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Fig. 1.—Extension de la zona de cizalla intraplaca del centro de Iberia, en trazos
continuos. El encuadrado muestra su posicién respecto a los bordes de placa.

Teniendo en cuenta la anchura de
la zona considerada, estos valores son

coherentes con una deformacién de-

relativa intensidad sin ser necesarios
grandes desplazamientos en la hori-
zontal. Por otra parte, tampoco es
necesario recurrir a un acortamiento
o extensién considerables de la cor-
teza para la formacion del relieve. -

Edad de la deformacxon
y contexto geodinamico

La situacion tecténica de los relie-
ves submarinos de Tore, la edad de
los sedimentos ‘de las cuencas interio-
res y la deformacién de los sedimen-
tos en los bordes de la cadena permi-
ten fijar el inicio de la deformacion
en el Cretdcico Superior, continuando
la actividad hasta el Mioceno Medio.
A partir de esta época los movimien-

tos deben corresponder a reajustes
isostaticos. Desde un punto de vista
morfogenético, la deformaciéon por
cizalla se produce durante la fase pre-
arcosica, hasta parte de la fase arcd-
sica del esquema propuesto por Pe-
draza (1981) para el Sistema Central.
Sin embargo, no podemos precisar si
el comienzo de la rotacién horizontal
de los bloques —es decir, la intensifi-
cacién del relieve— se realiza sin
solucién de continuidad, o bien co-
rresponde a una fase tecténmica dife-
rente correspondiente a la evolucién
postalpina de Tberia (Vegas y Banda,
1982).

En cuanto al significado geodind-
mico, es evidente que esta zona de
cizalla absorbié parte del movimiento
entre Eurasia y Africa al idependi-
zarse Iberia como unidad tectonica
intermedia. No obstante, esta zona no

evoluciond hasta formar una frontera
de placas de segundo orden (ver
encuadrado de la fig.) en el conjunto
de la evolucién geodindmica del irea
Ibero-Mogrebi (Vegas, 1985).

Conclusiones

La formacién del relieve del Sis-
tema Central puede relacionarse con
la actividad de una zona de cizalla
intracontinental comprendida en la
tecténica intraplaca de Iberia desde el
Cretacico Superior al Mioceno Medio.

En esta zona de cizalla se produce
rotacién de bloques y deformacién
interna distribuida. Este tipo de de-
formacién y su evaluacidén permiten
explicar las caracteristicas morfoes-
tructurales del Sistema Central como
cadena de bloques. Los datos de sis-
mica profunda (Surifiach y Vegas, en
preparacion) apuntan hacia la con-
firmaci6én de este modelo.
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RESUMEN

Instituto de Geologia Econémica del C.S.I.C. Facultad de C. Geoldgicas. Univ. Complutense.

La presencia de sepiolita en los sedimentos neégenos (Aragoniense medio y superior)
aparece ligada a paleoambientes de orla distal en abanicos aluviales. Dentro de ellos la
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formacion de sepiolita tuvo lugar en charcas de caricter mis o menos perenne proximas
al borde de un lago salino, asi como a cuerpos de agua desarrollados en la orla en
momentos de retrogradacion o estabilizacion relativa de los abanicos. Un iltimo ambiente
de formacién de sepiolita son los perfiles de calcreta que aparecen ampliamente desarro-
llados en estas zonas distales del sistema aluvial.

Calvo, J. P.; Alonso, A. M.. y Garcia del Cura, M. A. (1986): Depositional sedimentary con-
trols on sepiolite ocurrence in Paracuellos de Jarama, Madrid basin. Geogaceta, 1, 25-28.

Key words: Sepiolite, alluvial fan, Neogene, Madrid basin.

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 briefly described too.
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Granitoids and metamorphic rocks

vi Lower unit of the miocene (Arkosic Facies/
Transitional and Central Facies)
’E Intermediate unit of the miocene (Arkosic
£— Facies/Transitional and Central Facies)

Upper unit of the miocene and pliocene

Fig. 1.—Geographic and geologic setting.

Techniques

Bulk of the analyzed material was
collected in a previous work (Alonso
et al, 1986, o.c.). Further samples
were later taken in selected sepiolite
occurrences. Powdered whole-rock
samples were X-rayed using Kea
radiation and a PW-1410 Philips
difractometer. Oriented clay aggrega-
tes, <64u and <2u 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 level 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 some 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-
iring 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
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Fig. 2.—XDR traces from some samples.

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.—DTA traces from some samples.

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 some 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.c.). 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 some
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 environments in the Paracuellos de Jarama 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 Orti—En relacién con el
cardcter de lago hipersalino, que parece
estar en conexi6n con la génesis de estas
sepiolitas, ¢habéis encontrado algunos otros
minerales, como quizd carbonatos de Na o
K, que completen estas supuestas paragé-
nesis alcalinas?

José Pedro Calvo—Es posible que la
utilizacién directa del término «alcalino»
en lo que se refiere al dmbito lacustre
adyacente a los depdsitos de sepiolita,
conduce a una interpretacion equivoca de
lo que queremos expresar en cuanto a las
caracteristicas hidroquimicas de dicho
dmbito. 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
habria presencia de fases minerales neta-
mente alcalinas como las sefialadas en la
pregunta. Recogemos en cualquier caso la
observacién para introducir en el texto de
la comunicacién las modificaciones ade-
cuadas.

Petrogénesis de los basaltos alcalinos de La Garrotxa,
region volcanica del NE de Espaiia

J. Lopez Ruiz. Departamento de Geologfa. Museo Nacional de Ciencias Naturales (C.S.1.C.). 28006 Madrid.
E. Rodriguez Badiola. Departamento de Geologia. Museo Nacional de Ciencias Naturales (C.S.1.C.). 28006 Madrid.
J. M. Cebria Gomez. Departamento de Geologia. Museo Nacional de Ciencias Naturales (C.S.1.C.). 28006 Madrid.

ABSTRACT

Compositional trends and trace elements abundance in leucite-basanites, nepheline-
basanites and olivine basalts from La Garrotxa (NE Spain region), suggest that the parental
magma were originated from an homogeneous lherzolite source, strongly enriched in
incompatible elements (between x15-x4 the chondritic values for the highly incompatible
elements and between x5-x2 for the moderately incompatible), in which neither kaersu-
tite, phlogopite or apatite remained as residual phases. The leucite-basanite magmas were
derived by lower degrees of melting (7-10%) than the basanite s.s. and the olivine basalt
magmas (13-15%). Except some primary leucite-basanites, the lavas from La Garrotxa
underwent a moderate fractionation (=20%) of ol + cpx + mg, in proportion that range
between 75-40%, 55-10% and 15-0%, respectively.

Lépez Ruiz, J.; Rodriguez Badiola, E., y Cebria Gomez, J. M. (1986): Petrogénesis de los
basaltos alcalinos de La Garrotxa, regién volcénica del NE de Espafia. Geogaceta, 1, 28-31.

Key words: Leucite-basanites, nepheline-basanites, olivine basalts, partial melting, fractional
crystallization, Upper Mantle, Mediterranean volcanism.
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