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Figure 7. Images of ‘petrosepiolitic’ thin sections. Way-up is top of page. (@) KNERS/4, PPL. Granular microstructure; hematite (H)-
micrite (M) compound coating on detrital grain and limpid sepiolite nodules (Mees 2010), black arrows. Scale 0.2 mm; (b) Same view
as (a), XPL. Prolate calcite crystals project into voids; (c) SEM: calcium-rich granules (white) in fibrous sepiolite matrix (grey). Scale 100
pum, KNERS/2; (d) Magnification of (c). Scale 10 pym; (e) Sample KNERS/2. SEM-EDAX image showing calcium distribution, scale 200
pm; (f) Sample KNERS/2. SEM-EDAX image showing magnesium distribution, scale 200 pm; (g) Sample KNERS/2. SEM-EDAX image
showing silica distribution, scale 200 pm.

a b

Figure 8. Images of sepiolite matrix in ‘petrosepiolitic’ thin sections sample KNERS/4. Micrite zone effervesced with 10% HCI. Sp:
sepiolite. White arrowed area equivalent to lamellar area ‘L’ in Figure 9. Way-up is top of page. (a) Scale 0.1 mm, PPL; (b) Same view
as (a), XPL.
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Figure 9. SEM-EDX images of matrix composition of ‘petrosepiolitic’ sample KNERS/2. (a)’L’: lamellae. Fiber zones arrowed.
Composition shown in Figures b-e. Scale 20 pm; (b) Ca distribution; (c) Al distribution; (d) Mg distribution; (e) Si distribution.
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Figure 10. SEM image of sepiolite-filled void and amorphous
Al-Si rich coating in ‘petrosepiolitic’ sample KNERS/4. EDAX
analyses semi-quantitative, beam diameter 1 pm. Scale 1 pm.
Au-coated.

Pedofeatures similar but lighter in colour to
the laminar Si-Al-Mg -rich areas in Figures 7,
9 have been described from Sardinia, ltaly, in
>2.7 Ma buried paleosols (Usai and Dalrymple
2003), comprising different phases of silica and
~ 25% Al,0,, 5% MgO, 2 to 4.6% Fe,0O, and
2% CaO0, attributed to chemisorbed impurities
or to analytical imprecision. Singh et al. (1992)
noted cementation in Australian silcretes com-
posed of very fine-grained kaolinite (<5 pm) and
amorphous silica almost homogeneously mixed
at a sub-micron scale, leading to gel-like optical

properties and almost uniform Al-silicate com-
position. The gel-like texture in the ‘petrosepi-
olitic’ sample KNERS/4 is evident in Figure 10,
where it surrounds a void containing well crys-
talised sepiolite needles.

Several examples of etched quartz grains are
present in close proximity to sepiolite in both the
‘petrosepiolitic’ profiles SK11/1 and KNERS/4
(Figure 11), suggesting the localised dissolution
and redistribution of silica within the profile. Sil-
ica is visible closely associated with sepiolite in
Figures 3g, h. The association of sepiolite with
silica has been noted before, with the source of
silica often proposed to be the dissolution of
existing silicates (Reheis et al. 1992; Vaniman
et al. 1994; Brock and Buck 2005). Blank and
Fosberg (1991) observed sepiolite crystals ra-
diating outward from laminae of opaline silica
in duripans in Idaho, and suggested that some
sepiolite formed via the addition of Mg to opal.
Hay and Wiggins (1980) observed opal replacing
sepiolite (and calcite) in calcrete of the south-
western United States. Bustillo and Alonso-
Zarza (2007) noted the pseudomorphic replace-
ment of sepiolite by opal in deposits in the Ma-
drid Basin, Spain, which preserved the fibrous
microstructure and striated birefringence of the
sepiolite. Bustillo and Bustillo (2000) suggested
that silicification could occur as a function of the
sepiolite precipitation as initial precipitation of
sepiolite depleted the solution in Mg.

