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AHSTRACT

The Windsor Grouwp {Viséan) & a regionally widespread unii
up to 1000 m thick. It is domingred by subagueous and diage-
petic marine evaporites fcluding halite, anhydrite. gypsum
aird potash with subordinate intersivatified redbeds and marine
carbonates. These rocks display a wide ringe of struciral and
strasigraphic complexities within the Curboniferous depasi-
rional aind (ectardc setting, Carkaniferouws basins in Nova Scotia
are part of the compiex Magdaler {Fundy) Basin system devel-
aped in the Acudian Orogen in Atlantic Canade. They coniain
up to FO6 wr of putl-apari basin melusstc sediments with nrf-
rior, but veunomically fmportant, marine evaporires of the
Wiedsar Group. Deformition varies from negligible (u the refa-
sivedy stnbie plaiform Blocks charaeterfzed by thin sedimeni ge-
curedation o substantiod in the fragmented basinuf areqs in-
volving Herevniun strike slip. theusy and novmal fouliing.

pravity sfiding, evaparite diopivism and folding of the thick sed-
fmentary fitl,

‘ntil recently. the disseibutiom and gendogy of the evaporites,
especially salt and porash, have been poorly undersivod be-
cunse of limtited duta. Revent drilfing hus established thar sait is
present throughous the Windsor Group secrion, The principal
salt wnit including potash (sytvite and carnallite} s locared ina
mafar carbonate-sulphate-chloride cwele wr the buse of the
Windsor Group. Thianer und yonager salt beds with iminer poi-
asf are incally present in assoctalion with anhvdrive aied marine
carboate (1 numervus seline minioycles.

The large salt resources of Nova Scotia. together with geo-
graphic locaitun and the preseuce of potash, e important fuc-
tors which may encourage future developmenr of mining and
chemical industrivs and nnderground storage fucilivies,

INTRODUCTION

Recent expansion in offshore petroleunt exploration
and the discovery of economic potash deposits in New
Brunswick have increased interest in salt and potash ex-
ploration in Nova Scotia (location, Figure 1). In addition,
active exploration for base metals, coal and petroleum in
Carboniferous rocks during the last decade has resulicd
in the generation ol volumirous drilihole informaton.
This unprecedented data basc has alfowed a dramatically
improved understanding of Windsor Group evaperttes in
magy parts of Nova Scotia. Historically, salf production
has been an importani contribution to the economic de-
velopment of Mova Scatia. The first uaderground salt
rine in Canada operated at Malagash in northern Nova
Scotia between 1919 and 1959, Potash was occasionally
produced in miner amounts as a by-product of salé, At
present, salt production is confined to the underground
mine at Pupwash operated by The Canadian Salt Com-
pany Limited and 1o the brining mine operated by Dom-
tar Chemicals Group {Sifto Salt Division) at Nappan.
The presence of targe deposits of salt, together with the
varled uses for salt, give Mova Scotia an important min-

eral resoutce base for potential development of new
mines, chemical industries and underground storage
STTBCHERES,

The purpose of this paper is to oulline the general
stratigraphy and geolagical setting of Windsor Group
evaporites i Nova Scotia. Emphasis wilk be placed upon
the salt’and potash resources because these are the least
known in published Hierature.

Daza Organization, This paper is based upon rwo ma-
jor sources of information: 1} indirect, Le., compilarion
of data, and 2) direct study of the geology of selected Car-
boniferous areas. The compilation was ondertaken ax
part of 2 mineral inventory project with the aim to update
the tocaliomns, limits and structural configurations of
Mova Scotia’s salt deposits through a review of the avail-
able data, The major source of these data is the mineral
assessment files of the Nova Scotia Department of Mings
and Energv which contain, for the most part, unpub-
lished reports submitted by exploration companies. Less
abundant but very important data are available in a lim-
ited number of published papers dealing with many as-
pects of the geology of Nova Scotia's salt deposits.

The compilation has been organized by area (region)
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Figare 1. Location and general geological map of Move Scotin. Canadsa.

and depasit or cecurrence. The subjects and organization
documented for cach deposii/occurrence are shown in
Table 1.

This data base has enabled extrapolation ltom areas
that have been studied in dedail into areas which have not
been directly or completely investigated. Selecred Car-
boniferous areas have been remapped using available
outcrop and subsurface data. This work was conducted
in conjunction with Dr, P, 5. Giles, Nova Scotiz Depart-
ment of Mines and Energy. Resulis from these surveys in
the eastern part of the Hants-Colchester area, Pietou
ared, Antigonish area and parts of the Sydaey and Canso-
Bras d’0Or area ave included in the following maps and
reports: Giles (1981a,b,c, 1982); Giles and Boehner
{1979, 19824,b); Boehner and Giles {1982} and Boshner
(1979, 1980, 1983).

The location and definition of salt depusits and oceur-
rences are restricted to drilling, mainly hy explorarion
companies, and by secondary indicators such as the pres-
ence of sait springs. Aside from field mapping, gravity
surveys are the primary indirect method of locating and
outlining salf resources. Systematic vegional gravity sur-
veys of potential salt areas throughout the Carboniferons
basins in Nova Seotia have been underizken over a period
of several years by the Nova Scotia Research Foundation
Corporation, Negative Bouguer gravity anomalies {up to

30 mGal) are generally coincident with Windsor Group
salt deposits.

