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I. Introduction

Both highly soluble and practically insoluble authige-
nic sulphate minerals may be present in soils under diffe-
rent climatological and geomorphological conditions. Their
crystallization is a reflection of specific micro and macro
environmental conditions.

The normal environment of the soluble sulphate mine-
rals is where evapotranspiration exceeds precipitation
during most of the year as in an aridic soil moisture regime
(EC3, 1975). The supply of the cations and anions for the
crystallization of the salt is generally from the ground wa-
ter table., Soluble salts may also be present in a wetter
moisture regime as in udic soil moisture regime. This is
seen in acid sulphate soils where gypsum and jarosite crys-
tallize in the subsoil,

The actual type of salt that is present depends essen -
tially on vhr vonvrn

The actual type of salt that is present depends esszn--
tially on the concentration and types of cations and anions
present in the soil solution and the temperature, The type
of salt may be predicted from thermodynamic considerations
or by the use of mineral stability diagrams, Though a large
number of salts are theoretically possible, the number
encountered in soils in much less,
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* Although many micromorphological studies are re-
ported on saline soils, descriptions of authigenic solu—
ble sulphate minerals are few, partly because these salts
were not encountered in thin sections, One of the reasons
for this is that salts, especially when finely dispersed in
soils, are dissolved in the impregnating mixture, In ca-
ses were there is only a small amount of salt in the soil,
these tend to crystallize on ped or prism faces, Petro—
graphic-size thin sections of the interior of the larger
peds do not pick out the salts, Consequently, it is neces
sary to study ped faces on all scils where soluble salts .
are suspected, e

Scanning electron m:croscopnc (SEM) studies of sul
phate salts in soils are up to now, few, Micrographs of
soluble sulphate minerals were published by DRIESSEN
{1970) and DRIESSEN and SCHOORL  (1973) (thenardxte,
bloedite), CHEVERRY et al, {1972) (gypsum, jarosite)
and ESWARAN and BARZANJI.(1974) (Gypsum), .in addi-
tion, few pictures were published in more general papers,
Fewer studies exist in the less soluble or insoluble anhy
drous sulphate minerals {anhydrite, barite, celestite) as
authigenic soil constituents and no SEM-micrographs of -
them are yet published,

The objective of this study is to report on the mor-
phologies of some authigenic sulphate minerals encounte-
ted by us during the routine SEM examination of salt af-
fected soils, As, in many cases, it is the first time that
such micrographs are presented, we are uncertain if the
se are the common habits of the respective minerals, It
is however necessary to develop a bank of such micro-
graphs prior to further investigations, as for example
on the influence of soil micro-environmental conditions
on the crystal form, For reasons of completeness a re-
view of published SEM-~data is given for each mineral,
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I, MATERIAL AND METHODS,

Soils in the collections of the authors were emplo-
yed for the study, Thin sections were made of undistur—
bed samples, Fracture surfaces of peds were first exami
ned with an incident light microscope to locate the efflo-
rescences, Small pieces of the soil material were then
mounted into aluminum stubs and coated with gold for the
SEM-study, The efflorescences on other peds of similar
material were sc'raped off, ground and analyéed with X~
ray diffraction for identification of the minerals, In some
cases additional chemical tests were performed,

Hi, MINERAL DESCRIPTION,

jT henardite (Na2504),

This mineral is rather common in salt lakes and pla
yas where it can be formed directly from the salt solution.
or as a dehydration product of mirabellite (NaZSOA_ 10 HZO)'
DRIESSEN (1970) and DRIESSEN and SCHOORL
{1973) published a few SEM micrographs of efflorescen-
ces of prismatic thenardite crystals in salt crusts with a
rather loose structure from the Konya basin (Turkey) .
Crystal forms could not be recognized on these pictures,
A micrograph of a rosette-like aggregate of thenardite was
published by STOOPS (1973),

Plate | a, b, c, shows thenardite efflorescences on
ped-surfaces in the C-horizon of a saline alluvial soil
from Peru, The crystals have clearly a prismatic habit,
sometimes with a tendency to lath-shaped individuals, From
their optical behaviour it can be deduced that the prisms
are elongated according to [1 00]}.

