Some Sodium Chloride Deposits from Patagonia, Argentina

Alejo Brodtkorh

ABSTRACT
In Patagonia, in the vicinity of the Atiantic coast, there 4re deposits up 10 447
nvibion tons preserved at the botlom of two dearesawns: Gran Bajo del Gualicho
(65°1 )1' and ~0°’3"i Soulh) ami Penmsula de Valdi r__{iud" and 42"4{}’ Soutm

hails umtroliad depmasmm are under and dnd tcmperale T
rainfall, ranging from 200 to 250 mm ‘per ye Cur :
maximum temperature from 35° to 43°C° prodlj:es an: 52 gV pcranen ot 1h£.
water accumulated in the previous seamns 1o order to e vl ate these salt paps,
geologic surveys were carried out mcludma @ dniimg pregram whic ';ons:aia.d of

58 boreholes. These salt pans grade from few millimeters-at the horders up1e.5. o
in the central ares. In the salt bedies up to 4.cm thick Iayem'are fecognizad. \ahu.h“

correspond o rainy seasons, These consist of an aggregare. nf smiadl, puoriy conisoli-
dated crystals, with an average grade of 96% NaCl’. Iaycr a perm,mem
hody is developed which constitutes the salt reserves and 1§

have an average composition of 75%: of N:i{:.
400 mitlion tons of NaCl recoverable reserves were megsured in Fl (Jualu.ho 42
million tons in the Satina Grande and 5 million tons i Salma Chtca At the same

pused by a sequetice
of salt and mud layers. The salt lavers become thicker-and’ harder with depth and.

time intetesting tonnages of other salts were deﬁned

INTRODUCTION

The purpose of this paper is to describe the sodimn
chiortde deposits near the Atlantic coast of the Argentine
Patagonia. In the northern and central parts of the Patagonian
coast there are two large depressions whose boltoms are
below present sea level and which cantain accumuiations of
salt.

The larger one of these depressions is located in the
Province of Rio Negro, and is called ""El Gran Bajo del
Gualicho.”" This salt depuosit is lgcated 35 km north of 5an
Antonio Qeste, which has a nateral port and where piers ure
being boilt at present.

‘The second depression is located in the provinee of Chu-
but pear the central southern half of the Valdes Peninsula. Tt
is known as Salina Grande - Salina Chica duoe to the fact that
within this basin there are two separate salt deposits focated

at-different. ground levels. The Saling Grande is abowt
15 dm.in a straight line north of Golfo Nuevo, the best
putural deep water port on the Patagonian coast, The nearest
towns to the salf pans by roud are Puerto Pirdmides at
35 km and Puerto Madryn some {30 km away.

GENERAL GEOLOGY

Salina del Gualiche area. The lthology of the area
consists of metamorphic rocks and dark greenish gray
schists injected by quartz assigned to the Precambrian,
These are followed by Jurassic volcanies over which dis-
cordantly are predominantly Tertiary marine, sandy,
clavey, Fossiliferous sediments coversd by typicsl fluvig.
glacial pebbles, the “*Rodados Patagdnicos’” of the Quater-
nary, and modern sandy sediments (Fig. 1)
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Figure 1. Geomorphological map of the Salina El Gualicho area, Argentina.

In the arex four geomorphological uaits were recognized

using ERTS images: {1) the Patagonian Plateau; (2) the
Rio Negro Vallev; (3} two endoreic depressions; and {4) a
barrier beach. These are described below.

. On the plateau, a pereplain with soft undulations, there

[ )

is a nop-integrated druipage and an integrated paleo-
drainage. The first is composed of multipie closed basing
with a few short collecwors. The second is located be-
tween the Gualicho depression and the valley of the Rio
Negro. At present they consist of dry stream courses that
ran N and NW, disappearing at the edge of the second
terrace level of the Rio Negro.

. In the Rio Negro valley we distinguish the terraced lev-

els and the present valiey with a meander pattern which
has the most fertile soils of the region.

. The two mere important depressions of the zone are the

Gran Bajo del Gualicho, at present endoreic, and the

San Axntonio Qeste depression located immediately (o
the south and separated from i by a filiform owcrop of
sibhorizontal sediments of the upper Tertiary, Tt is an
ex-endoreic hasin which was invaded with seawaier, due
to a raise of the sea level, establishing an integrated
drainage.

