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The underground portion of the field trip will be led by Lock, accompanied by
Gordon Bull. The bulk of this guidebook was originally prepared by Don Kupfer and
Brian Lock, published as part of a joint guidebook with leaders of a related trip (Kupfer
and others, 1995). These two authors have done most of their studies in other mines,
and much of the section dealing with salt structure is therefore general to all five salt
stocks, with specific differences at Cote Blanche noted. However, Kupfer mapped at
Cote Blanche for several months in 1977 (Kupfer, 1977) and has continued mapping at
sporadic intervals both before and since. There is no current underground geological
mapping program being conducted at Cote Blanche, but Lock has been involved with
the on-going project to sink a new shaft. This has given him the opportunity to examine
drill cuttings and logs of the clastic section overlying salt.

The original guidebook by Kupfer and others (1995) was modified for a 1999
GCAGS field trip ((Lock and others, 1999) by removal of the section on surficial
geology (prepared by Autin and Neal) and by the addition of photographs and updating
of the text. Further modifications have been made for this version.

INTRODUCTION

GEOGRAPHIC SETTING OF THE FIVE ISLANDS

There are over 500 salt domes in the onshore and near offshore part of the
northern Gulf Coast Region, and others occur in Mexico, Central America, Cuba, and
under the Gulf of Mexico (Halbouty, 1979). However, only six domes in Louisiana
contain conventional underground salt mines (the Five Islands in the coastal basin,
(Figure 1, A and B) and Winnfield in the North Louisiana Basin), of which three are still
operating today; there are two additional mines in Texas (Grand Saline in the East
Texas Basin and Hockley in the coastal basin). Solution mining is carried out at a
number of Gulf Coast salt domes. On today's trip we will visit Cote Blanche Island salt
dome, located in St. Mary Parish, Louisiana — one of the so-called "Five Islands". Cdte
Blanche is not a true island:; it is an elevated mound, surrounded by Holocene coastal
marshes. We shall go underground in the International Minerals Corporation salt mine
(the smallest of the three Louisiana mines still operating). and may be able to visit
surface outcrops of the overlying clastic sediments, which consist of late Wisconsinan
Peoria Loess overlying alluvial deposits of the Prairie Complex.
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Figure 1A. Physiographic map of central coastal Louisiana, showing the Five Islands.
Modified by Federal Energy Administration (1976) from Van Lopik (1955)
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Figure 1B. The Five Islands, from Kupfer (1998). Note the open circles, indicating
addition salt features, and also note the changes in the Atchafalaya River.



The Five Islands of south central Louisiana (see Figures 1, A and B) are
roughly circular topographic prominences, one to two miles in diameter, that rise
seventy-five feet or more above the surrounding marshes and swamps (Kupfer, 1986),
at 171 feet above sea-level, Backbone Ridge on Weeks Island is the highest point in
south Louisiana. This degree of relief is unusual for the area, so that the "islands" are
clearly visible from several miles distant. The islands are lushly vegetated and support
a rich wildlife, including the Louisiana black bear. Tropical gardens have been
cultivated on Jefferson and Avery islands, and the latter is home to the world-famous
Tabasco Sauce. Both these islands are important tourist attractions.

The four northernmost domes of the Five Islands are equally spaced, about
seven and a half miles) apart, along a N 42° W trend, and are separated, by a gap wide
enough for two additional domes, from Belle Isle salt dome, on the same trend (see
Figure 1). Bayou Carlin and Bayou Sale fields, which fit in the gap between Cote
Blanche and Belle Isle domes, are probably also located over salt-related structures.
All five of the islands have had salt mines at some time. These are listed, from north to
south, in Table 1.

Name of Surface Mine Comments

“Island” Elevation Operator

Jefferson Island 23 m (75" Diamond Crystal Hill on Prairie Terrace, large lake
over cap rock with sulfur, mine
now flooded

Avery Island 48 m (157') Cargill Salt Civil war production, salt near

(Akzo-Nobel) surface, oldest salt mine

Weeks Island 52m (171" Morton Salt Next oldest mine became Strategic
Petroleum Reserve site (now
abandoned and flooded with
brine), new mine to the NW

Cote Blanche 30 m (97) IMC Salt extends under Vermilion Bay,

Island (North American Salt) sea cliffs

(Bayou Carlin field) Probably salt cored structure

(Bayou Sale field) Probably salt cored structure

Belle Isle 24 m (78" Cargill salt Isolated in the marshes with no

road access, large lake, mine now
abandoned and flooded with brine

Table 1. The salt domes and mines, modified from Kupfer et al. (1995).



