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ABSTRACT
To deepen knowledge of the behavior of rock salt used in storage cavities, investiga-
tions were carried out on halite cryseals. The study is essentiully concerned with
discontingities in the rock, that is, with intra- and intercrystailine lacunae and
inclusions, their distribution, size, and conients. Study of the contems includes
identification of the constituent mono-, bi- or triphase with chlorides, sulphates,
sutfides, clays etc. Next a study was undertaken of samples which were tested under
different experimental stresses with respect to the existence of these acunae and

mclusions.

INTRODUCTION

For the last (en years or so Gaz de France has concerned
itself with providing natural gas storages in cavities formed
by leaching ia salt strata. The geological site where the first
cavities (Tersanne storage) were set up is the salt-hesring
basin of Valence. There twoe cavities were dug in 1968-
1369 and set under gas pressure in 1970, Three further
cavities became operational in 1976 1977 and the process
of extending such storage facilities will continue over the
next few years. The goal is to have 14 cavities by 1984 with
a total capacity of about 549 mllhon m"‘(n) af naturdl gas.

For some vears Gaz de France: h}ih ‘bgen interested in. the
salt-bearing basin northeast of Lyons {thf.' Bresse basin).
Several cavities are ajready undergoing teaching there, The
first one is due to be set under gas pressure in 1979, The
present objective is to create about 30 cavities over the next
twenty years. '

The Valence salt-bearing basin, The Valence subsi-
dence deep runs north-northeast/south-southwest for abowt
50 kilometers and is 1S kilometers wide. The salt-bearing
strata belong to the Oligocene Epoch (Sasnoisian). The top
of the salt strata lies 1,400~ 1,500 meters deep in the area
where the cavities are located. Although the substratum has
never been reached, the thickness of the lower salt-bearing
series can be evaluated at about SO0 meters. A thick detrita
series with a dominant clayey facies separates the lower

salt-bearing series from a' secoad eva;;aram :.tratum of I{}we:r
power i which . G&z de -Franca has eiected to- locate s
(.dViil{:h > R

: COIT!{K;IRE: s;-axe encwn—

sa}t bnarmrg basin. hf:ifmgs m the QOligocene Epoch The
numerous: ‘wells in this region have revealed a very large
evaporatic. series, reaching o thivkness of 1500 meters in
some. wells. This series consists of two large salt-bearing
masses separated by an intermaediate sterile stratum of marl
and anhydrite. The cavities now being leached are located
in the lower salt-bearing series (the salt roef being iocated
about 1,350 meters down). Gaz de France does not rule out
the possibility of subsequently creating cavities in the upper
salt-bearing series (where the salt roof v at a depth of be-
tween 630 and 700 meters.} The Bresse sull very frequently
takes the form of jarge interlocking wanshecid crystals sepa-
rated by clay and aghydrite seams.

Sample measuremetits and tests. Extensive coring pro-
grams have been carried out at the Tersanne and Bresse
drilling sites. The core samples have been subjected 1o vari-
ous measuremeiits in order to determine the proportion of
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insolubles, as wall as mechanical tes1s in ovder to ascertain
their elpstic propertics (Young's modohis, Poisson's coelfi-
cientd and plastic properties (cohesion and internal friction
angle), These mechanical tests are of purzmaount importance
in determining how the cavities wiil bghave in operation. In
addition fo these mecasurcmenis designed 1o describe the
mucroscopic behavior of salt, it was felt that it would be
useful 10 take a closer look at the structare of ihe crysialiine
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aggregstes  {orming the sult-hearing mass and o see
whether. vn the finer scale of these observations, modifica-
tons could not be broughr abeut in the orpunization of these

aggregates when shey were subjected w  muechanical
stresses. All these observattons were conducted in the
iaboratorics of the Université de Paris VI and form the
subiect of this paper,

Description of the Lacunae and Inclusions
in the Halite Crystals

The samples iavestigated are pieces of core obtained
from wells made on e Tersanne (Valence basin) and Firex
{Bresse busin) sites. The examinations were carried out 3
differen scaies.

