Significance of Laminations in the
Upper Silurian Evaporite Deposit of the Michigan Basin

ABSTRACT

Huliie exposed in the subsurface workings of the
Conadian Rock Salt Co., Windsor, Oniario, and the
International Salt Company, Detroit, Michigan,
accurs cyclicly tnterlaminated with doelomite and
anhydrite. This association has been atirtbuted (o
segsonal changes in the basinul environment aned to
the influx of normal sea waier.

Bromide dute vecorded from samples of individ-
wal lavers indicate:

(1) The bromide cantent of halite overlying the
dolomitc-anhydrite laminations falls below the the-
oreiteal mintmum of 75 ptm predicied by ihe dis-
tribution coefficient.

(2} The maximum Gromide value does not occur
at the fop of the halile luvers as expecicd under
conditions of progressive concentration, but at an
mtermediate position within cach layer. dbove this
maximum, the bromide dirmarashes,

(3) The bromide values in any given halile kiyer
decrease toward the marging of the basin.

The bromide frends supgest Lo “seasons™ of
deposition:

5

(1} A dry “season’™ characterized by hugh rates
of evaporation marked by the deposition of the
dolomite-gnhydrite lapunetion end of the lower
part of the halite laver v which the bromide trend
5 posilive.

(2) A wet “season” which resulted in the deposi-
fton of the wpper part of the halite in which the
bromide trend v negative.

The low overall bronude values recorded suggest
defiosition in a semivestnicted basin into which
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sult-salurated meleoric waler was mirodueed al
seasonally varying rates. Sofutton and redeposition
rather than primary precipitation appears to have
been the mam mechanism of marginal salt accumu-
lation,

INTRODUCTION

Studics of bromide geochemistry have con-
tributed much to owr understanding of the charac-
teristics of brines from which highly soluble salts
are precipitated. Experimental studies have shown
thut a direct relationship exists hetween  the
amount of bromide which can substitute for chlo-
ride i the halite structure and the salintty of the
solutton from which halite is dertved.

Revent data on evaporites show bromide distri-
butions which are considerably different from
those predicted by the distribution coetficient
(Holser, 1566, Wardlaw and Schwerdtner, 1966,
Wardlaw and Watson, 1966),

Dellwag (1985) has indicated that, in the Micht-
gan basin, the halite in the deeper portions of the
hasin differs in appearance from the halite which
occurs near the margins. Near shore, clear halite,
considered sccondary. predominates over hopper
habite which forms as pyramidal crystals on the
surface of the brine. Fragmented hopper crystals,
as well as halite truncaied by delomite-anhvdrite
fuminalions, are also found. These ohservations
suggest that solution may have been important in
the near shore areas ol the hasin,

The research project, therefore, was aimed at the
fellowing objectives:

11) To investigate the vertical and lateral chem
wal varlstions in individual salt laminations in an
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effort to understund the pature of the controlling
variations in the puarent brines and their evolution
through time,

{2) To investigate the importance of solution
and reprecipitation.

(3} To quantiatively relare the cycbeal ocour
rerce of dolomite and anhvdrite to the salinity
stages of the brine.

(4} To develop a model of margiral salt accumu-

lation.

LOCATION OF THE AREA

The area sclected for study i located in the
southeastern portion of the Michigan basin, Work
was conducred m two salt mines (Tig, Ih

(1) International Salt Company, located 1 De-
tredt, Michigan,

{2y Canadian Rock Salt Company, Limited, lo-
cated in Windsor, Ontario, Canada,

Both companies mune the same salt sequence—
the Upper Siurian Sahina F salt as defined by
Landes {1945). Sampling prehably was confined o
the Fu subunit.
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Figure 1. Location map ol e twn mines investigared,
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PROCEDURE

Sample colfection.

Two sets of samples were collected {ie
working faces. One set of samples, consisting ol
vertical sequence of thirteen straugraphical
equivalent units, was obtained at two localiti
one in cach mine. Another set of samples of a.
lected lamination (no, 2 ol Fig. 4} was collected
the Canadian Rock Sali mine at mtervals of abo
100D feet.

