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ABSTRACT

The ovientation af 100G halite grains in a specimen from the Winnfield Salt Dome, Louisiana,

was detevmined on the universal stage. The ovienlulion pattevn obleined is very stmilar lo those
Jfov the Grvand Saline Salt Dome, published by Clabaugh.

A dynawic analysis of the fabvic was made by assuming that the salt rock behaved like a
vheid during doming. The avientation pailern observed agrees with the hypothelical pattern pre-
dicted by Calnan and Clews’ theory fov prefevved orientufion due to intvaegranulay gliding. Kamb's
theory for synfectonic crystallization predicis a state of preferred ovienlation dissimilar to the
obrervved fabric palieyn.

It is thus concluded that the present state of preferved ovientation in the "salt seismogram'
18 muainly due (o inlvagyramlay volations and tha! cvystallization during ov aftey amealing did not
markedly change the deformation pattern.

INTROBUCTION

It iz generally believed that the flow of vock salt in domal strucmires does not exceed a few
millimeters pey vear. Such low strain rates fall within the domain of creep.  Although we have a
fair knowledge on the creep propertics of rock salt (Odé, 1962), virtually nothing has been pub-~
lished on the mechanics of creep.

Intracrystalline gliding and microfracturing seem to dominate primary creep of metamorphic
rocks (Turncr and Weiss, 1963, p. 314), whereas intergranular movements, grain boundary ad-
justments by local recrystallization, diffugion processes. and some translation gliding prevail
during secondary creep.

BDuring the rise of saly masscs in the cores of domes, the halite grains are believed to
undergo transiation gliding, strain hardening. and subsequent 3.nnealing recrysigllization. This
mechanisma has first been proposcd by Leonhardt (1935 and Balk (1949;, Afier the anncaling is
completed the halite graing are considered 1o deform again plastically. It should be mentioned,
nowever, (hat such processes are probably restricted (o the upper levels of the domes, where the
emperawires are 00 low for diffusion to be the dominating mechanism of creep.

The Leonhardt school in Kicl. Germany. has done a number of cxperiments which show that
under severc stress conditions halite aggregates will deform plastically and recrystallization,
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indicated by the loss of preferred orientation, takes place on subsequent heating (Gross, 1924;
Leonhardt, 1937; Golusda, 1939). There is also evidence that deformed rock salr may anneal
slowly at room temperature (Shlichta, 1962).

It is possible that, after slight strains. only mosaic recrystallization occurs within each
grain but that the general crystal orientation is maintained (Shlichta, 1962}. Moreover, it is
well known that the deformation patterns of many cold worked metals remain virmally unchanged
py annealing (Barrett, 1952, pp. 486 and 508),

Finally, under conditions of tectenic deformation involving low strain rates halire may re-
crystallize syntectonically {Turner and Weiss, 1963, p. 325). Such syndeformational crystaili-
zation has been obgerved in laboratory cxperiments with marble (Turner and Weiss, 1963, p. 353).

It thus appears that a given preferred orientation of halite in a salt dome could be due 1o
mechanical orientation processes {translation gliding and grain rotation), annecaling recrystalli-
zation, gyntectonic crysiallization, or elge a combination of these processes.

In the absence of published fabric studies on rock salt deformed at low strain rates in the
laboratory. the halite fabrics predicted by (i) Kamb's theory and (ii) Calnan and Clews’ theory will
be compared with the halite fabric obtained in a "salt seismogram” from Winnfield Salt Dome,
Louigiana. Such a comparison can only be of value if the distribution of stxess and strain during
the formation of the 'salt seismogram” can be successfully reconstructed.

SALT SEISMOGRAMS

This purely descriptive term has been introduced by Hartwig (1923) who distinguished sev-
eral types of "salt scismograms™ in the German salt stocks. The term seismogram was used 1o
describe the appearance of deformed dark stringers in white salt. Balk (1949, p. 1806) misinter-
preted Hartwig's writing and criticized the above expression substituting it by the term “shear
folda.” In the following discussions, the latter term is avoided as it already includes a genetic
interpretation.

