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ABSTRACT

The gross fearures of salt diapirism in the Gulf Coast
und the spine concspr of diapivisme are reviewed, Spines
range in size fmeasured by nimber per dome) from iwo 1o
q dozen or more per dome and the shear zones between these
spings of mursement range from wide wo narrow. The shifi-
sfip that has accurved across the zane is from a few feet
seyeral mitfos. Shear zanas can be external to the salt stock
and compesed of both vhale sheath and salt shearh, When
hese exiernal zones, with their contained foreign sedi-
wenis, are caughi ug inic ihe liderior of the sall stock they
Jforet boundary shear zones between twa spines of salt. Other
internal sheqr zones ocewr in the sali stock, but they are
tmore difffenls 1o recognize. Boundary shear zones are from
10 io 1006 feer {3 1o 300 my wide, extend thousardy of feet
through the dome, are composed of 3-50% sediment, have
phypsical prapertics distinet from those of safr, consist of
mareriad that is generadly not salable, and may make for
hezardons mining conditions. By praper exploration the
cconcmic Hability of rhese zones can be reduced, and they
can be used for enginecring purposes such as ventilation
and food barvices, Boundary shear zones are described at
Avery, Belle Isie, Jeffersun and Weeks salt mines.

INTRODUCTION

Ia recent years it has becoine well recognized that some
Gulf Coast salt siacks consiss of several separate spines of
salt that have moved independentty. The fact that these
spines, in some cases, are bounded by shear zones of sig-
atficant width and markedly different physical and chemi-
cal properties hias not been as well publicized. These shear
ones are transitional in nature between faults and zones
of Bowage, and are onc member of the group of shear
z;q:cs assoctaiod with Gulf Coast salt domes. For conve-
nience, three zones are recogaized and termed external,

boundary, and internal, and described separately. They
are, however, transitional to each sther.
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Salt diapirism

A very brief review of Gulf Coast salt tectonics is given
for those unfamiliar with the details. A more comprehen-
sive review is given elsewhere in this volume (Kupfer,
£974). The Louann sult was deposited horizontally sbout
150 million years ago (Kirkland and Gerhard, 1971) and
since that time this horizon has been boried to a depth of
2 to 12 miles (3-20 km) with shallower depths to the north
{Fig. 1}. In the north, the salt moved upward shorier
distances and occurs in simple stocks like those at Grand
Satine, Texas and Winnfleld, Lowsiana, The internal
structure of the salt in these two domes is reasonably
simple (Balk, 1949, and Hoy et al., 1962}, To the south,
where the original horizon is now very much deeper, the
story of salt movement is more compiex, It is pow com-
monly assumed that the salt first moved into broad arches
{Quarles, 1953; Bornhauser, 1958}, mounds (Johnson and
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Figure 1. Diagremmatic crosssection of Loviiiars showing how the
originai horizon at which the sait was depositad (vertical ¢ross-
hatchi has been depressed 10 greater and greaver depths southwarg.
iFrom Kay and Coibert, 1863, Figure 188 as modified from GG,
Hardin, 18621

Bredeson, 1971} or massifs (Atwater and Forman, 1959}
These structures are 5 to 15 miles (825 kn1) across at the
upper levels and expand rapidly downward as the sides dip
outward at angles of 43 degrees. These broad structures
are now deeply buried and generally beyond the reach of
the oil drill, but they were probably much shallower when
thev formed (JFig. 2). After these salt arches were buried
in still more sediment, starting about 25 million years ago,
they moved up inta smatler sfocks, such as those we see
today m the Five Island trend (Fig. 3} They did nor,
however, move all at one time, but rather in pulses. These
salt stocks are 1 to 3 aules {1.5--% Xm} in diameter, have
nearly vertical walls, and are encased inn a shale sheath,