Figure 11. SEM images of pitted quartz grains and fibrous sepiolite in surrounding matrix. Samples Au-coated. (a) Sample SK11/1.
Scale 2 pm; (b) Sample KNERS/4. EDAX analyses semi-quantitative, beam diameter 1 pm. Scale 2 pm.
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The open porphyric c/f related-distribution
across much of the ‘petrosepiolitic’ horizons
suggested that the sepiolite matrix is more simi-
lar to that of ionically bonded calcite and gyp-
sum, which cement by the growth and interlock-
ing of authigenic crystals, than it is to covalently
bonded silica, iron or aluminium cements which
produced close porphyric related-distribution
patterns (Chadwick and Nettleton 1990), as
were seen in the petroduric horizons in Figure 6.

Genesis

Although the ‘petrosepiolitic’ materials investi-
gated were enriched with sepiolite in large quan-
tities, they generally contained accessory car-
bonate and/or amorphous silica and occurred
in an environment where petrocalcic (often with
sepiolite as an accessory mineral) and petroduric
horizons have been widely found (Francis et al.
2007). Consequently, the genesis of ‘petrosepi-
olitic’ horizons is likely to be similar to that of
petrocalcic and petroduric horizons, except for
chemical differences in the matrix solutions from
which secondary minerals were precipitated.

Sepiolite and palygorskite occur in arid soils, par-
ticularly associated with calcretes (Vanden Heu-
vel 1964; Hay and Wiggins 1980; Watts 1980;
Verrecchia and Le Coustumer 1996; Hirmas and
Allen 2007). Large accumulations of sepiolite
are more common in arid-region alkaline lake
sediments such as in the Tertiary Madrid Basin
(Armenteros et al. 1995), the Amboseli Basin
(Kenya/Tanzania) near Kilimanjaro (Stoessell and
Hay 1978) and Tunisian sequences (Jamoussi et
al. 2003; Zaaboub et al. 2005). Authigenic Na-
sepiolite (loughlinite) has been found in pans in
the Northern Cape (Roelofse and Roelofse 2011).
Stahr et al. (2000) suggested an intermittent pla-
ya lake environment for palycrete formation in
southern Portugal. Rodas et al. (1994) attributed
palycrete in central Spain to the chemical evolu-
tion of alkaline phreatic waters moving through a
semi-arid alluvial fan sediments.

Singer and Norrish (1974), considering oc-
currences of palygorskite in Australian soils,
suggested that a soil solution having a similar
composition to that of lakes from arid regions
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where palygorskite typically occurs, would itself
constitute a suitable medium for palygorskite
formation. Bouza et al. (2007) concluded that
the association of calcite, fluorite, sepiolite, and
possibly opal-CT in Argentinian Aridisols indi-
cated a successive precipitation of these miner-
als under alkaline conditions during evaporation.
The soil mantle in Namaqualand is analogous to
an evaporative basin in that it loses more water
by evaporation than it does by hydraulic flow,
evident in the accumulation of evaporite min-
erals at the surface. Lateral subsurface water
movement is suggested by the presence of elu-
vial and bleached horizons (Francis et al. 2007,
p.596-597) as in profile SK11 in Table 1. Buol et
al. (1997) suggested eluvial horizons in arid re-
gion soils may reflect the rainfall of the extreme,
rather than the average, years-consistent with
the extreme rainfall every decade causing the
regions’s ephemeral rivers to flow.

Using increasing Cl- activity as a proxy for
evaporation on the Namaqualand coastal plain,
Francis (2008, p. 123) attributed the large quan-
tities of sepiolite to increasing Mg?+ activity rela-
tive to Ca?* and a decrease in HCQO,, due to the
Mg-dominated marine-influenced initial solu-
tions according to the Hardie Eugster model
(Eugster and Jones 1979). It is consistent with
Wang et al.’s (1993) model of calcrete and as-
sociated sepiolite genesis.

