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ABS'IRM:!l' 

Recent mine-level floods at sate Saskatchewcm potash mines have 

deoonstrated the need to identify aa:::urately the source(s) of water leaks 

so as to assist in remedial or preventative action. Chemical canpositions 

of the waters are inadequate tracers of these leaks because the 

concentrations of m:>St of the elements ~e during the migration of the 

fluids. In marke:i ex>ntrast to m:>St of the chemical constituents dissolved 

in the water, the stable isotopes of oxygen and hydrogen are ex>nservative 

elements of water. Within the Elk Point Basin, OD and 5180 values of 

basinal waters nonnally increase with depth because of mixinq between 

trapped. fonnation waters, which have isotopic ca:upositions near those of 

seawater, and local surface waters, which have much lower 60 and ol8o 

values. 'Ihus, the water in each aquifer within the basin generally has a 

unique isotopic muposition in any given vertical section. '!his unique 

value, when compared to the flood or leak waters, allows an assessment to 

be made as to the origin of the flood waters. '!his carparison can be made 

irrespective of the charges that ocx:ur in the che.mical canposition durirg 

migration of the fluid. 

Flood waters in the potash mines of Saskatchewan have chemical and 

stable isotopic canpositions that irxlicate three different origins for mine 

level fluids. IJhese are, 1) "nonna.111 , halite and sylvite saturated, basinal 

brines fran Devonian fonnations directly above the dep:isits, which are a 

canbination of meteoric waters and connate waters mixing within the basin, 

2) "short circuited", undersaturated waters of predaninantly meteoric 
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origin, f:ran stratigrai;irlcally higher aquifers such as the cretaceous 

Mannville Group, ar:d 3) ca-rich brines that may represent ancient fluids 

associated with recrystallization of the evaporites. Short circuitin;J 

probably oxurs when relatively "fresh" formation waters are directed to 

lower stratigraphic units through a collapse structure or related feature. 

Minin:J may reactivate the structures through which these "short circuited" 

waters flow. 
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INIKllXC.l'ICll 

Problems with water inflows have been ena:>untered since the beginnirg 

of potash minin; in Saskatchewan. Initially, problems were encountered 

durirg the sinking of shafts through the Cretaceous Mannville Group aquifer 

(Fuzesy, 1982). water problems associated. with the Mannville Group aquifer 

escalated. until a severe leak ultimately forced the aban:ionment of a potash 

mine at unity, Saskatchewan (Fuzesy, 1982). '!he Mannville aquifer was the 

source of a major flocxi in 1970 at the caninco mine, Vanscoy, Saskatchewan, 

which took two years to oorrect (P.rugger, 1979), and has been blamed as the 

source for the recent floc:xti.nJ at the Potash Corporation of America (PCA) 

mine at Patience lake, Saskatchewan (Star-Phoenix, 87 /01/31) • '!he recent 

floc:xti.nJ at the PCA mine, which reached 26,550 l/min, has forced its 

closure for at least two years. 

In acklition to leaks into the PCA and caninco mines, several other 

mines have recently experienced severe mine-level floc:xti.nJ problems. 'lbese 

mines are the Potash Corporation of Saskatchewan (l?CS) mine at Rocanville 

and the Intemational Minerals and Chemical Corporation (IMC) K-2 mine at 

Estertlazy. '!he flocxi at the Rocanville mine has ceased but water flows of 

up to 32,000 litres per minute have been reported at the IMC mine (star­

Phoenix, 87 /01/10) • 'lbe recent closure of the PCA mine in January 1987, and 

the loss of sane 400 jabs, due to floc:xti.nJ is a reflection of the ultimate 

severity of the water leak problem in all potash deposits. water leaks into 

potash mines always have been of concem because of the soluble nature of 

the evaporite minerals. I.eaks in potash mines are especially noticeable 

because of the nonnally dcy conlitions which exist in them. 
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Rhowledge of the source of the leaks is of great assistance in 

plannir.g preventative or remedial action, such as in un:lertaki.rg a canent­

groo.tirg pro;;,ram to stop water inflow. Past attenpts to detennine the 

origin of the water inflONS have relied on the use of the chemical 

cnup::sitions of the waters. However, no substantial study exists 'Which 

compares waters fran various fonnations with mine-level inflONS, except for 

ca:apilations by Sprc:ule Associates Limited in 1980 an:l 1981. '!hey ca:apiled 

data on the chemical cncipositions of water collected f:ran wells in the 

potash minin:J districts an:l cacpared them with analyses fran mine level 

waters. These comparisons relied upon a wide variety of data sources, with 

little dcamentation about the collection or analytical techniques. It is 

probable that a large number of the fonnation water analyses were 

contaminated by drillirg fluids. 

canparison of the chemical cntp::>Sitions of mine-level waters with 

fonnation waters is of limited use in tracirg the origin of mine-level 

leaks because the water increases its load of dissolved solids as it passes 

through the highly-soluble evaporites of the Prairie Fonnation. Chemical 

canpositions of waters also would be expected to cbarxJe as the water passes 

through various fonnations on their way to the mine level. As a result, no 

sirgle ion is believed to behave conservatively. certainly there is well­

dcamented evidence for subsurface dissolution in sedimentaey basins, an 

exanple beirg the large portions of the Prairie Fonnation 'Which have been 

renoved (i.e.: Holter, 1969). For this reason, the stable isotopes of 

oxygen an:l hydrogen have been used as a means to identify the source of 

waters leakin=j into potash mines, because stable isotope canpositions 

ch.an;Je little during the dissolution of salts (Kyser, 1987), an:l as a 
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result are not subject to the same problems of interpretation encoontered 

with chemical data. 

'Ihi.s study uses oxygen and hydrogen isotopes, and chemical 

mupositions to c:::arpa.re fluids collected fran R:S mines at Cor:y, Allan, 

Ianigan and Rooanville, Saskatchewan (Figure 1). Samples were collected 

fran all accessible leaks in the mine shafts except Ianigan's which is 

leak-free because of a welded steel linin;;J, and fran all leaks in the 

minirq levels (sanple descriptions are fourd in Appen:tix I). Chemical and 

stable isotopic mrpositions (A);;:1perrlices II and III, respectively) fran the 

shaft sanples are ccmpared with the mine level sanples in order to 

detennine the source of the mine-level waters. 
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FIGURE 1 (after Fuze1 , 1982) 

FIGURE 1: Location map showing the position of the four Potash 
Corporation of Saskatchewan (PCS) potash mines in relation to the 
edge of the potash bearing portion (S) of the Prairie Formation. 
Modified after Fuzesy (1982). 
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GFDIOOY 

GENERAL STATEMENr 

A concise synthesis of the stratigraphy of the four FCS potash mines 

did not exist before this study. Geological data fran the four mines \Vere 

therefore canpiled fran a variety of sources, including FCS Mining files 

for the four mines (e.g. Omyluk ani watkins, 1978), Geological Smvey of 

canada reports for Cor:y (Price ani Ball, 1970), Lanigan ani Allan (Price, 

1971) arrl Rocanville (Price, 1970), arrl for the Prairie Fonnation 

(Fhillips, 1982) (Figure 2). 

A unifonn nanenclature was devised usin:J the fonnation names of Kent 

arrl Simpson (1973) because the existin'J nanenclature was extremely varied. 

'!he Blairnnre Fonnation has been named the Mamwille Group in this study 

because of the general usage of that name within the Williston Basin 

(Ma.ycxx::k, 1967). '!he Nisku Fonnation has not been renamed the Birdbear 

Fonnation as :reccmnerrled by Christopher (1961). For the Prairie Fonnation 

the stratigrapuc nomenclature used is that of Fhillips ( 1982) • '!he Prairie 

Fonnation is used in this study to describe the Prairie Evaporite Fonnation 

because of its general usage by FCS. 

'!he general geology of the Elk Point Basin has been described by Kent 

arrl Simpson (1973) arrl by Nelson (1970). 'Ihe geology arrl petrology of the 

Prairie Fonnation has been described by Holter (1969), Worsely arrl Fuzesy 

(1979), Fuzesy (1983) arrl ~ord et al (1986). 'Ibis chapter S1Jl'Cl'l'.1arizes 

the results fran these reports ani describes the geological relation 

between the Prairie Fonnation arrl the Elk Point Basin. 



FIGURE 2: The four main potash-bearing members of the Prairie 
Formation, the Patience Lake Member (PLM), the Belle Plaine 
Member (BPM), the White Bear Member (WBM) and the Esterhazy 
Member (EM), are shown in relation to the general geology and 
stratigraphy at the Cory, Allan, Lanigan and Rocanville mines. 
Sample locations are shown as dots where only a single sample was 
collected and as a square where multiple samples were collected. 
Formation use is also shown. 

;;;, 
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Prairie Fonnation 

Potash deposits mined in Saskatchewan are foun:l within the upper 70 

metres of the Middle Devonian Prairie Fonnation (or the Prairie Evap:>rite 

Fonnation) of the Elk Point GroJP at depths of approximately 1000 metres 

belOW' the surface. Within the Prairie Fonnation the four main potash 

bearirg members, in desceniln;;J stratigra.J;irlc order are: Patience lake, 

Belle Plaine, White Bear an:l Fsterhazy Members (Figure 3). '!he Patience 

lake Member is mined at the cory, Allan an:l Lanigan mines, an:l the 

Fsterhazy member is mined at Rocanville. 

'!he Prairie Fonnation was deposited fran the hypersa.line waters of a 

stagnant body of water which may have received pericx:lic influxes of 

seawater fran the northwest portion of the Elk Point Basin (Gorrell an:l 

Aldennan, 1968). '!he Middle Devonian climate was hot an:l arid, an:l water 

novement within the basin was restricted because of the Winnipegosis reefs 

ani reef-like ncun:i structures (Fuzesy, 1983). 

Within the Elk Point Basin, the Prairie Fonnation varies fran O to 200 

metres thick. '!he thickest portion of the fonnation is within the potash 

minirg-district in the Saskatoon area while, in the Rocanville area, the 

thickness is approximately 140 metres. '!he Prairie Fonnation has three 

main divisions (Figure 3), (1) the lONer Whitkow Salt, which is la:r:qely 

halite with minor anhydrite, (2) the Shell lake Gypsum, which has the 

dolanitic Quill lake Member an:l (3) the upper LJ:Jefnard Salt, which is 

predaninantly halite, but also has the four main potash-bear.l.n:J members. 

'1he potash members are carposed of halite (NaCl), sylvite (KCl), 

sylvinite (a mixture of halite an:l sylvite crystals) ani camallite 

(KC1.M3Cl2.6H20) (Fuzesy, 1983). camallite is not camnK>n in the minirg 
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in this case the Lanigan Mine, with the four main potash-bearing 
horizons shaded (after Phillips, 1982). 



9 

level at the CJ:Jry or Allan mines. '!here is a variable percentage of 

insoluble clay minerals, anhydrite, dolanite, quartz arrl magnetite in the 

potash. '1he clay minerals, which may cxx::ur as lon;; continuous seams, are 

mainly chlorite arrl illite, of probable detrital origin, arrl septechlorite, 

IOOilbrorillonite arrl sepiolite of probable authigenic origin (Mossman et al, 

1982; arrl Boys et al, 1986). Fran the petrolo;ic relations arrl distribution 

of branine in evaporite minerals of the Prairie Fonna.tion, Schwerdtner 

(1964) arrl wanilaw an:l Watson (1966) postulated that there was a series of 

recrystallization events because of the ll¥JVel.1leTlt of hypersaline solutions 

through the fonnation. Holter (1969) suggests that these recrystallization 

events are respJilSible for the concentration of sylvite (potash) by the 

breakdown arrl dewaterin:J of camallite (M;JC12.KC1.6H20 - Mi++ 2Cl- + 6H20 

+KCl). '1he d.ewaterin;;J reactions left sylvite arrl prcduced a M;JCl.2-rich 

brine which migrated to other areas of the Prairie Formation to fo:rm thick 

carnal.lite deposits. Sane authors (e.g.: FU.zesy, 1983) do not believe that 

enough magneshnn was available fran the breakdown of camallite deposits to 

generate the M;JC12-rich brines in the Prairie Fonna.tion. consequently 

FU.zesy suggests that M:]-rich dolanitizin:J fluids fran the Winni:pegosis 

Fonna.tion arxi, possibly fluid reactions with clay minerals supplied a large 

portion of the magnesium for the M;JC12-rich fluids. 

Recrystallization events may have taken place durin;;J the major 

tectonic activity which cx:x:mred at the em of the cretaceous I?eriod. 

ward.law (1968) , however, notes that, based on potassium-argon radianetric 

datin;;J, recrystallization probably was not associated with major salt­

solution events, but was earlier durin;;J deposition of the Prairie 

Formation. Baadsgaard (1986), usin;;J Rb-Sr ani K-ca isotope data, suggests 
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that major recrystallization OCOJrred durirg the late Cretaceous ani post.­

Cretaceous periods, coincident with uplift of the Rocky Mountains am a 

major m::wement of fluids. 

Large portions of the Prairie Formation have been partially, or 

ccmpletely, rerocwed by dissolution of the sa1 t (Holter, 1969) • 'lhese 

dissolution events are believed to have been alnDSt inm:e:liately after 

deposition of the evaporites am to have continued intenni.ttently through 

Devonian ani Cretaceous periods (Gorrell am Al.dennan, 1968). Baadsgaard 

(1986) further suggests that dissolution may even have continued to the 

present. Solution of the salt edge is responsible for the shape of the 

present edge of the Prairie Formation ani is believed to be responsible for 

the formation of collapse structures ani a variety of structural features 

such as the Humm.i.r.gbird structure (Bishop, 1974). Bishop (1974) a:cgues 

that, rather than nlll.tiple stages of salt dissolution, a lai:ge number of 

the absel:ved features could be due to a lai:ge, sirgle event such as that 

postulated by Baadsgaard (1986) for the cretaceous arrl post-cretaceous 

periods. 

Regional Geology 

'lhe Prairie Formation unconfonnably overlies the Winnipe;osis 

Fonnation which has an irregular top::>gra.J;ily created by reefs arrl reef-like 

lOOl.llXi structures that exterrl locally up to 100 metres into the Prairie 

Formation (Jones, 1965) • 'Ihe boun:1ary between the two formations is 

gradationa.l an:i Jones (1965) places the boun:1ary at the first appearance of 

primary carbonate-anhydrite laminations or the first primary anhydrite an:i 

halite beds. 
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'!he Wirmii;>egosis Fonnation is predaninantly carbonates which have 

uniergone local dolanitization. '1he Wirmipegosis Fonnation generally is 

porous l:ut terds to be salt plugged in areas overlain by evaporites 

(Gorrell an:3. Aldeman, 1968). '!he IOC>Vement of solutions through the 

Wirmipegosis is considered to govern the location of salt solution features 

within the Prairie Fonnation (Gendzwill, 1978). How these fluids ioove 

through the Wirmii;>egosis is not well un:ierstood, l:ut probably is due to the 

upwards deflection of horizontally-IOC>Vin:;J fluids when they cane in contact 

with a Wirmipegosis reef or reef-like lOOUl'Xi structure (Gendzwill, 1978; 

Gendzwill an:3. Wilson, 1987). 

'1he Wirmii;>egosis Fonnation, in tum, is ttrrlerlain by, in descen:lirg 

stratigraphic order, the carl:xmaceous shales of the Devonian Ashem 

Fonnation, the dolanites of the Silurian Interlake Fonnation, UR;>er 

Ordovician dolanites (with minor halite layers) an:3. by the l<7Ner 

Ordovician-cambrian ''basal elastic division" (Kent an:3. Sinpson, 1973). '!he 

basal elastic division consists of the Middle Ordovician Wirmii;>eg an:3. the 

UR;>er cambrian Deadwocxi fonnations which lie miconfo:r:mably on the 

Precambrian Basement catplex. '!his elastic basal division is ca11-'5Erl 

largely of coarse grained sams gra.din;J upwards into calcareous siltstones 

an:3. coarse shales. '1he basal cambrian-ordovician groop is a major aquifer 

system within the Elk Point Basin (Downey, 1984a,b) an:3. the Deadwood 

Fonnation is also an inp:>rtant target aquifer for the diS};XJSal of brines 

produced f:ran the p:rcx:::essirq of ore at sane p:>t:ash mines (Sinpson an:3. 