[. Witha binocular on polycrystailine core pieces (obtained
Wy fragmenting or sawing), on core sections in the cen-
timetric thickness range and small paratlelepiped shapes
{obtained by sawing), or on smail mono- or polycrystai-
tine fragmenss obtained by breukage or cleavage. Exam-
inattons are made either directly across the cleavage sur-
faces or using Canada balsam covered with a slide in the
case of hreakage or sawn surfaces.

2. With an optical microscope on smail previeusly-selected
tragments (either drv or mounied in Canada balsam}, or
on sufficiently transparent paratielepiped shapes.

3. With a scanning electron microscope {(SEM) on the
freshlv-cieaved or broken swiuces of smalt fragmems
éxamtined beforehand with a binocular or an optical mi-
CTUSCOPE.

INTRACRYSTALLINE LACUNAE

Liguid inclusions. While some are distributed in random
fashion through the crystals. most of them form different
kinds of groupings, ¢.2., in milky zones and stripes, inclu-
skons lying in crysullographic planes, or inclusions dotied
over surfaces that are more or less warped, of random orien-
tafion in relanon to the crystallographic directions, Zones
entirely devoid of inclusions also exist {on the scake of mi-
croscopic ohsgrvations).

Inclusions of milky zones and stripes. To the naked eve
or under the low magnification of the binocalar, these zones
appear as whitish musses included in the hajite. Actuaily
this milky appearance is due 10 the grouping of Kquid inclhu-
sions whose cavities are usually cubic in shape, The size of
the smallest, and most numerous, of them 15 in the region of
ane micron and they are also about one micron apart. All
these inclusions occupy cloud-shaped spaces or appear as
families of parallel stripes on the faces of the cube (Fig. 1)

These milky zones bave been deseribed 1y connection
with experimental crystal growing, where they stem from

conditions of crysuilogenetic upbalance (oversaturation,
presence of forzign clements, etc.) during the crystal’s
growth (Deicha, 1955; Sella and Deicha, 1962, Rasumny,
1972, 1974, 1976). The dispusition of the milky stripes is
reminjscent of prowth wraiths. These crystalization
lacunae and their contents date back to the crystals” growth
and testify to at least the uhimate recrystallization of the
halite. It has already been stated that the size of the most
numerous inclusions is in the region of one micron and that
they are spaced from onc to a few microns apurt. Generally
speaking, the inclusions come in sizes of between 1 and 10
10 20 microns, their nunbers diminishing with increasing
size. A few larger inclusions belong to these zones ax well,
It is pussible to give estimated ordars of magnitade for
the total volume occupied by the cavities m a lactaceous
part of a crvstal, Assumie a volume of 1 mm® of halite to be
cccupded by cubic cavities with sides measuring 2 microns,
arranged in a simple cubic lattice al a distance of 10 microns
from one another. | mm?® of crystal will contain 10° cavities
with a upit volume of 8 we®, The cavilies will therefore
occupy B > 10fF um® or 0.008 mo® in 1 mm?® of ¢rystal. [n
actal fact, the disimibution of the cavilies in such a zone is

il

Figure 1. Photomictopraph of a baiite fragment obuined by
cleavape showing numerous day fluid inclusions in cavines of
mostly cubic habites (negative crystals) arranged in bands paralie]
to the halite crystallegraphic dircctions. {Rock splt from Eirez,
widih of the photogruph = 720 pm).
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Lacuynae and inclusions in the Halile

Figure 2. Photomicrograph of a halite fragment obrained by
cleavage showing bripe-fitled cubic negutive crystals sometimes
containing .one or two ashydrite needles. The cavities ure more
widely spaced and are generatly larger than in figure | {Rock salt
from Etsez, width of the photograph = 430 um}.

not guite so uaiform, many of them are smaller and more
tightly packed. Others are larger and more widely spaced.
Cavitles with sides measuring | wm, spaced 2 um apart
would give a volume of 125 x 10 un®, or 0.125 mar® per
mmd, a cavity with sides measuring 100 pm would occupy
0.001 m?, and so on,