The effect of pH on mineral solubility would also
help explain the relationships between (petro)
calcic, ‘(petro)sepiolitic’ and (petro)duric soils
and their intergrades. It has been shown to be
important for the genesis of calcrete-silcrete
intergrades in the Kalahari (Nash and Shaw
1998; Kampunzu et al. 2007). Francis (2008, p.
134-138) found that even the lowest Mg?* and
H,SiO, activity encountered on the Namaqua-
land coastal plain was sufficient for sepiolite
saturation, but only given an appropriate en-
vironmental pH. Since the sepiolite-containing
horizons were commonly also calcareous, the
pH of these soils is low enough to promote the
precipitation of silica in solutions entering these
horizons. The buffering effect of sepiolite at pH
8.6 (Martinez-Ramirez et al. 1996) could have
augmented that of carbonates in promoting sil-
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ica precipitation. In addition, water retention by
sepiolite due to its high water-holding capacity
could also have played a role in arresting silica
migration.

F. Netterberg (pers. comm., 2003) suggested
that some ‘petrosepiolitic’ material may have
originated as decalcified calcrete. Evidence in
support of this hypothesis are the presence of
calcic pendants and cappings from the Kners
profile indicating mobilisation of calcite; and in
profile SK11 the calcic horizons occurred be-
low the sepiolite-rich horizons (Table 1), which
suggested preferential leaching of calcite to the
lower part of the profile.

Classification

The presence of the laminar Si-Al -rich areas
on the ‘petrosepiolitic’ horizons sections sug-
gested at the least localised duric properties.
However, the ‘petrosepiolitic’ horizons did not
meet the slaking requirements for petrodu-
ric horizons in the WRB, USDA and the South
African classification systems. Also, they con-
tained more MgO than typical petroduric dor-

bank (Table 2), and too little SiO, to be classified
a ‘silcrete’ after Summerfield (1983b) and Nash
and Shaw (1998), which required more than
85% SiO,. Additionally, the sepiocrete horizons
did not contain the crystalline forms of silica
associated with ‘silcrete’ (Summerfield 1983a;
Gutiérrez-Castorena and Effland 2010). Rodas
et al. (1994) defined palycrete as generally hav-
ing more than 65% palygorskite. XRD analysis
of palycrete bulk samples showed a palygor-
skite peak (Stahr et al. 2000), similar to the XRD
analysis of bulk sepiocrete.

We therefore propose the following criteria for
defining the sepiolite-bearing materials: ‘Sepi-
olitic’ horizons contain sepiolite in amounts
great enough for it to be detected by XRD in the
bulk soil. If the horizon is in addition cemented
to such a degree that (a) it has an extremely
hard consistence when dry, so that it cannot
be penetrated by spade or auger; and (b) roots
cannot enter except along vertical fractures
have an average horizontal spacing of 10 cm or
more and which occupy less than 20 percent
(by volume) of the layer; and (c) less than 50%
by volume will slake in acid (so cannot be clas-

Table 2: Selection of XRF analyses of petroduric and ‘petrosepiolitic’ horizons from the
Namaqualand area

Petroduric (Dorbank) ‘Petrosepiolitic' Sepiolite
<2pm™ <2pm™ <2pm ™ BULK ™ BULK ™ 'Ideal' "
ALO; 122 10.6 3.74 6.87 2.22 -
Ca0 4.67 2.85 2.55 13.1 133 -
Fe,0; 531 5.49 227 1.92 1.00 -
K,O 220 2.32 2.02 2.32 0.71 -
MgO 4.73 445 21.9 9.8 140 24.89
MnO 0.07 0.05 -
Na,O 2.52 1.17 0.59 1.63 138 -
P,0; 0.15 0.11 0.07 0.11 0.19 -
Si0, 56.6 64.6 56.9 54.1 57.0  55.65
TiO, 0.46 0.59 0.16 0.42 0.24 -
H,0 2.02 2.40 .
LOI 11.8 8.61 10.7 4.06 437 19.46
Total 100.8  100.8 101.0 96.4 96.8 -
molar Mg/Si 0.12 0.10 0.57 0.27 037 0.67
*a KNERS/S, milled, Mg-saturated. * KV196T/2, crushed, Mg-saturated (Francis 2008).
"° SK11/E, crushed, K-saturated. " SK11/1.  “KNERS/4. " Stoessel (1988)
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sified as petrocalcic), nor in alkali and only par-
tially on alternating (and so cannot be classified
as petroduric); then the term ‘petrosepiolitic’
would be appropriate. The terms could eas-
ily be extended to accommodate palygorskite-
containing soils.