Spines

The concepr that the salt stock consists of several parts
or “spines” that have moved independently of each other
is now commoniy accepted. In the late 1940%s, Balk {1949}
mapped the internal structure of the Grand Saline sah
dome and was impressed by the lack of faulting in the
Grand Sakine salt stock and the great abundance of faults
in the overlying sediments. To explatn this he suggested
that the roof of a salt dome was probably “a muliitede of
irregular salients, recesses, and sags” adjusting to the frac-
tured sediments over it, and “Each irregularity of the roof
is likely 1o give rise 1o fields of greater or lesser shearing
stresses, and thus should generate velouity differences be-
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Figure 3. The Five-isiand digpi endg showng the five sekt domes
with swrface expression, he Bavou Sale structere which may be a
deeprstalad st dome or rrassifl, and the Sayou Carlin structure ia
rasidyal high from an oider salt-ridge stagel.

tween wdividual groups of salt layers.”™ Thus he recoge
nized that salt domes might not move as a single mass, but
as a series of uoit cylinders moving at different speeds.
Muchlberger (1960, p. 32} expands this idea: “Althongh
Balk could not prove his staierment, the mapping of the
new workings demnonstrates the sccuracy of his predie-
tions. The sharp changes in diraction of the fold axes
suggest fracruring of the roof rocks . .. The salt moved up
along these fractures, ...

In this concept, emphasis might be placed on the words
a “multitude of ircegular saiicuts,” implying that each
stock consisted of 4 great number of spines, and conse-
quently that each spine had relatively smail dimensions
compared 1o the stock wself. This is the concept, for exam-
ple, used by Howard (1971} in his compuier simulation
modeis, although in the later stages of his studies he modi-
fied hus parameters so that tie number of individual spines
was considerably reduced.

At abour this tme Kupfer {1963) suggested at the First
Symposiun: on Salt that the sandy zone at Avery [sland
was the boundary zone between two salt spines which he
called “large unit cylinders” (he noted the possible occur-
rence of "small™ units also), The exireme of the large uait
was shown in the diugram of his later paper (1968), where
the siack consisted of only two spines. It seems probable
that spines of &ll sizes occar (as implied n the 1971 How-
ard studies) and that the jarger spines nove through
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Figure 2. The "wypicat Sigshee XncH and dame™ of Baltard and feden {1970, Fiy. 23 drawn t© trus seale 1o show that the structures are braad
mussifs ar pillaws snd rot verteai-walled dispirs. This probably regrasents an earcly swge of dispirism.
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greater vertical distances and more independentlv. The
small spines may, in many cases, be just zones of differen-
tial rate of advance; the salt moving essentially as a uait.
The analogy here might be to a crowd of people moving
out of a football stadium, with one plume moving more
rapidly for a short distance, and then another plume mov-
ing ahead as an opening develops, but the crowd as a
whole moving rather unifermly.

In summary, spines of movement OCCUr I every wize
from large to small, but the shear zones between separate
spines become more discrete and more inportant as the
spincs and the displacements become larger.

farge spines

The most compelling evidence for large spines comes
from the petroleum industry and its work with the dis-
tribution and thickness of the sediments zround the salt
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stocks and the faulis that cut these sediments. The salt
dome i the whole mass that has been deformed and
domed upward, including the sediments and the salt,
wherens the salt steck is only the salt. In studying the
whaole dome, it has been observed that changes take place
in the surrounding sediments that are deposited at the
same time as the salt is intruded (Currie, 1956, Fallow,
1973), the most notable of wiich is the bow-tie effect (Fig.
4, fower). A down-faulted block (graben) develops directly
aver the rising salt mass and receives more sediment {the
knot of the bow tie) at the same time that the rest of the
dome is rising upward and receiving less sediment across
the top. Bat out beyond the area of domal growth the
hasin iy sinking and so sediment is deposited to a greater
thickness (the wings of the how tie}. When this bow-tie
effect is observed tilted and displaced to one side of a salt
mass, as at Lake Washington (Fig. 4, upper) two stages of
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Figure 4, The upper part Is a crass-secrion showing tha Lake Washingzon Dome a5 it is today with the "how-tie'' structure tilted w0 tha nordh
and by-passad by the sak massif which pierced through adjacent sediments o the south. The iower saction shows the bow-tie structure in its
normal, farmative position over a deeper stock fike 33it diapir. [From Avwater and Forman, 1358.)
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movement are clearly indicated. The salt moved up in the
area under the bow tie, and then at a imter time it by-
passed the salt under the bow tie and moved up into an
adjacent area 3s a separate spine of maovement,

