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changed by the discovery in 1912 during 0il drilling operations ef potash ;

i INTROTUCTI O

. While eveessas during the period April to JuLy, 1964 the writer
& .
visited in addition to phosphate deposits, most of the major potash mines

and a number of evéporated—salt, rock salt, brine and sulphur operations in

. North America, Europe.and Israel to etudy the’occurrence, exploration and

expleitation of what are, to Australia, mostly exotic mineral depesits.
However, this may not alwgys be 30, There are generally no surface indioar

tions_of highly soluble evaporite minerals and their diseovery depends om

"drilling; thus, discovery is often largely a matter of chance,

It is interesting to trace the history of disoovery and exploitar

tion of potash from 1861 to after World War I, when Germany was the sole ?

world source, until the present time, _

Though Searle's Lake (Caiifornia)'was discovered in 1862 and was
first exploited in 1873 fraotional crystallization technology was insuff-;
iciently advanced t o provide domestio U.S. needs, The situation was little
brines and non-commercial potash salts in West Texas, However, the dlsooven;
in 1925 of sylvite in oil-well cuttlngs from the same basin in New Mexioo

led to intensive core drilling and to the establishment of a seund UlLS,

potash industny’based at Carlsbad, Between the wars, Germany, France, U.S,A,

-and U.S S.R. emerged as the main sources of supply. In 1943 oil-well drill—

(

ing operatlons in the Esterhazy Basin in Saskatchewan (Canada) led to the |
discovery and production (in 1962) of what has now proved to be the'largeet
potash deposit in the world, Drilling for oil has also located exploitable
potash bearing evaporite sequences near Mosh (Utah), in northeastern Englaéd,
Spain, Polandland North Africa,

The dlscoveny and exploitation of sulphur, both as a ocaprock ‘com-
ponent of some of the salt domes of the Gulf of Mexico area and as a recov-
ered product from sour natural gas in Alberta (Cenada) and at Léoq (France)
also resulted from the see.rch for oil and gas,

The various mines and plants visited and details of geological
setting of the depoeits are desoeribed below with some general data relating

to occurrence, In Fig, 1 is shown the route taken and the localities visited.
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EVAPORITES

General Qcourrence

Evaporites are morecommon<and widespread than is generally reoog~
nized. Iﬁ North Amerioa they are présent in &1l Palaeozoic andllater systems
(excepting possibly the Cambrian) : In Europe salt deposits are found in the
bevonian, Permian, Triassic, Jurassis and Tertiary, and only the C#rboniféroug
is entirely salt free; in Asiatioc Russia they are also found in the Cambrian,
Ordovician, Silurian and Cretaceous Systems. In the general sense evapor@tes
may comprise deposits resulting from evaporation of seawater under restrjcted
environmental conditions, or from desiocation of salt lakes and playas - #n
the latter the salts may have been derived from oyclic sources, from the .
weathering of rocks of the drainage basin or from volcanic sburces.‘ !

Iﬁ discussing restricted marine occurrences Krumbein®* (1951) péints
out that "widespread and recurreﬁt depositioﬁ of eiaporites during essenfially
all parts of the Palasozoic and later eras suggests that conditions favo;ring
excessive evaporation of seawater occurred. « « » o o On many pccasions,

The lateral gradations of the evaporites into normal marine deposits in éany
instances, implies that large parts of. the continent had normal olimaticgoon-
ditions simultaneously with the fopnation of evaporites in restricted areas.
Hence, there seems no need for calling upon "general aridity" during a ggologiw
period_to aocount for its evaporiteé. Rather, the implication for histo%ical
geology is that teoto—environmental oonditions for evaporites were of co@mon
occurrence, and that thafmaporites fit into the climatic picture of -any éeriod
és normally expected phenomena to be found on shelves, intracratonic bas;ns
and in miogeosynclines PP .(but) rare or abseﬂt among typical eugeo;
synclinal deposits," |

The evaporation of seawater in baéins,.marginal salt pans, salinas,
lagoons or of relict seas depends onva restriction of the environment which
may be caused by biogenic (reefs), physiographic (regressive strand lines,

barrier beaches) or tectonic controls., The major contained elements are

* Krubein W.C., (1951) Occurrence and lithologic associations of evaporites
in the U.,S. Jour.Sed.Pet.21 (2) pp. 63-81.

For other references see:

Stewart, F.H., (1963) Marine evaporites, U.S.G.S. prof.pap. MiO-Y,
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those of seawater, precipitated in a definite order dependent on their
solubility, Evaporation normally leads to successive layers that are righ
in carbonates (Ca, Mg), sulphates (Ca) and finally chlorides (Na with K Qnd
Mg) « Primary lateral variations result from a number of factors: distanoce
from the shoreline, distance from the open ocean, influence of rivers, dépth
of water, configuration of the depositional floor, rate of subsidence,
thermal currents, periodicity of intake of seawater or freshwater, changés
in temperatu}e and whether opportunity is given for precipitation of the
various salts and in particular.of the highly soluble bittern salts,
Pene—~contemporaneous and postconsolidation changes introduce further var@a—

tionsg,.

Solid Phase Potash

Potassium salts are>oommonly referred to as "Potash", Commer-
.cially'tﬁé most importaent of these salts is sylvite (KCi) while the ore?
mined is an intimate physical mixture of XC1l and NaCl called sylvinite,t
Potash statistics are reported as the amount of potassium oxide (Kzo) tg
which a salt in question is equivalent, Pure muriate (KC1) is equivalent
to 63.18% KZO but most.commercisl muriate is equivalent to about 60% KZQ.

Other naturally occurring potassium salts are tabled below.

SATT © FoRMULA © % OF K CHEMICAL EQUIVALENT
| © IN TERMS OF POTASH

(Potassium metal) X 100 120
Sylvite KC1 - Y 63
Aroanite K2304 . 45 5
Langbeinite Kzsolr.zwfgs"olF 49 23 -
Polyhalite K S0, HgS0, 420280, 2H0 13 16
Carnallite KC1.MgCl ,6H,0 14 17
Kainite KC1.MgS0, +3H,0 16 19
Glaserite N82804'5K2804

Potash data are reported in short tons (2000 1bs,)
Potash is one of the basic plant nutrients indispensable to plant
life and some 94% of all production is consumed in fertilizers, The total

world consumption is growing at sbout 5% annually, The production of potash
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in the "Free World" in 1963 increased by 14.5% over that of 1962, to a total
of almost 10,5 million tons though it still remained in short supply. Ox/:ér
90% of the total world demand was filled by U,S.A,, West Germany, East |
Germany, France, U.S5.S.R, and ‘Canada while the remainder was sipplied by
Spain, Sieily, Poland, Israel, ilorocco, the Congo, Chile, Jordan, and
Ethiopia, |

In 1963 the following production was reported (in millions of
short tons potash equivalent) -~ U.S.A. (2.60), West Germany (1.95), East
Germany (1.75), U.S.S.R. (1.24), Frence, Msace (1,67)., Cenada is expected
to become the largest produger in the world within several years; in 1963
output totalled 664,000 tons,

The price of standard potash (635 minimum K20) in bulk at work:?
ranges from $30 to $40 per ton, A o

In 1963 Australia imported 64,000 tons of KC1l and 9,500 tons o;f‘
K280 I

for fertilizer usage.

4

1. West Germany ~ Hanover - Zechstein Basin

23rd June, 1964 to 27th June, 196k.
Erich Hofrichter ; A
) : - Bundenstalt fitr Bodenforschung, Hanover,
Axel Hermann ‘
Palaeogeographic History of the N,W, German Zechstein Upper Pemim'Bas%n.
The Zechstein Basin (fig. 2) is an extensive epicontinental basin
oomprising a thick sequence of Upper Permian‘ evaporites, the basement of
which is composed of Devonian, Carboniferous and Lower Permian Rocks. The
Zechstein Sea, during transient states of cut off and evaporafipn, under»-
went four major depositional cycles resulting in thick sequences. of sal‘é:
(figs 3). At the base, these oycleé consist of clastic deposits; thesé

are generally succeeded by ocarbonates, suiphates and chlorides and in the

recessive part are generally terminated by anhydrite,-
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Fig, 2: Zechstein Basin - Permian salt dep6;£¥§vin Northwestern Europe -
and Britlsh Isles,

The "Zechstein" is overlain by Bunter sandstone, a shallow water
semicontinental deposit; red terrigenous materials which came from thef
south and southeast are over 3,000 feet in thickness and include some'rgok
salt., Then follows the marine Muschelkalk; during this phase a temporary
cut—-off took place resulting in separation of‘moré rock salt, During the
upper and Middle Keuper brackish estuarine conditions were prevalent onée
more, These are succeeded by Jurassic and Cretaceous marls, limestone énd
chalk and Tertiary clays,

The stratigraphic segquence is shown in Table 1.
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TABLE 1.

STRATIGRAPHIC SEQUENCE -~ NORTHWEST GERMJWY

THICKNESS

SYSTEM MATN LITHOLOGY
(ft.)
Quaternary .gand, gravel t 450 = 900
Tertiary clay 3000 -~ 5500
1
Upper Cretaceous |Danian chalk, limestone marls 1500 ~ 5500
’ Maestrichtian L
Campanian
Santonian
Coniacian .
Truronian ‘
B Cenomanian :
[®,
§Lower Cretaceous |Albian : f
E Aptian clays, marls - 3600
& Barremian :
Hauterivien _ _ ! _ _ _ _ _ _ _ __ _ __
Valangiman clay, marls, sandstones
Wealden _
—{0vper Jurassic . |U.Malm. _ _| _ _ _ _ _ _ _ _ _ _ _ ___ T
(Portlandian) Limestone, marls, salt :
:Mq Ma]m. :
(Kimmeridgian) Marls, limestone, sand- s
stone, -~ 5000
L. MaJm. .
(Oxfordian) Glay, limestone :
%Middle Jurassic Callovian Clay, marls, sandstone °
(Dogger) Bathonian .'
é Bajocien 600 ~ 3000
~ Adlenian '
sower Jurassio ;
(Lias) Clay,marls, oil shales 1200 ~ 4500
Keuper Rhaetian Clay, sandstons ' :
Middle Keuper marls, salt 1500 ~ 1800
Lower Keuper Clay, marls, dolomite
o Muschelkalk . limestone, dolomite, 600 - 1200
= galt ,
[ /] S——— |
2 _ ;
HiBunter "Upper Be. sandstone, clay, salt !
& Middle B. sandstone, c¢lay | 1500 - 3000
+ Lower B, clay, sandstone ‘
Zechstein Aller Series salt, enhydrite ,gotash -
dolom:.te s Clay
& Leine Series 3600
%F Stassfurt
Series A
P Werra Series
Rotliegendes sandstone, clay,salt 600 ~ 3000
! Upper Stephanian sandstone,shale,coal 5000
20 Carboniferous Weatphalien seams
(@) Namurian
%ﬁ*nower Carboniferous ? ?
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Teotonic Features
The soﬁthem boundary 61‘ the Basin is formed by momt@ous
regions,(inclluding the Harz) where the tectonio structures are character—
ized by fault blocks along the borders of which sqlt has frequently risen,
Where the salt thickness elsewhere exceeds a certain thickness
anticlines and salt domes hdving & NNE-SSW or NW-SE trend have been flormed
(Figse 4 and 5), The teotonic structure of the Mesozoic in N,W, Germany iB'
entirely modified by the spe cific movement of the Pennian salt and it influ—
ences all economic mineral depos:x.ts 1nclud.ing groundwater,
(2) The first oil fields in the area were discovered at
the flanks of salt domes, the ocores of which consist
of Zechstein salt, |
(v) Migration of this salt can be dated back to the Jurassio,
| wnd the sedimentary iron ores typical of central Gema@y
heve an origin attributed to synsedimentary faulting con-
sequent on the rise of salt., Th- transgressive congloxjh—
erates are rich in iron, | |
(c¢) Near Stassfurt are located potash deposits which were iden-
tified in 1843 and in 1861 became the first to be econém—
ically exploited in the world, Other localities have :_since
been opened up, Halite is being recovered by mining apd
also by solution at a number of centres. | .
(d) Copper shales which have been known since the Middle Ages
(e+.8s Mansfeld) occur at the base of the formation.
(e) Carbonate roocks of the Zechstein constitute the most signifi-

cant German natural gas deposits.,

The Zeohstein cyoleé

There are’ four sedimentary oycles represented more 'or less thrpugh—
out the region and named Zechstein 1, Zechstein 2, Zechstein 3 and Zeohstéin 4.
Each of these individual eycles of progressive evaporation starts with.a

clastic sediment (conglomerate at the margin of the basin, sand silt, mudstone,

pelite), Then follows a carbonate phage (limestone/dolomite), a sulphate phasc
(anhydrite/gypsv.xn), and chlorides, Halite is generally of great thickness and

is succeeded finally by bittern szlts (potassium, magnesium: sulphdtes and



chlorides).

Prior to the deposition of a neﬁ oyele a recessive sequence (gen-
erally only thin) is developed. The diagram (Fig. 3) illustrates the prcg:éss
of precipitation which, due to palasclimatic and palaeogeographic factors,fdoes
not proceed in a straight line, although the principle'éf the sequence froq |
less soluble to more soluble-éait_can be clearly recognized,

At the margin of the basin and within the region of shallow~watér
.aréas in the central parts of the basin carbonates have been deposited in QOn-
siderable thickness. At these places are developed bryozoa reefs in Zeehsgein
1 and algas reefs in Zechstein 2 and 3. Towards deeper water these massivé
light coloured carbonate rocks (90 - 200 feet in thickness) change lateral}y
in facies to dark, stratified limestones or dolomites, In the deepest paris
of the basin these may be replaced by a thin bed of highly bituminous "stiékr
schiefer", This change of facies from Main Dolomite to ";tinking dolomite? to
" wgtinking shale" from the margin and proceeding to the deepsr parts of thei

basin is particularly obvious in Zechstein 2,

Fige 6 Anhydrite, gypsum quarties at Sachsenstein by Bad sachse; Harz Mountains,

The marginal "coast-line" carbonate rocks are normally succeeded by
light coloured maséive anhydrite up to 1500 feet in thickness (Fig. 6); towards
the centre of the basin these change laterally to thin and gxtremely finely
stratified aark anhydrites,

In the cycles Zechstein 2, 3 and L, beds of halite range from 600

to 2,000 feet in thiclkness, In Zechstein 1, however, halite was precipitated

N
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only in a bonfineditlo'cal-'"trap“ behind a ridgé ‘and it is assumed that brine
which was almost concentrated in sodium chloride was retufned from the main
basin in Northern Germany to the ocean, It is considered that halite has |
generally been precipitated rather quickly after having reached concentra~
tion. |

| Tho potash salts (and K~Mg~salts) represent bitterns of maximum
salinity and appear as interbeds ranging up to 30 feet in thickness within
the considerable amount of salt, The famous Stassfurt seam attains a thiclf-
ness of 75 feet.‘ :

The mineable potash beds in Zechstein 1 are restricted to the
Hessen -~ Thuringen sub basin in the South, Seam Stassfurt in Zechstein 2
is widely distributed in northern Europe, in Denmark and in north eastern
England, Drilling undertaken in Yorkshire indicates‘that this bed is 15 feet
thick and lies at a depth of 3800 feet (see under Billingham, anhydrite) .
The seams Ronnenberg and Reidel among other lesser ones in Zechstein 3 are
lenses well mineable over wide areas though not in others.
Potassites in Zechstein 1 and 2 are oomposed»predomiﬂantly.of sylvite

(kc1), Carnallite (KCl.MgClz.6H20) and Kieserite (MgSOh.HZO) and ohange rather
quickly in facies. The seams of Zechstein 3 are mBstly sylvinites free aé
Mg salts, Thé complex salts generally occurring in the potash zone are tﬁe
result of extensive.secondany ohanges.involving transformation and replacément,

rather than simple precipitation from an evaporatiﬁg sesa,

Tectonioc disturbance of Zechstein Salts _

Dislocation of the salt beds has depen sd largely oﬁ the thickness
of overburden aﬁd genuine salt domes are widely distributed in northern
Germany where the Cenozoic ~ Mesozoic cover attains a thickness of 6,000 to
12,000 feet, |

| South of Hanover a relation between salt domes and tectonies of the
Mesozoic cover is conspicuous and a clear dependence of diapirs on faults of
mostly dilatation charaoter is evident e,g. salt has injeoted the faults of
the Gotfingen Graben in spite of the fgct that the overlying sediments total
less than 4,500 feet (Fig, &), |

The linear extended form of the salt bodies east of Hahover is re-

lated to SSW-NNE trending faults although elsewhere the relation of diapirism
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to pre-existing faplts’is not always obvious, In most cases the ascent of

the salt began gradually, as can be demonstrated by thickness variations.in

" the Mesozoics, but immediately piercement took place this was very quick

and almost explosive,.

During these movements the salt formation was intensively folded

and developed structures featured by highly viscous fluids, Nevertheless, the

internal structures of the salt bodies can be analysed provided the strati-

graphic characteristics of the different salts are knom,

The salt domes exposed by mining have been studied in great geolog-

jcal detail and the following features are characteristic,

(a)

(b)

()

The cores of the diapirs are buiit up by the older salt-formation
(Stassfurt halite —-Naz).

The salts of Zechstein 2 and 3 "coat" the core with meny folds
having sfeep (almost vertical) axes, showing normal or in-.
verted inclination and at times drape folds;

The structures may be extfemely complex with flowage bf-the éalt
resulting in thickening of the beds in some places aﬁd sevére
attenuation elsewhere presenting problems in exploration aﬁd
mining the potash seams, |

The tops of the salt fQomes are usually affectedAby leaching pro~
cesses which take placé below the ground surface through the
action of groundwater, This results in the development of?a
£lat plane on the top of the salt (salt teble) which is co;-vered‘
by a caprock of gypsumi(see Fig. 14).

This destruction of saline rocks is called "subrosion",

Inspection of Zechstein Formation,

The writer was guided on tours underground at the Lehrte salt

dome (20 Xm. east of Hanover) and at the Benthe salt dome (10 Xm, west of

Hanover) by Dr. Erich Hofrichter when many of the features described above

were inspected, In company with Drs. Hofrichter and Axel Hermann, one day

was spent traversing the route indicated on the locality plan (Fig.7) to

visit the marginal facies of the Zechstein formation,

(&)

Lehrte Salt Dome, The Bergamannssegen Mine visited is one of

four mines operated by Wintershall Co, on the northern lobe of
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the Lehrte ~ Sehnde (— Sarstedt) salt dome., The dome strikes
NNE-SSW and 1s s ome 25 Km. in length and 1 %o b Knm. in width.
The southernmost lobe is connected to the Leinetal anticline,

The area of the éalt dome is marked by a depression eéused by su?—
rosion and subsidence in otherwise gently undulating eountry. é
The operating mines include Bergmannssegen, Hugo, Erichseggen = -
and Ottoshall and are interconneeted underground,

.Geologic details are shown in Figs. 8, 9, and 10, The stratigra?hic
section exposed in the mine iﬁoludes salt formations of Zechst;in
2, 3 and 4 with the potash beds Stassfurt (Hartsalz), Ronnenbe%g :
and Riedel (:ylvinites) and the locally developed seam Berg-— !
mannssegen, Drape folds with steeply dipping exes (more complieca-
ted in the deeper levels) are features of the struoture, ;

The 580 m, and 900 m, levels of the Mine Bergmennssegen were in;
spected., Enormous piles of waste resulting froﬁ the separati?n
of sylvite from the ore by fractional crystallization mark the
mine centres (Figs. 11, 12). Tréckléss mining equipment is u%ed

extensively with some ore haulage undertaken by electric trains.

(v) Benthe Salt Dome. On the salt dome of Benthe/Hanover there are two

operating ocompanies - Vereinigte Kaliwerke Salzdekfuth Co. (Hénsa
Mines) and the Kalichemie Co.>(Ronnenberg Mines) «

The salt dome has ascended at the intersection of several majof
faul£s (see Fige 13) . ‘

Levels have been established at the 427 m,, 514 m., 601 ﬁ., 701 ‘n,,
801 m., 901 m., and 1001 m. levels, The 601 and 1001 metre levels
were inspected. The internal structures of the salt body shoﬁ
drape folds with vertical axes also folds with horizontal axes,
progressive and recessive precipitation, varves in halite, and

) indications for interformational resolution,

The plane affected by subrosion is under 300 f£t, of cover, The -
structure of the dome is illustrated in Figs. 13 and 14, while

Figs. 15, 16, 17 and 18 typify underground features.



- 12 =

21109

Fige 11 Potash Mine Bergmannssegen-Hugo, Lehrte Salt dome, Hanover,
Haulage shaf't, separation plant and waste pile of salt etec,

3\LO

Fig, 12 Main shaft, Bergmannssegen lfine, Hanover,



Fige 1

Fig, 16

- {3 =

Plastic flowage of salt beds, Neuhof.
(R. Russell photo)

Folding in salt -~ carnallite beds, Neuhof.
(R. Russell photo)
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Fige 18”7 Leinne salt enclosing Ronnenberg potash seam, Ronnenberg,
Potash seam exposed on right side of roof of drive above
electric cable, (R« Russell photo )
24-

Fig, 18 Plastic folding in salt, enclosing fractured and disjointed
shale, Neuhof (R, Russell photo )
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(o)  Field Excursion, pﬁring & trip conducted by Drs. Hofrichter
and Hermann to the Harz Mountains and the East German border
exposures of classical Zechstein shoreline stratigraphy were
inspected - between Seessen and Osterode, at Latzenstein,
Sachsenstein and Walkenried - anhydrite, gypsum, dolomite and

limestones and the Kupferschiefer, (see Fig, 7 for locationé).