Salt seismograms are well known from many salt domes (Balk, 1949, Figs. 8-13; Hoy.
Foose and O'Neill, 1962, Fig. 9). In the Guif Coast domes, they appear to be confined to larger
foldg, but this is not gemerally true in the German salt stocks. Hartwig (1923, p. 195, Fig. 54}
observed isolated seismograms on mine walls as well as on the roofs. He also noted that the salt
of the seismograms was commonly extremely brittle in comparison with the rock salt in the adja-
cent areas (Hartwig, 1923, p. 194}

Some of the dark stringers (German: Linien) contain only 0.5 to 3 per cent more "insoluble
material” than the light-coloured surrounding salt {Schwerdtner, 1962, table on page 267, sample
no. 18-26). This suggests only small differcnces in competency. Hartwig (1923, p. 196} shows
values of less than 10 per cent insoluble material. ‘The values for the galt scismograms lic very
close to those obtained for the straight stringers.

Let us now digcuss the possible origin of the "salt seismograms.” Balk's interpretation
(1949, p. 1808) assumes differential slip on numerous surfaces parallel to the axial planes of the
"shear folds," However, some authors are sceptical with regard to "pure shear folding” (Ram~
berg, 1963a. Fig. 9} and question such 2 mechanism for folding.

The formation of buckling folds or true drag folds (Ramberg, 1963b) requires rock layers
with different competencies or anisotropic rocks that shear most easily in a divection quasi-
parallel to the direction of comnpression (Ramberg, 1963a, p. 1). Such can probably be excluded
for those salt strata which have diffuse and thin dark stringers that commonly appear very dis-
continuous under the microscope.

All "salt seismograms' drawn by Hartwig (1923) resemble rheid folds (Carey, 1953} involv-
ing nonuniform laminar flow parallel to the fold axes, This would imply quasi-continuous differ-
ential displacements along the axial planes. Carey uses a model of "two-dimensional” laminar
flow (Mises, 1959, p. 24), where all the flow phenomena can be described in one plane normal o
the flow laminge. The formation of small folds parallel to the direction of flow requires a shore-
enfng subparaliel to the vertical layvering which implies a convergence of the flow lines (Carey,
1983, Fig. 15; 1962, p. 128). If a model of three~dimensional nonuniform laminar flow is used
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small folds or wrinkles parallel to the over-all direction of flow can be produced without conver.
gence of the flow laminae.

DESCRIPTION OF THLE ANALYZED SPECIMEN

An approximately oriented hand specimen (Fig. 1} was taken from a mine wall in the Carey.
Salt Mine, Winnfield Sait Dome, Louisiana. The specimen was cut from the central crestofa
“seisn;ogram fold" similar to the one in Fig. 8 of the paper by Hoy, Foose, and G'Neill (1462,
Fig. 8).

The rock is composed of halite, small tectonic inclusions of white anhydrite {1-3 em. 1
and some diffuse dark stringers (Linien) of impure salt containing "clay material.” Both the ank
drite and the dark stringers. which indicate the flow in the halite rocks, were originally part of g
bedded salt rock. While the dark stringers have a competency (equivalent viscosity) close to tha
of halite the competency of anhydrite is considerably higher as indicated by boudinage (Fig. 1). -

Figure 1. (8/4 %) Deformed layens of anhydrite
(thicknam exaggerated} from che crest of &
“seismagran fold,”

Some of the boudin-like inciusions may be "tear drops” (Carey, 1953, Fig. 20}, Most common
are relicts of tiny folds or fold clogures (Rast, 1956, p. 402, Fig. 1b). Most tectonic inclusions
are planar and lie approximately within one plane which is nearly vertical.