HISTORY OF SALT MINING IN SOUTH LOUISIANA

Avery Island (Petite Anse of early papers)

There is archaeological evidence that brine springs on Avery Island (Figure 2)
were known to the local Native Americans long before European settlement of south
Louisiana (Brown, 1981; Bates, Copeland and Dixon, 1959). The salt springs were
rediscovered in 1791 by John Hayes, who produced salt by evaporation. In 1812, John
C. Marsh, owner of the island, established an industry that flourished for several years
until imported salt regained the market after hostilities (War of 1812) ceased.

The Civil War once again revived local salt production, and when deeper wells
were dug to enlarge the springs, they found solid salt at a depth of 16 feet on May 4,
1862. Open pit mining was begun and continued until destruction of the salt works by
Union forces under General Banks (April 17, 1863).

After the Civil War, the first shaft was sunk in 1869 and mining has continued at
this location to the present day. Although not classified by MSHA as a gassy mine
(unlike the other Five Islands mines, which are governed by restrictions established for
coal mines), Avery Island mine does have engineering problems. Water leaks into the
mine are common, and a team is kept employed in drilling and grouting these leaks.
Sinkholes at the surface (Figure 3) may be related to leaks into the mine, but may also
be natural phenomena caused by dissolution of salt at the interface with freshwater
aquifers. The numerous lakes over the surfaces of salt dome hills, such as seen in
Figure 2, attest to the common development of natural surface subsidence events.

The mine was, until recently, operated by the Akzo-Nobel Salt Company, but is
now run by Cargill Salt Division of Cargill, Inc., of Minneapolis. A reminder of the early
history of the mine is provided by a prayer to the patron saint of miners, St. Barbara,
displayed near the air shaft. The prayer reads;

"As | now descend unto the dark bowels of the earth, | beseech thee,
Sweet Barbara, that | be kept safe from harm, for it liketh me not that |
rush unbidden into God's presence."

Akzo-Nobel, Inc., also operates a large salt mine at Retsof, in up-state New
York, which started to collapse and leak water in early March of 1994, and Cargill, Inc.
operated the now defunct Belle Isle mine (see below).

Weeks Island

William Weeks was born in England in 1743. In 1792, he came into possession
of a Spanish land grant, signed by the famous Baron Carondelet, to the island that now
bears his name. In 1830, his son, David Weeks, built the famous mansion "Shadows
on the Teche" in New Iberia.



Figure 2. Vertical air photograph (false color infra-red) of Avery Island. Note Tabasco
pepper fields on the right (east), canals for oil field operations on the west, mine
operations and barge canal near the center, and black or blue lakes.

Figure 3. Two recent sinkholes. Note concentric ground cracks. This meadow can be
seen on Figure 2, east of the mine buildings

8



A corporation was formed in 1897, by the Weeks and Myles families, to develop
a salt mine at Weeks Island. This mine opened in 1902. In 1947, the current operators
— Morton Salt Company — purchased the island.

In the late 1970s, the United States government purchased the then existing
Weeks Island mine and converted it for oil storage, as part of the Strategic Petroleum
Reserve (SPR). Filling of the old mine with 72 million barrels of oil started in 1980 and
was completed by 1982. At the same time, a new mine was opened by Morton Salt on
the northwest side of the dome. In 1994, a surface sink-hole developed and water
appeared in significant quantities in a sump beneath the oil. Surface subsidence rates
of several centimeters per year are normal over Gulf Coast salt mines, and the
differential movement results in shear stresses concentrated around the edge of the
mine. It is noteworthy that the Weeks Island sink-hole formed above where two
different levels of mine workings both terminate along the same line. It is inferred that
vertical cracks passed through the salt and provided pathways for groundwater to enter
the mine, progressively dissolving salt and increasing the width of the crack. A
catastrophic collapse was feared, that could have resulted in a major oil spill into the
neighboring environmentally sensitive wetlands.