It s possible to arrive at zones which do not have this
whitish appearance, where the cavities are more widely
spaced and are wniformly distributed, Fig. 2. The cavities
contain either bring alone or brine and one or more solids
whose total volume varies with the cavity's volume, from
one cavity to another. The included mincrals may be partly
inciuded in the host mineral and are identical to certain
minerals which are completely included in the halite. These
facts must lead one to recognize the preexistence of these
solids, which have beer trapped mechanically by a lacuna
during Ihe crvsialline growth or which have themselves
trtggereé the formation of a lacuna, as his been demm:~
strated on;various occasions {Deicha, {0763, A, crysta izac
tion lacuna formed i this way éncompasses the’ foreign

element more or less perfecliy (Fig. 7% thus one ranges.
graduaily from a solid which appears to be Lompletﬁly i

cluded in the host mmeral 0 a sokid occupying o smalh part
of the cavity.

The solid phdse trappcd in the lacunae is in most cases
anhydrite ( (Fig. 8a} idetermined optically and confirmed by
clementary analyses with a scanning electron mneroscope),
The anhydrite is often present in the form of more or less
elongated needies {Figs. 2, 3a) or of feltlings of sm.h crys-
tals. Also present are colored minerals whose nature the
agthors did not defermine, and potassium minerals (prob-
ably chlorides) (according © the SEM).

Inclusions distributed in the crystallagraphic planes
(Figs. 4 and 5. The inclusions He i planes paratle to the
three faces of the cube or along diagonal planes. The

Figure:d, 3) and b}%liPh@'tomicwg:raph of a halite fragment ob-
tained by cleavage showing anhydrite crystals wapped in brine-
filled cubic e pative crystais, {Ro{.k salt from Tcr’%anm) _
&) One of the anh}dr!!e cryﬁials is. wd-».mped and s partly em-
bedded w Ihe Thost rmneml {hahte} {Wzdth of the phmogmph
35 pamd :
b Cfus:er of shun need}e shapcd
bubble is'due to a 1r:ukage of the’
= 210 pan). S

i1y dnze crvsiak-. The - Ia:ge
Wld(h af thc photogragh

nelusions scattered akmg elzavage plisnes.
¢. cfystallographic shapes {negative crystaly) and
tened perpendicularty to their planes and elon-
- from Tersanne, width of the photagraph =

cavities are generally flattened. Most of themt have a rectan-
gular parallelepiped shape, the faces being either squares
andior rectangles (the aspect ratio can be higher than 10},
The others may be of any shape whatsoever, elongated or
ramifying, and are bounded by curved surface portions and
flat portions isvarisbly parailel to the crystallographic
directions.

Ome frequently observes, in a given plane, a lateral pas-
sage and an evolution from large cavities of clomgated or
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ramifying shape to increasingly smaller and more numerous
cavities of crystailographic shape {rectangular parallele-
pipeds). The dimensions of the cavities vary. Most are be-
tween 1 pgm and 10-20 g in thetr small size (in the case
of the faces parailel 1o the inclusions plune), the smallest
being the most pumerous ¢spaced by about 1 pm-—Fig. 5);
a few have largest dimensions of several hundred pm.
These cavities are fitled with brine and those of certan
families may enclose a very small shiinkage bubble,

Figure 5. Scanning clectron microscope fractography showing
cavities grranged along a cleavage plane; the smatlest are less than
1 gem in size, their interspace heing in the same range. {Rock salt
from Terssnne, length of the photograph = [0 um).

Figure 6, Photomicrograph of a halite fragmem obtained by
cleavage showing flud inclusions which had occurred aong
cracks and are arranged in veils, The cavities muy have channel
shapes. (Rock salt from Etrez, width of the photograph =
A9 pm).

Enclusiens along more or less warped surfaces of any
orientation {Fig. 6). These inciusions lie along old frac-
tures. The cavities are more or less flatrened, from random
to recrangubar or cuble parallelepiped shapes. They evolve
lateruily, from large cavities of any shape to increasingly
smaller and numercus cavities of crysiatlographic shape,
thus indicating a progressive closing of the surfaces which
bounded the original crucks (i.e. wedge-shaped cracks) be-
tween which the penetration of a ligwd lamina led, throngh
corrosion and depositing processes, {0 reczmentations
which uitimately isolated Hquid inclusions that continned
evoive {Rasumny, 1976},

Because of the irregular ortentation of the fracture sur-
faces relative 10 the crystallographic directions (slthough, in
readily clegvable crystals like halite, a fractuwre surface of
apparently random odentation often decompases into por-
tions which follow the crystallographic directions localiy),
the cavities may assume more complex forms than those
discussed cartier, such as networks of more or less apas-
rominsed channels, some parts of which follow the crystal-
lographic divections.

