Genesis of Sylvite- and Carnailite-Bearing
Rocks From Wallace, Nova Scotia

ABSTRACT

During exploration by drilling at Wallece, Nove
Scotia, potassinm and magnestum minevalization
was encountered within evaporites of the Alississip-
pian Windsor Group. A potassium content of more
than 4 percent was recorded in three zones in the
core, sylvite being the dominanl patasitum-bearing
mineral,

The svivite occurs with habite and minor carnal-
fite in a mairix of dense clay/mudstone, or with
halite in a halite /mudstone breccia.

Petrographic exvwmtnuation af matenal from the
masl kewvily-mineralized parts of the Wallace core
shows that sylvite is a secondary produci of leach-
mg of carnallite. Hualite pseudomorphs after carnal-
lite are ubundant, and the replacement sertes halile
after syluvile after carnellite s well-developed. Taic
developed as a reaction product between MgCl,-
rich brines and the silicutes of the clay matrix,

Dinpiric movement of the evapaorites probably
produced the brecciation, und elevated the potas-
sium-bhearing zones lo their present posttion. The
oviginal potassinme bearing sediment was prabubly a
carnallite—and halite-vich clay.

INTRODUCTION

The rocks whose origin is the subject of this
report were obratned from the core from Walluce
no, 1, drilled In 1966 as part of the contimiing
search for poiash deposits of commercial value in
the Mississippian cvaporites of the Province of
Nova Scotia, The borchole is located al lat
15746.9° N.; long 63°23.8’ W., in the northern pari
of the province {Fig. 1.
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General Geology.

The distribution, stratigraphy and mineralogy of
the evaporites in the Maritime Provinces of Canada
have been trealed in a namber of publications
(Norman, 1932; Goodman, 1952; Sund, 1959;
Hamilton, 1961; Evans, 1967) and further such
consitleration here would be unnecessary and prod-
igal of space.
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The Wallace no. 1 drill site is only six miles west
of Malagash {I‘i;;J 2} where a diapiric evaporile se-
quence was mined [or salt for 40 years, and in
which both svivite {KCI) and  carnallite
(KCl-MgCl, -6H, O) occurred (Hays, 1920; Ells-
worth, 1926},

The Wallace nu. 1 borehole was drilled on the
south flank of a pronounced antichne in Pennsyl-
vantan sediments. Diapiric movement has resulied
in the exposure of Windsor rocks at the surfacc in
the centre of the structure (Figs. 2, 3) and the
accumulation of the low-density evaporites has
produced a negative gravity anomaly over the inlet
at Wallace {Fig. 2).

More than 1000 fect of evaporites were encoun-
rered in the drilling, and the rocks consist of
banded halite and brecciated halite-rich mudstone.
Several portions contmined between 4 and 8 per-
cent potassium and the conclusions presented here
accrue from a petrographic examination of these
potassium-rich rocks.

The mineralogy is simple, consisting almost en-
tirely of carnallite and svivire impregnation of
halitic mudsione. There follows, therefore, a con-
sideration of the relationships among carnallite,
sylvite and halite, the principal mineral products of
the system NaCl-KCRFMgCL, -H, O.

Ganesis of Syivite and Carnaliite-Brering Rocks

The System NaCl-KCIMgCl-H, O

The essential mineral relationships in this system
were reported by D'Ans (1935), same minor ad-
justments were made by Braitsch {1962} and a con.
venunt summary in English occurs in Krauskopf
{1967} and Wardlaw (1868).

The ratio of magnesium chloride 1o potassium
chloride in sea water is shown by line 1 in Figure 4,
reprt‘sentation ol the NaCl-KCI-MgCl, -H; O system
at 20°C and saturated with NaCl, Progreqqn«e evap-
aration produces a change in brine concentration
along line 1, leading ultimarely o KC saturation,
and on further evaporation, precipitzlion of
sylvite. With the removal of KCl from the solution,
the composition of the remaining brine changes
along the KCI sacuration curve until the carnallite-
sylvite field boundary is reached. This boundary is
one of reaction, and the precipitated sylvite will, in
the presence of the MgCl,-rich solution, alter ro
carnallite.

