Gypsum Deposits of the Coast of South West Africa

ABSTRACT

The Namib desert covers the coastal aree of
Southwest Africa, extending 80 miles inland from
the Atlantic to the Great Escarpment. The escarp-
ment 15 displaced landward in this area hecause of
major coastal rivers, which although episodic have
caeused extensive eresion of the Great Escarprment.

The desert stopes from the foot of the escarp-
ment to sea level, a change of 1100 meters in 90
miles and the desert plain s covered with typical
arid weathering products, predominantly felspaihic
sands, caliche, gravels and grits.

Extensive gvpsum deposits occur particularly in
the area from the Ugab River to the digmondi-
Jerous dunes south of the Kuiseb River, varying
from g few inches to 100 feet near to the couast,
but decreasing inland, grading into calcrete. Gyp-
sum often occurs as a massive bed immediately
overlying the Damara Schist floor. These beds
often pass up into nodular masses of gypsum
crystals and then into powdery gypsum just below
the surface. Near the present shoreline marine lo-
goonal gypsum occurs.

Twe suggested modes of origin for the non-
fagoonal gypsum are (a) sew mist blown in from the
ocean. over the desert surface, causing 100% humid-
iy lasting unid egrly morning. This mist has been
recorded A0 wmiles mland and nas high sulphate
content. (b) Saline ground waters in the areu, salin-
ity increasing rapidly from the escarpment to the
desert,

There i some faunal evidence of u past warmer,
more humid climate which suggests the proximity
of the cold Benguela current to the coast of South-
west Africa is a very recent phenomenon.
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INTRODUCT!ON

Modern deserts contain concentrations of mi
erals that are normally ascribed to lake or marir
origing. Calcite, gvpsum, halite and minor amoun:
of anhydrite, nitrates and other complex anin
drous and hydrated salts occur in many arid area

The Namib Desert of South West Africa contair
very extensive evaporites which were not deposite
in a basin, either mavine or non-marine, but in th
surficial sediments of the coastad platform. Th
study of the origin of these deposits, the subject «
this report, suggests that evaporation and precipit
tion of evaporite minerals in surficial sediments ¢
arid {ands may have been a formerly unrecognize
important source for secondary evaporite concer
trations in Izkes and marine basins.

In the Namib Desert, anhydrite is present i
association with extensive gypsum deposits. Th
associations indicate that the type of yroundwute
brine present has a significant amount of contre
over whether gypsum or anhydrite is formed.
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Gypsum Depasits of the Coast of Southwest Africs

MORPHOLOGY AND CLIMATE

The Namib Desert forms the western limit of the
southern part of Scuth West Africa. The desert ex-
wends from the area of Mossamedes, Angola in the
north to the mouth of the Oliphants River in the
south. The north-south distance is approximately
2100 kilometers and the desert extends from the
coast inland a distance of 11 kilometers in the
north and from B8 to 145 kilometers in the south.

This investigation 13 primarily concerncd with
the Central Namib, located bherween the Ugab
River in the north and the Kuiseb River in the
south, between latitudes 217 and 23,57 8. (Fig. 1),
South of the Kuiseb River the pediment surface s
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Figure L. Index map of the Namid Descrt, South West Adrica.
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covered with sand dunes which are among the high-
est and most spectacular in the world. The dunes
are grey at the coast and gradually change to red
inland; they can be used for air navigation pur-
poses, the dane color indicating the distance in-
land. The dune valleys have cxtensive calcite
developed on the sand surfaces. Dunes may be
completelyv fossilized by sifcrete at the base with
gypsum above and calcite af the top of the dune.
“North of the Kuiseb River, the surface cover is
thin desert sands and gravels ranging from { o
scveral meters in depth; some small dunes are pres-
ent. The gravels thicken to greater than 5 metery
near the major rivers only. Evaporite deposits arc
mrierhedded with the surficizl sediments and are
less extensive in the northern part of the desert.

