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ABSTRACT

Mrcrothermometric studies have becnt carpied out un fheid inche-
Stors it halize and in enhedral quartz from salt domes in the dome
area of N, Jutland, which /s @ part of the Norwegivn-Danish
Basin. The invesiigated yalt i of Zechsiein age.

Luchedral quartz crysieds have been extracted from selecred core
material from wells in different domes ar various depths from 200
m ta 3485 m. The homogenization temperature and the melting
remperiure of the ice and the diferent hvdrates have been
measitred on flidd inclusivas in the quartz crysreds. The salinity
and the Ca Mg ratio have been determined from the various
phase diagrams of the sysienr CaCly—MgCly—NoCl—H A2 Sa-

linfry: 30-) welght % brine, Cua: Mg ratio; 3.0-1:4. In u fow
cuses borh the trapping and rhe homogenization temperature
were meusured and the prevailing pressuves during the crystafii-
zation of the guarts haove been colcutaied. The muxintion Pand T
velues puy: indicate thermol convection i the salt piflow, causing
inrtiation of ihe diapiric penetroiiong phase. A purallel siudy of
fluid inclysions i the corvesprnding halite hus showa that vhe
pivsical and chemical canditions of habite in connection with the
brine give rise 10 Giaccurate temperat ure PIedsurernents and foo
dow saliniry determination,

INYRODUCTION

Several workers have studied fleid inclusions m bedded
salt, e.g., Preyer et al, (1949); Roedder (1963}, Powers et
ai., ed., (F978); Roedder and Helkin, (1979a), To the best
of the auwthor's knowledge only Roedder and Belkin,
(1979b}, have performed a study of dome salt. It is obvious
from these studies that P-T-X results from such studies are
ambignous. For this reason the present study is focused on
the fluid inclustons cceurring in the small eahedral quartz
crystals found in the rock salt, 'Fhe P-1-X data obtained
from these crystals are compared with data fram the fluid
inclesions in the halite and the genesis of the rock sak and
the guariz crystals will be discussed.

GEOLOGICAL SETTING

It the Norwegian-Danish Basin (Figure 1) evaporites
were precipitated during Zechstem fime in three main
cycles, which are believed fo correspond to the North
German Zechstein 1, 2 and 3 cyeles {Richéer-Bernburg,
1960).

The stratigraphy of the Danish Zechsiein evaporites is
given in Table | and Figure 6. AH the thicknesses men-
tioned are approximate because they originate from wells
i strongly deformed sequences within domes. From geo-

i STRUCTURAL CLEMENTS OF LENMARN
] PRE UPPER PERMI&H

kAL T dpzenk 1
. ew e gbags SR

EARTUT

[P Re,

Figare 1. Map of the halokinesis area in Northern Jutland,
Denmark. After Michelsen et al. {1981).

247




248

TABLE 1
The Stratigraphy of the Danish Zechstein

Depth
Cycle Symbol m Lithalogy
Z3 Na3 W0— rocksalr, red to brownish Lo
200 greyish, coarse crystalline, with
disseminated anhvdrite and two
thin rones of petassivm and one
thin bed of anhydrite
“saftclay’,  consolidated  sand-
stone, sitstope, claystone, red and
green coinors, with rocksalt.

“deckrocksali”, yellowish red two
orange red. kieseritic, pofassic
with clay and anhydrite.

hurdsalt, Kieserite, halite carbal-
lite, sylvite and clay. {Veggerby
K-zore corresponding with Kabiflsz
Stassfut)

rocksali, reddish to brownish red,
potassic and kieseritic.

Na2 308 rockselt, light to medium grey, vee,
colpuriess, coarse crystafline with
disserninated  small  crystals  of
anhydrite,

andtydrite-dolomite,  alternating
tuyers of anhydrite, dolomite and
o limestone, medium-grey.