Dermison, 1975). 

'1he Precambrian Basement catplex has not been well described because 

of its depth f:ran the surface, b..tt probably oonsists of a series of 
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gneisses derived fran Proterozoic metasediments, metavolcanics and granites 

similar to those described in northern Saskatchewan (i.e. : IsNrf and 

Sili:>ald, 1980). 

'!he Prairie Forma.tion is overlain by dolanitic mudstone of the Secord 

Red Bed Member of the I:Bwson Ba.y Forma.tion and marks the begi.nnin;J of a 

series of Upper Devonian cyclic deposits of limestone, dolanite arrl 

evaporites which, in ascen:li:rg stratigrap:ric order, includes the I:Bwson 

Bay, Souris River, D.Jperow an:i Nisku Forma.tions. '1hese sequenc:es are 

unconfonnably overlain by the lower Cretaceous Mannville Group which is, in 

tum, overlain by a thick sequence of Cretaceous shales (Kent ani Si:npson, 

1973). 

In the Rocanville area, between the Upper Devonian Nisku Forma.tion arrl 

the Cretaceous rocks, there is an additional sequence of Upper Devonian an:i 

Mississippian rocks. 'lhe Mississippian Madj son Group may be an in'p:>rtant 

source of fluids in the Rocanville area as this unit is identified by 

Downey (1984a & 1984b) as a major aquifer within the Elk Point Ba.sin. 

Jurassic rocks also are present between the Nislo.l and Mannville Forma.tions 

in the Allan arrl Ianigan areas. 

'lhe Mannville Group is the basal series of Cretaceous rocks in 

Saskatchewan. It is ccrtp:>SE!d largely of poorly consolidated san:lstones, 

and is an aquifer with a large fluid-volume an:i a high fluid pressure. 

Christopher (1980) notes that the Mannville Group may be recharqed in 

lNeStem Saskatchewan near the Rocanville area, and possibly, throughalt 

Saskatchewan by fluids frcm the uOOerlyinJ Paleozoic rocks. 

overlying the Cretaceous is a series of Quaternacy to recent sediments 

largely of glacial am fluvioglacial origin. A very CCSTplex aquifer system 
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is foun:l within Q.Jatema.?.y strata (i.e.: Van der Kanp, 1986, am M:Monagle, 

1987). 

Collapse structures 

Collapse structures are relatively caTllOC>ll in the Elk Point Basin 

(figure 4). 'Ibey occur where the Prairie Fonnation has urrlergone cx:arplete 

or partial dissolution, causirg a subsequent cx:>llapse of the overlyirg 

strata. Collapse structures ccmoonly are filled by breccia of cx:>llapsed 

material derived fran the overlying strata an:l matrix deposited by 

subsequent fluids (e.g.: Parker, 1967). '!he level to which cx:>llapse 

structures disrupt the stratigraiily is generally regarded as representirg a 

mi.ni:rm.:nn age for their fonnation. 

Dissolution of the Prairie Fonnation is believed to be due largely to 

the upward novement of fluids fran the Wirmipegosis Fonnation within porous 

reefs an:l reef-like lTOUJ'd structures (e.g.: Gerrlzwi.11, 1978). Enough of 

the lowrer portion of the Prairie Fonnation is reiooved in this way to result 

in the developnent of vertical cracks. It is through these cracks that 

fresher waters subsequently flow driven by a brine density-flow ne::hanism 

such as that described by Arrlerson am Kirklam (1980). Hitchen (1969a) 

notes that draw:low.n fran the Sooth saskatchewan River may be an exauple of 

a recent solutionirg ne:tlanism responsible for the large saskatoon salt 

solution area. 

Once cx:>llapse structures for.m, they may becane cotxiuits for the 

vertical noveneit of fluids urrler brine density-flow cx:>nditions or due to 

fluid pressures fran an intersected aquifer. Collapse structures CXJUl.d have 

variable porosity because of the breccia infill ard variability of the 
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cutp:sition of the matrix material. It is probable, therefore, that 

collapse structures and related vertical structures within the basin are 

cx:n:!uits for the vertical m:wement of fluids, such as the nrwement of 

waters to a lower stratigraphic horizon. 'Iha.t collapse structures cause 

stratigraphic disruptions and that they will respond to overpressurin] has 

been described in the Hc:Me Iake hydrodynamic blowout structure 

(Christiansen et al, 1982) • Minirg, through re.rocwal of the potash nenbers, 

may create areas of lower pressure by openin;;J up voids in the structure 

thereby allowin] fluid m:Nement. Where recognized collapse structures are 

avoided within the potash mines because of their water-bearin] potential 

(Baar, 1972) and their general lack of ore material. Collapse structures 

have been described in detail by De Mille et al ( 1964) , Christiansen (1967 

and 1971), Christiansen et al (1982), Parker (1967), Baar (1972 and 1973), 

Bishop (1974), Gen:lzwill (1978), Gorrell and Aldel:man (1978), and 

MacKintosh and McVittie (1983). 

Hydrogeology 

Hydrodynamics within the Williston and Elk Point basins generally are 

not well known within the area of the potash mines. '!his lack of 

information is due largely to the paucity of oil well drill data, 

especially for the deep aquifers. In a report to the potash carpanies 

Sproule Associates Limited (1980) sun:marized the available data and noted 

the paucity of data, especially in the potash mining district. '!he 

hydrology described in this chapter is a synthesis of data fran the earlier 

theoretical work of Toth (1962 and 1963), the early 'WOrk on the Alberta 

Basin by van Everdirgen (1968), Hite.hon (1969a and 1969b), Hitchon and 
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Friedman (1969), Billin:,Js et al (1969), ani the toore recent work on the Elk 

Point Basin (Williston Basin) by Sproole Asscx::iates Limited (1980), IkJWney 

(1984a ani 1984b) ani Betcher (1986). other authors are included as noteJ.. 

Fluid flow within the Elk Point Basin has its origins in the southern 

ani southwestem recharge zones of the central M:>ntana uplift, the Rooky 

H:>untains arrl the cypress Hills (Figure 5). Flow within the Elk Point Basin 

tren:Js north to northeasterly at ai::Proxima.tely right arxJles to the axis of 

the basin arrl generally p:>ints towards the area of saline sprirq disdlan;Je 

in east-central Saskatchewan ani west-central Manitoba (Figure 5) • Hitchon 

{l969a,b) notes that, in general, fluid flow in the western se::limental:y 

basin mimics the topography arrl is m::xlified locally by variations in the 

topogratily arrl geology. 

Downey ( 1984a) notes that there is an additional recharge area in the 

Manitoba esca:rpnent. However, the net fluid IOOVement fran this recharge 

area is also to the northeast. '!he extent of down dip penetration fran the 

Manitoba Fsca:rpnent recharge area is unknown, but it may exten:i towards the 

Manitoba-Saskatchewan border (Betcher, 1986 unpub.) • How this affects fluid 

flow in the Rcx::anville area is unclear. Fuzesy (1987, personal 

CC1111'1.lllications) has iniicated fran recent work in the Rcx::anville-Este:rhazy 

area, that he has been unable to detect a distinct flow direction in the 

Devonian aquifers. Betcher (1986) notes a northerly deviation fran the 

nornal easterly flow, in the Ordovician Winnipeg Fonnation aroun:i Brarxion, 

Manitoba, which may be due to recharge fran the Manitoba EscaJ:pnent. 

Meteoric water enters exp:>Sed Fhanerozoic f onnations in the recharge 

zones arrl IOOVes laterally alorg these fonnations. 'lhese fluids generally 

stay within the bouOOs of the formations they enter. '!he presence of salt 
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solution features am saline sprin;Js is evidence that the fluid system is 

not static. 

DJwney (1984b) identifies the cani:>rian-ordovician elastics (the basal 

elastic division), the MississiR:>ian Madison aquifer in the Rocanville area 

only ard the Mannville basal-cretaceous aquifer as the main aquifers in the 

Elk Point Basin affectin; the mine areas with the Precambrian basement, the 

Devonian chemical sediment sequen::e ard the Cretaceous shales as conf inirq 

horizons. A fourth aquifer system resides in the Quatema:ey deposits which 

overlie the Cretaceous fonna.tions. 

'!his study supports the f in:lin;;Js of a great number of other authors 

(previously noted, see Chemical canposition Cllapter)who have reported that 

brines within a basin becane progressively rore saline with depth. 'lhe 

salinity is greatest where fluids are in contact with the Prairie 

Formations inilcatin; that salt solutioninq is, or has been, effective. In 

general, the salinity of fluids within a given aquifer increases with 

distance fran the redlarge zones d.epen:lin:J on the flow rate ard geology. 

For pm:poses of this study, the Prairie Fonna.tion is considered to be 

the lower canfinirq layer to fluids in this study.due to the inpenneability 

of evaporites to saturated solutions. 'lhe upper confinirq layer is 

considered to be the Cretaceous shales because of their relative 

impermeability. 'lherefore, the rock between the D:twson Ba.y ard the 

Mannville Group may be considered to be one lazge aquifer system. Dmn 

(1982) ard Sproule Associates Ltd. (1980) note the similarity amorq the 

fluid flow patterns within this interval ard take this as evidence that 

there is vertical ccrcm.mication between the formations. Qu:istqner (1980) 

suggests that an area of high head pressures within the Mannville Group in 
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the Rocanville area is due to the inflow of fluids fran the \.D'Jderlyirg 

Devonian sequences, although evidenc.e in this thesis suggests this is oot 

the case. 

In general, little is known about the detailed. effects of collapse 

structures ani major salt-solution features on the flow regimes within the 

m.inirg areas. Dlrm ( 1982) notes that in the Saskatoon potash m.inirg 

district fluid flow in the I)lwson Bay Formation is to the northeast, ani 

that the contact between the 2rx:l Red Bed K:!mbeJ:" am the Prairie Formation 

is a conduit for fluids. It is probable that the 03.wson Bay is, at least 

locally, a major aquifer. 
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SAMPLE CX>ll.ECI'ION 

water sanples were collected wherever an inf low could be detected 

within the mine shafts ani in the min.in; levels. Sanples were collected in 

plastic sanple bottles an:i sealed tightly. Where possible, the te.nperature 

ani i;ii of the waters were measured at the collection site. InflOilS within 

the shaft linirgs are generally small trickles canin;J fran small holes 

within the concrete linirg. 'Ihey are easily spotted because of the wet 

patches they produce in shafts an:i by the salt deposits they c::xm:oonly 

leave. InflOINS in the shafts are assumed. to cane f:ran the fonnation 

directly behirrl the concrete linirg. It is unlikely that fluids flow 

vertically to the shaft inflow points because of the tightness of the 

concrete shaft linirg against the fonnations ani because of the consistency 

in the increase of the isotopic catpOSitions with depth. InflOINS on the 

min.in; levels were sanpled wherever they occurred. 'Ihe inherent dcyness of 

the potash min.in; horizons makes inflows easy to recognize as they produce 

wet patches, an:i, on the min.in; levels, often spectacular groupings of salt 

stalagmites an:i stalactites are found at inflow sites. 'lhe source of these 

mine level inflOINS was detennined through canparison of the mine level 

chemical ani stable isotopic carpositions with those waters collected fran 

the mine shafts. 



ANALYTICAL TECHNI(1.JES 

Chloride 

21 

Chloride was detennined usin; the Mehr method of titratirg' a buffere:i 

solution with silver nitrate in the presence of potassium chranate 

in:licator. '!he em point occurs with the first pennanent appearance of a 

buff colour, in:licating that all of the chloride has reacted with the 

silver am that the excess silver is reacting to fonn the bright red 

canpoun:l, silver chranate. '!his technique yields an error of ±2% on the 

nDSt concentrated sanples. Detennination of Cl usirg' an Orion ion-specific 

electrode method was tried am the results agreed with those obtained. by 

titration to within ±10% on all mine shaft san:ples. However, the ion­

specific electrode method gave erratic results on mine-level sanples, even 

on diluted samples. For this reason, the titration data were used bec:ause 

they provided a consistent data set. 

Sodium, Magnesium, Fbtassium an:i calcium 

'1he four ma.jor cations, Na, M:J, K, an:i ca, were detennined by the use 

of atanic absorption spectrc::>p1otanetcy. A 10 ml sanple was diluted with 

deionized water. Samples were centrifuged before dilution in order to 

rem:we any susperxied solids. One percent lanthanum oxide was added to the 

solutions to act as an ionic stabilizer. All of the sanples were run on a 

Perkins Elmer 2380 atanic absorption -ter usin:J an air­

acetylene flame, an:i calibrated against cxmnercial an:i prepared stardal:ds. 

Replicate analyses suggest that the errors are ±3%. 
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Fluoride, Branide arrl Iodide 

'1he concentrations of F, Br, am I were detennined with sirgle elenelt 

ion-selective electrcxies. Unliluted samples were usai in l\'OSt cases due to 

the generally low concentrations of these halides. In sane sanples branide 

was foun:l in concentrations higher than expected necessitatirg dilution 

with de-ionized. water. At first, it was thought that an interference 

problem existed because no literature reference could be foun:i to explain 

such high Br values. HoNever, serial dilutions produced the sane results to 

within ±10%. 

Density arrl Total Dissolved Solids 

Density was detennined by Y1eigh.irg ten millilitres of sanple in small 

teflon cups which had been air-dried for at least 24 hours. M:>st sanples 

were centrifuged in onier to ratKJVe any susperxied solids which might affect 

the density. '!he average error fran a series of multiple measurements from 

one sanple was ±0.001 g/l. A value for the total dissolved solids (TIE) was 

derived by subtractirg the measured density of the fluid from the density 

of water. '!his produced a value for the TOO in the sample in grams per 

litre. 

Alkalinity 

Bicai:i:x:>nate arrl ca:rlx>nate were detennined usirg a starxlard analytical 

procedure (AS'IM, 1984) involvirg the microtitration of a given am::>Ul'lt of 

the original sanple (usually 10 ml) with 0.1 N hydrochloric acid. 'Ihe 

a.no.mt of acid needed to c.harxje the pH to values of 4. 5 am 8 .1 inii.catirg 

the ann.mts of Hco3-, <:DJ- am ar based on their stoic.hianetric 
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relationship. ffCX:>J - was detected in all but three sanples, t'tNO of which 

contained COJ- (sanples 1-19 arx:l 3-11) arx:l one which contained ar (sanple 

3-19). 

Where possible, the pH was measured in the field usi.rg canmercially 

available colourimetric pH test strips. 'lhese strips are considered 

acx:urate, by the manufacturer, to ±0.l pH tmits. Where the pH coo.ld not be 

determined in the field, measurements were nade in the laboratory usi.rg a 

canbina.tion pH electrode which yielded an accuracy of ±0.l pH tmits. 

