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ABSTRACT

The depositional environment during the formation of
the Devonian patash deposits in Saskatchewan was unigue
among all known potash deposits of commerciaf value. Pe-
culiar conditions resuited from——

@) dolomite reefs which built up within the Prairie Fva-
parite Busin priov to the first cycle of evagoration; the reeft
may have riven close 1o, or even above the levels, ar which
the first potask beds were deposited during subsequent
evaparation cycles in several sub-basing separated by reefs;

&) lowering of the brine levels with increasing concen-
tration, resuiting in repeared exposure of deposited salts,
inparticular porash salts, as the lowest brine levels prevailed
during potash deposition,

Anomalies due to such depositional conditions were pre-
served as the sub-basing suffoered very fittle tectonic distur-
bance,

Several types of anomalies encountered in potash mines
cowuld be atrribured to events during, or shortly qfter deposi-
tion of potash beds.

1} Occasionral rainsrorms caused lsofared locel dissofu-
tion of salts ar exposed surfaces. The resulting brines subse-
quently evaporated and/or seeped into the depostts

2j faflow of less concentrated brives vaised the brine
levels, and resulted in salt and/or potash dissolution in
larger areas. Subsequent evaporaiion yielded mainly rock
salt until the concentration required for poiash deposition
Wi redched agasn,

Loval pinniacle reefs within the sub-basins grew to known
heights of 350 feet above the basis uf the Praivie Evuporites
with « maximum thickness of abour 800 fest. They have
been targets for oil and gas exploration, and constitute a
Serions safoty hazard partcularly in mining the lowermost
porask bed,

INTRODUCTION

Recently, the following short description of potash de-
posttion appeared 1n & publication dealing with the devel-
opment of Saskatchewan’s newest potash mine. The Prai-
rie Evaporites “were deposited in a Devonian Basin which
had a cychic recharged outlet to the sea. The constant
recharge and evaporation produced 1n the Saskatchewan
Evaporite beds a textbook example of the normat Evapor-
ite sequence where limestone and dolomites are overlaid
by Anhvdrite, Halite and the Bittern Saits in sequence.
This very large basin or series of basins extending across
the province from EBast to West and having a width of
more than 50 mikes, accounts for the refative uniformity
and extensive area covered by the ore beds.

When one considers the potash-enriched zome as a
blanket approximately 8 ft thick extending for miles in
every direction, then the method of mining becomes ap-
parent.”

The mining equipment ¢ be ysed “could be very large
and heavy with hitle consideration given to irregularities
in the ore bed. The mine could develop and produce simul-
tatcously”™ (Schultz, 1971, p. 39). Figure 2 (Holter, 1969}
shows such potash bed blankets in two North-South sec-
tions of the basin. Figure 3 (Gorrell and Alderman, 1968}
shows a longitudinal section from Alberta to Manitoba
with some more potash beds, and additional features like
salt solution areas, angd thick dolomite accumulations at
certain locations, The significance of these features will be
deait with later.

The figures and the quoted description obviously are
based on the classical model of potash deposition in an
intraconrinental basin in which the brine level never fell
substantially below sea level, ie, that the evaporation
controfled the inflow of sea water; when the brine concen-
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tration in the basin reached the point of potash precipita-
tion, huge amounts of concentrated brines were present,
In the classical example of the European Zechstein the
average depth of brines after deposition of the Stassfurt
potash bed was about 150 m.

In such cases of progressive sea water evaporation, the
bromine contents of the halite sequence below a potash
hed arc relable indicators of the brine concentrations,
This has been shown for the Zechstein deposits in Europe,
and for the Paradox basin deposits in Utah (Baar 1954,
1960; Schulze 1958; Raup 1966; Raup et al, 1970; Kuehn,
1968).

However, the classical textbook model of potash depo-
sition is not applicable to the Devoruan potash deposits of
Saskatchewan, On the contrary, its application has proven
misleading in many regards. Some writers who applied
classical concepts to the potash deposifs in Saskatchewan,
soon experienced that they had to change their views from
publication to publication.