The Salina del Gualicho is located within the Gran Bajo
del Gualicho. It consists of an irregular oblong basin
adapted to the tectonic lines of weakness on a regionally
dorginant E-W trend. The basin is some (20 by 45 km,
covering a surfuce of 2700 sq. km. The salina is about
78 m below present seg level, and on the border Pro-
cambrian metamorphites and Jurassic volcanices are
shown.

The drainage of the depression is fed by surficial and
ground waler, the first of which are of shont duration and
dependent on rainfalis. The groundwater is almost per-
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manent though the volume varies with the seasons. The
water appears on the soft slopes of the depressions in the
furm of springs aligned according lo the water table,
This water flows on the surface over impermeable beds
and is absorbed by the sandy permeable beds that sur-
round the salina, reaching it from underncath, These
waters are pot {it for human use due to their salt content,

As far as the origin of these depressions is concerned,
we may state that they are strongly Wfluenced by the
main fracture system of the region {E-W; NW-SE;
NNW--S5E) that allowed differenual sebvertical
movements of the basement blocks, Their later de-
velopments are due 1o climatic influences,

. The Holocene barrier beach that edges the estuarine en-

vironment of San Antonio Oeste interrupted the preex-
istent drainage to the W and NE of that locality.

The Salinas Grande and Salina Chica area. In the

Salina El Gualicho arca, we find only Tertiary marine,
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sandy, clayey, highly fossiliferons scdimems; covered by
Quaternary, typical tfluvio-glacial pebbles of aubs{dm:atly
smaller size. Four geomorphological units: ard différen-
ciared in the area, the Patagonian platean, depreqsxons
cogst shape formation and sand dnifts (Fig, 2. '

1.

o

The plateau is a peneplain 1hat covers the main land, the
tand bridge and 2/3 of the peninsaia iself. On the pla-
tean we distinguish a scarce non-integrated dm.nage
composed of small endoreic basins,

The Golfo Nuevo and Golfo San José are the more
relevant depressions that acmaliy are covered by the sea,
Another depression of 230 sg. km., at present pot in-
vaded by the sea, contains two salt pans, the salinas
Grande and Chica, which are at 40 and 12 meters below
sea level respectively. The druinage of the Salina Grande
and Gualicho are simifar. The Salina Chica hay approxi-
mately the same level of the wazer table and this water is
not shown at its surface. :
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Figure 2. Geemorphological map of the Salinas Grande and Chica area. Peninsula de Valdes,

Argentina.
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The origin of the depressions is the saize as of the Gran
Bajo de Gualichu, that is, mainly due to subverical
movements of the hazement blocks. Another geomor.
phological characteristic refated 1o the depressions worth
mentioning is located at the NW cnd, and known as Hl
Salitral. This is a silled basin at the same level of the sea,
separated from the water by a 20 mcrer high ridge. The
same could happen to the Golfo San Jasé if the sea level
shoutd drop by 20 meters from the present level. Then
the gulf will be separated from the sea by the submarine
swell located at the entrance.

3. The coastal shape is shown at the NE end of the penip-
sula, and s characterized by a psephitic ridge that buiids
an estarine enviromnent, known as Valdes inlet. On the
west coast of this inlet there are three fevels of sea in-
gressions differentiated. The highest ingression reached
45--50 meters and the lowest 8- 10 meters above present
seu {evel.

4. The sand drifts are localized at the south end of the
peninsula. From west to east they stat as dumes of dif-
ferent sizes and gradually they flatten inte sand layers of
up w60 sg. km. The age of this geomorphofogical unit
is Holovene.

CLIMATIC FEATURES

The region is distinguished by its anid elimate, scarce
rains, high evaporalion and temperature, windy anviron-
ment and a steppe type vegetation. On the Valdes peninsola
the rainfull ‘is somewhat higher than on the continental
coast. The I8 year statistics {from 1944 to 1961} give 4
vearly mean of 262.5 mm with very marked variztions, For
example, in 1945 and 1947 rainfall reached only 93.5 and
126 mm, while in 1948 and 1957 there were 515 and
457 mm respectively {Fig. 3)

The warm nsonihs from November to May are relatively
poor in rainfail. The mean values give no absolutely dry
peripds, especially during the summers, even though in that
season there may be monthly pertods without rains. The
average number of rainy days is 5 ta 8 days a month in
winter and 2 to 3 days in summer. Evaporation reaches
£,700 w0 2,000 mm which is 9 fo 10 times higher than the
volume of raiafall, giving an zrid climate with the cherac-
teristic salt accumuiations in the soil.