24 England
Billingham, Anhydrite, Co, Durham, I,C.I, Ltd,

11th June, 1964 to 12th June, 1964,

G.E, Pearse, Mine Manager, I.C,I, Ltd,, Norton Hall,

T.P. Gregson, Deputy Manager, I.C.I. Ltd. Billinghanm,

Malcolm Harmer, Mining Engineer, I,C,I, Ltd, Billingham,

Fasctories of I.C,I., Ltd, occupy an area of some 14100 acres on
the north bank of the River Tees between Stockton gnd Port Clarence where the
principal products include fertili?ers and heavy chemicals based on ammon;a;
brine and oil., Anhydrite, used in the manufacture of sulphate of ammonia}
sulphug@c acid and cement is mined from deposits lying directly beneath the
factory site, ' A ’ é
Permian Evaporites
In northeastern England the Permian potsssic evaporite section

was first intersected by D'Arcy Exploration Co, during oil search operations
in 1939, eoring with brine fluids has been undertaken since that time by
lI.C.I. Ltd., Fissons Fertilizers Ltd. and Armour & Co., in search of workable
deposits of pofassium s8alts in the Eskdale-whitbyhscarborough—Darlington—f
Fordon area of north Yorkshire., The succession includes three cycles of |
evaporites with potash zones in the "upper evaporites" and "middle evapor?tes%
tﬁe most‘promising being a bed of sylvinite 14 té 28f't. in thickness and :
containing 10 to 20% KC1 at a depth of about 3,800f't, near Eskdale, I;C.I.
Ltd. are continuing investigations and are closely following solution mining

developments in Canada,
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Fig, 19 Cross section - Bllllngham area.

Almost 2,500ft, of Permian sediments have been intersected in
the Scarborough locality while the total thickness near Billingham is less
than 3ooft. Tt is inferred that southward from the Billingham locality -the
Permian Basin deepensd rapidly.and that continued subsidence throughout
Permian time allowed development of & substantial thickness of evaporitqs
(Fige 19) .

A correlation of the English and Germen Zechstein evaporites is

shown in Table 2,

Anhydrite, Billingham |

At Billingham thé "main anhydrite" has been exploited by I.C.I.
14d., Agricultural Diviston, since World Wer I frém two 13ft, diameter |
shafts, 800ft, in depth, Beladw the surface clays are some 300ft, of Bunter
sandstone and 200ft. of upper Permian marls followed by 300ft, of evaporites
in which anhydrite énd rock syﬁt dspoéits occur, The ore bed rangeé up to
25ft, The minimum working face is.13ft. and most openings seen ranged from
15 to 25ft. in height, bekings extend over an area of some 2 miles by 1%

miles, mining operations being confined to areas where the bed is at least

13ft. thick, not faulted, and where NaCl content is less than 0,1%. .The bed

. o)
dips at an angle of 3, A room and pillar system of mining is employed with




EVAPORITE SUCCESSIONS IN THE

- 17 -
TABLE t4

. (PROBABLE EQUIVALENTS

ERMAN AND ENGLISH ZECHSTEIN

HANOVER SUCCRSSH

NORTHWESTERN

BILLINGHAM .

S ,  THICKNESS WHITBY (YORKS) :
ION : ENGLAND THICKNESS (FT.)| THICKNESS'
i . (FT,)
Jeried matl 16 upper Permian up to 600 200 :
marl : _
sein) | top anhydrite 30 top anhydrite 2 to 4
Aller halite 350 :
Pegmatitic anhy+
drite L
red pelite 50 salt clgy 7 to 12
Jeries] halite 20 to 50 :
Riedel potash 15 to 30 (upper 50 to 90
%halite
tein | Leine halite  |230 to 500 Upper (potash -
~ ‘ Evap~ ézone 0 to 28
Ronnenberg 15 to 30 or- lower 41 to 64
potash ites (halite
halite 130 to 150 anhy- 17 to 28 upper anhyr
) drite ' drite ;
Main anhy= 115 oarbon— 2 to' k 10
drite (ate . B
grey pelite, _ L
dolomite 25 Carnallitic marl | 31 to 6% red,g¥8¥§8rls
urt |Top anhydrite 3 to 10 (upper 0 to 17 Main halite
8 halite 0 to 100
tein }Stassfurt pot- | 20 to 65 Mid- 3potaéh 11 to 13 '
ash ldale. (zone Main anhydrite
Stassfurt halitg 130 t02300 _Evgp-(lower 92 te 277 ‘ :
- (halite 0 to 25
basal anhydrite 6 ites (halite~ : : :
: (anhyd- 50 to 92 (avge. 18):
drite : ‘
%anhyh !
drite ?
Stinkscheifer 30 - upper magnesian |147 to 183 70 to 100
f limestone : ‘
anhydrite 70 (upper 40 to 117 )
.63 53 halite-
ytein lower éanhyb
evap~ (4rite
or-
, ites
Werre halite 20 upper 40 to 670
anhyddte
lower hal~
ﬁite—anhyh »
: drite L6 to 142 30 to 80
anhydrite 100 (Lower 151 to 309
| (anhydd te )
Zechstein chalk 13
Kupperschiefer 1 lower magnesian 365 & 750
, limestone
Conglomerate 6 basal sands,

brecciay,marls
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rooms 25f%, in width; 51% extraction o&:.f‘.the bad is maintained. Traokleés
mini'ng equipment is used throughout. Aﬁh'ydﬁte is blasted from the face,;

loaded by gathering-arm loaders on to dumper trucks and transported to |

underground crushers, Minus 1 inch rock is delivered to the plant,

The anhydrite bed is underlain by gypsiferous anmrdnte and is
overlain by grey marl, The ‘ore! }.gsenerally dark grey and massive and in
parts is buff to light grey, translucent and massive, The lower portiong;af
the bed generally shows fine bedding laminations and has a shaley appearance

though the average product has the following composition:

CaSo, « 9%
(ca,Mg) Co3 %%
810, %

Other Insolubles 2% (mica., felspar, cla;lr, hornblends, iron axi;ie)-
NaCAl < 0,1%
Production averages .1 million tons per year, 2/3 of this
being consumed for ammonium sulphate fertilizer production and the romejnder
for sulphuric acid, ?

REFERENCES ‘ i

Napier, E (191;8) The lower anhydrite seams of the Tees erea, Proc,
1 Yorks.Geol,Soc. 27 (3) . :

and in Stewart, The 'Permion lower evaporites of Fordon in Yorksh:.re.
F.H. (1963 ProcStrks,Geol,Soc, 34 (1) No. 1. .
3 France — Alsace

30th June, 1964 to 3rd July, 1964

Etienne Gannat ~ deologist %

M. Courtot - Chef du Service

Géologique - Mines Domaniales Potasse

- dtAlsace, Mulhouse.
M.H, Hardy -~ Chief Engin-
eer

M.D.P.A. §perate six miles (Theodore, Marie Leuiss, Rudolphe
Joseph Else, Amflie, Anna and Ferdinand) in the Haut Rhin of Alsace for the
p;*oductior;__o_i‘ poﬁash; annual outbut now totals 1,900,000 tons/yr. K20,
which is 18% of world potash preduction. Daily ore production (20% K20)
rangeé from 8,000 - 10,000 tonss The cempany has sunk 18 shafts and operate

seven plants for the production of KCI. Output has increased steadily since



> 40 o

1910 except for drastic ourtailment during the Wars,

Operations are centred between Mulhouse and Celnar townships
situated on an extensive flat plain of the Haut Rhin bounded by the Veosges
Mountains on the west and the River Rhine on the east. Beyond the River
Rhine in Germany rise mountains of the Black Forest and the Kaiserstuhl,
The potassium salts were discovered in 1904 during petroleum investigations
at depths of 2,069ft, Intensive drilling then defined the limits of the
deposit,

Inspections were undertaken of the Marie Louise mill (with
M. Gennat), of the Amflie-Anna Mines (with Messrs, Courtot and Hardy) and a

drive taken through the Vosges and to the River Rhine (with M, Gannat),

e AT b

Fig, 22 Alsace Plains, looking towards Colmar and the River Rhine,
from The Vosges.

A fine museum is maintained by M.D.,P.A. where plans and
sections of the mine are housed and cores and suites of samples cf the
relevant ore beds from the major potash deposits of the world are displayed -
these include those of Germany, Carlsbad and Moab (U.S.A.), Saskatchewan

(Canada) , Spain, Morocco, the Congo, Poland, U,S,S.R,, and Sieily,

The Alsace potash deposits

(a) Stratigraphy

The two potash beds being exploited by M,D.P.A. are part of

a Terticry (Oligocene) evaporite sequence preserved in a
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basin ‘soms 85 squa?q miles‘;n area, lying be#ween Mulhouse -
and Colmar and exfending in a northeastern direction to the
Rhine (Fig. 2@); one German mine operates on a deep se'ot:}On

. of the besin which axtends across the River Rhine, see ;
locality plen (Fig. 20), The.deposits are reputed to conr
tain 1,800 million tonnes of potash salts with ansastimat;d
content of 300 million tonnes x20. E

The stratigraphic sequence of the Alsace basin is as shown:
in Tables 3 and 4. |

-The léwermést Tertiaries-(Eocene) comprise continental con=
glomerates with clay which rest disconformably on Jurassic
"basement", These are sﬁcceeded by the Oligocene (Sanno%sied)
salt sequence some 4,500 feet in thickness. Shale partiégs
and clay beds ocour throughout, being most strongly/dsveioped
in the Middle Salt and Top Salt; little anhydrite and dolo-
mite is present, This sequence shows occasional fossils -
partiocularly in the lower ﬁeds where airborne spiders, flies
and mosquitoes have bgen preserved in shale,

Within the Top Salt are two mineable beds of sylvinite, th?
bottom potash bed 12 - 18 feet in thickness (with 15 - 2@%
content K20) being separated by about 60 feet of salt anéA
shale and containing three very thin beds of sylvinite fiom
the upper potash bed 4% to fo. in thickness (with 22—25% K,0
content)i The current output originates exclusively froé“the

lower bed,

(v) Sfructure

The structure of the potash.and conf'ining beds has been con-
trolled by flowage and dwformation iuposed by rise of salt
of the basal evaporite section - the structure is illus~-
trated in Fig.21., In the northeastern sector of the basin
low angle faulting related to diapirs has either eliminated
the.potaSh beds by creating large barren areas or ralsed
these horizons to erodable. levels,

In the Zechstein Basin of Germany the potash beds have been
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involved 4n fol@;ﬁg within salt domeé resulting in struo-
tural defomati’;;a and 'g’;'eat thickening, It will be noted
that in Alsace,however, the potash beds are not part of
the diapiric salt body. Though the potash beds cre dig=-
rupted by the flowage of underlying salt the mined beds
are sensibly flat and thinning of these beds is related to
primary‘deposition énd not to folding processes.

(e) im€lie~Anna Mine

The lower potash ore bed (at a depth of 1,500 feet) was in-
spected at the Amélie-ﬁnna Mine where descent was achieved
via the main sghaft amd o long.inclina. Diesel electric
trains haul ere from the working faces gome 3 miles dist?nt.
Natpral gas oreates a fire hazard and strict _precautions' to
obviate fires are.to.ken. Most of the mines operate at X
levels of 1,200 - 3,000 feet; oppresively high temperatéres
(115°F) discount mining to greater deptﬂs,

The lower bed is subdivided into units (from the base) A, @1,

Bz, C and D with shale partings ‘separating'them.. The o?re is

finely bedded and is oharacteristieally yellow-brown to
red in colour with alternating light (almost white) bands
1 inch to one inch in thickness (Fig. 23). The strata ‘are
gently Wérped;with prominent rolls in the beds and sma%l
scale faulting throughout, Ripple marks are evident ié the
potash and shale beds, The bedding is varve-like and éon-
stanf and even the thinnest beds are traceable throughéut
the mine workings. The potash beds characteristicallyéshow
crenulations extending downwards with truncations at the
top - exploined as = feature of seasonal solution at tﬁe
top of the precediﬁg bed; _

The strongly rhythmic (cyclic) banding of the ore (see Fige 23)

contrasts with say Esterhazy (Canada) ore which is more
coarsely crystalline, homogeneous in colour and grain size

and is quite massive,

A room and pillar "advance-retreat" system of mining is praoc-
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tised, Beds A and B are mined first and, in rotreat, beds C
and D, The pillars are robbed and'fir:ally blown up to allow
collapse of the roof behind the workings, Subslidence is
gradual and extends to the. surface, The ore is broken with

_ integral dutfers and Joy-miners and transported with Joy
loaders to bunkers, The mine cars are loaded from this stor-
age b:- automatic photoelectric control, The cars are hm‘.zl'e'd
by train to the shoft where they are weighed and automatically
emptied into a hopper from which the skips are filled,

Separation of sylvite (KC1) (25 to 33%) and halite (NaCl)

(55 to 6%%) from the sylvinite ore is effected by:-

(2) Thermal separation which tekes advantage of the fact
~ that NaCl is slightly less soluble in hot agqueous solution j:han
cold whereas KC1 is markedly more sc.olu'ble in hot solution, :
Fractional crysi:alliza‘bion of the chlorides is aéhieved undgr

close temperature - préssure control,

(b) Flotation in a brine solution using suitable frothing
agents (amines) =~ Theodore mill (Figs 24). = Three to four
tonas of orude ore are treated for the recovery of 1 ton of

product.

Byproduct salt from this separation is channelled to the River
Rhineil! Mine output is governed by a limitation on the re=
sulting salinity of Rhine water and is at its peak during

periods of high river level,

M.D,P.A, Museum

Among exhibits in the museum are cores from the Morocean (Tn-
assic) potash bearing sequence, These feature an evaporite cycle comprising
salt with thin potash beds and including a basalt 80 metres in thickness which
flowed over the floor of the evaporating basin., It directly overlies a thin
(1 em) bed of anhydrite and is succeeded by further salt deposition. In the
German (Kaiserstuhl) section Quaternary basalts intrude the salt formation,

Gamma~ray and neutron logging of boreholes in the Alsace Basin
allow ready detection of hale partings within the salt sequence and ald ;or’-

relations,
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Fig., 23 Sylvinite ore bed, luseum M,D.P,A,, Mulhouse,

211007]

Fig, 2 Theodore mine, main shaft and mill, ¥,D,P,A, Alsace,



Carlsbad
7th Mo.y, 1964 to 9th May, 1964,

. Jordan, General Maneger, Nat:.onal Potash Co, of America.,
Carlsbad '

Bob Fulton, U.S.G.S., 5044 N, Canal St,, Carlsbad (Mining
| Eoglneer, Division of Mineral Class:.fioation) .

Bruno Alto, U,S.G.S. Geologist, Carlsbad.

Jim Fassitt, U.S.G.S, Geologist, Farmington.
Historical - secrch for sources of supply of potash

‘Diseovery of potash in commercial quaatity in southeastern New

Mexieo and its development successfully culminated the efforts initiated over
50 years ago by the U.S. Government to free that country from dependenoea'on a
foreign cour'se of supply. Up to the time of World War I, Germany, as the
World! s largest producer of potash dominated the industry, making it nepess—-
e.ry for Amexican agriculture to depend entirely on impcrts. controlled by a
foreign monopoly. A number of sources of potash were sought, among them
being vegetable and animal materi ale, cemen® dusf, deposits of dry lake beds,
brine deposits, distillery waste, ieucite (Wyomingite), alonite, felspare ’
(from 11 to 162 K O) , musconte and from porphyry copper taillngs of the Utah
Copper Company (5 - 10% K20) . OFf a11 these sources only the America.n Potash
and Chemical Co, operating on the brines of Searle's Lake were later suocess-'

i
i

ful in developing into a producer of any magnitude,
Discovery at Carlsbo.d

In 1912 . potash brines apd pheir salts, principally polyhal:l;te'
(KZSOA'ZCGSOA’BHZO) were discoversd in well drilling operations in the |
Permian Basin in western Texae. Sylvite was Ireoognised in oil well euti}:ings
near Corlsbad in 1925 and this led to further private and Government co:l;'e
drilling and to the establishment of the industry. The first shaft was sunk
by the U.S. Patash Co, (now U.S. Borax) in 1929 and the first ore was shipped
in 1931, Most of the land is Federal Government-or State-owned,

In 1933 the Pofash Co, of America sunk its firstﬂsha.f‘t (1.,085
feet) after drilling 20 exploratory holes; the first ore was shipped by |
this company inA 1934, A recrystallization process as used py U.,S. Borax |

was oot\u'ti.lized and sylvite was concentrated by means of flotation in a
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brine solutien with suitable frothiag agents,

]
'

Regional Geology = : ~

The closing epoéh in Permian time 1is significaﬁt for the
extensive evaporite deposits that f£ill the Delawere Basin and exfend across
a reef gone for oonsiderable distances over the shelf area in southeastern .
New Mexico and southw'e.st Pexas (see locality plan in Fig. 25), This epoch
is.represented by the strata of the Ochoa Series, which include the following
formationss

Dewsy .Lake red beds - proteotive eover, no evaporites

Rustler formation

Salado formation include extensive deposits of halite

' and anhydrite with econBmic potash
Castile formation deposits,.

(a) Castile Formation - a lower salt series composed mainly of

layered anhydrite with occasional beds of halite - it is
barren of potash salts., The marginal Capitan limestone reef
(in which the famous Cerlsbad Caverns are developed) formed
concurrently with basin depositioh and attained a thiclmejss
_of 2,000 feet prior to the re-establisixment of a conneotion
with the ocean ‘to the south,

The formation is divisible into a lower unit, composed of élQ
ternating laminae of grey anhydrite and limestone, and an
upper unit compris:mg massive white anhydrite,

(v) Salado Formation - narks o change from anlwdﬂte to halite with

lateral transitions from anhydrite of the Castile to halite of
the Salado accomi)lished by means of depositional pinéhouts of
anhydrité tongues extending reefward from the core of massive
anhydrite (See cross sectiIOn, Fige 26),

Beds of halite exceed 100 feet in thickness in this zone while
the int_efcalations of anhydrite and polyhaiite are from a few
inches to a few feet in thickness. The maximum known thick-
ness of the formation is 1,600 feet, There are about 45 per-
sistent sulphate and as many halite beds and some 40 beds show--
ing enrichment in potash. Due to their continuity these beds

have been recognized in most of the test wells drilled within
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fhe confineé'éf the Delawere Basin and by correlation they
have been successfully used as a gulde in the search for gyl—
yite_as they represent marker beds outlining the depositiénal
cycles which were repeated in periodical sequence throughéut
the salt building epoch. The various marker beds are designe~
ted in Fige 25, |
Halite occurs in two very distinect forms - as clean massive‘fook
selt or as a mixture of halite and clasties (prinéipally glqys .
and silt sized particles of quartz). i
Sulphate (calcium and magnesium) beds show characteristic
changes in mineralogy laterally from the Delawere Basin 1Qto

the Shelf area - anhydrite (CaSO)*_) to polyhalite (2 CaSO, o

L
MgSOLI_.KstI'_.ZHZO) to Kleserite (MgSOl'_.HZO) or elsewhere anhv—
drite to glauberite (CaSO, .Na soh) and then to polyhalite and

L2
kieserite, B

Thin shale seams are normally present at the base of each gﬁl—
phate stratum while siltstones and fine grained sandstonejs are
occasionally pi‘eaent. |

Throughout, the above lithologles are repeatediy associateé in a
rhythmic -depositional cycle that comprises clastics, sulphates;
halite and a mixed halite - clastic stratum in ascending }E'orderp
Gradational contacts are characteristic of the change frc'?m
one lithology to another in the cycle, There is no eﬁdénce
forthcoming of an interruption within the sequence or bet}ween
the sedimentary sequences, each of which range from about% 2ft,
to 30ft.l in thickness, .

The areas in which sylvite and associated potash salts are Feund
occupy only a small part of the Delawere Basin, These béda
occur in a zone (the "Sylvite Zone") restricted to a vertisal o
section some 250 feet in thickness near the middle of the
Upper Pérmian Salado salt, BEach of the anhydrite - polyhalité
- halite interwvals in this part of'- the sequence represents a
depositional cycle or successive period in which sylvite was

deposited.
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One main sylvite bed (First OreZene) is exploited by the princi-
bal operating companies while two mines.operate on the Tenth
Ore Zone, Two beds (Fourth and Fifth Ore Zones) which carry
langbeinite and are respectifely 4O feet and 100 feet abov% '
the '"First Ore Zone" are also being exploited. The other éot—
ash bearing beds (except for the Seventh and Eighth Ore Zoges

‘which are potential sources) are too thin, not sufficiently
rich, or are too amall in areal extent for exploitation atji
present, Along the western and southern borders of the Re;
serve the upper part of the formation has been so deeply ercd—
ed that all potash deposits have been removed, »

A major difference between U.,S. and the Stassfurt deposits i? .
the presence of great developments of dolomite with salt i;

the great salt basins of the United States,

(o Rustler Formation Of late Permian age lies unconformably upén
the Salado formation in the mines area. Tt is some 425 feet in
thickness and consists of “réd beds" ~ anhydrite, halite énd
dolomite with several persistent marker heds of sandstone%and
siltstone,
Some of the dolomite beds are porous and contain useful stopk
water, | '

() A Dewei Leke red beds composed entirely of red sandstone, sil%stone

and minor shales form a protectiie cover that serves to rétard
the dissolution ahd removal of the underlying soluble sal%s.

Sedimentary rocks of Quaternary and Triassic age vary from nil
to 1,800 feet in thickness-and include sufficial playa def

posits, gypsite, caliche, sand, alluvium and sandstones,
The Potash Ore

Sylvite has been deposited over ;n area some 20 miles square in
a number of beds along with halite in the Salado Formation in amounts su?fio—
ient to constitute ore, In most parts of the deposit the changes from ofe to
barren salt above and below is fairiy ab:upf, but the iateral transitions at
the margins of the beds are gradual, Barren masses of halite ( salt horses)

are scattered irregularly throughout the ore body and probably result from
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" @ifferential solution of the potash bed after deposition and burial and .
squeegzed into cavities by solid flow,

The sylvinite ore»is an intimate intergrowth of crystalline
halite and sylvite in‘varying proportions and most of the ore contains aﬁout :
one half as much sylvite as halite. Carnallité, polyhalite and langbeinite ,
ocour apd in some beds constitute the.main potash minereals. Langbeiniteiis
mined from two beds for producfion of sulphate of potash (for use as a tqbaoco
fertilizer), | .

