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RESUMEN 

La presencia de sepiolita en los sedimentos neógenos (Aragoniense medio y superior) 
aparece ligada a paleoambientes de orla distal en abanicos aluviales. Dentro de ellos la 
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formación de sepiolita tuvo lugar en charcas de carácter más o menos perenne próximas al borde de un lago salino, así como a cuerpos de agua desarrollados en la orla  en momentos de retrogradación o estabilización relativa de los abanicos. Un último ambiente de formación de sepiolita son los perfiles de calcreta  que aparecen ampliamente desarro llados en estas zonas distales del sistema aluvial.
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Introduction 

Sepiolite is known to be originated 
in several different sedimentary envi
ronments: marine, hydrothermal, lacus
trine and soil profiles (see Singer & 
Galan, 1984, for a review). Sepiolite 
occurrences in the continental realm 
are usually restricted to saline lakes 
(shallow, pluvial, playa-lakes) and 
arid-zone soils. According Millot 
(1970) sepiolite would constitute an 
end-member product of the geoche
mical sequence in clay deposits of 
confined ( closed) basins. Sepiolite de
posits in the Madrid Basin (central 
Spain) were interpreted during the 
last decade on the basis of the 
Millot's model. However, recent ad
vances on lithostratigraphy and sedi
mentology of the Neogene in this 
basin have demostrated that economic 
sepiolite deposits are located in rather 
marginal palegeographic positions and 
they are related with alluvial fan 
systems in the northern and north
western areas of the basin (Megias et 
al., 1982; Leguey et al., 1984; Galan 
& Castillo, 1984). 

Recently, a detailed study on neo
gene sediments cropping out in the 
Paracuellos de Jarama area, near 
Madrid (fig. 1), has been carried out 
by Alonso et al., 1986). They showed 
that the architecture of the Neogene 
record in this area is mainly contro
lled by the transition between arkosic 
alluvium systems coming from the 
North and paludal environments furt
herly developed towards the centre of 
the basin. They also attained to des
cribe that sepiolite occurrences are 
intimately related to the most distal 
areas of the fan fringes. 

In this paper we analize the sepio
lite deposits in Paracuellos de Jarama. 
Emphasis is done on sedimentary 
facies associated to the sepiolite, alt
hough mineralogical and petrographic 
characteristics of the clay deposits 
themselves are brietly described too. 
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Fig. 1.-Geographic and geologic setting. 

Techniques 

Bulk of the analyzed material was 
collected in a previous work (Alonso 
et al., 1986, o.e.). Further samples 
were later taken in selected sepiolite 
occurrences. Powdered whole-rock 
samples were X-rayed using Ka 
radiation and a PW-1410 Philips 
difractometer. Oriented clay aggrega
tes, <64µ and <2µ fractions from 
these samples were subsequently X
rayed under the same conditions. The 
same operation was realized on hea
ted (350-550° C) and ethylen-glycol 
treated clay aggregates of those frac
tions. Furtherly, samples were studied 
by Differential Thermal Analysis. 

Sepiolite occurrences 
and facies interpretation 

Sepiolite has been recognized in 
three different lithostratigraphic posi
tions in the Paracuellos de Jarama 

section, all of them within the Lower 
Unit defined by Alonso et al., (1986). 
Moreover, a small outcrop of sepio
lite has been detected within the 
Upper Unit of these authors but 
sepiolite in that unit is not actually 
significant. The above mentioned se
piolite occurrences are: 1) massive, 
well segregated sepiolite deposits asso
ciated to green clays, chert and car
bonates in the transition zone bet
ween the most distal parts of the 
arkosic alluviums and the paludal, 
green clay dominated, environment; 
2) sepiolite beds alternating with car
bonates in a more or less laterally 
continuous leve! at the top of the 
Lower Unit. This level clearly marks 
a pronounced «retraction» episode in 
the alluvial fan system; 3) finally, 
sepiolite is found in calcrete profiles 
that characterize distal facies of the 
arkosic alluvial fans, which are cons
tituted by a pile up of fine arkoses
brownish clay-carbonate sequences. 

Figure 2 shows X-ray diffraction 
traces from sorne sellected sepiolite 
occurrences corresponding to the 
mentioned lithostratigraphic positions. 
Symbols Be, Fp y Cg respectively 
correspond to (1), (2), and (3) situa
tions. Figure 3 shows D.T.A. traces 
from similar material. Massive sepio
lite in the transition zone typically 
occurs as nearly pure sepiolite beds 
overlying green clays consisting of 
trioctahedral smectites. Sepiolite in 
this position is commonly capped by 
carbonates, sometimes affected by sili
cification processes. A similar minera
logy is displayed by sepiolite occu
rring at the top of the Lower Unit, 
although herein sepiolite and carbo
nate beds are intercalated between 
lutites in which dioctahedral smectites 
are predominant. Sepiolite in calcretes 
may be detected through up the cal
crete profiles, which tipycally show a 
progressive increase in the chain 
phyllosilicate content from bottom to 
top. Sepiolite occurs in variable 



FP-0 

Be-2 

Be-5 

CG-B 

CG-C 

Fig. 2.-XDR traces frorn sorne sarnples. 

amounts together with dioctahedral 
smectites, illites and carbonate mine
rals. Sepiolite recognition is easier in 
dense carbonate levels of the calcrete 
where it occurs on surface peds and 
filling chanels. 
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Fig. 3.-DT A traces frorn sorne sarnples. 