Anhydrite (CaSO4)_

Although the presence of anhydrite in gypsiferous
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soils has been indicated, no published micromorphological
descriptions are available,

The conditions of its formation, directly from the
salt brine or by dehydration of gypsum are still under dis
cussion in geology. in general, the soil environment does
not present the thermodynamic conditions necessary for
its crystallisation, MOIOLA and GLOVER (1965) were the
first to describe the alteration of gypsum to anhydrite in
(rather extreme} soil conditions, namely in the Clayton
Playa, Nevada,K The large gypsum crystals show an epitac
tical replacement by anhydrite with an intermediate zone
of hemihydrate, both minerals being fibrous,

Plate 1, d, e, T shows fibrfbus anhydrite crystals on
gypsum in a soil from Peru_ The fibers have in general a
well developed parallel orientation but neither their crys
tallographic form nor their crystallographic relation to
the gypsum crystals could be determined, In thin sections,
the transformation is cieariy shown by an increase of the
birefringence colours and the fibrous character of the new
ly formed product,

Barite (BaSOa)

The presence of authigenic barite microlites in soils
is reported by LYNN et al_ {1971) in some poorly drained
Alfisols and Ultisols of the southern part of the USA, The
crystals, covering ped surfaces or occuring in pockets, ha
ve prismatic or tabuiar habits, dominated by following
forms : (001}, {100}, (010) and (210). _

Barite was also found in the B-horizon of a Haplus-
talf from Peru (STOOPS and ZAVALETA, inpreparation)
with a rather high electrical conductivity, Here they oc~
cur as crystal chambers_ The crystals in the center have
a tabular habit, the peripheric ones are prismatic and cle
arly length siow (due to their elongation according to ﬁO@)‘
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SEM micrographs (plate Il a,b, ) show that the tabular
crystals are composed of following forms : {001}, {01 1)
and probably {101} . The prismatic crystals seem to have
partially the same conbination of forms, but others show
essentially the [OH] form, which makes them very similar
to the celestite microlites observed in gypsiferous soils,

Celestite (SrSO4 ).

Authigenic celestite in soils was reported by BAR-
ZANJI and STOOPS, 1974 in gypsic and petrogypsic ho-
rizons from Euphrate and Tigristerrace soils from Iraq,
Meanwhile the senior author observed it as a common fea
ture in many gypsiferous soils, e, g. from Algeria, Iran
and Iraq, In thin sections the microlites appear as length
-slow pointed prisms with a square cross-section, They
practically always occur as clusters in the clayey matrix,
or in packing voids of sandy materials, In SEM (plate II,
c, d, e, f) they appear as long square prisms elongated
according to (100) and with a well developed {01 1} form,
The indices of the terminal faces could not be determined
on the pictures  Upon weathering, the prism-surfaces de
velop groves according to (100), although this is not a
clieavage direction in this mineral, These graves, though
not very evident are shown in plate lIl, a,b, c,

Gypsum (C8504 . ZHZO).

Gypsum is avery frequent mineral in arid soils whe_
re it can even be a characteristic or dominant constituent,
e. g, in the gypsic or petrogypsic horizons of gypsiorthids,
In these soils it practically invariably occurs as coarse
or fine lenticular or discoid crystals, developing essen—
tially within pores as idiomorphic individuals, By the pro
cess of pedoturbation however they may become embodied
in the soil matrix, Continuous growing of closely packed
crystals leads to the formation of compact gypsum layers
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with an allotriomorphic granular fabric (BARZANJ! &
STOOPS, 1974},

Different habits of gypsum have been recognized in
other soils, e, g, short prismatic in acid sulphate soils
(MIEDEMA et al, 1973), fibrous in a Calciorthid from
Egypt (LABIB, 1970), or elongated prismatic in polder
soils from Tchad (CHEVERRY et al,, 1972), Plate lll, d,
e, f shows the typical shape of the lenticular gypsum crys
tals with SEM_, This form is developed normal to the clea
vages, as can be seen clearly in thin sections, Weathe-
ring of such crystals therefore give rise to a comb like
shape corresponding to the cleavage planes, as shown in
plate IV, a, b, c,