The daytime high temperatures of semmer are bearable
at 35° to 42°C. The lowest reach some 4°C. A variation of
aboul 15°C between day and night emperatures for this
season is normal. The coldest months are June, July. Au-
gust and September when fhe absolute minimum tempers-
ares rapge from 13°C and ~35°C. During this season, {rosts
are fregquent, while snowfalls are exceptional.

Winds predominantly from the western quadrant are no-
table in this region. In summer they blow from the NW and

RAINFALL ON THE PENINSULA D€ VALDES
BETWEEN 1944 an1961

THE MERM YEARLY RAINFALL iS5 2625mm
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MEAN MONTLY RAINS BETWEEN 1944 -85

Figure 3. Rainfail on the Peninsula de Vaides.

in winter from the SW. Windstorms lasting several days
with gusts of up to 70 ken/hour are not rare,

NATLURAL RESOURCES

As a consequence of the climatic features, water in the
arga i1s scarce. On the gentle slopes of the salines there are
salty springs of diverse volume. On the banks of the Salina
Grande at the Valdes peninsula there are only two springs
usable for precurious human use, as they have abowt 1 grf
dissolved salts, mainly sodiwmn chloride.

There are three windmifls located outside of the Valdes
peninsulz depression at about 5 kin from the edge. Their
water contains 0.8 gr/l of salts, but in most of the water
wells the salt ranges at about 3 gr/l and there are some with
2s much as 50 and 80 gr/i, In the Saling det Guahicho area
na water for human use could be found, so it had tw be
brought from San Antonio Oeste which 1s supplied by a
channel from the Rio Negro.
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Vegetation is shrubby, accordieg w the climate aad
composed mostly of creosoie bush, palo verde, prosopis,
mesquite and several grasses. Wildlife is varied, especially
on the Valdes peninsula. There are mumy hares, both the
short eared Patagonian and the long eared Buropean, fan-
dues, guanacos, armaditios, tortles, panridges, ducks, etc,

The cconomic profitabiity of the Valdes peninsula,
though semewhat more humid (han the continent, i3 low.

Activity is limited mostly to sheep breeding. whose mean ~

population is limited to one sheep every 2.5 Ha (equiv. 6
acres). For this type of development, a few men are enough
to cover the labor needs, all of which is reflected in the
notable depopulation of the area.

EXPLORATION OF THE SALY DEPOSITS

in order to know the size of the sodium chlaride reserves

in the depressions mentioned a geolagical study was carried
out on wwpography, borenhﬂies aampimg and bloc.kmg oul'

of reserves,

Figure 4. %mple channe] with Lhamcterrmc sw.cessrm of salt
2nd brige.

Topographic study defined the shape, b
sions of the fumutmn\ wh;ch means. t

- 'igl_n pﬂs wc;a"_'{.’tug:_ 14 in-the Salina &é G
Salitia- Gm__m_ie_ and 15 in" Salina Chica: W

tumed:‘ out' 1o be: moce pract.ca%-‘f 10" feplace’ them by
Ixix3m pits, To dig these pits s:mpie tools were used, '
and at depth:« of more than three meters, poeumatic ham-
mers were used. Pumps were also necessary fo keep the
level of the brine down which percolated towards the pits.
The flow of brine in four of the Gualicho pits was greafer
than the pumping capacity duc to which, these pits were ot
continued down to the hase of the sakt body, ha\rmg a!rt:adw
assuted the size of the computable | rmr'vek .