All potash companies too, sooner or later after starting
to mine the potash beds, found that they had to change
original concepts. There will be no exception to the newest
mine. Possibly, the situation will become even waorse inas-
much as a Jocation has been chosen which offers the worst
conditions among al potash mines operating in Saskatch-
ewan.

The reason why the conditiens for potash deposition
in Saskatchewan were unique among all known potash
deposits under expioitation, is outlined in the following
sections and the resulting peculiar features will be shown
by a number of fignres.

EXPLORATION DRILLING REVEALED
FREQUENT LOCAL CHANGES TO THE
MINERALIZATION OF VARIOUS POTASH
ZONES

Every company engaged in exploration dnilling for pot-
ash found that there is a variety in potash minerahization
in Saskatchewan which hardly can justify assumptions as
guoted above. Figures 4 and § (after Wardlaw, 1968) dem-
onstrate the situation in two adjacent townships in the
centre of the basin; here abrupt lateral and vertical
changes from red carnallite to red sylvinite occur. In Fig-
urg 4, the sylvinite in the borehole next to the one with
high carnallite would not meet the economic requirements
for ore grades in Saskaichewan. In Figure 5, the changes
are even more obvious; in one borehole, potash is almost
entirely missing; its remnants occur immediately below
the Second Red Bed.

Figure é shows simtlar changes to the mineralization of
zones | and 2 in the Yorkton area of Eastern Saskatche-
wan, Three potash mines are operating in that area, min-
ing the lowermost potash zone. All exploration holes

drilled in the area show similar chaunges from location o
jocation.

A number of companmes discontinued their exploration
activities in that area, at least partly on account of vertical
and horizontal changes to the potash mineralization of
zone 1.

Figure 7 shows simikar abrupt changes to the clay con-
tent in the roof of the upper potash bed in the Saskatoon
area.

Figure 8 should be given particular emphasis. It shows
several more depositional cycles including sale beds above
the potash deposits in Central Saskatchewan. These salt
beds provide for a tight seal against any warer action from
above {f thev are siill present, and if they are being pro-
tected by careful mining methods.

Locally, particularly along the margins of the basin,
these sali beds are mussing due to non-deposition, or due
to later dissolution as indivated in Figore 3.

DOLOMITE REEFS IN THE PRAIRIE
EVAPORITE BASIN

After some famous discoveries in N.W. Alberta, the oil
and gas industry became very much interested in dolomite
accumulations which rise from the basis of the Prairie
Evaportte sequence, These so-calied reefs are similar in
Alberta and in Saskatchewan.

The stratigraphic relationship is shown in Figure 9
(Fuller and Porter, 1969b}

Faller and Porter {1965b, p. 920) particularly stressed
the point that "much of the halite (infilling the interreef
depressions} shows the chevron structure described by
Wardlaw and Schwerdiner (1966)." They arrive ar the
“further conclusion that “subaqueous” may meun only an
mmch or two of water,” i contrast to the considerable
water depths postulated by Wardlaw and Schwerdtner
{1966}, Fuller and Porter's conclusion appears to be in
agreement with Valyashko's (1957) findings: The same
type of chevron crystals in recent salt deposits in Russia
was. attributed to daily changes in temperature in the so-
called dry-lake stage of deposits. In this stage the mother
brines disappear between the mush of salt crystals during
time periods of high evaporation. Valyashko's findings
match conditions which controlled the potash deposition
in the Prairie Evaporite basins.