Studies of the changes in thickness of sediments from
place to place (lsopachous siudies) and of the {ime of
movernent on “growlh fuulis™ give detaiied knowledge of
the times and places of salt moverment (Atwater and For-
man, 1959 Trushetim. 1960} and from these studies cxam-
ples of spines of movement of the “large™ tvpe have been
established, and many others sugpested.

Small spines

Evidence for movernent of spines of the smalier type
comes mainly from the mapnping of the internal siructures
of the salt. Cross fawirs that completely disrupt salt fayers
have not been commonly reported, but this may be from
lack of proper cbservations. In the only room at the Weeks
mine that was kept very clean and brightly It (Fig. 51,
faults were observed. It is then highly probable that faubis
would be seen elsewhere i other rooms coukd be observed
in similar detail. In any case, zones of shearing are com-
monpiace (Kupfer, 1968}, and these zones mark bounda-
rigs beiween units of sall that are mosing differentially.
Balk {1953, p. 2465) recopgnized that there ts every grudu-
tion between zones of attenuvation and zones of slip (Fig.
6), and thus berween masses of salt that are bamng
stretched during movement and small spines of move-
Tnedtt.

In summary, few if any shear 7ones have been mapped
in the past; but in part thes is because they have fnof been
actively sought; in part it is becauwse lighting conditions
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strata, ie., they point Jut of the anticines and invg synehnes, (Re-
prieted, wh careactions, froey Kopfer, THE31
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Figure 6. A Beds on izfr dmb of fod are £ feer thick ang are
attenuated ta 2 fast on the eff limo {Kupfer, 1962, Fig. 6135
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{isociinaily foldedh witn & foid 31 Up, T Ths s ahon sng
snear are gradationsl, and most shear zones are undetected in nor-
b mspping,
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prevent their recoguition; but primarily if 15 because the
very shearing aciion obliteraes the evidence of their exis-
wnoe.

SHLEAR ZONES

The main topic of 1his paper s not the spines of move-
ment, but the shear zones which separate the spines, Just
as therz are many transitional gvpes of spines from large
1o smiali, there are also transition types of shear zones. For
purposes of exposition, censider three members: external,
boundary, and inrernal. The external shear zones separate
the salt fram the surrowm._t;ng sediments, and the internal
separate salt spines from each other. The boundary shear
zones are 4 special class whn_h exiernal sediments are
iearporaTed nro fhe internal shear zone.

External shear zones

Since diapirisim s, by definition, the coid intrusion of
one mass of material nto another, the boundary berween
the two masses is ¢iiher 4 shoest zone or a fuult. For the
average salt stack this zone consists of twa parts, the shale
sheath and the salt shearh, The shale sheath kas long been
secognized §Hanna, 1953; Johnson and Bredeson, 1971) as
a clay-like gouge of sirrounding sedimnents that has been
sheared our against the salt. Adjacent to this zone, shaie
commonly is breectaiod putward for thousands of fect
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(Kerr and Kopp, 1958}, contains abnormally pressured
water, and grades inte other abnormally pressurad shales
that are siill in their normal stratigraphic position, The
twe shales can be separated by the breccia-iike character
of the inner ore, and both can be differentisied from
gouge-like shele shearh (Kerr and Kopp, 1958, Fig. 1}.

Balk {£933, p. 2470} ciearly recognized a sheared-out
zone of salt 2t the edge of the salt stock ir which the
laycring had been sheared into g parallelism with the outer
wourdary. This zone can be recegnizad by its pscudo-
simplicity (folds are sheared into parallelism), and by the
fuct that the dark and white layers in the salt are thinner
and discontinuous. Tn extreme cases the lavers become
almost lenticuiar. The width of this combined zone of
shale sheath and salt sheath has never heen accurately
measured, but in the Weeks mine I found the shearing 1o
extentd at least 300 feet (150 m) into the salt stock. Thus
a reasonable guess would be that the external shear zone
can be between 300 and 1000 feet wide (100-300 m) and
probably averages about 500 feer (130 m).