Sample preparation.

Powdered halite samples used for the determiv
tion of bromide concentrations were taken at 1
dom vertical intervals by drilling payallel 1o ¢
bedding using a rorary drill.

Samples for the analysis of insolubles (dolom
and anbhydrite} in the dark laminations were ¢
lected by drilling through the laminations perpe
dicular 7o bedding. Drilling was begun well in t
overlying halite layer and ended in the underlyi
halite layer. Since the boundaries of the dark tar
nations are indistinct, this procedure ensured ¢
collection of the total insolubles contained
them. As the drilling of each sample was done w:
the same drill bit, this morhod provides a basis |
comparison ol the amount of insolubles among
sampies. Variations within the selected faminati
may therefare he examined.

Analvtical methods,

The amount of insolubles {dolomite and ant
drite) in dark laminaiions and ihe concentralic
of hromide in halite layers were obtained in dug
cate by volumetric analyses. Averages ave reporte
Avcrages obtained from two significantly differe
analytical values are followed by a question ma

The amount of insolubles in a given sample v
dezermined by weighing the sample, analyzing
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Intgraational Solt Co.

Canadian Rock Soit Co.

Figure 2. Working Faces in imvestizated salt mines, Comelation lnes are drawn between the more obvigus ninwtions. Vertical armow
indicates the aamplad interval. Lowermeost lamieation in ingerval is lamination ne., 1.

sodium chloride content by the standard silver ni-
trate method, and subtracting the latter from the
weight of the sample. The amount of insolubles is
reported as milligrams of dolomite and anhydrite
per sampie.

Bromide was determined indivectly by its quan-
tilarive reaction as the bromate with 1odide to pre-
cipitate iodine which is titrated with sodium
thiosulfate. The analytical method has been de-
scribed by d’Ans and Hocfer (1934; English trans
lation by Schwerdtner, 1963) and by Kolthoff and
Yutzy (1937). Bromide concentrations arc re-
ported as parts per million by weight in halite.
Sudium chloride analyses were made on all samples
collected directly above or below a dolomite-
anhydrite lamination In order to correct for im-
puriiics,

THEORETICAL ASPECTS

The geochemical aspects of bromine have been
extensively discussed in the hiterawure (Valyashko,
1956, Braitsch, 1962, Holser, 1966). Therefore,
only the general aspects are reviewed in this paper.

Bromine present in sea water in the foerm of
bromide substitutes for chloride in the halite and
other balogen structures, The amount of bromine
which precipitates in solid solution is directly pro-
portional to the concentration of bromide in the
brine, and, therefore, to salinity. The relationship
is quantilative and is expressed by a disiribution
coetficient. The coefficient is constant for a given
chloride, It varics from (.14 at the beginning of
halite precipitation to 0.07 during the precipitation
of svlvite and carallite (Braitsch, 1962), The
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coefficient predicts that the lrst halite (o precipi-
tate above a dolomite-anhydrite lamination should
contain 75 ppm bromide. o

The implications of this relagonship are signifi-
cani. Sinece the coctfficicnt is less than one, the con-
centration of bromide in the brine increases
although some is removed by precipitating halite.
Furthermore, since the coetficient is constant, sub-
sequently precipitated halite must be enviched n
hromide {Fig. 3).
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Figure 3. Norma) increase of bromide in sobid cotution in halite as a
function ot salinily (modifisd after Helser, 1965).