With regard to Figure 8, it may be emphasized that the
Zama level indicates the level at which the reef growth
stopped in the terminal southeastern part of the basin. The
reef tops remained at the cuiside sea avel, while the inter-
reef depresstons were infilled with salt. The brine levels
kept falling during time periods of cvaporation in excess
of inflow. The time required for salt infill of the interreef
depressions may well agree with Wardlaw and Schwerdt-
ner’s (1966) figure of only a few thousand years. [t may




Gaologieal Probiems in Saskatchewan Fotash Mining

ONE TOWNSHIP SROWING
NUMBERING OF SECTIONS

S {4 -Bf-pawe

105

ELE 5 I L 1 "
LS &8 27 26 %
8~29-3i=24wW2 4-20-3t-24W2  (u 2 73 24
T 6 5 13
TR % 0
et ] aviv. | cann, "
gm?a. [TEI T @ b5 4 & 2 1J
M RED BER 4.8, sy | ocuAn, L ’ -
B43c, S l:;é"Q’Lféo LT e ,
H b ]
i W J RE] BER
: - 20 0 /
s0id Pt
e P
Toi- -7
] 7 Fa
o F
: s sttt £ o
| A7 7
1 Y1
3! Fo 4
T 2 % -
Bash
4. 560 g
1] - o
1. a = -
?m‘ -
= " SToi—
. 2O F
e “1r
S 0 - saf- P wop-
e M / )
- :
we - 0!
04— o i
” t lu‘l i
el T~ L e
¥ - i
i ol
. U VI S . 50— F
] 3s80 . F
! 2oy
T4
t €0 l h r
I
— B ol 504
Jol e s -‘ﬁ
[ L 10 p
r. e $0p-
[ f saz0
T
B

Figure 4. Potash beds in neighboring drill haoles, cantral area {after Wardlaw, 1068).

even have been a shorter period. Subsidences of central
areas of the basin as shown i Figure 10 (Shearman and
Fuller, 1969} appear {0 be questionable.

Exploration driling has confirmed that the reefs in
Central Saskafchewan reached top levels of at least 350 ft
above the salt hasis.

This leaves only about 200-250 &t for salt and potash
beds 10 the Second Red Bed. Wardlaw and Reinson {1971,
see alsa Reinson and Wardlaw, 1972} show the top of the
reefs at the level of the first potash zone, They also assume
that the reefs resumed growing when the basin was
flooded by sea water from which the basin-wide anhydrite
beds deposited, similar to the development in NW. Al
berta.

However, it must be considered that the situation in

N.W. Alberta was different as the reefs were located near
the main barrier reef where the sea water inflow tock
place. After a thousand miles of flow across a salt basin,
the inflowing sea water probably was too saline to allow
organic reef growth in the terminal basin. However, the
fact that the reefs reached heights of 350 ft above the salt
basis appears to be confirmed by all investigators.

Figure 12 and 13 {Jones, 1965) show an evaluation of
the Winnipegosis reef situation in Central Saskatchewan
which differs considerably from the evaluation offared by
Wardlaw and Reinson (1971, 1972). Figure 14 (Fuller and
Porter, 196%a} shows another differing picture of the loca-
tion of reefs,

Although the Winnipegosis reef development in the
Prairic Evaporite basin has been the subject of various

Pt ey
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controversial publications, the matter apparently has not
vet been clarified, It appears to be necessary to deal with
this question not only on the basis of what is helieved to
represent petrographic evidence from drill cores. Clear
evidence of falling and rising brine levels betore and dur-
ing potash deposition has been found in potash mines, and
will be presented in the following. This evidence may help
in clarification of some of the controversial questions.

POLYGONAL CRACK SYSTEMS PROVIDE
PROQY OF REPEATED EXPOSURE
OF SALT AND POTASH SHORTLY AFTER
DEPOSITION

Pigure 15 shows the IMC K-{ shaft section. Polygenal
crack systems filled with clav and/or camallite ocour
about 40 & below the first potash bed. Similar systems
were ohserved in the K-2 shafl section, At both locations
inclined drifis from the potash level down to the shaft

sumps exposed the systems in all three dimensions, The
cracks start at greatest widths of several inches at certain
tevels of clay bands, diminishing in width dowaward for
total depths of up to 5 ft,

Similar crack systems filled with clay and/or potash
minerals were observed in the central area of the basin in
the Comineo mine near Saskatoon above and below the
uppermost potash bed.