Well-documented stratigraphic and structural comphi-
cations associated wirh several Windsor Group evaporite
deposits together with a scarity of sucface and subsurface
data make accurate detailed assessment extremely diffi-
cult. Exceptions are the detailed work by Evans (1972) on
the complexly deformed Pugwash Mine geology and the
relatively undisturbed Shubenacadic-Stewiacke deposit
described by Boehner (1979 and 980},

Historical Backgeound., Major contributions to the
stratigraphy, paleontology and structure of the Carbonif-
erous succession, in particalar the Windsor Group, in
Nova Scotia and Atlantic Canada were made by W, A.
Bell and other geologists with the Geological Survey of
Canada. This work has formed the basis of Carbonifer-
ous gerdogical nnderstanding and has been further devel-
oped by subsequent workers. Early workers who have
made contributions to the field of salt geology in Nova
Scotia include Bancroft {1938), Bell (1929, 1944, 19383,
Chambers (1924}, Cole (1930}, Ellsworth (1926), Hayes
{924}, 1931) and Norman (1932, 1935) and more re-
cenily, Baar (1965, 1966), Bidgood (1970). Bidgood and
Blanchard (1967), Evans (1970a.h. 1972), Goodman
(1952}, Goudge {1967}, Howie (1979), Moore {1967),
Sage (1934}, Schenk (1969), Shea {1970) and Stacey
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Suit and Potash in Nove Scoila

TABLE 1
Nova Scotia Department of Mines and Energy, Mineral
Iaventery Sall File sed Sub File System

SUB FILE 1:  Historieal Buckgrouad
NTS code
ccurrence name,
SUH FILE 2 Gengraphy and Physiagraphy
1150 000 ropographic map showing location
Summary of existing reporis.
SUB FILE }»  Geologfeal Data
Copies of geological maps, reports
Location map for driltholes
Copies of all deseripiive drill logs
Copies of all graphic drilt logs
Minerulogy of the ovcurrenes/ deposit
Geometry of the deposit, suggested stractural
configurations, cross-sections, ete.
Stratigraphic position of the depesit.
SUB FILE 4;  Geophysical Dara
Copies of gravity surveys, regional and local
Grravity crosstsections
Reports of gravity interpretation
Copies of all available magnetometer surveys
Down-hole geophysics——copies of ail logs,
SUB FILE 5 Geockemical Dara
Specify “brine,” “whele-rock,” salt springs. etc.
Standard format, 1ist of glements, oxides, ee.
Retabulation of all available data,
SUB FILE 6 Fronomic Considerations
{Table form)
Econemic minerals present
Approximate depth
Approximate dimensions
Average prade
Provern reserves
Possible reserves
Current. atifization
Comments.
SUB FILE 7. Ssurce Documenis
Biblography including NSDME assessment
file numbers.
SUR FILE 8 Assessmant of File Qualicy
Data type (quantitative, qualitative, geological,
geophysical, peochemical)
Insufficient-sufficient
Questionable-religble
Data update
Utilization planning,

€1953). Many of these reports contain references to the
historical development of salt resources in Nova Scotia
{sce Shea, 1970).

GENERAL GEOLOGY OF NOVA SCOTIA
Nova Scotta may be broadly divided into three major
" geological areas—southern Nova Scotia. northern Nova
Scotia and Cape Breton Island. Southern Nova Scotia is
separated frum the lztter two hy the Minas Geofracture
(Keppie, 1982}, a2 major fault zone which trends westerly
from Chedabucto Bay to the Bay of Fundy (Figure 1} A

1ot

summary of the major stratigraphy and tectonic events
affecting these complicated areas is presented in Figure
2. A brief description of the geology is included in the
following paragraphs.

The Precumbrian to Early Deveonian rocks are gener-
ally penetratively deformed by one or more of three prin-
cipal fectonic events—-the oldest Precambrian Avalonian
Orogeny. the Ordovician Taconian Orogeny and the De-
vonian Acadian Orogeny (Figure 2). The major orogenies
have been artributed to collision tectonics {Keppie. 1977,
19822}, The Nova Scotia (Meguma} Platform to the south
of the Minas Geofracture is composed of Lower to Middle
Paleozoic sedimentary rocks. These regionally metamor.
phosed rocks have been folded during the Devonian Aca-
dian Orogeny into northeasterly to easterly trending up-
right folds. According to Keppie (1977) granitic intrusion
into the deformed sequences occurred through the Devo-
aian and into the Late Carboniferous. Throughout the
Carboniferous, nonmarine and minor marine sedimenta-
tion oecurred mainly as molassic depesition upon the
older vrocks of the Acadian Orogen in downwarped and
faulted areas. The eastern and western ends of the Minas
Geofracture are marked by rift grabens or half-grabens
in which Triassic Fundy Group sedimentary and voleanic
rucks were deposited,
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The area to the north of the Minas Geofracture. in-
cluding northern Mova Scotia and Cape Brelon Isfand, is
geologically more complex. On mainland Nova Seotia,
Middie Paleozote to Precambrian rocks occur in fwo ma-
jor areas known as the Cobequid and Antigonish High-
lands {¥igure 1}. Adjacent to these blocks, very thick suc-
cessions of Carboniferous sediments of nonmarine and
minor marine origin occur in wrench fault basins and/or
synclinoria. Precambrian or clder Proterozoic sedimen-
tary and voleanic rocks outerop in much of the nerthern
Cape Breton Highlands and along southeastern Cape
Breton. Smaller fragmented basement blocks are also
found scattered over the remaining area. These rocks are
overlain in southeastern Cape Hreton by a Lower Paleo-
zoic sequence of Cambrian sedimentary and voleanic
rocks, Granitic and minor basic plutons of Carboniferous
to Ordovician or older age intruded the older deformed
rocks, Similar to maintand Nova Scotia, a very thick suc-
cession of Carboniferous molassic sedimenls veeur in
faulted and folded basins and svnchnoria,