SUlphate 

Twenty-seven sanples (Apperdix I, part III) were analyzed for sulphate 

at the Pot.ash Corporation of Saskatchewan analytical laboratory usin:J x-ray 

fluorescence spectrophotanetry. PCS reports that the values generally are 

acx:urate to ±2% for water sanples with a high TOO load. Values obtained for 

sulphate from these water sanples are similar to those value$ reported in 

the literature for fluids fran the DatNSOn Ba.y Forma.tion arrl the minin:J 

levels (ll.mn, 1982; an.i Sproule Asscx::iates Ltd. , 1980) • 

Analysis of Chemical Data 

Chemical canpositions were initially examined usin:J a number of binary 

canbina.tions. '!he binary approach was unsatisfactory because it allowed 

only a limited ca.nparison between the various canponents so that a 

llllltivariate data analysis technique, correspon:ience analysis (I.ebart et 
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al., 1984, an:i Greenacre, 1984) was used. correspomence analysis is a 

nultivariate factor-analysis rrethod which examines several different 

variables simultaneously, allowin;J for a 11¥)re enc::c:mpassin;J analysis of the 

data set. 'lhis technique calculates new variables, called factors, which 

are IOC>re useful for describin;J the system bein;J studied than the measured 

variables. '!he rest of the variables are then caapared to the two chosen 

variables so that in a ten variable system, only 3 or 4 factors may be 

sufficient to describe all of the variation in the system. '!he advantage of 

the corresporrlence analysis technique is that the variations displayed 

usually reflect the natural procesSP-S of the system bein;J studied. '!he 

factor plots selected show each factor in a :multivariate relationship to 

both the initial variables an:i the samples studied. A practical exanple of 

the use of correspon:lence analysis is described by Mellirger ( 1986) • 

COrresporxience analysis involves choosirg two factors which are 

believed to be of importance in the system urrler study. '!he remainirg 

factors are included only if they are believed to help with the 

un:lerst:arxlirg of the system. All samples included have been measured for 

the variables considered to be included in the analysis. For this study, 77 

samples were used,an:i Na, K, ca, M:], Br, oD, 5180, Pf, Trs, an:i depth fran 

surface were considered as variables. Factors were calculated usin;J the 

variables Cl, Na, K, ca, M:J an:i Br, with the other variables 60, 5180, p!, 

Trs, an:i depth beirg displayed only in the calculated factors. A few of the 

variables such as 60, 5180, Trs an:i depth were divided into smaller groups 

in order to better un:lerstani their relation to the factors. 

Fquilibrium thenoodynamics was used to detennine whether variations in 

the chemical canposition of the waters are responiim to variations in 
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lithology. 'lllis technique is described in AR;:>errlix rv. 'lhentrdynamics for 

systems with high ionic stren;Jths are tenuous because experinental data for 

salt systems are available for ionic stren;Jths of less than six. Virtually 

all of the sanples examined in this stu:ly had high ionic stren;Jtbs, sare as 

high as 14. Wood (1975 and 1976), Pitzer (1987) and Weare (1987) have 

discusse.d the complexity of these systems in detail an:l the difficulty of 

predict:in; the results fran therno:lynamic data, even in controlled 

sett:ings. 

RESUIJI'S 

Total Dissolved Solids and Chl.oride 

'Ihe quantity of total dissolved solids (Ta)) and concentrations of 

chloride in water sanples fran potash mines an::l shafts increase with depth, 

in a relatively unifo:rm manner reachirg a maximum in the minin;J-level 

samples (Figure 6). '!he only deviation fran this tren:i ocx::urs in samples 

fran the shaft of the Rocanville mine which have higher Ta) within the 

Devonian sequence relative to water samples fran the shafts of the other 

mines. In sanples fran the souris River Fonnation, the Ta) contents of 

waters fran the Rocanville mine are similar to those of samples fran the 

other mines. '!he Cory mine-level samples, and sane samples fran the 

Ianigan mine, have the highest TOO with an average value of 350 g/l. '!his 

is significantly higher than the 250 g/l of the other mine level samples. 

Ta) oontents vary directly with the arount of chloride present in the 

sample. In general, all of the major oonstituents of the waters studied, 

except sul:phate, increase with depth reachirg maximum concentrations in 

mininJ level waters. 
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Sodium, Potassium, calcium and Magnesium 

'!he concentrations of Na, K, ca, and M;J increase with depth, but in a 

less unifonn manner than do TIE and Cl contents (Figures 7 and 8) • In water 

samples taken fran cretaceous aquifers, the concentration of these ions is 

relatively low, rarely exceedin:J 10,000 ng/1. Water sanples fran the 

Devonian sequence exhibit an increase in these cations with depth. For 

exanple, Na increases in concentration with depth fran approximately 34,000 

ng/l immediately belav the Mannville Fonnation to 104,500 ng/l at the base 

of the Souris River Fonnation. Unlike K, ca, and M;J, Na concentrations are 

lower in waters fran the o:twson Bay Fonnation than those fran the overlying 

Souris River Fonnation. '!he Na concentration fran mine-shaft samples varies 

inversely with ca, that is, an increase in Na is coincident with a decrease 

in the annmt of ca in the sample. 'Ibis iniicates that the water 

cauposition is probably respon.iln:J to charges in the lithology; Na contents 

increase as a result of the dissolution of halite bearing-evaporites, and 

ca and M;J contents increase due to the dissolution of ca:r.bonates or 

anhydrite. 

In contrast to the irregular, but consistent, increase in the 

concentration of these ions with depth, is the large degree of variability 

in their concentrations in mining level waters. large shifts in the 

concentrations of these ions are probably a function of the type of salt 

available for solutioning and the cauposition of the original fluid. 

Several water samples with high ca concentrations (>131,000 rcg/l) are found 

at the CJ:Jry and Ianigan mines and represent a group of distinct ca-rich 

waters. A group with ananalously high M;J concentrations (83,900 to 93,300 
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ng/l) is present at the Ianigan mine. HolNever, only in one exanple (sanple 

2-15) does this oorresponi to a sample with a high ca ooncentration. All of 

the ca-rich waters fran the Q:Jry mine have low Na concentrations ran.;Jin;J 

fran 1,680 to 7, 770 ng/l. 

Branide, Iodide an:l Fluoride 

Br an:l I contents increase in concentration with depth and both sh.oil 

great variability in their concentrations in waters fran the minirg levels 

(Figure 9). F (not gra}:iled) is present in all samples in very low 

concentrations, with a ma.xinu.nn of 0.2 ng/l (sample 1-16). In general, F 

sharNS little variation with depth an:l is virtually absent in all minirg 

level samples at values of 0.002 to 0.004 ng/l, very close to the detection 

level. 

Br oontents increase gradually with depth, fran concentrations of 4.0 

ng/l {sample 1-13) in near surface water samples to a maxinum of 21,747 

ng/l {sample 1-5) in waters collected fran the rawson Bay Fonnation. Br in 

the minirg level waters varies fran 56 ng/l (sample 4-16) to a ma.xinu.nn of 

28,479 ng/l {sample 2-5). Within the mine-water samples, two distinct 

groups of Br concentrations are present. 'Ihe first group represents all the 

mine-level samples fran the Q:Jry mine ani has concentrations of 16, 397 ng/l 

to 22,438 ng/l. 'Ihe secord group represents mine-level water samples fran 

the remaining mines with branide concentrations of less than 10,000 ng/l. 

'!he Ianigan mine is the one exception to this distribution of branide, with 

samples present fran both groups. 'Ihe very high values of Br concentrations 

fown at the CDry an::l Ianigan mines are in waters that are also ca-rich. 

Iodide follows a similar pattem to Br, increasin; gradually with 
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depth fran near-surface values of <20 ng/l to maxilt1.nn values of 330 trg/l 

just above the minirq level. 'Ihe variability in concentration is marked in 

sanples fran the mini.rg levels, rargirx1 fran 46 ng/l to 806 trg/l. In 

general, the high iodide contents (i.e. : >300 trg/l) correspon::l to the ca.­

rich waters of the Cory mine am to the :t<g-rich waters of the Ianigan mine. 

Tvlo ca-rich samples have iodide contents of 121 am 248 ng/l which are 

similar to concentrations fourxi in other mine level sanples. 

PI am Alkalinity 

In waters collected fran the mine shafts };ii values fall within a 

restricted rarge, fran slightly basic to slightly acid (Figure 10). On the 

mini.rg level, with one exception, Pf is distinctly acidic, with values 

<6.0. 'Ihe ca-rich fluids have distinctly 10#1 };ii values within the ran;Je of 

4.0 to 4.7 Pi units. 

Alkalinity varies considerably with depth, rargirg fran o to 1,464 

trg/l. Variations in HOJ:3 - contents do not correlate well with any of the 

other dissolved ions. 'Ihe high variability in results may stem fran the 

analytical technique, that is , the insensitivity of the };ii meterirx1 in 

relation to the extremely small size of the sample that had to be used. 

Alkalinity values were not plotted but are inclu:ied in Appendix II. 

SUl?late 

A small number of samples were analyzed for sul?late content (Appendix 

II, Part III) • 'Ihe results show that high sul?late contents exist in 

samples collected fran Devonian strata above the minirq levels, with values 

rargirg from 1200 ng/l in the Souris River Fonnation to 18332 ng/l in the 
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DlpercM Fonnation (Figure 10). SUlpiate is the only ion to shCM a decrease 

in concentration with depth. High sullilate contents are probably due to the 

dissolution of anhydrite. 'lherno:lynamic calculations in:Ucate that all of 

the samples are theoretically oversaturated with anhydrite arrl gypsum. 

Mine-level samples have relatively !CM sulp;tate contents, probably 

reflectirg the small aI1X)Uil't of anhydrite present within the mine-level 

evaporites. '!he sulpiate that is present may be due to water flCM fran the 

D:lwson Bay Fonnation. Similarly, the one sample fran the cretaceous has a 

very lCM sullilate content, probably due to the absence of anhydrite layers. 
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INmOilJCI'I~ 

water is CX'll'p)Sed of hydrogen an:i oxygen which have two an:i three 

naturally cxx::urrin] stable isotopes, respectively (Table 1). 

Table 1: Stable Isotopes of Hydrcqen an:i Oxygen 

Hydrcqen lH 99.985 
2H or D (Deuterium) 0.015 

16a 
170 
180 

99.756 
0.039 
0.205 

Water oolecules hence have different masses d.eperrlin;J on the isotopic 

ccmposition of the oxygen an:i hydrogen atans. A water oolecule of H2
16a 

has a mass rnnnber of 18 an:i a water nolecule of Di 180 has a mass rnnnber of 

22. 'lhe vapour pressure of water varies inversely to the mass number, that 

is, the lower the ma.ss number the higher the vapour pressure, because water 

oolecules with lower mass numbers are more stable in the vapour~ than 

water nDlecules with heavier ma.ss numbers. 'Ibis difference in mass results 

in the separation of waters of different isotopic carposition as water goes 

through repeated evaporation an:i precipitation within the meteoric water 

cycle. Water vapour, therefore, is depleted in the heavier isotopes with 

respect to the startin:j ca:rposition of the water, an:i the precipitation 

resultin] fran the coniensation of the vapour is enriched in the heavier 

isotopes. 'Ihus, due to the retention of heavy isotopes in the originatin] 
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waters am the concentration of the heavy isotopes in precipitation, the 

light isotope content of water vapour increases with distance fran its 

source. 

'Ihe isotopic carp::sition of water is rep:>J:.terl as the D/H or 18o/16a 

ratio in the sample relative to these ratios in stan::Jard mean ocean water 

(S?CW) • 'lhese variations are normally small am are reported as delta 

values (6) in units of per mil usin; the following formula: 

'!he partitionirg of the stable isotopes of water ailD'¥J various Plases is 

dependent on temperature am, as a result, the isotopic carcp::sition of 

precipitation becanes a function of latitude, altitude arrl climatic 

con:litions. In addition, water is rem:wed durirg coolin; of a cloud as the 

cloud passes fran the oceans to the continents. 'Ihe water remainirq in the 

cloud becanes increasirgly depleted in the heavy isotopes as the 

precipitation proceeds. 

Because the isotopic ca:nposition of meteoric water durirg coniensation 

ani evaporation processes is detennined by the difference between the ma.ss 

of the H arrl D atans as well as the difference between the 180 ani 16a 

atans, D/H am 18o;l6o ratios of meteoric waters are usually proportional. 

'Ihis proportional tren:i fonns the meteoric water line (MWL) , where 

60 = 8 x 5180 + 10 

ani alon:J which IOOSt surface waters cluster. 

Meteoric water in Saskatche'wan is very depleted in 180 and D relative 

to Sf.Dt1 because of its latitude, cool climate arrl distance fran the ocean 
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(Figure 11). '!he median values for meteoric waters in Saskatchewan are 

-150 for 60 arrl -20 for e;18o with a wide rarge of values due to seasonal 

variations typical of the extremes fourrl in continental climates 

(McMonagle, 1987) • 

'!he isotopic cuupositions of meteoric water in Saskatchewan, arrl 

possibly throughout the recharge area for the Elk Point Basin, have 

probably not chan3'ed greatly since glacial times because there have been no 

major chan3'es in elevation or climate. When meteoric water enters the 

grourrl, 60 arrl 5180 values chan3'e because of mixirg of meteoric water with 

pre-existirg f onnation waters arrl because of isotope exchan3'e reactions 

with the surroun:tirg rocks. 'lherefore, near surface grourrlwaters, because 

of more rapid flushin;J, largely reflect the isotopic cuupasition of 

meteoric waters, whereas deeper fonnation waters, IOC>re distant fran their 

source arrl not as rapidly flushed, usually becane relatively enriched in 

the heavier isotopes because of exchan3'e reactions with host rocks. 

ExcbanJe of isotopes between water arrl minerals nomally affects 5180 

values IOC>re than 50 values of the water because of the large oxygen arrl 

small hydrogen contents in most minerals. 

'!he main mechanism by which 50 arrl 5180 values increase with depth in 

most sedimentary basins is by the mixirg of meteoric waters havirg, for 

exanple values near 50 = -150 arrl 5180 = -20 with trai:P3d fonnation waters 

which have values near 50 = -30 am618o = -1 (Hitchen arrl Friedman, 1969) • 

'!he f onnation waters may be true connate water or water which has resided 

lon:J enough in the basin to becane 180 rich as a result of the exchan3'e 

reactions between the water arrl rock. For recent waters, such excharge 

reactions between water arrl rock are negligible due to the slow rate of 



FIGURE 11: The isotopic evoiution of meteoric water from its 
source in the ocean to the interior plains is diagrammed. Ocean 
water has a 6D value and a 5180 value of zero. With distance from 
the ocean, increased altitude, increased latitude and decreased 
temperature, meteoric water is progressively depleted in the 
heavier isotopes of oxygen and hydro~en. Thus, precipitation on 
the interior plain has low 60 and 51 o concentrations, relative 
to ocean water, as shown by the average value for Saskatchewan 
surface waters (OD= -150 and 5180= -20). This average isotopic 
composition of the surface waters is taken to be the average 
value for waters entering the groundwater system in the recharge 
areas of the interior plains. 
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exchan;Je of hydrogen with clays an:i oxygen with ca.rtxxlates an:i silicates. 

Waters presently in the Alberta Basin are daninantly recent meteoric 

waters that have either displaced or mixed with pre-existin; basin waters 

(Clayton et al, 1966). '!he Alberta Basin is interconnected with the Elk 

Point Basin an:i it is not unreasonable to assume that the same mechanisms 

operate in both basins. 6D an:i 5180 values within a basin increase with 

depth in a unifonn nanner an:i each basin develops a unique 60 vs 5180 tren:i 

with depth (Hitchon an:i Friedman, 1969). Because 6D an:i 5180 values in a 

given aquifer increase with distance f:ran the recharge areas, Schwartz et 

al (1981) proposed that the increase in 60 an:i 5180 with distance f:ran the 

source means that the basinal tren:i also could be constructed by stackirXI 

the data f:ran in:lividual aquifers. '!hey further note that variations in o 

an:i 180 contents also could be accounted for by variations in the flushirg 

rates of in:lividual fonnations by meteoric waters. In a vertical section, 

6D an:i 5180 values may deviate f:ran the general enrichment trerxi with depth 

in a basin by havin; slightly lower O/H an:i 18o;16a ratios in fonnations 

that are flushed 100re thoroughly, or by havin; slightly higher ratios where 

fluid fl<7N is 100re restricted. 

Waters which differ in their stable isotopic caupositions f:ran waters 

in surrourili.n;J fonnations either represent waters with very different 

flushir:g rates or they represent waters which have been transferred fran a 

higher, or lCltler, fonna.tion through sate corduit. SUch waters are "short­

cin::uited", that is, while they represent mixtures of pre-existing 

fonna.tion water an:i meteoric water, their isotopic canpositions su.gcJest 

that these fluids are out of place with respect to the isotopic 

caupositions of fluids in the surrourili.n;J fonnations. An exanple of short-
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circuitirg 'WOUld be the presence of waters with values for 6D = -110 an:l 

5180 = -10 in the mini.n; levels where nonnal isotopic contents are 6D = -50 

arxl 5180 = -1. P.ecause of this difference in isotopic canpositions, the 

source of waters of low isotopic caaposition fourrl on a mini.n; level 

(shortcircuited waters) should be identifiable by caiparirg its isotopic 

canposition with those of overlyirg formations. 