The Department of Energy decided to evacuate the oil from the SPR and flood the
old workings with brine in an attempt to stabilize them. They first stabilized the area
around the sink-hole by freezing it. This operation was conducted by freezeWall Inc. of
New Jersey. About sixty wells were drilled into the top of the salt (about 150' deep) in
two concentric circles around the sinkhole (now filled with sand). A closed system of
pipes was installed and CaCl, brine circulated at a temperature of -40°F (which is also
about -40°C) to freeze groundwater and prevent it flowing into the mine (Figure 4).

The oil was withdrawn and piped to the SPR facility at Bayou Choctaw, a series of
solution-mined cavities in a dome in the Atchafalaya Basin, 12 miles southwest of
Baton Rouge. The same pipeline was then used to pipe in saturated brine (from
solution mining at Bayou Choctaw). 12.8 million barrels of oil were sold, to meet the
$227 million target for decommissioning the site. Estimates of oil remaining in the old
mine vary; figures as high as one percent of the original oil have been quoted but are
probably too high. However, the site will require continued monitoring to avoid possible
spills.

Jefferson Island

Salt was discovered at a depth of 334" at Jefferson Island in 1894, when a water
well was being drilled to supply the residence of the famous contemporary actor,
Joseph Jefferson, whose house can still be visited. The first shaft was sunk in 1922
and production started the following year (O'Donnell, 1935). Balk (1953) mapped the
salt structure exposed in the mine, and Wharton (1953) described the geology of the
island.

The salt at Jefferson Island is partly beneath a small hill, about 55' high, and

9



Figure 4A. Aerial view of freeze circle at Weeks Island, fall of 1998. The sinkhole was
in the center of the circles of while pipes. The long brown structure to the left of the
circle is a mobile bridge used to support a drilling rig over the center of the sinkhole.

Figure 4B. Ground view of the freeze wall. At bottom left, note section of railroad
track on which the bridge could be moved. Up to three rigs were drilling here at one
time.
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largely beneath a lake, Lake Peigneur (Figure 5), which discharges into the Delcambre
Canal. The hill is the site of the Joseph Jefferson mansion, and some of the old salt
mine buildings of the Diamond Crystal Salt Company. It may represent the latest spine
of salt movement, or it may be a residual feature following salt solution and surface
collapse of the main part of the dome. In favor of the former interpretation is the fact
that cap-rock is present only on top of the low-lying salt beneath the lake (Figure 6).

The discovery of oil at Spindletop proved that Gulf Coast salt domes are often
associated with large amounts of petroleum and other natural resources, and Jefferson
Island is not an exception. Exploration for oil at Jefferson Island dome was begun in
1928, by the Jefferson Lake Oil Company. After drilling a number of dry holes on the
flanks of the dome, the company decided to drill a well in the middle of the lake. This
well did not find oil, but in 1929 they did discover a 211" thick bed of sulfur at a depth of
660'. The sulfur was in salt dome caprock, which was about 2 miles long by 1 mile
wide, with reserves estimated to be on the order of 3-5 million tons. Based on this
discovery a Frasch sulfur mine operation began on this site, becoming the first Frasch
mine operated over water. Commercial production began in 1932. At times actual

Figure 5. Jefferson Island, vertical air photograph, oriented with north to the top. Note
Delcambre Canal entering the lake from the south, wooded hill southeast of the lake
and arcuate area of lost land between the two (compare with Figure 7).

11



X

,.s)
Sw. A%

&2

{005]

10001

1334

ion of Jefferson Island dome, from N

CEre iy

T

005

G

ARENESRie,

ichols (1981)

Figure 6. Cross sect

12



production exceeded 1,200 tons/day. Mining over the lake also eliminated costs
associated with attempting to counteract subsidence associated with the removal of the
sulfur. The mine closed in 1936, after continuous operation for four years had
produced 430,822 tons of sulfur, with a market value of over 7 million dollars. This
mine pioneered sulfur mining over water and set the stage for sulfur mining in
Louisiana's marshes. '

Oil was not discovered at Jefferson Island until two years after sulfur mining
operations has ceased. The Jefferson Island field was discovered in June 1939, and to
1999 the field has produced 6.99 million barrels of crude oil and 84.8 million cubic feet
of natural gas. As of 1999, there were 201 wells in the field. Most of the production
has been from Miocene age sands, below 7,000' depth. The deepest well in the field
had a total depth of 18,501". Summit Energy Company and Continental Resources now
operate the oil and gas field, which lies principally on the south side of the salt stock.