GENERAL CARBONIFEROUS GEOLOGY

AND STRATIGRAPHY

The Carboniferous comprises interstratified nonma-
rine and minor marine sediments deposited in & complex

Sixth International Symposium on Sait, 1983— Vol |

Faull basin system variously called the Fundy Basin {Belt,

£968), Fundy Epiengeosynciine (Beit, 1929, 1958}, Fundy
Aulacogene (Keppie. 1977). and Magdalen Basin (Brad-

ley, 1982 and Keppie, 1982a), The earliest sedimentation
is recorded by a thick continentsl sequence (locally
greater than 2000 m) of coarse and fine siliciclastic rocks
belonging 1o the Lower Carbontferous Horton Group.
Rocks assigned to this Group, including interstrarified
veleanics near the base, are s ofd as Middle-Laie Devo-
mign in age (Howie and Barss, 1975), These racks were
deposited in subsiding areas adjacent to and on top of the
deformed metamorphic and intrusive rocks of the Aca-
dian Orogen. These basement rocks range from Precam-
brian (Hadrynian) to Middie Devonian in age. Minor salt
(halite) oecurs in rocks of the Horton Group in some
areas such as the Combertand area (Figure 3) in a situa-
tion similar to the Albert Formation (Gautreau Sakt) near
Moueton in southeastern New Brunswick {Hamilton,
1961, pp. 25-31). The evaporite facies of the Athert For-
mation {Horton Group) in New Brunswick contains ha-
lite, glauberite and anhydrite and probably represents fo-
calized continental evaporite depusition. The cguivalent
Horten Group salt in the Cumberiand area of Nova Sco-
tia is mainly halite and probably represents a similar dep-
ositioral environment. Exploration activity to date has
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Figare 3. Sait and potash cccurrences and deposits in Nova Scotia.
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Sait and Potazh in Mova Scotia

nof been attracted fo these evaporites. The majority of
the saft deposits and occutrences in Nova Scotia are con-
fined to the Lower Carboniferous Windsor Group (Fig-
ures 3 and 4) which is widely distributed throughout Atd-
tantic Canada {(Figure 1.

The Windsor Group contains the only major marine
deposits in the Carboniferous sequence that began and
cidled with deposition of thick conlinental sediments
{Figurce 4). The Windsor has a stratigraphic thickness of
1008 m + but may be thicker in some of the pontly known
deap basin areas. Generally. more than 5% {and up 1o

0% of the Windsor Group consists of evaporites, pri-

nuarily anhydrite, gypsunt and halite with lesser, but ceo-
nomically dgnificant, potash. The evaporites oocur as
thick and thin-beds, rhythmicaily alternating, and are of-

ien closeiy associated with fossiliferous marine limestone -

and delostone and red to maroos arzd g;u,u siltstone,
sandstone and conglomerate. o

The Windsor Group is overlain i most areas both con-
formably and unconformably h} a [ocai]y very thn.lq se-
guence (up to 5000 m} of Upper Carboniftrous nonma-
rinc sediments consisting primarily of interbedded
sandstone, sibistone, shale and conglomerate. Groups
recognized in this succession from oldest to youngest are
the Canso, Riversdale, Cumberfand and Pleiou Groups
{Figure 4). The major coal deposits in Mova Scosia are
found in rocks assigned 1o the Cumberiand and Pictou
Groups, A large number of formation names have been
applied to subdivided units within the groups and a sum-
mary of these is included in Howic and Barss (1975).
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WINDSOR GROUP MAIOR CYCLES

The distribution, rhickness and siratigraphic positien
of salt and potash within the Windsor Group were gener-
ally pootly understead until deep core drilling was con-
ducied by minvral exploration companies in the deeper
parts of the YWindsor Group tn the Hants-Colchester area
during the mid 1470°s, Prior to this, deep drilling was
scatce and the holes were rarely cored completely. They
were [requently located in struefuralty compiicated areas
making the ii’t‘dttg‘“dphic sticeession difficalt to deter-
riine, Defaifed strarigraphac studigs. in the extensively
drilled Shubénacadie and Musqwdobwt Basins in the
eastarn; pat'i__of the. Hanls-Colchester area by Giles and
Bue;mer (19’?9 19824, '“l'reu.aled' that salt {halird} oc-
curred in-association with' anhydrite-and siitstone at sey-
eral strangmphic positions - within & Major Cycles of the
Windsor Group {Figures 5. i;i and

The 3 Major Cycle system angmated by Giles {1978)
was applied by Boehner (1979} tc the Shybenacadie and
Musquodebmt Basins (Figures 5 'and 6, Sections 2 and
33§t wis subseduently réfined and enlarged to 5 Major
Cycles by Giles (1981b} whe applied the system through-
out Nova Scetia. The Major Cyele system is hased pri-
marily on detailed lithostratigraphy. paleontological data
and comparisons to the British Dinantian Stages and rep-
resents major transgressive-regressive phases wilhin the
Windsor Group. According to Giles (19810) the lower
boundarics of the Major Cycles coincide closely with
lithostratipraphic, maceopaleontologic and micropaleon-
tologic boundaries: He further concluded that the éycles
wete bounded by approximate time planes: To generatize
the complicated lithostratigraphic nomenelature of the
Windsor Gr{mp in Nova Scoiia the 5 Major Cycle system
is nsed in this paper The Major Cycle svstemi is intro-
duced and outlinad from the Shubcrnacadic and Muiis-
guodaboit’ Basins and then extended to nther Wmdmr
Group aress in Nova Scotia. -