The addition of an orderly term for soils where
these minerals are abundant would be useful to
soil users in these regions, for example Philander
and Rozendaal (2011) described the difficulties
of extracting heavy minerals from ‘sepiocrete’
further south along the Namaqualand coastal
plain, and Neaman and Singer (2004) outlined
the effects of palygorskite, including ‘palycrete’
on soil properties. Ouhadi and Yong (2003) out-
lined the need to classify marly soils based on
their sepiolite/palygorskite content due to the
effect of large quantities of these on the geoen-
vironmental and geotechnical character of soils.

4. Conclusions

The genesis of these sepiolite-cemented ho-
rizons have enough in common with other
evaporite hardpans (petroduric, petrocalcic and
petrogypsic) to be considered as one further,
mineralogically specific manifestation of pedo-
genic cements. They are, however, chemically,
mineralogically and morphologically distinct
from the petrocalcic and petroduric horizons
with which they are commonly associated.
While the ‘-crete’ terminology provides a useful
expression of the cemented nature of the hori-
zon, to fit existing soil classification schemes,
the terms ‘sepiolitic’ and ‘petrosepiolitic’ are
proposed. The term ‘sepiolitic’ would be par-
ticularly useful in the adjectival form, where i)
it could be used for intergrade horizons where
the horizon is silica- and/or calcite-cemented
but has a significant sepiolite content, and ii) it
would be possible to more easily describe those
horizons where the sepiolite content was suf-
ficient to have an effect on soil properties but
where the horizon fulfills higher ranking diag-
nostic criteria.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

5. Acknowledgements

Valuable comments were provided by J.J.N.
Lambrechts and two anonymous referees.
Technical assistance was received from M. An-
tanez Pujol (University of Lleida, Spain), D. Wil-
son (University of Cape Town), B. White and V.J.
Bandu (University of KwaZulu-Natal), R. Bucher
(iThemba Labs), W. de Clercq, M. Gordon, R.
O’Brien, E. Spicer, N. Steenkamp, N. van der
Merwe and T. Vilakhazi (University of Stellen-
bosch). Financial and logistical support from De
Beers Namaqualand Mines Limited is gratefully
acknowledged. Financial support was also pro-
vided by grant number 2047381 from the Na-
tional Research Foundation.

YEAR 2012 e VOLUME2 e ISSUE1




[FRANCIS, M.L., FEY, M.V, ELLIS, F. & POCH, R.M. ]

REFERENCES

* Armenteros |, Bustillo MAA, Blanco JA. 1995. Pedo-
genic and groundwater processes in a closed Miocene
basin (northern Spain). Sediment Geol. 99:17-36.

¢ Blank RR, Fosberg MA. 1991. Duripans of the
Owyhee Plateau Region of Idaho: genesis of opal and
sepiolite. Soil Sci. 152:116-133.

* Bouza PJ, Simén M, Aguilar J, del Valle H, Rostagno
M. 2007. Fibrous-clay mineral formation and soil evo-
lution in Aridisols of northeastern Patagonia, Argentina.
Geoderma 139:38-50.

* Brock AL, Buck BJ. 2005. A new formation process
for calcic pendants from Pahranagat Valley, Nevada,
USA, and implication for dating Quaternary landforms.
Quaternary Res. 63:359-367.

° Buol SW, Hole FD, McCracken RJ, Southard RJ.
1997. Soil Genesis and Classification. 4" ed. USA:
lowa State University Press.

¢ Bustillo MA, Alonso-Zarza AM. 2007. Overlapping of
pedogenesis and meteoric diagenesis in distal alluvial
and shallow lacustrine deposits in the Madrid Miocene
Basin, Spain. Sediment Geol. 198:255-271.

