iron
s6 )6 |64 | 2| 2| 3 [2025] 0.76 |wi - - - [eleare) - -
547 6 |64 | 2 |35 |12 |2750 | 0.15 |vI - - - ;3;‘2:;; 600 8.0 7.8
548 6 68 11 31 7 2400 { 3.78 (v - - - - 420 14.0 6.9
549 6 |76 1 9 1 1625 - - ss fracture - ;ilc::z - - -
550 6 |76 4 |29 3 [l2290 | 0.15 VI ss cavity yes - 1,245 5.8 8.7
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TDS

R e | ca Mg | Na+k Eggg so, | ¢l NO $10, | Fe | Fymd | tab. Remarks
6.7 |2,652| 40| 163 19 | 120 | 1565 7 0 19.0 | 0.1 - 96

6.6 | 1,640 231 90 | 118 | 139 | 930 | i35 0 7.7 | 0.5 - n

8.1 230 50 17 23 | 28 3 2 0 na | o - 225

7.9 |2,266| 500 114 3| 181 | 1554 4 0 9.9 | 0.2 - 15

8.3 166 47 18 T 28 2 2 5.8 | 0 - 154

7.6 360 75 24 50 163 | 179 1 0 6.4 | 0.3 - 130

7.3 |2,136| 310 108 | 172 | 202 | 1076 | 277 0 10.4 | 2.0 - 234

7.9 461 78 31 17 | 195 | 223 | a2 0 4.6 | 0.1 - 156

7.6 950 | 212 41 s | 203 | s77 6 0 b6 | o0.2 - 162

7.8 240 67 16 2 | o 3 2 ! 7.5 | o.1 - 217

7.5 228 60 15 1] o2e 5 2 1 1.8 | 0.1 - 209 || Three springs
8.1 218 54 15 5 | 234 4 2 2 5.7 | 0.2 - 187

7.9 216 58 14 3 | au6 3 2 i 5.9 | 0.1 - 197 | jgcated on edge of river
8.3 221 68 5 3 | 266 7 4 0 53 | o - 213 || Three springs
7.9 208 50 14 6 | 193 37 2 0 b5 | 2.2 - 154 | soap hole

7.8 |1,431 310 72 12 132 960 4 0 6.5 | 0.1 - 106 | Stinking Springs
8.2 222 57 17 6 | 266 3 2 1 5.0 |o.5 - 213

8.0 251 68 19 8 | 298 5 2 0 4.8 |o. - 238

8.0 387 13 24 80 | 427 16 2 2 1.5 | o - 342

8.0 730 57 15 210 659 110 2 6 7.9 - - 527

7.8 354 9% 29 10 | 42 13 2 0 8.5 |o.1 - 330

7.8 300 82 21 7 | 366 13 2 2 122 | - - 293

8.0 268 80 17 5 334 4 ] 0 6.9 0.1 - 267

7.6 [h,276 91 106 | 1296 | 131 | 1975 | 200 0 - |78 - 1074 |seepage area
7.5 683 5 ) 280 | 534 124 2 3 5.4 |0.3 510 | 427 |[Culvert used for

catchment
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I:zex Mer| Tp | R [Sec | Lsd|f Elev ;.‘a(:: Meinz. L?(:::)T:r Naturt_a ?f Perman- Minera.sl E(I):tlid '?:::1:3(.1 Field
) ft L/sec gy | Permeability ence Deposit umhos/cm? °oc pH
551 6 |76 8 [ 25 15 || 2600 | 0.08 Vil ss fracture yes - 1,640 6.4 8.3
552 6 |77 2| 21 1 2200 0.45 ' sand intergranular| vyes - 1,395 4.4 7.2
553 6 |77 5 L1 4 2125 - - - - - - - - -
554 6 |77 | 6| 21 | 11 j2k25( - Vit - - - - - - -
ss5 | 6 |78 | 7| 21 |12 |2350| 0.38 | vi - - - calcare-) - - -
556 6 |79 | 9|36 | 1 |2400| - - - - - - - - -
557 6 180 2 9 6 [|1350| 0.38 Vi ss fracture - - - - -
558 6 |80 | 3| 6 [10 {1200] 1.9 v gravel | intergranular| yes gilc‘::‘;; 1,490 7.1 8.2
559 6 |80 4 7 5 {1140 - - ss fracture - - - - -
560 6 |80 4 9 14 1300 | 0.08 Vil ss fracture - - - - -
561 6 |81 1 35 | 1 2100 | 7.60 v s &g intergranular| vyes - 490 4.7 7.3
562 6 |8 7 12 | 13 |[2010 - - - - - - - - -
563 6 |84 9 5 2 §1500 - - gravel intergranular| - - - - -
564 6 |84 9 6 |10 |1800 - - gravel intergranular| - - - - -
565 6 [84% |1 & 3 1700 | 7.60 v gravel intergranular| - - - - -
566 6 1o | 8 |12 8_ 1800 | 4.5 v s &g intergranular| - - 590 9.3 7.7
567 6 [110 8 17 | 14 |2100 | 3.80 v s &g intergranular| - iron 35 8.2 5.7
calcare-
568 6 21 6 |36 |- 2240 | 0.76 Vi - - yes tus Fufa 1,220 1.3 -
nd iron
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All measurements of dissolved solids and alkalinity given in mg/L.