These crack systems cleariy demonsitate temporary
exposure of the deposits in statu nascendi. The exposed
surfaces were subsequently covered due to rising Brine
levels. In the Esterhazy ares, about 200 ft of salt were
deposited above the lowest observed level of surface expe-
sure, indicating the order of magnitude of possible
changes to the brine levels in marginal areas. Considering
the gentle slope of the basin floor, it becomes apparent that
very large areas must have been exposed temporarily
when the brine level fell due 1o excess evaporation. The
resulting potash deposition took place in local depressions
which were stilt covered by brines, and between salt and
potash crystals near the surface of the deposits which
sofidified in this way. Ample petrographic cvidence of
intercrystalline formation of various mineral generations
has been presented by Wardiaw and Schwerdtner (1966,
and vanious other publications).

OCCASIONAL RAIN STORMS CAUSED
LOCAL ANOMALIES IN POTASH
BEDS NEAR EXPOSED SURFACES

In a huge salt basin like the Prairic Evaporite basin,
there is no possibility of natural transportation of fresh
water to isolated localities except for precipitation from
occasional rain storms, Such storms are known to occur
every few years or s0 in present arid areas. The following
features are attributable to Devonian rain storms which
kit focally exposed surfaces of the salt basin.

Figure 16 shows a typical example of a sink area where
the brines resulfing from 2 rainstorm seeped into the
deposited salt. The channels dissolved by the fresh water
run from all sides to the central sink,

The channels were subscquently filled with salt. Often,
they exhibit a laver of clay at the channel floor. Most of
the clay residue of dissolved salts, however, was flushed
into the central sink. Fractures caunsed by the incision of
these channels often run parallel to them. These fractures
also were infilled with saft. In cases, where the onginal
potash bed was carnallitic {(with carnallite up to 10%), the
fractures often are filled with carnailite,

These features were described by Keyes and Wright
(1966) with reference to Schwerdtner (1964). Keyes and
Wright correctly explained some observed features as
fractures and incised channels filled with salt. McIntosh
and Wardlaw (1968) gave a different explanation on the
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Figure 16, 1MC K-1, shaft section,

basis of bromine investigations. They also described car-
nallite pods and carnallitic sylvinite masses near what they
also termed salt horses with reference to similar salt bodies
in the New Mexico potash beds. As the genesis of the New
Mexico salt horses is different, the term salt horses is no
longer used in Saskaichewan.

Figure 17 shows e larger sink area in the IMC K-1
mine, Mcintosh and Wardlaw's investigations partly refer
to this anomaly which was hit in the block entry system
connecting the two IMC mines, and in a panel mined-out
in 1967-68. For a couple of years, a large sait horse was
shown on the mine maps covering several panel areas, In
1970, when the block-4-panels were mined, as shown in
Figure 17, it was found out that varicus channels run to
the sink, one of them over 1000 ft long, but only 10-20 ft

PANEL A  PANEL B

¢ 400 8?0

L I

Feet

Figure 18, Smail anomaly encountered in notash bed at IMC K1,
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Figure 17, Mining around anomaly at MG K-1,

wide. An exploration entry disclased that there was no
large salt horse. The area was then mined from the block-
4-entries in 1971 and 1972 as shown in Figure 17.
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It might be of interest that a peculiar type of rock salt
was found in abundance at the bottom of the long channel
seen in Figure 17. This type of rock salt, often in large
cubes with edges several inches long, is yellow in situ. As
soon as it is brought 1o surface and exposed to light, it
begins to turn blue. After a couple of hours, that process
results in beautiful blue crystals whichk then remain blue,