The Central Namib Desert is the major drainage
basin for the central highlands of South West
Africa, and within it are the major cpisodic rivers
of the desert including the Ugab, Omaruru, Kuiseb
and Swukop. These rivers are predominantly dry,
although on occasion they may carry significant
flopdwaters. The river beds however, always carry
large amounts of subsurface waters which supply
the coastal towns,

These rivers are associated with the cxtensive
dissection of the Great Escarpment, a prominent
feature of southern Alfrica, which is poorly devel-
oped in this central area although in both the north
and south it is a definite topographic feature.

The desert slopes about 7.6 meters per kilometer
from the highlands at an altitude of 1200 meters to
sea level at the coast. The 130 meter contour line 1s
usually within 10 kilometers of the coast, and the
106 mm isohyel is located parallel and very close
to the inland edge of the desert and the remains of
the Great Escarpment.

GEOQLOGIC SETTING

The stratigraphic sequence ol rock underlying
the desert represents an extensive time interval.
The oldest rocks cropping oul in this area are the
cugeosynclinal sediments of the Damara System
which s 450 to 550 million years old (Clifford,
1967}, They are overlain bv the Karroo sediments
of Early Permian age and lavas and dolerite dykes
of the Early Cretaceous.

The major rock type underlying the gypsum de-
posits is the Khomas Schist. The rock is predomi-
nantly a quartz biotite schist with minor amounts
of scapolite, feldspar, cordicrite and calcite. The
marbles ol the Hakos Series form cutensive ridges
inn the desert which are very prominent i the
Gemini photograph of the area, These Precambrian
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marble ridges show litte evidence of chemical
weathering as would be cxpected in an and cli-
mate. Intrusive granites and granme pegmatitcs
with extensive white quartz veins are prevalent and
often form mselhergs.

The Damara represents the last major orogeny in
this arca. Extensive post-Damara peneplanation
occurred before deposition of the Kurroo sedi
ments. Remnants of these deposits are found in the
areas surrounding the Brandberg Mountains where
they were preserved by the intruding granites, This
bed is the only one known to contain some gyp-
sum interlavered with the shales of the Dwyka
Tillite. There is a remnant of the shale with inter-
bedded gypsum near Brandberg West. Near Cape
Cross there are questionable Dwyka Tiltlite remains
in a depression in the schist and covered with Pleis-
tocene  sediments. The Karroo sediments were
covered with extensive lava flows (Kaoko lavas) in
the Early Cretaceous (Siedner, 1968).

Eutensive crosion and possible rejuvenation
ocaurred during the Cretacecus and Tertiary. In
the south, located in the diamond lields, there is
some evidence of Upper Cretaceous-Lower Tertiary
marine sediments on the coast, but these extend
only a short distance inland. The only evidence for
marine deposition in the central part of the desert
is the terraces at 24 and 12 meters above sea level
near Cape Cross. The upper terrace fauna contains
representatives of the warmer waters of the south-
ern coast of Africa {ex. Ostrea prismatica) whereas
the lower terrace and the lagoons contain a fauna
transitional between the earlier warmer and present
day colder waters., This change from warm to cold
walers has been attributed to the introduction of
the Beneguela Current to this coast which probably
chunged the climatic conditions in the central area
of the desert. The youngest sediments are the
weathering products and gravels that contain the
gypsum and anhydrite deposits which will be de-
seribed in detail in the next section.

From the known geolegical section the follow-
ing points are of importance to the origin of the
evapurite deposiis:

{1} There is no evidence for a marine source for
these deposits later than Early Permian,

(2) There is no evidence of Terriary-Recent ma-
rine transgressions which wmight have contributed
vceanic salts to the formation of the evaporites.

(3) There is evidence of long periods of weather-
ing and denudation by mass wasting,

{4) There is evidence of prior more extensive
dune coverage in the central desert which is indicu-
tive of a more arid climate.

Gypsum Depasits of the Coast of Sauthwest Africa

Tabte 1. Section of the coastal
siediments north of Cape Cross.