Major Cycke 1. The niajor salt in the Shubenacadie Ba-
sin (Figures:5.:6:and 7Y occurs as part of Major Cycle'l;
which s am evapnﬂte ‘dominated sequersce up to 360 m
thick comprising, in ascending order, a thin laminated
basal carbonate {3-30'm of delostonce) whick localiy has a
thick bank facies, a thick massive-to-strarified anhydrite
(160300 m thick), then stratified halite with minor siit~
stone and anhydrite (up to 300 m thick). In addition,
mixed siliciciastic facies representing nearshore marine
deposition was recognized in the adjacent Miusquodoboit
Basin as a laterat equivalent of the anhydrite {Figures 5, 6
and 7). The classic vertical {aad to 2 lésser degree lateral)
succession’ of marine carhonate and evaporites ranging
up to halite is well represented in this ared. The halite
facies is confined to the Shubenacadic Basin and typically
comprises banded-bedded halite with altermating light
cofoured pure and dark impure couplets. It also has well
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Figure 5. Lizhostratigraphy and Mujor Cycles of the Windsor Group in selected areas of Nova Scotia tlogations in Figure 6).

developed displacement and crust-like halite (shatlow
subagueous to subaerial?} closely associated with green
sti{stone interbeds near the upper half of the section. An-
hydrite interbods {up to $S m) are the duminant vonhalite
impurity in the lower half of the halite facics. The top of
Major Cyele 1 in the Shubenacadie and Musquodoboit
Basins is a disconformity with karstification of the an-
hydrite facies at the basin edge and local reworking of
anhydrite.

Based upon facies relationships, palengeographic and
pakeotopographic reconstructions, Boehner (1979) con-
cluded that Major Cycle 1 recorded very rapid marine
pransgression {(possibly nearly instantaneous) into a pre-
existing subsea level continental bastn with water depths
possibly up to 200 m. The thin basal laminite carbonate,
although generally sparsely fossitiferous, had locally de-
veloped fossiliferous banks at higher elevations. The ab-
sence of significant transgressive facies indicates rapid
transgression. The basal carbonate (cryptalgal laminite
and bank facies) succession mainly records salinity strati-
fication and progressive increase in salinity (Geldsetzer,
1978 and Giles et al., 1979), Increasing salinity produced
the successive deposition of anhydrite then halite that was
localized in a shrinking basin adjacent to a contempora-
neous subacrially exposed anhydrite surface. Major Cycle
1in the Shubenacadie and Musquodohoit Basins is inler-

preted as generally representing regression restriction
and inereasingly sakine suhaqueous evaporite deposition
in a preformed hasin,

AMajor Cyele 2. Major Cycle 2 in the Shuhenacadie and
Musquodohoit Basins is up to 160 m thick and overlies
the thick evaporite sequence of Major Cyele 1. It is an
assemblage of up to 12 minor transgressive-regressive cy-
cles (minicyeles) 1-15 m thick, consisting of taterally ex-
tensive transgressive-regressive marine carbonates, conti-
neatal red beds (in subequat proportions) with a variahle,
but gencrally dominant, proportion of evaporite (greater
than 50%) including anhydrite and minor halite. A typi-
cal saline minicycle comprises, in ascending order, trans-
gressive then regressive carbonate facies, achydrite, ha-
bite, = redbeds (Figure 7). Boehner {1979} described the
anhydrite as ranging from nodules in matrices of silistone
or carbonate grading fo eoalescing nodular mosaic. The
avhydrite associated with stratified halite is massive to lo-
cally laminated and hatitic. The nodular anhydrite both
in sitw and as clasts was interpreted by Boehner (1979) as
recording a diagenetic sabkha-tvpe origin in low relief
prograding coastal mud flats. The closely associared lam-
inated and massive anhydrite and bedded halite was in-
ferred to have been precipitated in shallow hypersaling
pans and lagoons spatizlly Associated with the sabkha cn-
vironment.
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Flgure 6. Location map for Major Cycle sections in Nova Scotia.

Major Cyeles 3, 4 and 5. In the Shubenscadie and
Musquodoboit Basing Major Cycles 3, 4 and 5 discon-
formably overlie Major Cycle 2. Major Cycle 5 includes
the highest Windsor Geoup marine carbonate member
and the transitional evaporites {anhydrite and halite) lo-
cally present at the base of the Canso Group. These Ma-
jor Cycles, comprising up to 9 minicycles, are tithologi-
cally similar to Major Cycle 2 and have a combined
thickness of up o 160 m. They differ frons Major Cycle 2
mainly in the decreased proportion of evaporite (less than

% ). Typical sadine minicycles include, in ascending or-
der, transgressive then regressive carbonate facies, anhy-
drite and red beds (Figure 7). Halite is known only in Ma-
jor Cycle 5 in the Shubenacadie Basin, The continuation
of evaporite deposition including anhydrite and halite of
Major Cyele S into post Windsor Group rocks (Canso
Group) is interpreted as representing Lhe terminal phase
of marine invasion and evaporite deposttion in restricted
continental successor basins with uncertain marine influ-
ence.