Some of the small rheid folds in the specimen are sufficienty outlined by dark stringers.
In these cases. the approximate position of the fold axes can be obtained on suitable sections
through the hand specimen. The brick-shaped anhydrite crystals within the white inclusions of
anhydrite have a conspicuous preferred orientation of their long axes. Both the fold axes and the
maximum for the apparent long dimensions of the anhydrite grains have a plunge of about 70 de-
grees.

METHOD OF ANALYSIS

The lattice orientarions of 100 halite grains in thin secrions paralliel to the axial planes
of the small folds were obtained on the universal srage. Every thin section was photographed
and the grain boundaries. which could not readily be identified, were determined on the univer-
sal stage, and traced on the photographs. After the grain boundaries were known, the crystal~
lographic orientations of the grains were obtained by successively setting (wo cleavage planes
of cach grain vertical on the universal stage. In this position. a cleavage trace has its minimun
width.
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The apparent long dimensions of the halite grains can be readily obtained on the photographs.
Only those grains whose cleavages are approximately paraliel to the thin sections may exhihit
theit true dimensions.

Most of the thin sections show little anhydrite as they were selectively cut from clean rock
salt portions within the salt seismogram. In isolated groups of anhydrite grains, no preferred
arientation of the graing is apparent.

ANALYTICAL RESULTS

The (100) planes tend to parallel the axial planes of the small rheid folds and the [100] direc-
tions tend to align with the dircction of flow (fold axes). There are two incomplete girdles paraliel
and normail 1o the fold axes {Fig. 3). The former girdle has a greater point density.

Although heterogeneities in the fabric blur the minima. four areas of minimmum density can
be distinguished, which separate the two girdles. The minimum in the upper left-hand corner is
least defined, but the trend is apparent from the concentration of the small minima.

The long dimensions of the apparent grain shapes (Figs. 2a. 2b) tend to form a maximum
paraliel to the fold axes.
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Figure 2. (3. € x) Thin sections parailed to axial planes of folds in Figure I Arrows indicate phumgs of folé axes:
v = anhydrite.

DYNAMIC INTERPRETATION

It has been suggested above that "salt seismograms’ are the result of rheid flow in quasi-
isotropic salt rocks. Scheidegger (1963, p. 324) has pointed out that the actual rheological behav-
iour of rheids need not be specified, and that rheids can behave as plastic, elastovigcous or
plasticoviscous bodies. The rheid flow of ice, which might be considered as the best known rheid,
can be adequately described by the theory of plasticity. whereas the theory of viscous fluids fails
to predict the change of flow rate in glaciers {(Kamb, 1964, p. 355).
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Figure 3, Preferred orientation of halite with respect Figure & Laminar shesr in two-dimensional flone,
to fold axes ( ~ ™ )} and lineation of anhydrite Diagonal of thomboid is direction of maximum
{ CFTO ) sonPolesof ((100)), 2 3-2-1 -0, exreasion,

Let us now consider the strain distribution in the present "salt scismogram.” We are only
interested in the distortion of the rock and hence will disregard the large translation which is typ-

ical for rheid flow (Carey, 1962, Figs. 1, 19).

The behaviour of competent layers in @ homogeneously strazined incompetent matrix has been
studied both theoretically and experimentally (Ramberg. 1959}, The present "salt seismogram”
presents such a case, where the total distortion of the incompetent rock salt is revealed by the
deformation of the competent anhydrite layers (Fig. 1).

The remnants of the small folds of anhydrite clearly indicate buckling (Ramberg, 1959;
1963a), which should be expected as a result of the greart difference in competency. Boudinage
{Ramberg, 1955; 1959} occurred along the axial planes of the folds in vertical as well as in hori-
zontal directions indicating two-dimensional extension. The parallel Jimbs of the tight folds
{Fig. 1) have been rotated during buckling from a region of corpression into a region of extension
in the strain ellipsoid {Ramberg, 1959, p. 119); 1963a, p. 3). It is irrclevant whether there was
poudinage or strong viscous shear resulting in the formation of "tear drops” (Carey, 1953,

Fig. 20). Either process involves extension quasi-parallel to the axial planes {Fig. 4).