Lithology Thickness in em
sand and weathered gypsum ... ...l 42
angular dolerite, lava, massive gypsum . .... e 128
fineyellowsand ... ......... . .o oL v 25
well rounded qiz. pebblecgh. . ..... e ... 18
greysand layer ... ... e 8
well rounded gtz. pebblecgl. .......... PR ¥
grayish yellow crosshedded sand with

gypsum roses and fossil coral .. .............. 25
quartzpebblecgl ... ... ... ... e 7
grey sand with gypsum ceystals ... ... e 8
thert and qtz. pebbleegl. ... ... ....... .. ... 18
uncansotidated veliowsand ................... il
consolidated gypsurm and calereta with

Ostred PrismatiCa .. ... ceiuie e enrnennn 15
unconsolidated veRow sand with fayers

of gypsum ............ e m e en e 11
cansolidated yellow sand with gypsum

stringers . ... .. ..., e 1B
well indurated calerete with some

] i6
Total thickness ..................oiiiiinnn, 360

{8) The Beneguela Current caused an alteration
in the climaie to the present cool, arid condition,
The removal of the sands and the curting of the
major rivers probably occurred duaring a wetrer pe-
riod prior to the establishment of the climatic mod-
ification produced by the shift in the Beneguela
Cuarrent (Late Pliocene (o Middle Pleistocene).

DISTRIBUTION OF THE GYPSUM

The gypsum deposits are located throughout the
desert area [rom the ilgab to the Kuisch Rivers.
Inland they are replaced by a hard laminated laver
of calerete and occur interhedded with the desert
sediments, on the tops of the dolerite dykes and in
the shallow depressions berween tervaces, The de-
posit may best be described as a blanket overlying
the surficial sedirnents from the coast inland. A
typical section of the coastal surficial deposits can
be scen in Table 1. There are reports from borehale
records at the Geological Survey in Windhoek that
the gypsum continues under the dunes to the south
and reappears at the coast, but these oceurrences
are within the diamond areas to which access is
forbidden.
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Gypsurn Dopasits of te Coast af Southwest Africa

The gravels of the desert are found in the coastal
terraces and near the major rivers. The areas be-
tween the major rivers and away from the coasmi
terraces contain gypsum also. S
The surface is composed of massive Calcrete and
gypsum underlain by indurated gypsum layers with
varying amounts of sand. In two areas there are
well defined halite layers below the indurated
gypsum. A layer of barren gravel or weathered
schist or granite rests upon the basement rock.:

The sediments, excluding the evaporites, appear'
o have been formed through the weathering of the
underlying bedrock rather than through fluvial ac-

fion or heach deposition as in the graveis a.nd

coastal deposrts Lo

The section from the coast inland changes Iii
more radically than the north-south sectior
Namib Desert. Iimmediately behind the- fe T
approximately 130 meters ahove sea: level;: the
gravels disappear, and the sections are composed of

weathering remnants of the underlying rock. The. -
section near the coast is predommamlv'gypmm”

with some halite and sodium sulfate in the sarface.
material. As the distance inland increases, the
amount of calcrete increases, and the gypsim
layers are found below a more evideni. calcrete
layer. Two sections illustrate this change, The sec-
tion at Hugel Beacon located 1.6 kilometers mia,nd-
on top of a dolerite dyke includes: x -

Thickness

incm Lithology

0-5 Hammada desert sarface con.taimiig.-_“"
large cobbles of the underlying do

5-30 weathering residue with dissemi
gypsum S

30 gypsum layer immediately dbuvt: mas R
sive dolerite. o

The amount of calcrete increases and t}:zé-' :{x'nﬁdunz_
of gypsum decreases inland. At approximately 82
kilometers inland, the following section is typical:

1 hlckness Lithology
11 <rn
0-1  powdery calcrete layer or indurated
calerete
1-3  indurated gypsum layer
3-63 disseminated gypsum and sand,

Approximately 105 kilomerters inland, the gypsum
disappears completely, and the calerete becomes
indurated with the formation of laminations in the
surface due to alternating solution and precipita-
tion as a result of the higher rainfail of the area.
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These deposits in which the gypsum is absent lie
750 meters above sca level. In this area the grasses
which require a greater amount of rainfall become
prevalent, and the area becomes a semi-arid zone.

The coastal-inland sequence of gypsum-calcrete
occurs throughout the central area of the desert
from the Ugab to the Kuiseb River.