Pilate IV, d, e, f represents short prismatic gypsum
crystals from a Torriorthent from Peru, Basing purely
on the forms in the micrographs, some of the crystals
seem to be elongated according to [90 , with welt deve—
loped (010) and (100} prism faces, In thin sections and
in the X~ray diffractogram the presence of anhydrite
was clear in this sample,

Plate V, a, b, ¢ shows rosette like aggregates of
gypsum prisms in a cat-clay from Nigeria (MOORMAN et
al,, 1977, in preparation},

The individual crystals are alongated according to
[001} and the prism zone is commonly striated, It is most
porbably the combination of {110)and {010) which is respon
sible for the hexagonal cross-section of the prisms_

Hexahydrite (Mgsoq_ GHZO )
This is a rather un common mineral, found in the de
posits of some salt lakes and as efflorescences, With res
" pect to soils it was recorded by DRIESSEN (1970) in sait
crusts, probably as an intermediate dehydratation product

between epsomite (MgSOa N 7H20) and leonhardite (MgSOA,
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4H20), The habit of these crystals was not discussed,

nor were micrographs presented by DRIESSEN (1970},

In a salic Gypsiorthid from Iran, hexahydrite crys-
tals were found couvering ped surfaces, intermingled with
lenticuiar gypsum crystals, In thin sections only the gyp-
sum was noticed, although hexahydrite should be easily
recognizable because of its higher birefringence, This
suggests that it is soluble in the resin, Plate V, d, e, f
shows the SEM-micrographs of these crystals, Although
the mineral belongs to the monoclinic system, crystals
show a pseudohexagonal shape, which can be explained
as a thick tabular habit composed of following forms :{100}

{110} and {001},

Bioedite (MgNaZ(SOA)Z' 4HZO),

This mineral was reported by DRIESSEN (1970) and
DRIESSEN and SCHOORL (1973) in the surface crust of
flooded solonchak in the konya basin (Turkey} . It forms
rather pure (up to 90%) glass-like crusts which seal the
underlying soil, because of the overlapping of the welded
crystals, and their ability to close all pores by a growth
from the edges towards the centre, Some SEM pictures
are shown but crystal-forms are not analysed,

Jarosite (K, F33 (504)2 . (OH)6),

This sulphate mineral was reported already in seve
ral publications as reaction product of pyrite weathering
in soils, Micromorphological studies discussing it and
providing SEM pictures are for instance CHEVERRY et
al, {1972), VAN DAM et al, (1972), MIEDEMA et al, (1973),
ESWARAN et al, (1974), Crystal forms of the microlites
were hot yet analysed, It is a common constituent of acid
sulphate soils (Sulfaquepts),
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L=GENDE CF PLATES

Plate I, a,

Plate 11, a, b,

Piate IlI, a,b,c:

Plate IV, a,b,c:

1100

c, d, :

€, f:

d, e, f:

b, c:

SEM micrograph showing efflorescen-
ces of thenardite on ped surfaces, Pris
matic habit elongated according to {100},
Magn,_ : 460, 3750 and 15, 000 x resp,

SEM micrograph of anhydrite fibres on
gypsum, Magn_: 5000 and 10, 000 resp,

SEM micrograph showing tabular
and prismatic barite microlites on a po
re-wall,

Magn, : 2250 and 5600 x resp,

SEM micrograph of prismatic celestite

microlites elongated according to {1 OOJ.
Magn, : 320, 124, 310 and 820 x resp,

SEM micrograph of partially weathered
celestite microlites, Note the groves
(arrow} normal to the prism-faces,
Magn, : 125, 575 and 1150 x resp,

SEM micrograph of lenticular_gypsum,
crystals in a pore,
Magn_ : 52, 525 and 2100 x resp,

SEM micrograph of comb-structure as
a result of the weathering of lenticular
gypsum crystals along cleavages,
Magn, : 200, 1000 and 1000 x resp,

SEM micrograph of prismatic gypsum mi
crolites with well developed {100} and
(010) form,