Z1 Al t  ankvdrite, brownish, compact,
Nul 500 rocksalr. bght to medium grey. oce,
colourless, course crystalline with
tisseminated  small  crysials  of
anhydrite,

T3 60

72 Nalr t5

K2 10

Na2{K) 20

Cal g

physical cvidence it is believed that the diapirism (the
pillow phase} was initiated in Late Triassic. The penetra-
tion phase is regarded to be of Middie Jurassic-Early
Cretaceous age and the postdiapiric phase commenced in
Late Cretaccous (Richter-Bernburg, 1981). Figure 1 ex-
hibits the dome arca in N. Jutland and the insert map
shows the sites and the names of the domes with the names
of the wells mentioned in this paper.

METHODS AND MATERIALS

In the fiuid inclusion study an Olympus petrographic
microscope BHA with 10X, 20X, and 40X LWD objec-
tives was used in conncction with a CHAIXMECA micro-
thermometyy apparatus, 1980 model. The heating-frecz-
ing stage is controlled by an electronic manual/automatic
controller and temperature read-out.

The rocksalt test samples were prepared from cleavage
pieces of large colourless halite crystals from selected
cores of the Mors El well. The pleces were double pol-
ished and had the dimensions of approximately, 1 %X 4
X 4 mm.

‘The quartz crvstals and other water insoluble minerals
were separated from 500 g of core material by dissolving
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the salt in hot water. This residue, containing more than
99% anhydrite, was then separaied by heavy liquids and
the quartz crystals were eventually separaied manually.
The quartz crystals were counted and measured and
their crystal type was established, The normal procedure
of freezing followed by heating was performed upon the
fluid inclusions in the quartz crystals. This procedure i
unsuitable in halite because the inclusions leak during
the freezing peried; therefore, the reverse procedure was
used.

The salinity and the Ca:Mg ratio of the inclusion
fluids were estimated by combining the phase diagrams
CaCly—MgCly~H,0 and NaCl-CaCly—H,0 (Janat'eva,
1946} and NaCi—MgCl,—H,;0 and the three diagrams
(CaCl; + MpCh}--NaCl—H,0, Ca:Mg ratio 3:1, L:1,
1:3 (Figure 2) {Luznaja & Verescetina, 19463,

FLUID INCLUSIONS IN HALITE

The Inclusions

The fiuid inclusions used are helieved tc be primary,
because they are either isclated or form short trains of a
few small inclusions (Roedder, 1976, 1979). The great ma-
jority of the inclusions are negative cubes with a length of
the edyes averaging 10-12 pm. Small cubes are abondant,
but cubes with edge lengths more than 5 pm are rare.
Normally even the smallest inclusions contain one or more
crystals of anhydrite, which is not a daughter mineral or a
pseudomorph after gvpsum. Irregular large inclusions ure
always found in connection with clusters or tight rows of
anhydrite crystals,

After freezing many of the inclusions have developed
plane joints paralled to the walls of the inclusions which
are artifacts, These are cansed by the formaiion of ice and
the different hydrares. The joints are fillad with very small
fluid inclusions during the heating period, presumably by
diffusion (Gerlach and Hefler, 1966}, or the liquid is
forced out in the joints when heated above the homegeni-
zation temperzture.

Theemometry

Interestingly, several of the smaller inclusions have not
nucleated a gas phase at room temperature because of an
apparent metastability, “stretched™ fluid (Roedder,
1963). But a shight cooling to ~15°C 10 20°C invalidates
this apparent metastability and a gas phase is formed. The
solubility of NaCl in CaCl,-MgCly solution increases with
rising temperature (Stewart and Poiter, 1979; Jenks,
1979). Because of this it becomes important that the inclu-
sion has sufficient time to dissoive NaCl from the walls
during the heating period and is close to the homogeniza-
tion temperature T;.