The erystals of the ore beds range from specks to masses six
inches across; however, most of them are only to % inch in diameter.
Stringers and aissemlnatlons of clay are found in the ore and ranges from A
about 1% in the main area to 5 to 1G4 at National Potash Co. mine and up;to‘
2%% in some sections, |

Sylvite.cqmmonly is milky or faintly blue-grey but is gegeyally
stained red by iron oxide, It is waxy in texture and highly soluble ié
waters Thé halite may be clear, greyish, buff or orange-yellow, but it;also
may be stained red by iron oxide; blue halite sometimes is found in aséociap
tion with the sylvite,

The mineable beds are four to 14 feet in thickneés and dip?at a
barély perceptible angle to the east so that the deposits of past and p%esent
economic importance are mined at dgpths of from 750ft, to 1,700ft, frométhe
sﬁrface. No faulting of the beds is evident though occasional rolls wiéh
amplitudés of less than 15 feet in the strata are encountered. There ia ‘8
regional dip of 100ft, per mile, The ore contains 12% to 29% K 0 equivalent
and approximates 40% KCl, 607 NaCl.

Reference to Fig. 25 will illustrate use to which gamma ray and
neutron logs may be put for correlation purposes. Gamma ray logs reooni
variations in the distribution of radioactive material while neutron logs
record variations in distribution of hydrogenous material —Aeéch of the

potash ore zones become immediately evident.

Mining Operations

The U.S. Potash Reserve is situated on the high seﬁi—arid'rollr
ing planes of southeastern New ilexico at elevations of 3,270 to 3,380 éeet
above sea level, five to 50 miles east of Carlsbad, The country is covered

with range grasses, scattered mesquite, greasewood and occasional cacti.
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Rainfall approximates 13 inches,.

equivalent.

(a)

(b)

(e)

(a)
(e)

(£)

(8)
(h)

Tn 1963 Carlsbad production totalled 2,6 million tons K20

U.S, Borax (formerly U.S. Potash Co.). This was the first
company to Qperate in the area from the main ore zme at .
986 feet and to develop a separation process .based on frao=

tional crystallization (still in vogue) after sylvite was
dissolved in\a brine solution, An ample water supply was-:
necessary so the refinery was located near the Pecos River,
about 13 miles southwest of the mine. Production amounta:to

12,000 tons/day.

Potash Co, of America (several miles north of above)s Twenty

prospecting drill holes were completed before the main sﬁaft
was sunk, As water was shoz*l; the coampany developed a prc?cess
of separation of sylvite by ﬁé’ans of flotation in a briné
solution. Production is about 8,060 tons/day.
I.M.C. (International Minerals and Chemical Corporation) =:
fomerly Union Potash and Chemical Co, which originated‘ in
. i
1936. and came into prod.uction in 1940, Holdings are siti.xated
s fow miles south of (a)‘,above. This plant also used a flota—
tion process with a brine solution but uﬁlike (b) above !where
' the halite is floated the I ,M.C. refinery floated the sylvite.
Production (including ‘some glauberite) from three levela;
(800¢t,, 850ft. and 900ft.) approximates 1,000 tons/days Six-
ty million tons have beenAextracted to date from beds ra?nging

from 54 inches to 10 feet in thickness,

Duval Sulphur and Potash Co. production 12,000 tons/day.

South West Potash Corporation,  production about 6,000 toqa/

day; production since 1946,

National Potash Co. (1,750ft. shaft), Production since 1956 =

now at 3,000 tons/day.

Eddy Shaft - (of National Potash Co.) ) shaft
ginking in
Kermao Potash Co. = Reserves of 90 million tons of ) progress.

17 K.20 equivalent are reported. Production of %

1,500 tons of ore per day is planned,
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The National _}"'ot‘asﬁg Co. is mining ore of low grade; to mein-
tain grade of the product 3;000 tonsaof>ore per year are being bought fram
S.W. Potash Corp. | '

The company has. almost completed sinking the Eddy Shaft some
750ft, deep from which high grade potash ore will be mined, \ |

| National Potash Co. and Kermac are located near the margins:df

" the deposit and are operating on the Tenth Ore Zone which is higher in ciay
content than the main bed worked elsewhere (I.M.C., U.S, Borax Co etc,)

but it is fast being exhausted,

Methods of Prospeoting and Exploration

Tﬁe limits and gfade of the various ore beds has igen now wéll
established so that very little exploration is in progress, and the’foll&wing
notes refer to activities of the period toﬁ1946. Cable tools were util;;ed
to penetrate 25ft. below the top of the halite:formation with 10in;, 8in,,
and 6in,, bits ~ the characfer of the rock and ﬁatérlhorizpns were noteé;
Casing (5% inch) was seated at this level, The seal in salt eliminatésgthe
possibility of water entering the hole while diamond drilling in.the haiite
and to prevenf the loss of drilling fluid through the overburden duringéthe
process of f orcing the salt cuttings to.the surface where they aré settled
out before recirculation of the brine. To core salt, N rods and speciai
21ft, double tube core barrels were utilized,

The drilling fluid used at first was a saturated solutién éf
NaCl, MgCl, and KCl, Later, when it_becamg available, carnallite or'éy}vinf
jte was substituted for the salts, With a saturated solution no leachiég
of the cores takes place so that an accurate determination of the miner;
alization can be made, ‘

‘A double core barrel 16ft, long (at first and later 21ft,) and
cutting a 2% inchﬁcore"efféctively lifted fuil runs of core. The outting bit
was slightly different from the one ordinarily used where the drilling fluid
passes over the oore and inner portion of the bit before retuining across the
face, With a salt bit the walls are double and the solution , instead of
washing the core, is foreced out through the face of the bit which eliminates
all contact between the solution and core while cutting, Erosion was also
eliminated thus. Diamonds are used for cutting and in most eases the recow

ery of full sized cores was 100%,
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Spacing ' ‘

Holes were drilled on eeferdinates of a regular grid systah
initially at % mile interyals by the Bureau of Mines but later at 1 mile
centres to depths Well below the preSPeotive bed, Thus continuity and tpick—
ness were establlshed in advance of mining operations, Laterally, potasp
values seldom remaln unlform for any great distance or area thus drmlling
in this ;egard is not really illuminating, Irregular,barren salt horses
are unpredictable in occurrence and could not be outlined in advance with
aﬁy ceftainty. |

Aquagel was mixed with water and placed betwsen the top stfings
of easiﬂg to make them easier to remove when coring in the salt had beeg

completed.
Mining Methods

Seepage from beds in theAupper portions of the shafts haa?
coatad all mine timbere'with gypsum though 1imestone~beds which carriea |
large flews of water were sealed off during sheft sinking,

The {:abularlgentl'y‘rolling potash‘depoeit is similar in many
respects toArelatively flat coal deposits and therefore codlnining metﬁoda
and equipment were tried and have since proved adaptable to potash ore,

The mines are fully mechanized, electriclty being used for powering the
trailing=-cable undercutters and loaders, conveyors and crushers.

Lateral development consists of a 3 or 5 entry system for;
haulage and ventilation, Heaulage entries are 6ft, x 20ft, in oross seetion
and driven on the'ore horizon. Some regrading is required on haulage entries
to maintain edasily negotiable grades. - On ®ach side of the main entrieé
250ft, barrier pillars are left for pretectione Smaller pillars are-p?ovideé
betweeeﬁcross entries end panels, |

The operating cycle consists of undercutting to a depth of nine
feet, drilling to the same depth, blasting and loading of broken ore to
10-ton mine cars end thence by 48-inch belt conveyors to the crushers., Ore
is crushed underground to six inch size, hoisted to the surface and crushed
to 14 mesh. Loading machines and cutters are caterpillar mounted while
shuttle cars are rubber tyred, Identical machines are used in development

and extraction,
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Room and pillar mihing methods have proved suecessful, Pillars
are left to provide support fof the roof as subsidgnce.might conceivebly
create fractures extending upward into overlying water bearing strata.. Ex-
traction of 407 is achieved during the first phase of development while uﬁ to
89% is finally recoverable, widths of rooms and breakthroughs range from
uft, to 30ft,

- Following single rolls orushing (-~ 5 inch) the ore falls to the
skip loading Station'(a 300 ton pocket) to be drawm and measured autametically
info the skips by a double rotary skips loadsr located BOft..ﬁelow the mine
level, The loqder ig operated by tﬁe skips as they come into and leave ?he
loading position,

No explosive gases have been met during mining operations but
petroleum oil and natural gas are recovered marginal to and ﬁnder the.saét
. (at depths of 200ft. to 1,000ft,) in these and uhderl&ing structures at Aepths
of ﬁp to 10,000ft, Provision for adequate ventilation of the mine openings
is therefore made, ‘

0il and gas producers have a prior right to land tenure and a
proportioh of ore is made unavailable to extraction through the provision of

. adequate pillars about production wells in the mine area,

Ore Treatment

The refinery of the Potash Co. of America constituted the first
* commercial plant to concentrate a séluble salt by flotation in a saturaéed
brine; there is a difference in S.G: of only 0.16; both ars easily gréund
and yield a small percentage of fines. Clean sylvite can berbtained aé a’
float at 2.02 while halite can be obtained as & sink in 2,14,

In the x_'efinegx are foui- tube mills with classifiers ¢’ oéed
circuit‘as the grinding units, The clasgifier overflows are pumped to ?
thickeners to produce a pulp 6f the right density for flotation, the thiék-
ener overflows going to form the tailings,

{

In the flotation section are a number of rougher cells whiéh

at Potash Co, of America lift the NaCl and clayey slimes by mechanical entrair-
ment leaving behind the KCl; at other plants KCl is floated using amino-
acetate and starch as a depressant after separation of clays through thick-

eners,
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The froth is taken to "eleaners", Potash left from the flota-
tion operation is pulp~thickened in Dorr thickeners, This pulp goes to fil-
ters where the solids after being washed by immersion of the filter leaves in
a tank of salt brine are discharged, repulped and pumped to the tailings dam.
The warm brine of the overflow of the thickeners is cooled in agitators which
effect a crystallization of the potassium chloride that is recovered in sub-
sequent filtration,

The high grade ooncentrates go to the same cooling agitators as
the warm brine so that they are mixed with the orystallized potash, Cooled
pulp is pumped from the cooling agitators to classifiers to separate fine

concentrates from coarse concentrates,

1S

Fig. 27 Mine, Mill and potash storehouse, National Potash Co. of
America, Carlsbad,

Centrifuges remove moisture to 4. The product is gas fired and taken to
beebive type storehouses (Fig. 27). The fine concentrates are compacted in
rolls (250,000 p,s.i,) thence granulated and screened to produce three market-
able grades (fine, standard, coarse) .

The beehive storehouses are half elliptic in cross section with
no interior supports, colums or trusses,

The KC1 product is a reddish brown coloured salt whose colour

is due to minute iron oxide content,
Langbeinite as a fertilizer source

Langbeinite is of particular interest as K is in the form of

SOL - the basis is the demand that fertilizers designed for certain crops,
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notably tobacco, shall be-lafgely.QI'free. It is this faot that assigned-a
value of $ 42/ton for 90% K230# ééw6ompar9d with § 34/ton for 80% KCl.
Langbeinitg (KQSOL‘ZM8504> contains the equivalent of 22;]% KZO;
it 15 white to pale pink and tasteless; 4t has conchoidal fracture and there-
fore is readily distinguished from hdite from which if is separated by flétap
tion, The ore ié mined by I.M.C. at Carlsbad while at least one company éro-

duces KZSQL from KC1 by sulphuric acid treatment,

Solution Mining

Solution mining experiments have been conducted at the National
Potash Co. property. Bores were drilled and brines circulated tolselectively
dissolve the main ore bed while opportunity was takento observe results in
subsequent mining operationg. Circulation was difficult to'maintain and‘the
results were considered disappointing; U.S.G.S. Mining engineers at Carlsbad
were sceptical of whether solution mining could be.satisfactorily controlled,
This, however, might be more easily achieved_with coarser grained ores aé

]
T

ocour in Canada,
Reserves

Reserves in beds equal to or greatér than 4ft,.. in thickness
with a minimum 14% K20'equivalent are estimated at 50 to 80 million tons of

potash, The reserves would be doubled by lowering the grade to10%,
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Moab, Utah

3rd May, 1964 to 6th May, 1964

Frank E. Tippie, General Manager, ) Texas Gulf
Jim H, 0gg - Supervisor of Special Projects ;gig?ur Coes
Frank Kennedy = Mill Supt. - | |

Bob Norman - Minerais Exploration Supsrvisor, Delhi

Taylor 0il Corp. Moab,
Larry Norman ) ~ Assistant :

Regional Geology

A large afea of southeastern ‘Utah and western Colorado is gnderb
lain by Middle Permian (Pennsylvanian) evaporites of the Paradox Formation
which inélude beds of potash in the northern Paradox Basin, These are éapped
by limestones and dolomites of the Cutler Group (Permian) and younger Méeo—
zoic rocks (mostly'sandstoneé) in the Colorado Plateau region, Approxi;ately
{6,000 feet of Pennsylvanian,.Permian, Triassic, Juréssic and Jurassic éeds
are preserved - the generalized geologic section is shown in Fige. 28, :

The "Paradox £0ld and fault belt" is a tectonic division of the
Colorado Plateau in the "Four Corners" area where a series of anticline% and
synclines with north west - south east trénds, due iargely to salt flowége,
are spread over an area of some 10,000 square miles (Fig. 29). This iséan
arid region with a predominantly spectacular red landscape in which are fea~
tured extensive areas of relatively horizontal strata, long lines of cl%ffs,
canyons, erosional remnants, natural arches, balanced rocks etc.. The géologr
ical structure is dominated by salt‘anticlines with which are associateé
monoclinal folds with large offsets; long normal faults and domal mount;ihs.

The salt structures have been the subjeot of intensive inv'ipsti—-
gations ;ince the 1920's in thé exploration for oil., The principal str;o—
tures are a series éf N.W. trending faulted folds having cores of thickgned
salt at depth, They are localiged in the deep part of the basin., The grow-
th of the cores began in pre-~Triassic time and continued into Jurassic time
with a complex pattern of stratigraphic thinning and pinchout of formations
across the axial parts of the salt structures., Ultimately broad anticlines
were formed over the salt cores, Topographically the axes of the anticlines
are marked by elliptical valleys due partly to the removal of resistant beds

above and exposure of the weaker beds beneath and partly to collapse follow-
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ing solution and removal of the éalt (Figs. 31,32, and 33).

One of ‘the most speétacular structures is Upheaval Dome, a
4steep1y dipping conical étructural.ddme with an assoeiated ri@ syncline,
clrcular in groundplan, resulting from diapiric movement of sélt to mode;ate
levels and perﬁaps igneous intrusion at deeper levels, The diameter of the
affected area is three miles; Erosion has carved a crater-like canyon sqme
1,600 feet deep and 4,500 feet wide into the apex of the.dome exposing bfight
eoloured contorted sediments of the Hermosa Group which :pierce upturned (30
to 900) Wlngate sandstone and succeeding formations (Flg.,ﬂg

The La Sel (Fig. 35) mountains rise in three groups of peaks to
elevations of over 12,000 feet and comprise intrusive diofite porphyry séooks
Whosé form weré influenced by fold structures; they intrude sediments of the
Paradox Basin,

The Uhcompahgré Plateau lying along the eastern margins of the
besin is the only highland in this province comprised largely of crystal}ine

rocks,
Economic Geology

The area is of great economic interest to both mining-énd pétro—
leum geologists but importance was not attained until a few years after World
War IT when large reserves of uranium ore were discovered in Mesozoic saﬁdr
stonesAof the Colorado Plateau,

The hypersaline environment of the Paradax salt basin was highly
condugive to the preservation of organic matter and there are numerous blaak
carbonaceous shale beds and black shale laminations in the salt, Much of the
original organic debris has been converted to hydrocarbons and few wellsghave
‘drilled through this facies without finding some oil and gas, Numerous Fpectao»
ular but short lived "blowouts" of o0il: and gas have been discovered in b;th the
salt and clastic sulphate beds,

The Pure 0il Co, in 1959 established commercial production on the
Lisbon Valley anticline (from Mississippian and Devonian Carbonates) and
raised the salt anticline country to‘the rank of major petroleum production,
Strangely enough this important discovery was made scarcely a stone's throw
from one of the largest uranium mines on the Colorado Plateau while its opera-

tor (Charlie Stein) was seeking oil in Nevadabil Since that time there has
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Fig. 51 Gypsum Valley, an elongate elliptical antieline, Utah,

31120

Fige 32 Collapsed salt anticline, Colorado River Canyon, near Hoab.

2.

Fige 33 Jointing in Navajo sandstone, loab anticline top left,
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Fig, 34 Upheaval Dome, Utah,

3123

Fige 35 La Sal Mountains, from The Arches National lMonument, near Moab.
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been great activity by oil onpaxlies.
Potash Deposits

Potash deposits wers 'di_saﬁwered in 1924 during petroleum ex~
plofation activities by Crescent Eégle \Oil Co, when analyses showed the
presence of KC1l and carnallite in the Paradox formation of the Hermosa Group
of Middle Permian (Pennsylvani#n) age., The discovery generé.ted considerable

interest and exploration effort by a number of companies,

(a) Paradox Formation

Debosition of potassium salts was confined to the deepest parts
of the Paradox Basin (see Fige. 29), The Paradox forhat;on
up to 7,000ft. thick consists of a geries of evaporite (;:yolo—
thems composed of altemgting clastic, carbonate and evap~
orite deposition, A typlcal cyclothem in ascending ordgr

" consists of black shale, carbonate rocks (predominanf;:l,yn
dolomitic), anhydrite, halite and K-Mg-salts, halite and
anhydrite, The complete sequence follows a pattern of :grad-
ually increasing and then deoreasing salinity though thga |
order within a cyclothem may be interrupted and 1nco§p1;ete;

-there are similar lateral transitions, qutacts may 'be
sharp or gradational, Each cyclothem has its own pax“bi_c-ula.r
areal extent due to differing salinity gradients and ché.nges
in the configuration of the basin f loor, | |

Minor micro-cycles occur at regular intervals throughout _.each
cyclofhem - these_ may consist of alternating thin laminiaa of
dolomi te and shele, dolomite and anhydrite, anhydrite e}nd
halite, shale and halite or other combinations and repx:v.;esent
seasonal fluctuations in salinity, temperature and clastio
supply. fhe laminations range from % inch to 18 inches, but
average 'leO to ‘Ehrée inches.

This deposit of maringe evaporites .prob.ably contains the great-
est aggregate thickness of rock salt in any single formation
on the North Ameridan continent ~ the saline facies covers

an area exceeding 16,000 squ‘are miles and contains 29 beds of
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halite separated by g}gstic and penesaline ihterbeds (see
AFig. 30), The salt ﬁedé_are numbered in sequence from
youngest to oldest and range from 15ft.~to 990ft, in thick-
ness. In 18 of the 29 salt beds concentration of the brine
is known to have reached the stage of pétash salt preciﬁi—
tation, As a rule, the limestone and dolomite facies is
not part of the oyclothem in the deeper part of the salf
basin; the operation of a strong horizontal salinity |
gradient within the evaporite basin brought &bout peripﬁerh
al precipitatioﬁ’of the less soluble carbonate salts, By
the time each surge of fresher water initiéting a new cycle
had reached.the deeper part‘df the basin they were depleted
in nearly all salts but the chlorides and sulphates.
Correlation.of the stratigraphic units of the saline facies
is aided by the recognition of several significant4markér
beds titled 4, B, C and D. These consist of interbedded
black to dark grey carbonaceous shales, mudstones, silﬁstones;
minor sandstone and laminated and blebby anhydrite whiéh are
markedly higherﬁin radioactivity, In general, salt beds
can be correlated with & ﬁigh degree of reliablility frém
well to well even where.soﬁe may be entirely missing. |
Potash beds occur at 18 levels ranging from several inchgé up
‘ to almost 25ft, — possibly 10 of these levels have potén—
tial for commerciai'produotion though only three are a;
present under test, Thickening of potash beds in some;‘
sections is related to flowage, elsewhere it is a primary

. depositional feature, Grade is variable from 12% Ky

to 2%% KZO equivalent,

()  potssh o !
Unlike the complex mineral sultes of southeastern New Mexico,
Stassfurt ete, the Paradox Baéin deposits exhibit a coﬁ-
parativel& simple mineralogy and only sylvite and carnal~
lite have been identified, though analyses of brine from

several wells have been found to be high in boron, bromine
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and lithium suggesting that other saline minerals may bq
found, High dénsiterg—rich brines, oil and gas zoneé are
commbnly found in these beds. I

Sylvite here is milky white or grey to colourless, light

orange, salmon pink or blood red in colour and occurs as a

crystalline intergrowth with halite (sylvinite). Fine °
grained anhydrite, clay and carnallite may be present as
impurities.,

The fichest'sﬁlvite copcentrations abpear in the upper halite
units, Almost everywhere the sylvite is restricted to a
specific position in the cyclothem, which is near the top
of the halite unit. Beds show a downward decrease in ﬁoé—
ash content while they pass abruptly up into barren haiite.

Carnallite zones, although of minor economic significance,
are very rich and occasionally of remarkqble th;ckness;

One bore penet:ated 227fte ~ this anomalous thiclkmess %s
almost certainly due to salt flow adjacent to the Mbab:fault,

(¢) Well Lozging

The presence of the radioactive potassium isotope K0 hag
made the radioaetivity log a valuable tool in detectiné pot~
ash, As depicted ip Fige 30, a high grade zone of syl;ite
creates considerable response on the gomme ray curve f%cm
which good qualitative correlations can be made, Carn?llite
with a lower potash content (175 K,0 equivalent) is no; as
easily detected because of the subdued response, Many
factors including diameter of borehole, logging speed ;nd
contamination may interfere with the quantitative evaiuation
of potash content, Despite this some fairly reliable es-
timates of potash grade can be made. Radioactivity, eleo~
trig, sonic and lithologic logs facilitate correlation of
wells. Isopachous maps have been constructed for each salt
bed and for a number of the intervening shale-anhydrite

marker beds.