The dramatic change from the single progressive evap-
orite sequence of Major Cycle 1 to the repeated minicy-
eles within Major Cyeles 2 to 3 was interpreted by
Boehner (1979} 1o have resulted from the basin infilling

and topagraphic levelling by the thick evaparites of Cycle
{. The resafting surface of low relief and gentle slope fa-
voured shallow water and diagenetic evaporite deposition
during regressive episodes following repeated marine in-
vasions. Boehner (1979 recognized decreased and more
jocalized evaporite deposition within successively younger
Major Cycles of the Shubenacadle and Musquodoboit
Basins,

Major Cycles Distribution and Correlation. The Major
Cyele framework outlined {from the Shuhenacadie and
Musquoedoboit Basing is generally applicable {o many
Windsor Group outerop areas in Nova Scotia (Figures 5
and 6}. Major facies changes and stratigraphic onlap lo-
cally complicate the picture. especially in areas near
basement blocks such as Mahone Bay, BEureka and Loch
Lomond (Figures 3. &, Sections 1, 8 and 16, and Figure
73, Typical Major Cycle { rocks are widespread through-
out Nova Scotia and are well represented in the Antigon-
ish-Mabou, Canso-Bras d'Or and Svdney arcas where its
thickness ranges from 3006 m to 660 m. Redbeds are lo-
cally developed in some areas including western Hants-
Colchester, Antigonish-Mabou and Canso-Bras 4'Or
(Figures 5 and 6, Sections 4, 3, 6, 10, 11, 12, 13 and 14).
The redbeds are closely assaciated with the halite facies.
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Figure 7. Schematic diagram of typical Windsor Group facies relationships reengnized within Nova Scotia.

Halite is known to occur with Major Cycle 1 in most areas
and it forms the most important salt resource in Nova
Scotia. Boehner (1980) reported that the Shubenacadie-
Stewlacke deposit in the Hanes-Coichester area contains
an estimated geological resource of 50 billion tonnes,

Patash salt, sylvite and minor carnallite are known to
be associated with halite in Major Cycle 1 i the Antigo-
nish and Canso-Bras d'Or areas (Figures 5, 6 and 7, See-
tions 10, 11, 12 and 14). Although encouraging for fur-
ther exploration, econemic yuantities have yet to he
discovered. Potash salts are not known to occur on the
Nova Scotia Platform south of the Minas Geofracture.
Major Cycle | rocks in rthis arca were inferzed by Giles
{(1981a) to have been deposited adjacent fo seaways con-
nected to a mujor Viséan sea througit a shallow marine
carbonate shelf on the Nova Scotia Platform. Successive
Carbonifervas structural basins in & northwesterly direc-
tion generally coniain increasingly saline evaporite suites
indicating significant lateral facies change and important
paleogeographic centrol o evaporite deposition. Paleo-
geographic recoastructions across the Minas Geofracture
are cxiremsely nncertain at this time.

The distribution, thickness and facies variztion of
evaporites in Major Cyele 1 are unknown in mast areas
because of the scarvily of deep drilling. Stratigraphic
thicknesses of up to 600 m are present in some arcas with

the thickest sections in the highly deformed saline Wind-
sor Group facies of the Canso-Bras ¢'Or area. Major Cy-
cle | is the major target for potash cxploration in Nova
Seotia as it is in New Brunswick (Figure 5, Section 18}

The thick halite-anhydrite-siltstone sequence in the
highly deformed diapiric Windsor Group in the Cum-
berland area is of uncertain stratigraphic assignment
(Figure 8). Drillhole sections and mine stratigraphic sec-
tions {Evans, 1972} are incomplete and their relationship
to outcrop sections of Bell (1958) are vncertain, The
stratigraphy of the evaporites in the Comberfand area is
virtnally unknown; Lherefore. stratigraphic comparison
to well established sections in other aress is not yet possi-
bie,

It is of interest to note that the basal Windsor Group in
the Anschutz Wallace Station No. 1 well (Figure 8)
drilfed near Malagash comprises a thick sequence of
cherty-siliceous shales. These refatively undisturbed,
gently dipping shales may represent deep water sedi-
ments. The Cumberland area is geclogically important
because it is close to the the New Brunswick Platform
area where economic potash deposits have been discov-
ered in Major Cycle 1 of the Windsor Group (Figures 5
and 6, Scetion 18), Potash salts, sylvite and carnallite
have been reported from all known sak deposits in the
Cumberland area, but not in economic quantities (Figure
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Figure 8. Cross-section of a major anticlinal evaporite diapic near Malugash deposit. Cumberland area, northern Nova Scatis,

3). Structural complexity and geological uncertainiy are
major factors that have hindercd potash exploration in
this area. Potash salts are found in two major seftings
(Figure 8) assoctated with the Windsor Group evaporiwe
diapirs: 1} as mudstone-halite breceia and boudins in in-
tensely [olded stratified lavers, and 2) as remobilized sec-
ondary veins and stockworks peripheral to and/or within
the diapir. The precise tratigraphic peosition of these pot-
ash ovcurrences is unknown,

Majar Cycle 2 is more widespread than Major Cyele 1.
Major Cyele 2 displays major facies change regionaliy
ranging frem evaporite dominated ta terrigenous domi-
nated. It locally oversteps Major Cycle 1 to onlap onto
pre-Carboniferous basement rocks (Figure 7) in marginal
basin areas including Loch Lomond and Salmon River