Holser {1966} pomnts owt that a discrepancy
exists between the 73 ppm bromide predicted by
the distrihbution coelficient and the 38 ppm bro-
mide recorded in halite preciptiated from Mediver-
ranean Sca water by Bloch and Scherb (1953}
Similarly low concentrations {50 ppm) have been
recorded by Holser in Laguna de Liebre, Raja Cali-
fornia, and by Wardlaw and Schwerdiner {1966} in
Canada,

Significance of Laminations in the Uppear Siluran Evaporite

Since Mediteyrancan Sea water has the same
bromide 10 chloride ratio as other modern sea
water, the 33 ppm value appears signiticant, If
truly representative, the disiribution coefiiciens
should be reevaluated. If, on the ather hand, 75
ppm bromide is the correct value, then 1t is
possible that conditions and rates of crystalbizaion
alfect the amount of bromide which precipitates
with halite. Since a critical evaluation is not possi-
bie, the discussion of results will be based on the
75 ppm predicted by the disibution coefficient,
Whichever vahie is correct, it does nor alter the
process of progressive corichment of bromide in
the solid phase.

ANALYTICAL RESULTS

General bromide vatues.

Analyses of the collected sumples mdicates that
the bromide concentrations in the first halile above
a dolomite-anhydrite laminalion are anomalous as
they differ from the predicted concentration of 753
ppm bromide by weight (Fig. 4). Samples collected
at the International S8alt mine and the Canadian
Rock Salt mine yielded bromide values ranging
from 38 ppmt to 5Y ppm and 35 ppm 1o 35 ppm
respectively,

Bromide profiles,

Not only deocs (he iniial bromide content fall
short of 75 ppm, but the bromide trend does not
exhibit a progressive Iincrease, as would be ex-
pecled under conditions of increasing salinities. In
both mines, the muaximum bromide value ocours
well below the rop of the each halite layer exam-
ined. The general trend is one of bromide concen-
tration above a dolomite-anhydrite lamination
increasing toward a muximum at an intermediate
position within the salt layer followed by a de-
crease toward the overlying dolomite-anhvdrite
lamination (Fig. 4}

The detailed studies of Wardlaw and Schwerdr-
ner {1966) and of Wardlaw and Watson {1966} of
the Devontan Prairie Evaporite of Saskatchewan
and Alherta abso reveuled low hromide valies and
bromide profiles comparable to those of the
present investigation,

Two additional observations can be made on the
hasis of Figure 4:

{1} In the two vertical sections analyzed, the
halite shows no cvidenice of any progressive enrich-
ment or depletion of bromide.

{2) The bromide concentration in stratigraph-
ically equivalent unils (Fig. 4: Units 1, 2, 3,4, 7,
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Figure 4. Thetailed bromide profiles for halite lavers. Hordzontal lines
represent  dolomite-anhydnte laminations. Cosrelation lines have
heen drawn between the more obvious lsminations,

is lower in the Canadian Rock Salt mine than in
the International Salt mine. Since the former i«
closer 1o the basin margin (Fig. 1), the differcnces
in concentrations agree with Holser’s {14966) obser-
vation that bromide values in any halite bed de-
crease toward the edge of the basin.

Insafubles vs. bromide,

The relationship between the inscluble content
{dolomite and anhydrite) of dark laminations and
the bromide concentrations of halite directly be-
neath them was investigated vertically in both
mines (Figs. 5, 6) and laterally in the Canadian
Rock Salt mine (Fig. 7). The relationship is inverse,

SIGNIFICANCE OF THE DATA

The low bromide values recorded possibly are
attributable to a lower bromide to chioride ratio of
the Late Silurian sea water than that of modern sea
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Figure 5. Relationship between the iusoluble conwent of dark jamib
nations and the bromide concentration of ithe underlying halive
tayers, Comrelation ines have been drawn between the mare obvious
faminations,

water, it is also possible that the coefficient of
distribution is incorrect. If, on the other hand, the
bromide to chloride ratic has always been essen-
tially the same as that of present day sca water, the
existence of a special mechanism responsible for
bromide deficiency is implied.

The considerable departure of the recorded bro-
mide values from those predicted by the distribu-
tion coefficient cerlainly appears to support the
first powsibility. However, since the coefficient is
fess than one, and constant for halite, the process
of bromide enrichment in the solid phase remains
unaltered, A lower bromide to chloride ratio m the
parent brine would simply shift all the values
down, [t could not, however, result in an inverse
bromide trend.