If the inclusion homogenizes n the fluid phase, Le., the

enclosed gas bubble disappears and the inclusion is heated
beyund Ty, the pressure in the inclusion increases with
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Pigure 2. Phase diagrams in the gysterm NaCi—{CaCl, + MgCh)—H-0, the Ca: Mg ratio 3:1, 111, 113,

about 11 bars per °C above T, valid for a 30 weight % NaCl
solution (Potter, 1977). The inclusion expands, il it
doesn’t decrepitate, resuiting in a higher T),. This indicates
that an “annealing” of the inclusion has eccurred (Roed-
der & Belkin, 1979b). As far as possible the lowermost ho-
mogenization temperatures shounfd be measured first. The
homogenization temperatures have been measured in the
following two intervals:

2B.5°C-124.8°C. n = 68 mean T, == 72.6°C £ 5,9°C
£89.8°C-223.2°C, n = 23, mean T, = 203.2°C + 2.5°C,

Some few inclusions showed a T}, above J00°C, obviously
due to stretching.

Cryometry

in order to measure the freezing-point depression, and
hence determine the chemistry of the flulds, the inclusions
were enoled down to —W°C to 110°C. By a slow rise of the
temperature the majority of the inclusions nucleated ice

and, later on, hydrate. The formation of ice was often
spontaneous, sometimes from a single nuclens.

The melting point of the ice—T,, ice—was measured.
This temperature cannot be verified by lowering the tem-
perature to the point of recurring icc formation, because a
part of the liberated Hquid instantaneously reacts with the
walls, forming NaCl hydrate. The new T, ice will then be
fower than the first onc, giving a falsely lowered freezing-
point depression. Because af least three different hydrates
are present, of which Na(l.2H,0 eptically dominates by
furrowing the inclusion walls, it is impossible as a ruie to
measute the melting points of the other hydrates such as
MeCly 12H,0 and especially of CaCh-6H0. in a few
cases the melting point of MgCh-12H.O could be
measured, beeause a comparatively [arge amonnt of liquid
siddenly s refeased.,

The melting point of the ice— T, ice—is measured in
the imterval —51°C-25°C, n = 73, mean temperature
—37.6°C % 1.8°C. In the cases shown in Table 2, T,,,, ice
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and the melting point of MgCly-12H,0 in advance of the
NaCl-2H,0 destroying the walls could be measured:

TABLE 2
Salinity and Ca: Mg Ratio

Sakinity Ca: Mg
Iﬂﬂ_’ ice T hyd. min. appr.
~40,6°C —34.6°C 30 wi% 1:4
- 506 ~33.6 32 2:1
—38.5 —28.9 29 1:3
— 4t} - 36.4 32 11
~ 4260 - 338 a2 1:1
—32.7 —29.8 29 1:3
~44.5 ~34.5 33 2.5:1

The salinity and the Ca: Mg ratios are determined from
the reference phase diagrams (Figure 2). The melting
peint of CaCly- 6H-O was not measured, hence the true
salinity is presumed to be 5-10 wi% higher than the above
natedt, The NaCl content is less than 2 we% at 20°C.

DISCUSSION

Because of the problems menlioned, above, lhe resulis
of the thermomeiry and the eryometry are of only fair
vahidity. They can only indicate the conditions m sifn.

Thermometry

I order e find the trapping temperature T, of the incle-
sions the homogenization temperatures Ty have to be cor-
rected for the prevailing pressure in the salt domes. For Ty,
fess than S0-60°C, the pressure correction is negligible.
An cstimaie of ihe pressure prevailing during the forma-
tion of inclusions with T, higher than 60°C &s impossible,
because they may have formed atr any stage between the
bedded salt phase and the post-diapiric phase or even
later.

The homngenization tfemperatures that were measured
might only represent an approach fo equilibrinm volume
relations at the pressure and the temperature of the sam-
ple site (Roedder and Belkin, 1979b). In spite of the unac-
ceptably high T, values it should be noted that they are
comparable to the highest values ocbtained on inclusions in
the quartz crystals,

Cryometry

The ameunt of supercooling shows that the fluids are
very clean and free from submicroscopic freezing nuclei.
This may indicate that clay material mav have settled in
advance of the halite crystallization, The flnids in the in-
chisions may represent seawater. trapped within the
original salt, which has coalesecd during flowage (Roed-
der and Belkin 1979b}. In the present work the cryometric
results exclude the possibility of any source other than
scawater, which is highly concentrated in the halite facies.