(3 Exploitation

The Paradox Basin is a potential future source of potash;

L I
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the grade compgjes favourably with that of Carlsbad,

The depth of the zones and the structural deformation are:
handicaps that must be'overcomé in any expléitation of the
deposits. A number of Qompanies are engaged in potash 2y
ploration though only one (Texas Gulf Sulphur Co,) has pro-
gressed to the‘mining stage,

(1) Texas Gulf Sulphur Co.

The Cane Creek potash mine of T.G.S; is situated near tﬁe
Colorado River 12 miles south west of Mbab on Cane Creek
anticline (Figs. 36 and 37) - an élongate structure with
more than LOOft, of 1ocdl defined surfaée cloaure. D?lhi.
Taylor 0il Corp. proved this area by drilling seven b%res
at varying intervalsifrom % mile to one mile apart oq this
structure and then sbld out to T.G.S. é

In 1960 construction of a mine shaft began and by:mid 1963
this had reached 2,600 feet; railway connection to éreen
River was established.and a potash mill to process uéOOO s
tons of ore per dqy was completed ready to receive o;e.
The shaft has a concrete 187-feet high head frame ané was
completed in Upper Pennsylvanian Honaker Trail forma%ion
(dolomites) in'preference to sinking into salt. The shaft
makes connection fo the potash zone by way of an inclined
drive, This course was adopted because of doubt as %o
how the salt would behave during shaft sinking operaiionsa
Experience suggests that the shaft would now have been
compléted to the pétash level, |

The bed which is to be exploited is 20ft. thick and hqa a
2% K20 content, |

On August 27th, 1963, when salt>was intersected a disastrou:
methane gas explosioniunderground claimed the lives of 18

| men, Since that time.modifications_to the shaft and more
Stringent ventilation procedures have been stipulated
following «n enquiry by tﬁe U.S., Bureau of Mines, Con~
“tractors are still constructing.drifts and as yet no pro-

duction hos been achieved — this is now scheduled for
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"the fall" of this year, !Mining methods to be employed
will be similar to those employed at Esterhazy, The ore

here isf iner grained and has a lower iron oxide and clay

content, (< 1%).

21124

Fig. 36 Cane Creek inticline, Utah, IMine and mill of Texas Gulf
Sulphur Co, located to left of Colorado River,

Fige 37 Mill and potash storehouses, T.G.S. Cane Creck Mine,
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(2) other activity

'..,._.,..

4 nunber of other (0il) ggxhpo.nies are actively engaged in
potash exploration, iBeca;;xée of the depth of the ore, :1::he
fire hazard occaéioned by the presence of inflammsble éas
and the setback experienced by T.G.S, solution mining nay
prove the answer to econom.’_mc,recovery. Companies engaged
here include Delhi jI‘aylox;'Oil Corp., Tenneco 01il Coay |
Midwest 0il Corp.,.Continental 0il Co. and Richfield 0il
Corp. . J

In coring the soluble beds of the Paradox formation various
methods are used to prevent solution including dry dﬁ}ling
with satur.ated brine or with diesel oil, Delhi Taylor 0il

. : Corp, are currently investigating the 7-mile Antic]ine:
area, This company drills to the top of the salf usir;‘!g
coanventional techniques and cases off the little watex:
hLeld in the overlying sediments., /4s the salt section:is
uéua.lly dry this is rotary drilled using air to return
ocuttings. .A saturated brine fluid 1s utilized if thi;s
gection is not dry. | :

REFERENCES

Guidebook to the Geclogy of the Paradox Basin
Ninth Annual Field Conference, 1958,

Intermountain Association of Petroleum Geologists, Editor Albert
F. Sanborn.

Geology of the Paradox Basin Fold and Fault Belt,
Third Field Conference, 1960,

Four fiorners Geological Society,

5¢ C ar.x'a.da.A S askatchewan

Esterhazy Mine

(International Minerals and Chemical Corp,(Canada) Ltd,)
15th April, 1964 to 17th April, 1964.

Cliff Haryatt (Chemical Engineer), Esterhazy,

Tim Edwards (Plant Engineer) | "

Harly D, Strain (G—eologiét) "

R. (Bob) D. Lindbergh (Operations Manager) Esterhazy
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Merv. Upham (Genéralqunager), _Esterhazy,
"Fitz" Prugger (Mining Engineer), "

Ted Ellingham (Geologist) - Dept. cf Mineral
Resources, Regina,

LArt Morris (Industrial Minerals Section) " "
Resources, Regina,

Potash was first recognised at_aAdepth of some 7;000 feet in the
Esterhazey (Williston) Basin during oil-well drilling operations in 1943,
Subsequent operations proved the occurrence over an area ranging from 15 to
50 miles in width and some 450 miles in length, Over 200 deep boreholes
have now been completed and disclose potash beds Z%ft. to 15ft, (average
10ft,) in thickness at depths below 2,800 feet containing 25-38% (average
30%) KZO equivalent, These are the largest mown deposits in the world

having reserves estimated at 17.7 billion tons.

Regional Geology

The Middle Devonian Elk Point Group which extend some 1,200 miles
from northern Hontene and North Dakota to Canada's Northwest xerritorles
(sec Fig. 38) include the Prairie Evaporite formation. It is best known and
developed under the Prairies of Saskatohewan where it consists largely qf
selt and lesser anhydrite beds and contains extensive potash ores now béing
developed, The formation reaches a maximum thickness of 670 feet in Saékat—
chewan and gpproximately 450 feét in the Esterhazy_locality gnd includeg a

depésitional‘sequence of shales and carbonates, followed by evaporites,f

EAMayor hl/lfg a/qﬂ#f// or.
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climaxing in potash sdlts and capped by red beds (Figs. 39, 40), This se%
quence is overlain by similar depositional units in which evaporites are iess
well developed,

These sediments rest on Siluro~Ordovician limestones and dolomites
(600ft,), Cambrian Sandstones (800ft,) andthese, on a vast gently dipping
shelf area bordering the Canadian Shield; they have undergone only mild
epeirogenic movements, The northern end of the basin was open to the sea
but restrioted by carbonate reefs while the aouthern part oontained the mést
concentréted brines. The evaporites of the Prairie Formation reéresent the
final stage of a major depositional cycle, At the onset of this oycle, the
sea spread over the eroded pre~Devonian surface, depositing a thin basal
shale, This was followed by fairly clean shelf-type ocarbom tes, presumaﬁly
deposited under comparatively sfable tectonic conditions. Subsequently,?a
central basiﬁ developed and extensive reef banks formed along the marging
of the subsiding trough, and isolated pinnacle reefs grew up to heights éf
LOO feet from the basin deep. These died as a result of increasing saliéity
in this inland sea and were covered by evaporites,>anhydrite, thick sequences
of halite and finally sylvite. ' ‘ ;

The evaporites are now buried under a cover of younger rocks
ranging up to 84,000 feet thiock in North Dakota. |

The regional structure of this large area is simple, Thelevapgrites
and enclosing beds are tilted gently to the south and west with an average
dip of 30 to 4O feet per mile; they are relatively undisturbed and fold;ng
and faulting are almost non-existent, |

‘Over large areas the salt deposits have been affected by underT

ground solution and in parts have been completely removed by leaching (Fig.
! ':
41),

Potash ore

Sylvite.ocgurs with halite (sylvinite) in three principal zones
separated by halite near the top of the Prairie Evaporites Formation, Red
carnallite occurs mainly as irregular vertical veins within the halite zone,
Numerous clay seams occur in the upper part of the formation but in the ore
zones varies from 1.0 to 1.%%.

The ore is coarsely crystalline and massive with crystals commonly
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of one insch, It is waxy in appearanée with contained iron oxides and clay
giving‘a pink colour, At Eéterhazy the ore zone (the lowest of three) ist
8 feet thick. The top 43ft, of the ore zone is clean high grade ore; tﬁe
next bed below 1is the mihing control or marker bed and contains coarser
orystals with a minor amount of disseminated grey and green elay; below
this is a bed of good érade ofe; The sylvinite contains 40 - 4,34 sylvite
with 25 - 3% K20 equivalent,

Exploifation

So;ution recovery attempts were made at Unity in 1951 but it Waé
not until 1553 that mineable deposité were indioatea. The Blairmore Form?»
tion, a layer of sand, clay and silt having the consistency of quicksand ;nd
containing sélt water under pressures of up to 1,10d 1bs/square inch has
pfesented problems in shaft sinking to the potash beds. Seventeen compaqies
hold two million écres under lease but to date only three companies haveé
collared shafts in the potash district. The first company started in 1958
but never reached the.ore, Potash Co, of Americé completed a shaf't to tée
topmost potash bed at Saskatoon but had tq stop production (geared to 4,@00
tons of ore per dey) the next year because of Wdter lesks in the shaft; tfhis
is expected to be rectified for renewed production inlate 1964. Internapional
Minerals end Chemioal Corp. (Canada) ILtd, succeeded in mnking a shaf't (Yar'bo
No, 1 Shai%ﬁ to a depth of 3, 378 feet but it was the most coatly for 1ts sigze
end depth yet sunk and took five years, $10 million and a combination of}
freezing, tubbing and extensiye grbuting to complete. Their Esterhazy p?ant,
loﬁated close to the Manitobe border 110 miles east of Regina, cost $40
million before production on & continuocus and commercial basis was achie&ed
in August, 1962,

Conventional mining methods ére limited to a depth of 3,500 feet
because of the strength»characteristics of salt-potash beds and the danger
of uncontrollable flows of water should strain occur, Increasing attent§on
is being given, therefore to solution mining which will make available, if
successful,‘vast reserves of potash in Scskatchewan that are beyond the' reach

of practical shaft mining techniques.,
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Fig, 42 Bsterhazy Mine, I,M,C. (Canada) Ltd,

51\2’}

Fig, 43 Yarbo No, 1 Shaft, mill and potash storehouses, Esterhazy lMine,
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To date two undérground mines are in operation and two refineries
have been built with combined capacity of>1% nillion tons potash equivalept.
Annual production by I.M,C, Co. at Esterhazy will be stepped up from 1,2 ﬁo
1,6 million tons when a second shaft is completed, Solution-mined salineé
are expeo#ed to come "on stream" in lafe 1964 at the-refinery of Kalium
Chemicals Ltd, near Réginé. This will be the world's first commercial solu-
tion mining project.and will have a rated capacity of 600,000 tons pér
year of product;

Raw potesh ore is valued at the mine at about #10 per‘fon and, wﬁen
refined and sized, at $21,60 ton - freight to the east coast adds a further

$20 to the cost.

(8) I.M.C. CO., Esterhazy

' A descent to the working level at‘a depth of 3,132 feet and an
inspection of undergx;ound operations and of the surface p1;ant
was arranged (Figs. 42, 43). The comﬁany has 250,000 acres of
land under‘teﬁure.. | g

Drilling at approximate one mile. centres preceded mining opéra—

tions to confirm continuity ofithe ore bed and of structuie,
Yafbo No, 1 shaft is an 18ft, diameter circular shaft witﬂ
three compartments taking a S%ft. éluminium ventilation pfpe}
skips, cage, ladderway, and electripal'and communi cation systems.
.Iﬁ'sinking, ten water bearing zonaes were penetrated, To éontrol
any intake pf woter into the shaft pump stations are mainﬁainsd
at‘the 600ft,, 1,800ft,, 2,400ft,, and 2,900ft, levels, ihere

are 100ft. of salt directly above the potash, » |

A second shaf't is being sunk some six milés away to the north to
connect with the underground workings.

There are 90-miles of 21ft, wide openings té daté and the inspec—
tion of the wofking faces involved a four mile drive underground
in a diesel-engine Landrover, Mining is dry, cleaﬂ, and highly
mechanized, Rock tempefatures approximate 78°F. Traékles; min—
ing is practiced throughout, ore being excavated by Goodman |
rotary cutters, Joy Loaders,.Joy Shuttle oars‘and helt convey-
ors in the material handling systems, There‘are eight mining

units in operation or on standy-by, The continuous boring
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ﬁachines have a 7§ft. cutting height and 13 feet width; tqey
advance about six inches per minute and cut uniform, smootﬁ
openings which greatly'assist in staebilizing the salt beds; A
seven entry system is practiced; panel mining is carried qut
by a modified room and pillar method with development drives
being 21ft, wide and remnant pillars 150ft, = 50ft, -~ this:
allows for 35% reéovefy in rooms and 1% recovery in the méin
N drives, Ore is taken to the shaft, currently at the rate éf
9,000 tons per day, by az—iach fire-resistant belts up to g
4,000ft, in ;éngth, and suspended from hangers lag-bolted ?o
the roof, To date 4.5 million tons or ore have been extrapted.
At the surface the ore is crushed to % inch in rolls and le;ched

with a saturated salt solution to allow disocciation of‘cqrn-
allite, C(lay is removed in cyclones, hydroseparators and

thickeners; sylvite is floated, using eamino acetate as an
agent and starch as a depreséant of halite, dewatered in |
centrifuges, dried and sized in three froctions whose K0 con-
tent exceeds 6%, In 1963 this mine produced one million tons

of potash valued at $25 million,

(b) Solution Mining

More than 50 years ago attempts at solution mining 6f potash were
made in Germany. During the late 1940's test projects were
operated in Carlsbed as well as in England, In saskatchewan
at least two companies attemﬁted recovery beforé Kalium Cﬁem-
icals Ltd, started and»there are now four solufion mining: pilot
plants., These prior tests were unsuccessful but Kalium Cpem—
icals Ltd, havé announced firm plans for commercial produ?tion
in late 1964, |

This methéd pbviates the necessity for shaft sinking through the |
Blairmore formation and would also allow for fuller extragtion
of the ore at depths below 3,500 feet which is consideredito
be the limiting depth for conventional underground mining;
at this depth openings Wﬁuld be difficult to maintain and re-

sulting failure could adnit water,
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Inlsolution mining the entire opening ¢an be supported by flﬁid
‘pressure and since depth of the salines is not an overriding
congideration the plant can be located more advantageously %ith
regard to transport, fuel sources, population centres etc.}

Kalium Chemical Co, at Belle Plain, 25 miles west of Regina,
has three clusters of wells which tap salt beés at a depth of
5,000£t, . It is not known whether injection and recovery wi}l
take place through the‘same well, The use of natural gas o?
petroleum or other fluid immiscible with water will establi%h
a thin layer at the roof of a cévity to cause expansion of ?he
cavity laterally.,. For most purposes it is desirable to ext%act
both NaCl and KC1 fraa the depesit in the proportions in Whif'ch
these two minerals exist in the deposit., Léter, KC1l may bé
.preferentially extracﬁed from the 100f't, thick ore zone by;
feeding aqueous solution which is saturated as to NaCl int?
the cavity., |

Initial connectién\of wells is achieved by the hydraulic fraétuxh
ing or bed splitting method whereby target wells can be reached
exactly on line many hundreds of feet away after pumping eém-
pwﬂhﬂywﬂlmwﬁswbﬁmiMowiMwﬁmwﬂmee
thé fracture is made controlled solution of a cavern can b%
initiated, |

Brines pumped from recovery holes will be piped to a refinery
for fractional erystallization of the solutes. To meet thé
production goal of 600,000 tons of potash per year it will%be
necessary for Kalium to dissolve 2,400,000 tons of ore,

Other companies operating pilot plants include Duval Corps,
Séufhwest Potash Corp., and Impe?ial 0il Ltd, European potash
mining companies (Mines Domaniales de Potasse d'Alsace (France)
and Wintershall and Salsdetfurth (Germany) have combined to
form Alwinsall Potash and are engaged in this area,

Many are scepticcl of solution recovery and claim that it will

not be competitive beczuse of:

(a)  the number of wells required for sizéable output

(b)  plusging of openings and coating of crystal grains by
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released %15}.
(p) higher cost of crystallization as opposed to flotation,
(d)  non-solectivity of the method,
(o) likelihood of collapse of wells and cavities,
If this doés prove to be a succeséful method of recovery,
however, it will make available enormous reserves of potash

not only in Canada but in the United States, England, contin-

ental Europe and elsewhere,
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(¢) Borates
The world!s largest mown reserves of boron beéring miﬂerals are
found iﬁ south eastern California and these supply almost 95%
of the world's requirements; in 1962 borates from Califoréia
sources were valued at over ﬁﬁé million, Borax which is t%s
most important borate mineral occurs as-glasay, clean to j
translucent, orystals which on exposure turn white by dehygra—
‘tion to tincalconite; a dull white powdery mineral, It isg
very soluble in water. The chief ﬁses for borax are in gléss
making, in ceramics, fibre élass (for viscosity coﬁtrol), :
detergents, the nuclear energy field, fuels etc., and production
is now in excess of one million tons per year,
Productioﬁ in California was initiated in Death Valley ( some
276 feet below sea level) where rainfall is about 2 inches per

year (Fig. 44). Cotton-ball ulexite was scraped from the sur-
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Tace of the playa which oceupies the neg.xhloyzest depression in
the 140 miles lang and four to 16 miles wide valley, refined
at the Harmony Borax Works (Fig., 45) and transported 165 miles
to the railwoy across the Mojave Desert in the now famous 20—
mule team wagons (Fige 46). Borax recovered from the Seafié's
Lake brines s;lnoe 1914 then became the main source | of suppl&
until the Kramer deposi‘l;s wére discovered and exploited, -
There has been small sporadic production of borate minera.ls;from
bedded deposits located to the sast of Déath Valley, near Rva.n.
Visits to all of these deposits were made, |
Listed below are borate minerals founci at Boron and elsewhere,
Borax (tincal) NaZO.éBzO§.1OH20 |
Tincalodnite Na, 0. B_.O .5H20

2 2723
Kernite (rasorite) Na.ZO.ZBZOB.l;HZO

Inyoite 20&0;313203.1 31-120
Meyerhofferite ' ,Ca0. .53203.71{20 .,

c olemanite . o0a0 :3B203 .SHZO
Ulexite Nazq.zcao.ss203.16}120
Probertite | N526.20a0;53203.101{20
Kurnakovite 280438 051 3H,0
Inderite HE0.3B,0,.131,0
Hydroboracite Ca0,Mg0 .3B'203 . 6H20
Tunellite | 810.38-203 o4H 2O
Searlesite Na20 .B203 .hSiOz.ZH'ZO
Howlite ' Ca,S1B 5O 9( CH) 5
Sassolite B(OH‘)3

Boron products normally sold in bulk seg¢l for prices ranging
from about $45 per ton for granuler borax (99.3% pure) to

$200 per ton for high purity boric acid.

Kremer pit, Boron, Calif. (U,S, Borax & Chemical Corp.)

8th April, 196k, ,
Ralph Barnard, Senior Mine Geologist, U.S. Borax, Boron,-

Bob Kistler, Geologist, | n " "
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Fige 44 Death Valley. Note extensive outwash alluvial fans and their
truncation on a recent fault scarp marginal to the Valley.

Fig, 45 Harmony Borax works, Death Valley,

Fige 46 20-mule team, U,S. Borax, AR
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Colemanite was first disecovered at a depth of 370 feet in water
drilling operations in 1913 in the arid western part of the Mojave Desert
where there are no surface indications of a borate deposit, During the next
12 years, the deposit was explored by further drilling, shaf'ts were sunk, and
some commerecial production developed. The value of this find was abruptly
eclipsed in 1925 when a near-by drill hole encountered thick beds of borax
and kernite., These crystalline beds were outlined by drilling at 200ft,
centres (utilising diesel oil as a drilling fluid). They were reached by a
shaft in 1926 and since then they have developed into the world's leading
source of borates., In 1956 the company converted this into an open pit whioh
is now some 325 feet deep and covers an area of 4,000ft, x 3,000ft, (Fig,s7).
The deposit is situated three miles north of Boron and eight miles north east
of Edwards Air Force Base,

The borates were ultimately derived from volcanic gases or waters
and coneentrated in an upper Miocene playa some four miles in length and one
mile in width (Fig. 49), Impervious clays protect the borate minerals from
groundwater solution and the whole section has been preserved from erosion by
downwarping; the principal borates range in depth from 300f't. to 1,000ft.

below the surface. The section exposed in the Kramer pit is as follows:~

Quatgrt_m!_'y_ - - - ..l"gff‘_ - - —Al'l}-lviug’-sg'ng - - -uncmfomity
Upper Miocene 100ft, Tuffacecus arkose, fanglomerate,

stream bed deposits (mammalian re-
mains have been found in the arkose) .
Perched water table,

(Ricardo formation) 20ft. Brown claystone,

- B0ft, Upper shale member - laminated green
claystone, Lower beds contain thin
(1ft.) bands of ulexite and cole-
manite,

(Kramer Beds) 0~270ft "Borax" = bedded crystalline borax

(primary) and Kernite (secondary),
with ulexite, colemanite eto,

LO-60ft o Lower shale member - green e¢laystone
with ulexite,
1,000ft. Saddleback Basalt
Lower Miocene 500ft. Arkose, tuff, shale, cherty limestone.

(Rosamund Formation)

Cretaceous-Jurassic Granite

The borate beds range up to 270ft, in thickness and it is estimated



Fig. 47 Kramer Pit, U,S, Borax & Chemieal Corp., Boron, West Baker mine
shaft at extreme right. 014 underground workings (sand filled)
are discernible in the bed of borax,

Fig. 48 Boundary Fault which truncates the Kramer beds, Kramer Pit, Thin
white beds are ulexite which serve as markers.
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that they contain 100 million tons of ore with 25% B The crystalline

203'
borax when freshly broken 1is oigar and gléssy and contains an admixture qf
green tuffaceous and montmorillinotic clays = the mined material being a@out
7% borax and 2%} clay. On exposure to the alr for two or three days thé
borax dehydrates to white opaque tincaleconite. The beds are buckled inté

low open folds with dips of_10° - 150 being common, and are cut by minor;
N.W, trending faults. The deposits are truncated on the southern margin by a
major fault dislocation (Fig. 48). Fig. 49 illustrates the concentrically
zoned nat;ré of the ore body with the core of borax being successively e?—
closed by a layer'qf ulexite and then éolemanite. There are two beds of§
tuff within the orebody which serve as markers, Occasional clay lenses ﬁlso
ocour,

Dolomite and calcium carbonate occur in the shales but’ sulphates
and chlorides are ahsent, _The depdsit has yielded over 15 million tons_of
sodium borate ore since 1927 from the open pitAand undefground Workings;

Traces of realgar (sulphide of arsenié) occur in amounts from.1,200
up to 3,500 p.pems as red ink-like spots in the kernite crystals.