If the distribution coeflicient is, indeed, mncor
rect, this would either raise or lower the bromide
values n halite. Bloch and Scherb’s data suggest
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Figure 6. Relationship between the insoluble content of dark lama-
nations and the bromide concentration of the underlving hakiie
layers,

the latter. In this case, the effect would be the
same as a lower bromide to chlorvide ratio in the
brine. Although this alternative does account for
the low bromide values, it fails to explain the trend
reversal.

The inverse bromide trend present in the upper
pzrts of the halite laminations suggests the follow-
ing possibilities:

{1) Cyclical changes in the bromide to chloride
ratio of the inflowing sea water.

{2} The existence of a semi-restricted basin into
which normal sea water was itroduced at season-
ally varying rates.

{8) The existence of a semi-restricted basin into
which salt-saturated meteoric water was introduced
at seasonally changing rates.

If changes in bromide trends are attributable Lo
the first possibility, the composition of sea water
must have fluctuated during the precipitation of
each salt layer. Considering the infinite volume of
sea water involved and its self-buffering capacity, a
change in the bromide (o chloride ratio within the
time represented by a salt fayer seems unlikely.
Even more fortuitous would be the repetition of
this alternation from layer to layer. A more reason-
able postulation in accord with Rubey {1953} is
that the composition of sea water bus remained
constant throughout geologic time.

A model of a semi-restricted basin recciving sea-
sonally variable amounts of normal sea water has
been proposed lor the Devonian Prairte Evaporile
of Canada by Wardlaw and Schwerdtner {1966).
The rise in bromide above a dolomite-anhydrite
lamination is explained by a period of high evapo-

Significance of Larminations ine the Upper Silurian Evaporite

—iQ— insobulie coment . mas.fsample
w58 = Rravide ~ ppm 0 HaCl
=) Sampiw lecohon l\ s

Figare 7. Canadian Rock Salt Company mine—Lateral variation
of the insoluble content of doflomitc-anhydriie lanination no, 2
{see Fig. 2} and of the bromirte concentration of the underlving
halite layer,

ration during which normal sea water is preconcen-
trated in a forebasin before entering the evaporitic
basin. The inverse bromide trend is cxplained by a
decrease i the rate of cvaporation resubting in a
greater inflow of normal sea water. However, in the
Michigan bagin, the low bromide values, the de-
crease of bromide concentration and the increase
of the amount of insolubles toward the shore of
the basin, are difficalt o reconcile with such a
mechanism,

On the other hand, low bromide concentrations
mav be obtained if salt-saturated meteroric water is
introduced into the basin at seasonally changing
rates. This mechanism appears to be the only satis-
factory one since it allows for an absence of hro-
mide in the extreme case and at the same fime
provides an explanation for the averse bromide
trend. It s proposed therefore to examine the last
model in greater derail,

MECHANISM OF HALITE DEPOSITION

Dry phase.

Daia obtzined from the lower portinns of the
halite fayers are compatible with the established
observation that as halite precipitates its bromide
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content inwereases, Thercfore, the inilial positive
hromide trend of each halite lamination may be
atlributed to a progressive imcrease i salinity
brought about by high rates of evaporation during
a period of dryness.

if upphied to the Michigan basin, Scruton’s
model of [low patterns over a sill offers a move
adequate cxplanation for the observed rise in hro-
mide than preconceniration in a forebasin as pro-
posed by Wardlaw and Schwerdtner (1866). A high
rate of evaporation over the basin produces higher
salinities away from the source of normal sea
waier. This c¢reates a slope in the surface waters
which causes a basinward fow of normal sea water
due 1o hydrostatic pressure, This pressure differ-
ence is balanced by a flow of concentrated brine
toward the sill. Mixing of cutflowing basinal brine
and of inflowing sea water over a sill modifies the
character of cach of these waters and leads to an
increase in salinity of the inflowing sea water, The
increase in salinity will promote higher rares of
halite precipitation and result in a bromide increase
more rapid than thar derived from normal sea
water precipitation. As this mechanism must lead
to values higher than 75 ppm, the low bromide
concentrations recorded remain to be explamed.