Each pit was sampled by means uf venu_ai ..hannela n
Figure 4 we sec a sample ch.mm:i wherf: ﬂii;: L_hamctertsn{:
succession of sand and slime. 15 dent _' ime lets ong
quantities of mud and brine. that stains. thc inwér sait beds_
piving them an apparem iesser 1h1ckn¢ss

CH ARALTER!ST]CS OF T’HE SAfT ~1.’-(!'1342'5(

The bottom of thadgprmsn :__ are fuli ofa greemsh blm,k'.
watery siu:m: ang t:wer ] g.lh_:‘: salz bodw:s ﬂcat Con-,

aboui 1' ineter cf greemsh hlack warery shmc., very 111 sma.li-
ing due' 1 deécmp(:smg argapic matter, and progressively
densir at greater depths. Tt has thin interlaced beds of crys-
tals of | 10 2 inm of halite. Then there follows a bed of
veleanic ash aboutt 50 mun thick, followed by another bed
about 2 meters thick of slime with skeletal and cubic crys-
tals up to 4 ¢ on & side and also crystals of glauberite and
gypsum cither as loose crystals or as rossetes, The pIasticity
of this shime decreases gradually downward with an. mcmase
of sund. sized sediments.

Some boreholes were made in the slime below t‘nc salt
bodies in pits locared in the central part of the Salina
Grande, Three meters were bored in watery slime without
reaching the plastic mud. Instead, in the central holes of the

Salina Chica, the watery slime is ouly about §.5 m thick
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Figure 5. Finbankment to reach the Saling Bl Gualicho,

and at 3 meter depths we reached predominantly sand sized
sedimenis.

Access o the sodium chloride deposits, the shime that
borders the salt body should be crossed by building em-
bankments, (Fig, 33,

The salt pans in gereral conform to the shape of the
depressions and usuatly lend to huve an oval shape. The
surface is horizontal. Levelings carried out at Salina Chica
shawed a slight slope towards the SW with a difference in
altitude of about 25 ¢m. Salina Grande has a smail elevatiop
ar the center of between 5 and 25 cm,

e profile, these salt bodies are only a few milimeicrs
thick at the edges, but they increase gradusily towards the
cenier. For example, in an E-W profile through the center
of the Salina Grande, we (ind that at 300 nz from the edge
tie salt is 80 o thick, at 1500 m it ts 220 om and at
1,000 m the thickness reaches 570 cm in the decpest pit dug
in this sabina. The profile i» iHlusirated well in Figure 6 and
is typical for the three sali bodies. This profile shows an
upper layer, some 33 mm thick and below these the salr
hody or permenent bed which is the main salt reserve.

The {ormation of the upper or annual laver is divectly
velatzd to the rainfali. which s to say when there Iv the
greatest level of water covering the saling. The reladon
hetween the thickness of the annual bed of salt and the
innundating water is about 1 to 18, The annual bed s
characteristic becaase it is made up predomiranily by high
purity sodivm chloride [Tabie 1),

TABLE 1

The Mean Meusures for the Three Salinas

Salina
Hypothetical El Gualicho  Salins Grande  Salira Chice
Compenents % @ %
Nali g6 82 S6.0 950
Mt A7 .67 045
Culll, — {16 .34
Na,5G, .24 0.08 0.7
Cady, 1.26 i.55 214
Insolubde |.15 1.8 210

PENINSULA DE VALDES
SALINA GRANDE

DIAGRAMMATIC VERTICAL SECTION THROQUET THE SALY PAN

o ey

CENTRAL fegic PRORASLS TOMBINATIINS
L : s, LOMBLIATIONS

E YT RNURIIN SHT SR S Y RN S
= LEGEND
: ™ - AWNIIN L BYER ' VELCANE A%k
SALLA T 1) iAVENE |G ] WAL:TECHSTALS
i "B wussmme oostais

Figure 6. ThHagrammatic vertical scotion through the salt pan at
the Salina Grande, Peninsuly de Vahdes.

The temporary layer is composed of a superficial coat of
about 10 mm made vp by an association of small uniform
crystals of halite, non cohesive snd with many intermediate
spaces, with a light rose color while wet but white once dry.
This last fayer crystatlizes {atest in the aonual cycle over a
thin dark laver made up of insolubles of acolin onigin,
Below this there develops @ second layer made up by an

H
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association of crystals of halita, somewhat more developed
and coherent, of a milky white color. This last resis on L to
2 mm of black mud that overlays the permanent bed.

The permanent bed is formed by a succession of sal
favers that alternate with thin layers of slime, These last are
hiack or greenish black, some of ther with a strong hydro-
suffuric smell. Thickness varies from a few tw 100 mm,
exceptionally are they more than 150 mm thick,

Summing up the observations made on the three salt
bodies, we may say that the thickness of the salt lavers in
the upper portions ranges between 40 and 30 mm, altemart-
ing with layers of 1 1o 3 mm of shime. ln the deep pits, such
as shown in Figure 6, these layers are 50 to 400 mm thick
ajternaung with lavers of stime of 20 10 150 mm, A1 me-
dium depth in this pir as well as at similar depths in the rest
of the pits, the thickness of the layers of salt or slime varies
gradually with between the values mentioned.

