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All Evaporite Salt Deposits Are the Same.
Or Are They?

Nordau R. Goodman
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ABSTRACT

A brief vuthine of evaporiie deposition is given as a busis to estab~
ifsh that the Canadian Salt Company mine at Pugwinh, Nova
Scuria and fis Ofibway Mine ar Windsor. Qurarto have o simvilar
urigir. The penerat geclogy, mineralogy, petrology, siruciure
and mintag methods of buth mithes are sunumarized, Aftention s
drawa fo their dissimifurity. A compovison is made of the geologi-
ool differences and the mining probfems thar are produced wind
the advairtages vach mine enjoys. I is puinted oui thai the maor

differesice is the solt thickiess. The compurison s berween a
rwenty-five foor thickaess ut Ofibway and over one thonsdaind feet
at Pugwash It is suggesied there cowld be one sventy-five-foot
horizen at Pugwash that would be comparabie to (§ibhweay in qual-
iry, mvinervadogy and petroloyy. If we search deepiy enongh it can be
shown thui evaporite saft deposits, afthangh varying markedly in
physical appearunce, ure basically the same,

INTRODUCTION

The Canadiun Salt Company operates mines at Pug-
wash, Mova Scotta, and the Onbway Mine at Windsor,
COntarto. Both deposits ate considered to have been formed
by the evaparation of scawater. One might naturally ex-
pect them to be simifar but after visits to the twe mines.
ane cannat help but feel that the only thing they have in
comsmon is that both mine salt {Photographs § and 2). This
teads to a comparison of their origin and geclogical history
to establish an explanation of the differences.

This brief outfine of evaporite sedimentation is incheded
as a basis to study whether the deposits are evaporites. As
scawater is concentrated by evaporation its dissolved ma-
terials are deposited in the inverse order of their selubili-
ties, Limestone is fullowed by calcium sulphate, either as
gypsum or anhydrite, depending on the existing physical-
chemical conditions. When the concentration is In the
otder of ten times normal seawater, sodium chloride wil]
start being deposited and ar still higher salinities potas-
stum chloride and other saits will be laid down.

The climatic conditions must have been fropical or nearly
50, it order to produce a significant amount of evapora-
tion.

Tt is well established that in order to produce the thick-
nesses encountered, some mechanism must have existed
to permit a rhythmic replenishment of seawater in the
cvaporite depositional basin. It ks suggested this was a ta-

Photsgraph 1,  Main conveyor svstem, Ojfibway Mine. Note reg-
wlatity of the pillar pattern and banding on pillar wails,

goon on the margin of 2 land mass with some connection to
the sea. The Karabugas Gul, east of the Caspian Sca, is a
medern example of just such a hasin.

H seawater is introduced into a lagoon that is in the cal-
cium sulphate phase, the deposition of gypsum or anhy-
drite will be interrupted by a limestone layer from the cal-
cium carbonate content of the new seawater. The amount
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Photograph 2. Characteristically jrregular pillars at Pogwash
mine. This atea hag a roof height of 55 feet.

of anhydrite rock would depend on how long the lagoonal
waters remained tn this comceniration, resuiting from the
dilution by new seawarer, without reaching the rock salt
phase.

If a sufficiently high concentration were reached to de-
posit sodium chioride, then sach mtrodoction of new sea-
water would lay down its limestone and caleium sulphate
before it, too, reached the sodium chloride phase. This
mixture is rock salt.

The lagoonal water, or parts of it, could remain in any
depositional phase for varying periods. depending on dilu-
tion rate, temperature, evaporation, gravity layering, to
mention but a few of the many variables. This would con-
trol thickness.

THE OJIBWAY MINE

The area is underlain by Paleozoic sediments which dip
gently into the Michigan depositioral basin, The source of
the salt is the Salina Formation, which is Silurian iz age.
The Salina was divided by Landes (1945) into seven units,
designated A to G from bottom to top. Significant rock salt
horizons ate the *B,” two in “D.,” and three “F," sals.
Production was started from ¢he middle “F" salt member
in 1955. The original mine floor had a depth of 297 meters,

Consideration of the paleogeogriphy shows that iz the
Stlurian this area had a latitnde of 206°South. (Scotese,
Bambach, Barton, Van der Voo and Ziegler, 1979.) This
confirms a tropical climate favoring the production of
evaporites.