Bounduary shear zones

If a spine of salt diapirically pierces sediments and 8
surrounded by a shale sheath (Fig. 7A) and then another
spine of sait moves up and along side of 1z, it is reasonable
to assume that some of the shale sheath will be caught
between the two salt masses. When this occurs, the shale
marks the boundary beiween the two spines of sali move-
ment. Bur just as the shale sheath can be caught up be-
tween the salt, so can any other rock type that happens 1o
be adjacent to the sait. Thus any material can be faund in
the salt: all the commonplace sediments: shale, sand-
stone, and lmaestone, are found in Gult Coast salt domes.

The above process is reasonable, but 1 implics that it
is easier for the salt to push aside adjacens sediments than
the salt itself (Fig, 7A). Under normal conditions this will
be true, becaunse the top of the salt columa s hot and
semi-fluid and pierces into soft and uncompacted sedi-
ments. Once it has stabilized, the salt cools and becomes
very competent and difficult to remobilize (Gussow, 1966,
1970). Instability will then be transferred to some point
much deeper in the salt celumn where the salf is still hot,
und less dense than the surrounding sediments which arg
compacted and of lncreased strength. At such 3 point
{(indicated by the arrow in Fig. 7A), It may be much casier
for the salt below to push up the overlying hot and mobile
salt than the surrounding dense, hard, and compacied
sediments. The result will be as shown in Figure 7B the
baundary shear zone and surrounding salt will be carried
Up in a new spine of movement. In this case, the foreign
sediment of the boundary shear zone will be in the middle
of the salt spine and subject to the same forces, and dis-
torted in the same manner, as the salt. n fater movermnesnts
it will fow into the same type of vertical folds as are
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Fiure 7. A New spinz of sait heing activated by heat and buay-
wacy willt exerr prossiie on the saft and mobsle salt at goint of
errae. B This s the more grobasie tyoe of movernent that will take
pduco pndier the cordivons at A resalting g boundary shear
zonz, Dashed line 05 also a sheer zoas (interrai type}, C Shale
sheath of "B*" ha: been foided by a second remobilization (flowage)
resubding in a Tolded boundary shear zone {as at Weeks 1siangd),

typical of Gulf Coast diapirism (Fig. 7C). Thus one should
expect to find that in some places the sediments of the
boundary shear zone are themselves contorted. This has
heen ohserved at Weeks Island {to be described later).

Internal shear zones

In Figure 7C, the boundary between the two spines is
between salt and saltf, with no inlervening sediments; this
is an internal shear zone. As this is between two “large”
spines, the displacement could also be very large. Thus
this shear zone would be transitional, in every sense, to the
sult shieaths of the eaternal shear zomes, and like the
boundary shear zones in everything cxeept the content of
foreign material.

Internal shear zones also sccur berween “small” spines,
with much less differential movement across the zone. In
general, these would be thinner, and every transition exists
from small scale shears 1o attenuation and to faulting
(Figs. § and 6). As already noted, most internal shear
ZONes are not recogrized during mapping.

Characteristics

The boundary shear zones that have been observed
contain foreign sediments {by definition}, which may oc-
cur as a fine powder, or in sizable fragments up to a foot
{10 em) or more in diameter; both are scattered through
the salt marrix. Shale or limy shale is most common, but
sandstone and Hmestone are also present. The larger frag-
ments are generally rounded, as if rolled around during
movement, but all shapes and sizes are observed. The
percentage of foreign material may locally appreoach 100,
but over the whole shear zone It 18 commonly very minor,

The forcign material part of the shear zone$ ranges
from widths of a few inches (decimeters) to greater than
38 feet {10 m) and zones may be repeated by either shear-
ing or folding so that impure rock is found over zonss up
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to several hundred feet wide (100-200 m). Too few have observed to fork mto two parts and thin out to almost
been observed ta make any firm generafizations, nothing. In theory all could do this laterally, and should
Most of the observed zones have been continuous over dor it vertically. Probably most zones also extend out to the
the range of exploration, but one ar Belle Isle (Fig. &) was edge of the salr stock and become part of the external
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chear zoneg, but for safety reasons none has been followed
that far. The zones can be simple and straight (Avery,
Belle Isle), semi-complex (Jefferson Island), or highly con-
torted and infolded (Weeks).