If the sylvite is removed from contact with the
MgCl, -rich brine, it will not be altered. Continued
evaporation produces crystallization of carnallite,
the composition of the brine changing aleng the
carnallite saturation cuwve until hischofite
{MgCl, -6H, O} precipitates.
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Figure 4 (left column) includes the sequence of
salts that will result from progressive evaporation
of brine if the process procecds without destruc-
rion of any of the precipitates by reaction with
remaining brine. The right column depicts the se-
quence that results should the reaction at the
carnallite-sylvite boundury go to completion: no
sylvite is preserved, the scquence being a simple
one of halite overlain by carnallitite {(carnallite-
halite rock) overlain by bischofite.

C.A. Baar (oral comment) assures me, however,
that this reaction is a slow one and does not neces-
sarily go 1o completion. Indeed were this not a
dow reaction, there would be no primary sylvite
found, and, Borchert and Muir {1964, pp.
193-203) notwiihstanding, Bear and Kihn (1962)
have produced good cvidence {or primary deposi-
tion angd preservation of a major sylvinite (sylvite-
halite} deposit in the Rhine Graben.

In the presence of NaClsaturated brine, carnal-
lite is unstable, and it is important o consider the
results of the dissolution of a carnallite uni. Line 2
in Figure 4 represents the ratio of KCl to MgCly in
carnallite. Attacked by a brine not saturated with
KCI-MgCl, -611, O, the mineral dissolves and the
composition of the brine changes along line 2 uniil
the point of KCl saturation is reached. Thereafter,
cither further dissolution of carnallite or evapora-
tion will precipitate sylvite.

From this consideration of the phase relations
among the minerals of the NaCl-KCEMgCl, 1, O
system, it may be appreciated that the relationship
between carnallite and sylvite may be one of sev.
eral: both mincrals may be primary and coexistent,
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each may exist alone, or sylvite may form from the
secandary leaching of carlier carnallite.

Mineral Relationships and Reaclions
in the Rocks from Wallace.

In some of the thin-sections examined in this
study, hexagonal or psendohexagonal grains of ha-
lite abound, pariicularly in those rocks which con-
tain a high proportion of clay. Where the halite is
surrounded by clay, hexagonal shapes are well-
formed {Fig. 5), but the grains may be rounded or
pseudohexagonal where clay is not sbundant (Fig.
6). IHalite cubes can appear hexagonal in cross
section, but in such a case, the cleavage traces must
be parallel with the grain boundaries. This is not
the case in the rocks at Wallace {Figs. A, B) and,
therefore, these unusual grains of halite are pseudo-
morphs,

Several of the pseudomorphs contain small rem-
nants of carnallite, a mineral which can develop
hexagonal {orm and whose replacement by halite
has been described from Permian rocks m York-
shire (Stewart, 1956). The hexagonal grains are
halite pscudomorphs after carnalflite.

The exact nature of the replacement of carnal-
lite by halite may be deduced from the fact that
sylvite remnants are occasionally found within the




Figure 5A. Halite pseudrmorphs after carnallite, mcols not
croased.
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Figure 6. Roundedt or psrudohexagonal halite pseadomarphs
atter carnallite, nicols nat crossed.

hexagonal halite grains. Although carnallite 1s not
found within the sylvite grains, it may be stated
with confidence. bearing in mind the discussion of

Genasis of 3yleite- and Carnallite-Besring Rocks

Figure &8 Halite pseudomarphs afrer carnallite, nicols nat
crossed.

the phuase relations of the NaCl-KCl-MgCl;-H, 0
system, that the replacement series is:

carnaflite — sylvite —ahalite.

The replacement of carnallite by sylvite releases
a MgCl, -vich brine, and it is to be expected that
this brine would have some effect on the minerals
ol the remainder of the rock, particularly the clay
minerals, Mackenzie and Garrels (1965) and
Mackenzie et al,, (1967) have given some mdica-
tion ol the speed with which clay minerals react
with sca water, and in view of the observations of
Carroll and Starkev (1960} that Mg’ preferenually
replaces H' ions in clay minerals, it is not surprising
to find that in the clay-rich Wallace rocks, tale has
developed at those places where carnallite has been
repleced by sylvite and halite.