Sixth intecnaiional Symposium on Salf, 1883~~VYal, }

FLUID INCLUSIHONS IN QUARTZ CRYSTAILS
The Quariz Crystals

Euhedral quartz crystals in saline sediments may have
stratigraphiical significance in local areas (Shettler, 1972),
Since the formation of the crystals depends oo many fac-
tors within saline environments and because the crystals
are very sensitive to fazcles changes, they may be nseful as
facies indicators (Nachsel, 1966},

The stratigraphical significance is based on the number
of erystals (in 300 g of cuttings or core material), their col-
our, the axis ratto o1 4, the crystal habit and the enclosures
in the crystals (Shettler, 1972}, Tarr {1929) has set up &
growth series from the psewdocubic positive rhombo-
hedron r to the doubly terminated long prismatic form r -+
z -+ m. This growth series has been named type I-VI by
Grimm {1962) (Figure 3), and be suggests an authigenic
postsedimentary or early diagenetic formation of the crys-
tals. Nachsei (1966) points out that a synsedimentary
otigin must be very rare and a sitica transport during the
salt-metamorphosis scems impossible, thus he interpreted
the crystallization ta have taken place during the
diagenesis.

The quartz crystals contain a considerable nomber of
anhvdrite inclusions, which as a rule are prismatic
automorphic microcrystals. This poikilitic structure in-
dicates that the formation of the quartz crystals began in
the very moment of incipient anhydrite precipitation
{Demangeor;, 1966). Demangeon also finds that anhydrite

precipitation begins when the volume of the seawater is

reduced to 1:22,
The present investigation i$ based mainly on the Batura

1.4 well, which was drilled in 1551 with continuous coring -

from the salt mireor at a depth of 200 m o a total depth of
762 m {Figure 4}. The core recovery in the uppetimost, ap-
proximately 126G m of the salt, was zero. As the salt in the

Figure 3. The quartz crystal growth series. After Grimm
{1962).

TR A e

b b P e

P gt e w5 e



Fleid inciusions in Haiite and Euhedral Quartz

Depth wip Batum 1 A
m o cipE
4 Glacial drift
3
Gray chali | Egrty Crélaceous )
182
Coprack
106 "
L5
Ma 1l Grey sait
BO*
557 1, L At Ashydrite
583 } Caz Anhydrite, dalam:te, limestone
i
H Y KNa 2. Grey sait
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Figure 4. The Batum 14 well, The Z1 and Z2 layers are m-
verted.

well is referred to the Nal and Na2 salt units, cores from
the Mors and the Tostrup domes were selected in such a
way that the entire stratipraphic column was vepresented.

The exiracted quarts crystals from the Batum 1A well
are alt perfect euhedral crystals with sharp edges and
smooth crystal faces with practically no lineage or mosaic
stryctures: The habit are of type HI-VI {Figure 3}. Gener-
ally the r faces are larger than the z faces and on type HI
crystals one or two m faces may be developed, Somge of the
crystils are slightly distorted. Intergrown (win crysials
with paraliel c-axes and with four or three pyramids are
common. In this study crystals of type T and 1 have not
been found.

The erystals are colourless and transparent but a few are
light yellow to light red with yeliow tint though stil
transparent. The length of the crystals ranges from less
than 63 pm to 1.4-1.6 mm regardless of the crystal type
and the width corresponds with the ¢:a ratic noted on
Figure 3.

251

The number of the crystals per 300 g core material
ranges from very few up to some few hundreds with an av-
erage number of S0-6( None of the morphologic types are
dominant, though type VI is slightly more abundant than
the other types. In relatively few crystals the solid en-
closires are poikilitic distributed minute anhydrite crys-
tals. This occurrence is regardiess the erysial type. in the
mafjorily of the crystals the number of anhydrite crystals is
moderate to scarce, The ankiydrite crystals are farger than
the above mentioned poikilitic anhydrite and they are het-
ter crystallographically developed. The quartz crystals
generally contain one or more nuclear clastic graing of
quartz, which are small and well rounded. Arcund rhese
grains a very thin film of brine is found. The film becomes
visible when frozen and it splits up into vevmicular branch-
my inclustons of fluid and gas at room remperatore, The
characteristics mentioned are valid for quartz in both the
Nal and the Na2 salt.