Analytical Techniques 

6D values (Appen:lix III) were detel::mined usirg the uranimn method of 

producirg hydrogen gas fran water described by Friedman ( 1953) • '1he 

resultant hydrogen gas was analyzed in an isotope ratio mass spectraneter 

(VG 602C) am duplicate analyses suggest a reprcducibility of ± 3 per mil. 

5180 values were d.etennined by equilibratirg 10 ml of degassed sanple 

with a carbon dioxide of known isotopic cauposition in a process similar to 

that of Epstein an:l Maya:Ja (1953). '1he isotopic cacposition of 

equilibrated OJi gas was analyzed on a mass spectraneter am duplicate 

analyses suggest a reproducibility of± 0.1 per mil. '!he 1Bo;l6a ratio is 

reported with respect to SKM in units of per mil. San'ples were 

equilibrated for periods of up to three days in order to assure the 

carplete equilibration of the sample. '1his time period was chosen after 

considerirg problems noted by Sofer an:l Gat (1972) in equilibratirg a:>i 

with concentrated brines. 

'1he correction factors of Sofer an:i Gat ( 1972) for the effects of high 

ionic strengths in brines on the apparent 5180 values were tested with 

respect to the spectnnn of chemical canpositions. 'lhese corrections take 

into account the effects of M:J, ca, an:l Kon the activity of 180. Na has a 
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negligible effect on the activity of 180. '!he corrections are small for 

near surface samples, haNever, it shifted sane of the mine level 5180 

values by as nuch as +5 per mil. 'Ihis large shift in the e;18o values is 

largely due to the high concentrations of M3', which have the largest effect 

on the activity of the 180 in the samples. Because the overall basinal 

trend was not shifted aR':reciably, the effect proposed by Sofer arxi Gat 

(1972) may not be significant (Kyser, 1987). Since the conclusions of the 

study were not affected significantly, the corrected values were not used 

for this study. No correction factor was used for the hydrogen data because 

it was obtained fran a distilled scmple. 

Results 

60 ard 5180 values of OOth mine-shaft ard mine-level samples plotted 

in Figure 12 illustrate a trend with depth similar to that of the Alberta 

Basin (Hitd:lon am Fria::hnan, 1969). 'Ihis trend shows the expected 

enrichment in the 60 ani 5180 values with depth. A line of best-fit was 

calculate:l for the isotq:>e data (Figure 12) usin;J the least squares method. 

'!he best-fit line, exclud.in;J scmples fran the Rocanville flcxxl which were 

not included because they ~to represent a distinct, arxi separate, 

group, has the followin:J equation: 

60 = 4.7 x 5180 - 55.8 

Within a given aquifer, there can be substantial variations in the 

isotopic canpositions of the water (Figure 13). An example of this is the 

DJperow Fo:nnation which has a median value for 60 ar.d 5180 of -135 am -17 

respectively, in the Cor:y area ani -83 ani -6 respectively in the 

Rocanville area. such large variations in the isotopic canposition of 



FIGURE 12: 60 and 5180 values for all of the water samples 
analysed in this study (Appendix III). The isotopic compositions 
for near surface samples plot near the field for Saskatchewan 
surface waters (shaded area) . With increasing depth the waters 
Qecome increasingly enriched in the heavier isotopes along a line 
defined by 60 = 4.7 x 5180 - 55.8 (the Elk Point Basinal Trend). 
The trend for the Alberta Basin (Hitchen and Friedman, 1969) has 
been included for comparison, as these fluids are from another 
portion of the Western Interior Basin of which the Elk Point 
Basin is part. The small cluster of samples for the Rocanville 
flood were not included in calculating the trend of the basinal 
waters because of their unique position on the plot. 
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waters :Eran the same f onnation falls alorg the basinal tren:l a.rd indicate 

that, re.gaz:dless of the path the waters have taken, they are the result of 

mixing between meteoric ard fonnation waters. 

C.ory Mine 

Isotopic carpositions of the waters fran the Ia-wson Bay ard Prairie 

Fonnations are similar suggestirg that they have closely related fluid 

systems (Figure 14}. 'Ihe Dawson Bayani the Prairie Fonnation fluids have 

isotopic concentrations which are distinct fran the isotopic concentrations 

of other C.ory water samples. With the exception of sane samples fran 

Cretaceous fonnations, there is the expected increase in the isotopic 

values of waters frcm the Coty mine with depth. Recent waters plot vecy 

close to the meteoric water line in:licatirg a high canponent of modem 

meteoric water. Variations in the isotopic catp:sitions with depth fall 

vecy close to the tren:l of the Elk Point ani other basins inlicatirg that 

these waters are the result of mixing between meteoric waters ani pre­

existin:J fonnation waters. Stable isotope catp:sitions for the samples fran 

Cretaceous fonnations lie between those of the stratigraphically lO'tier 

Nisku am I)JperON water samples am this may in:licate that the Cretaceous 

aquif e:rs in this area are isolated fran the other aquifers ard have no 

appai:ent connection with other fonnations. 
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Allan Mine 

60 and 5180 values for the Allan mine waters are shown in Figure 15 

and they also show- the expected increase in the concentration of heavy 

isotopes with depth. As at the cory mine, there is a large gap between the 

Souris River Fo:nnation water samples and those fran the Prairie Fonnation 

at the minirg level, irx:licatirq that the two aquifer systems are probably 

isolated fran each other. No samples fran the rawson Bay Fonnation are 

available to canpare with the minirg level samples. '!he proximity of sane 

isotopic cacp:sitions to the MWL irx:licate a large meteoric corrp:>nent in the 

Devonian and cretaceous sequences in the Allan area. 

Ianigan Mine 

Unfortunately, no samples are available fran the shaft of the Ianigan 

mine because of its welded steel shaft linirq. '!he one bin area water 

sample has a similar isotopic canposition to mine-level water samples f:ran 

the cory and Allan mines (Figure 15). 'lhe remainirq mine-level samples, 

when caipared to the isotopic canpositions of fonnation waters f:ran the two 

closest mines, cory and Allan, have values which are between the Souris 

River and D:\wson Bay Fonnation waters. '!his would irx:licate that, for at 

least sane of the mine-level waters at the Ianigan mine, there is a 

meteoric water corrp:>nent. 

Rocanville Mine 

In general, samples of water fran the shaft and mine at Rocanville 

(Figure 16) bec::aoo increasirgly enriched in D and 180 with depth. 'Ihree 

main differences between the Rocanville data and those fran the other mines 
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include: 1) a cluster of mine level sanples which have lower isotopic 

values in relation to the other mine level samples (Group A, Figure 16), 2) 

there is a large difference in the isotopic caripositions of the Nisku ar.d 

the J)Jperow fonnation waters, whereas at the other mines a large difference 

existed between the Souris River ar.d the r:a:wson Bay fonnations, ar.d, 3) a 

group of mine level samples, which represent waters fran the Rocanville 

flood, have distinct 60 values which lie off the main basinal tren:l (Group 

B, Figure 16). 

'!he group A mine-level samples (Figure 16) probably represent a group 

of samples whid.1 have a significant inpJ:t of meteoric water. Group A 

samples do not have isotopic caupositions that directly correspond to any 

other group of samples analyzed from the Rocanville area. Group A waters 

have isotopic compositions (6£1:. -104 ar.d 5l8o=s -8) which are intermediate 

to those of the Nisku-lodgepole ar.d the mine level-Souris River samples 

indicatin} that the inf lcw waters may be a canbination of these two waters 

or a mixture of mine level waters with a very high proportion of meteoric 

water. '!he Group A waters, therefore, represent waters with a large 

carponent of meteoric water which have nkJVed from a higher stratigrapti.c 

level to the minirg level, probably with sare mixing with pre-existin} 

fonnation waters. '!he origin of these waters may he the large aquifer 

system represented by the Nisku, 'lllree Forks ar.d the lodgepole fonnations. 

'!he large difference between the isotopic canpositions of the 

Iodgepole-Nisku waters ar.d the Souris River-rawson Bay waters may indicate 

that these aquifer systems are isolated fram each other. Clusterirq of the 

lodgepole ar.d Nisku f onnation waters near the MWL indicates a large 

camp::>nent of relatively nalem meteoric water. Additionally, the 
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overlappir:g of the values fran the U:x:lgep:>le ani Nisk.u Fonnations i.rrlicates 

that they are p:trt of the same aquifer system, or, that they rep:resent two 

separate fonnations with similar flu.sh.ir:g rates. '!he similarity in the 

isotopic o 111a;itions of the Souris River an:l OJpe:rofN fonnation waters 

irrlicates that these two fonnations either are p:trt of the same aquifer 

system or that these two fonnations have similar flu.sh.ir:g rates. 

Rocanville mine-level an:l rawson Bay Fonnation waters have similar 

isotopic caupositions indicatir:g that they are the same aquifer system. 

'I.his overlap in isotopic caupositions exists for both the "nonnal" mine 

waters an:l the Rocanville flood waters (Group B, Figure 16). '!he Group B 

waters have distinct isotopic catp:>Sitions (~ -47 ani 5l8o= -2) cxzpared 

to all mine-level waters. Group B isotopic cacp::>aitions reflect an 

enridnnent of approximately 12 per mil in deuterium with respect to the 

other mine-level water sanples. 
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DISCIJSSION 

It is a cx:mnon feature of sedimentary basins that the salinities of 

formation waters increase with depth (White, 1965; Dickey, 1969; Din;Jman 

and Argino, 1969; and Graf, 1982) • A number of ne:hanisms have been 

suggested for this increase in salinity inclucl.in; membrane filtration (e.g. 

Bre:lehoeft et al, 1963; White, 1965; Berry, 1968; van Ever0in3'en, 1968; 

Hitchen et al, 1971; arrl Graf, 1982), brine density flow (Arrlerson and 

Kirkland, 1980) and the dissolution of evaporite units (Hitchen et al, 

1971). 

Membrane filtration allows for the selective ll'OVement of certain 

ioolecules or ions in a fluid urrler pressure through a semi-penneable 

membrane. Pressure is created in a confined aquifer by basina.l loa.di.nJ, 

tectonic pressures, or osm:>tic pressure. Water easily moves through the 

semi-penneable layers which, in the basinal settin:J, are normally 

represented by shale or clay layers. 'Ihe ease of ll'OVement of ions is 

controlled by their charges and radii, together with temperature and 

pressure. 'lbrough the process of nenbrane filtration, upward-ITOVirq water 

becanes prcqressively less saline as dissolved solids are reiooved, and as a 

result, water at depth becomes increasirqly ioore saline due to the increase 

of residual dissolved solids. In general, where nenbrane filtration is a 

factor, there is a general increase in M'J, ca, Na, Cl and ca+MgjNa with 

depth (van Ever0in3'en, 1968). 

Brine density separation occurs when two fluids, one with a larger 

amount of dissolved solids, interact, resultirq in the denser brine sinkin:J 
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relative to less dense brines. Although this mechanism nay l::e too 

sinplistic for generatirg concentrated brines at depth, the novement of 

these denser brines can create flOil within a basin through the mechanism of 

brine density flow (An:ierson ani Kirklani, 1980). such flow nay be 

iJtt>ortant in the salt solutionirg process as it nay allow fc:>r the 

circulation of urrlersaturated fluids. 

'!he dissolution of evap:>rites is another najor source of saline 

solutions at depth. Hite.hon et al (1971) suggest that dissolved minerals 

are largely responsible for the high salinities of formation waters within 

the Western canaaa sedimentary basin. '!hey further state that these 

formation waters are due to a mixirg of trapped sea water (connate water) 

ani meteoric water, canbined with the dissolution of evap:>rites. 

It is likely that the high salinities at depth within the Western 

canada sedinentary basins are caused by a canbination of these three 

concentratirg mechanisms. Certainly, nenbrane filtration has been invoked 

as a mechanism for increasirg the salinities (Hite.hon et al, 1971). 

HONeVer, it has been noted that Na ani Cl increase with distance f:ran the 

recharge zone (Schwartz et al, 1981) ani, therefore, a 100re cx:anplex 

mechanism is probably in operation. '!his is especially true as fluids do 

not appear to be strorgly confined within the basin, a necessary step in 

buildirg up the pressures required for nenbrane filtration. Recent work on 

the stable isotopic carpositions of fluid inclusions in evaporite minerals 

by Knauth ani Beeunas (1986) suggests that basinal waters, especially in 

basins with large evaporite sequences, nay have evolved tlu-ough the mixirg 

of meteoric waters with ancient evap:>rite brines. '!his mixirg of saline 

waters with meteoric waters easily could explain the gradual increase in 
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total dissolved solids with depth. Fritz and Frape (1980) SU<J3'est that high 

salinities may be derived by the interaction of connate wate:i: fran a 

sed.ilrentary basin circulatin;J through Precambrian basement rocks. 

Concentrations of the ma.jor cations associated with evaporite minerals 

in the basin on a Janecke temary plot (Figure 17) irrlicate that all of the 

mine-shaft samples are in the stability field for halite + solution, 

whereas the mine-level samples lie within the stability fields for sylvite 

or camallite + solution. 'lhis is probably detennined by the local geology 

inasmuch as mine-shaft waters are likely to have been in contact with 

halite-dan.inated evaporites and carbonates, whereas the mine-level waters 

are likely to have been in oontact with sylvite and camallite as well as 

halite. Scxlium contents are lower than would be expected in mine-level 

waters when caupared to the ann.mt of halite available for dissolution in 

relation to sylvite and camallite. 'lhis is because halite is the least 

soluble of the three main salt minerals founi in the potash horizons and 

the concentrations of the other ions in solution probably limit its 

solubility. 'Iherefo:re, higher Na concentrations relative to K would be 

expected in mine-shaft samples and the opp:site in mine-level waters. 

'!he activity of an ion is a measure of its effective concentration 

(Appendix IV) . 'Ihe mine level samples either straddle the halite-sylvite 

equilibrium line or they lie within the sylvite plus solution stability 

field (Figure 18). 'lhis diagram oonfinns that, for samples fran the mine 

shafts, the dissolution of halite controls the Na and K values, and, in the 

minin;J levels, the dissolution of sylvinite (halite plus sylvite) and 

sylvite control the Na and K concentrations of the waters. '!he dissolution 

of camallite may provide sane of the dissolved K where high M;J' oontents 
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are also foun:l in the same mine level water sanple. 

Clays am feldspars appear to have no direct bearirg on the Na-K 

concentrations on samples oollected fran both the shafts am the mine 

levels. '!his is illustrata:l in Figure 18 where the 111.lSCOVite-paragonite am 

the potassimn feldspar-albite equilibrimn lines have been plotted. '1he 

distance the data plots fran the equilibrimn lines inilcates that these 

Iilases have little influence on the Na-K contents of the waters except for 

three water samples fran Cretaceous f onnations whose data points plot close 

to the albite-K-feldspar line. All waters are theoretically in equilibrimn 

with potassimn feldspars since all of the data plot within the stability 

field of potassimn feldspar plus solution. 