To expose the orebody some 15 million tons of overburden have.been
removed, Ore is mined utilizing a shovel~truck system and is dumped in?b a
belt conveyor for haulage to a refinery built at the top of the pit, Bérax
is separated after 3-stage crushing from the associated clays by solutién in

hot water, filtration and crystallization.

Ryen Mine, Furnace Creek (Kern County Land Co.)

10th April, 1964,
Ken Reim, District Mining Engineer; KJsCoLo Cd., Bakgrsf@eldq
Colemanite deposits ﬁave been sporadicallj mined by the Kern Qéunty |

Land Co. since the 1920's from a shaft connecting levels at 60ft, and 125ft,
in a bed dipping at about 45° (Fig, 50), The deposits are in folded and fault-
ed Tertiary strata which outerop in Inyo Cqunfy to the east of Death Valley.
The colemanite occurs in a bed 20ft. in thickness in the 2,500 feet thigk
upper Miécene Furnace Creek Formation, a highly variaﬁle formation thatAin—
cludes basaltic lavas, pyroclastics, conglomerate, bentonitic clays, sand-
stone and shale, Colemanite occurs as white cleaveble crystalline lenses

and irregular masses in grey bentonitic shale in the upper levels of the mine.,
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Ulexite, derived from colemanite through eireulation of groundwaters which
percolate along a strike fault in this locality, is mined in the bottom level,
The ore mined carries 10 - 307 3203 equivalent (127 being considered the lower
economic limit).,

The company has done considerable prospecting in the area, by
drilling and by bulldozing and has proved reserves of 20 million tons of 20%

]3203 ore, U.,S. Borax also have holdings in this region,

NS

Fig., 50 Ryan line, Furnace Creek, Kern County Land Co. In foreground are
colemanite bearing beds of Furnace Creek Fm; in background,
Cambrian limestones,

BRINES

borates, potash, bromine etc,

1. Searles Lake, California (American Potash & Chemieal Corporation)
8th April, 1964 to 9th April, 1964.
Dr. George I.Smith (Geologist), U.S.G.S,., lenlo Park,
David Holmes (Geologist), American Potash, Trona,
D. Dickenson (Vice-President), " " , Los Angeles,
Dr, Capper (Chemical Engineer)" LSS "

P. Peterson ( " i yn . "

Searles Lake is one of a number of playa lakes that now occupy
undrained depressions in the lMoJjave Desert, in the southwestern corner of the
Basin and Range physiographic province, and constitutes one of the largest
bodies of exposed evaporite salts in the U,S, Other lakes in the region are,

or have been, commercial sources of salines but Searles Leke is by far the
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most'important - it pfoduces the largest variety of salts, has the greatést
tonnage and is the only one from which potash is recovered. |

The basin in which Searles Lake is situgted is a broad depression
some eight to 10 miles from east to west and 25 ﬁiles fra wrth to south,
i

ond bordered by abruptly rising slopes of the surrounding mountain rangeé

(Figse53, 54, 55).
Geological Setting

The Basin and Range province comprigses 'strings'! of oriented
north=-south, fault-bound, high, mountain ranges, separating and partly eﬁ-
élosing elongate undrained basins, Mountain building took place in the late
Tertiary and the subsequent history of these basins may be summarised aséone
of extensive alluviation by which the valleys have been largely filled with
outwash derived from the uplifte@ mountain areaé. Faulting is still tak}ng
place end a number of fault scarps in Recent alluvial outwash fans are oﬁserwﬂ
able in this region (esupere Fig. Lk) . |

Durihg the early Pleistocene a topography eséentially like thgt of
the present day was developed and'in the alluviated basins glacial lakes ex-
pended,. Searles Lake comprised one of & string of lakes immediately eaét of -
the glaciated Sierra Nevadas (Fig. 51k,each‘basin in the chain lies in turn <
at a lower elevation than the one above it and the lowest divides connected |
one basiﬁ with the next, Waters formerly fillea Owens Valley until they
overflowed into_China Lake, Overflow fran this basin found its way through
a narrow channel over the divide into Searles Basin; successively lower
basins were flooded and overflowed into Panamint Vailey, and fina}ly into
Death Valley., The supply of water wasn't sufficient‘during any of the
glacial stages to fill all of the intermontane valleys completely and a per- .
manent drainage course was never established to the sea.' NumerodsAlakes o
wefe in existenqe and these served as settling ponds fér tﬁe réck debris
allowing salt-laden waters to flow down to lower basins more ér.less free
of detritus. Some of these became sumps which accumulated salts on evapora-

tion
Searles Lake

The last vestigeé of a saline lake occupy about 12 square miles



Fig. Western side of Searles lL.ake, separation plant of /‘merican Potash
& Chemical Corp. in middle distance.

Fige 54 Crustal Salt, Searles Lake,

2\ Do

Figs 55 Brine wells and pipelines, Searles Lake, Note fossil strand
line on flanks of Slate Range,
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near the cenfre of the Searles Basin (Fig; 52), It is normally dry but
after heavy rains there may be one or two inchés of water on the lake. The
static water level is usually less than 1ft. below the surface.

Searle's Lake‘Was, except for the surrounding mountains, reminiscent
of Lake Eyre ~ it is generally flat and smooth, it has a central salt crust
margined by mud, and it éhows patches broken'by polygonal cracks and upturned
edges of:nlt (Fige 54) similar to that seen at XKunoth Shoal on Lake Eyre
North, ‘ |

_ The lake is underlain b& two superimposea crystal bodies of mixed
salts that are permeated with cohceﬁtrated brines (Fig, 56), The crystal
bodies are extremely porous and have from 30% - 45% pore space, These résult
from the cnyétallization of salts from evaporated waters which were pondédAin
this basin, Searle's Lake i1s one of a System of mostly larger lakes of ghe

- Great Basin that occupied large areas of Southeastern California, Nevada and
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Fig. 56 Cutaway of Searle's Lake Salt Structure.
' The playa surface has an elevatién of 1,620 feet; it gives way
abruptly to the moﬁntains which surround it, A4 succession of strand-line
terraces, wave cut benches, sand and gravel bars and tufa remnants are pre-
served at the basin margins - the highest ancient shore line terrace being
640 feet abové the level of the pfesent lake surface, The thickness of
Quaternary leke sediments has not been determined but from geophysical

(gravity) survey it has been estimated that these approach 2,000 feet. At
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its greatest expansion Searles Lake must have been almost 400 square miles in
area before it overflowed into Penamint Valley.‘

Lake deposits, chiefly gzravels and sands outcrop at the basin
margins, At the southern oend of the basin are a number of 100 to 150 feqt
high pinnacles of algal limestone which apparently grew by lime accretion as
sedimentation proceeded. The shore lines and outcropéing lake sedimentsihave
been but slightly modified hy erosion since the waters disappeared from the
basin,

The upper salt body underlying Searles Lake was discovered in 1862
and first exploited in 1873, It covers an area of 4O square miles and rénges
in thickness from nil to 95ft. (and averages 70ft.); It contains 100 million
tons qf salts per square mile, .Jbout 12 squere miles of the upper body ;re
exposed in the centre of the normally dry lake while the remaining 28 square
miles are covered by as much as 4Oft, of mud,

The lower salt body which was discovered in 1946 is as much as 5uft.
thick but averages about 35f't, It lies 10ft. to ﬂBft. below the upper Qody
from which it is separatéd by impervious muds, gnd exter.ds over about the-
same area.

The Trona Reef marks the trace of a fault albng which groundwaters
escape and on evaporation deposit a saline efflorescesnce; the "reef" rises

3

several feet above the level of the playa,
Stratigraphy

The late Quaternary sediments beneath the lake surface consist of
interbedded crystalline sAIts and mud lajers that are very gently folded,
Knowledge of the basin-fill from cores extends to only 875 feet and to ?ate
no Government or private drilling has penetrated beyond thgt depth. Thg
major stratigraphic units are shown in Fig, 57.

The stratigrephic subdivisions of the Tower Salt are disoretex
beds of muds and salines that éan be recognised throughout most of the
deposit, except toward the edges where the saline beds pinch out, The
several mud beds are-simila? in composition while the saline beds changé in
composition laterally,

The muds in this deposit are dark green to brown, soft and imperv-

ious; they are chiefly combinations of Ca, Na and Mg with~003, precipitated
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as fine grained aragonite and dolomite with Na =, Ca - carbonates, Halité or
borax may occur in fine orystals while clastic silt and clay are generall; sub~
ordinate. A specles of fossil fish ﬁas been recovered from the lake muds;.

.The salines are mostly White to grey, hard, and porous. They cén— )
sist chiefly of combinations of Na, X and Mg with 003, HCOB’ SOA, Cl or Lp7,
precipitated as coarse-grained halite (NaCl) and hanksite (9 NL‘~.2SOI+ éNa CO
KCl), and both coarse =~ and flne-gralnea trona (Na COB.NaHCO3 9 20), nah—
colite (NaHCO ), burkeite (2Na SO Ne, co

» borax, mirabilite (Na AOH, O),

3

0,)» 3°N8,C05

ite) (KSNa(SOh)2)° The averaze evaporite-mineral composition of each unit

4
thenardite (Na2 northrupite (MgCO JNaCl) and aphthitalite (glaser—
has beendetermined; altogether, some 30 minerals have been identified in

this deposit,
Brines

Thougﬁ the brines in the basins of this region generally.conta%n,
NgCl,'CaCIZ, Na SOh, Na2 3 and borax they vary in type and in concentrﬂtion
. from lake to lake, The dissolved salts are derived by leaching of the rocks
exposed over the large area of the drainage system; the assemblage of sgllne
minerals deposited on final desiccation being controlled by the t&pes of;rocks
exposed, by the chemical nature of the drainage'wqtef, and by the elemenps
supplied to the system from hot springs, Minerals rich in Na and K were?pro

2
fixed as carbonates; metallic sulphides yielded sulphate minerals; bor@n,

derived from weathering of granitio rocks: CO, from the atmosphere was

fluorine and lithium were introduced by volcanic hot spring waters,

At Searles Loke the salt bodies contaiq layers, lenses or irregu—
lar masses made up entirely of Bne of the evaporite minerals listed abové.
' ?ore spaces in the salt bodies amount to 30 to L%% of their volume and tﬁese
‘are f illed with saéurated brines that are in chemical equilibrium with tﬁe
soluble salts, The lower brine differs slightly from the upper brine mainly
in.that'it contains less potash and more borax and NaZCOB'

The brines have a S.G, of 1,3 and have a salt content about 10.

times that of seawater - the average composition is as follows:-
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Constituent ' Upﬁer Brine (%) Lower Brine (%)
NazBLF 4 « 1463 1,9
Na,S0, : 675 6.56
NaCl . . 16,06 - 15,51
Na2$ 0,08 0.38
14,0 - 0.015 | | 0,006
KBr 04120 | 0,080
‘."'-IO3 0,007 0,004
I2 0,003 0,002
PO | 0,070 e
F | 0,002 0,002

Total dissolved salts 34617 BL.ZCB i

Exploitétion

The total production of chemicals extracted to date exceeds 1?
million tons valued at almost $1 billion, Daily production from curren?
operations exceeds 3,000 tons of the various chemicals, -

The Searles Lake dep031ts yield about 30” of the asnual productlon
of borates in California and they yield T of the U.S., potash production,

Reserves of B203 were estimated in 1926 to be over 17 million'tons
in the upper brine and salts, Since then the lower body has been discovered
and the upper body has bzen found to be more extensive than believed at that
time, . ‘ |

Three componies currently mine and market products from Searles

Loke .

(a) Pacific Salt & Chemical Co.
Salt recovery by scraping the lake surface,.

(v) West End plant of Stauffer Chemical‘Co. -

L
(¢) American Potash & Chemical Corp,

production of N02003, Na280 and borax from lake brines,

.This company operates a $40 million per annum project based on

y
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the Searles Lake brines at Trona, The plant, built in the

1920's, was deéigned'to recover soda éarb (scda ash), salt
cake (Na,zsc')lF , KC1, borax, lithium carbonate, bromine and
phosphoric acid‘from both crystal bodies. Tungsten is not

| yet being produced éommercially but is beingreturned to the

loke with NaCl and 107 of the KC1 content;

this may yet be-~
come the largest single source of tuhgsten in the U;S. The
upper brine contains only 0,007% WO

3
million pounds of WO

but this amounts to 170

3 in the lake,

The Company have drilled numerous production and observation
Wells,.mostly about 150 feet in depth and at % to x mileiin—
tervals, as part of an intensive, carefully planned brine:re-
covery programme, Brine samples are taken at regular inter-

vals from various depths to obtéin information on the chagac-
‘ter of the brine; rate and direction of its fldw and the in-
fluence of sustained pumping on its composition, Moveméné of
the brine is detected by fluorescent - dye tests._.The br%ne
wellsAare drilled to the separatiné mud seam and cased t6§withf
in 16ft, of the bottom, Brine is drawn horizontally from the
bobtom of the crystal structure. Bores are drilled at 9 inch
diameter with calyxidrills - full cores being taken throughout
each hole, Eleétrié logs are run to confirm brine salini%es.
The company pump 10 million gallons of brine per day to the?plant
from 62 wells, The temperature of the brine at recovery is 76O
andithis temperature is méintained to the plant by enclosing

the stainless steel‘pipelines in fibre glass and aluminiu@

foils |

¥

Sodium sulphate is recovered on the lake bed by spray-pumping

brine into the air, The air temperatﬁre at Searles Lake ranges
from 8° to 1309F_and when the desired temperature for optiuum

recovery of the salt is attained pumps are cut in and out auto-
maticaliy and these sﬁray the brine into the air; the salt

cake crystallizes, separates, and falls in a heap for e asy
Tecovery,

In the Trona plant the upper and the lower brines are treated
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separately, The brines are put through a complex EJQEL
ces$~which involves fraotional crystallization of the-various
salts by evaporation and cooling under rigid pressure - tem~
perature’controi. Most of the Nall 1s first removed from tbe
brine end retumed to the leke; soda ash, selt ocko and 1.:1;003
are then extraocted, leaving a liquor rich in KCl and borax.i
The K€1 separates’wheﬂ the liquor is chilled and this is reéOVh
" ed by filtration, |
The bulk of the producfion consists of agriocultural grade KClj
(99% recovery attained), gnhy@rous Na SOI+ and Na2003 The
upper brine is second only to the Carlsbad district as a dém-
estic source of potash; is the only source of lithium salts in
the U.S. other than pegmgtite minerals, and is the countryés
major gource of sofium sulphate, |
The main plant cycle has been reported by Leonardi (1954) ané is
showﬁ achematically in Fig. 58, Details of the prooessing;
plant were not disclosed and the company personnel generally

showed & reluctance to.discuss the operations. Photography

was limited to‘oniy certoin areas on the lake,
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2. TLoke Bonneville, Great Salt Lake, Utah,

Bonneville Ltd, Potash,

24th April, 1964 to 25th fpril, 1964,

~ Lowell, S. Hilpert, Geologist~in-Charge, Geologic Div., U.S5.G.S.
Salt Lake City, Utah,

Rands Wiley, plant foreman, Bonneville Ltd. Potash, Wendover
(Nevada) o ‘

The Great Basin of northwestern Uteh lies within the‘Basin and
Range province characterized by isolated narrow mountain ranges separated by
desert basins and marked by interior drainage. The fossil shorelines of
the Pleistocene glacial-fed Loke Bonneville of which Great Salt Lakg is a
éhrunken remnant are marked by beach deposits with bars, spits and wave out
terraces onthe flanks of the mountain ranges and on the islands whioch stood
above the surface of the ancient lake (Figs., 59, 60, 61). The lake at its
maximum was scme 325 miles long, 125 miles wide and had surface area of.about
20,000 square miles, Its maximum depth ﬁas a little more than 1,100 feet nea:
the western edge of the present Greaf Salt Lake, To the south the lake. ex-
tended through passes between tﬁe rangés where its average depth was about
500ft, The lake overflowed to the north through Red Rock Fass and discﬁarged
into the Snake-River by way of the Portneuf Rivér. - |

Domical upwarping as an isostatic readjustment of the areaformeriy
occupied by the leke has been established and westward tilting resulted‘in
- the closure of the Bonneville Salt Flats near Wendover, adjacent to tﬁe

Nevada state border,

Great Salt Lake

When the pioneers settled this region the elevation of the sur-
face of Great Salt Lake was 4,200 feet above .sea level, It roée‘almost 12
feet in the years 1862 - 1868 and it then fell with oscillations to its
present 4,191 feet above sea level, Construction of reservoirs on rivers
which discharge into the basinhas resqlted in the fall in lake level and it
is still receding, A resort at Saltair, formerly built at the loke edge is
now a ruined group of jetties and kiosks on_stilts several miles from water}
The lake now covers an area of 950 sq. miles and is shallow, being less than

30 feet at the deepest part.
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Fig. 60 Great Salt Lake near Saltair, Utch, Wave cut terrace marking
limit of Leake Bonneville discernible at extreme left and on
Antelope Island.

21\38

g_ig. &1 Northern shore of Great Salt Lake, Strand lines of former Lake
Bonneville,
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Early defelopments of the U.S. saline mineral industry were con-
centrated round Grsét‘Salt Lake, Sodium chloride was extracted fram thg
lake brine by artificial and solar evaporation in pans constructed on saline
mud flats which surround the léke.

The brine of Great Salt Loake contains about 26.6% by-weight 6ﬁ disg-
solved solids comprising as under:-

Concentration (p.p.m.) -

Ca 319
Mg 8,050
Na 85,700
K 4,550
Li 40
HCO, 327
50, 17,400
c1 147,000
F 6.0
I | 0.k
B 30

Total 263,000 ppm (S.G. 1,208)

This is the largest existiné body of oommcentrated brine in the U,S.
The composition of the brine is generally similar to ceawater (except tha£
salinity is much higher) - Na and Mg ratios are similar, 14 is about si%
ﬁmsmaMMmt%ﬂeKde&e@ﬂdmh Me@ﬁdmwome&B
are attributed to.the scarcity of igneous rocks pﬁderlying the drainagé

basin, . )
There are no crystalline bodies of salt under the mud flats of the.

lake though the brine is saturated with respect to Na and this precipi-’

2804
tates during the summer., Thus there is a body of Na,80, (mirsbilite) as a
comparatively recent deposit in the bed of Great Salt Lake,

The production'of potash in Utah began in 1916 with tﬁe extraction
by several solar salt plants utilizing brines of Great Salt Loke. At tpe '
present time oﬁly common salt is being produced at the rate of about 200,000
tons per year by Morton Salt Co,. though pléns have been anncunced for the

extraction of Ii, NaQSoh and Mg
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Bonneville Salt Flats (Taxle County)

In 1917 potash production began at Salduro Station utilizing b?ines
from theSalduro Marsh (now knowm as thaBénneville»Salt Flaés) in an area of
4,68 averagé annual rainfall, By 1920 this was the largest producer of pot-.
ash inthe U8, but in 1921 the plant was shut down and brine operations were
idle until 1938, Bonneville Ltd. Potash then resumed operations at a new
plant and output has:continued since without interruption. :

Lake Bonneville, 120 miles west of Salt Lake City, is perhaps most
widely known as thg site for numerous attempts on the Wofld's land speed
record (Fige 62). Surface crusts and layers of saline minerals resulting
from the desiccation of.ancient Lake Bonneville are numerous in western Utah
but the most extensive cover an aiea of about 150 sq, miles around Saldu?o
Station - the Salt Flats proper are 10 miles wide east-west and {5 miles long:
north~south, The deposit reaches & maximum thickness of about five fee£ and
is a‘white,.porous, coaréely crystalline mesh of halife cerystals, & chqmical

analysis of the soluble portion of the bed is as follows:=-

K 0.07
Na 36485
ca 1.20
Mg ' 0,10
50, 2,88
cl 58,98
903 nil

Brines occur in the salt beds and in underlying lake sediments, The chemic—
ol composition of the brines in the salt beds is relatively uniform while

those of the clay-beds are variable - as under,

brine of salt brine of clay beds (composite of
beds (p.pems) 126 separate samples) (p.p.m.).
c1 192,000 96,150
X 10,600 " 2,940
Ne 100,000 57,300
Mg 6,300 1,910
SO 5,200 L
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Brines from which potash is being recovered ars drawn from the
lake surface from open trenches ZOft. deep and these are augmented as re-
quired by 12 flowing bores 300ft, deep and si# bores 1,200ft., deep. The
brineé are channelled into evaporating ponds whioh extend over a semicircular
area of some 20 sq.'miles. Wﬁen éalt has accumulated to a thickness of about
4f't, in one system this is abandonedAand & further system is aeveloped.

Only fivé square miles are utiligzed for concentrating pans at any
one time and the company ére now using the fourth system., The feed water,
contaihing 227 NaCl and 1% KC1 is evaporated until a concen£ration of 5% KC1
is achieved, The brines are then pumped to harvesting ponds (Fig. 63) whi oh
cover an area of 40O acres, In & season L" to 6" of salts containing 3q% XC1
are preolpitated; the bitterns containing lg salts are returned tolthe ﬁain
lake although some are being stored for ﬁossible lithia recovery, The effluent
contains a higﬁ concentration of Mg012 that has been discarded bgt plans for
recovery of 33,QOO tons of M3012 per year have been announced. The precipitat-
ed salts are scraped into rows‘with graders and picked up by scrapers fitted
with elevators (Fig. 64); the salts are harvested on a floor of precipitated
salt as the muds below these ponds are extremely soft.