Importance

Recognition and understanding of the significance of
the boundary shear zones is of considerable importance to
the scientist, as it aids him in understanding the times,
conditions, and methods of salt stock movement (halo-
kinesis). Otder spines of movement can be differentiated
from those of younger age and, with the aid of the evi-
dence from the external sediments, the geclogic history of
the dome can be understood. This, in furn, allows predic-
tion of physical and chemical factors of economic impor-
tance,

Of interest here, however, are the much more obvious
and mnediate effects that these boundary shear zones
have on the mining of the salt, These zones separate two
individual spines of salt, which may or may not have had
different histories; may or may not be different in physical
and chemical properties. The law of probabilities suggests
that differences will ocear, and in passing from one spine
to another, the mine operator may discover significant
changes in the grade of the salt and its potential vses.
Massive white salt with few impurities may give way 1o
darker salt, banded salt, grav salt, or even brown salt; and
vice versa. The physical properties of the salt, such as
grain size, hardness, friability, or easc of extraction may
also change from one spine to the other. Thus the opera-
tor, upon coming to & boundary shear zone, may wish to
do exploration before proceeding, especially if a significant
investment is involved. Each spine is a separate physical
entity, and may be like or dissimilar to irs neighbor in any
of the common variables associated with Gulf Coast salt.
I is quite possible that salt in two adjacent spines might
be maore dissimilar than salt in two adjacent mines.

An even more important factor i the economics of
mining 18 the nature of the boundary shear zone itself.
First, by definition and origin, it will be less pure than the
adjacent salt, and very probably will be waste. Once
mined, it must either be sold ar a reduced price or disposed
of as backfi} or waste. Second, experience has also shown
that this salt has very different mechanical {strength)
properties, most of which are disadvantagesus to mining
and mine safety. Wall and ceiling stability are impaired
and the possibility of ceiling slabbing is greatly increased.

Certain other problems have appearcd that may be
associated with these boundary shear zones, but our expe-
rience with them is too limited to make any positive corre-
fations at this time. For example, large pockets or perous
networks of brine are associated with some of these zones.
Associations of other forsign contaminanis such as pe-
troleum accumulations and high pressured gases may also
be refated to these zones, althou gh the pceurrences of such
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seepages and explosions shaw no clearcut pattern ar the
moment. These marterials can, howaver, migrare rather
fresly and may have moved considerable distances along
lesser shear zones. Thus the other internal shear zones,
although less easily recognized and possibly of lesser mag-
nitude, mayv also be important. All of this, however, is
fargely speculation at this time, but 1§ in agreement with
the mine deseriptions in the final section of the report.

Supgestions

Because of the probable importance of boundary shear
zones (and possibly of the other shear zones) to mining,
it is advisable to make some attempt to locate these zones
as soon as possible. Once located, their probable extent
and importance should be determined. For the boundary
shear zones the dismond dnll is presently the maost useful
tool (Walden and Jacoby, 1963}, but radar {see articles hy
Unterberger and Cook, this symposium) mav have a much
greater future potential, As will be noted in the following
deseriptions, knowledge of the geology of both the internal
structure of the salt and the external structure of the dome
can also be very helpful. Internal shears can only be recog-
nized by detailed mapping of the layering by a geologist
trained to know what to look for.