Carbonate which with sepiolite is . 
associated in calcrete profiles and 
other occurrences is mainly calcite 
(LMC). Albeit, dolomite has been 
found as a significant component 
within sorne calcretes, particularly 
those developed nearest the paludal 
deposits. By the other hand, chert 
occurrence in Paracuellos is mainly 
opal (intimately mixed with sepiolite 
and replacing carbonates), quartz oc
curs only as a minor cementing 
phase. 

The sedimentological model drawn 
in Figure 4 shows the interpreted 
paleogeographic location of sepiolite 
deposits in the Paracuellos de Jarama 
area during the Neogene (middle to 
upper Aragonian). This is in agree
ment with, and complements, the 
most general scheme presented by 
Galan & Castillo (1984, p. 113). 

Massive accumulation of sepiolite 
took place in shallow, fairly peren
nial, ponds on low relief zones of the 
fan fringe (sequence A) that were 
intermitently flooded by fresh surficial 
flows as well as by long-standing dis
charge of ground water flows through 
the arkosic alluvium (Doval et al., 
1986). These ponds, placed in the 
vicinity of the slightly alkaline lake 
waters (paludal facies), might be 
affected by more saline, Mg richer 
solutions, probably through pumping 
evaporation mechanisms, as suggested 
by Megias et al., (1982). So, forma-

tion of sepiolite in these ponds is 
thought to be produced by direct 
precipitation of the chain clay through 
addition of magnesium to colloidal 
silica (Jones, 1985). In addition to 
this postulate, sepiolite precipitation 
took place in relatively more dilute 
waters than needed to form other 
silicates (Khoury et al., 1982; Jones, 
o.e.). A similar process is invoked to 
explain sepiolite occurences at the top 
of the Lower Unit (sequence B). 
Herein sepiolite was formed in ponds, 
too. Intensive precipitation of low-Mg 
calcite caused the selective removal of 
calcium, thus favoring an additional 
way for magnesium enrichment in the 
pond waters. The occurrence of 
sepiolite in calcrete profiles (sequence 
C) has been mainly detected where 
calcretes spread out on flats of the 
alluvial fringe, thus suggesting sorne 
correlation between chain clay forma
tion and maturity of the calcrete pro
file (Watts, 1980). Common occur
rence of palygorskite in calcretes 
(Singer, 1984) has not been clearly 
recognized in the Paracuellos area. 
Sepiolite was formed as an authigenic 
mineral in the calcretes through pre
cipitation from vadose solutions. Dif
ferences in the mineralogy of the aut
higenic phases · (relative amounts of 
sepiolite, mixed layer clays or, even, 
analcime) can be observed from dis
tintc calcrete profiles in Paracuellos. 
It could be due to slight variations in 
terrigenous influx (flooding) and eva-

Fig. 4.-Sketch of depositional environrnents in the Paracuellos de Jararna area. See 
text for explanation of sequences. 
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poration rates favoring changes in Ph 
conditions. 

Conclusions 

Sepiolite occurrences in Paracuellos 
de Jarama are restricted to the most 
distal areas of an arkosic alluvial fan 
system. Sedimentary subenvironments, 
i. e. ponds with more or less hydro
logic influence of the neighbouring 
slightly alkaline lake waters, where 
sepiolite was precipitated evolved ac
cording on progressive progradation 
or retrogradation stages of the allu
viums. Sepiolite of pedogenic origin is 
also found in widely developed cal
crete profiles that characterize the dis
tal areas of the fans. 

A close relationship between se
piolite ocurrences and sedimentary 
facies indicative of fresh-water floo
ding may be concluded from the 
analysis of the Paracuellos section. 
So, sepiolite formation seems to take 
place in relatively dilute waters. 

Massive sepiolite deposits at the 
lower side of Paracuellos area can be 
compared with those economically 
extracted in Madrid. The model pro
posed in this paper is envisaged as a 
reallistic model for the genesis of the 
sepiolite in this latter location. 
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Comentarios 

Federico OrtL-En relación con el 
carácter de lago hipersalino, que parece 
estar en conexión con la génesis de estas 
sepiolitas, ¿habéis encontrado algunos otros 
minerales, como quizá carbonatos de Na o 
K, que completen estas supuestas paragé
nesis alcalinas? 

José Pedro Calvo.-Es posible que la 
utilización directa del término «alcalino» 
en lo que se refiere al ámbito lacustre 
adyacente a los depósitos de sepiolita, 
conduce a una interpretación equívoca de 
lo que queremos expresar en cuanto a las 
características hidroquímicas de dicho 
ámbito. Al utilizar aquel término nos 
referimos exclusivamente al pH modera
damente alcalino de las aguas en el sis
tema lacustre. De acuerdo con esto no 
habría presencia de fases minerales neta
mente alcalinas como las señaladas en la 
pregunta. Recogemos en cualquier caso la 
observación para introducir en el texto de 
la comunicación las modificaciones ade
cuadas. 