. Throughout the Central Namib, it is evident that
the gypsum deposits disappear at an altitude of
750 theters above sea level and a distance inland of
from 100 to 120 kilometers,

The ‘main condusions drawn from the gypsum
diStribution of the Namib Desert are as follows:

(1} The depe sition of the gyvpsum is independent

' ut--t e_mmpoamon of the underlwng bedrock, and

of prcc:pmmﬂn must reflect this inde-

| _'Imtmn of the depumts appear to
ane of thc comrullmg vanables

ANHYDF\‘!TE DEPOS]TS

Thf majonty of thﬁ dcposnts exammrd consisted
of gypsum. and other more soluble salts. However,
two. of . the areas:.éxamined contained anhydrite.
One of the areas contained anhydrite with halite
and a more complex salt, whereas the other arca
included lavers of gypsum and anbydrite;

The first of these deposits containing anhydrite

is.located . near- the  Kuiseb  -Canyon south. of.
Gobabeb- Research Station on the road to Natab.

(See section” 1264-1267 ‘on map). The deposit is
located 82 kilometers inland and at an elevation of

600 meters. The deposit is composed of a 70 cm-

section- of anhydrite and £ragments of weathered
schist. The baserent rock is a quartz biotite schist
disrupted by salt erystallization. The size and abun-
dance of the coherent schist fragments decreases
upwards through the section. The deposit is over-
lain by a 10 cm layer composed predominantly of
small quartz pebbles, The amount of anhydrite re-
mains constant upward to a point about 60 ¢m
below the surface and then begins to decrease to-
wards the surface. The surface layer is brown and
appears weathered, and ihere is some gypsum pres-
ent. Most of the anhydrite appears to have been
formed in situ. Halite and an unidentified complex
salt occur intermixed with the anhydrite. Thin sec-
tions of the sediments show some biotite, plagio-
clase feldspars, tourmaline and quartz. The outlines
of the biotite Hakes are sharp, and there appears to
be little decomposition by chemical weathering.
The second anhvdrite exposure consists of a
large stream cut near Brandberg West (See sample
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1182) and is composed of calcarevus shales at the
base with a cover of alluvial gravels. The gravels are
cemented with massive gypsum and small amounts
of halite. The anhydrite occurs as a massive layer
overlying a crystalline layer of gypsum which is
deposited around the upper surface of a cobble.
The gypsum crystals are oriented pevpendicular to
the surface of the cobble, and the anhydrite forms
as a finc-crystalline, white mass about 10 cm thick
on top ol the gypsum layer. The anhydrite identifi-
cation was confirmed by X-ray patterns and petro-
graphic analysts.

COASTAL LAGOONAL AND
TERRACE DEPQSITS

The coastline of the Namib Desert is dotted with
tagoons which have formed either through the dep-
osition of sands by the northward flowing
Beneguela Current or in depressions in the schist
which were formed in previous weathering cycles.
Both mechanisms arve instrumental in the lorma-
tion of the pans and lageons. The only prominent
bay along the coastline (Walvis Bay} is formed by
the northward extenston of a large sand spit. Meigs
{1966) attributes the lack of barbors to the ab-
sence of coastal mountains and the nonsubsidence
of the coastline.

Generally the lagoons are shallow and contain a
fauna that indicates that the formation of the la-
goons is svnchronous with the arrival of the pres-
ent cold waters of the Bencguela Current. The
fauna is either transiiional between cold and warm
waler fauna or it is vepresentative of the modern
cold water assemblage.