Once the zone has been recognized and something of
its nature determined, several steps can be taken. First,
since the salt is waste salt and has some potential danger,
the workings penetrating it should do so at right angles
{shortest distance through it) and with workings as smali
{low and narrow) as possible, consistent with good mining
pracrice. This produces less waste and greater safety. Sec-
ond, extra precautions can be taken in this zone against
such problems as brine cavities, gas explosions, and ceiling
stabbing.

Because the boundary shear zone is present and cannot
be avoided, this disadvantageous feature should be turned
into as much of an asset as possible. Because mining en-
tries through this zone can and should be kept to a mini-
mum, it can be used as a barrier wall separating the mine
into diserete units for purposes of ventilation, unitized
mining, and similar activities, The barrier could be made
even more impermeahle with automatic safety doors, con-
crete seals, and similar devices, and could be nsed 1o save
part of the mine if another part should become fHooded,
gased, or otherwise disrupted.

EXAMPLES FROM THE FIVE ISLANDS
{Figure 3)

Avery Istand

It was at Avery Island that foreign sediments were first
recognized in a Gulf Coast salt mine (Heald, 1924}, It was
here also that sediments were first recognized as a possible
boundary between salt spines (Kupfer, 1963}, The first
horizontal diamond drill probing in a Gulf Coast dome
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was done here (Walden and Jacoby, 1963). The boundary
shear zone has been exposed for o distance of 3500 feef
(1 kny) and has been penetrated al two points, brst by
drilling and later by workings. (Note: the scale on the
Walden-Jacoby Plate |, p. 368, appears to be in ervor.)
Where penetrated, the zone is about 6 to 10 feet (3 m)
thick and consists of 5 to 10 stringers of sand 34-V2 inch
{5-15 mm) thick and locally up to 3 inches (80 mm) thick.
The sand is reddish (probably the ubiguitous iron statning
present in all mine waters) and consists of rounded to
sub-rounded gquartz grains. Similar sandstone zones are
present over 2 much wider zone, so that the whole bound-
ary shear zone is over 50 feet (15 m) thick. This zone,
which now serves as a ventilation barrier betwaen the old
and the new workings, contained considersble water
(brine?) in loeal pockets. In ane area the amount of drain-
age was 50 large that a section of the workings had to be
dammed off for a period of time untit the flow ceased. The
fact that the flow in all of these areas eventually does cease
strongly suggests that the brine-filled network of intercon-
necking passageways does not connect to the ourside of the
salt stock, and thus to fresh water which would dissolve
targe openings and flood the mine.

Belle Iste

At the Belle Isle salt mine (Fig. 8) operated by Cargill,
Incorporated, | have had an opportunity to map the
boundary shear zone and several lesser shear zones. The
boundary shear zone appears to start at the edge of the salt
stock as an external shear zone and penetrate into the salt
mass and disappear near the center of the salt stock {min-
ing has not yet progressed far enough to confirm this). The
Belle Isle #5 dnil hole (Fig. &) penetrated the “salt
sheath” zone and contained 33-43 percent shale from 4060
to 800 feet (100250 m) below the surface and from 950
to 1200 feet (300-365 m). At 1200 feet (365 m), the fevel
of the present workings, samples ran 30 percent shale. In
contrast, drill hole 74, equally near the edge of the dome,
was in nearly pure salt.

In the mine the shale zone has not been penctrated
where 1t parallels the salt stock boundary (on the north-
west), but it is & to 20 fest {26 m) thick where if tumns
into the mine proper and continues as such for over 600
teet {200 m) before forking and thinning out.

The zone appears, on first observation, to be similar to
any of the other zones of dark salt which are commeon-
place in ali the Gulf Coast mines. But on inspection, frag-
ments of Black, hard, limy clay are observed. Most appear
as rounded pebbles or cobbles surrounded by a dark sait
matrix {Fig. 9. A much more detatled deseription of this
zone with up to 95% clay, siltstoae, and sandstone is given
in Paine et al. (1965} along with a good photograph of the
zone.

The boundary shear zone at Belle Isle is notable be-
cause the sediment has been dated (Paine, et al., 1965) as

Figure 9, {Phato) Large incluzion of slay in ceiling of Belle |sle salt
mine; pronably shaut 2 feet in diarmweter. Phote by J,T, Grice, Mor-
e Gity, La.