¢ Bustillo MA, Bustillo M. 2000. Miocene silcretes in
argillaceous playa deposits, Madrid Basin, Spain: pe-
trological and geochemical features. Sedimentology
47:1023-1037.

e Chadwick OA, Nettleton WD. 1990. Micromorpholo-
gical evidence of adhesive and cohesive forces in soil
cementation. In: Douglas LA, editor. Soil micromor-
phology: a basic and applied science. Dev Soil Sci.
19:207-212.

® Chartres CJ. 1985. A Preliminary investigation of har-
dpan horizons in north-west New South Wales. Aus J
Soil Res. 23:325-337.

e Dékany |, Turi L, Fonseca A, Nagy JB. 1999. The
structure of acid treated sepiolites: small-angle X-ray
scattering and multi MAS-NMR investigations. Appl
Clay Sci. 14:141-160.

* Desmet, PG. 2007. Namaqualand - A brief overview
of the physical and floristic environment. J Arid Envi-
ron. 70:570-587.

e Ellis F. 1988. Die Gronde van die Karoo. Ph.D. Thesis.
University of Stellenbosch.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

e Ellis F. 2002. Contribution of termites to the forma-
tion of hardpans in soils of arid and semi-arid regions
of South Africa. In: Proceedings of the 17" World
Congress of Soil Science; 2002 August; Bangkok,
Thailand. ABSTRACT GeoBase-ref.

e Eugster HP, Jones BF. 1979. Behaviour of major
solutes during closed-basin brine evolution. Am J Sci.
279:609-631.

e Flach KW, Nettleton WD, Gile LH, Cady JG. 1969. Pe-
docementation: induration by silica, carbonates, and
sesquioxides in the Quaternary. Soil Sci. 107:442-453.

e Francis ML. 2008. Soil Formation on the Nama-
qualand coastal Plain. Ph.D. thesis, University of
Stellenbosch. Available from: http://scholar.sun.ac.za/
handle/10019.1/1182

e Francis ML, Fey MV, Prinsloo HP, Ellis F, Mills AJ,
Medinski, TV. 2007. Soils of Namaqualand: compensa-
tions for aridity. J Arid Environ. 70:588-603.

e Gonzélez L, Ibarra LM, Rodriguez A, Moya JS, and
Valle, FJ. 1984. Fibrous silica gel obtained from sepio-
lite by HCI attack. Clay Miner.19:93-98.

e Gutiérrez-Castorena MC, Effland WR. 2010. Pedo-
genic and biogenic siliceous features. In: Stoops G,
Marcelino V, Mees F, editors. Interpretation of Micro-
morphological Features of Soils and Regoliths. Ams-
terdam: Elsevier. p. 479-504.

e Hay RL, Wiggins B. 1980. Pellets, ooids, sepiolite
and silica in three calcretes of the southwestern United
States. Sedimentology. 27:559-576.

e Hirmas DR, Allen BL. 2007. Degradation of Pedo-
genic Calcretes in West Texas. Soil Sci Soc Am J.
71:1878-1888.

e [lUSS Working Group WRB. 2006. World Reference
Base for Soil Resources. World Soil Resources Reports
No. 103. Rome: FAO.

e Jamoussi F, Ben Aboud A, Lépez-Galindo A. 2003.
Palygorskite genesis through silicate transformation
in Tunisian continental Eocene deposits. Clay Miner.
38:187-199.

* Kampunzu AB, Ringrose S, Huntsman-Mapila P, Har-
ris C, Vink BW, Matheson W. 2007. Origins and palaeo-
environments of Kalahari duricrusts in the Moshaweng
dry valleys (Botswana) as detected by major and trace
element composition. J Afri Earth Sci. 48:199-221.

e Kavas T, Sabah E, Celik MS. 2004. Structural proper-
ties of sepiolite-reinforced cement composite. Cement
Concrete Res. 34:2135-2139.