(Figures 5 and 6, Sections 16 and 17, Boehner, 1983},
Similar changes are indicated by Giles {1981b} in the Eu-
reka and Mazahone Bay areas {Figures 5 and 6, Sections |
and 8). The Mahone Bay arca is similsr to the Mus-
guadoboit Basin (Figure 5, Section 2). Shallow marine
shelf facies in Major Cycies 1, 2 and 3 indicated that these
areas may have been proximal to a seaway connecting the
Viséan inland sea on the Nova Scotia Platform to the Ma-
jor Viséan sea to the southeast (Giles, 1981a). The major
evapurite deposition appears to have been localized in
deeper, more northerly paris of the inland sea,

Halite stratigraphically above Major Cyele 1 was first
recoginized with several carbonate-anhydrite minicycles
within Major Cyele 2 i the Shabenacadic Basin (Figures
5 and 8, Section 3). The stratified halite and interbedded

e o
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anhvdrite horizons rarely exceeded thicknesses of 15 m.
but subsequently thicker and more numerous halite beds
huve been conlirmed in the highly deformed sections in
the Canso-Bras d'Or area (Giles, 1981c and Dekker,
1981). Exploration drifling ar Mclnwyre Lake, Malaga-
watch and Orangedale has intersected potash (sybvite and
mior carnallite} in one carbonate-anhvdrite-lialite mini-
eyele within Major Cycle 2. The presence of potash, al-
though in subeconemic quantities in at Jeast one horizon
in this cyele, was previously unknown and mav provide an
additional potash exploration target.

Major Cyele 2 at Malagawarch is dominated by halite
and is op 10 three times {300 m versus 160 m} as thick as
in the Hants-Calchester area. Approximaiely 45% of the
Malagawatch section is halite and 30% anhydrite. Corre-
sponding sections in the Shubenscadie Basin are 14%
halite and 51 % anhydrite. The majority of the increase in
statigraphic thickness at Malagawateh is contributed by
the halite (230 m versus 22 m),

Maujor Cycles 3, 4 and 3 are more widely disiributed
than Cyeles 1 and 2 (Figure 7). Onlap relationships have
been documented by Boehner (1983) near Loch Lomond
and Salmoen River (Figures 5 and 6, Sections 16 and 17}
in southeastern Cape Breton Island and near Knoydart
Point in northeastern mainland Nova Scotia (Figures 3
and 6, Section 9) by Giles (1981b}. Although salt was lfo-
cally present in Major Cyele 5 in the Shubenacadie Basin
it did not occur in Major Cycles 3 and 4. It was [ound,
however, o be a substantial component in Major Cyele 3
and 4 in the Canse-Bras d'Or avea. Here the Major Cycle
J section is nearly four times as thick as corresponding
sections in the Shubenacadie Basin (270 m versus 70 m)
and consisis of 34% huahite and 28% anhydrite. Cor-
responding values are % and 10%, respectively, in the
Shubenacadie Basin. As with Major Cycle 2 in the Mala-
gawatch area, most of the increase in thickness is conlrib-
uted by the halite,

Unfortunately data are incomplete to allow compart-
sons with Major Cycles 3 and 4 in other areas such as
Antigonish-Mabou and Cumberiand. Sait facies have not
been confirmed in Major Cyeles 2, 3, 4 and 5 in these
areas. Anhydrife is present and the presence of salt
(possibly with potash} may be established by deep basin
drilfing.

SALT DEPOSITS AND OCCURRENCES

The present distribetion of Carboniferous rocks in
Nova Seefia is controlied by post depositional rectonism
and erosion. These factors, together with high angle
transcurreni, dip slip and low angle fauiting, make a pre-
cise autline of the original sedimentary sub-hasing diffi-
calf. The refationship of the present structural basins or
syiclinoria to the original depocentre is sometimes uncer-
tain. For these reasons the salt areas of Nova Seotia de-

Sixth international Sympasium on Salt, 1983—Vo! |

scribed in this report (Figure 2} are named as present day
geographical and structural areas which mav or may not
correspond to the original sedimentary sub-basing out-
fined by Bl (1938).

The five areas with known salt deposiis (Figure 3)
found in MNova Scotia arve the Hanrs-Colchester, Cum-
berland, Antigonish-Mabou. Canse-Bras d'Or, and Svd-
ney arcas. in addiilon, there are four areas underlain by
Windsor Group recks wheve salt may be present bur has
not heen established by dritling, These include the Ma-
hone Bay, Pictou, Cheticamp-Margaree and Cape North
dreds,

Within the {ive areas where salt is known to eccur, 13
occurrences and 19 deposits are recognized (Figure 3 and
Table 2). The exploration potential is based only on the
timited drilled area of the deposit or vecurrence. Areas
without salt previously defined by drifing may have sig-
niffcant pofential but cannet he objectively evaluated
withount more data. Figtire ¥ explains the structural types
A, B, € and D used in Table 2,

The deposits and vecurrenees are sometimes defined in
only a single drillhole so are inzdequately knodn, The
designation of “deposit™ or “occurrence” is purely arbi-
trary. 1t is based upon 1) the quantity of salt actually in-
tersected in drilling coupled with 2} the quantily which
may reasonably be present by comparison to similar
structural and geological conditions in other better de-
fined deposits and 3 gravity data where available. The
deposits and occurrences were assessed only on their geo-
togical merits, with the guality of the sult, mining fuctors
and depth to sait not being specifically considered. The
data related to these factors, with the exception of the
depth, are generally unknown or bighly variable and
therefore of Hmited value.