Cor:respon:lence analysis factors (Figure 19) inilcate that with 

increasirg depth, the system becanes less daninata:l by halite. '!hat is, 

with respect to the other major cations, the relative concentration of Na 

decreases, am other chlorides have a larger inp..tt. '1he oorrespon:ienoe 

analysis shows that all of the shaft samples plot within the area defined 

by the Na am Cl-Tll3 factors, inilcatirg that the dissolution of halite is 

the main source of dissolved solids. 'lhe concentration of potassitnn, while 

behavin:] relatively in:lepen::lently with respect to the other major cations, 

has its strorgest correlation with the mine-level samples inilcatin:] that 

the largest source of potassimn in the waters is fran the dissolution of 

sylvite an:l camallite. For "normal" mine-level samples the correspcn:ience 

analysis inilcates that HJ am K, am to a lesser extent ca am Br, are the 

daninant cations. 'Ihe oorrespon:lence analysis shows that the Rocanville 

mine flood samples plot within the same :re:.Jion as the mine-shaft samples, 

the region in which halite has the daninant control on the TOO load. '!his 
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SUCJ3"9S1:s that, \D'ltil the time of floc:xiln;;J, the Rocanville flcxxi waters did 

not migrate through the minirg levels. 

calcimn and magnesimn correlate with each other (Figure 19) and these 

two cations daninate the calcium-rich mine-level sanples. C.Orresporxlence 

analysis also shows that the ca and M3' have a high negative correlation 

with respect to Na. Fran thenoodynamic data (Figures 20 and 21), it is IOOSt 

likely that the ca and M3' contents of the waters are thec>retically 

oontrolled. by reaction with carlxmates. 'Ihe activities of ca am M; 

irdicate that all of the water sanples fall within the thec>retical dolanite 

plus solution stability field (Figure 20). 'Ihis thec>retical equili.brimn 

with dolanite is maintained even when the activity of cn2 is varied. (Figure 

21). For activities of~ of io-3.5, the activity of '°2 in water in 

equilibrium with the a'boos};:b.ere, sane sanples fall within the solution 

stability field, but all of these ~ mine-level sanples. 

'Ihe ai;parent equili.brimn between carlxmates and the waters does not 

explain adequately the high M3' and high ca contents in sane of the mine­

level sanples. It is probable that the dissolution of ca:mallite is 

partially responsible for sane of the high M3' concentrations. At the 

Ianigan mine, carnallite has been observed. precipitatin;J fran the brines 

(T. Dmyluk, pers. ccmn.) • 'Ihe ca-rich brines range in concentration of ca 

fran 141,000 to 170,200 ng/l and have very low Na contents. Although these 

sanples have high M3' contents, they are not those with the highest M3' 

concentrations. '!he origin of these ca-rich brines is not well urderstood 

but they may represent connate brines which have un:l.ergone nenbrane 

filtration, a process which greatly increases the ca+ftt3'jNa ratio (Graf, 

1982), or they ma.y be brines residual to the process of dolanitization. 
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Both plX035SeS could explain the lON Na, an::l the relatively high ca an::l M; 

values. 'lhese ca-rich brines also are characterized by high Br 

concentrations of fran 16397 to 28479 ng/l (Figure 9) which in:licates that, 

regardless of their ultimate origin, they are residual to at least one 

p:iase of evaporite rec:rystallization. '!he close association between M;, ca 

an::l Br is shown by the clusterin;J of the ca-rich samples in the 

corresponience analysis (Figure 16), however, Br is only a suwlementary 

factor an:l as such has little or no influence on the positionirg of the 

major factor points. 

Kerdall (1987) offers an alternative method for producin;J ca-rich 

brines. For the rem::>Va.l of sulpiate fran concentrated seawater in the Elk 

Point Basin, Kerdall suggests that calcium chloride brines originatin;J 

within Winnipegosis Fonnation reefs were vented, via springs, into the 

concentrated seawater of the Elk Point Basin where the calcium reacted with 

the sulPla.te to form gypsum (now preserved as anhydrite). 'Ihese ca-rich 

brines could now be represented by the calcium brines foun:l in the Cl:Jry 

mine. '!his implies that sane of the mine level brines may have their origin 

fran belON the Prairie Fonnation, specifically, fran the Winnipegosis 

Fonnation an:l would be further evidence that these calcium rich brines may 

be :residual to the dolanitization process. 

Various combinations of the molar ratios of the major ions were 

examined to see if chemical canpositions could be used to detennine the 

source of mine level-leaks. A wide variety of combinations were tried, an:i 

two combinations were foun:i to have sane potential, these are 1) ca-+MJ1Na 

mlar ratios versus depth (Figure 22), am 2) Na+I</Cl molar ratios versus 

depth (Figure 23). It is only through canparison with the stable isotope 
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data that these ratios were identified as beirg useful. 

Mine-level brines can be divided into bJo pcp.llations on the basis of 

their ca+M:J!Na 100lar ratios (Figure 22). 'lbe first pcp.llation is that with 

high ~a 100lar ratios (>5) and the second pcp.llation is defined by 

those points with a ca+M:J!Na 100lar ratios of <5. 'lbe ca+M:J!Na nolar ratios 

of >5 corresponi to the high ca- and M;J-rich brines and probably represent 

fluids residual to the dissolution and precipitation of evaporites. 'Ibis 

may explain the high Br contents in sane of the mine-level waters because 

Br is concentrated within the fluid phase durirg precipitation leaclirg to 

high Br concentrations in residual fluids. Mine-level brines with ca+M:J!Na 

100lar ratios of <5 represent both the "nonnally" evolved basinal brines and 

the "short-circuited" brines of fonnational affinity. 

Figure 23 shows that mine level waters can be divided into two groops 

based on their Na+K/Cl 100lar ratios. 'lhe group which represents "nonnal" 

mine level waters (fran stable isotope evidence) is canprised of sanples 

with Na+K/Cl nolar ratios of < 0.2. "Short-circuited" samples (i.e. those 

with stable isotopic caupositions indicative of a significant meteoric 

water canponent) have Na+K/Cl nolar ratios of > 0.2 which are similar to 

those of waters fran the mine-shafts collected fran f onnations ab:Jve the 

rawson Bay Fonnation. 

'!he variability of Br concentrations may reflect whether the waters 

have dissolved primary evaporites. Branine is trapped in primary halite but 

is released durirg recrystallization (Wardlaw and Watson, 1966). stoessel 

and carpenter (1986) deronstrated that high concentrations of branine are 

indicative of fluids residual to the recrystallization of sylvite and 

halite. 'lbe rarge of values they give closely match those derived for 
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mine-level brines in the present study I except for the high ca-brines foun:i 

at the COry and Ianigan mines. 

stoessel and carpenter (1986) show that to obtain high Br 

concentrations in brines, the fluid must be residual f:ran the 

recrystallization of halite um.er corditions of low tenperature and low 

water to rock ratios, a process durirg which b:ranide is selectively rem:wt:d 

fran the halite. Fran stoes.sel and carpenter's (1986) data, the 

distribution coefficient for Br between halite and solution is 0.047 to 

0.053 for brines in contact with halite with approximately 125 WU Br, the 

average Br content of halite f:ran the mine-levels of the Prairie Fonnation 

(Fuzesy, 1983) • Br concentrations in residual brines in equilibrium with 

this halite would be 2,500-3,500 ng/l which are similar to those in waters 

fran the mine-levels, except for the ca- and M:J-rich brines. 

'!he high Br concentrations fourn in the ca- and H:J-rich brines is nore 

problematic. If a distribution coefficient of 0.049 is used (an average of 

the values noted above) , the high Br brines could be generated by havirg a 

fluid in equilibrium with halites containirg 575-920 wu Br. Halite Br 

contents of this ran:Je have not been reported fran the Prairie Fo:rnation. 

'lhus, the high Br concentrations in the waters may be residual fran 

nultiple recrystallization of halites in a closed system which did not 

allow for the subsequent reooval of excess branine. Both sylvite and 

camallite oontain branine in concentrations up to 1,300 and 1,400 WU 

respectively (Fuzesy, 1983), however, their oontribution to the system is 

not krlam. 

'Ihe absence of sulJ;ilate minerals in the UJ;;:per Prairie Fonnation is 

problematic because late stage precipitates should be daninantly M;J-
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sul};ilates durin;r evaporation of seawater (Harvie arrl Weare, 1980). SUli;ilate 

l1llSt have been reooved f:ran the system prior to the deposition of the 

Prairie Fonna.tion. Ket'rlall (1987) suggests that calcium chloride rich 

fluids entered the Elk Point Basin through springs in the Winnipeqosis 

Fonnation arrl reacted with the suliilate in the concentrated seawater brines 

fonnin;J gypsum (I'lOW' preserved as anhydrite) • '!his process reooved the 

sul};ilate f:ran the system allo.Nin;r for the fonnation of the present potash 

horizons. '!his early precipitation of suli;ilate possibly is represented by 

the anhydrites of the IDi1er Whitkav Salt arrl Shell lake Gypsum members of 

the Prairie Fonna.tion. 'lhe synchronous deposition of anhydrite at the 

margins of the basin arrl halite (plus potash) in the central portion of the 

basin due to variations in seawater concentrations may also acx::ount for the 

lack of anhydrite, or M;J-suli;ilate minerals, in the tJl::per Prairie Fonna.tion 

(Schrieber, 1981). 
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stable isotopic CC11pOSitions irxticate that fonnation waters within the 

potash mini:rg districts of Saskatchewcm consist of two en:1 members, 

meteoric water an::l conna.te water trapped in the Prairie an::l tawson Bay 

Fonnations, with all other waters bei.n:.;J a mixture between the two. Meteoric 

water enters the grouniwater system in the major rec:hat:ge areas of the 

central Montana uplift an::l mixes with the pre-existirg fonnation water. 'lhe 

proportion of meteoric water decreases within an aquifer with distance fran 

the recharge area an::l with depth. 'lhe basinal trerrl developed fran the 

isotope data, as well as the increase in total dissolved solids with depth, 

confinn this lTlixin:J m::xiel. 

F:ran chemical carpositions of the waters, it is apparent that, 

regardless of the path that the waters flow, they increase in TOO with 

depth. Even in the short distance fran the tawson Bay Fonnation to the 

mini:rg levels there is a marked increase in the anomt of TOO, irxticatirg 

that any waters ~irg through the Prairie Fonnation increase its load of 

dissolved solids. Even though we can make sace generalizations about the 

origins of the brines usirg chemical canp:>Sitions (ie: Figures 22 a.rd 23) 

these only have been possible because of the correlation with the isotopic 

data. '!he stable isotopes behave conservatively whereas the dissolved 

canponents do not. 

'!he chemical data irxticate that waters in the basin respord to the 

canp:>Sition of the rocks through which they have iooved. calcimn an::l 

magnesimn concentrations are controlled by the dolanites, ani the sodimn 
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arrl potassium values are controlled by the dissolution of evaporites. 

Fran the stable isotope results, it is clear that basinal waters are 

the result of 1llixin'J of fresher meteoric waters with pre-existin;J saline 

fonnation waters. While the exact method of derivi.rg concentrated saline 

waters is not clear, it is likely due, in large part, to the dissolution of 

evaporites. Br concentrations irrlicates these fluids have recrystallized 

evaporites urxier corxtitions of low temperature arxi low water-to-rock 

ratios. Iocally, the dissolution or reci:ystallization of camallite may 

have added large anou.nts of Br to the system. '!he high ca ani M; 

concentrations of sane waters irxlicate that sane of these brines are 

residual fran dolanitization within the basin, the breakdown of camallite 

to sylvite, or, both, although all of the fluids are theoretically in 

equilibrhnn with dolanites. 'lbe fluids enteri.rg the mine-level have either 

been derived fran fluids interstitial to the evaporites, or they have 

entered the mine-level through collapse structures or fracturi.rg fran 

youn;Jer fonnations. 

Waters that have shared a mutual aquifer system are evident fran 

similarities in their hydrogen an:i oxygen isotopic cettp:lSitions. In the 

Cor:y ani Allan areas two distinct aquifer systems awear to be present. '!he 

uppenoost aquifer system spans the rcID3'e fran Qua~/recent waters to 

those of the Souris River Fonnation. 'Ibis upper aquifer system is 

characterized by a large input of meteoric water, but it still exhibits the 

trerrl of isotope enrichment arrl an increased TOO load with depth. 'Ihe lower 

aquifer system is ~ of the I:Bwson Bay Fonnation waters arrl waters 

fran the minin:J levels. While the upper aquifer system behaves essentially 

like a small basin camposEd of a number of closely related aquifers, 
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sanples fran the lower aquifer system have identical isotopic caup:isitions 

in:licatirg- that it is a siri;J'le, and isolate:l, aquifer. 

In the Rocanville area, there are three distinct aquifer systems 

evident fran the stable isotope data. 'Ihese are: 1) the upper aquifer 

system ccmposed of the NisJru Fonnation and all of the fonnations above it, 

2) the middle aquifer system which is comprised of the ruperow and Sooris 

River Fonnations, and 3) the lower aquifer system which is cauposed of the 

minirq level waters an:.i those fran the tewson Bay Fonnation. All three of 

these aquifer systems at Rocanville fall into veey tight, but distinct, 

groupin;s of isotopic cacp:sitions. 

Fran the stable isotope data there can be little doubt that the Oi1NSO?l 

Bay waters are closely associate:l with ll'OSt :mine-level waters. tewson Bay 

waters even shON great s:imilarities in chemical cucposition to the mine 

level waters. It is likely that m::>st, but not all, of the mine waters are 

due to the direct leakage of I:Bwson Bay waters into the minin;J levels. '!his 

is gcxxl evidence that the tewson Bay is a wide spread aquifer system which 

is largely isolate:l fran the fonnations above and, in tum, isolates the 

minirq levels fran fluids fran above. Fractures ard other structural 

disruptions, could provide the ooniuits for tewson Bay fluids to leak into 

the minirq level, and for the fluids fran stratigrapti.cally higher 

fonnations to pass through the tewson Bay Fonna.tion to the minirq-level. 

At the Rocanville mine, bNo anaralous fluid groups exist; the 

Rocanville flcxxl waters, and the Group A brines which, fran the stable 

isotope evidence, are believed to represent waters fran the upper aquifer 

system. '!he Rocanville flcxxl waters represent fluids which probably were 

isolate:l fran the basinal flow pattern by collection in a structural trap. 
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'!hat this trapped water was :related to I'B:wson Bay waters is dellalstrated by 

similarities in stable isotq>e values arxi chemical cxxuposition data. It is 

also probable, fran the position of the these waters on the factor plot, 

that the flood waters may never have migrated through the Prairie Formation 

prior to the flcx:x:lirg event. 

'lhe Group A waters represent water which may have been directed 

downwards to the minin;J level fran an aquifer with a lazger camponent of 

meteoric water. A mcdel which can be used to explain this is the m::JVement 

of isotopically distinct water m::JVirq dam through a confining horizon in a 

oollapse structure, or related structural feature. As an exa:n:ple, Figure 24 

sha:NS water fran a stratigraphically higher position m::JVin:.;J downwards 

through a oollapse structure arxi enterin:.;J the minin;J level. '!his water, 

with an isotopic cucp:>Sition which differs greatly f:ran the "normal" minin;J 

level sanples, may be called "short-circuited" water. SUCh short-circuited 

waters are un1ersaturated in salts arrl, therefore, have the potential to db 

a great deal of erosional damage to the potash. 

'Ihe corxiuit for short-circuited. Rccanville water is problematic as 

there are no major oollapse structures nearby. It is probable, therefore, 

that this water has its origin at sane distance fran the mine. '!he water 

intersected the Dawson Bay fonnation am through this aquifer migrated into 

the vicinity of the Rccanville mine where it leaks into the mine. '!here is 

sane irdication that waters with low 6D arrl 5180 values are enterirq the 

Ianigan minin;J level as \Yell, although, without shaft sanples, it is 

possible only to say that there is a component of meteoric water in one 

group of mine waters. 