Salt mining was initiated in 1922 when the Diamond Crystal Salt Company
opened a room and pillar mine at the 800' level in the Jefferson Island Dome. Rooms
were 65' wide and 90 feet high and separated by pillars approximately 75 feet square.
From 1922 until 1980 salt mining operations had extended from the original mine at the
800' level to a depth of 1,500'. Rooms at the 1500’ level were 160 feet wide and 75
feet high, with 240 foot pillars. Inclines were driven almost to 1800' before salt mining
ended. By the mid 1970's, surface subsidence of as much as 10 inches per year was
reported and caused concerns about mine stability. The subsidence was attributed
primarily to the small size of pillars in the shallower levels of the mine, but similar rates
are not uncommon at other salt mines in the Gulf Coast. Water leaks were a problem
in one of the shafts, but the shaft was sealed and showed no signs of water even on
the last day of mining.

Texaco has the development rights to the Jefferson Island oil and gas field along
the southeastern flank of the salt dome. These oil leases included the area beneath
Lake Peigneur and some private land adjacent to the Lake. In 1980, Texaco was
drilling two exploratory wells near the mine. One of these wells was the State Lease
124 Lake Peigneur #20 well (see Figure 7), which was proposed to test three oil
producing sands at the flank of the salt dome. Drilling procedures were routine until
around 4:40 am, November 20, 1980, when the driller informed the company man on
the rig that the drill pipe was stuck and could not be moved vertically or rotated and that
circulation had been lost at 1,248'. Work proceeded to free the drill pipe, but the crew
were puzzled by the observation that the hook load indicator climbed slowly beyond the
78,000 pound actual weight of the string. It indicated a weight of 240,00 pounds before
being returned to a normal 40,000 pounds by slacking off on the wire rope. However, it
would promptly climb again to 100,000 pounds. The driller later stated that at 5:45 a.m.
he heard loud 'popping' noises from below the rig. The hook load indicator climbed to
above 400,000 pounds, and shortly afterwards, the drilling rig began to tilt perceptibly.

13
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The foreman immediately evacuated the drilling rig, which overturned at 7:25 am,
landing on a barge containing mud tanks and vibrating screens, and disappearing into
the lake, in water known to be only 11 feet deep! Within three hours Lake Peigneur
emptied into the rapidly developing sinkhole. As the lake water poured into the hole,
68 acres of land along the southeastern shore slumped below normal lake level.

Just before 7:00 am, 48 miners and three LSU scientists had entered the
Jefferson Island salt mine. A few began work on the 1300' level, but most continued
down to the working level of the mine at 1500' depth. At 8:10 am, the mine's master
electrician, working at the 1300’ level of the mine, was hit by a 2' deep stream of muddy
water. The electrician had no doubt a large volume of water was entering the mine,
and immediately signaled for emergency evacuation. By the time the elevator cage
arrived at the 1300’ level, the entire level was ankle deep in water. The miners were
able to safely evacuate the mine, thanks to effective emergency procedures, and no
lives were lost. A quick transit survey from shore indicated that the drill rig had been
located at a position just within a mined-out portion of the 1300' level of the mine
(Figures 7 and 8) (Nichols, et al., 1981).

"A vast whirlpool approximately a quarter mile in diameter developed in the lake.
It caught in its grip a tugboat, a string of [salt] barges, and two Texaco oil rigs. . . Within
the next three hours, the entire lake disappeared into the mine. Normally, water from
the lake flowed out through the Delcambre Canal to Vermilion Bay. . . With the
emptying of the lake, however, the water was flowing from the canal into the crater.
This reverse flow continued [with a fifty foot high waterfall, Figure 9] for the next two
days until the lake was once again filled with water. . . Approximately 30 shrimp boats
[in the canal at Delcambre] were beached when the water level dropped . . . They were
later refloated when the lake stabilized. . . Air in the mine, compressed by the inrush of
water, was exhausting violently from the air [shaft]. [Fountain-like] showers of mud and
water sprayed the area. . . [and] the violent outpouring of air damaged the head-frame
enclosure above the shaft." (Nichols, et al., 1981). Two fishermen found their flatboat
in mud, struggled with it through waist-deep muck to shore and tied the boat to a tree.
As they hurried away across the trembling earth, they looked back to see the bank, the
tree and the tethered boat break away and disappear into the muddy vortex” (Martinez,
1991).