The fine grained sylvinite is carried to a neérby plant, crushed
in rolls (+ 14, — 25 mesh), and the KC1l separated by flotatipn using amiﬁes-
and fatty acids as agents; no depressant is added, The separated'hblité isl
returned to the lake,

The ﬁrocess achieves 86h recovery of the pétaah which is merketed

as + 9%% XCl., The annual production nﬁw amounts to 100,000 %ons KCl. Iﬁ
1961 production was valued at $2 million and amounted to Z% of U,S., outpét.
To this time Utah had accounted for the production of 1,3 million tons of
crude potash salts, containing 770,000 tons K20 eguivalent and valued at
$26 million.

The crystal-salt body has been excavated over an area of 12 miles
by 9 miles located to the east and adjacent to the salt flats, but there is

no current production,
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Fig. 62 Bonneville Salt Flats, Lake Bonneville, Utah.

21140

Pige 62 Potash crystallizer, ;lant of Bonneville Potash Ltd. in background,

D114\

Fig, gt Harvesting potash, Lake Bonneville,
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3.  Midland, Michigan (Dow Chemical Co.)
1st June, 1964 to 2nd June, 196k.

Hax Key - General Manager, Midland Division, Midland,
R.E.(Trent)Peterson - Dow International,

Doug. Lake = Chemicals Department Corporation,

Louie Caxmoudhe - Midland Division Management.

Charles Querio - Suptd. of Wells, Midland Division,

Ralph Hultin - Section Manager, wells, Midland Division,

George Meier ~ Bromine section manager, " "

The Dow Chemical Co, works covering an area of some 1,000 acres at
Midland is an extensive integrated chemical ocomplex basea on uniquse natu%al
brines which are recovered from a depth of some 5,000 feet., Dow is repuéed
to be the largest broduoer in the U.S..of_Caclz, Mg(OH)z, epsom salts brémine
and iodine; NaCl and KC1l are also produced, The company also manufactu%es a
diversified line of organic‘and inorganic chémicals, plasties, bioproduc?é
and m tals.

A typical analysis of the Midland brine follows:-

%
MgClz' ‘ 3,65
NaCl . 5020
KC1 1.68
Br, 0,26
I, ' 38 ppm,

Regional Geology

Peninsular Michigan is underlain by Archaean igneous rocks and
metasediments and, above these, a more or less continuous sedimentary success-
ion to the Permo-Carboniferous, The sediments comprise Cambrian sandstones
end younger rocks (largely carbonates) which occupy a gentie closed basin

structure (see Figs. 65, 66). Of great economic importance is the rock salt

1



CANADA

’z\ V.

Q alﬂ!/ag
N\
2

Lodingto

4 A & £

leEB

¢ ERIE

\,:-0&/

L | PEANSYLVANIAN Grand Fver ;ar/d.f/wre Tagrpaw, formeation ﬂ'm/ Measafe:sj
el 00’) Parma sand3fone (3¢ ,o/ra)& ;va/ - & Lorn
PN 4//5'5/53‘//;'/4/\/ rand  Rapias Serres - b orre (. 50,0/50/6 water j
o' (000"~ 2500 ) /c/}/ a/y /e”’m//a,;// Lowre afres‘} /'eo’ shates, FOy,
e 2 rshall a/f)bﬂc éra/»/ﬂ ;era:/; rsme, (aCly
AN lomf ﬂfS'L/?. sovralsrore, Wa » .; /e rea 5 Aw/”c
s\ |OF Vw{ll;za/{ 000”) Troverse ﬂrma//ofr (Hmesrome :%a/ey -) Dorate l/f(éf we)
g i T Nsvcveran (%;557 ,j'/eef'ld’sl'_ o(c ;/oﬂ-ﬂf& ary. aﬁ//e 54'& /oro sandsiomes (i é/-///e.f/
A Serres (oo % fr”/e;} xées)&r hate
F9 65
S.A. DEPARTMENT OF MINES _
Approved Passed | Drn. GEOLOEY OF D.M. Scale
Ted. PENINSURLAR MICHIG AN Reg. 5 472/
] Ckd. . 973
Director Exd. g Date |

~ L+ 40— 6.63 1423



o | T Th -

of the Salina formation (upper Siluriap) vhich underlies peninsular Michigan
and extends into Ohio, New York,~Penhsyl§ania and Canada (Ontario). An

aggregate salt thickness of at least 1,800 feet has been penetrated in oi;

test well in central Michigan where the top of the Salina is some 8,000 feet

)

Fig. 66 Section across the Midland Basin,

below the surface, This is mined in the Detroit (and in other) areas and is
also recovered in artificial brine operations,

Natural supersaline brines support slg ble chemical industries
in central and western Michigan and -in adjacent Ontario,

At Midland brines are obtained from fhree zones:é

8o, the Missigsippian Marshal sandstone,

b, the Middle Devonian Dundee limestone,

and ¢, the Lower Devonian Sylvania sandstone,

There is a second natural brine district which borders Lake
Michigan on the western edge of the staté with plants at Ludington and Man-
istee producing NaCl, Mg012 and Br from sandstones 60 - 100 feet thick at a
depth of 2,500 feet,. |

A generalized'columnar section of Michigan geology is tabled

below:~
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System, series Formation,  Lithology Thickness Econom;i.c
_group ' (£t.) Products
Pleistocene glacial drift sénd, clay, gravel ,Q;251 Freshviater
. marl, :
Permo~Carbon- | "Red beds" Shale, sandy shale,
iferous : gypsum
Pennsylvanian Grand River sandstone 90 Freshméater
Saginaw shale, sandstone 20-500 Brine;ooé.l;,
coal measures gas .
Mississippien Bay Port Limestonse, (sandy) 0-100 Freshwater
Miohigan shale,gypsum, 0-500 gypsum
: anhydrite b
"Michigen sandstone 0-80 gas é
stray"
| arshal1 sandstone (fime  1100-400 | oOriginal
grained ) ' sourge of
_ brine -
Coldwnter blue shale, sand- - |{500<1100 Freshwater
stone,limestone : : :
Sunbury shale 0-140
Berear | shale, limestone, 0-325 oil, gas
Bedf'ord grit :
Ellsworth- | shale, limestone  [100-1000 | gas ~
Antrin |
Devonian Traverse limestone, shale  |100-800 0il, gas
: ' freshwater
Bell shale 0-80
Dundee limestone, cherty, 0=-475 .]_B_rine‘:, oil,
porous’ gas,.
freshwater
| Detroit dolomite, salt, an-|150-1400 | oil, gas,
River hydrite . salt,brine,
| Sylvenia sggc_%stgne, sandy 0-550 freshwater
Bois Blano dolomite - 0-1000
Silurian Bass Island dolomite 50~-550 freshwater -
}salina selt, dolomite, 50~4000 | salt, oil,
shale, anhye ‘ gas
drite '
Niagaren dolomite, limestone§ 150-800 oil, gas,
(Guelph, shale freshwater
Lockport ' -
Cataract)
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System, series | Formation, lithology Thickness
group (£t.) Products
Ordovician Cincinnatian| shals, limestone 250-800
Trenton- limestone,dolomite | 200-1000 oil, gas
Black C
River -
T
St.Peter sandstone 0-150 ;
Ozarkian Prairie du
(Canadien) oar. dolomite 0~900
Rem:murMe
Cembrian Lake sandstone 5002000 { freshwater
Superior :
Algonkiah Keweenaw lavas, conglomerate,| 9800~35000 j Copper
: shale, sandstone formations
Killarney granite
grani@e
Huronian slates, haemctite | 2000 + iron forma~
tions.
graphite,
Laurentian schist, gneiss, '
granite
Archasan ;
schist, greenstone ‘

Two modes of origin of the natural brines are ‘considered poésible:

(@

they are meteoric or surface waters that have cequired conoen-

trations of salta in their migration into &nd through the under-

ground strata e.g., from the Salina formation,

(b)

they are connate water, i,e. fossil seawater trapped during

deposition of the enclosing sediments and more or less modi-

fied by migration, temperature and pressure changes and mix-

ing with meteoric waters,

The latter concept is reputed to be more widely accepted despite

the proximity of the Salina evaporites which would appear to be the logical

source,

Brine Operations

Dow recover brines from some 100 bores (83" 0.D.) drilled at;

intervals of % fo one mile and delivering 10 million gallons per day to the

plant, The bores have an.average depth of 5,000 feet and each has an output

of 50 to 100 gallons/minute, Tnitially, operations of Herbert Dow were based
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on recovery of bromine from fhe?ﬁrines of the_Marshall sandstone which had
been discovered in oil and gés‘well‘drilling. Now there are three horizons
utilized - the Marshall sandstone, Dundee limesfone'and Sylvania sandstone, A
nunber of bores have been drilled to intersect the ﬁnderlying Salina formation;
freshwater is pumpéd down and NaCl brine is withdrawn for chlorine production,

The company have ¢losely studied the pofosity and permeability
of the various équifers and can now predict very accurately the oufput of!
production wells. A model of the weils’layout was demonstrated on a sheet of
agar-% inch thick impregnated with & copper electrolyte., To simulate brine‘
flow an electric current was passéd in at points scaled to represent Weli
locations, A cdlour change consequent on current movement demonstrated %n-
terferepée and eones of influence,between "wells"; at various stages the‘sys—
tan was "frogen" and photographed as a permanent record of the developmeﬁts.

| In drilling bperations both cable tools and rotary drills (éud

and/or air system) are utilized, Depending on the ground conditions andton
fresh waters encountered the holes may'be'left open, cased and ﬁerforate@
or be lined with tubing and packers, In development of an aéuifer the cémpany
smploy meohanical scraping, acidizing, explosion and implosion, :

A scﬁematic representation of Dow's brine process is’showp §n
Fig.‘67. Todine is first recovered from the Monroe Brine (inconcentratign'of
38 ppm) by displacement by chlorine after acidification with HCl., The iédiné
tower effluent is sent for bromine recovery and then are removed in‘ ordé%' NaCl,

KCl, epsom salts, "DowfLake" (CaClz) and M_g(OH)2 by fractional crystalligation.

by Israel, Dead Sea Brines

9th July, 1964

Dr. Yaacov K. Bentor, Director, Geological Survey of Israel, )
' Jerusalem

Jekob Nir, Geologist, : " n n .
Dr, David Neev, Geologist, " v "

i, Shvueli, Liaison Officer, Dead Sea Works, Sdom,

" The Dead Sea, the surfacé of which lies almost 1,300 feet below
Mediterranean Sea level, is confined to the most depressed part of the Jordan
- Arava Graben which is part of the African Rift System. The Sea lies in an

, extremely arid area and has an extremely high salinity, the chemical composi~
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tion of the brines being unique, From these, potash and bromine are recovered
at the Dead Sea Works located at Sdom, (Figs 69); |

The Dead Sea covers at—the present time an area of 2,560 sq, m.:
it is 127‘miles long and.has a maximum width of 28 miles, It is composed of
two parts, very différent in character and almost separated by the Lisan
Peninsula, The southernApart covers an area of 625 sq. m, and is very shallow,
rarely exceeding 30 feet in depth whiie the northern part covers an area of
1,935 sq. me and has o maximum depth of 1,303 feet, The total volume of brine
held is 575 cubic miles, nine times that of Great Salt Laks, Utah.

The drainage basin of 102,400 square miles is underlain by
Precambrian granites and acid volcanics, Mesozoio (Nubian) sandstone, Meéo—
goic to Eocene limestones and dolomites, lacustrine and continental shalés and
sandstones of Tertiary age, Tertiary to Pleistocene basalts and the clay%y,
silty, calcarsous and gypsiferous sediments of the Pleistooene Lisan Laké whickh
| formerly filled the Jordan graben southward from the Sea of Galilee (see;Fig.
68). | |

The Dead Sea is not a relict body of seawater - its salt assem-
blage results from accumulation in a clbsed inlend basin under arid condétions;
The salts are considered to originate from the River Jordan and from hig%ly
saline springs which discharge into the Dead Sea. The Jordan - Arava grében
came into existence during the early Tertiary (Oligocene). The sea gainéd
access to the region for a tlme and the bromine content of the present Dead
Sea probably owes its origin to concentration in fossil residual brlnes.

In late Pliocene or early Pleistocene times the depression was
occupied by a great freshwater lake which was later reduced to the brack?sh
Liéan Lake, The ILisan sediments comprise seasonally varved clays, 1imesfone,
gypsum, silts and éccasipnal coarse clastics 600 -~ 5,000 feet in thickne;s.
The present Dead Sea became established in late Pleistocene times with a;re-
newal of fault movements which uplifted the block of Mt, Sdom with its cover
of Lisan sediments and young fluviatile scree, At least 17 regressive shore
terraces were developed on both the steep eastern and western shorgs -~ the
highest being some 6€0ft, above the present level of the Dead Sea, Mt.Sdom
is a diapiric salt anticline (Lots wife) in which Pleistocene salt beds intru-
sive into Quaternary sediments are vertical and even overtu;ned (Figs. 70,

71) « They have a caprock of anhydrite and gypsum.'
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Caleium carbonate is preeipitating at the present time in the
Dead Sea though the waters are not saturated with respect to NaCl, However,
salt (over 3,000ft. thick beds) has been mecipitated ot the southern end of
the basin under what are now saline marshes adjoining the Dead Sea in sub
Recent time consequent on a temporary lowering of water level which effeetive-
ly separated this sector from the deep northerm part of the basin, In histor-
ical times the Dead Sea has been confined to the region north of Lisan Pen—
insula while on the southeastern shores drowned tamerisk trees (Fig. 71)

point to a comparatively recent rise in water level,

Fige 62 Dead Sea Works, Sdom, Separation plant,

Dead Sea rif't valley, looking across Arava Valley to hills of

loab, Lisan sediments in graben; Cretaceous limestones in
immediate foreground,
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Fig, 71 Dead Sea, Mt, Sdom inleft background, Tamarisk trees have been
drowned by a comparatively recent rise inlake level.

Dead Sea Brines

The average salinity of Dead Sea water (31.95) is exceptionally
high, the concentration of sulphates is very low, while the concentration of
bromine (5,920 mg/litre) is probably the highest recorded for any surfaoce
water, There are changes of salt content with depth in the deep northern
lobe - these are fossil lake brines which do not mix with the less oconcen-
trated woters above.

The chemical composition of the water is tabled below (mg/litre)

Average Dead Sea Great Salt Lake,} Utah Average
(ma/1litre) G ocean (mg/litre)
Mg/litre | % total
solids
Na 3ly 940 111 64,498 10,561
K 7,560 2.4 3,378 380
ca 15,800 5.0 326 400
Mg 41,960 1343 5,616 1,272
cl 208,020 6641 112,896 18,980
Br 5,920 1,88 65
50, 540 0,17 13,593 2,649
Hc:o3 240 0405 183 140
Rb 0,02
Total | 315,040 203,490 34,4146

The total salt content of the Dead Sea (millions tons) is as

overs:~
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MeCl, 23,000
NaCl 12,650
CaCl, 6,150
KC1 2,050
¥gBT, . 975
CaSO4 105
RBC1 12
Total L), 942 million tons
Exploitation

Eoonomic‘exploitation of the brines on the north shore of the
Dead Sea was achieved in 1930 after preliminary investigatiéns which date frow.
1911, At first, KC1 was receoverd and 1n1932, bromine. In 1935 a plant; was
érected at the southern extfemity at Sdom which in 1953 became the DeadESea
Works Ltd. with a oapacity of 180,000 tons KCl/year. Further eipansion%
started in 1962 and due for completion in 1965 will raiselthe output by‘1967
to 600,000 tons of potash annualiy and by 1972 to 880,000 tons. The output
of bromine will be increased at the same time from the present 1Q,000'téns/
year (Z%Aof world production), The Israelis plan to build an industrial:
chemical complex in this region to utilise natural gas, the Negev phosppatés
and Dead Sea salts for a wide range of industrial and agricultural products,

Table salt production amounts to 36,000 tons annuélly, but its

recovery meets with strong competition from easily explbitable crystalline

t
¢

salt bodies which outcrop at Mt, Sdom, The recovery of magnesia after ?arnalu
lite precipitation is also planned. 'Trigqr", a concentrated solution ;f
calcium chloride is very hygroscopic and serves as an antidust coéting on
unsealed roads in the Negev, Because of its low freeging point it alsoéfinds
use in industny in refrigeration,

| The lower 3 of the Dead Sea will be transformed into & 36 8Q.
mile evaporation area (the Sea here is only 15ft, deep) by the erection of
some 28 miles of dykes, The sea floor has been test-drilled and.sand banks,
with a clay core and protected from wave action hygfavel, are under construo-
tion, The salts will be harvested undgr water,
At present, Dead Sea water (S.G. 1.192) is‘pumped into a channel

where it flows to evaporating pans which cover an area of 8 sq, miles on an
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adjacent playa some 10ft, above the_level of the Dead Sea, Solar evapore-
tion is accelerated by the introduction of a synthetic green dye. Saltzis
precipitdted until saturation with reséectto carnallite is reeched when the
brines are transfeﬁ*ed to the "Carnallite pans". This stage is determined
by measurement of S.G. Carnallite and NaCl are precipitated together apd
the residusl brines, which contain mainly MgClg and Caqiz, are sent bae¥ to
the Dead Sea. |

The mixture of carnallite (containing 2%, KC1) and halite #s
transported as a siurry into large tanks at the plant for recnystallizetion
of KC1 which is then separated from halite by flotation; the end prodéct
contains 96% KCl, In the expanded plant sylvite will be separated by érao—
tional crystallization from halite,

Brines recently discovered in oil drilling oﬁerations nea? Sdom
contain five times as much K per volume as the Dead Sea and the K:Na rétio
is much more favourable; in fact, this'is the only water known in the%
region in which K exceeds Na by weight, Insufficient supplies of this
brine have yet been ®und for exploitation and exploration is contlnulng.

Bromine has been recovered at Sdom since 1958 from concegtrarl
ted brlnes from the potash evapcration pans by ox1dat10n w:th chlorine gas
in counter current, Dead Sea water contains 4,000 PPm, bromlne witile the
residual brine, (S.G. 1..344) resultlng from precipitation of halite and
carnellite contalns 8,750 ppm. bromlne. Two processes are in uee for the
separation of bromlne. The flrst is the classical method of- Kubierschky
which uses steam, Bromine charged steam leuves the columns whlch are -
built of inert basalt and covered by perforated tiles near their upper end;

the bromine gas is condensed in woter-cooled stoneware spirals and is pur-

ified from the excess chlorine, In the smomd process bromine isrsepareted
from the solution by air and from the air-bromine mixture by contact with
sodium bromide solution which dissolves bromine readily at low temperatures
and gives it off again on heating; the bromine thus obtained is free frem'
»any admizture of chlorine. In Beersheba ere produced ethylene dibromide and

dichloro-bromo-propane, and methyl bromide for use in petrol,.agricultﬁnal

pesticides etec,
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Production

‘Tons o7

X0 NaCl B

1956~7 41,000 5,900 -
1957-58 89,000 9,300 N7
1958-59 105,000 18,600 1,584
195960 115,000 13,400 1,885
1960-61 135,000 13,900 - 2,870

REFERENCES

Yaacov, XK. Bentor (19€1) Some Geochemiocal aspects of the Dead Sea and Fh?
question of its age, Geochimica et Cosmochmlca
Acta, 25, pp. 239260, :
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SOLAR SALT OPERATICNS, CALIFORNIA

1. Newark, SanFrancisco Bay (Leslie Salt Co.)
3rd April, 1964

Hal. B, Goldman, Geologist — California Bureau of Mines,
San Francisco,. '

Guy Wilkins, Manager, Crude Salt production, Leslie Salt @o.,
Newark,

Alan Woodhill, Vice President & General Manager, Salt and
Chemical Division, Leslie Salt Co., Newark,

Don Linton, Hanager, Westvaco Chemical Division of F,H,C. Corp.,
: Newark,

During the visit to the solar salt operations of Leslie Salt Co.
located at the southern end of San Francisco Bay the writer met Alan .
Woodhill who had just returned from a visit to South Australia in connection
with development of the salt industry atAPt. Paterson, Claire Lopez, who was
resident fo; some time at Pt, Augusta, retired from the company's employ at
the end of March but is still retained as a consultant,

Leslie Salt Co, is the largest solar salt producer in the United
States and, before a Mexican field located in the Gulf of California recently
came into production, was the largest in the World, Other small California

operators based at lMoss Landing and San Diego include Western Salt Co, and
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Morton Salt Co,

Leslie Selt Co, own 50,000 acres of land on the Bay shore whfch
are in production (see Figs. 72, 73). 'ﬁécilities_include five-crude salt
producing units, a dredged deep-~water terminal for the bulk loading of éhips
at the port of Redwood City, an undried crude salt processing plant at |
Newark, and a refinery Qt Newark thet produces both kiln dried and vacuém
refined salt. | .

- Each of the crude salt plants is complete in itself with its%own
orystallizing ponds, harveéting equipment and washer, Each is normally-
operated independently of the others, although provision has been made for
the transfor of brine between plants to afford greater floxibility of opere-
tions, |

San Francisco Bay water is influenced by the Sacfamento Rive? and
other smaller freshets draining the surrounding high ground so that itsf AA
salinity is slightly lower than normal open seawater, Rainfall in the preo
varies from 13ins, to 22 inches per yeaf. The net evaporation ranges f;om
31ins, to 49ins, of freshwater per year — an important contributing fac%or
is the prevailiﬁg northwest wind which blows during the summer,

The present company has resulted from the consolidation (since
1908) of numerous small planfs, some of which had been in production since
1862. *

Water is pumped at an annual rate.of 30,600,000 tons (10°sa1. =
2,24 1bs, of salt/gallon) into the evaporating ponds and circulated by
gravity and pump movement in three 1lifts to the crystallizing ponds, it
taking five years for movement of water from the point of intake to crystall-
izer,  The ratio of evaporating pond area to crystallizing pond area is 15:1,
No artificial dyes are added as it is considered that this has no beneficial
effect on evaporation; the water in the pbnds has a natural red hue, Per-
meability losses from the ponds is not known but is under study; the muds
of San Francisco Bay are underlain in places by permeable sand lenses.

