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Figure 7. Images of ‘petrosepiolitic’ thin sections. Way-up is top of page. (a) 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 
μm, KNERS/2; (d) Magnification of (c). Scale 10 μm; (e) Sample KNERS/2. SEM-EDAX image showing calcium distribution, scale 200 
μm; (f) Sample KNERS/2. SEM-EDAX image showing magnesium distribution, scale 200 μm; (g) Sample KNERS/2. SEM-EDAX image 
showing silica distribution, scale 200 μm. 

 

Figure 8. Images of sepiolite matrix in ‘petrosepiolitic’ thin sections sample KNERS/4. Micrite zone effervesced with 10% HCl. 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 μm; (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 μm. Scale 1 μm. 
Au-coated.

Figure 11. SEM images of pitted quartz grains and fibrous sepiolite in surrounding matrix. Samples Au-coated. (a) Sample SK11/1. 
Scale 2 μm; (b) Sample KNERS/4. EDAX analyses semi-quantitative, beam diameter 1 μm. Scale 2 μm.

Pedofeatures similar but lighter in colour to 
the laminar Si-Al-Mg -rich areas in Figures 7, 
9 have been described from Sardinia, Italy, in 
>2.7 Ma buried paleosols (Usai and Dalrymple 
2003), comprising different phases of silica and 
≈ 25% Al2O3, 5% MgO, 2 to 4.6% Fe2O3 and 
2% CaO, 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 μm) 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.
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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 

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 Mg2+ activity rela-
tive to Ca2+ and a decrease in HCO3

-, 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 Mg2+ and 
H4SiO4 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 (Martínez-Ramírez 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 SiO2 to be classified 
a ‘silcrete’ after Summerfield (1983b) and Nash 
and Shaw (1998), which required more than 
85% SiO2. 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
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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.
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