Cllrist.opler's (1980, am reiterated in o.mn, 1982) oontention that 
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FIGURE 24: Sketch of "shortcircuiting" as it affects fluid flow. 
This diagram illustrate mechanisms by which water depleted in the 
heavy isotopes from a stratigraphically higher formation can be 
channeled downwards to the mining levels. The danger from this 
type of water is that it may be relatively unsaturated, and can 
create a great deal of damage, through solutioning, on the mining 
horizons. 
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Mann.ville Group waters are beirg rec.barged by overpressured waters fran the 

Devonian sequence is sui;:ported neither by the stable isotope oor the 

solution chemistry detailed in this study, neither in the Saskatoon nor the 

Rocanville-Esterllazy rnin.inJ districts. For Devonian waters to be present in 

the Mannville Group, isotopic evidence of waters with a small ca:rp:>nent of 

meteoric water an:l ananalously high TOO would be expected within the 

Mann.ville aquifer. 'Ihese have not been fam:l in this study am the stable 

isotope evidence fran Rocanville rnin.inJ level waters suggests that the 

Mann.ville Group waters have :recxaived a very high recharge of meteoric 

water, either as a result of a high flushing rate fran a distant rec.barge 

area, or through close contact with local rec.barge areas. 
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In cxmclusion the follc:1Nin3' points can be made: 

1) '!he stable isotopes of hydrogen am oxygen, because of their 

conservative behaviour, are a very powerful tool capable of detaili.rg the 

flow regimes in a basinal setti.rg. '!he waters lea.kirg into the Rocanville 

mine, and possibly the Ianigan mine, can only be detected reliably usirg 

stable isotope geochemistry. 

2) <llemical ca:npositions of the brines are not useful in determinirg 

their source because of the non-cx:>nse.:t:Vative behaviour of dissolved 

constituents. 'Ibis is because of the large ann.mt of soluble material that 

the waters must pass through before readling the mininJ levels. '!here is 

evidence, however, that the chemical cauposition of the brines, usi.rg 

varioos ratios of the dissolved species (ie: Figures 22 am 23), are useful 

in drawi.rg preliminary conclusions about the origin of the waters. 3) 

'!he waters in the IBwson Bay Fonnation and the mininJ levels are chemically 

am isotopically similar irrlicatirg that they are fran the same aquifer 

system. '!his aquifer system appears to be isolated f:ran the overlyirg 

aquifers. '!he IBwson Bay Fonnation may be a much nx>re extensive aquifer 

than previoosly recognized. Most mine level waters probably have their 

origin in the Dawson Bay Fonnation am migrate to the mininJ levels through 

structural coniuits perhaps reactivated by the mininJ process. 

4) At the Rocanville mine, and possibly at the Ianigan mine, waters 

havirg isotopic ca:npositions irrlicative of an origin in Mississippian am 
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Upper Devonian aquifers have entered the minirg-levels. Collapse 

structures, an:i related features, are believed to be the ex>nduits for these 

"short-circuited" fluids. 

5) water within the basin is composed of a mixture of meteoric water 

am pre-existin:;J fonnation water. Chemical compositions of the water is 

controlled by the litholc:gy: Na ard K by the dissolution of evaporites, an:i 

ca ard M;J by equilibration with dolanites. Br concentrations in the minirg­

level water sanples indicate that mine-level fluids (not short-circuited 

waters) are residual fran the recrystallization of evaporites at low 

teaperatures an:i at low- water to nx::k ratios. It is possible that these 

fluids are the origin of the fluids in the i:a.wson Bay Fonnation. 

6) ca- an:i M;J-rich brines fourd at the Cory an:i Ianigan mines may be 

fluids residual fran low teaperature, low- water-to-rock recz:ystallization 

of evaporites, breakdown of camallite to sylvite, ard dolanitization 

within the basin. 'Ihese brines may have their origin in the Winnipe;osis 

Fonnation. 
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524 
627 
674 
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930 
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524 
600 
626 
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890 
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930 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 
Mine level 

* Belc:N surface 

Recent/glacial drift 
U. Devonian Nisku Fm. 
as above 
U. Devonian Souris River Fm. 
M.Devonian D:twson Bay Fm. 
Cretaceous, 2n:i White Specic. 
cretaceous Mannville Group 
U.Devonian D.Jpen::M Fm. 
as above 
M. Devonian Souris River Fm. 
as above 
as above 
Recent/glacial drift 
cretaceous, 2n:i White SpecJc. 
Cretaceous Mannville Group 
U. Devonian Nisku Fm. 
u. Devonian D.Jpen::M Fm. 
as above 
M.Devonian Souris River Fm. 
as above:o:tvidson Evaporite 
M.Devonian Souris River Fm. 
as above 
B-324,entry 3200 
P-6-12X,entry 6200 
B-407,entry 4300 
Entry 200 
P-6-12X,entry 3200 
B-324,entry 3200 
B-407,entry 4300 
P-6-12X,entry 6300 
B-699,entry 6000 
B-695,entry 6100 
B-694,entry 6200 
B-324,05/1982 
Entry 3200,11/1982 
Entry 3200,06/1983 
B-408,entry 4300,05/1982 
as above,11/1982 
as above,05/1983 
B-06,entry200,ll/1982 
as above,06/1983 
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CXRY MINE Ccxmt:imed) 

1-42 Mine level P-6-12X,entt:y 6300,11/1982 
1-43 Mine level as above,06/1983 
1-44 914 U.Devonian Souris River Fin. 
1-45 663 u. Devonian D.Jperow Fin. 
1-46 594 U. Devonian Nisku Fin. 
1-47 1006 M. Devonian Dawson Bay Fin. 
1-48 Mine level Entry 4300,06/1983 
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1-50 Mine level P-6-12X,entry 6200,06/1983 
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IAHIGAH MINE 

2-1 Mine level Branch 6 
2-2 Mine level Branch 7,S.E SUnp 
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2-4 Mine level Bin area under a salt back 
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2-6 Mine level 00-379 
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2-10 Mine level 10/01/1984 
2-11 Mine level 3/01/1984 
2-12 Mine level Bin area under a salt back 
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2-14 Mine level Branch 2/en::l, 06/1983 
2-15 Mine level Drill hole, 01/1987 

R:lCANVlllE MINE 

3-1 500 Mississippian lodgepole Fin. 
3-2 524 U.Devonian 3 Forks Group 
3-3 610 u. Devonian D.Jperow Fin. 
3-4 744 as above 
3-5 878 M. Devonian DaYISOll Bay Fin. 
3-6 890 as above 
3-7 486 Mississippian lodgepole Fin. 
3-8 572 U. Devonian Nisku Fin. 
3-9 604 u. Devonian D.Jperow Fin. 
3-10 625 as above 
3-11 680 as above 
3-12 692 as above 
3-13 777 U.Devonian Souris River Fin. 
3-14 792 as above 
3-15 884 M. Devonian Dawson Bay Fin. 
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3-16 Mine level Panel 408,Rocm 10 
3-17 Mine level Panel 408, Roan 7 
3-18 Mine level Panel 405,Extension 0023 
3-19 Mine level Drainirg level valves 
3-20 Mine level 408-00-07,1986 
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3-33 Mine level Roan 13/800',20/12/1984,RF 
3-34 Mine level Ieak,21/12/1984,RF 
3-35 Mine level I.eak,27/12/1984,RF 
3-36 Mine level Roan 13 I 8/01/1985 I RF 
3-37 Mine level Brine inflON,19/01/1985,RF 
3-38 Mine level 306-00-13,20/11/1984,RF 
3-39 Mine level 306-00-13,27/11/1984,RF 
3-40 Mine level 306-00-03,10/04/1984 
3-41 695 u. Devonian D.Jperow Fm. 
3-42 774 U.Devonian Souris River Fm. 
3-43 604 u. Devonian D.Jperow Fm. 
3-44 887 M.Devonian J:Bwson Bay Fm. 
3-45 486 Mississippian Lcxigepole Fm. 
3-46 Mine level 405-00-24 Ext.,06/1983 
3-47 Mine level 408-00-07 Ext.,06/1983 
3-48 672 u. Devonian D.Jperow Fm. 

AI.lAN MINE 

4-1 122 Cretaceous I.ea Park Fm. 
4-2 158 as above 
4-3 341 Cretaceous 2rd White Speck. 
4-4 655 U.Devonian Nisku Fm. 
4-5 707 u. Devonian I)JperoW Fm. 
4-6 713 as above 
4-7 774 as above 
4-8 841 U. Devonian Souris River Fm. 
4-9 860 as above 
4-10 610 Jurassic Watrous Fm. 



4-11 
4-12 
4-13 
4-14 
4-15 
4-16 
4-17 

683 
701 
726 
823 
Mine level 
Mine level 
Mine level 

93 

u. Devonian J.)JperCM Fm. 
as above 
as above 
U.Devonian Souris River Fm. 
SUrface water oontaminated 
10/06/1986 
09/1986 



94 
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APPJHlIX Il: cm.MIC7t.L CXMR:SITICH; (Sanple Descriptions are in Apperdix I) 

CXEl MINE 

Cl (m/l) Na (nq/l) K (nq/l.) Qi (ng/1) III (nq/l) 

1-1 709 1520 166 30 7 
1-2 35600 28000 1360 1964 870 
1-3 33800 21000 1010 3180 640 
1-4 160000 103500 2220 21740 5650 
1-5 355000 54870 16300 18200 28400 
1-6 14790 4907 128 771 368 
1-7 N/A 20720 1188 2341 450 
1-8 29600 17000 430 2202 670 
1-9 33800 18300 630 2183 620 
1-10 101000 42000 940 24500 4800 
1-11 199000 130000 2290 22640 1500 
1-12 228000 60000 6300 68500 18300 
1-13 1067 1080 2 26 13 
1-14 7800 5240 121 58 65 
1-15 28500 19500 955 1841 470 
1-16 32000 17300 1143 1917 760 
1-17 29200 17000 430 1954 820 
1-18 24900 18000 540 2010 830 
1-19 96400 36000 710 22180 6600 
1-20 171000 81000 1890 25300 4750 
1-21 194000 173000 1510 18950 4770 
1-22 207000 51000 7100 50720 3700 
1-23 320000 7770 14400 170200 30800 
1-24 308000 3350 11900 165600 19900 
1-25 326000 6370 14300 169900 25700 
1-26 363000 1680 10000 134700 19600 
1-27 319000 4020 13300 160700 20500 
1-28 342000 3710 12400 152400 24500 
1-29 340000 3250 11800 151500 25800 
1-30 342000 4120 18500 147000 9400 
1-31 362400 4540 20500 141000 10400 
1-32 346900 7060 25800 149000 36000 
1-33 346500 5000 20000 131000 12700 

IAHIGAN MINE 

2-1 271000 11000 12300 8470 88000 
2-2 273000 10200 11200 4510 83900 
2-3 277000 11980 13400 5340 84900 
2-4 325000 2750 7100 141000 782 
2-5 367000 3200 5100 180600 17800 
2-15 290300 9800 25800 149000 93300 
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Cl Cm/ll Na (mill K Cng/l) ca (Dg/ll 111 CPJ/1> 

llJCANVII.lE MINE 

3-1 21300 14600 108 713 411 
3-2 21000 15600 108 1123 362 
3-3 110000 76400 400 763 301 
3-4 130000 84000 2020 5320 1180 
3-5 186000 118000 2890 6550 1590 
3-6 199000 143000 2160 7620 2000 
3-7 19600 13300 238 1177 515 
3-8 28500 21700 161 1248 420 
3-9 110000 79900 392 2330 313 
3-10 138700 97000 720 1014 350 
3-11 139000 90000 2160 4040 1170 
3-12 153500 93000 2450 3920 1250 
3-13 136000 130000 1760 3840 2260 
3-14 157000 99000 840 7940 1980 
3-15 227000 135000 2810 7840 1920 
3-16 187000 57000 32300 6080 21967 
3-17 229000 109000 59700 9940 6100 
3-18 222000 105200 57700 9570 2900 
3-19 205000 145000 23500 3790 6200 
3-20 229600 74400 65000 7210 5790 
3-21 238200 45900 50000 5930 19700 
3-22 242200 55400 53200 18900 5700 
3-23 64715 11970 717 1260 488 
3-24 29600 24700 272 1090 257 
3-25 81400 52400 410 574 120 
3-26 142400 69700 3190 3560 710 
3-27 142400 72100 2800 4080 810 
3-28 201500 108000 3930 5410 1050 
3-29 N/A 102800 42000 709 133 
3-32 196000 139500 4200 5100 2450 
3-33 197800 98800 6500 4000 2350 
3-35 181000 96200 3300 4000 2170 
3-36 186700 133000 4900 12000 3400 
3-41 148000 193000 3910 3150 2070 
3-42 144900 102000 2280 4170 1870 
3-43 182000 138000 3750 340 2460 
3-44 200600 150000 4300 5540 2490 
3-45 20400 16000 188 1010 470 
3-48 120800 105000 400 632 370 

AilAN MINE 

4-1 354 2050 3 73 6 
4-2 530 2280 6 85 8 
4-3 1020 6250 45 362 84 
4-4 31000 19800 1465 2216 330 
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Cl (nq/l) Na (ng/ll K (Dg/ll ca Cng/ll 111 (nq/l) 

AilAN MINE( ocntimedl 

4-5 42700 24900 1250 2007 330 
4-6 44500 27000 1370 2245 510 
4-7 N/A 46600 2280 2770 650 
4-8 136000 73000 2410 2370 2400 
4-9 196000 173000 1810 8160 2810 
4-10 26700 15500 320 1848 100 
4-11 33800 24200 1240 2098 530 
4-12 40900 25700 1390 2059 520 
4-13 65000 39300 1930 2355 610 
4-14 180000 120000 1740 5109 2060 
4-15 238200 83800 53000 2499 3130 
4-16 303650 8510 41000 33600 78200 
4-17 282400 15300 21600 40300 148000 
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AppfM1IY II: l:Wn' II. 

BrCng/ll I(ng/l) F(ng/ll DJ IIH>ITY HCD3Cnq/ll 

<Im' MINE 

1-1 9 20 0.041 8.3 0.99887 317 
1-2 196 17 0.19 8.0 1.04459 195 
1-3 186 16 0.15 7.5 1.04769 110 
1-4 1720 101 0.005 6.9 1.15552 104 
1-5 21747 508 0.002 5.7* N/A N/A 
1-6 91 70 0.04 6.0* N/A N/A 
1-7 200 23 0.05 6.5* N/A N/A 
1-8 12945 12 0.1 6.5* N/A N/A 
1-9 173 14 0.04 7.4 1.03617 104 
1-10 863 127 0.05 8.2 1.11247 1464 
1-11 2804 108 0.03 7.6 1.19881 183 
1-12 5956 330 0.002 5.6 1.23988 110 
1-13 4 17 0.1 6.5* 0.9947 305 
1-14 77 76 0.13 6.8* 0.998 N/A 
1-15 160 16 0.12 6.5* 1.03098 N/A 
1-16 162 17 0.2 6.8* 1.03775 122 
1-17 155 15 0.11 7.0* 1.02696 268 
1-18 168 18 0.04 7.5* 1.02846 256 
1-19 906 80 0.004 8.0* 1.10472 61 
1-20 2157 114 0.004 7.2* 1.18555 207 
1-21 2460 118 0.003 7.5* 1.19338 244 
1-22 2206 273 0.002 6.0* 1.21739 146 
1-23 22438 457 0.002 4.4 1.39194 0 
1-24 21143 121 0.002 4.5 1.34889 290 
1-25 16397 508 0.002 4.4 1.3471 232 
1-26 19849 248 0.002 4.7 1.34182 165 
1-27 19676 400 0.002 4.5* 1.34111 122 
1-28 20172 508 0.002 4.3* 1.35443 158 
1-29 21575 603 0.002 4.5* 1.3536 0 
1-30 18800 N/A N/A 4.4 1.3483 N/A 
1-31 17800 N/A N/A 4.3 1.3511 N/A 
1-32 17500 N/A N/A 4.4 1.34213 N/A 
1-33 17800 N/A N/A 4.4 1.34353 N/A 

1.ANIGAN MINE 

2-1 8630 46 0.002 3.4 1.25575 0 
2-2 8803 83 0.002 5.1 1.26383 0 
2-3 9320 67 0.002 5.3 1.25999 73 
2-4 20539 782 0.002 4.4 1.38649 0 
2-5 28479 806 0.002 4 N/A 0 
2-15 5600 N/A N/A 4.5 N/A N/A 

* Iii ~ usirg paper strips 
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Br(m/l) IC:m/l) F(Dg/l) gJ: IBfSI'lY HCDJ(ng/l) 