The largest pan on the coast is Cape Cross with
s 15 kilomerers fong and 1 to 2 kilometers wide, A
salt industry is located here,

Halite found in the area of Cape Cross is pink at
the surface of the pan and becomes green and then
purple within 30 cm of the surface, The brine in-
tersccts the salt at 30 ¢m and has a definite bydro-
gen sudfide odor, Tasch {1963} mentions the pink
coloy in evaporaling pans in western Peru, and this
coloration has been atuributed to red algae by
Tasch and variocus other authors. Tasch also reports
that both red and green algae are found in the Peru
salts. Lither the decomposition of the algae, differ-
ent species of algae or the Eh and pH changes duc
to the more reducing environment at depth is re-
sponsible for the change in color,

There are areas of the pan where surface gypsum
deposits have been reported (Gevers, 1931); how-
ever, this investigator could find no exiensive
gypsum crusts in the surfuce of the pan. There s a

Gypsurm Deposits of the Caast of Southwest Afrie;

good possibility that gypsum is forming in the
southern part of the lagoon, however, guano col
lecting activities prevented work in this area, Thy
salts, however, do contain small crystals of gypsun
throughout the first 30 cm of the pan,

The pan contains over 7,000,000 tons of sal
(Gevers, 1931), and the surface lavers are underlaiy
by a brine from which salt might also be recovered
There are extensive dark clay beds in the lagoon
which are composed predominantly of illite.

The coasial salts are deposited at arate of 17
18 cm per year in the evaporation pans {Gevers
1931). In the inland pans thai are fed by under
ground continental waters the evaporation rate i
somewhat higher, approximately 20 cm per yea
(Roper). The inland pans are from B 10 20 kile
meters inland; and the increase in evaporztion rat
reflects the decrease in relative humidity inlam
and an increase in temperature. The inland pans ar
groundwatcy fed from springs which are controlle
by the dolerite dvkes surrounding the pan. Th
waters are highly saline {sce groundwater sectior
Sample A 11-4-9} and contain 32,000 ppm NO,
They depostt gypsum near the orifice of th
SpYings.

Numerous authors have discussed the origin ¢
the lagoonal salts. Raiser ei. al., (£1932) conclude
that the major source ol the salts was the grounc
water of the interior, whereas Gevers (1931
thought the marine sources were predominan
Both sources are undoubtedly represented in th
pans.

The terraces behind Cape Cross have recentl
been nvestigated for diamonds. The ovster, Ostre
prismatica has been found in the terraces, and the
fossil is the “guide fossil” to the southern diamon
fields. Investigation of ihis area disclosed two te
races, one at Y.1 meters and the other at 21.
meters above sea level, The lower tertace contains
fauna related to Lhe modern colder waters of th
Beneguela Current while the upper terrace contair
Ostrea prismatica which is associated with th
warmer waters of the southern coast, This war
water fauna has been found in several places alon
the coast and has been interpreted as indicating th
absence of the displacement offshore of th
Beneguela Currenl in the Plio-Pleistocene.

SULFUR 1S50TOPES

Selected samples were tazken from various are:
and forwarded to Dr. H.R. Krouse of the Unive
sity of Alberta for sulfur isotope analysis. The fo
lowing results are preliminary. The values found d
not allow one to ascribe a definite origin to tb
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gypsum or anhydritc, but it may be said that the
similarity of the ratios {rom samples taken from
coastal and inland localities indicates that the
gypsum was derived from a common source. It is
particularly intercsiing that the sample taken from
Fishery Beacon which is a beach terrace has a simi-
lar sulfur ratio to gypsum and anhydrite samples
further inland,

The $°* values have an average ratio of 16.1
which differs significantly from the value for mod-
exn sea water which is close o 20,

THE CRIGIN OF THE DEPOSITS

Pedogenic processes have been given as the main
processes by which the layers of calerete and
gvpsum are formed in arid and semiarid zones. For-

mation by this method requires the presence of

water as a solvent as does precipitation from
ground water. However, these two methods will be
discussed separately due to the differcnees in the
transport distance and the source of the sulfares,
Seil formation and gromdwaler formation are
intimately related through the process of weather-
mg. Scil is formed, soluble salts are leached by
groundwatcr and then reprecipitated near the sur-
face. However, the pedogenic process assumes that
the salts are weathered in the A horizon and de-
posited in the B or C horizon depending upon the
amount of water available for transpori. Thus this
process requires an arid or semiarid climate because
a more zhundant water source would remove the
soluble salts,

The processes of calcifieation and gvpsification
arc the predominant pedogenic processes in deserts
of the world. These desert soils are classified in the
Orvder Aridsoils and are formed with the calerete
layer on the surface and the gypsum layer below.
The layers are assumed to have formed by the
downward movement of waters from the
weathered zone into the lower honzons. The
waters are then evaporated lc:a\»mg the soluhle salts
behind, These lavers vary in depth below the sar-
face.