It can be assumed that the direction of maximum flow in the Winnfield Salt Dome was gener-
ally upwards {(Hoy, Foose and O'Neill. 1962, p. 1454). The apparent maximum for the long di-
mensions of the anhydrite grains, which is an established indicator of the direction of maximum
extension (Schwerdtner, 1964) was found, in the present hand specimen, o plunge fairly steeply.
This implies a differential extengion along the axial planes of the small folds {Fig. 1}

It is important o reconstruct the over-all strain distribution in the final phases of defor-
mation, during which the present halite fabric might have been formed. There is no indication of
extension normal (o the axial planes which would have partially unrolled or stretched the tight
relicts of the anhydrite folds (Fig. 1). Similarly. a horizontal compression parallel to the axial
planes would probably have buckled the thin "tabulae” of anhydrite. Large differential displace-
ments, parallel to the axial planes, would have rotated the planar inclusions of anhydrite (Fig. 1).
Since the maximum extension is approximately vertical, we have a nonuniform tensile strain par-
allel o the axial planes of the folds and a compressive strain normal to the fold axes.
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In order to apply the theories by Kamb (1959} and Calnan and Clews (1950, 1951), the
approximate directions of principal stress acting on every halite crysral in the "salt seismogram”
must be known. This cannot be readily achieved by applying the prisciples of continuum mechan-
ice to the present salt rock. because the grains are relatively large with respect to the total struc-
ture. In particular. the paths of movement of small particies of material will not coincide with
the smoothly curved flow lines in a homogeneously strained continuum (Ramberg, 1959, Figs. 1

and 9).

Calnan and Clews' theory was designed to analyze the deformation textures in specimens of
polycrystalline metal. The directions of the external forces acting on such a specimen are gen-
erally known, and it is postulated that the external stresses are homogeneously propagated through
the total specimen, in the initial phase of elastic deformation. After slight elastic strains, the
principal stressés acting on the single grains will tend to become oblique to the external stresges
and hence their directions are no longer controlled by the external stresses. However, the theory
predicts these directions of internal stress, and an empirical approach yields the stable end posi-
tions of the grains with respect to the cxternal stresses acting on the polycrystaliine aggregate.

When applying Calnan and Clews’ theory to the present "salt seismogram,” we have to ex-
press its final deformation in terms of external forces acting on the specimen (Fig. 1). Although
the over-all strain is probably caused by compressive stresges of different magnitudes. it may
also be due to tensile stresses parallel to the directions of extension.

To avoid ambiguity, we resolve the unknown general state of stress into a hydrostatic part
and a deviator {Turner and Weiss, 1963, p. 261). The total extension normal to the fold axes is
considerably smaler than that paraliel to it. If the former one is disregarded, the intermediarte
principal deviator stress is zero. The application of Calnan and Clews' theory is greatly facili-
rated hy this simplificarion without changing the symmetry of the deviator.

The shearing stress which gives rise to the final distortion of the "salt seismogram” is now
the result of a compressive stress normal to the axial planes and a tensile stress parealiel to the
fold axes. This concept is similar to the "plane parallelepipedal”™ deformartion of Wever and
Schmid {1930, p. 137).

Kamb's theory predicts statistically the most stable crystal orientarions with respect to the
directions of principal stress for the majority of the grains. The solutions derived from the
application of coptinuum mechanics thus appear (o
be sufficiently accurate.

l [n our model of "two-dimensional" rheid flow
with converging flow laminae (Fig. 5}, there is
only an undimensional exiension. I[n order o ac-
count for the two-dimensional extension in the
present "salt seismogram” we have to assume
diverging flow lines within every lamina, which

/ \ gives rise to diverging fold axes.
/ Pt \ Although there is neither a conspicuous con-

vergence of the flow laminae nor a congpicuous di~
vergence of the fold axes in the present hand speci-
men, they might be apparent on a larger scale.
The total extension normal to the fold axes would
be relatively small assuming that the salt rock was
incompressible and that the major extension oc-
curred parallel o the fold axes.