Structure

From the base of the shaft the salt horizon has 4 general
dip of 2° slightly west of norih. Minor localized steepen-
ings of this have been encouniered, with maximum dips of
up ta 10°, These represent irreguiarities of the depositional
finor. No evidence of deformation other than that associ-
ated with lithification or secondary crysiallization has
been noted.
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Mineralization

The rock salt is buff in color and has a number of thin,
dark carbonate-anhydrite bands (Photograph 33 These
are most persistent and sume are recognizable over & num-
ber of kilometers. Alkhongh appearing as solid beds on
pillar walls, in thin section they appear as roughly aligned
but widely disseminated, ivegularly shaped grains or small
erystals of carbonate and anhydrite in halite, but they
form a small percentage of the salt rack. They represent
rhythmic repienishment of the basin with seawater, Every
mdication supports the view that this horizon originated
by the evaporalion of scawaler.

Secondary crystaflization occurs fo some degree through-
out the mine. This produces irmegularly shaped masses of
coarse, white salt {(Photograph 4). | is of high purity, for
the dark bands are expelled as the crystals grow and this
material forms a dark margin at the bottom and sides of
the secondary salt.

No unusual minerals have been identified,

Photograph 3.  Carbonate-anhydrite bands on the pitlar walls.
Ojibway Mine. These three bands are calted the “cutting lines™
and are also readily recognizable at the Iniernational Salt Com-
pany mine in Detroit.

Photograph 4. Secondary erystaflization. Ofibway Mine. Note
the dark bands Lave been broken and there is 2 concentration at
the base of the new, coarser crysials,
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Thickness

The horizon thickness is measured with gach face ad-
vance. The average is 7.5 meters, but thicknesses from 6.6
meters to 12,8 meters have been noted.

Room and pillay nnmng is used (Map {). The only varia-
tions have been occasional alterations in the piltar dimen-
sions and configurations for reasons such as equipment
stze and eapablimes The deepest workings in the mine are
at 328 meters.

‘There are over 250 k;lumeters of drifts and crosscuts
varying i1 width from 9 to 15 meters.

The mining stops at the United States border, which is
vertically below the middle of the Detroit River, The salt
continues, and five kifometers northwest the, Internatmna.i
Sait Company mines this same horizon, This is toward the
basin center and is deeper. The salt has mlckenad to 8 me-
ters and there is less evidence of depositional fioor irregu-
larities, but otherwise it is comparable to Ojibway and
some dark bands are readily recognizable.

Roof Contral :

The harizontal attizude of the beds and the planes of
weakness, coppled with lenses of secondary crvsialtiization
in the upper portion of the middle “F" salt, cause a slab-
bing cffect. Careful sealing and constant monitoring help
offset this condition.

Inherent weakness in the overlying shaley dolomite re-
quizes & sufficiently competent salt thickness acting as a
beam to maintain the roof. Thisis measurcd and controlfed
wiih each face advance.

THE PUGWASH MINE

The mine produces salt from the Windser Formation,
which is Lower Carboniferous (Mississippian)-in age. Pa-
leogeographic studies show that in early. Carboniferous
times Nova Scotia, having a latitude of approximately 10°
south, had a tropical climate {Scotese, Bambach, Barton,
van der Voo and Zeigler, 1973); The identification of ma-
rine fossils in interbedded fimestones leaves no doubt that
the salis have been formed by a concentration of seawater
as a result of evaporation. This is suppoi‘t&d h} the rhyths
mic repetition of beds..

Pennsylvantan times in Nova Scotia de;xmted thick coal
measures and at the close of the Carboniferous, Hercynian
mountain building {Appalachian) produced a major, lin-
eated fauit zone throwgh Novia Scotia mainland and Cape
Breton Island. Pugwash lies north of this line but well
within its sphere of influence,

Earltier maps of the area show an eliiptical Windsor in-
Her with a fault forming its contact with the surrounding,
younger, Pennsylvanian sediments (Sketch 1).

Original drilfing suggested a flat-lying salt deposit, and
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in 1959 production was started from the “*630-foot level”
{192 metersy. At firsta regular room apd plliar conﬁgura
tion, simifar to.Cjibway, was. usu:} bﬁt it was soon evident
that the' beds were anything byt heorizontal, T hey ‘are
steeply dzppmg thmaghom i e, \femcai dips are
comraon and 61{19 of 307 are reg&rded as.*flat-tying.” The
writer hias never seen an area of truly horizontal heddzng at
Pugwash :

Stmcnme

hlgh!y mmplex and s yet no stralghtfmward pwtué:e cdan
he gresented.. An a.‘ﬂs:mce of re};able pf:ﬁn-vtent markm

of a favit as tHe nortk Hmit nf‘thc deposrt as.\uggested by
Fletcher {Sketch ,A). Drillholes into the fault have a ten-
dency tobe: wet anﬁ thas undesxrab}e__:charactemtn. curbs

;.ﬂunger sednnents an the dﬁ\&llthf% S!dh mdlcate a nor-

mal fanlt. _It is a contradictory situation to reconcile essen-
tially compressive phenionena in the body of the mine with
a tension fype; normal fault forming the northern fimit.