The Fluld Inclusions

Twao types of inclusions are found: isolated regular ones
{ncgative crystals) and families of very thin frregular inche-
sions sitrated on an m, r or z crystatlographic interface
(Figure 5). The imregular inclusions are by far the most
comman. All the inclusions studied are primary (Roedder,
1976, 1979}. Secondary inclusions are extremely rare.

The mclusions usually contain a fluid phase and a gas
phase. Also in very few inclusions one or two daughter
minerals are present (Figure 3}, The dauvghter minerals
are halite and rarely svivite.

Quartz, Crysials from Other Siratigraphic Levels

The NaXK) sall has been sampled from the Movs Ef
well at a drilled depth of 2713 m. The salt, which iz

B113 6

Figure 5. {rregular thin fluid inclisions containing Hyguid, gas
and a thin “cube" of hatite in some of the inclusions. The incla-
sion family ks situated on an m inierface appr. 100 um below the
crystal face,
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potassic and sirongly kieseritic (hardsalt), is devoid of
¢uartz crystals.

The potassium: zone K2 and the “deckrocksalt” NaZr
were studied in the Mors El well from drilled depths of
2800 m and 2883 m. The quartz ¢crystals in this zone are all
long prismatic (type V1) crystals. The crystal faces are
practically all developed with a tight mosaic wructure,
which rarely allows any microthermomeirical measure-
ments. The number of crystals is very large compared to
other Yithostratigraphical unifs. The sak clay T3 of the
Taostrup 4 weli from a depth of 523 m is correlated with the
clay at 2802 m in the EY well. The correlation is based upon
the content and type of quartz crystals, the large number
of well developed small pyrite octahedrons and of perfectly
developed small brownish rhombohedrons of a carbonate
mineral, The guartz crystals are identical with the above
menticned, with exception of a red-coloured patchy coat-
ing on several of the crystals.

The Nad salt, taken from the Tostrup 4 well at & depth of
1012 m is very deficient in quartz crystals, and these few
are of the same types as found in the Nal and Na2 sali.
These crystals have not been studied.

Cyrometry on Quartz Inclustons

None of the inclusions in guartz crystals ferm K2, NaZr
and T3 nuocleated ice or hydrate during the freezing pro-
cedure, though the termperature was held below —125°C
for long pericds. Many of the inclusions in the crystals
from Nal and Nal acred in the same manner, especially
the smatler ones. But some of the larger inclusions with g
tength of more than 10 pm nudleated either hydrate alone
ot ice plus hydrate during the freezing period.

Using the phase diagrams (Figure 2) combined with the
other diagrams of Janat'eve (1946} and Luznaja and
Verescetina (1946) the salinity and the Ca:Mg ratio is
determined, As it is known that the brine under il condi-
tions mug be saturated with respect to NaCl, the melting
point of MgCl,-12H,0 on the freezing point depression
curve of the phase diagrams (Figure 2) can be used in
determining the Ca:Mg ratio. The meling point of
MeCl - 12H,0 is established when much brine suddenly is
released after melting of the we, if any. The salinity is
determined by using the melting point of the CaCl,
hydrate on the freezing point depression curve, assuming
that no halite crystal is present,

If a halife crystal is present the determination of the true
salinity is too low due to the lack of isotherms in the Na(l-
field of the diagrams. Using the isotherms at the CaCly—
NaCl~2H,0 diagram a rather ingccurate estimate of the
NzCl content can be established. The resuilts of the crvo-
metry study are shown in Figure 6 in the column headed
SALINITY.