The production at Newark averages - million tons annually (with
record production in 1963 totalling 557,000 tons), The overall output for al.
plants is in excess of one million tons, thus the output amounts to apPToX-
imately ZQ tons/acre, - At Newark plant there are 830 acres of crystallizers

which develop five to six inches of salt in a season amounting to 600 tons of
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salt per acre of cnystallizer; Harvesting of salt dufing the period Septem~
ber ~ December is accomplished-by;means of several caterpillar-type tractor-
drawn 14ft, wide scarifiers, eech at a rate of 150 tons/hour, The salt is
elevated and dumped into rail trucks, the temporary rails being moved by
tractor as harvestlng progressess The company have at present under study
the use of trackless haulage to the refinery site where the harvest is
stockpiled in two Z-million ton staéks after washing with brine and rinsing
with freshwater.

Crude, unrefined, kiln-dried salt is used for domestic purposes,
Chemical use, water softening, meat pfeservation, stock ete, while 40% of the
output is being expor%ed from Redwood City to Japan - this is valued at$5
per ton; » : i A

A proportion of the output is refined in the company's refinery
(Figs 74). Some of this is washed further, dried in rotary kilns and scfeen—
ed into five grades of coarse crude salt and Eagged ~ the dust from this
operation is pressed by a 600 ton press into blocks for stock lické ("stod
bloc"), each of 50lbs. with additives including 31 sulphur, potassium fodide,
vegetable oil, phosphates, trace eleﬁents etc.

Vacuum salt for domestic use is valued at §20/ton, Crude salt
is dissolved and treated with soda ash and lime to remove the gypsum and
evaporated in a series of closed stainless steel vessels by boiling w1th
steam under vacuum, Salt of high purity (99 953% NaCl) and of constant
particle size continuously crystallizes and is withdrawn for packaging ihto
cartons, bags etc, The packaging of salt is a highly meéhanized‘operation
with cylindrical and rectangular cartons being manufactured at the 81teA
from water-proofed cardboard and filled with measured quantltltes of salt

capped, labelled and packed.
Utilization of Bitterns - Westvaco Chemical Div. (¥,M,C. Corp).

Bitterns produced by Leslie Salt Co, are purchased by the Westvaco
Chemical Division of Food Machinery and Chemical Corp, and treated in an
adjoiningAplanﬁ (Figss 73, 75), for the recovery of bromine, magnesia and
gypsun,

The plant is father antiquated and no photography was permitted.

It came into being in 1924 for the recovery of bromine and in 1937 for mag-
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nesia recovery, gypsum being a by-product of the latter, I'otassium chloride
(about 6% in the residual bitterns) was recovered during the period 1917-1927,
the f inal product containing 12 to 457 K20 equivalent but there has been
no production of potassium salts since that time because economic recovery

could not be achived in the face of competition from Searles Lake etc,

SIRRES;

Figs 73 Solar Salt ponds, San Francisco Bey, Salt stack and refinery
of Leslie Salt Co., Newark to left of wing tip and Westvaco
plant of F.M.,C, Corp, to right.

246

Fig, 74 Crystallizer,: million ton salt stack and refinery, Leslie
Salt Co,, Newark,
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Figs 75 Westvaco Chemical Div, (F.M.C, Corp,), Newark, Bromine recovery
plant at left, magnesia plant at right.

About 400 gallons of bitterns are obtained for each ton of salt
produced. An analysis of a typical seawater bitterm of 300 Baumé€ gravity

follows,

Constituent % Tons per million gallons
NaCl 1245 656
ligCly 847 457
r.zgso4 641 320
KC1l 129 100
MgBrs 0.18 9,2

The bitterns are drained from the salt crystallizing ponds and
pumped in open trenches to bittern ponds which cover more than 80 acres
near Newark and have a capacity of about 200 million gallons, A certain
amount of NaCl that crystallizes in these ponds during the storage period
is flushed out with seawater when they are emptied and before the new supply

of hittern is received in the period September to October each year,

(2) Bromine recovery

Bronine is first rccovered froo the bittorns by the wce of &
battery of four Kubierschky towers, slate lined and held to-
gether by an iron frame, in which chlorine displaces bromine
after acidification and addition of xg003 (for close pH control),

mMha hi+terma are mymned 0 an overhead suumnly +anle and flow throuch
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~ a feed=-regulating, anstént—level float box and heat exchangers
to the top of the bromine-separat¥6n towers., Steam is introduced at the
bottom of the tower and chlorine gas (purchasedifrom a- Dow plant located
at Pittsburgh,_Calif.) at an intermediats point, Proportioned quantiti;e
of these result in the displacement of bromine which separates as a vapour
and ~gcapes to a stone condenser near the top of the tower, £ gravity éep—
aration of the-condensed water and liquid bromine is effected and excesé
chlorine is removed in & series of gldss towers packed with porcelain réngs.
The chlorine is removed by distillation and returned to the t ower for ré—use.
Each of the towers can handle 2,000 galloﬁs of bitterns per hour and effect
a 99% bromine recovery,

Recovered bromine reacts in further porcelain packed glass tpwers
with sthylene to form ethylene dibromide Whioh’is a non inflammablé liqﬁid
with a characferistic 6dour; it is slightly corrosive to steel and is fhere—
fore stored in open lead-lined vats. The bulk of the ﬁromine pro@uctiog is
used in insecticides;

As the supply of 5romine frombbittern sources is strictiy 1i@ited
and insuffiéient-for the éroduction of ethylene dibromide adsquate for ﬁ.S.
needs Dow Chemical Co, at Freeport, Texas, turned to seawater as a bromine

source but utilizing the same procedures as outlined above,

(b) Magnesia recovery

The bromine-freé liquid escaping from the bottom of the Kubier—
schky towers is treated for the recovery of magnesia according
to the following equations:-

l . H O Q
(a) MNeCl, + MgSOL'_ + CaCl, 2~y Mgll, + CaoOh-. ZHZO
(of bittern)
The gypsum is filtered off in vacuum cloth filters and
stockpiled ~ {t is marketed for use in agriculture,

plaster and. cement. Plant capacity is 150 tons per day.

H,0
(b) MgCl, + Cal.MgO -g-—-——ﬂ*zMg(OH) , *+ CaCl,
from (a) above) (dolime) (returned to (a) above)

Dolomite for this reaction is quarried and railed from Hollister,

some 75 miles to the south east'and adjécent‘to Kéiser Steel!s’
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iron ore pit, and contains ¢ 0.3 510, and < 0% A1203,
A
F92030- . |
is calcined in a 350ft, long, rotary, oil-fired kiln at

The dead~white, medium’ grained, crystalline dolomite
Newark., Fonnei'ly, oyster shells, dredged from San Francisgo
Bay undexr 10 .to -15ft_. of water and often under muds, was u:f?ed
to provide a source of lims, :

The magnesium hydroxide after Dorr 4~cell counter-current se]fpa.rev-
tion is converted to magnesia in :a rotary kiln liﬂed with
alumina bricks, A proportion of the output is converted o
periclase by fusion with §ilica "(,béajc’:’ﬁ: sand) 41 a. firhace ;
lined with chromium firebricks, |

Magnesia is valued at $60/ton while high grade periclase is
sold for $200/ton, Some 120 tons of magnesia products are

produced daily,

REFERENCES

Davis, F.F,, (1950) Mines and Mineral resources of Alameda County,
' California, Calif.Jour.of Mines and Geology 46
(2) . 279

Ver Planck, W.E, (1958) Salt in California, GCalif.Diveof Mines Bull, 175.

1e Chula Vista, San Diego Bay (Western Salt Co,)

14th April, 1964,

Art Bobbitt, Engineer, Western Salt Co., Sam Diegoe
D.M. Miller, Vioce President and General Managers
Admiral T,N, Hunt, Vice President,

Western Salt Co, have operated a small plant near Chul@ Vista
on the southern end of San Diego ]éay since 1869 with an annual outl;u{"-
ranging from 70,000 to 120,000 tons (Fig. 76), There are approximately
- 1,600 acres of marshlands covered by evaéorating» éonds and gome 100 acres
of crystallizers, The operation is similar to that at Newark except for
its smaller scale, The rainfall averages nine inches 4T year while -
evaporation ranges to 55 inches per vear, The water of San Di€ge Bay 1s
but little affected by stormwater dilution,

Harvesting normally begins early in June and is completed by
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nid-November, The salt is_b£oken with sgerifiers, loaded into dump cars
with a 2 cgb. yd. draglihe and is transpéfted by rail to the plant, washed '
and placed in an outdoor Storage pile, The'salt, valued at $9.50 per ton;
contains 99,75 NaCl and is used in bulk in chemieal industry while the re-
mainder is bagged for domestic purposes, preservation of meat, fish, hid?s,
water softening etc, The bitterns are taken by F.M,C,. Corpm'for recover&
of magnesium chloride for use in sorrel cement, No bromine’has been proéuo—

ed at Chula Vista since 1945.

REFERENCES

F. Harold Weber (1963) Geology and Mineral resources of San Diego' ;
: County, California, California Div, of Mines &
Geology, County Report No, 3. ' '

Mineral Commodities of California (1950), Calif.,Div, of Mines Bull, 156,

he ROCK SALT

1a Bedded Halite deposits

Winsford, Cheshire (Meadow Bank mine, I.C.I, Ltd.)

16th June, 1964 0 17th June, 1964
Alan 1. Works Hanager, I.C,I. Ltd., Winsford.
 Alan Jones, Underground Manager, " " "
Peter MacFarlane, Geophysicist, " " "
Jim Newman, Mining Engineer woon "
:Jim Strachan, ‘ o "
Salt recovery from natural brines in Cheshire dates from the
time of the Roman occupation of Britain, With the discovery of rock sglt in
1670 at Northwich, miniﬁg was introduced and for 200 years both rock sélt
and brine salt were produced, Inadequate roof support was provided and the
mines collapged in rapid succesnsion from abcut the middle of the 19th Centurt
as freshwater broke into the now-abandoned Workinés and resulted in extensive
subsidence and damage in the Salt district,
The Meadow Bank rock salt mine was opened in 1928 and this is now
the only rock salt mine in the UK, (Fig. 77). "Wild'Brines are also re-
covered by I.C.I. for chemical use and are refined for vacuum-salt produc~

tion,
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There arve two 80ft, thick beds of salt present (230ft. to 310ft.
and 370f't, to h50ft.)-separated‘by marl, comprising part of the upper
Priassic (Keuper) which at the Qine dips at 30 with some dislocation by
faulting, Mining operations are confined to the lowermost 20ft. of the
lower halite bed, The workings covering an area of over 1 square mile, are
connected to the surface by a 450ft, shaft, In the old workings (prior to
1892) 9%% recovery was achieved from the upper bed of halite without regard
for the inevitable consequences, Present practice allows 7% récovery by
leaving 50ft. pillars with 50ft, wide rooms. The operation is highly :
mechanised and compares favourably with that seen elsewhere, |

The rock salt mined veries in colour from amber to dark browﬁ
due.to presenm of up to 9% marl ~ a typical analysis follows:=~

NeCl -  95.00%

cas0, -~  1.29

L
caCl, - .. 0,03

2

Mg012 - 0,08

Insolubles 3.60

The salt shows prominent bedding planes which in section show a
series of shallow saucer—like depressions separated by marly partings at
intervals of about 6ft. In plan, these breaks trace out hexagonallequir
dimensional areas; they eppear to be desication features in wvhich saliﬁif—
erous marl has been deposited in "mud cracks", Present production totaﬂs

% million tons of rock salt per year. Its main use is for clearing roéds

of ice and snow,

24 Salt in Domes

13th May, 196k
Charles Jeanfreau; Geologist, Freeport Sulphur Co,, New Orleans,
Raelph West, Manager, Morton Salt Co., Weeks Island,

" A it 1

Milton Joliet,Engineer, "
General

About 30% of U.S. salt output is produced from the Gulf Coast
region, chiefly in Louisiana and Texas from salt domes, More than 300
salt domes are known; six have subsurface salt mines, while others are

beine developed (sece Fig, 78) .
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Diapiric (pierce.ment). salt domes are produced by the breaking
' out of incompetent rock salt from its confining environment and its in-
trusion by plastic flowage into overlying sedimentery cover ~ the mobiliz:mg
force being tectonic, isostatic or both. The parent bedded salt in the Gulf‘
Coast area is the (") Jurassic Touann salt which lies at variacble deptthf‘rom
10,000 to 40,000 feet below the flat coastal plain and is as much as 5,0(?0
feet thick, The domes were emplaced before the Pleistocene, ‘
Lying directly on the salt at the top of most domes is a "cap';rock“
consisting of residual granular anhydrite, altered in places to gypsuni and
grading through a transition zone into cavernous limestone, at times mth
sulphur, The thickness of the caprock may range from a few feet to 1,00;0
fect or more, ;
Salt. domes which have mostly been located by geophysies are of
great importance as commercial sources of:- |
(a) 0il and gas which are associated with them in porous strata
about their flanks, in cavernous caprock limestone, or in
domed overlying strata,
(b) Sulphur,
(c) -Rock salt,
(d) Gypsum and limestone occasionally.
(e) TLarge internal openings created by solution which are used

for storage of petroleum, chemicals etc.
Weeks Mine, Weeks Island Dome (Hortm $21t Co. ,)y Louisiana

Weeks Island dome, an almost cylindrical mass of salt standixiag
vertically end some two miles in diameter, appears at the surface &2 a E
gentle rise with elevation of 90 feet on the shores of Vermillion Bay in the
Gulf of Mexico, some 90 miles east of New Orleans, It has an unconsolidated
sand cover 90 feet in thickness. The waters of the bay lap on one edge of
the dome and, as Morton Salt Co, mine salt from two levels 700 - 800 feet
below sea level and also recover salt from two artificial brine wells, 5\-1:
is imperative that these operations are kept well inside the salt stock,

The salt dome has been proved to exceed 20,000 feet in depth.

There is small oil production about the flanks of the structure.
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The Morton Salt Co..ﬁroduce one million tons of salt per year
as:— ;
(o) mined salt for industrial, stock etc.
(b) solution-mined salt for‘ddmestic usage after vacuum pan

processing,

The main shaft, 800 feet in depth comnects two levels 25 feet apart, The
workings range from 60 - 100 feet in height and are mined on a room and f
pillar system, The rooms and pillars are generally 50 feet wide, Exfolie~
tion, spalling of openings and flowage of the salt inward is evident but
these show a decreased intensity with time and present no hazard in minipg.
The salt shows a distinctive iayered structure with layers fgpm
one inch to several feet oonsisting of interbedded white and darker bands in
shades of white, light grey, light tan, dork grey ond locally even bloﬁk
The colouration is due to the presence of anhydrite and also to internaiére-
flection in translucent halite crystals, The layers represent original;
bedding which has been folded, stretched, recrystallized and distprted Qﬁt
everywhere they preserve their sedimentary character. The 1ayer§ in thé salt
all stand essentially vertical and are isoclinally folded afound verticql
axes so that the ceilings show transverse cross-sectiqns of the folds aéd
show great complexity (see ‘plans in Kupfer, 1962 etc,) whereas the ver{ical
walls, like longitudinal sections, show 1little else than a series of-yegtical
bands (Fig. 78).
B The salt itself camprises white or pale grey to blue compact
equidimensional aggregates of halite crystals % inch to % inch diameter1
The sole impurity is anhydrite ranging in the darker bands from 1 -~ 10%
though a grads of + 99 NaCl can be . . maintained in mining operatiaons,
In mining of rock salt the faces are undercut to o depth of 12
feet and auger drilling of holes for blasting vertically and horizontally,
undertoken by use of "jumboé“. Two holes are @rilled at a time, 1% inches
diameter, The salt, after blasting, is takon by gelf-loading rubber-wheeled
cars to a belt conveyor 600 feet in length, thence crrushed (~ 6 inch) aqd
hauled by skips to the surface for crushing, screening #%nd a proportion{for
refining, The refined salt is packaged in cartons ete, in o plant similar

to that operated by Leslie Solt Co. at-Newark., The bulk salt Qpeing loaded
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in barges which ply on the intraeontinental canal was sprayed with a blus

chemiocal dye to deter pilferers,
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SULPHUR
Genexral

The first commercial sulphur (brimstone) was produced in Sicigy
and from 1735, when.a'prdcess was developedAfor the monufacture of sulphyrio
acid from sulphur, this was the World's'monopolistic SOUTrCe . Othér natibns
wore driven to develop alternative sources and'competition was met in England;
and the United States by the roasting of pyrites. | |

In 1891 Dr. Herman Frasch developed a process of recovery of sul-.
phur which had been discovered in 1867 in the caprock of salt domes of the
Gulf Coast, The Frasch process is based on the low melting point of sulphur
(235°F); superheated water is pumped underground (" steaming") end the éolten
sulphur is pumped by compressed air to the surface, Fewer than 10% of ghe

‘Gulf Coast domes have commercial deposits of sulphur in the caprock and.;inoe
189, some 33 "mines" in Louisiana, Texas and Mexico (see Fig. 79) have Sro—
duced (to January, 1st, 1964) 165,822,846 long tons of olemental sulphur.

The U.S. thus emerged as the world's largest brimstone producer, U.S. Frascn

output in 1963 being 4,900,000 tons.

Since the midA1950's, with. the discovery of extensive deposits
of sour natural gas in France (Lacq) and Canada (Alberta) and the production
of "recovered sulphur" from their contained hydrogen sulphide, there have
been major increases in world sulphur output which in 1963 totalled
19,900,000 tons, of which recovered éulphur accounted for four million t;ns.
U< Frasch sulphur is valued ot $25 per ton f,a.s, gulf ports

for bright sulphur with discounts of $1,00 per ton for off=-colour sulphur,
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1. Frasch Process Sulphur

11th May, 1965 to 15th May, 1.964

H. Van %, Donohoo, Chief Geophy31clst, Texas Gulf Sulphur Co,,
Houston,

Frank Moultin, Geophysicist " " "

Ira E, (Mac) McKeever, General Menager. of Mines, T.G.S.,
Newgulf,

Clinton White )
G. Mason ) T.G.S., Newgulf,
"Junior" O'Neill ) '

Harvey A, "1lson, General Manoger, Jefferson Lake Sulphur Co.,
Long P01nt.

Les Trahane, Assistant Manager,

Les MacFarlane, General Manager, Duval Sulphur & Potash Co. ’
Orchard Dome,

Delos Flint, Chief Geologist, Freeport Sulphur Co,, Gravier St.,
' New Orleans,

"Hank" Agnew, Chief Engineer, Fieeport Sulphur Co., Grand Isie.
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layer of granular anhydrife wh}ﬁ? grades up through a transitional zoneAinto
cavernous, vughy, grey, finely éiystalline limestone, The anhydrite is &
cemented insoluble residual of thé salt stock derived by leaching of hal}te
by circulating groundwaters; the bage of the anhydrite is geﬁerally fla;
and.truncates bedding struotﬁrésbwithin the gelt., Sulphur mostly occur;
within the tranéitioﬁ zone as fine to coarse bright yellow rhoﬁbio ctystéls
in vughs, in disconnected seams, as disseminations or irregular pockets in
association with sulphide waters, hydrogen sulphide and polysulphides. bil
and gas are common associates, occurring wifhin the caprock or oﬁ its m%rgins;
Sulphur occurs in the céprock of most salt domes but in only a few in
commeréigl quanﬁities. The caprock is of variable thickness, from a feﬁ
feet to over 1,000 feet vhile the sulphur-bearing part of the formgtionfin
commercially exploited domes may range from 25 feetAto over 300 feet anq
contain 15 to 2%} sulphur, | ;

The salt:dome sulphur originated through reduction of anhydrite 
of the caprock through the agency of sulphote reducing bacteria (Desulf;vi-<
lﬂﬁﬁg to.st and subsequent oxida#ion to native sulphur, The fqllewingz
sequence of events in the formation of a typiéal sulphur-bearing Gulf anst
salt dome‘have been outlined by Feely and Kulp (1957). Anhydrite began to
accumulate at the top of the rising salt plug when this entered the zone of
groundwater circulation (perhaps within 10,000 feei; of the surface) . flfl;xick-
nens of the cop depended on theznte‘of upward movement of the salt, the,
anhydrite content of the salt column and the rote of dissolution, At a depth
of 5,000 feet (or less) sulphate-reducing bacteria would Eecomé establighed,
growing with petroleum hydrocarbons as their gourse of energy, redﬁcing the

anhydrite, and liberating CO, and H,S. The CO

2 2 2
calcite and the limestone part of the caprock began to form, ‘replacing anhy-

was largely incorporated into

drite along its upper surface, Most of the HZS produced would escape through
fractures iﬁ the limestone and overlying formations produbed by continued A
upward salt movement, By the time the salt had risen to within 500 ~ 15500
feet of the surface stability would have been achieved, the overlying sérata
domed and deposition of calcite and pyrite along fractures would have i

largely sealed fractures by which HZS had been escaping, Oxidation of

trapped, stagnant, sulphide gases yielded elemental sulphur,
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Since large quantities of petroleum muast be used up during the
formation of calcite and sulphur, the domes showing thick source beds of
petroleum in their flanking sediments merit careful exploration of their
caprocks

The amount of sulphur present is not a function of the size of
the dome but of a number of variables including length of time that the salt
had been in the zone of circulating groundweters, the permeability of the

cover and the availability of petroleum,
The Frasch process, recovery, storage.