Because higher salinities develop carlier at the
distal end of the basin than near the inlet region,
halite precipitation will begin there. Figure 8 iHus-
trates the behavior of the brine near the margin of
the basin during the dry phase. When the brine
bevel decreases te T, an amount of halite i, is
precipitaied. The coetficient ol disiribution pre-
dicts that halite H, should contain 75 ppm bro-
mide by weight, As evaporation continues, the
hrine level drops to T, leading to the deposition of
halite layer H;. Since this halite is precipitated
from a more concentrated brine, it follaws thar its
bromide content should he greater than 75 ppm.
As the hrine level continues to decrease, halite with
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a progressively higher bromide content will be de-
posited. With ecach lowering of the brine level,
halite precipitated during the previous interval of
evaporation becomes exposed. The areal extent of
halitc cxposed on the shores is determined by the
length of the dry scason and by the rates of evapo-
ration.

Wet phase.

During the wel phase, solution by metcoric
water of halite exposed during the previous interval
or present in shallow near-shore waters will create a
brine markedly deficient in bromide. The bromide
to chloride ratio of such a meteoric brine s ap-
proximately 1:5000 as compared to 1:280 {or nor-
mal sea water {Holser, 1966}, When washed back
into the basin, mixing ol the meteoric brine with
the basinal brine must result in a net lowering of
the overall bromide to chloride ratio. If we assume
that meteoric water dissolves halite to the point of
saturation, halite precipitation is not mterrupted
although rates of precipitarion due to lower evapo-
ration are likely Lo be reduced.

The distribution coefficient requires that halite
precipitated from such 2 mixed brine must have a
low bromide content. As more halite is dissolved
and more meteoric brine is introduced into the
basin, subsequent halite precipitation must result
in an inverse bromide tend as recorded in the
upper part of the salt lavers. As the supply of
halite 1s not inexhaustible, this process may eveniu-
ally lead to undersafuration of the meteoric brine,
Halite precipitation may be interrupted and some
solution of halite may take place in the basin.
When sufficienr dilution has cccurred, normal sea
water containing low solubility carbonate and sul-
fatc salis may be introduced into the area.

The bromide trend recorded in the upper part of
halite layers can therefore be attribated to an inter-
action between the basinal and meoteoric brines. A

Ocean

Figure 8. fdealized marginai conditions of deposition associafed with the progressive lowering of the brige Jovel during the dry *scason.™
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negative bromide trend rellects a supply of mete
oric brine sufficient to create a bromide deliciency,
A positive trend {units 3A, 6, 7) represents a very
low supplv of metvoric brine. An invariable wend
(unit 8) suggests a balunce beiween the two brines.

If a brire created by meteoric water mixes with
a hasinal brine, the degrec of dilufion and, there-
lore, the degree of browide deliciency should he
greater in the ncar-shore halite than in the halite
deposited elsewhere in the basin. The bromide data
recorded in the two mincs investigated indicates
such a relationship. Bromide vaiues in swratigraph-
ically equivalent laminations ure consistently lower
i the Canadian Rock Salt mine than in the Inter-
national Salt mine (Fig. 4). Paleogeographic studies
(Alling and Briggs. 1961) indicate that the Cana-
dian Rock Salt mince is, indeed, the move marginal
of the two.

OCCURRENCE OF
DOL.OMITE AND ANHYDRITE

If solution was a major mechanism in the forma-
tion of the near-shore evaporites of the Michigan
basin, it musi also permit the formation of the low
sofubility dolomite and anhydrite salis which are
cyclicly interbedded with halite.