That type of rock sslt often oceurs also in carnallite
pods near anomalies caused by rainstorms, and in frac-
tures filled with carnallite and large halite erystals which
are blue or purpie in situ. Resulrs of detailed investigations
on the peculiar vellow halite which turns blue have been
reporied elsewhere {Baar ef ai, 1571). In conclusion, the
pecuiiar colors of the halite were attributed to radio-active

material brought into the salt basin by rainstorms which

also brought the fresh water to dissolve the salt. As a result
of subseguent terminal evaporation, the described carnal-
lite pods were formed.

it appears to be obvious that bromine contents of salt
minerals forming by evaporation of relatively small
amounts of brine can cover the whole theoretical range.
That exactly was found in detailed investigations also re-
ported by Baar ef af. (1971). This is the reason why bro-
mine investigations are of little value under depositional
conditions Like those in the Devonian Prairie Evaporite
basin in Saskatchewan.

Yellow halite which rurns blue, blue and purple halite
have alse been found in potash mines in which other
potash zones are being mined. Their occurrence is related
to similar local anomalies in which quite often pods of
nearly pure porash minerals oceur.

In Figure 18, such an anomaly af Cemral Canada
Poctash is outlined hy contour lines. .

Figure 19 shows an abundance of isolated anomaties in
another potash mine near Saskatoon. The followmpg Fig-
ures 20 and 21 show some sections through such anoma-
lies, indicating the variability of features and minerals.

Figure 18, Local depression, Central Canade Potash Co.
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INFLOW OF DILUTED BRINES CAUSED
LARGE ANOMALIES

In the Esterhazy area, up to £50 ft of salt were depos-
iied on top of the potash bed in which the features resuli-
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Figure 22, targe anomaly, IMC.

ing from rainstorms occur. Deposition of 150 fi of salt
with clay bands and some thicker clay beds requires inflow
of possibly pre-concentrated sea water to raise the brine
levels accordingly.

Several observations indicate that the brine levels rose
only slowly and intermittently; some density layering
within the rising brine apparently was consistent; as a
result, diluted surface brine layers reached marginal arcas
and dissolved deep channel-like troughs out of the surface
of the soltd deposits.

Figure 22 shows such an anomaly in plan; the extent
of the snomaly has not yet been outlined.

Figure 23 shows a section. The salf infilling the trough

Al

HORIZONTAL o'

Figura 23, Zection through the anamaly shown in Figure 22,
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is about 60 ft thick. It is clean salt in contrast to the
sait-clay mixture in small, isolated anomalies as described
above. Some years ago, another anomaly of that type was
epcountered at the western boundary of the mining area,
all along the last mined-out paneis of a block. Attempts
1o cut an exploration entry through the trough had to
cease because of its width. It was decided to get around
or through it when the adjacent block would reach it
The bottom of that salt trongh was encountered at the
ievel of the polygonal crack systems shown in Figure 5.
The same polygonal crack systems were encountered,;
some systems below the salt were still filled with carnallite.
The salt itself, however, exhibits similar systems filled with
prown clay, indicating that the floor of the trough too was
intermitiently exposed after the trough had been incised.
Roof holes drifled to lengths of 80 £t indicated salt of

[
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various varieties. Seme thick brown clay beds also were
imtersected. Apparently, this trough had been cut after at
least 86 ft of sak and potash had been deposited above the
horizon indicated in Figure 15. The potash bed had been
removed completely.

Similar troughs encountered within the upper potash
beds around Saskatoon mayv be attributed to similar re-
moval of potash from lower beds. Conversion of carnallite
10 sylvinite in underlying heds would have had similar
eftects as it causes a foss of about 530% of the rock volume.
Figure 24 may provide one example,

There are some indications that chanrels or troughs
may have been incised when the basin finally was flooded
after sedimentation of the Second Red Bed Figure 23
shows a small block of Dawson Bay limestone at the
normal potash level of the Duval mine.
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Under normal conditions as shown previpusly in Fig-
ure 8, with several salt beds above the Dawson Bay lime-
stone, such anomalies and many simifar ones, called sink
holes or wash-ouis or break-ins in other petash mines
around Saskatoon, cause no concern with regard to poten-
tial water inflow from the Dawson Bay. The situation is
different near solution areas where all the protecting salt
beds have been removed, and the Dawson Bay formation
is known as waterbearing.