Although it is impossible to outline the stress
distribution in an isctropic continuum without spec-
ifying its rheologic behavior. the orientation of the
principal plane parallel to the exireme stresses
follows from the assumption of plane deformation.
Even in the viscous case, the directions of maxi~
mum and minimum principal stress form angles

FOLO AXIS

Figure &, Cooverglny flow lines during laminar flow,
Amws indicate direction and asumed magaitpde
of fiow,
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of 45 degrees with the flow laminae, and exchange their positons with changing sense of laminay
shear. Converging flow laminac give rise to a4 gradual shifting of the principal directions with
respect to the axial planes of the anhydrite folds (Fig. 51

A reconstruction of the principal planes is aufficient for the present application of Kamb's
theory. The plane of maxirnum and minimum principal stress is perpendicular to the axial planes
of the small folds {front surface of the specimen in Fig. 1),

Let us now congider the applicability of Kamb's thermodynamic theory of competitive crys-
tal growth to the syntectonic recrystallization of tectonites. The theory assumes that every grain
is stressed below the elasde limir, while grain boundary migration and diffusion give rise 1o dras-
tic changes of the grain shapes. The rock as a whole may thus undergo a finite strain,

Recently, Kamb {1962} has demonstrated in experiments with ice the validity of his thermo-
dynamic theory. Syntectonic crystallization has been observed in extension tests with dry marble
(Griggs, Turner and Heard, 1960, pp. 94-97). Intergranular as well as intragranular recrystal-
iization occurred in the highly strained fabrics. The c-crystallographic axes of the growing graing
tend to be normal 1o the unique axis of siress as predicted by Kamb (1959, p. 166}, although most
of the origindl grains appear to have been stressed beyond the elastic limit.

Kamb's theory applied to the present "salt seismogram” predicts a state of preferred orien-
tation dissimilar to the observed orientation pattern (Fig. 3). The theory does not predict a pro-
nounced girdle in the plane of the greatest and least principal stresses, as was shown by Clark
and Schwerdmer {paper in this symposmm} Moreover, the pronounced maxima in this girdlie
should not form angles of 45 degrees.

Geologists may learn much about the internal deformation processes in rocks by analogy
with the better known reladonships in polycrystalline metals. Merallurgiste have studied the lat-
tice rotation of gingle crystals in uniaxial tension and compression tests {(Taylor and Elam, 1925;
Tavlor}, 1927). General rules as to the behaviour of single crystals were derived (Barretr, 1952,
p- 371

In 1ension tests. translation gliding along one slip system (single slip! moves the glide direc~
tion towards the axis of tension until gliding along a second slip system starts. During subsequent
duplex slip, the lartice rotates in such a way thar the shear stresses at the two active slip systems
remain equal. The stable end position is reached when the two glide directions and the axis of ten~
gion as bisectrix liz in one plane.

In compression tests the normal to the active glide plane moves towards the compression
axis until duplex slip starts. The stable end position is reached when the two poles of the active
slip planes and the compression axis as bigectrix lie in one plane.

The behaviour of the individual crystals in polycrystalline aggregates is the subject of a
number of theories which predict the stable end positions in uniaxial rension and compresgion
tests.  Both deforrnation processes can be superimposed to obtain a "plane paraileiepipedal defor-
mation” {(Wever and Schmid, 1930} which is similar to the final deformation of the “salt seismo-
gram."

At room temperature, halite glides along (110} and {100). 1t is uncertain whether slip along
(111} occurs at room temperature, but gliding along this plane has been observed at 100 degrees
centigrade {Taumann and Salge, 1928). The direction of slip in halite is always 110}]

The critical resolved shear stresses (7, } for halite at room temperature were determined
by Bommerich (1934).