The dimensions and spacing of these inclosions are of the
same order of magnitude as the ones discussed before. Cer-
tain veils corresponding w very fine cracks have only very
small and very closely spaced inclusions, The cavities are
filled with hrine.

Also encountered are veils associated with solid inclu-
stons. This shows the disrupting effect of the presence of
alien elements on the consiruction of the crystal lathce. The
veils are more or less flexuous and form veritable networks
in certain halite samples.

Figure 7. Scanning electrop microscope fractography showing
poiveristalline inclusion within a cavity closely moulded on it The
rod-shaped orystals are anhvdrite, the cthers contuin potassiurt,
{Rack salt from Tersunne, ength of the photograph = 91 pm).
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Lacunaa and Inclusions in the MHaiite

Like the inclusion pianes described before. those flexu-
ous veils consequenily bear witness w the penetration of
fluids in cracks and cleavages that opencd up after the crys-
tal lattice had been constifuted, But the stresses which op-
encd up these intracrystabline spaces may have affected the
crystal either i its internal zone while ifs growth was not
completed, in which case the trapped Hquid is sced sofution,
or subsequent to crystatlization, in which case the content of
the inclusicns may be different from the generating media,
The authors made no attempt to distinguish between these
genuinely secondary latter inclusions and the pseudo-
secondary former inclusions { Ermakov, 1972).

Large isolated inclusions. The cavitics may be negative
crystals or of any shupe (with surface portions {ollowing the
crystallographic directions more or lessy, with a largest di-
mension of as much as scveral hundred pm; they are filled
either with hrine or with brine and solids like those de-
scribed above.

All these zones constitute discohtinuities in the crystals
and must certainly affect their mechanical benavior.

Solid inclusions. By ““solid inclusion” is t0 be under-
siood an inability 1o distinguish the associated crystajliza-
tion hacuna, or a very small lacunu, Here one is dealing

Fignre 8. 2} Scanning electron microscope fractography show-
ing anhydrite occwming in a cavity in halite. {Rock salt trom Errzz,
width of the phetograph = § um),

b1 Scanning eiectron miteroseope fractography showing crystudline
inclusions in halite scattered alonp an intercrystaliine surface and
connected with the clay and anhydrite matrix which occurs along
<urtain hatite grain boundaries: (Rock sadi from Ewez, width of the
pholograph = {76 um).

essentially with anhydrite in the f; oy of
ciustered tog(.ther) squat ..rﬁfai a gie

selves, and a few Cl&a\-’dgLS perpcndxcular"'
can have occurred, They are sometimes: linker
clay-anhydsite or the anhydrite cement that joing the: hahte
crystals fogether in some cases, The aggregates aré’
ously colored (yellowish, pink. etc.) and their abund
and distribution vary from one part to another of the ory
and from one crystal to another. Tht.y are d:ssemmate\f
ihmt;gh the body of the-halite or grouped together in the
_ cils mereby under!inm gmwih or Tecty staihza'

smxpies from the Bmsc basin, t_hese
ncitided in the halite lie uniformly along
mten.rysmiime suriaces and are connected to the minerals of
the ¢lay-aniydrite matrix which separates the halite crystals
(Fig. 8b).

Solid inclusions accasionally consist of clays associated
with the anhydsite, carbonates, etc., but this listing is by na
means exhaustive. For the reasons given, we believe that
part of these inclusions existed before the halite recrystal-
Hsation,

INTERCRYSTALLINE LACUNAE

The samples of rock salt consist of two types of aggre-
gates:. joined halite crystals whose size varies from a few
milimetres to a few centimetres, and halite crystals linked
w one another by an ashydrite or clay-anhydrite matrix.
The gram limits of the first type of aggregate will now be
described.