Asthemine deveh}ped 10 the west the fault was traced fox
appmmmatciy 1400 meters: with a constant strike slightly
south of west. A second, younger fault system with a NE-
SW strike has caused a number of minor offsets to the
porth fault (Map 2). Progressing west, the mining was
forced to change divection and now- the. western limit
strikes NE-SW . Fither the north fauit has changed direc-
tion or the second systemn has taken over, This direction is
parailel to the minot offser faults and it is now evident that
these two fauit systems are the control on the size and
shape of the deposit (Sketch 1,B}.

Southern mining was stopped by a broad deformation

T L e By s e
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T i

i of Lén'dda ‘U!zipﬁl
4t J_ﬁu,r ot Wmdsm

Skelch IA. Traurw from 3
1905 by Hugh F!euher shmwng dn @l
sediments wnth a prabable faulh canmct 31

As the rmmrlg went to the east the directlon dx ge '
the castern fimit has a NE-SW trend?. - |

It is now apparent that the mine hmits were'the n,autt of

deformation and the shape was nﬁ? an effipticali inler bﬁt &

block having the shape of a ﬂattmed pdraiiaiﬁgram.. :
(Sketch 1). itis evident why this was Ongmall\« mterpn:lx. I

as an ellipse.

The presence of the south zone and the knowledge t?zaz'-".._
the active dﬁfermark}ﬁ forces came from the south resolved -

the seeming paradox of compression strucrarcs and ten-
sion faults. Theanswer is that the southern forces squeued
the wapontes againist the competent, atbeit younger. sedi-
ments which held firra] vesisting: thie’ pressure., and fmal[y
rode up agamgt the, evap{)titts '

Wlmemlogy and Petroingy -

It is common practice {0 usc the mineral name, anhy-
drite, when speaking of anhydrite rock. Similarly rock salt
may be referred to as salt but the term halite s not wsed.

fromi, carﬁélllte. which s the samu_ color:
Anbydyite. Anhydrite rock varies from tiny broken

Rather than, make hadp-sphitting.. aeaégmic.-issnﬁs-, a::t}_c_ks-
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nom hetwm iha,s,e mmts can bx: fﬂunﬁ

It is evident that there were a number of pmkmged pcrt-'

ods of variable duration when the lagoonal waters were in

the ar:h'udnte depesitional phase. We do. not know if the.

beds are overturned, but if we assume they are not, then
the oidest anhydrite is against the north fault. If we L_ail
this #1 and connect the broken pieces that suggest they are
related, we find ten or. more major anhydrite periods with
the thickest member in this sequence heing 45, The drill-
ing program concentrated on dd:m.atmg the anhydrite,
for these were the areas t}mt muld not be mined and whers-
ever possible were incorpotated into the pillars and, in gf-
fect, make a strong, skeleton- fike' struetore which plays a
big part in the salety of the mine. =

Carbunates. Carbonates are ever pr{.sx.ﬂt impurities. In
a few instances the dark carbonate bedsare an inch ar two
iy thickness and when struck with 2 hammer give off an
odor of bitumen. (Qne horizontal drifthole hit a small ol
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pocket and some gallons of oil gushed out and preatly
seartled a drill erew,

Potassinm minerals. Sylvite has been reported but ear-
nallite is the only common potassiam mineral, It is ron-
staiped and coralfred in color. The carnallite is widespread
and associated with olay and mud zones. Field evidence
suggests that il is secondary. perhaps refated to potassiom-
tich connate waters able to permeate the mud horizons,

Danburiie. Small nodules of danburite have been identi-
fied from one area of the mine. They have the characteristic
appearance of white, unglazed poreelain.

Clays. Thin green clay bands are noted in anhydrives and
are of some aid in correlation, but they are limited m their
lateral extent. Thick clays and muds are intersected by
driftholes and freqrently contain carnalilite.

Mining, At the stait of the mine a conventional, regular
room-and-pillar plan was attempted, but the steeply in-
¢lined, contorted beds made this impracticable. As a re-
sult, the mine plan developed to take maximum advantage
of the deposit (Map 2). The anhydrite members act as
strengthening ribs; there are no hotizontal planes of weak-
ness, and the interlocking nature of the rock sall erystal
growth produces a safe, secure roof once it has been care-
fully scaled. Occasional roof spans of over 30 meters have
caused no trouble and second cuttings have produced
rooms over 13 meters in height, The limiting vertical factor
ts the height to which the “cherry picker” can reach for scal-
ing {Photograph 7).