The primary geological feature created during the Jefferson Island event was a
large irregularly shaped sinkhole in the southeastern portion of the lake. Atits
maximum extent it was about 1/4 mile wide and had a total area of about 1/3 square
mile. Massive mudflows occurred along the western portion of the sinkhole, and
significant slumping occurred around the southeastern side of the lake on the
northwestern side of the island on the 20th and 21* (see Figure 5), with loss of about
65 acres of land (Figure 10). By the morning of November 22, the water level in the
lake had returned to normal, and the area was apparently stabilized by November 27.

15
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One of the most astonishing aspects of the disaster was the fact that no lives
were lost. St. Barbara must have been watching.
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Figure 9. View, looking north, of the barge canal extension of Delcambre Canal, (lower
left) flowing over a waterfall into the almost empty Lake Peigneur. Note barges in the
sinkhole (top right), and slumped lake bed (top center). Photograph reproduced by
permission of Dr. R.L. Thoms, of Texas A. and M. University.

R

Figure 10. Another view te canal and of slumped area, looking west. Most features
can be identified by comparing with Figure 7. Photograph reproduced by permission of
Dr. R.L. Thoms, of Texas A. and M. University.

17



Belle Isle

Bell Isle is the south-easternmost of the Five Islands, and is in a remote and
isolated location near the mouth of the Wax Lake Outlet of the Atchafalaya River.
There is no highway access and while the mine was active personnel were transported
by boat from Calumet Landing, thirteen miles to the north. Calumet Landing is located
adjacent to US 90, not far from Franklin, Louisiana.

The island covers 240 acres and rises to 80 feet above the surrounding
marshes. Salt was discovered at Belle Isle in 1896 (Vaughan, 1926; misreported as
1869 by Plimpton and others, 1979), and unsuccessful attempts were made to mine the
salt in 1898. The first shaft was sunk to a depth of 390 feet, and a heading driven
eastward 340 feet until water rushed in and completely flooded the mine in two hours
(Veatch, 1899, Vaughan, 1926). Plimpton and others (1979) suggested that the
heading had penetrated the edge of the dome.

Like Jefferson Island, a large part of the dome is overlain by a lake (Figure
11-A). In August, 1961, Cargill, Inc., started digging a shaft that reached top of salt at
172 feet. Salt production was started in December, 1962, from the 1163’ level (Figures
11-A, B and C). The mine was plagued by a variety of problems. Initially, there was
only a single shaft, divided vertically by a timber and plywood screen to separate inflow
and outflow ventilation. On Tuesday, March 5, 1968, during the night shift, the timbers
caught fire, trapping 21 men underground. The cause of the fire was never determined,
despite a six month investigation. It may have resulted from an electrical fault, from
use of an oxyacetylene torch, or from frictional ignition of a conveyor belt (Browne and
others, 1968). The trapped men included three who had been working at the surface
until about an hour before the fire. They had been loading barges but completed filling
all the barges available and were sent underground. One of these men had been
employed as a miner for only 8 days.

At about 11:30 p.m. the hoist operator was called and asked to lower the skip;
“The shaft is on fire.” Almost immediately the same man called to say that the skip was
also on fire and that they couldn’t get on it. The request was made to pour water down
the shaft. For various reasons, however, it was almost two hours before this could be
done, and the fire was not extinguished until Wednesday afternoon. It was not until
early Thursday morning that a jury-rigged bucket was in place and rescuers could enter
the mine. All the men underground died; 20 from carbon monoxide poisoning, one from
a skull fracture. The time of death of the asphyxiated miners was placed at about 6:00
a.m. on Wednesday. The bodies were found at locations far back into the mine, where
it is presumed the miners had sought clean air (Figure 12). There was no
communication with the trapped men after the initial phone callls.