Miacene and thus only 20 million years old as compared
to the salt which is 150 million vears old. This clearly
established the foreign nature of the sediments and shows
that their inchusion is related to diapirism. The salt in this
area is now about 40,000 1o S0.000 feet (12-15 km} above
the horizor in which it was deposited (Fig. 1), but the
equivalent Miocene rocks on the side of the dome are now
at 22,000 feet (7 km). Thus the salt had a relative displace-
ment of about 4 miles (7 km) before the Miocene sedi-
ments were incorporated into the salt and about 4 miles
{7 km) afterward.

As shown on Figure 8, several lesser shear zones radi-
ate out from the boundary shear zone. Some of these zones
were recoghized by the presence of large, verticzl, flat
sitrfaces covered with striations of movement {shicken-
sides). In others, minor cleavages or shears were observed
at a small angle to the lavering, and displacement was
evident, but the amount of separation was not determined.
Other shear zones were inferred by the rapid atteration
of strata and the sudden disappearance of a particular type
of tithology. The abrupl terminations of bedding shown
are somewhat interpretive and could be shown equally
well as just attenuations (Fig. ).

Ft is worthy of note that most of the areas of significant
ceiling siabbing occur near the boundary shear zone. The
several “blowous” (areas of overbreakage during blast-
ing) are also near this zone and in very black salt with
abundant foreign matenal and a strong odor of methane
g8,

Cote Blanche

[ have not mapped the Cote Blanchs mine snd have not
visited all parts of it. In those areas that [ have scen, ne
evidence of a boundary shear zone was noted. A very thin
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{5--20 cm) zone of reddish salt in discontinuous strmgers
can be observed in one part of the mine and is reported to
oceur in several other areas along a more ar less straight
line. This layer is reported to be about 16 percent potash
(equivalent to about 35% KCl) by U8, Geological Survey
chemist Llovd 8. Woodreff {personal communication
from D. H. Eargle, USGS, June 1972}, and so it is kess
likelv thar this is a boundary shear zone, yet potash was
recogmized by Balk (1933, p. 24624} at Jefferson Island
in what is now known to be a boundary shear zone.

Jefferson Esiand

Jefferson Island was first recogmized as having & possi-
ble spine by Balk (1953, p. 2470-71), but he discarded the
ides in faver of a leaching hypothesis. The basis for this
suggested spine is the fact that one part of the sakt stock
{spine 2, Fig. iD) is now 800 feet {250 m} higher than the
adjacent more flat-topped part of the main salt mass (spine
1}. The fat-topped part is overlain by cap rock {mined for
sulfur in 1933-36) and a subsidence luke. The attitude of
the sediments over the spine appears to have been con-
trofled by the intrusion. of the main salt mass and then
modified later by the intrusion of the spine (Kupfer and
sraduate siudent M. Raymond, personal observations,
1971

A bhoundary shear zone separates Lhe salt of the two
spines and probably grades upward into an external shale-
sheath shear zone around the younger and higher spine
{Fig. 10). Shale was first encountered during the mining
at the 1000-level, where it was left as the Iimit of mining
along a zone 1800 feet {530 m) long. Balk (1953, p.
2462-4) gives a detailed description of the sediments, par-
ticularly the red sands. 1t is present vertically below along
the cdge of the workings on the 1300-foot level. Its bound-
ary-shear-zone character was unrecognized, and an at-
tempt was made to penetrate it {0 gain access to the main
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mass of salt. At this point it is very much thicker than the
normal boundary shear zone, and probably has heen re-
folded, sheared, and otherwise repeated. Along this north-
south Hne the foreign material has been found by mining
and drilling over a length of in excess of 1000 feet (300 m),
With the background of the present paper available, it is
ROW casy (o see that this is 2 boundary shear zone, and Hs
true character recognized. It is worthy of note, however,
Balk (1953) concluded after a study of the data available
at that time, that the area of spine was not a “spine.”