Thermomeiry on Quartz Inclusjons
The homogenization temperature T, corresponds to the
disappearance of the gas phase, also if the inclusion con-
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tains a solid phase {a daughter mineral} at Ty,. Homog-
enization temperatures of various stratigraphical levels
are ilfustrated in Figure 6. The mean T, is indicated by the
black triangle and the spread of the Ty values is illustrated,

The two histograms in the column DISTRIB. Ty, show
the distzribution of the homogenization temperatures mea-
sured in Zechstein 1 and Zechstein 2, respectively. The
mean temperature T, with 5% confidence limits and the
standard deviation o are noted. Five crystals only contain
inclusions with halite cubes, which dissolve at z higher
temperature T, than the corresponding T, (see the column
CRYSTALLIZATION CONDITIONS). Based upon the
difference T,-T), the pressure P has been calcutated by the
method of Potter {1977).

In order to compare the results obtained on inclusions in
halite with the corresponding inclusions in quartz crystals,
the crystals were extracted from the rocksalt in guestion
{Maors E1.19) Two populations of T;, were observed:

35°C-68°C; Ty, = 51.2°C + 3.5°C;n = 32
20°C-105°C: T, = 87.8°C 4 2.7°C;n = 42.

DISCUSSION

In 1948 the Suldrup 8 well was drilled through Nal saft,
Al, Ca2 and Na2 salt. In a depth of 408 m, when the Al an-
hydrite was reached. a brine pocket was hit, resulting in an
artesian welt, According 1o Dinesen (1901) the brine had
the following composition (weight%): Safinity, 31%;
NaCl, 3.95%; KCf, 1.85%; CaClh, 15.15%; MgCh,
B.10%:; Ca:Mg ratio, 1.9:1; pH, 3.18 (20°C). The
salinities and the composition of the brines measured in
the present study are in good agreement with this. How-

ever, the Suldrup 8 brine has a higher Ca: Mg ratio, whici}\_
corresponds fairly well with the samples Nos. 8.4 and B.Y

close to the Al laver (Figure 6, SALINITY). The brines
trapped in the quartz crystals and in the halite as well must
be concentrated seawater with no contamination of for-
eign brines (Figure 7},

in practically all the samples of NaZ and in the majority
of the samples of Nal from Batum 1A, small prains or per-

fect erystals of authigenic kieserite were found in various:

quantities from one grain to more than fifty grains/
ervstals, This observation indicates a seawater concentra-
tion within NaCt facies ranging into Mg, K facies (Figure
7). Some few inclusions with a4 cube of NaCl also have a
cube of KCl.

The solubility of NaCl in a CaCl,-MgCl; brine increases
rathcr sirongly at femperatures above about 100°C
(Stewart and Potter, 1979). As the i sty brine, from
which the quartz erystals Have been precipitated, must be
saturaied with respect to NaCl, the dissolving remperature
T,, higher than Ty, of a cube of NaCl present in the mcli-
sion is the true trapping tempecature T, :

Knowing T, and Ty, the pressure prevaiing on the brine
i simv during the crvstallization can be caleciated, if the
salinity is established. Using the diagrams of Potter (1977}
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and salinity of 35 wit%, a factor of IMPa per °C above T, is
estimated. The mean T, = 175°C corresponding to the
pressure P = 80 MPa were the crystallization conditions,
when the guartz crystal No. 13.6 precipitated (Figure 6}, A
pressure of 80MPa corvesponds to ¢.3.5 km consolidated
sedimenis having an average density of 2.3 g/ce. The cor-
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responding geothermal gradient is approximately 20 m

per "C.

In Early Jurassic times the sedimentary sequence above
this particular crystal included 600-700 m Z2 and 73 sait
and saliclay (Figure 6} followed by 3500-3800 m con-
solidated and unconsolidated sand and clay of Triassic
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1A are increasing stightly from Nal up through Na2. It is
hefteved that this trend has no stratigraphical signifi-
cance, because the temperature differences are small and
the femperatures are not pressure corrected. The dif-
ferences may be due to statistical inadeqguacy.

The high Ty, values measured in Na2r and T3 indicaie a
tate crystaflization and the large number of crystals make
it probahle that the crystallization happened after the
compaction of the saltclay. The porewater (concentrated
seawater) of the clay must have been involved in the forma-
tion of the quartz crystals. These T}, values are of
stratigraphic significance.