Bl ™ ca Mg | Na+k Eggg so, | © Moy | sio, | Fe | Fimid | kel Remarks

8.0 1y, 096 i 1 451 876 197 2 2 7.3 | 03| 96 | 70 Egzzﬁ;e::ed for

7.6 939 89 49 | 181 | 598 | 308 2 2 1.3 | 0.z | en | azg | Pipe used for

7.6 |1,672| tes | a2 | 247 | ese | e72 | 45 0 - || - 702 | Wooden catchment

7.7 {1,408 36 200 533 | ez | 6 0 - - - 1208 | seepage

7.2 |7,802| 342 | 1090 | 561 | 2089 | 4235 | 24 0 - - - i

- |3064| - - - - 792 4 0 - 1A - |38

8.3 {1,508 4 3| 584 | w6 | 278 | 26 2 - 0.2 | - 990

7.3 1,141 81 390 285 | 515 | hah | o4 10 1.5 | 0.2 | 699 | w2

8.2 3,160 94 93 | 864 | 759 | 1652 | 190 0 - b5 | - 622 i:l:'“:;:g and seepages in

8.1 |1,750 32 1 | 592 | 1094 | so0 | eu 1 - || - 896 | Slumping in the area

6.9 302 7 16 | 220 70 2 7 .2 | 0.2 | 238 176 E‘a"t‘é:;‘:n:“d for

7.4 2,800 w2 ] 165 | 171 | s00 | 1690 0 0 - |- 410 | seepage area

- 1,280 - - - - 248 | 10 0 - 0.9 | - 835

- 1,624 - - - - 700 4 ! - 5.4 - 550

- 760 | - - - - 243 8 0 - 01 | - 352

7.0 366 87 20 16 | 188 | 137 2 2 9.4 | 2.7 | 20 150

5.0 40 6 ] 2 5 13 2 4 w6 | 131 0 4

i el s w | e | [ | o |0 fes | - | o | | g e e |
spring depositing calcareous
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Groundwater Regions of Alberta
(Ozoray, pers. comm.)

RM
FH
CS
IP

Rocky Mountains
Foothills
Crystalline Shield
Interior Plains

{divided into)

Devonian subcrop area
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(Ozoray, pers. comm.)

RM Rocky Mountains
FH Foothills
Cs Crystalline Shield
IP Interior Plains
(divided into)
IPd Devonian subcrop area
IPo Cretaceous oil sands area.Other Cretaceous,
soft bedrock areas
IPs Short, cool summers, forested
IPse  Extension to the south forested, Foothills
type ecosystem
IPI Long, cool summers, parkland and grassland
IPst  Steppe area (both moist and dry grassland)

up to 2.5°C
2.6t05°C
5.1t0 7.5°C
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~ FIGURE 3- TEMPERATURE OF ALBERTA SPRINGS