As the bromide content of halite directly under-
fying the dolomite-anhydrite laminations rellects
the last stage of salinity of the brine during the wet
phase, one would reasonably assume that this value
represents a salinlty of 353 parts per thousand, the
transition salinity {rom anbydrite to halite. How
ever, since the recorded bromide values depart so
much from those predicted by the distriburion co-
efficient, they are maccurate mdicators of salinity.
The bromide values, however, may be uselul in de-
tecting the relarive dilution of the basinal brine.
The rate of bromide decrcase in the upper part of
the halite layers may be used as a qualitative indi-
cation of the degrec of dilution, Where the bro-
mide valve near the top of 4 halite laver is
relatively low, dilution was probably high, suggest-
ing that normal sea water had intermixed with
basin brine. This would also explam increased
guanities of dolomite and anhydrite in the low
bromide bhalite. Conversely, where the bromide
value is high, less diludon s unplied, resulting in
the precipiiation of smaller quantities of dolomite
and anbydrize. Such an inverse relationship be-
tween the insoluble content {dolomite and anhy-
dvite) of durk laminations and the bromide
conceniration of the underlying halite i, indeed,
present (Figs. 5, 6). Furthermore, data compiled

Sigrificance af Laminations in the Uppar Silurian Evaporite

from a selocted dolomite-anhvdrite lamination
readily identifiable in the Canadian Rock Salt mine
and from the halite present directly henearh the
lamination indicaies a generally inverse correlation
(Fig. 7} throughuout the ares of exposure.

‘this appears to {it the cuvironmental conditions
which muy have existed in the basin. It would be
unreasonabie 1o expect 2 uniform density through-
out the brine body, Differences in saliniry could
develop as a result of dilferentizl dilutien by
merteoric water. This would lead to a dynamic dif-
ferentiation brought about by differences in densi-
ties. Therefore, there would he a greater tendency
for the more dilure inflivwing sea water to move
into areas of lower densities resulting m the accu-
mulation of greater quangties of carbonates and
sutfates. However, the increase in dolomire and
anthydrite towards the margin of the basin {Dell-
wig, 1953} requires an explanation.

Paleogeographic studies by Briggs (1958) and by
Alling and Briggs {1961) suggest that sea water was
fed through two major inlets inte the Michigan
basin: one on the south margin and the other on
the nertheast margin of the basin.

In such a morphological settmg the area investy-
gated s situated at o considerable distance from
these inlets. Normal sea water fed through these
inlets probably would have lost the carbonate and
the sulfate fraction by precipitation hefore the area
under investigation was reached. Although inflow-
ing sea water, being of lower density, could flow
aver the denser basinal brine, convectional mixing
i the basin and over the sill would certainly lead
o the precipitation ol all the carbonates and most
of the sulfates,

An aliernate source for the low solubtlity salts
has been recently suggested by Briggs (1967)
through 2 model study of the Michigan basin using
computer methods. Kesults of his research indicate
that the two major inlets were supplemented by
numercus inlets present in the reel girdle which
restricted the basin. Such inlets would cerrainiv be
plausible areas for carbonate and sulfate deposi-
tion,

The morpholegical relationship bewween the
basin, reef girdle, and the open sta may well be
paralicled in the Great Bahama Bank off the coast
of Florida, Ocean water flowing over the Great
Bank becomes progressively more saline. In such a
morphological setiing, evaporation rates over rhe
reel fringe surrounding the Michigan basin may
have been high ennugh to remove the carbonate
and sulfate fraction from the sea water. The effec
tiveness of removal would be determined by the
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intensity of cvaporation, the depth of water over
the reet and the width of the reef complex. Car-
bonates and sulfates could be introduced into the
basin when evaporation rates were lower and suffi-
cient dilution tock place,

DEFINITION OF THE EVAPORITIC CYCLE

The cyclical association of dolomite, anhydrire,
and halite in evaporitic sequences has been often
interpreted to represent seasonal deposition com-
parable to varves. Whereas a varve represents a
finite time interval {a year), single laminations in
evaporite deposits have remained generally un-
agsigned to specific units of time, Richter-Bernburg
(£950) has suggested, however, that a sequence
composed of dolomite, anhvdrite, and halite repre-
sents annual deposition and time esiimates of evap-
oritic deposition have heen based upon this
assump Lion.
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Regardless of the specific amount of time indi
cated by such a sequence, a dolomire-anhydrite
and halite layered-pair is generally believed to indi-
cate a duality of seasons. Since dolomite and anhy-
drite are low solubility salis, thev have been
associaled with a wet season when sufficient dilu-
tion permitted their introduction into the basin.
The following dry season led to the deposition of
the high solubility salt- halite.