A second shaft at Belle Isle was completed in 1970 but leaks started in 1973 and
a major collapse occurred, creating a 200' crater at the surface, with the loss of several

18
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This disturbing map illustrates clearly the reasons for the current MSHA regulation that
workers may not remain underground whenever there are less than two available exits.
For a mine with two shafts, the mine must be immediately evacuated if one hoist
becomes inoperable.

buildings (Figure 13). The large proportion of clay in the overburden caused the
collapsed material to act as a seal, and the mine was only partially flooded. The clay
flowed as much as a thousand feet into the mine workings (Figure 14; Kennedy and
Hoine, 1973).

Another fatal accident took place on June 8, 1979. A scheduled blast was
conducted just before the end of the shift at 11:00 p.m. About ten minutes later there
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Figure 13. Crater caused by collapsing shaft, Belle Isle. Photograph taken by J.P.
Morgan, of LSU, on March 3, 1973, during actual collapse.

Figure 15. Belle Isle, photograph taken in Fall of 1998. The lake (south) is to the left.
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Plan View of 1221' Floor (Level) 1163: Floor Superimposed on
Belle Isle Mine 1221"' Floor

Franklin, St. Mary Parish, Louisiana
Extent of Surface Material Which
Scale: 1" = 400' ‘ Flowed into the Mine

Figure 14. Map of Belle Isle mine at the time of the shaft collapse (1973). Shaded
area indicates the extent of overburden influx into the mine. Black area is benched
(see inset for room elevation). From Kennedy and Hoine (1973).
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was a second, much more powerful explosion. The scheduled blast had liberated a
large volume of gas, later estimated as about 0.6 million cubic feet of methane
(Plimpton and others, 1980). Ignition occurred after the gas volume had expanded and
mixed with the mine atmosphere to reach the dilution at which it became explosive
(Figure 16). Electrical sparks may have triggered the actual explosion.

A powerful shock wave followed the explosion and swept through the entire
mine. Three miners died near the shafts, about 4,000' away from the site of the
explosion (Figure 17; Plimpton and others, 1980); one was in a jeep that spun out of
control and ended with the rear wheels hanging over a 30" drop over which he fell,
while two others died of lung damage and asphyxiation. The two miners who had set
the charges had walked about half a mile when the blast shock-wave hit them — they
also died from lung damage and asphyxiation. 17 miners who were also underground
at the time survived, although several were burned and concussed.

The blast wave must have reached temperatures of 900°F to have caused the
burns suffered, although at the point of explosion 2000°F have been estimated.
Damage to mine equipment included charred and melted cables, twisted equipment
and overturned vehicles (Figures 18 and 19), demolished office buildings, and
destroyed steel bulkheads. At the time of the explosion, the cage in the Number 2 shaft
was at the shaft collar (the top of the shaft, at the surface). This cage, which weighed
1.5 tons, was blown 55 feet upwards and lodged in the shaft headframe.

The inquiry that followed this disaster led to MSHA reclassifying all the Five
Islands mines except Avery as “gassy” and imposing regulations similar to those at coal
mines. Amongst other changes, blasting takes place in these mines only with
personnel out of the mine. Regulations currently in force also now prohibit miners
staying underground if less than two separate means of exit are available. Problems
with a shaft now result in immediate mine evacuation, for example, if only two shafts
exist.

The Belle Isle mine was again reopened, but other problems emerged in the
early 1980s. The mine plan was somewhat different from the other Five Islands mines,
with long, narrow pillars (70 feet by 500 feet) instead of the square ones used
elsewhere (Figure 20, for example). Benching (excavation into the floor) created final
room heights of about 90 feet (Figure 14, inset). These pillars developed stability
problems and a possible mine collapse was feared. The decision was made to
abandon the mine; it was closed February 1, 1984 and deliberately flooded with sea
water in November of 1985. Subsidence continues, with the expulsion of some of the
(now saturated) brine with which the mine was flooded, currently at a rate of 1.5
gallons/hour. For environmental reasons, this brine can not be discharged into the sea,
but has to be gathered in storage tanks and barged to a deep well disposal facility.
Figure 15 shows the island as it appears today.
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Figure 16. Mine explosion at Belle Isle, June 8 1979. After Plimpton (1980).
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Figure 17. Gas outbursts in the Belle Isle mine, including the one responsible for the
1979 fatal explosion. From Plimpton (1980).
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