The Ty, T, and P values for crystal No. 13.6 (Figure 6)
are mean values of six observations. The maximum T,
measured s 179.7°C, which combined with the
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¥Yigure 7. Density and salinity of concentrated seawater. The
approximare jimits of salinity, this stady, are given. Adter
Holser {1979).

and Jurassic age (Michelsen ef al., 1981} Due to the high
thermal conductivity of salt, the geothermal gradient is
supposed ta be higher in the salt than in the sandy and
clayey sediments.

The quartz crystal in question is proposed to have been
precipitated in Farly Jurassic, outside or inside the salt
piliow deveioped. The crystal is not authigenic, ie., 2
synsedimentary or diagenetic crystallization, bat formed
35-45 million years later than the diagenesiy of the Na2
sait. The diagenetic stage is here taken to equivalate con-
ditions of low temperature and low pressure, {Braisch,
19713,

The majority of the inclusions studied having T, higher
than about 100°C contain no cube of NaCl at 20°C, Keep-
ing in mind that the inclusion brines are saturated with
respect 1o NaCl, ¢thiv discrepancy can be explained either
by a certain metastahility or by a small fiuid volume. Com-
pared with the quoartz cevstaf No. 8.2 (Figure 6) #t is
presumed that the pressure correction added to Ty, in order
{0 obtain T, is of the order of magnitude of 10-12°. Al of
the crystals studied, excepr some of the crvstals of Mors
E1.19, are crvstalized much later than the dizgenesis,
i.c., they are not authigenic. The Mors E1.1% crystals with
the T, interval 315°C-08°C may be of diagenetic origin and
due to this thev are true authigenic ervstals. The T, inter-
val 28.5°C-124.8°C measured at inclasions in the halite
comcide very wel with the corresponding intervals mea-
sured at the Mors E1.1% guarz crystals,

In Figure 6. ¥ is seen that the mean Ty, values in Batum

corresponding T, =

92.3°C, indicate a maximum

pressure P = §7 MPa. This pressure corresponds to a post-
Zechstein overburden more than 3800 .

Accarding to Tatbot {1978} and Talbot et of. (1982)
these conditions may cause thermal convection in the sak
pillow instead of thermal conduction. An estimate of the
Rayleigh gumber R, using the parameters mentioned,
gives & value well above the critical R, = 656, indicating
thermal convection. The diapiric penetration phase may
have been trigaered by these conditions,

The crysial morphologies (Fignre 3) probably do sot
represent a growth series in the salt studied. The reason is
that no ghost erystals or thermat zonation within the
crystals have been found. Large type 1L crystals are found
in connection with very smalil type V1 crystals, Twins con-
sist always of the same type as do intergrown crystal ap-
gregates.

CONCLUSION

Fluid inclusion studies in halite are impeded by the,

physical and chemical conditions of halite. The results ob-
tained are fairly naccurate and they give a tendency only,
‘The majority of the quartz ceystals found in the Zechstein 1
and I sait are not authigenic sensu stricto, but they may
have crystailized millions of vears later than the diageaesis
of the salt. The crystals have no stratigraphic significance.
A growth seties of the crystals from a pseudecubic typetoa
long prismatic type is believed not fo exist, The fiuid incla-
sion work pexformed upon the quartz crvstals has shown
that the erystatlization fook place in highly concentrated
seawater at femperatures between approximately 75°C
and 180°C. The safinity ranges from 30 to more than 40
weight% salt composed of CaCly, Mg(Cl; and less than 2
weight% NaCl The CaCly: MgCh ratio ranges from 3:1

to 1:4, The mean homogenization temperagures show an:
increase from the lowest level studied in Zechstein 1 to the
highest leve! sindied in Zechstein 2. The obvious sirafi-
graphical significance is beleved to be invalid due o

statistical inadequacy.
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"FThe maximum pressure calculated (87 MPaj in connec-
tion with the maximum formation temperature (179.7°C)
indicates thermal convection in the salt pillow phase,
These conditions may have initiated the diapiric penetra-
tion phase in Early Jurassic times.
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