0 = 76.4 T 3.5 gms /mm2

1l

7y = 187 T B gms /mm?

i

Tygo = 238 T 10, 6 gms /mm?2

The present sample was taken at a depth of 811 feet. [t can be assumed that the temper-
atures during the late stages of deformation of the “salt seismogram” were somewhat higher than
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room temperature. However, the ratio of the critical resolved shear stresses 7yg:TyyiT oq a1
400 degrees C is close to that at 20 degrees centigrade (Wolff, 1933, p. 162). It should be nored
that only the ratios of the critical shear stressecs appear in the mathematical expressions below.

it iz well known that translation gliding ¢an occur during creep when the applicd shear stress
remains below the critical resolved shear stress values (Azaroff, 1960, p. 137). Furthermore,
Smekal {1935) and his collaborarors emphasized that a critical resolved shear stress indicates
the point of detectable slip rather than the beginning of intracrystalline gliding. However, it is
likely that halite when nonrecoverably strained always slips most readily along {{110)} and lcast
easily along {(100).

Only a few theories for cold working of metal aggregates predict stable end positions of the
individual grains and the mechanisms whereby these end posirions are reached. While the theories
by Taylor {1938) and Bishop (1954} assume that every grain is homogeneausly deformed, Calnan
and Clews' theory accounts for the behaviour of both homogeneously and inhomogeneously strained
grains (1950, p. 1088).

Translation giiding in a grain can occur simuitaneously along two slip systems {duplex slip?
and along three or more systems (multiple slip). Intracrystalline rotations result from any of
those except in the case of three or more slip systems symmetrically disposed about the direcdon
of applied stress (Pickus and Mathewson, 1939,

p. 240). Lattice rotations are conveniently repré-
gented by the rotation of the direction of applied P ¢ .
stress over the unit triangle (Fig. 6). The critical

resolved shear stresses must be attained on two or .
more slip systems at the same time in order to
guarantee ruptureless deformation in a polycrys-
talline aggregate. If a grain deforms by duplex
slip the effective stress may be represented by a
tensile stress Te.

There jg at least one favourable slip system
for & given grain of any position within the unig
triangle (Rig, 6). For this slip system cosxcosi
ig a maximum. x is the angle berween the direc-
tion of applied stress and the normal of the most
favourable slip plane, whereas X ig the angle
between the direction of applied stress and the
direection of slip. As the three critical resolved
shear stress values for halite are different
(r0 < i < Tio0) corresponding factors
have 1o be added 1o account for these differences
{Calnan and Clews, 1931, P 624)‘ Figure 6, Cubic directiops ( 8 = fowr-fold axes,
A = three-folé axes, & @ rwo-fold axes) and
unit rriangle AN,

i.et us now consider a grain of known orien-
tation with respect to the applied stress Ta (Calnan
and Clews, 1950). At the instant of application of a
small stress, Te will coincide with Ta. On elastic deformation. intergranular stresses come
into play which cause Te to move away from Ta. As the value of Ta rises the resclved shear
stress riges proportionally until it teaches the critical value for slip.

Most grains in deformed metal aggregates do not undergo single slip as has been outlined
above. [t follows that Te must have moved away from the direction of applied stress such that
Te resolved on the most favourable glide system is always lower than the critical resolved shear
skress. If Te reaches an area of duplex slip in the unit triangle transladon gliding may occur. or
else Te may move into 2 position for multiple slip. If such a position corresponds with & mini-
mum for cosxcosi. Te has reached its final position as any further increase in Ta must resuit in
translation gliding.

In case of three or more symmeirically disposed slip systems there is no grain rotation.
Conseguently, in order to obtain a high degree of preferred orientation, there must be a

77




considerable amount of single and duplex slip in an aggregate, although some multiple slip is
necessary to retain cohesion at the grain boundaries (Calnan and Clews, 1951, p. 617).