14070 e 5678
720 ]%02%52? ? A3154 18250
1020 3442 ‘—\—3586
- 6786 7,,
10622
746 15420 All424
% A 41440
S
10‘62
IPd
AD 2492
A0 A0366 p4 ‘6A47 2703 A 27123
1015 o 34
17518 4o A9
1196
7902
#
1292
6124 A71140
-
Fay
1866
=)
1990
// ®
b 4 i 27“4366
a
399 08— 860
1624 220
A l \ da—1426 2
3064 . ]41;1958 .
O 108
. t—al p|
1750 IPs
3160
109 A .
DO_ aa WA
1672
1408
7802
1428
v us
. o220 lpse 123
1028
’ 168
3000 0730
354 @ +387 ”
251 * 797
®
1431 208 0222 3 142
A o 346 a 74
® 26 ® % %
2 ‘® 0283 1568
P N 20 %7 32404278 5 %49 o
461 a0 236 \ @ 66 16 | Pse 1170 o4 e
27 1640\360 » 240 606 1334 -o—T744
=" .. ‘ 3'20 1572 10.50 1214
B0 o—231 2 ?388: ' 1784
246 2330 e
® e 2056
. s 1366
& A
224 460 416 623 Mab 170'2 |P|
232F 3 v 432 '2360
359 Qs ° 297087 2420
LEGEND 882 0476 égﬁ) 95y 4 e
(g 300 299 328 35]
e J7N_® o r— 309
2168 284 17348
Groundwater Regions of Alberta 2438%__]_ n22 E %%)
(Ozoray, pers. comm.) 201 o : 2;2A e %48 276 102
123 SN+ 136 ' @306 151 a 1224 ®
161 301 2198 a 108
. [ 320> <—q982 i ’—]
RM  Rocky Mountains 157 190 @ ] 100 1258—m T 701
FH  Foothills 144 130—’! Q 299 1002— 128 %gi—\_c
CS  Crystalline Shield 129R M1i90— 775 %44 694 o1 08% 1371 ]2 42
P Interior Plains ne nzmé 622 i a L ]336 = ]4]6
ivi in A 18
IPd (T:)ef;r:jiantsou)bcrop area 133 r 1(?5 8 186 ‘_%]]?8 f]]gfg 30\2
IP Cretaceous oil sands area.Other Cretaceous, : 171 N 3 1 494
; soft bedrock areas Scale of inset= 1:1,000 000 199 @ :L 302 7.2 o_]]ggg_u ) ]644 17 1'228 1023
IPs Short, cool summers, forested 233 3??% . \ 307 _¢_ m 1076 1040 1560 270.
IPse Extension to the south forested, Foothills 201 & &E.MQ . A-1428 ® 3 32 A
type ecosystem 434 D225 ' 2 430 2284 2618 AZ2212
0 4 L—679 1624 2%
IPI Long,cool summers, parkland and grassland ]633_87 178 070
IPst  Steppe area (both moist and dry grassland) 203 246 1774 il 4722
265 122 164 \ e 79
. Ca Mg/HCO, 130 <3 ‘_152728 102 137 1892 2250
132—.._ 196
A CaMg/SO, 1262 Bi 11(3)11 ® - |Pst
| Na K/S0O, 157 .—\24 .172 o F 1080 1254
O NaK/HCO, O-—oo®e &'0." ¢ ) e 1341
A Na Cl ;33;_ B(-)S ‘265 207 .2]5 2]5 3888 35\4 %38484
| Ca Mg/HCO,, SO, ? ‘ & ]524 394
(] Na K, Ca Mg/S0O 52832 1428 244 1672 51340
pis T S se isg 1254j 3 o 0-1310
Na K/S0,, HCO, 196 N 00 1340 A 1356
3136 o
o Na K/HCO;, SO, 1564 &1‘24 r 3738 Vs A-1032
® Ca Mg/S0,, HCO, 6210 .2]4
B  CaMg NaK SO, HCO, 2 2236 k—‘/{iBQ‘Z
+ Ca Mg/Na K, HCO,4 & 1512
4 NaK/Cl, HCO, 82188 :ﬂ 684 12
4 CaMg, NaK/Cl, HCO,, SO, o 123 23:]35"—1 A.\M—
O Ca Mg/S0,, Cl, HCO, M 1540 § 1930—*3 o e
™~ Ca Mg, Na K/SQ,, CI R \]768 (._Iv%'z 1104
o Na K, Ca Mg/Cl, SO\, HCO, 164 .'200 218 %(3)?2_/ 8 %
4 Soaphole ( J .“28 - u
318 Number beside a spring indicates total dissolved solids in mag/L Amf

FIGURE 4-CHEMICAL TYPES OF ALBERTA SPRINGS




23 22 21 19 18 7 16 15 W4 13 12

LEGEND FOR BEDROCK GEOLOGY OF ABLERTA
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