An_exammalien of the intercrystalline sutface:s with the
binocular (Fig, 1) shows that the crystals are nol joined
together over the whole of these surfaces, Here and there,
the fatier are bound in more or less anastomosed wedge-
shdped: cavities and networks of sinuous channels remi-
niscent of the inclusions of certain veils of infracrysiatiine
inclusions, These spaces between the grains enclose bring
and sometimes gas (possibly air due 0 a loss of hermeticity
during the fragmentation operations). They can be occupied
by crystalbzations when the crystals are separated for ob-
servation. BExamipativn with the scanning electron micro-
scope shows, along the contact lines of numerous grains,
empty spaces which are more or less associated to crystaili-
zations and, on the imtercrystalling surfaces, depressions
which correspond sometimas to corresion figures, some-
times to growth lacunae {the former being possibly derived
from the latter, Fig. 9 and figures correspoanding to the
wedge-shaped cavities observed with the binocular,
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Lacunee and Inclusions In the Halita

Figure 1% ). b), <) Photomicrographs: of @ kaliic fragmem
from a rock salt samp]e from Etrc? leswd ander maxmi stresses,
showing:

a} and b} © brine-fi lled cubic Ld\"‘{l}ﬁh w‘mch have been deformed
and ke walls of which have been a]tered {widths of the phato-
oraphs: & = 325 uwm, b = 8§ pm),

¢) : elonguted anhydrite crvstals which have been brokes, along
cleavages perpendicular to the elongation, tnto parts a few pm to
40 pm long. Some of these parts have been offset dloeg the cleav-
ages. (Width of the phalograph = 173 wm

Initial Results of Microscope Exp&rnncnts L
Gradual Development of Inclusions: Subje:cted m
Mechanical or Tht,rmal Stre&& SR

TESTS WITH CRUSHING STAGE

Principle. The halile sample {a fragment obtained by
cleavage and having at least two paratiel surfuces} is sub-
jected to uniaxial pressure by compressing it between (wo
glass plates maintained paraflel to the slide of a binocular or
microscope it a mount fixed to the latter. The plates are
gradually meved wwards each other by a screw exerting
pressure on the upper plate (Machet, Surplatine d écrase-
ment; G. Deicha, Nowice 716771}, Observations are carried
aut during the compression process.

Resalts. The initial effect of the stressing 1 to cause the
onset of cleavages and oblique breaks which stem partly
from the latter. The cracks do not necassarily pass through
planes or veils of ligquid inclusions. This no doubt depends
on the latter’s orieniation relative to the pressure exerted;
however, a break can partly open up a veil of fluid in-
clusions.

The authors observed some minor changes i the mor-
phology of certain flattened liquid inclusions afong the
veils. These changes may occur as the result of the opening,

27

runping cracks, and sccondly there are the solutions wh;z.h
are interposed in the intergranelar cavities am}
us the joinds lonsen. : SR

The tsometric cuvities uniformly dxstnbutcd Thrngh the
body of the original halite crystals sustain modifications to
thetr walls during the tiaxial tests (Fig. 12a,b) _Thev
undergo a slight distortion by compuarisen with what § 15 é.us-
tomartly observed in *‘healthy™ samples.

SOLID INCLUSIONS

The snhydrite rods react to. stresses in particular, They
suffer breaks at several places along cleavage Hies perpen-
dicular to their elongations (Fig. 12¢). This type of exami-
nation is not entirely satisfactory since it is not possitile to
exumine the inferior of the sample 1o be t{:_{stéﬁ. 11 is con-
sequently not pessible to ssserf that certiin. phenomena
which appear to be new did-not alrcady exist.. Furthesmore,
wansformations could occur which fead to forms similar to
those alrcady familiar o which become masked by the re-
crystallization thur can affect defurmed crystals {Shiichta,
1968}, It aceordingly dppeared ngcessary to'zonduct exper-
iments under the microscope.

tgth _th'e bt)d'» ot :he cry\m; are surraunded by aring
sis. The anhydrne ‘tods incladed in the halite break in
\-ery nu:m:rous places, along the cleavage perpendicular o
the direction of elongation.