To apply the above theory to the present deformation of halite two cases have to be consid-
cred as it is uncertain whether (1111 is a slip plane at temperatures around 50 degrees centi -
grace. It will be shown, however, that it makes little difference whether halite glides along ({111}
Or GO

Table 1 shows the values of cosxcosd /7, for the most favourable slip systems ar 20 points
It _C‘_OE'XICGSKI , CO8X3C08% . o

T- T.
00 111
and hence (100) is the more favourable system. The above inequality ¢an also be written as

of the unit triangle (Fig. 8). » slip will first occur on (100},

T - . .
COS X CO8A > ?,;gg cogxacosia > O . The ratios of the critical resolved shear stresses scem
11

to be fairly independent of temperature. Hence the relationships derived below are generally valic
for deformations at any temperature between 20 and 400 degrees centigrade.

Figure 7 shows thar the values of cogxcosr /1. for the most favourable slip systems decrease
as Ta approachcs [111] which is the minimum. There is also a general decreasc toward the
boundary DN of the unit trisngle. Table 1 also lists the most favourable slip systems {Fig. 6] for
cach position of Ta.

543 3

Figure 7. Unpit triangle with relative shear strosces on the most {avoue-

oo X COSA,

ably orierted slip planes,  Values of- 108 were plazed.

3

It can be readily seen from Table 1 that single slip can only occur in the vicinity of Py and
P4 If gingle slip does not occur when Ta paraliels Py, Te will move normal to the dashed con-
tour in Fig. 7 along the line of quickest descent to the triangle boundary, where duplex slip may
start. However Te may reach N where subsequent translation gliding doss not result in any lat-
dce rotation.

The lattice rowations duc to duplex or multiple slip, after Te has moved away from Ta, are
shown by dashed arrows in Fig. 8 and Fig. 9. The lattice rotations for duplex slip and for asym-
metrical multiple slip. before Te has moved away from Ta, under applied tension or compression,
are indicated by solid arrows in Fig. & and Fig. 9.
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Figire 8, Lattice rotation in sock salt upder unizxial tension.

There is a line of multiple slip approximately parallel to the dashed contours in Figure 7,
which runs between Py3 and Pyy. However, no point of symmetrical multiple sHp exists as can be
readily confirmed on the stereographic net.

Under uniaxial compression the only stable end positions are [100]and [£10] where sym-
metric multiple slip occurs {Pickus and Mathewson, 1939, p. 246).

Dobson and Wilman (1961} conducted uniaxial compression tests with halite powders and
applied Calnan and Clews' theory to explain their results {{100] parallel to the unique stress axis).
It shauld be pointed out, howcver, thar Calnan and Clews' theory applies ro polycrystalline aggre-
gates and not w powders, and that considerably intergranular rotatons of the rectangular halite
particles will havc occurred in an early experimental stage, prior o the compaction of the powder.
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Such processes are not considered in Calnan and Clews’ theory (1930). Also, the previous appli-
cation of the theory is incorrect as there is asymmetric multiple slip on the [110] - [111] boundary.
it can be readily confirmed on the Wulff net that there is 2 resuliant rotation when the four lastice
rotations due 10 single slip are added. Consequently, there are two stable end positions, namely
[100] and [110].

Under uniaxial rension, there are three stable end positiong, {100] [110] and {111] The
latter maximum, however, hag a low densgity, and a congiderable scatter gshould occur around
{ill}as both Ta and Te move towaxds it {Calnan and Clews, 19250, p. 1092},

If ({111)} is considered as a third slip plane, only the situation in P; changes (Table 1). No
changes occur in Fig. & or Fig. 9.

Following Calnan and Clews’ procedure {1930, p. 1095}, the ways in which both tension and
compression end positions may be satisfied simultancously shall be examined. The superposition
of both deformation processes is to simulate the final distortion of the "salt seismogram.”