In the Frasch process of mining, water at 320°F to BADOF is in-
jected into the base of the sulphur-bearing caprock through rotary-drilled
eight or ten inch diameter wells (Fig. 80)., The sulphur which melts at
2350}? separates from the rock and accumulates at the bottom of the well,
Molten sulphur rises under hydrostatic pressure several hundred feet up the
four inch casing which extends to near the bottom of the well inside the
water—-injection casing., The sulphur, 99,% pure, is lifted to the surface,
by compressed air introduced through a 15 inch pipe within the sulphur line,
where it is collected at relay stations as a dark brown pulsating liquid
stream and piped to storage (Figs. 81, 82, 83) , The process is a con~
tinuous one and hot water and air must flow for 24 hours a day for the life
of the mine., All sulphur lines are insulated and carry within them steanm
lines to inhibit freezing of the product., Input of hot weter and air and
output of sulphur are registered on individual gauges for each production

well on every field,

Fig. 80 Boling Dome (T.G.S5. Co.), Texas, Note subsidence beyond 2DI\D0
production wells.
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Fig. 81 Hot-water and molten sulphur lines, Newgulf,

2D

Fig, 82 lolten Sulphur collecting station, Long Foint Dome, Texas

(Jefferson Lake Sulphur Co,), 0il production well in right
Background,

Increasingly the trend is to tronsport and market sulphur in
liquid form. The molten liquid is piped to heated storage tanks and thence
to heated rail tankers, barges or ocean going tankers (Fig. 88).

Alternatively the molten sulphur is sprayed out on to the
surface of gigantic rectangular vats to cool and solidify into bright yellow

brimstone (if free of hydrocarbons but of grey-brown hue if the content of

hydrocarbon exceeds 0,2%), The vats at Newgulf (typicel of operations

inspected) are 1,500 feet long x 180 feet wide and provide a surface for
cooling 4,000 to 5,000 tons of production daily. Such a vat when complete

will be 50 feet in height and contain ' million tons of sulphur (Figs.84,85).
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Molten sulphur is retainad:ét.the top of the wats by aluminium panels which
are held in position on raiseable posts set in the al:eady solidified previous
production and are raised as ihe ﬁeight of the vat increasess The solid
sulphur is broken by power shovéls as reguired and transported by belt c?n—
veyors to road or rail trucks, barges etec,
The ideal sulphur produqtion well has caprock formation charapter—

-istics ﬁhibh permit circﬁiation of the superheated water from the well iy all
directidns and the return fiow of molten sulphur, Recent devélopments i%—‘
clude directional drilling techniques (Fig. 89), which has led to better
utilization of heating water, to longer well lif'e and has permitted the
efficient reworking of areas.exhausted to vertical mining techniques. It is
impossible to prediot whers the ihjected hot water will flow apd in some‘areas
mud is pﬁmpéd_un@erground to plug cavities which would otherwise drain off hot
water and -molten sulphur; at Grand Ecaille 2% million cub, yds. of mud.were

‘injé3£gg into a well before production was maintainea.x
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One well can draw.éulphur ffﬁm only aboqu% acre of dome area’
so that new wells are being continuall& drilled and the necessary water,
air and sulphur lines laid, %ells favourably located may produce oontinu-
ously for more than a year, while others may be abandoned within a few weeks

because of impermeability of strata etc. The deposits may be very irregular .-
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Fige 85 Completed sulphur vats, Orchard Dome (Duval Sulphur Co,)
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and it is always difficult to ﬁé#urately assess reserves,

Withdfawal of sﬁlphuf is alwoys accompanied by subsidence at ?he
surface and for this reason permapent buildings ete. are located "off
structure", Subsidence, though it often terminates productivity of a well,
is a desirable feature in mining as the volume of exhausted formation th;ough
which hot weter can circulate is thefeby reduced, Cocl "spent" water i%

* withdrovn from near the marginé of the dome through "bleed" wells, B

A critical factor in Frasch mining is an adequate supply éf Wgter
and . this may total 10 million gallons per day at a large plant.A To produce
‘one ton of sulphur the amount of hot water required varies widely from 1,000
gallons to 12,060 gallons, To ensure continuous sﬁpplies at plant sites
reservoirs are buiit t9 store water pumped from fivers or canal systems,A
Thees tro supplemented at Newgulf from underground. sources. Water used ?n
_operations is first softensd by hot lime or soda ash treatmenﬁ and«filtf@r
‘tion, or with seolites (ion exchange) to remove corrosive and scole forming
solutes, After the water has been softened it is mpefheated to about 3309F‘
by direct contact with stgam under pressure, -Boilers, fired by reédily
availabie'natural gas or oil, produce the steam which is used to heat the
water for mining as well as to operate mechanical drives on air compres%ors
etec, and to maintain the Sulphur in a molten condition during pumping aqd/or
storage, It is apparent that éreat boiler capacity is required at eachl

1

"mine,"
Operations

» Geophysiocal prospecting for oil has been the means of locatiqg
most of the Gulf Coast salt domes, After disco#eny, detailed gravimetrﬁc
surveys yield information on the s8ize, thickness and configuration of the
caprock, but evaluation depends on diamond drilling andﬁfuli recovery of the
core in the sulphur formation,

From the foregoing it is apparent that enormous costs are involved
in Frasch m%ning of sulphur, drilling and equipping wells, power and'boi}er
plants, waté} supply systems, heating and pumping machineny, trangport and
in housing, ‘When a new deposit is developed, a large and expensive plant
must be built adjacent to the dome wherever this may.ﬁe and all commercial

operations are located within 50 miles of the coast of the Gulf of Mexico,
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Sulphur mines are leocated mostly at sites diffieult of access - under t@e
wide opeﬁ spaces of Téxas, the flat éoastal plain of the Gulf, the jungie
of bottleneck-cyprus festooned with Spanish moss, amid a desolate maze éf
Louisiana bayous, the floating swamps of the Mississippi delta, and in ﬁhe
Gulf of Mexico,

Production of sﬁlphur is_considered to be economic only wherg de—
posits ure'within 2,500 feet of the airface, - The reserves are not unlimited
and, except offshore, there is little prospect of finding importand domqs.
However, large stockpiles are on hand and.reservés for the near future éze
considered to be anple, | |

There are at present five companies engaged in sulphur recovery

from U.S. Gulf Coast domes, these include:-

(a) Texas Gulf Sulphur Co.-opefatiqg at Newgulf, Wharton Co%,
on Boling Dome, and at Spindletop, Fannet and Moss Bl&ff
domes in Texas, | :

(b) Freeport Sulphur Co.lat Garden Island, Lake Pelto, Grané
Ecaille and Grand Isle domes in Iouisiana,

(e) Jefferson Lake Sulphur Co. at Long Point dome in Texas.

(@) Duval Sulphur and Potash Co. at Orchard dome, Texas.. l

(e) UL, Sulphur Corp, at the High Island Domé,’Texas.

Below are tabulated the history of Frasch production to January, 1964,

TABLE

Frasch Sulphur production to January, 1st, 196h

STarted Property Producer Tlosed Total Tons
: (Sulphur Co,) f
27 412,189, | Sulphur Mine Union 23,12.,1924 9,412,1651
12,11.1912 | Bryan Mound Freeport 30,9.1935 5,001,068
©19.3.19 Gulf Hill T.6.S. 10.8,1936 | 11,80k4,648
31,3423 Hoskins Mound Freeport 26.5,55 10,895,090
63425 Big Creek Union 30.8,29 8,009
27.10.28 Palangana Duval 10,3.35 236,662
14.,11.28 | Boling Dome Union 30,8429 8,009
19,3429 . FBoling Dome T,G.S, OPERATING | 57,279,327
1943430 Long Point T,G.S, 19,10,38 402,105
20,10.32 | Jefferson Island | Jefferson Lake 7.6.36 430,811
8.12,33 lGrand Ecaille Freeport OPERATING | 27,085,690
23,3.35 Boling Dome éuval 25 .14 ,40 571,123
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Started

-Producér

Property Closed Total Tons
| ' ' ‘(Sulphur Co.)

2.6.,35 Boling Dome Baker-Williams  18,12,35 1,435 :
345437 Clemens Dome Jefferson T.ake 14412,60 - 2,987,204
29,1.38 *Orchard Dome Duval OPERATING 4,759,970
To64lib - *Long Point Jefferson Lake  OPERATING 5,723,882
24,6.48 Moss Bluff T.G.S.. OPERATTNG L, 388,032
15,651 Starks, Jefferson Lake  13.12.60 840,250
12,5.52 8pindletop T.G.S. OPERATING 4,629,968
19.11,52 Bay Ste Elaine Freeport 2941259 1,131,204
11,11,53  *Demon Mound Standard 20 Ly o57 139,618
19.11.53  Garden Island Bay Freeport OPERATING 5,045,391
7.12,53 San Cristobal Mexican Gulf 5e5¢57 152,167

(Mexico)

342,54 Nash Dome Freeport 23.11,.56 153,115.
26,9454 Jaltipan (Mex.,)  Pan American OPERATING 7,495,941 °
2542455 - Chacahoula - Freeport 28,9.62 1,199,f1h
345656 - Saelinas (Mex,)  Gulf OPERATING 2,032,800
8.2.57 Nopalapa (Mex,) . T.G.S. 27.2.60 322,243
16.5.58 Fannett T,G.S. OPERATING 1,349,607
1246.59 Texistepel (Mex,) Texas Inter— 1,10,61 9,210
national - S

25.3,60 High Island United States  8.2,62 37,753
17 o460 *Grend Isle Freeport OPERATING 1,338,869
26,11,60 Lake Pelto Freeport OPERATING 956,665

*Mines visited.

Boling Dome (Texas Gulf Suléhur Co.), situated at Newgulf, 47 miles soutﬂ
west of Houston and 40 miles from Gulf of Mexico in semitropical jungle
(Fig. 80).

| This d ome, five miies x 3% miles in extent on tﬁe 1,300f¢, épn; |
tour, is the largest shallow salt structure on the Gulf Coast and boasts éhe
- greatest production of brimstone, .The sulphur formation éccupies an are; of
some 1,500 acres as a crescent round the eastern and southern slopes of the
dome and ranges in grade from traces to as high as 50% and varying in thicke

ness to 250 fest, |

| The‘dome is surrounded by upwarped Jufassic sands and is over—
lain by unconsolidated Quaternary and Tertiary sediments, 0il and gaa:wegls
produce from shallow pools (abouf 500 feet) peripheral to the dome, At %ﬁe

surface subsidence due to mining is up to 40 feet while, beyond the affected

arens *he doma 3 a evnracaced aa a v aa Af o hattt P ova Pomt ahawe Flha  moave el



ground level,
For efficient operatipn production wells are grouped together,
starting at the top of the sulphur bearing afea and working down the side of
the dome so that wllapse cioses in4the area from which sulphur has besn éx—
tracted, Five water heaters at Newgulf deliver nine million gallons of water.
per day to tﬂe field, |

Present production approaches 1% million tons per year., Reserves

of some 40 million tons are reported,

Orchard Doms (Duval Sulphur and Potash Co,)

This deposit is unusual in that the top of the dome has & thin,
almost barren, caprock and all exploitable sulphur occurs along the flanks
beneath overhanging caprock and in pockets in step faults in limestone as well

Y

as in salt (Fig. 90) . .Sulphur is recovered from depths to 3,000 feet,

:
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Long Point Dome (Jefferson Leke Sulphur Co,)

Sulphur is recovered from an area of 500 acres at a depth of 700
to 1,000 feet below the surface at Long Point Dome, 12 miles northeast of
Boling Dome., The mine has a water capacity of 3,380,000 galls/day. Produc-

tion of 20 tons of sulphur per hour from some wells is recorded,

Damon Mound (Union Sulphur Co., abandoned) .

An o0il field, located on the flanks of Damon Mound is the site
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of now-abandoned sulphur mihing éferations. The dome'rises to almost 100
feet above the general surface ievel.
Sulphur occurrence is reported to have been "spotty" and was

restrioted to an area of 120 acres on the north sife of the dome,

Grand Ecaille (Freeport Sulphur Co.)

This comprises. one of four mines operated by Freeport on or near
the Mississippi River delta in Louisiana.(Fig. N), and is almost 50 miles
below New Orleans, 10 ﬁiles southwest of the company¥*s terminal at Port
Sulphur, and within four miles of the Gulf on a tidel marsh (Figs. 86, 87).
Construotion operations faced difficulties at this site where what appears to'
be land is actually a matting of decayed salt grasses floatlng on ooze, The
entire plant has been built on reclaimed marsh and this is connected by a

ten mile long dredged canal to Port Suiphur.‘
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The sulphur-bearing caprock occupies an area of 1,100 acres and
. lies at 1,250 feet below the surface; it averages 250 feet in thickness,
Hydraulic dredges are used to restore the surface to an operating
level above sea level as subsidenoe due to mining tekes placé;

Water requirements of two million gallons per day are piped from
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the Mississippi and stored in reservoirs at Grand Ecaille, As new brimstone
sources were located in tide-water areas and in the Gulf of Mexico, Freeport

turned to seawater as a mine water, The Company developed a process to elim—

inate scaling

L=~

Fige 86 Port Sulphur, storage, refinery and loading installations on the
River Mississippi (Freeport Sulphur Co.)

SN

Fige 87 Mississippi River delta. Barge on Port Sulphur- Grand Ecaille canal,
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Fig. 88 Sulphur barge, Port Sulphur canal (Freeport Sulphur Coe)

and corrosive problems which are ordinarily expected due to precipitation of
Ca (Hco3) 09 Mg(HCOB)z and Casoh.
The sulphur recovered from this deposit is contaminated with a
small percentage of petroleum residues, The discolouration is readily removed
at other plants, Orchard Dome etc,, by filtration using adsorptive clays, but

here by distillation, The oontained NaCl from use of seawater for steaming is

then separated by filtration,
Grand Isle (Freeport Sulphur Co,)

In 1949 Humble 0il and Refining Co. discovered, seven miles off
the Louisiana coast and 1,800 - 2,500 feet below the floor of the Gulf, a
dome several hundred acres in area (Fig. 9%). The reserves of sulphur were es-
timated to be 30 to 40 million tons in a formation varying from 200 - 600ft,
in thickness. Sulphur content averages 25t., Over 125 domes have now been
located in the Gulf of Mexico but the number bearing exploitable sulphur is
not disclosed.

The development of the $30 million Grand Isle Mine involved pro-
blems of design and construction imposed by 50ft., water depth at the mine

location and the extremes of weather of the Gulf, Historically, the Frasch
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industry has been dependent on freshwater in large quantities and since the

\

Aneérest unlimited source of freshwater was the Mississippi River, some 30(
miles‘away, it beoame necessary to evolve a method of using Gulf watéf. A
-further unique problem waé posed by the necessity for a safe, reliabie, all-

Wéather system of sulphur storage and transport,

‘The visit to the offshore installation involved a.}O mile flight
in an amphibian Grummen Mallard from Port Sulphur to Grand Isle Base aﬁd theﬁos
seven miles by S¥marsty S~55 helicopter to the Grand Isle helipbrt.' The Gulf
of Mexipo is dotted with o0il and gas wells and drilling platforms,

The Grand Isle operation is supported on a Y-shaped strucfure
almost one mile long, 75ft. above sea level with drilling rigs, production
wells, a seawater heating plant, a heliport and living quarters for 250 men
(Figs; 92, 93). The main plant is located off-structure beyond the sphere

A
of influenceof- subsidence. Drilling activities are concentrated on two
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2150

Fige 92 Grand Isle Mine (Freeport Sulphur Co,). Power Station, living
quarters and heliport on distant arm, Production wells and
drilling platform at left and right, Bleed Well at distant
right,

2160

Fig. 93 Grand Isle Mine (Freeport Sulphur Co,)
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platforms at each arm of the Y with wells drilled directibnaily to achieve
the desired dispersal of bottom hole leeations almost 1,000 feet laterally
from the well heads, Sub31denee is taking place as mlnlng procesds and the
eompany 1s resigned to future reconstrustion and extensioa..ﬂ 29 preseal
compensation for subsidence is achieved by ad;ustlng the platfosm sdgforts.
Bleed wells are based on a satellite platform and these aré*épéfated froé-the
main installation by remote oontrol, |

The plant uses 13 million cub,ft. of gas per day to heat fiv;
million gallons of seawater to 3250, to compress air and for power to oﬁer—
ate drill rigs ete, .

The sulphur is lended through a 7-nile steam-heated pipeliné laid
beneath the floor of the gulf to Grand Isle Base from where tank barges carry
the still-liquid sulphur 30 miles to the Port Sulphur storage, refinery and

shipping point (Fig, 88).,

2.A Regovered Sulphur

20th April, 1964 %o 21st April, 1964

Dr. R.T.D.7Wickenden, Geologist~in-charge, Western Plains office,
Geological Survey of Canada, Calgany

Elgin D, Bell, Assistant Manager of exploration, Texas Gulf
Sulphur Co,., Calgary. A

Fred Ronicker, Manager of plant T.G,S., Okotoks, °
John MacDougall, Geologist, T.G.S. Calgary.

Sulphur is recovered by oxidation of hydrogen sulphide contéined
in sour natgral gases at 20 plants in~A1berta, one in Saskatchewan and éne
in British Columbia, the plant visited,Being that of Téxas Gulf Sulphur£Co.
at Okotoks, Alberta, 25 miles S.E. of Calgary (Figs. 95, 96). In 1963 fexas
Guif Sulphur Co. accounted for 317,000 tons of Canadian production which
amounted to 1,300,000 tons (valued at $12,232,000), Proauction dates from
1960,

At Okotoks the sour natural gas is drawn from six bores at the
rate of 30 million cub, ft, per day from Devonian sediments at a depth of
about ‘8,000 feet.. The gas'containing 31 HZS and 11% 002 is first separated
from liquid hydrocafbon condensate which is cosproduced at the rate of 120
barrels‘pgr dey. The H,S and CO

2 2

ethenolamine (M,E,A.) from the residual sweet gas which is piped to conéumerso

are then removed in scrubbers with mono~
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Fig, 95 Okotoks plant, Texas Gulf Sulphur Co., Alberta, Condensate separa-
tor at left, scrubbers in central building, =\ Q;,\

o ¢
S\ 2

Fig, 96 T'aste gas stack, Okotoks (Texas Gulf Sulphur Co.)
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The aeid gas is stripped from tﬁe amine with steem and is now ecomposed of 7%
HS, 22% €O, and ¥ water to which is added a eontrolled amount of air.
Partial eombustion of the mixtupe yields reeoverable heat and sulphur in the

presence of a catalyst (bauxite) as under:-

HS o+ O ———————3 21-120 + 25

Daily produotion amounts. ts 370 ¢ons, The molten tu!phur % '_’ec throup

Qud v

heated 11nes to storage vats or for transport in rail tankers to the U.S.
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CONCLUSIONS

Potash, salt, gypsum, anhydrite and occasionél]ylimestone whioch
comprise extensive evaporite sequences resulting from the evaporation of
seawater are being exploited in many areas in the Northern Hemisphere, These
| deposits are widely distributed in rocks ranging in age from Cambrian to
Tertiary. |

The salt beds may be undeformed throughout their extent, else~
where they have been mobilised to qccumulate in broad anticlines while often
theyave flopcibly intruded the overlying sediments (salt domes) ,

Salt and petroleum are often closely connected stratigraphically
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and the history of exploitation of evaporite snlt.daposits shows that their
discovery has largely resulted’from the'search for petroleum, In Austraiiq,
in the acoelerated searoch for dil and gas, drilling operations have reoeétly
led to fhe discovery of hitherto unknown evaporite sequences in widely sépar—
ated basins in Western Australia, (Canning Basin, Permisw, Frome Rocks étc.),
Queensland (near Tambo, Devonian,Bpree:No., 1) and the NorthernTerritory %
(Amadeus Basin, Protepozoio, Alioce No, {§. Cambrian, Mt. Charlotte; and ét
Oo£aminna in -Ordovician Stokes Fm. and inProterozoie Bitter Springs 1ime§tone)t

The Minlation bore penetrated a gypsiferous and shaley red b;d

sequence within the Cambrian strata at 724ft; this marks the closest ap?roach

in South Australia to a maripe evaporite succession though H.G. Thode in'

1958 determined from sulphur isotope rcotios that the "gypsum is either of
non marine origin or if it is.......wts introduced in rather recent timeé“.
Further 1nvestigation of this section is warranted.

A number of structures in the Amadeus Basin and in the Cﬂnning
Basin appear to result from diapiric intrusion of salt; the best known_is
Gosse's Bluff, a circular wall of fdulted\sandstone closely resémblingf

Confusion Dome of the Péradox Basin, Utah, Ffom Mt. Toondina I.,B., Freytag

N (1964, unpublished report, S.A, Department of Mines) has described an

"unusual structural situation" wherein strohgly deformed outcropping Pegmian<
sediments are confined to a small crea within o region of subhorigontal
Cretaceous strata; it is suggested that this‘may be a piercement strucﬁure
possibly."motivated by low-density evaporife material®, His recommendaéions
for a stratigraphic test drilling are endorsed., .

In search of potash in the dry lakes of the desert basins tﬁe
Deportmess has recenfly dirscted attention to natural accumulations, ianuding
brines under the floors of Lake Eyre and Lake Torrens., Concentrations of
potash in saline desert basins depend oﬂ evaporation of large bodies of
saline waters without outlets to the ocean but large or persistent bodies
of water §f this type are of rare occurrence and the existence of a concen-
trating reservoir throuéh a long period'of-fime‘does not guarantee the

accumulation of a lorge mass of salts, Commercially valuable concentraﬁions

of Water~soluble potash in part depend on the freeihg of the lake waters of

their admixture of clays and other ¢lastiocs, At Lokes Eyre and Torrens any



- 114 -
potash which may have accumulated has probably been selectively adsorbed by
clays or is so datimate’; mixed with muds as to apparently disappear,

South Austrdlia is climatically and geographically well favogred
for thé recovery of ralt by solar evaporation of seawater and the expansjon
of its already important solar salt industry could be readily achieved; éthe
bitterns which are now returned to the sea could, hgwovef, be treated for
the recovery of braming,mognesia and possibly, potash., A1l Australian brémine
requirements are imported - in 1963 these totalled 178,834 1bs, of bromiqe
salts valued at £30,000, High grode calcined magnesia imports in 1963 té—

talled 31,720 tons valued at £826,400,
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