COMPARISON

A comparison of the mines must cover a broad spec-
trum. First, a consideration of the geological differences
and secondly. the mining problems that these produce.
Particular attention will be paid to the advantages that
cach ming enjoys.

Consideration of the two deposits establishes that they

Phetograph 7. 830 foot level crusher station. Prgwash Mine.
The muximum height of this opening is 83 feet. The roof span is
70 feet,
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were formed by the evaporation of seawater under tropical
conditions, It is possible that the depositional lagoonal ba-
sins were of comparable size, but there is no reliable infor-
mation on the depths of depasition, or position refative to
the shoreline. Nor is it known how the ocean salinity varied
from Silurian to Carboniferous Limes. Tt is assumed that it
did not vary sufficiently to make any significant alteration
in the general principles of evaporite sedimentation.

Ofibway, being Stlurian, would have an age in the order
of 400 million vears {Strachan, 1964), whereas Pupwash is
Lower Carboniferous and some 73 mitlion vears younger
{Francis and Woodland, 1964). It is interesting. that al-
though Qjibway is the older salt, it has suffered little or no
deformations. The post-depositional ¢vents at Pugwash
have produced the complex [olding, faulting and steeply
intlined beds that are now mined,

The primary salt ar Qjibway is much the same through-
out the mine, but at Pugwash there is more variety in ap-
pearance. Coarse secondary salt v rare al Pugwash, but it
is common, in varving amounts, everywhere in the Qjih-
way Mine. A not-so-ohvious difference is the moisture con-
tent. There is agreement that Pugwash, being drier, has
dustier conditions during face preparations. One wonders
if this moistare is refated o the Auid cavitics in the see-
endary salf whick are so common at Ofibway. The Ofihway
salt has a purity of 97%. but at Pugwash some quality con-
trol is necessary even to approach this figure.

Perhaps the major difference is the sall thickness., Al
Ojibway the middle “F” salt has an average thickness of
7.3 meters. No actual thickness can be established for Pug-
wash, but the evaporites exceed 300 meters. A drillhole 365
meiers below the F630-foot level” (192 meters) was still in
gvaporites, This, of course, is not true thickneass bui does
give some idea of the massive nature of the deposit. Tf it
were possible to study in detail the over 300 meters of evap-
arites at Pugwash, surely we could find 7.5 meters that
world be completcly comparablke (o Ofibway in quality,
mineralogy and petrology.

The flat-lying deposit at Ojibway has the advantage that
the operation can be planned far in advance knowing that
the guality will be constant, and the design readily fol-
lowed. The mine layout can izke full advantage of the
economies of a conveyor bel system.

The horizonzal attitude of the beds at Qjibway intro-
duces planes of weakness which foree constant roof control
and continual monitoring to prevent froublesome siab-
bing. Although the deformation at Pugwash produces
complications in quality and makes it difficult to plan
future mine layout, it has the advantage thar there are no
planes of weakness; the anhydrite ribs give pillar strength.
and the interlocking crystal growth produces a secure roof
and permits an appreciably farger fonnage with each face
advance.

The cortrast in pillar configuration enforces different
ventilation technigques. The regufar pattern at Ojibway
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can avoid long, dead-ended rooms, The air stream is di-
rected past the working panels by the sirategic placement
of brattices. The Pugwash air problem bas always been
one of developing a circular flow. Alr must be directed into
long entries by large, fan-fed, plastic ducts. This Hmits the
number of working faces and adds 1o power costs,

As Ofibway develops, it rapidly expands laterally, which
increases the distance of the working face from the shadt.
Future expansion means oblaining mining rights and in-
volvernent of more people on the surface, which can in-
crease social problems. Although it might sume day be
possible to extract buttems “F” salt, the feasibility of this
has not yet been established.

The lateral extent of Pugwash is well knowns and future
development will be with new levels. These are reached by
a ramp so that machinery can be conveniently moved dur-
ing the developruent stage, before the pew levet is ready to
take over full production. When there was only the “630
foor fevel™ (192 meters) this picture was essennally two-
ditensional, and the apt analogy was that it was likc a
stice of o marble cake. The new levels add a third dimen-
sion; and, alkhough far from exact, there is a great deal of
clarification of the overali picture. The pillar strength has
made it possible to start an intermediate fevel that can take
fufl advantage of the anhydrite information from the up-
per and Jower levels,

Sixth Infernationa! Symaosium or SaiE, 1983 Vol ¢ CE

Apart from having a like origin, one might feel that a
comparison is one of contrasts rather than similatities; but
if we search deeply enough, we can establish that evaporite
deposits are basically the same. Superfictal differences
can be explained by consideration of their geological his-
tory. It is leff to the ingenuity of the mining industry to
solve (heir problems and profitably take full benefit of
such advantages as exist,
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