The uniaxial compression normal to the axial planes of the small folds produces a fabric in
which, for most crystals, the direction of compression will lie close to [100] and [110] the latter
being the weaker maximum.

let us assume that Ta in the crystals either parallels [100] or [110] Since the direction of
flow is perpendicularx to the uniaxial compression, the direction of flow must lie on the great cir-
cles {100) and (110) in Fig. 10. At the same time uniaxial rension parallel to the vver-all direction
of flow will tend to produce maxima according to those in Fig. 9.

The only direction which completely sarisfies both a tension and the major compression end
positions is {100} This determines the strongest maximum within the (100} plane in Fig. 10. As
a result the hypothetical fabric pattern (Fig. 11} is dominated by maxima for [[100] within the ax-
ial plane, parallel and normal to the direction of flow, as well as & maximum for [[100}} normal

FL. W

Figure 31, Hypotheticsl fabrie partem for rock salt
coilstruetion according to Meilis (04} Crosees

Figure 1%, Supsrpastion of wenston sod compression; isglivate conrres of areas with minoy densioy cue
shaded creas contalo the great cocles for all poles co the wealt maximam arouad £111] it Fipure 9
within the maxima of the weit thiangie. M designores aneas of muieimuny deasity.
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to the axial plane. There is also a weak maximum for [{100] parallel to the direction of flow
when ((110}) parallels the axial plane. The orientations of further sub-maxima are listed in Ta-
bie 2. The planes listed are parallel 1o the axial planes of the small rheid folds of the salt seig-
mogram whereas the direcnions listed coincide with the direction of flow.

Table 2
Direction of tension Direction of compression Resulting preferred orientation [
{direcion of flow) {normal to axial planes) i {larice planes paralle! o flow,
| larninae and lartice dizections
¢ parallel w direction of flow)
1100 100} ., Lo} [100] on (100) and {110)
| N
[110] floo] . [110] L [10] on  (100) ang (110)
111] [110] f111] omn (1109

The resulting hypothetical fabric is pictured in Fig. 11 where it is assumed that the scatter
of poles is greater than the scatter in Fig. 8 and Fig. 9. Itis clear thatthe [[111]] alignment
with the direction of flow represents the weakest submaximum,. a4s the point concentration around
[111]in Fig. 9 is rather scattered itself. If the hypothetical fabric is compared with the observed
orientation pattemn [Fig. 3] good agreement is apparent. The preferred orientation of the long
axes of the grains is in accordance to the postulated grain deformation.

CONCLUSIONS

The observed fabric in the salt seismogram can be fully explained on the basis of Calnan and
Clews' theory whereas Kamb's theory doea not adequately explain it. The present fabric resulted
from translation gliding in the halite grains during the final phases of deformation and subsequent
annzaling crystailizaton did not notably alter the deformadonal fabric pattern. It is also possibie
that recovery from strain hardening proceeded without recrystallization as it takes place in cold
worked metals heated up to moderately high temperatures (Turner and Weiss, 1963, p. 332)
whereby the deformation fabric is retained.

Clabaugh {19624} who measured the positions of the large grains in 6 samples from Grand
Saline Salt Dome, Texas. obtained orientation patterns (1962b, Diags. B, C. D, E} which are
very similar to the present pattern in Fig. 3. It is possible that Diags. A and I also represent
the same fabric pattern provided the direction of "external compressive stress"” was obligue to
the axial "planes,” or clse that the position of the axial planes in Clabaugh's diagrams is some-
what inaccurate.

[t thus appears that most of the fabric patterns obtained by petrofabric analysis of samples
from Grand Saline Salt Dome and Winnfield Salt Dome reflect the plastic deformation of halite dur-
ing salt flow. Many grains in the samples analyzed by Clabaugh (1962b, p. 9} were bent or warped
which suggests that the fabrics may not have undergone complete recrystallization. However. few
crystals in the present fabric are noticably bent. and no slip striae were obscrved under crossed
nicols.
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