GENERAL TECTONICS AND STRUCTURAL
GEOLOGY

Keppic {[982a) indicated that the Carhoniferous rocks
in the Magdalen Basin and tocally in adjacent areas were
deformed between Early Westphalian and Late Triassic
timnes. This deformation was attributed to movement on
the Minas Geofracture associated with the Hercynian
Orogeny. Deformarion within the Magdalen Basin was
most intense along its margins and was accompanicd by
evaporite tectonism in basinal seflingy such s the Cum-
berland arca. Subsidiary strike slip and dip sl move-
ment on major compley systenis of nottheasterdy trending
transcurrent faukts produced local deformation in narrow
Carboniferous arcas bounded by fragmented basement
blocks. This sttwation is commeon in the Canso Bras d'Or
area, Locally severe deformation, including gravity shd-
ing, oceurred on the relatively stable Nova Scotia Plat-
form. In the deeper basins disharmonic fold geometry
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TABLE 2

Salt Depuosits and Oecurrences of Nova Seatia
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Paicetial for

BPeposit ar Structurad Mujor Pureniiat for
Decarrence Type Cyclefs} Sali Expiaration Potash Fxiploration o
Hunts-Colchesier Areo
Beaver HBrook Deposit ] t good paer
Clarksvilie Qecurrence B-C ! Lair fair
Falmouth Quearrence ? ! poor pooy
Kenneleook Crecurrence B-C 1 poor poot
Shubenacadie-Stewiacke Breposit A 125 very good poor
Stanley Ogeurrence B-C 1 fair poOT
Summerville Queunrrence Vein — VEry poor VEPY POOT
tinper Walton River Oecrrrence C L-2¢ pour-fair poor-fair
Walton Qcourrence B-C 1-27 poor-faiy povr-Taie
Cumberfand Area
Beckwish Occurrence D 7 fair gond
Malagash® Dh:posi D 7 fair good
Nappar* Peposit D ? fair poor
Oxiord® [epasit B ? tair fair
Pugwash* Deposit B ? very goud good
Ruslin Oceurrence D ? fair fuir
Antigonish-Mabou Areq
Antigonish Deposit B-C b faip fair
lames River” Deposit- B-C ! fatr-good fair-godd
Muhou Deposit C-D 1-47 tuir-good Fair-goad
Chio Crecurrence A 1 poor-fair noor-fair
Pomguet River Occurrene C 17 poor poar
Southside Harbour® Depasit 8 i good fair
Canso-Bras d'Or Arce
Cleveland* Leposit B-C 2-57 far fair
Estmere Deposit B-C 2-3? fair fair
Kingsvitle Deposit C-D 1-57 very good {sir-good
Mcintyre Lake® Deposit C 57 very goodt pood
Matsgawaich® Deposit L951 b4 goad goodd
Orangedale® Deposit C? 1-4 good gond
Port Righmond* Depostt C-07 t-4 very gooed far
Seaview Qeccurrence C 12 fair fair
S¢. Patricks Channel Deposit C 1-4 {air-poos Tadr=poor
51 Peters® Deposit C 17 faiv luir
Sydney Area
Fast Bay Cieeurrence A i? faie paar

#Putash salts reported.

and structural style may be expected between pre- and
post-Windsor Group rocks,

Carboniferous rocks were deposited in two principal
tectonic settings, 1) on relatively stable platforms, le..
Nova Scotia and New Brunswick Platforms (Figure 1)
and 2) within an intervening fragnicated pull apart arca
named the Magdalen Basin {(Keppte. 1982} These set-
tings developed, beginning in the Middke-Late Devonian,
as part of transpression tectonies { Keppie, 1982b), Prom-
inent rranscurrent wrench faulting preduced a molassic
succession characterized by complicated facies variation
and structural complexity, The gasily mobilized evaporite

deposits of the Windsor Group have locatly andergone se-
vere deformation and thickening, often resuluing o large
wall and plug-like diapiric intrusions. The most severe
deformation is characterized by tortuous folding with iso-
chinal, recumbent to npright geometry. normal and re-
verse faulting, gravity sliding, and extensive plastic flow
of salt and anhydrite rocks. Locally, as in the Cum-
berdand area. unconformities are evident where yoonger
Carbonileraus units flank the structuves (Figures 3 and
8}, indicating the movement occurred over a period of
fime.

In Nova Scotia, Windsor Group evaporiie, including

H
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(D slowly moderately rapidly
BASIN DEPTH increasing
increasin
SALT ABUNDANCE® : g .
platform
- @ =
TECTON!CRSEE?L%ENTOLGGIC mabite basin -
DEFORMATION — increasing complexity and intensity o
SALT BASIN TYPE __ __ _Halgtectonic L \gvine!
{after Haibouty,I967) .
——
—

TECTONIC BEHAVIOUR
(oftar Mortinez, 1974)

FOLDING M

CLASSIFICATION TYPE® TYPE A TYPE B TYPE C TYPE D

DEFORMATION INTENSITY®  Siignt Moderate Severe Extreme

FOLDING TYPRE Gentle, open Open Subisoclingl, Intrusive—diapiric
low dips moderate dips | isoclingl, dips low charocter apparent

passive role

to steep B overturned

IXAMPLE AREA Honts-Colchester | Honls-Colchester Canso-Bras 4'0r Curmnberiand
EXAMPLE DEPOSIT Shubenacadie~ Beaver Brook Mcintyre Lake? Pugwash
Stewiacke

O reflects potential geostatic loading influenca.

@ evoparite lectonics ore complicated by heterogenegus
litholcgy, facies variation and uneven distribution of

sobt in the Windsor Group.

@ any type may occur in simple or complex
graben or half graben basins.