Limitations of the method. Since the sample is not re-
struined in the directions perpendicslar o the compression
force, cleavages and breaks appear very readily. This could
mask what happens in the inclusions zone, because the frag-
ments issuing from i separate and the sample breaks up.

TESTS WITH HEATING STAGE

The sample placed in the heating stage was & halite
splinter with an area of a fow mm® and a thickness of be-
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tween a Fraction of a millimeter and | milhimeter (Sabour-
aud, 1976), It is proposed 1o describe the gradual develop
mem of twe types of fluid inclusions between 20°C and
370°C: a) nclusions belonging to a mitky zone {isometric
cavities: cubes), and b) flattened inclusions along a surface
{a cleavage or old break, cavities of random o crystallo-
graphic shape}.

Fluid inclusions belonging fe a milky zone. The au-
thors observed a group of targe cubic cavities (the edges and
corners are in fact always more or less rvanded) with sides
measuring several ens of um, spaced apart by from one to
three fimies the lengths of their sides. Seme contained a very
stim aphydrite needle. The temperature vise was {airly slow,
being less than 1°C per minute an an average, A gradua
change in the shape of the wails wus noted qutite seon (be-
fore 100°C, approximate temperamires), rosuling for in-
stance in 4 hollowing effzcl in the middle of a fuce.

Ar 200°C, the face is still well hollowed out, but above
this seems to be less depressed. In actval fact, a further
hollowing takes place on gither side of the first one {near the
edges) whose effect is to tend to flatten the face while in-
creasing the volume of the cavity., A small hollow may
persist along an edge. This increase in volume has already
been described. Bradshaw et al (1968) astmibute 1 10 a
greater expansion of the brine than of the surrounding sali.
They noted an increase n volume proportional {o the tem-
perature, reaching 7.5% a1 225°C. Jenks (1971) thinks tha
this increase hielps the formation of a gas-vapor phase inside
the cavity. Geguzin and Drzyuba (1973 a) measured it at
atmospheric pressure and at 120 bars and carried out caleu-
lations by introducing # limit salt-brine pressure resulting
from the differcnce in expansion and the increase in the
salt's sobubility. In addition (1973 b), they determined the
rates at which cativities upproach ¢ach other as a function of
their distances and their respective positions {this movement
towards each other cas result in cavities merging). The
hollowing of the faces and the movements of the anhydrite
needles which betray currents in the brine indicate that cor-
roston phenomena assisting this increase in volume are at
work.

Arpund 300°C the cavities have fairly flat walls and
clearty defined edges. A gas bubhie appears in cach cavity
abave 300°C, at temperatures which vary with the axperi-
menis and the cavities (330°C, 330°C, etc.).

At abeut 350°C the angles lose their shamness and the
increase in volume is reflected in a clearly visible moving of
the cavifies towards one another. As this tendency con-
iintes, the shapes become rounder and rounder, the gas
bubbies become larger, with some of them ultimately oc-
cupying almost the whote of their cavities, and the cavities
come closer and closer together. At around 370°C observa-
tion becomes difficull; some cavities can no longer be dis-
tinguished, whereupon the heating was arrested.

Subscguent to cocling, the very small cuvities which
formed the lactaceous zone can 1o longer be recognized and
there are u few large cavitics {empry or filled with airy which
did not ¢xist previousty,

Obiate fluid inclusions along a surface. There are two
exampies of the growing development of veils: a, Veil con-
sisting of large cavines whose sections paraliel 1o its surface
are isometric and cavities these sections of which are elon-
vated and stightly {lexuous.

Quite soom il is possible to ubserve a gracual change in
the shape of the cavities (ajready substantial al 70°CY, Wall
hollowing and filling phenomena ead o a lengthening of
the *‘isometric”” cavides and to a squatter, rounder shape of
the clongated cavities (by 1 reduction in length and increase
in width), Above 300°C the walls become more hlurred, but
some become clear once more at 3§57°C, the temperalore at
which the experiment was halted.

After cooling, a gas bubble appears ipside cach inclu-
ston. An examination made on the day following the exper-
iment showed a further morphological evelution with many
faces forming the walls.