The hardness of the layers of salt is in direct retation to
the degree of crystallizanon and this, o the age of the
layers. Consequently, the hardness of the salt layers in-
creases gradually with depth. In the upper layers, the halite
crystais grow in their normal cubic habit, in the lower ones
there is a gradual tendency for the halite to crysiailize as
prisms whose clongation is more pronounced at greater
depths. For lack of lateral space lo grow as cubes, the halite
crystals graw vertically, aided by the plasticity of the under
and overlaying shime. The lower layers of salt in the pit
illustrated on Figure ¢, present a massive crysiallization
where the cibic or prismatic habitus of halite are not identi-
fizble macroscopically and the hardness is evidently greater.
In most of the slime layers that alternate with the salt, cubic
and skeletal ceystals of halite develop, and only in some,
idiomorphic cryseals of glasberife predominate, (in Figure 6
there is one from 190 to 195 cm in depth).

Salins Chica presents a different sitvation, Tmmediately
under the salt body there is a bed 20 10 900 mm thick,
composed of watery slime accupving the spaces hetween
lurge and small crystals of glauberite and gypsum strongly
welded together; in lesser proportion there are some cubic
crystals of halite. Here the content in sodium seiphate in
some pits reaches more than 353% and in sodium carbonate
o more than 15%.

In all three salt bodies we found conspicuous beds of
valeanic ash about 5¢ mumn thick and some lesser ones, The
first, in the Salina del Gualicho about 250 cmm deep, in
Salina Grande at about 200 cm and in Salina Chica it shows
up not very clearly below 70 em. These ashes come from
voicanic eruptions which occur even now in the Andean
Cordillera,

Finally, we must meation the presence of islands,
springs and brines in this salt bodies. The islands are small
pieces of firm land which emerge ubove the horizontal sur-
face of the salt bodies. I general they are small and doa't
meril much attention. In the Salina del Gualicho they are
located in the westem part and are camposed of voleanics

NW pm wl*m:.h dm:cn T, mzerfere with the hlockmg of re-
SQTVes., . .

The %pnngs;_am surfmal npemngs of irregular conduits
(Fig. 1), which. Hned. by--slime: and well-developed halite
crystals and ase connected to the numercus layers of salt and
slime that confoum the.salt bodies. Brine circulutes through
these.conduits dissolving and weakening the bond between
crystals . and ‘making: the floor unstable for the. harvesting
machines, - There are only a few at Salina del Gualicho and
they are located. mosay.-maar_ the istands and in a few places
of the gastemn. pagt. which usually 1s flooded tongest. Gn the
Salina Graode they are also, scarce and restricted 1o the
ESE edgz, Duﬁ 10, 118, margival position, this. zone is not

included.as werkable by heavy harvesters. In the Salina.

Chica the springs are abundant and scattered which makes
the surface difficult to work.

. In the computation of the mean estimaied values
(Table 2}, all dats of analysis and thickoess of samples,
including the intercalation of salty slimes and volcanic ashes
were considered. As to the estimated mean for the Salina
Chica, it does not include samples taken below the salt body
with. high values in sodium and calcium sulphates, also
excliaded from the estimation of reserves.

TABLEZ

Meun Estimated Values of Compusition for the
Permanceot Lavers of the Three Salt Bodies

Salina
Hypothetical El Gualicha  Salina Grande  Salina Chice
Components % % %
Nall T3.49 77.68 80.51
MgCl, 0.52 0.86 0.63
Ca(l, — 0.19 180G
Nz,586G, 2,85 .59 2.2
CaS0, 6.19 1.19 6.09
Insociuble 16,44 10.98 T.39

BRI St A A P A
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THE SURFACE OF THE SALYT BODIES EXPLORED
AND RESERVES

We wilt now give the rotal surfaces of the salt bodies and
af the surfaces considered for the esiimation of reserves. We
will aisa give the surfaces which can bear machines and
cquipment in case of ap eventual exploitation, except for the
Salina Chica which is only practicable for medivm weight
equipment {Table 3.