RlCANVIIl.E MINE 

3-1 125 22 0.3 7.6* 1.02749 271 
3-2 110 26 0.07 7.6* 1.03022 6 
3-3 673 66 0.06 7.6* 1.12157 77 
3-4 992 62 0.006 8.2* 1.14621 100 
3-5 2114 98 0.002 7.3* 1.19394 34 
3-6 2200 101 0.003 7.1* 1.19622 48 
3-7 119 22 0.12 7.8 1.03455 N/A 
3-8 154 21 0.1 7.6 1.03584 24 
3-9 647 70 0.06 7.5 1.1341 79 
3-10 880 64 0.01 7.6 1.15765 N/A 
3-11 828 60 0.01 8.3 1.14978 37 
3-12 906 59 0.007 7.0* N/A N/A 
3-13 880 53 0.006 7.3 1.15106 49 
3-14 1121 82 0.007 6.5* 1.2079 N/A 
3-15 2157 100 0.003 7.7 1.19512 85 
3-16 5005 77 0.002 5.9 1.22977 N/A 
3-17 4228 92 0.003 5.8 N/A 152 
3-18 5005 71 0.004 6.0 1.2412 37 
3-19 2589 89 0.18 11.4 1.2155 0 
3-20 4400 N/A N/A 4.7 1.2282 N/A 
3-21 4700 N/A N/A 4.4 1.2358 N/A 
3-22 6600 N/A N/A 4.3 1.2387 N/A 
3-23 88 N/A N/A 6.3 1.0328 N/A 
3-24 108 N/A N/A 6.3 1.0415 N/A 
3-25 510 N/A N/A 6.0 1.1342 N/A 
3-26 720 N/A N/A 8.3 1.1434 N/A 
3-27 720 N/A N/A 7.0 1.1415 N/A 
3-28 1190 N/A N/A 7.0 1.1998 N/A 
3-32 2650 N/A N/A 5.2 1.1919 N/A 
3-33 2150 N/A N/A 5.1 1.1917 N/A 
3-35 1950 N/A N/A 5.1 1.1827 N/A 
3-36 1900 N/A N/A 5.2 1.1782 N/A 
3-41 780 N/A N/A 5.7 1.1518 N/A 
3-42 750 N/A N/A 6.2 1.1478 N/A 
3-43 840 N/A N/A 6.2 1.1522 N/A 
3-44 2000 N/A N/A 5.5 1.1993 N/A 
3-45 64 N/A N/A 6.0 1.0211 N/A 
3-48 500 N/A N/A 6.0 1.1423 N/A 

AU.AN MINE 

4-1 32 25 0.03 7.8* 0.99742 134 
4-2 32 35 0.02 7.8* 0.99956 189 
4-3 76 99 0.01 8.2* 1.0082 130 
4-4 160 15 0.06 7.6* 1.03852 176 
4-5 211 18 0.13 6.7* 1.05402 73 
* :pH measured usirg paper strips 
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Br(ng/l) ICDQ/l) FCng,11) DJ IH6I'1Y HCD3Cng/l) 

4-6 211 21 0.06 7.6* 1.04741 73 
4-7 318 155 0.04 6.0* N/A N/A 
4-8 1174 192 0.005 6.7* 1.1782 N/A 
4-9 2028 76 0.04 6.4* 1.20803 18 
4-10 148 15 0.04 7.6* 1.02987 28 
4-11 207 18 0.06 7.6* 1.05328 110 
4-12 208 18 0.07 7.6* 1.0496 152 
4-13 323 20 0.04 7.6* 1.08019 85 
4-14 1812 67 0.03 5.5 1.1948 N/A 
4-15 3322 71 0.05 4.7 1.2765 109 
4-16 2635 N/A 0.002 4.3 1.2836 N/A 
4-17 5500 N/A N/A 4.3 1.2753 N/A 
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APPmIDIX II: PARl' III 

SAMPIE 004 (Dg/l) 

CDRY MINE 

1-2 6222 
1-3 6233 
1-9 5193 
1-17 5118 
1-19 1200 
1-20 1285 
1-21 644 
1-22 363 
1-24 185 
1-29 459 

IANIGAN MINE 

2-1 223 
2-2 433 
2-3 394 

ROCANVIllE MINE 

3-2 7356 
3-4 3338 
3-5 1417 
3-6 1478 
3-8 10337 
3-9 18332 
3-11 3280 
3-17 1064 

AI1AN MINE 

4-1 53 
4-5 6160 
4-9 1366 
4-11 6060 
4-16 326 



Sample Oepth(m) Sample description SJ olBO Cl., mg/I Na, mg/l K, mg/I Ca,mg/l Mg,mgll 1~mg/l F,mg/l Br , ag/l S04mg/l pH HC03,mgll DENSITY TOS 
glee g/l 

4-2 158 as abov& -136 -17 530 2280 6 05 a 35 .02 32 7.8 189 •. 99956 0 
4-3 341 Allan,Cni]t.2nd Whit.9 Speckh~d Fm. -119 -13.4 1070 6250 45 362 84 99 .01 76 8.2 130 1.0082 8.2 
4-10 610 Allcri, L.J1.rassic Watrous Fm. -134 -16 26700 15500 320 1840 100 15 .04 140 7.6 28 1.02987 29.9 
4-4 655 Allcri,U.Dev.Nisku Fm. -136 -17.4 31000 19000 1465 2216 330 15 .06 160 7.6 176 1.03852 38.5 
4-11 683 Allan, U.Oev.Duperow Fm. -139 -18 33800 24200 1240 2090 530 18 .06 207 5753 7.6 110 1.05328 23.5 
4-12 701 as above -130 -18.1 40900 25700 1390 2059 520 18 •. 07 208 7.6 152 1.0496 49.6 
4-5 707 Allcri,U.Oev.Duperow Fm. -139 -18.3 42700 24CJJO 1250 2007 330 18 .13 211 5044 6.7 73 1.05402 54 
4-6 713 as above -140 -17.6 44500 27000 1370 2245 510 21 .06 211 7.6 73 1.04741 47.4 
4-13 725 as abov;i -137 -16.9 65000 393JO 1930 2355 610 20 .04 323 7.6 BS 1.08019 80.2 
4-7 774 as above -130 -18 46600 2280 2770 650 155 .04 319 6 
4-14 823 Allan,M.Oev.Souris R.Fm. -124 -14 .. 9 180000 120000 1740 5109 2060 67 .03 1812 5.5 1.1949 194.8 
4-8 841 Allcri,M.Oev.Souris R.Fm.,Hatfield Mbr. -105 -10.4 136000 73000 2410 2370 2400 192 .005 1174 6.7 1.1549 154.9 
4-9 960 Allan,M.Oev.Souris R.Fm.,Harris Mbr. -125 -15.1 196000 173)00 1810 8160 2810 76 .004 2028 1131 6.43 18 1.20805 208.1 
4-15 1082 Allan,mine level,surface water contaminated -113 -13.3 238100 83000 53000 2499 3130 71 .OS 3322 4.7 109 
4-16 1082 Allcri,mine level,10/01/86, -62 -3.2 303655 8510 41000 33600 78200 .002 2635 254 4.3 1.2836 283.6 
4-17 1082 Allcri,mine level -59 -3.1 282400 153JO 21600 40300 148000 5500 4.3 1.2753 275.3 

NOTE: Complete stable isotop&l data set is found in Appendix III. 



Samph~ Depth(m) Sample description 00 0180 Cl,mgll Na,mg/l K,mg/l Ca,mg/l Mg,mgll I,mg/l F,mg/l Br , ag/l 504mg/l pH HC03,mgll DENSITY TDS 
glee g/l 

2-15 1052 Lan.,minl? level,drill hole,01/87 -96 290300 98000 2&100 15510 93300 5600 4.5 

ROCANVILLE MINE 

3-7 486 Rocn.,Lodgepole F11. -125 -12.9 19600 13300 2~ 1177 515 22 .12 119 7.8 1.034~ 34.6 
3-23 486 Rocn.,ffississippian Lodgepole Fm. -121 -15.6 64700 11970 718 1260 4880 88 6.3 1.0328 32.8 
3-45 486 Roen., Lodgepole Fm.9/06/83 -138 -17 20400 16000 183 1010 470 64 6 

3-1 500 Rocn.,Mississippian Lodgepole Fm. -142 -14.9 21300 14600 100 713 411 22 .06 125 7 .. 6 271 1.02749 27.5 
3-2 524 Roen. ,U .. Oev. Three Forks Fm. -111 -14.9 21000 15600 100 1123 362 26 .07 . 110 7140 7.6 6 1.03022 3J.2 
3-8 571 Rocn.,Nisku Fm. -121 -13 .. 8 28500 21700 161 12~ 420 21 .1 154 9980 7.6 24 1. 03584 35. B 
3-24 572 Rocn .. ,U.Dev .. Nisku Fm. -122 -1"1.5 29600 24700 2?2 lCOO 2520 108 6.3 1.03754 37.5 
3-9 603 Roen. , Dl.p9ro.1 Fm. -74 -1.6 110000 79900 392 233) 313 70 .06 647 16165 ?.5 79 1.1341 134.1 
3-43 604 Roen .. , llJperow Fin .. , 9106/83 -81 -6 182000 138000 3750 340 2.if>O 840 6.2 
3-3 610 Rocn.,U.Dev.Duprow Fm. -92 -4.2 110000 76400 400 763 301 66 .06 673 7.6 77 1.12157 121.6 
3-10 625 Rocn.,o..pero.1 Fm. -81 -5.1 138700 97000 720 1014 33'.l 64 .01 880 7.6 1.15765 157.6 

3-25 625 Rocn.,U.Oev.DuperOY Fm. -70 -5 81400 52400 410 574 1200 510 6 1.1342 134.2 
3-26 680 as above -&I -6.4 14201 69700 3190 3560 7100 720 B.3 1.1434 143.4 

3-11 680 Roen. , Dl.p9ro.1 F na. -02 -6.2 139000 90000 2160 404J 1170 60 .01 828 2853· 8.3 37 1.14978 149.8 
3-48 689 Roen. , [)Jperow Fm. , 9106/83 -83 -6.7 120000 105000 400 630 370 500 6 
3-12 692 Rocn.,Oi..pero.1 Fm. -92 -5 .. 5 153500 93000 2450 392) 1250 59 .007 906 7 

3-41 695 Roen. , [)Jperow Fin. , 9/06183 -85 -6.5 148600 193000 3910 31!il 2070 780 5.7 
3-4 744 as above -86 -S.9 130000 84000 2020 53al 1180 62 .006 992 2912 8.2 100 1.14621 146.2 
3-42 774 Roen .. , Souris River Fm., 9/06183 -84 -6.6 144900 102000 2280 4170 1870 750 6.2 
3-27 m Rocn.,M.Dev.Souris R. Fm. -74 -6 .. 4 142«.JO 72100 29JO 4060 8100 720·-- 7 1.14147 141.5 
3-13 m Rocn.,SCJJris R.Fm. -80 -5.5 136000 130000 17'30 384) 2260 53 .006 880 \ 7.3 49 1.1511); 151.1 
3-14 792 Rocn.,Souris R.Fm. -74 -1.9 157000 99000 843 794J 1980 82 .007 1121 6.5 1. 20794 207. 9 

3-5 878 Rocn.,M.Dev.Dawson Bay Fm. -68 -2.1 186000 118000 2890 6~ 1590 98 .002 2114 1187 7.3 37 1.19394 193.9 
3=44 887 Roen. , Dawson Bay Fm. , 9/06183 -66 -1.9 200600 150000 '430fl 554) 2490 2000 5.5 
3-15 884 Rocn.,Dawson Bay Fm. -60 -1.~ 227000 135000 2810 784J 1920 100 .003 2157 7.7 85 1.19512 195.l 
S-28 884 Rocn.,M.Dev.Dawson Bay Fm. -49 -1.9 201500 108100 3930 5410 H1500 1190 7 1.1998 199 .. 8 
3-6 890 as above -59 -1.4 199000 143000 2160 7620 2000 101 .003 2200 1236 7.1 48 1.19622 196.2 
3-29 1067 Roen., mine level,306-00-13,20/11/84 -46 -2.1 102800 42200 709 132 
3-16 1067 Roen. ,mine level,panel400,room10 -103 -7.9 187000 57000 32300 6000 21967 77 .002 5005 5.9 1.22977 229.8 

3-17 1067 Rocn.,mine level,panel400,room07 -105 ..:9.1 229000 109000 59700 994) 6100 92 .003 4228 862 5.8 152 
3-18 1067 Roen.,mine level,panel405,ext.0023 -104 -8.6 222000 105200 57700 9570 2900 71 .004 5005 6 37 1.2412 241.2 
3-19 106? Rocn.,mine level,draining level,valves -59 -.3 205000 145000 23500 37~ 6200 89 .18 2589 11.4 0 1.2155 215.5 
3-20 1067 Rocn.,mine level,408-00-07,1986 -100 -7.5 229600 74400 65000 7210 5760 4400 4.7 1.2282 228.2 
3-21 1067 Rocn.,mine level,408-00-01,1986 -104 -S.5 238200 45900 50000 593J 19700 4700 4.4 1.2358 235.8 
3-22 1067 Rocn.,mine level,405-00-23,1986 -85 -3.7 242200 55400 53400 18930 5700 6600 4.3 1.2387 238.7 
3-32 1067 Rocn.,mine level,parviz#S,12/12184 -47 -2.1 196000 139500 4200 5100 2450 2650 5.2 1.1919 191.9 
3-33 1067 Roen.,mine level,leak,Rm.13-800',20/12/84 -46 -1.8 197800 98800 6500 4000 2350 2150 5.1 1.1917 191. 7 
3-35 1067 Rocn.,mine level,brine leak,27/12184 -47 -1.8 181200 96200 3300 4000 2170 1950 5.1 1.1827 182.7 
3-36 1067 Rocn.,mine level,Rm .. 13 8101/85 -43 -1.8 186800 133000 4900 12000 3410 1900 5.2 1.1782 178.2 

ALLAN MINE 

4-1 122 Allan,U.Cret.Lea Park Fm. -129 -17.5 354 2050 3 73 6 25 .03 32 53 7.8 134 .99742 0 



ApPENDIX II: PART IV, DATA 9.lt1RRV 
Sample Depth(•) Sample description &) 0180 Cl,mg/l Na,mg/l K,mg/l Ca,mg/l Mg,mgll I,mg/l F,mg/1 Br,ag/l S04mg/l pH HC03,mgll DENSITY TDS 

glee g/l 

CORY MINE 

1-1 61 Ccry,Recent/Quaternary -150 -18.8 709 1520 166 3) 7 20 .. 041 9 8.3 317 • 99EE7 0 

1-13 73 Ccry, Recent/Quaternary -144 -19 .. 3 1067 1080 2 26 13 17 .1 4 6.5 305 .9947 0 

1-6 378 Cory,Cr&t.2rd White Speckled F•. -129 -16.5 14800 4907 128 771 368 70 .04 91 6 

1-14 378 Cory,Crot.2rd White Speckl~ Fm. -129 -16 7800 5240 121 ~ 65 76 .13 77 6.8 .998 0 

1-15 524 Ccry, Crot. Blairmon~ Fm. -128 -16 28500 19500 955 1841 470 16 .12 160 6.5 1.01)90 31 

1-7 52'4 Cory,Cret.Blairmore F•. -129 -15.5 20720 1188 2341 450 23 .05 200 5.? 
1-2 593 Ccry,U.Dev.Nisku Fm. -115 -13.5 85600 28000 1360 19&4 870 17 .19 196 5956 8 195 1. 04459 44.6 

1-16 600 Cory,U.Dev.Nisku Fm. -122 -14.4 32000 17300 1143 1917 760 17 .2 162 6.8 122 1.03775 37.8 

1-3 610 as abov9 -116 -12.8 33800 21000 1010 3180 640 16 .15 186 5949 7.5 110 1.0069 47.7 
1-8 625 Cory,U.Dev.DJp9row F•. -127 -16 29600 17000 430 2202 6?0 12 .1 1~ 6.5 
1-17 626 Ccry, U. Dev. D.lperow Fm. -143 -16.8 29200 17000 430 1954 820 16 .11 155 4984 7 268 1.02696 27 