Except for the complication of extreme thickness noted
above, the shear zone is very similar to that of the Belle
Isle mine. Rounded peds of dne-grained sediment up to
one foor (30 ¢m) in diameter have been noted at various
points along the zone, but much of the impure material is
fine-grained and generally disseminacted through the salt.
Locally the dark sediment-rich salt is in layers 2-3 feet
{1 m) wide, and these layers can be fullowed for over 300
feer (100 m) before they disappear in the walls of the
workings. Thus the character of the zone appears 1o be
that of several layers of shale-sheath folded together and
penetrated by salt; it is not a simple boundary shear zone,

In drilling to determine the overali shape and characier
of the shear zone, a brine pocket of nearly pure CaCl,
bring was intersectad and a great quantity of brine flowed
out into the workings at high pressures. This flow contin-
ued at a rate of many gallons per hour (several biters per
munute) for several days. Also in this zone a slab of salt
about 70 feet (20 m} in diameter and up to 6 feet {2 m)
thick fell from the ceiling; it kilied three men and de-
stroved cquipment.

Weeks Isiand

At Weeks Island the external shear zone present along
the south and west side of the workings was mapped by
Kupfer {1962, Fig. 1}. In the southwest corner of this map
the pseado-simple parailel-layvered and sheared-out zone
15 exposed over a width of 300 feet (100 m) in the workings
and the sal sheath is probably twice that thickness as the
southeast edge of the salt stock is about 300 feet (100 m)
distant,

As mining progressed eastward and northward, toward
the center of the zone, darker salt was encountered and
ceiling slabbing was associated with this salt. The darker
salt has persisted and, about 1000 feet (300 m) farther
along, a boundary shear zone has been encountered. This
zone has not been penetrated, but the edges are highly
sheared and folded. Most of the clay-like matertal is very
fine-grained and intimately associated with the salt. One
clay layer less than 1-foot thick was checked for fossils,
but none were found (R, Rosen, Texaco, New Orleans,
1973, personal communication).

This zoue cxtends from the south edge of the sait stock
1o essenitally the geographic center of the salt mass, and
has been exposed for a distance of over 1500 teet (500 m).
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The sediments in the zone are highly contorted and the
very mnpure lavers are hughly sheared and discontinuous,
suggesting a boudinage-like disruption of e niore comipe-
teni sediments by the mobile sait. The present interpreea-
tion is that this was an external shear zone thar had been
mcorporated into the salt and moved relatively upward a
loag distance ss indicated in Figore 7C. It las been -
valved in the larer movemenis of the sall, and the foreign
material has thus been strongly infoided and sheared mio
the salt,

CONCLUSIONS

The most importani consideration of this report w the
mine superintendent is that he should be awsare thar in
each salt dome mn the coastal area of the Gulf Coast one
to several boungdary shear zones are to be expected. At
present, it is difficult o predict just what they will be like,
but in general they will consist of one or more 2- to 6-foot
{(2.3-2 m) thick layers of interbedded sediment and salt in
a zone from 10 to 1000 feet {3-300 m) wide. Boundary
shear zones are mappable, and their trends are considera-
bly more predictable than the trends of ordinary banding.
They can be detected by horfzontal exploratory holes and
may be able to be detecied by radar.

Recognition of these zones in active mings 1§ very
important as the zones commonly are compoassd of
low-grade, non-markewable salt with different strength
characteristics. Locafly this zone mayv contain large brine
cavities. Probably the most impostant cconomic factor i5
that the zones bound spines of salt that are very different
in grade, hardness, barding, and other physical properties,
Early detection of these zones is not difficult detecrion
will aid in proper penztration, considerable saving in min-
ing costs, and mcereased safety.

In addition, kesser shear zones are also present in the
mines. As these have been relatively endetected ap to the
present time, little is known of them, but petroleum leaks,
aas pockets, and other mine problems may be associaved
with them. These probably can be detected by very caretul
mapping and photography of the layers by an experterced
geologist who is specifically looking for them.
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