. Veil consisting of rectangular paralielepiped cavities
and cavities of random shape (with contractions) (Fig, 13)
Here too the morphological evolution begins fairly quickly
anc is aiready perceptible at around 80°C,

When a cavity exhibiis constricions in some parts. the
latter thin down ore and more and the cavity ends up by
splitting up into several separate cavities (Fig. H4 o 16}
with each cavity continuing to develop towards an isomeltric
shape. During the aathors’ experiment, the fiest division
occurred at about 139°C, the szcond at ahout 230°C, This is
a perfect illustration of a process of natoral evolunan of the
tluid inclusions classically described in the literature on the
basrs of static observations, Generatly speaking, almost =l
the cavitigs of initially more or less distorted shape evolve
towards a reguiar shape, with the appearance of faces. und
tend towards the Tairly isometric negative crystal (beyond
310°0).

Around 230--240°C, the hubbles which existed in certain
cavities (probably becanse of & loss of hermeticity during
preparation of the sample) disappear. A gaseous phase ap-
pears at 315°C in one of the cavities resuiting from the
divisions (at 340°C in uthers) and proceeds to zrow. Al
363°C (when the experiment ended) this phase had not ap-
pearad 10 all the cavities,

As was the case before, the cavities move towards one
another ax their shapes evolve and the volume increases,
some of them ultimately pecoming anastomosed (at 339°C,
then 364°C for those in the growp in the upper Jeft of
Fig. 13}, At this latter temperature, the shape of some
vavities 18 affected by the presence of the gas bubble.

Finally, i1 should be noted that crystallizations occurred
on the walls of one of the cavities (240°C, Fig. 16). This
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' Figure 16.

Figures 13 to 16, Experiments on the heating stage; photomicrographs of 2 halite fragment ob-
tained by clezvage, heated between 20°C and 130°C, showing the evolution of the cavity shupes.
{Rock sait from Etre2).

13, Fluid inclusions arranged along a cleavage surface. t= Are. {Length of the pholograph =
520 pmy.

14, @), by, ¢y, di Progressive disconnection of an inclusion containing two bubbles [die to a
feakage of the cavity). (Length of the photographs = 26 gmj.

ay . t= AUPC
by ot = 13KC
ey 1t = {39,9C
dy ot = 1770,

15. The irclusions of figure 13 a1 J00°C. (Width of the photograph = 440 jm).
16. The inchsions of figure 13 at 339°C. (Width of the photograph = 448 pm).
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phenomenon was observed by Rasumny (1972) during heat-
ing experiments on inchusions rich in salts other than NaCl
{MzCl,, etc.), in the course of which, in addition w gradual
changes i shape, a veritable aqueous fusion ocoired at
temperatures above 500°C.

Conclusion. The femperatures attained during the au-
thors' experiments are much higher than those applicd © the
maierial constituting the walls of the cavities in which Gaz
de France stores naturat gus. However, it ks likely that the
slight evolution obscrved in the inclusions at under 100°C
would have continued had the sample been left at that tem-
nerature for some time, since the time factor can pasily
replace the speed factor (the authors having moved from
20°C to 370°C in the space of a few hours). In fact it was
abserved that if an uccidental drop in temperature [ollowed
by a rise in temperature once mure accurred. the inclusions
continued o evolve even when the temnperature did pot re-
vert to s initial vajue. And the same effect was produced
when the temparature did not increase for a short while.

CONCLUSION

Aggregates of rock ralt halite exhibit twa types of dis-
continuity iable to affect their mechanical properiies:
1} Networks of cavities bounding intercrystaliine spaces in
which fluid ¢irculagions and recrystaliizations can luke place
under the effect of the environment and which reduce the
contact areas between individual ¢rystals; 2) Zones of varni-
ously distributed intracrystalline lacunue containing brine
and/or minerals and capable of evolving under mechanical
andfor thermal stress. Various authors have shown that the
fluid inclusions shift in thermal pradients (Bradshaw, 1969,
Anthony and Cline, 1974; Hoidoway, 1974) and in acceler-
atien fields {Anthony and Cline, 1970; Wilcox, 1972).
Without imposing a grachient, a 1ise D CMPeratuie causes
the shapes of the inclusions o evolve and their volumes (o
increase, leading uliimately to possible coalescences.
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