YEAR 2012 e VOLUME2 e ISSUE1




[ PETRODURIC AND ‘PETROSEPIOLITIC’ HORIZONS IN SOILS OF NAMAQUALAND, SOUTH AFRICA ]

e Litchfield WH, Mabbutt JA. 1962. Hardpan in soils
of semi-arid Western Australia. J Soil Sci. 13:148-159.

* Martinez-Ramirez S, Puertas F, Blanco Varela MT.
1996. Stability of sepiolite in neutral and alkaline media
at room temperature. Clay Miner. 31:225-232.

e Mas R, Rodas M, Luque FJ, Fernandez-Garcia P,
Garzon MG. 1988. Los niveles de encostramiento de
la base del ciclo arcésico en el sector suroriental de la
cuenca del Duero. Il Congreso Geoldgico de Espafa.
1:127-130.

* Mees F. 2010. Authigenic Silicate Minerals-Sepiolite-
Palygorskite, Zeolites and Sodium Silicates. In: Stoops
G, Marcelino V, Mees F, editors. Interpretation of Micro-
morphological Features of Soils and Regoliths. Ams-
terdam: Elsevier. p. 497-520.

* Mehra OP, Jackson ML. 1960. Iron oxide removal
from soils and clays by a dithionite-citrate system buf-
fered with sodium bicarbonate. Clay Clay Miner. 7:317-
327.

* Meyer R, Pena dos Reis RB. 1985. Paleosols and
alanite silcretes in continental Cenozoic of western
Portugal. J Sediment Petrol. 55:76-85.

e Mifsud A, Huertas F, Barahona E, Linares J, Fornés
V. 1979. Test de couleur pour la sepiolite. Clay Miner.
14:247-248.

* Mosaddeghi MR, Hajabbasi MA, Khademi, H. 2006.
Tensile strength of sand, palygorskite and calcium car-
bonate mixtures and interpretation with the effective
stress theory. Geoderma 134:160-170.

* Nash DJ, Shaw, PA. 1998. Silica and carbonate rela-
tionships in silcrete-calcrete intergrade duricrusts from
the Kalahari of Botswana and Namibia. J Afr Earth Sci.
27:11-25.

* Neaman A, Singer A. 2004. The effects of palygors-
kite on chemical and physico-chemical properties of
soils: a review. Geoderma 123:297-303.

e Netterberg F. 1969. The Geology and Engineering
Properties of South African Calcretes. Ph.D. Thesis.
University of the Witwatersrand.

e Ouhadi VR, Yong RN. 2003. The role of clay fractions
of marly soils on their post stabilization failure. Eng
Geol. 70:365-375.

* Pether J, Roberts DL, Ward JD. 2000. Deposits of the
West Coast. In: Partridge TC, Maud RR, editors. The
Cenozoic of Southern Africa. New York: Oxford Univer-
sity Press. p. 33-54.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

¢ Philander C, Rozendaal A. 2011. The contributions of
geometallurgy to the recovery of lithified heavy mineral
resources at the Namakwa Sands mine, West Coast of
South Africa. Miner Eng. 24:1357-1364.

e Picker MD, Hoffman MT, Leverton B. 2007. Density
of Microhodotermes viator (Hodotermitidae) mounds
in southern Africa in relation to rainfall and vegetative
productivity gradients. J Zool. 271:37-44.

* Reheis MC, Sowers JM, Taylor EM, McFadden LD,
Harden JW. 1992. Morphology and genesis of car-
bonate soils on the Kyle Canyon fan, Nevada, U.S.A.
Geoderma 52:303-342.

* Rodas M, Luque FJ, Mas R, Garzon MG. 1994. Cal-
cretes, palycretes and silcrete in the paleogene detrital
sediments of the Duero and Tajo Basins, Central Spain.
Clay Miner. 29:273-285.