The tale forms rims—‘‘reaction rims -around
the halite pseudomorphs and at sylvite/clay bound-
aries (Fig. 7). The taic-lorming process has gone 5o
far that rudely hexagonal accumulations developed
where the earlicr carnallite graing were surrounded
hy clay marrix. These accumulations are replace-
ments of halite and sylvite but may properly be
called tale pscudomorphs alter carnallite, lor the
sylvite and halite are intermediate stages (Fig. 7B).
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Frmre 7A. Talc “rveactdon rwms™ around sylvite and tule
psewdomorphs after varnallive, indined nicols.

Carroll and Starkey (1960) found that 8i0, and
Fe,0; were released hy clay minerals as by-
products of the reaction with sea waler. In their
experiments, the excess Si0, way dissolved in sca
water; in the rocks From Wallace, abundant authi-
genic, beautifullv euhedral, often doubly-
rerminated quartz crystals {Fig. 8) might be the
manifestations of the excess 510, from the
production of tale. That these quariz grains are
authigenic, not transported grains is concluded
from their undamaged euhedral lorm and from the
presence within them of growth states—"‘phaniom
quartz” (Fig. $—outlined by hematite Hakes
which are similar to those characterisiic of second-
ary sylvite grains within these rocks (see below),
On the basis ol the work of Carroll and Starkey
{1960), one may speculate that the hematite Hakes
too, in addition to the talc and quartz, are prod-
ucts of the clay-MgCly brine reaction.

The hexagonal grains of halite are commonly
cuhedral toward both carnzliite and sylvite, a fact
which indicates thal development of the pseudo-
mophs preceded formation of these latrer minerals.
The relations between the later camnallite and
sylvite may be deduced from the ubiguitous occur-
rence of carnallite remnants within the sylvite (Fig.
10). Thix second replacement series

carnallite—a-svivite

Figure TB. Tale “reaction yim’ around halite, inclined nicols.

is stained red by hematile flakes (1ig. 11} and has
aifected many of the halite pseudomorphs of the
first replacement scries.

The final stage in the development of the rocks
of the Wallace no. 1 borehole was the pervasive
crystallization of halite at the expense of a large
proportion of the earlier-formed minerals except
tale, which remains as “ghost” hexagonal traces
within massive halite.

The above sequences of replacement may be
summarized: :

DRIGINAL

PRECIPITATE REPLACEMENTS
hamatite
guartz
tale

e

by-products

carnallite
in _— sy lyite —— - halite (1)
clay matrix

carnailite —w-syivite —a-halite {2)
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Figure 8, Evhedrs quartz, nicols inclined. Figure 9. “Phantom quarnz” growth stage, niccls not crossed,
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Hite, and enhedral Figure 11, Hexagorul seinutite {lukes, nicols not crossed.
loward syvivile containing carnajlite reraeant, inclined nicols.

Figure 1{. Halite pseudomorph altr carm
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Précis.

{1) Potash mineralization in evaporiies in a core
obtained from driling in a diapinie anticline near
Wallace, Nova Scoiia, consists of sylvite and carnal-
lite inn a clay maix.

(2) Phase equilibria studies show that sylvite and
carnallite can be primary precipitates and that
sylvite can form as a result of the dissolution of
carnallite,

(3) In the malerizl from the Wallace core, two
distinct sequences of replacement can be recog
nized. In both sequences, carnallite s replaced by
sylvite and the sylvite by balite, In the fivst replace-
ment series good halite pseudomorphs after carnal-
fite are present.

(4) Tale developed as a by-product of the dis-
solution of carnallite, forming by reaction of the
chay matrix and MgCl; -rich brine, §10; and Fe, O,
released during the formation ol tale appear as
euhedral quartz and hexagonal hematite flakes re-
spectively.

{5} The original sediment was probably a carnal-
fite- and halite-rich clav.
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