DEVONIAN BRINES LOCALLY
CONSERVED IN THE POTASH BEDS

Some brine inflows into potash mines in Saskatchewsn
caused initially considerable concern. One example is
shown in Figure 26. In 1968, brine seepage from the roof
started in 2 panel in which a local anomaly of the first type
deseribed above had been encountered (iselated local
anomaly with increased clay contents}. The inflow rate
decreased considerably over the following years. The in-
flow did not stop completely, so a detailed investigation
wag initiated.

Az the faces marked xin Figure 26, large intercrystal-
line cavities were found, represeniing the space which is
often filled with carnalliie. The same cavities were found
inn the core from the borehole ¥-8 in a salt bed about 10
ft thick, replacing most of the potash bed.

The brine outflowing in the panel was too high in
MgCl, and in bromine to be derived from dissolution of
carnallite (the resulting so-called Q-brine is relatively
richer in KCi). 8o it was concluded that the brine repre-
sents 4 terminal brine from Devonian evaporation. Similar
brines with MgCl, in excess of the MgCl, in Q-brines have
been reported from other potash deposits. The Devonian
brine at IMC had been trapped for some reason or another
within the depasit.

Qn the basis of these findings, it was concluded that the
brine cccurrence was harmless. However, the possibility
that the brine lense encountered in the panel would extend
to the borehole had to be accounted for.
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Figtire 26. Location of brine seepage, IMC K-1.

Indecd, similar inflows were encountered in & panel
developed in 1970, as shown in Figure 26.

Figure 27 shows a situation in which brine with excess
MgCl, and CaCl, was encountered in & roof borehole in
a mine in the Saskatoon area. [t could also be classified as
harmiess.

NO INDHCATIONS OF ASCENDING BRINES
ENCOUNTERED IN
POTASH MINES IN SASKATCHEWAN

To this writer’s knowledge, indications of brines as-
cending from below have not been encountered in any of
the potash mines in Saskarchewan.

Some writers have suggested that the reefs shown in
various figures initiated local salt solutioning by ascending
formation waters. Tectonic events would have triggered
such upward flow by causing fraciures and creating the
required permeability.

This is certainly a conclusive course of events, similar
to those observed in other potash deposits. For very good
reasons, however, the present potash mines in Saskatche-
wan keep away from solution areas. :

On the other hand, regarding the widespread occur-
rence of reefs below the mining levels, the inevitable con-
clusion in the case of missing evidence of ascending brines
is that the reefs still contain their original content, includ.
ing the passes which were the targets of exploration drill
ng.

The potential of gas and brine inflows from such reefs
requires carcful exploration by means of underground
seismic, and careful mining methads which do not atlow
fioor upheaval. '

CONCLUSION

Only a rough outline of problems encountered in the
new potash mines in Saskatchewan could be presented,
Much work remains to be done to determine in detail How
big the problems really are, and how they possibly can bé
resolved.

One lesson must be learned: potash deposits are chemi-
cal precipitates; their precipitation and alzeration was con-
tralled by physico-chemical laws which are known,; these
laws must be adequately considered in any theory on how
a particular potash deposit may have developed. Unforiu-
naiely, many textbooks and publications written by geolo-
gists do not meet this basic requirement in potash geology. -

Another lesson learned in Saskatchewan is that decisive
answers to certain Guestions in potash deposits cannot be
found by investigations on a few samples. The whole pic-
ture must be considerad carefully, and much more geolog-
ical work is required in the mines to provide for a sound
background of facts.
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