Figure 9.  Summary of salt deposit structural classification scheme applied to Windsor Group evaporites in Nova Scotia, (For

peneral disiribulion of stractural types see Figure 9,

salt and associated patash, occurs in a vaviery of struc-
tirral sitvations as shown on Figures 9 and 10, This erm-
pirical classification is based primarily upon the degree of
struclural complexity, and thus cach type is part of a con-
tinuous specrrum. These modes are controlled largely by
location with respect to the major faults, the severity of
tectonism, volume of salt and depth of burial, The refa-
tively undisiurbed stratified deposits {Types A and B)
generally occur in the plarform synclinoria marginal to
the central mobile area (Figures i, Y and 10). At the op-
posite cnd of the spectrum, structurally complex deposits
of the halotectonic type that result from compressive tec-
tonic forees, {Halbouty, 1967, p. 2) are represented in the
Canse Bras ¢'Or area {Types C and D). Intensely de-
formad deposits resuliing, at feast in the final stage of de-
velopment, from halokinetic {isostatic) sait movement
(Habouty, 1967, p. 21 arc present in the Cumberland area
(Figures 5, 8 and 10). Here Windsor Group evaporkies

occeur as wall and dome, diapiric anticlinal intrusions.
These intrusions appear to be restricted 10 areas of thick
Carboniferous sedimentation and may occur in the Ma-
bou and the Canso-Bras d'Qr areas (Figure 10}
Moderate to strong deformation is present in the west-
ern and northern parts of the Hants-Colchester area, the
Antigonish avea and parts of the Bras d'Or area in central
Cape Breton (Types B and C). In these arcas the Windsor
Group salt oceurs in variably faulted synclinoria where
thickening of the evaporites is generaily minor. "Thicken-
ing, where present, appears to be limited fo focal “welts”
in anticlinal or sysclinal cores vr as fault bound synchino-
ria between bascment blocks., A major thrust fault is in-
ferred to occur at the top of Major Cycle 1 in the Antigo-
nish Basin (Boehner and Giles, 1982). This faull, which
may be related Lo major strike stip faulting, is suspected
of vecurring in other areas, including Mabou in western
Cape Breton Island (Figures 3 and 10). Slightuy de-
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Figure 10. Dstribution of salt deposit structural types in Nova Scotia.

formed, stratified salt {Type A} is ravely encountered in
Nova Scotia, although in the eastern part of the Hants.
Colchester (Shubenacadie-Stewiacke) deposit there is a
major deposit of refatively undisturbed salt. This area of
relatively thin sedimentary cover wus probably subject to
less intense deformation hecause it is outside the mobile
central belt of the Magdalen Basin. Large and small scale
recumbent fold structures with multiple repetition of
stratigraphic units have been described locally in-parts of
the Hanrs-Colchester area (Figures 3 and 10} by Giles
(19773, Boshner {1977} and Geldsetzer et al. (19503, This
folding is inferred to have been related to tectonic uplift,
detachmeni and gravity sliding on the top of Major Cycle
I evaporites, especially the salt,

SALT DISSOLUTION FEATURES

Cap rock development of the Gulf Coeast type described
by Martinez {1974, 1978} and Walker {1574} is not
known to occut in association with Windsor Group salt in
Nova Scotia. Residual coflapse breceia is common in
areas where saline Windsor Group comes to the surface.
The residual breecia is well developed in the Pugwash
and Nappan deposiis (Cumberland area Type D), Here
biocks of gypsum and carbonate vesistates are found in
poor to unconsolidated mud forming an itregular cap to

the evaporite diapirs. Giles (1981c) desceribed telescoped
sections of highly deformed saline Windsor Group in the
Melntyre Lake deposit {Canse-Bras d'0r area, Type C).
Io this arce, halite has been preferentially dissolved to a
depth of 200 to 300 m, leaving the original stratigraphic
succession intact but thinned. The collapse hreccia com-
prises refatively insoluble brecclated anhydrite-gypsum,
siftstone and carbonate infiltrated by mudstone, A simi-
lar situation has been described nearby in the Malaga-
watch deposit area by Dekker (1982}, Salt removal, resid-
ual accumulation and collapse brecciation may be ex-
pected in the vicinity of fauits and permeable sirata in
areas where they are in contact with the Windsor Group.
The absence of salt springs and seeps in many areas of
these features indicates salt dissolution has been reduced
or halted. possibly by the sealing action of residual clay
and mud, The abundance of salt springs, seeps and sa-
line formation water regionally, however, indicates most
salt areds are not stable or completely sealed.

CONCLUSION

The complicated stratigraphy and structure of Wind-
sor Group evaporites, especialiy salt and porash, is inher-
tied from an equally complicated paleogeographic and
tectonic history. Detailed palcogeographic, sedimenta-
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tion and structural models both at loeal and regional
scales are difficult to construct. This ditfieutty is the
resull of ancertain correlation across major faults (f.e..
Minas Geofracture) and the limited subsurface data, es-
pecially in deep basin areas. Madels can be contidently
made only in areas where the geology is well established
following detailed examination of all available data, par-
ricularly exploration core drilling. Many parts of Nova
Scotia, including the Cumberland area. are very poorly
understood and await further drifling. Although it is evi-
dent from this general overview that advances arc being
made in understanding the geology of salt in Nova Scotia,
it is clear that more comprehensive work remains to be
compieted on the stratigraphy, geochemistry, sedimen-
sology and siructure of Windsor Group evaporites and
the Carboniferous in general.
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