Halomorphic soils or those that contain salts
more soluble than gypsum are atlributed to forma-
tion by irrigation waters and or groundwaters
which contain high concentrations of soluble salis.
These soils may contain NaCl, CaCly, MgClL,
Mg50., Na;S50,.-10H,0, NaNO,, KXNO,,
Nu, CO,, NaHCO,; and some borate eompounds.
These salty may form in layers below the gypsum
and calcrete or they may appear on the surface
depending upon the conditions of precipitation.
An excellent example of ihe complexity of layers
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that may lorm is tound in the nitrate deposits of
Chile where the nitrates occur below layers of
calorete, gypsum and halite. The major nitrate de-
posits are found on the slopes of the playas and
net in the plavas themselves (Rich, 1942). Any
nitrates that ocour in.the playvas are found on the
surface.

These desert soils are considered to require a
long pertod for furmation when compured with the
formation of soils in humid areas, The low rate of
weathering is due primarily to the absence of plant
life which in turn means a low Pep, in the soils.
The weathering of silicates reqmres carbonic or
some other acid for the hydrolysis reaction. The

very low CO; in desert soils which is derived solely
from the atmosphere is insufficient for buffering of
the solution o oceur, and the alkalies which are
releascd during the weathering of feldspars quickly
alter the pll to alkaline, thus greatly reducing the
hydrogen lon content and slowing the rate of
hvdrolvsis. Hurchinson (1957) states that under a
partial pressure of carbon dioxide of 0.0003 atmos-
pheres the concentration of lonic calcium is not
likely (o be greater than 107, This sets the upper
sulfate limit before the formation of precipirate as
0.1 to 0.2 M. This concentration only ocours in
very saline waters,

The formation of the gvpsum layers solely hy
pedogenic processes would require a more humid
climate than exists presently for the development
of the necessary plant life which would provide soil
carbon dioxide for the chemical decomposition of
the amount of rock required to precipitate the
gypsum preseat. There is some evidence for the
presence of wetter climates in the Namib Desert in
the past, but there is no evidence that this climatic
change was significant. The amount of suifate ve-
quired for deposition of gypsum by the pedogenic
process m the parent racks is also very large. There
have been no meuasuremenis made on the amount
ol carbon dioxide required to cause significant
weathering of caleium containing minerals, Such a
measurement would he very valuable n the derer-
mination of the type ol climate required for the
deposition of calerete and gyperete favers through
pedogenic processes alone,

Since it ts doubtful that the deposits are related
to the Lower Permian Dwyka, anoiher source for
the gypsum must be found.

Such extensive deposits of gypsum in the Namib
Pesert requires a transport svsiem capable of con-
centrating large amounts of sulfate. There is no
evidence of acolian transport of salts and no inland
source from which the wind could derive the salts.
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With the climination of aeolian Lransport, deriva-
Hon from sea water or from groundwater from the
highlands appears to he the most logical explana-
ion for gypsam conc:.‘*ntratign. ' ‘
There s ne evidence of marine transgression
since the Permian, and Mariin (1963) conseguently
proposed that the sea mist which contains sea salts
produced the deposits. Large amounts of hydrogen
sulfide are produced in the upwelling waters ol the
Beneguela Current, and he hypothesized that the
mist would be carried inland, the hydrogen sulfide
reaciing with the calerere already present to form
gypsum. While there s no guestion that large
amounts of suifide are produced ofl the coast,
there are several facts which discount this mecha-
nism as the major process of sulfare concentration:

(1) There are large amounts of calcium carbon-
ate in the coastal dunes over which the sca mists
constanlly blow.

(2} There is calcium carbonate overlving the
gypsum in parts of the coastal area.

{3} The mist is considered to extend inland for
55 to 60 kilometers. the gypsum extends inland
for 105 kilometers, and inland &5 overlain with a
layer of mdurated calerete.