1-18 673 as above -134 -17 24900 18000 540 2010 830 18 .04 169 7.5 256 1. 02846 28.5 

1-9 674 as cbove -133 -16.S 33800 18300 630 2183 620 14 .04 173 5012 7.4 104 1.ra>17 36.2 

1-10 fJ47 Cory,M.Dev. Souris R. F•. -103 -11.2 101000 42000 940 24500 4800 127 .OS 863 8.2 1464 1.11247 112.5 

1-19 847 Cory, M.Dev.Souris R. Fm. -120 -9.6 96400 36000 710 22180 6600 80 .004 906 1086 8 61 1.10'172 104. 7 
1-4 866 Cory,U.Oev.Souris R. Fm. -106 -8.3 160000 103500 2220 21740 5650 101 .005 171.l 6.9 104 1.15552 155. 5 

1-20 890 as cbove,Oavidson Evaporite Mbr. -112 -10.8 171000 81000 1890 21300 4750 114 .004 2157 1084 7.2 207 1.1B555 185.6 
1-11 899 as cbove -107 -9.6 199000 130000 2290 22640 1500 108 .03 2804 7.6 183 1.19881 198.8 
1-21 899 Cory,M.Dev.Souris R. Fm. -107 -9.9 194000 173000 1510 18950 4770 118 .003 2460 540 7.5 244 1.19338 193.'1 
1-22 929 as cbove -102 -9.2 207000 51000 ?100 31270 3700 273 .. 002 2205 298 6 146 1 .. 21739 217.4 
1-12 930 as above -94 -8.4 228000 60000 6300 68500 18300 330 .002 59$ 5.6 110 1.23988 239.9 
1-5 975 Cory,M.Dev.Dawson Bay Fm. -67 -a.6 355000 54870 16300 18200 28400 508 .002 21747 5.7 
1-23 1036 Cory,mine l9Vel,B-324,ent.ry3200 -65 -2.3 320000 mo 14400 170200 30800 457 .002 22438 4.4 0 1.36194 361.9 
1-24 1036 Cory,mine l9Wl,P-6-12X,entry6200 -58 -1.4 308000 3350 11900 165600 19900 121 .002 21143 137 4.5 290 1.34389 349.9 
1-25 1036 Cory,mine level,B-'107,entry4300 -70 -4.2 326000 6370 1'4300 169900 25700 508 .002 16397 4.4 232 1.3471 347.1 

1-26 1036 Cory,11ine l9Vel,entry200 -62 -2.9 363000 1680 10000 134700 19600 248 .002 19949 4.7 165 1.34182 341.8 

1-27 1036 Cory,mine 19Vel,Pane6-12X,entry6200,trip2 -66 - .. 3 319000 4020 13300 160700 20500 400 .002 19676 4.5 122 1.34111 341.1 
1-28 1036 Cory,mine 19VQ1,B-324,9ntry3200 -62 - .. 5 342000 3710 12'400 152'100 24500 508 .002 20172 4.3 158 1.35443 354. 4 

1-29 1036 Cory,mine level,B-'107,entry4300 -S7 - .. 5 340000 3250 11800 151500 25800 603 .002 21575 339 4.5 0 1.3536 353.6 

1-30 1036 Cory,mine level,entry 63:l0,Pane16-12X -61 -1.4 340200 4270 18500 146000 9400 189)0 4.4 1.34j3 348.3 

1-31 1036 Cory,mine l9V91,entry60CD,8699 -59 -1.6 362400 4720 20500 142000 10500 17000 4.3 1.3511 351.1 

1-32 1036 Cory, 11ine level, entry6100, 8695 -54 -3.2 346900 7060 25800 149000 36000 17500 4.4 1.34213 342.1 
1-33 1036 Cory,mine level,entry62CD,B694 -71 -2.1 346500 5010 19800 132000 12800 179)0 4.4 1. 34353 342. s 

LANIGAN MINE 

2-1 1052 Lan., mine level, Branch6 -93 -e 271000 11000 12300 8470 88000 46 .002 8630 178 3. '4 0 1. 25575 255. 7 

2-2 1052 Lan.,mine level,8ranch7,S.E.Sump -86 -7.9 273000 10200 11200 4510 83900 83 .. 002 8803 343 5.1 0 1.26383 263.8 

2-3 1052 Lan.,min9 level,Branch7 -85 -7.5 277000 11980 13400 5340 84900 67 .002 9320 313 5.3 73 1.25999 260 

2-4 1052 lan.,11ine level,Bin under salt back -62 -3.9 325000 2750 7100 141000 19600 782 .002 20539 4.4 0 1. 38649 386. 5 
2-5 1052 Lan.,mine level,Bin under Dawson Bay -75 -5.3 367000 3200 5100 180600 17800 806 .002 28479 4 0 
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APFER>IX m: STABIE ISOroPE Ili\.'m. (Sample Descriptions are in AR?errlix I) 

SltMPIE 6D ol-Bo 

~MINE 

1-1 -150 -18.8 
1-2 -115 -13.5 
1-3 -116 -12.8 
1-4 -106 -8.3 
1-5 -67 -3.6 
1-6 -129 -16.5 
1-7 -129 -15.5 
1-8 -127 -16 
1-9 -133 -16.5 
1-10 -103 -11.2 
1-11 -107 -9.6 
1-12 -94 -8.4 
1-13 -144 -19.3 
1-14 -129 -16 
1-15 -128 -16 
1-16 -122 -14.4 
1-17 -143 -16.8 
1-18 -134 -17 
1-19 -120 -9.6 
1-20 -112 -10.8 
1-21 -107 -9.9 
1-22 -102 -9.2 
1-23 -6!? -2.3 
1-24 -58 -1.4 
1-25 -70 -4.2 
1-26 -62 -2.9 
1-27 -66 -0.3 
1-28 -62 -0.5 
1-29 -57 -0.5 
1-30 -61 -1.4 
1-31 -59 -1.6 
1-32 -54 -3.2 
1-33 -71 -2.1 
1-34 -78 -3.0 
1-35 -60 -2.5 
1-36 -67 -2.7 
1-37 -69 -2.6 
1-38 -64 -2.7 
1-39 -60 -0.6 
1-40 -50 -2.5 
1-41 -71 -1. 7 
1-42 -63 -1. 7 
1-43 -63 -4.7 
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SAMPIE tlD oJ.Bo 

a:RY MINE (CDfl'IHJID) 

1-44 -108 -11.6 
1-45 -136 -16.8 
1-46 -135 -16.8 
1-47 -63 -0.5 
1-48 -60 -0.6 
1-49 -70 -1.7 
1-50 -63 -1.2 
1-51 -63 -1.7 

IANIGAN MINE 

2-1 -93 -8.0 
2-2 -86 -7.9 
2-3 -85 -7.5 
2-4 -62 -3.9 
2-5 -75 -5.3 
2-6 -81 -8.8 
2-7 -100 -8.2 
2-8 -88 -7.6 
2-9 -84 -7.3 
2-10 -96 -8.4 
2-11 -97 -s.o 
2-12 -67 -1.4 
2-13 -67 -1.4 
2-14 -84 -5.5 

~MINE 

3-1 -142 -14.9 
3-2 -111 -14.9 
3-3 -82 -4.2 
3-4 -86 -5.9 
3-5 -68 -2.1 
3-6 -59 -1.4 
3-7 -125 -12.9 
3-8 -121 -13.8 
3-9 -74 -4.6 
3-10 -81 -5.1 
3-11 -82 -6.2 
3-12 -82 -5.5 
3-13 -so -5.5 
3-14 -74 -1.9 
3-15 -60 -1.4 
3-16 -103 -7.9 
3-17 -105 -9.1 
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S1tMPIB fO sl-Bo 

RlCANVIllE MINE (CXHl'IllJIDl 

3-18 -104 -8.6 
3-19 -59 -0.3 
3-20 -100 -7.5 
3-21 -104 -8.5 
3-22 -85 -3.7 
3-23 -121 -15.6 
3-24 -122 -14.6 
3-25 -70 -5.0 
3-26 -84 -6.4 
3-27 -74 -6.4 
3-28 -49 -1.9 
3-29 -46 -2.1 
3-30 -51 -2.3 
3-31 -46 -2.1 
3-32 -47 -2.1 
3-33 -46 -1.8 
3-34 -45 -1.8 
3-35 -47 -1.8 
3-36 -43 -1.8 
3-37 -46 -2.0 
3-38 -46 -2.1 
3-39 -51 -2.3 
3-40 -59 -1.6 
3-41 -85 -6.5 
3-42 -84 -6.6 
3-43 -81 -6.0 
3-44 -66 -1.9 
3-45 -138 -17.0 
3-46 -114 -11.2 
3-47 -96 -10.1 
3-48 -83 -6.7 

AI.lM MINE 

4-1 -129 -17.5 
4-2 -136 -17.4 
4-3 -119 -13.4 
4-4 -136 -17.4 
4-5 -139 -18.3 
4-6 -140 -17.6 
4-7 -138 -18.0 
4-8 -105 -10.4 
4-9 -125 -15.1 
4-10 -134 -16.0 
4-11 -139 -18.0 
4-12 -138 -18.1 



MlAN' MINE (cont.) 

4-13 
4-14 
4-15 
4-16 
4-17 

-137 
-124 
-113 
-62 
-59 

-16.9 
-14.9 
-13.3 
-3.2 
-3.1 
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To detennine the activity, or effective ooncentration, of the major 

dissolved canpone.nts of the waters it was necessary to choose a series of 

equations which best describe the system urrler study in thenoodynamic 

tenns. '!he activity of a given solute in the brine is derived fran the 

followirg equation; 

a=Hm (1) 

where g. is the activity, ~ is the activity ooefficient am It is the 

ioolality. '!he activity of an ion is a measure of the effective 

concentration of that ion in :relation to the ionic stren;Jth, of the solution 

in which that ion is present. '!he ioolality (ioolesjkg solvent) is derived 

fran direct ireasurement. '!he activity ooefficient is that value which 

describes the non-ideal behaviour of a component in the water (i.e. 

differences between the measured concentration am the effective 

ooncentration). 

Most fonnulae for calculating the activty ooefficient are valid only 

at low ionic strengths, that is, ionic strengths of <1. Examples of this 

are the Guntell::>erg am I:Bvies equations (Stumm am Morgan, 1981, page 135) 

which are not recommerrled above ionic strengths of 0.1 and 0.5 

respectively. 'Ihese formulae are of no use in this study because of the 

high ionic strengths of the waters, sane of the mine waters having ionic 

stren:]ths >14. 

Pitzer's equations are recommerrled by Pytcowicz (1979a) as being valid 

to high ionic strengths. Tables of ooefficients calculated usirg Pitzer's 
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equation are foun:i in Pytcowicz (1979a) am sh.CM activity coefficients for 

Na.Cl, KCl, ca.Cl2, ani M:3Cl.2. 

Ionic strergt:hs (I) (Table 3) were calculated using the followirg 

fonnula; 

(2) 

where JD. is the nolality of component i ani y is the charge of carg;x:>nent i. 

Activity coefficients were derived by plottin;J the activity coefficient 

data f:ran Pytkowicz (1979a) after interpolation at the ionic st.rergth of a 

given sample (Figure 25) • Since 

(3) 

(Pytkowicz, 1979a) it is then possible to derive the activity coefficients 

for Na+, ~, ca++, ani M:J++. A gralil which illustrates the activity 

coefficients calculated usin;J Pitzer's equation is shown with lines for 

both the GuntelbeJ:g and o:ivies equations for canparison in Figure 25. 

Experinental data supports the use of the Pitzer equation up to ionic 

strergt:hs of 6 (Pytkowicz, 1979a). '1hese activity coefficients only 

represent a good estimation of the system since they were derived for 

sin:fle salt systems usin;J fonnulae derived mainly from seawater evaporation 

studies. No reliable system presently exists for describing multiple salt 

systems at high ionic strergt:hs. 

'Ihe calcul,ated activities can be used to examine the possible minerals 
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that are controllirg the chemical cac;;x>sitions of the solutions. 'Ihe 

activity of solutes are determined by dissolution am precipatation of 

minerals am are govented by reactions such as AB = A+ + B-. '!he 

eqµilibritnn constant (K) for these reactions are expressed as: 

(4) 

In order to derive log K, the free ene:r:gy (~G°r) of the reaction must be 

derived fran the follawirg equation; 

/1G or = AG o products - /lGo reactants (5) 

Values of /j, Gf 0 (free ene:r:gy of fonnation for the elements) for the products 

am reactants were taken fran tables in Drever {1982). 'Ihe calculated~G0r 

value is related to K by: 

AG 0 f = -2.303RI' logK (6) 

where -2.303RI' = 1363.7 cal m::>l-1 at 25°C. 'Ihe stability of the mineral 

phase A may be expressed in tenn.s of the activities of the solutes as 

listed in Table 2 am shown in Figures 18, 20 am 21. Once the relative 

fields of stability of minerals have been derived, the activities 

calculated fran the actual data can be substituted into the log K equation 

in order to detennine which minerals in the solutions are saturated am, 

hence, which minerals control the chemical c:anp:.>Sitions of the solutions. 
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FIGURE 25: This diagram compares theoretically derived activity 
coefficients with ionic strength for a number of common salts. 
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TABLE 2: Reactions used in detenni.nirg Figures 18, 20 arrl 21. 

Figurel.8: Na, K, Cl system (log ~a vs log aK) 

NaCl = Na+ + c1-

KC1 = l& +Cl-

NaCl + l& = KCl + Na+ 

Na+ + KA1Si308 = l& + NaA1Si30g 

Na++ KA13Si3010(0H)2 = l& + NaA13Si3010(0H)2 

Figure 20: ca, M:J, cn3, ci system (log ~ vs log aca> 

ca+++ M:J,ca(a:>3)2 = M:J++ + 2cacn3 

ca++ + 2M:JCX)3 = M:J++ +I-tJ, ca (CDJ > 2 

f.tJCJ.2 +ca++ = cac12 + M:J++ 

M:J,ca(CDJ) 2 + 2w = M:J(OH) 2 + ca++ +2c.Di 

ca,M;J(CDJ) 2 + 2W = caCoJ + M:J++ + H2o + a:>i 

M:J(OH)2 + 2W = M:J++ + 2H20 

caeI>J + 2W = ca++ + c:oi + H2o 

log K 

0.8 

0.45 

0.6 

-3.0 

-3.9 

log K 

1.1 

2.2 

10.1 

log K 

3.7 

9.9 

16.1 

9.9 
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TAmE 3: Ionic strerpths (I) • 

Sample (I) 

COry Mine 
1-1 0.05 
1-2 1.30 
1-3 1.16 
1-4 5.73 
1-9 1.02 
1-10 3.62 
1-11 6.91 
1-12 8.30 
1-13 0.04 
1-14 0.23 
1-15 0.98 
1-16 1.0 
1-17 0.91 
1-18 0.88 
1-19 3.29 
1-20 5.56 
1-21 7.54 
1-22 6.99 
1-23 14.09 
1-24 13.44 
1-25 14 .. 13 
1-26 12.52 
1-27 3.46 
1-28 13.30 
1-29 13.18 
Ianigan Mine 
2-1 5.27 
2-2 5.01 
2-3 5.29 
2-4 12.13 
2-5 14.58 

Sample (I) 

Rocanville Mine 
3-1 0.66 
3.2 0.70 
3-3 3.28 
3-4 4.05 
3-5 5.70 
3-6 6.43 
3-7 0.64 
3-8 0.95 
3-9 3.43 
3-11 4.26 
3-13 5.05 
3-14 4.81 
3-15 6.71 
3-16 6.24 
3-17 9.91 
3-18 9.58 
3-19 7.74 
Allan Mine 
4-1 0.05 
4-2 0.06 
4-3 0.17 
4-4 1.07 
4-5 1.32 
4-6 1.41 
4-7 3.78 
4-9 7.05 
4-10 0.83 
4-11 1.19 
4-12 1.33 
4-13 2.01 
4-14 5.51 
4-16 8.79 
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