Magn, : 1900, 4750 and 9500 x resp,
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Plate V. a, b, c: SEM micrograph of a rosette-like aggre
gate of prismatic gypsum crystals elon-
gated according to [001), Note the stria
tions on the prism faces, v
Magn, : 1300, 2600 and 6500 x resp,

d,e, f: SEM micrograph of pseudohexagonal he
xahydrite crystals on a ped surface,

Magn, : 600, 2400 and 12, 000 x resp,

SUMMARY

SEM micrographs of some authigenic sulphate mine
rals in salt affected soils are presentd. They include
thenardite, anhydrite, barite, celestite, gypsum and he-
xahydrite. A brief discussion is included on two other,
more frequently occuring sulfate minerals - bloedite and
jarosite - and published work on these minerals is refe -
rred to.

Changes in soil environment may result in conditions
un favourable to the presence of some of these minerals.
They begin to show dissolution features and examples of
these are given. The dissolution may or may not follow
crystal symmetry pattern.

Finally the same salt may exhibit several crystal
habits and some of these are illustrated, The reasons
for different habit are complex and not dwelled upon.

1111



S.E.M, OF SULFATE MINERALS

REFERENCES

BARZANJI, A F, & STOOPS, G 1974, Fabric and minera
logy of gypsum accumulations in some soils of Iraq,
Proc, 10th inter, Congr,6 Soil Sci,, Moscow, VII,
271-277,

CHEVERRY, C., FROMAGET,M, & BOCQUIER, G, 1972,
Quelgues aspects micromorphologiques de |a péd_o
génese des sols de polders conquis sur le lac Tchad,
Cah. ORSTOM, sér. Pédol., X, 4, 373-388.

DRIESSEN, P_M_ 1970, Soil salinity and alkalinity in
the Great Konya Basin, Turkey, Centre for Agricul
tural Publish, and Document,, Wageningen, 99 p,

DRIESSEN, P M, & SCHOORL ,R, 1973, Mineralogy and
morphology of salt efflorescences on saline soils in
the Great Konya Basin, Turkey, J, Sail Sci, 24,
436442

ESWARAN,H, & BARZANJI, A F_ 1974 Evidence for
the neoformation of attapulgite in some soils of Iraq,
Proc, 10th inter, Congr,6 Soil Sci,, Moscow, VII,
154-161,

ESWARAN, H & JOSEP, K, T. 1974, Pyrite and its oxida
tion products in a acid sulphate soil, MARDI Res,
Bull,, 2, 50-57_

LABIB,F, 1970 Contribution to the mineralogical charac
terization of the most important soil parent material
in the United Arab Republic, Ph, D, thesis, Fac,
Agr., Ain Shams Univ_, Cairo, 276 p,

LYNN, W C, , TUu;H Y, & FRANZMEIER,D P, 1971 Au
thigenic Barite in Soils, Proc, Soil, Sci, Soc, Am_,
35, 160-161,

1112



G. STOOPS, H., ESWARAN & A, ABTAHI

MIEDEMA, R, JONGERIUS, A G, & SLAGER, R, 1973,
Micromorphological observations on pyrite and its
oxidation products in four holocerie alluvial soils in
the Netherlands, Soil Microscopy, Ed, G, Ruther-
ford, 772-794,

MOIOLA, R, J, & GLOVER,E, D, (1965). Recent anhydri-
te from Clayton Playa, Nevada, Am, Min_, 50, 2063
-2069,

MOORMANN, F. & ESWARAN, H, 1977, A study of a poly
genetic soil, - the Bende Series, Nigeria, Inprepa
ration,

SCS 1975, Soil Taxonomy, USDA, Soil Conservat, Ser-
vice, Agric, Handbook, no, 436, 754 p,

STOOPS, G, 1973, Optical and electron microscopy, &
comparison of their principles and their use in mi—

cropedology, Soil Microscopy, Ed, G, Rutherford,
101-118,

STOOPS, G, & ZAVALETTA, A, Micromorphological evi
dence of barite neoformation in soils, In preparation,

VAN DAM, D, & PONS, L, J, 1972, Micropedological ob-
servations on pyrite and its pedological reaction
products, Acid sulphate soils, Wageningen, 169-196,

1113