{(4) In the movement of the sea mist inland, the
{irst salt 1o be formed through evaporation will be
gvpsum and then the chlorine salts. One would ex-
pect that the gypsum would he deposited near the
coast and the halite further inland. However
Hutchinson (1957) states that the gypsum forms
stable acrosols which uwre nonhydroscopic. The
chlorine acts as a condensarion nuclet and iy
washed out of the air by rainfall. Therefore the
inland air will become enriched in sulfates. This is
not the case with the fog which condenses in the
desert al night and cvaporates during the day.
Therefore ome would expect both gypsum and ha-
lite in arcas covered by the fog, This association is
found within several miles of the coast, but not in
the miand sediments.

{53} The hydrogen sulfide rapidly oxidizes in the
atmosphere and forms 8O, which slowly forms sul-
furic acid. The acid reacrs with the calcium present
in the droplet and forms gypsum, The pH of the
Namib mist is between 7 and 8 and does not relleci
the presence of any acidic component.

GROUNDWATER

Groundwater in the Namib Deserl, as in other
deserts throughout the world, tncreases in total dis-
solved solids from the highlands or more temperate
zones to the more arid zones. The most common

Gypsurm Depasits of the Coest af Sauthwest Alriva

waters found in semisarid and and climates contain
Na', €057, 80, , and CF jons aecessary for the
deposition of all the salts found in the deserts to-
day. The Namib Desert is unusual in the respect
that there is no evidence of a prior evaporite source
tor the salts as there are in many other arid areas.

Analyscs of the waters present in the Namib
Diesert are shown in Tables 2 and 3. All the samples
except A 11-1-9 were analyzed by the Water
Affairs Branch, Windhoek, South West Africa, and
A 1149 was analvzed by the United States Geo-
logical Survey Water Quality Branch in Albuquer-
que, New Mexico.

Sample A §1-4-9 is taken from an inland pan
north of Henties Bay. Halite is collecred from these
pans about every three vears. The source of the
solutions in the pans iv underground flow which
comes to the surface ar this point due to the dis-
rapting of the strata by the surrownding dolerite
dykes. Logan {1960) cites the presence of other
saline water sources in the desert. Middle Tinkas is
a major waterhole of the Namib and consists of a
poor seep of water in a stream channel. This hole is
100 kilometers from Swakopmund on the coast.
The water here is slighuly saline but potable, How-
ever, the water in the Grosser Tinkas, four-tenths of
a kilometer north is more saline but also potable.
Grosser Ubib, a waterhole 72 kilometers east,
soulheasi of Walvis Bay is more saline and deposits
of salt arc cvident around the orifice of the spring.

Groundwaters obtain their salts by two major
mechanisms, weathering in the humid and arid
zones and the slow changes in chemical compost
tion that occur through long transport and resi-
dence. Scluble salt addition to groundwater, while
involving the same chemical principles, differs
areully between the humid and arid zoncs because
of variatians in chemical decomposition and leach-
ing rates. In the humid zone chemical decomposi-
ton occurs In the upper layers of the soil, and the
soluble salts are leached out of the upper zones and
into the water wable. In comparison, the less the
amount and frequency of rainfzll, the more eon-
centrated the soluble salts become in the upper
favers of the soil. This is due to the mability of the
available waiers to leach the soluble salts aut of the
soil layers before evaporation reclaims the water.
In the rare instance of g heavy rain, the accumu-
luted salts are added to the groundwater. The mag-
nitude of this addition to the groundwaters is
suppressed by the lack of CQ, and the amoun: of
sullate and more soluble salts in the surface sedi-
ments,

‘The second mechanism concerns the addition of
meieorilic waters to the groundwaters in the high-
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Table 3. Analysis sample A 11-4-9 from
the inland sait pans north of Hentisbay
and 32 kilometers inland (in ppm).