The estimation of reserves for these salinas was done by
applying the graphic bMock methed. In the center of the
straight Hncs which joined two exploration pits we drew
perpendicuiar lines resulting in irregular polygons. Equidis-
rant in the center of cach polygon thercfore, there is an
exploration pit, For the estimation of the volume of reserves
we multiplied the surface of cach polygon by the thickness
measured in its respective pit, sepurating Tor the estimation
of tonnage, the upper layers of lower density from the
deeper ones. The volumes sstimated are in Table 4. Fhe
dengity for the upper and lower layers was detcrmined by
means of a scries of data which were later uveruged and
resulted in a dessity of 1.7 kg/dm® for the porous upper
layers and of 1,9 kg/dm® for the more compact lower layers,
in the estimation of tommage of the measured reserves we
deduced 10% for the three sulinus, as a security margin 1o
cover imponderables; the resulting tonnages are in Table 4.

For the estimation of the mean grades of the salt bodies,
we deteemined the mean grade for each one of the explors-
tion pits with the vidues of the probable chemical combina-
tions and the corresponding thickness of each one of the
samples aken along cach one of the sampling channels.
Later, with the meuan grades of the pits and the voinmes
cortesponding to each une of the polygons we estimafed the
mean grades for each one of the salt deposits. These mean
grades embrace each one of the salinas in total, that s to say
the yearly salt bed, the permanent salt layers, the altemating
favers of slimes and volcanic ashes, dnd are aiven in
Table 5, With the mean grades resulting from the probable
chemical combinations, the wtal measured reserves of saits
may be discriminated as in Table 6.

The measured reserves of the Salina Bl Gualicho may be
increased with deeper exploration pits that would allow
measaring the whole thickness of the salt body. It would
also be possible to add the salts contained in the western salt
body which was not explored and which reach from the
narrows 0 the NW of the main salt body and covers a
surface of more than 60 km¥ (Tabie 6).

The salt that might be harvested vearly with mechanicat
equipment from these bodies estimating a high of 35 mm of
clean saft would produce the tonnages shown in Table 7.
The thickness of this surficiat bed which will be regenerated
yearly depends on rainfall as we briefly nienticped before,
The guality of the salt to be harvested is as was mentioned
for the annuat layer,

TABLE 3

Swifuce Aress of the Salinas

Salina
Sarfuce Et Gualiche Salina Grande  Salina Chice
OF sult bodies 157.% 256 6.2
Far estimation
af reserves 133 183 5.3
Warkable with
hegvy machines 133 i7 -
Not practicable 4.5 8.6 1.2
fslands (1.3 - -
TARLE 4
Volume and Measured Rescrves
. Salina
Volume of El Gualicho  Salina Grande  Salina Chica
Reserves m* m? m?
Upper javers 9,310,000 R51,000 240,00
Lower {evels 332,500,000 29,779,000 3,302, 00K}
- tens -*-—“’““'wm tons
Meagured '
teserves 3R2.820,000 52,224 300 b,513 600
TABLE §
Meun Grades of Salfs in Different Salinas
Sadina
Kl Gualicha  Saling Grande  Salina Chica
e .
Nali 7457 %0.25 2.5
Myt G.5] .83 0.62
Cull, — 019 1§72
Na.50, 2. 0.97 217
Cal0 6.04 6.99 A.k8
_ Insoluble 16,02 10.65 744
TABLE &
Mean Grades and Total Measured Reserves
Saling
Ei Guzliche  Satina Grande  Safinag Chica
L in 3] tn .
Nall 434 510,000 51 801 G4y 4,561 200
MpCl, 2,570,000 433 300 3T.200
CaCl, — 99 140 103,400
Nua 50, 16,670,000 506,300 130,500
Ca80, 33,200,000 3,648,800 353,600
inwohuible 493,364,000 5,559,300 26,300
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TABLE 7

Harvesiable S;:i:.

Salina
¥f Gualicho  Saling Grande  Saling Chica
tons tors tons
Salt o be
extracted on
the surface 7,900,008 1,104, 06 298 660

Ad present, on the Salina El Gualicho, some 20,000 ons
are harvested yearly, though there is a project for exiracting
360,000 tons a year to supply a Poure soda ash plant.
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