* Roelofse T, Roelofse F. 2011. On the occurrence of
loughlinite (Na-sepiolite) in pans of the Northern Cape
Province, South Africa. S Afr J Geol. 114:201-206.

e Sariiz K, Isik I. 1995. Meerschaum from Eski_ehir Pro-
vince, Turkey. Gems Gemol. 31:42-51.

e Singer A, Norrish K. 1974. Pedogenic palygorskite
occurrences in Australia. Am Mineral. 59:508-517.

e Singer A, Kirsten W, Bihmann C. 1995. Fibrous clay
minerals in the soils of Namaqualand, South Africa:
characteristics and formation. Geoderma 66:43-70.

e Singh B, Gilkes RJ, Butt CR. 1992. An electron opti-
cal investigation of aluminosilicate cement in silcretes.
Clay Clay Miner. 40:707-721.

* Smith DK. 1998. Opal, cristobalite, and tridymite:
Noncrystallinity versus crystallinity, nomenclature of
the silica minerals and bibliography. Powder Diffr. 13:2-
19.

* Soil Classification Working Group. 1991. Soil Clas-
sification: A Taxonomic System for South Africa. 2™
ed. Memoirs on the Agricultural Natural Resources of
South Africa 15. South Africa: Department of Agricul-
tural Development.

e Stahr K, Kiihn J, Trommler J, PapenfuB K-H, Zarei M,
Singer A. 2000. Palygorskite-cemented crusts (paly-
cretes) in Southern Portugal. Aust J Soil Res. 38:169-
188.

 Stoessell RK. 1988. 250 C and 1 atm dissolution ex-
periments of sepiolite and kerolite. Geochim Cosmo-
chim Ac. 52:365-374.

YEAR 2012 e VOLUME2 e ISSUE1




[FRANCIS, M.L., FEY, M.V, ELLIS, F. & POCH, R.M. ]

» Stoessell RK, Hay RL. 1978. The geochemical origin
of sepiolite and kerolite at Amboseli, Kenya. Contrib
Miner Petr. 65:255-267.

e Stoops G. 2003. Guidelines for the Analysis and Des-
cription of Soil and Regolith Thin Sections. Madison
(WI, USA): Soil Science Society of America.

* Summerfield MA. 1983a. Petrography and diagenesis
of silcrete from the Kalahari Basin and Cape Coastal
Zone, southern Africa. J Sediment Petrol. 53:895-909.

* Summerfield MA. 1983b. Silcrete. In: Goudie AS, Pye
K, editor. Chemical Sediments and Geomorphology:
Precipitates and Residua in the Near-Surface Environ-
ment. London: Academic Press. p. 59-91.

* Usai MR, Dalrymple JB. 2003. Characteristics of
silica-rich pedofeatures in a buried paleosol. Catena
54:557-571.

¢ Vanden Heuvel RC. 1964. The occurrence of sepiolite
and attapulgite in the calcareous zone of a soil near
Las Cruces, New Mexico. Clay Clay Miner. 13:193-207.

e Vaniman DT, Chipera SJ, Bish DL. 1994. Pedogene-
sis of siliceous calcretes at Yucca Mountain, Nevada.
Geoderma 63:1-17.

* \lerrecchia EP, Le Coustumer MN. 1996. Occurrence
and genesis of palygorskite and associated clay mi-
nerals in a Pleistocene calcrete complex, Sde Boger,
Negev Desert, Israel. Clay Miner. 31:183-202.

e Wang Y, Nahon D, Merino E. 1993. Geochemistry
and dynamics of calcrete genesis in semi-arid regions.
Chem Geol. 107:349-351.

* Watkeys MK. 1999. Soils of the arid south-western
zone of Africa. In: Dean WRJ, Milton SJ, editors. The
Karoo: ecological patterns and processes. Cambridge:
Cambridge University Press. p. 17-26.

e Watts NL. 1980. Quaternary pedogenic calcretes
from the Kalahari (southern Africa): mineralogy, genesis
and diagenesis. Sedimentology 27:661-686.

e Zaaboub N, Abdeljaouad S, Lépez-Galindo A. 2005.
Origin of fibrous clays in Tunisian Paleogene continen-
tal deposits. J Afr Earth Sci. 43:491-504.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE e YEAR 2012 e VOLUME2 e ISSUE1