Sitica 48
Caleium 27,500
Magnesium 15,900
Sadium 75,200
Potassium 8,000
Iron 0.22
bicarbonate 340
carhonate 100
sultate h6B
Cnioride 200,000
Fluoride 1)
Nitrata 22,500
Boran 157
705 350,000
pH 8.4

lands and their slow movement foward the desert.
These waters will be continuously modified in the
passage through the various rock types of the high-
lands and the Namib Desert, These rocks are prin-
ciply the Khomas Schist and the various granites,
pegmatites and dolerives of the desert. The
chemical processes involved are oxidation-
reduction, hase exchange concentration and pre-
cipitation,

The osygenated zone in rocks is often restricted
to contact with the atmospheve, and warers may
become reducing below the contact with the at-
mosphere, Nitrtes in the South West African
waters indicale that reducing conditions exist.
These conditions or the presence of aneorbic bac-
teria may produce the H, 8 which was described by
Martin (1963) inland from the coast.

The mechanism of base exchange is very impor-
tant in that the composition of the groundwaters
may be completely altered by this mechanism
during a long residence in the subsurface. Base ex-
change 15 a cation exchange belween a substrate
and a solution. The degree of exchange depends
upon the valence and hydration number of the ion.
The relative amount of jons adsorbed, since this is
a reversibie reaction, depends upon the concentra-
tion of the ion in solution, and the reaction may
approach equilibrium over long periods of rime.
The reactions may significantly alter the cation
ratios in water and the following ratios in particu-
lar, K/Na, NafCa, Na/Mg and Mg/Ca (Schoeller,
1954}, This mechanism may have some effect in
decrcasing the amount of NaCl available for deposi-
tion in indand basins and increasing the amount of

Gvpsum Deposits of the Coast of Southwest Africs

calciuin thus bringing the Na/Ca ratios closer to
one.

. Minerahized waters upon cntering the arid zone
begin to concentrate by evaporation. Gypsum may
be precipifated due 1o its decrease in solubility in
concentrated sodium chloride solutions. Evapora-
tion apparently can occur io great depths in deserts.
through the movement of gases and capillary
waters upward to Lthe surface. Schoeller (1859) and
others mention that through the abhove mechanism.
the waters may obrain the same composition as sea
water withour & connate sca water source or salifer-
ous beds, ie., Ci > 80, > CO; and Na > Mg > Ca.

The section through the Namib Desert correlates:
well with the diagram showing the relationship be-
tween composition of groundwater precipitates:
and climate given by Borchert and Muir {1964, p..
1801, The lack of a mavine precursor for these de
posits and the presence of these saline waters in the
deserts of the world suggest that the mechanism.
proposed by Schoeller (1939) for the formation of
waters with the composition of sea water is appli-
cable to the deposition of the salts in the Namib,
The peculiar situation in the Namib where there is
no precursor source for the chlorine presents the
problem of the source of the chlovine, The Khomas:
Schist centains €1 and F combined in amounts of
0.12 o 0.47 per cent and 50; in amounts of 0.27
per cent {Clifford, 1967) which is significant when:
the amount of time available {or the interactions
between soil formation and groundwater equilibra.
tion are studied. This Investigator could find n
other source for the salts in these deposits othe
than an extcnsive combination of weathering and’
groundwater formation and their evaporation in:
the desert.

There is siill « major preblem in the determina
tion of the age of the surficial desert deposits due
to the lack of dawable materials. However, there i5°
extensive evidence that suggests that this area has.
been arid or at least semi-arid for a long period of:
tme.

CONCLUSION

From the prior evidence it appears that the for-
mation of these deposits are primarily connected:
with the concentration and evaporation of mete-
oritic waters which have derived their mineral salts.
through the slow chemical interactions over 4 long’
period of ume with the Precambrian Khomas
Schist. There are also minor contributions Lo Lthese:
waters from pedogenic processes in the desert and.
near the cossi by the precipitation from the sea
mist, The groundwaters in passing from the high
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Gypsum Deposits af the Coast of Southwest Africa

lands to the desert assume a higher salinity as sug-
gested by the analysis of desert waters. These
waters upon evaporation in the arid zone produced
the gypsum deposits.

Further work with oxygen isotopes and the off-
shore sediments should danfy the actual mecha-
nisms and their vespective contributions 1o the
formation of these deposits.
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