The bromide profiles and petrographic data sug-
gest that the evaporitic cycle should be defined in
the {ollowing manner (Fig. 9):

(1)} Dry season: dolomite-unhydrite lamination
and halite unit up to the bromide inflexion point,

(2} Wet season: halite unit from the inflexion
point to the overlving dolomite.anhydrite lami-
nation.

At the peak of the wet season, as the supply of
exposcd halite is exhausted, introduction of

i
CENTRAL AREA INTERMEDIATE SHELF | HARGINAL AREA
Wﬁw‘—*m-L—-v'- e t
{ualom, sAghyd.,

\ Mixing of baainal brine Halite precipitated
with meteoric brine resul-igduring the dry phase is
ting in a net bromide defijdissolved by rain and
ciency, Halite precipita- |inflowing ses water
tion continues, but as mo-~{creating 2 new brine
re meteporic brine is introfhighly deficient in

® WET duced, the bromide concen-|bromide.
~ tration is progressively
w reduved resuliting in an
< . .
o inverse bromide trend.
FHASE sufficient dilution allows
el low solubility salts to
4% reach the area and may
= \ cause golvtion of some
halite.
DRY Progressive evaporstion, Progressive evaporation.
Brine is concentcated, Brine is concentrated.
Precipitation of dolomite {Precipitation cf dolomite
PHASE and anhydrite. Sromide in [and auhydrite. Bromide in
: halite increases. halite incresses
nelom sanhyd . i .

Figure 9 Environments of halite deposition in peripherat arcas of the Michigan busin.
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meteoric water may have caused sulficient dilution
of the basinal brine to redissolve the upper portion
of the halite laver. Hopper cryvsials truncated by
dolomite- ann} drite laminae (Dellwig, 1955) and
chevron grains zruncated by clay layers {w ardlaw
and Schwerdmer, 1968) suggest a diastem (7} be-
tween some halite layers and the respective over-
lving dolomite-anhydrite laminations.

The precipitation of the carbonate and suifate
(ractions iniroduced at the end of the wet season,
marks the beginning of a dry season, Ialite precipi-
tation follows and is characterized by a progressive
bromide enrichment.

SUMMARY AND CONCLUSIONS

Analyucal data recorded in portions of the Up-
per Silurian Salina F sall indicate:

{1) The bromide cuntent of halite overiying the
dolomite-anhydrite laminations falls below the 75
ppra bromide predicted by the distribution coeffi-
cient.

(2} The maximum bromide value does not ocour
at the top of the halite layers as expected under
conditions of progressive concentration, but at an
micrmediate position within the laver. Above this
maximum the bromide values decrease progres-
sively.

{8} The bromide values nearer to the margins of
ihe basin ave lower in any given halite layer.

{4) The dolomite-anhydrite content of dark lam-
inaiions i inversely proportional to the bromide
concentration of the halite underlying them.

Thc bromide tends saggest that the “sca-
sons” were present during the deposmon of the
evaporitic cycles. The dry “seasen’ characterized
by high rates of evaporation led to the deposition
of the dolomite-anhydrite lamination and of the
jower portion of the halite layer where the hro-
mide trend is positive. The wel “season’” resulted
n dilution of the brine and led ta the deposition of
the upper part of the halite i.ayer The mechanism
ciusing dilution appears to have been meteoric
water which dissolved halite exposed during the
dry “season’™ and recvcled it into the basin.

Dolomite and anhydrite and the associated in-
verse hromide trend sugges: the presence, as postu-
lated by Briggs (1967), ol additonzl peripheral
inlets through which normal sea water could be
introduced in quantities proportiomal to the stage
of dilution of the basinal brine.

Significance of Laminations in the Upger Silurian Evaparite
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