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PALYGORSKITE-SEPIOLITE CLAYS OF 
LEBRIJA, SOUTHERN SPAIN 

E. GALAN I AND A. FERRERO z 

Abstract--The Upper Pliocene sediments near Lebrija in southern Spain contain commercial deposits of 
palygorskite and sepiolite. These sediments of continental origin consist chiefly of carbonate, marl, and 
clay resting on marine Pliocene quartzose sand. The lowest unit, the "Marly-Calcareous Bed," consists 
of sepiolite-rich marl associated with concretions and irregular layers of chert, <0.5 m thick, and local 
diatomite layers, as well as limestone, sandy limestone, marl, and clayey sandstones. This unit has a max- 
imum thickness of 30 m and contains three clay-mineral suites as follows: (1) bottom--sepiolite ___ paly- 
gorskite; (2) center--sepiolite and palygorskite _+ illite; (3) top--palygorskite and illite, _+ sepiolite and 
smectite. Sepiolite decreases and palygorskite and illite increase toward the top, reflecting the composition 
of detrital material supplied to the basin. Beds 0.5-1 m thick locally and containing 50 to 60% sepiolite have 
been called "Tierra del Vino" (wine earth) because the material formerly was used to clarify and purify wine. 
The sepiolite-rich beds are as much as 15 m thick in the eastern part of the area. The upper unit is called 
the "Palygorskite Bed" because certain layers, 0.3 to 3 m thick, contain 35 to 75% palygorskite. The 
palygorskite-rich layers are interbedded with limestone and marl, and the entire unit is 15 m thick. The 
total resource of palygorskite is estimated at about 9 million tonnes. 

The sediments are believed to have been deposited in a brackish, lacustrine environment. Originally, 
tectonic stability and an arid climate favored the formation of sepiolite at about pH 8. Later, after significant 
weathering of the source rocks, detrital illite was transformed to palygorskite in the Mg- and Si-rich waters. 
Here, palygorskite was also precipitated directly. 
Key Words---Genesis, Palygorskite, Sedimentation, Sepiolite, Spain. 

INTRODUCTION 

Lebrija clay materials are well known in Spain and 
have been mined since ancient times for the clarifica- 
tion of wine ("Tierra del Vino" or "wine earth"). Cal- 
deron (1901) was the first to report analytical data on 
these materials; he described them as clays composed 
of AI and Mg silicates with accompanying carbonates 
and iron oxides. Gabala y Laborde (1916) described 
Lebrija Earth as a white or brown clay which was used 
for the clarification of wine because of its small particle 
size. Later, Gabala y Laborde (1959) studied the lacus- 
trine materials of Lebrija, Cerro San Benito, Mesa del 
Cuervo, and other localities of this area and noted the 
occurrence of "Tierra del Vino," chert, and silicified 
limestone, assigning them a Pliocene age. 

The first mineralogical study of the Lebrija continen- 
tal clays was carried out at El Cuervo by Gonzalez Gar- 
cia and Peir6 (1958). These authors distinguished two 
types of Lebrija continental clays at El Cuervo, one a 
white clay composed of equal proportions of palygor- 
skite and illite, accompanied by carbonate, quartz, 
montmorillonite, and locally, kaolinite, at a depth of 
8-10 m, and the second a thinner, darker clay (Tierra 
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del Vino), higher in the series, and composed of illite 
and montmorillonite, the latter mineral having formed 
from illite. Huertas e t  al. (1974) studied the same profile 
described by Gonzalez Garcia and Peir6 and found two 
layers of Tierra del Vino separated by a chert layer. The 
mineralogical composition given by these authors 
agrees with that of Gonzalez Garcia and Peirr,  save for 
their finding sepiolite in the Tierra del Vino and in in- 
terbedded limestones. They also pointed out the close 
relationship between the Tierra del Vino and opaline 
chert layers. Peris Mora (1973) studied a deposit of di- 
atomite in the lacustrine Pliocene of Cerro San Benito 
(Lebrija). Sepiolite is a common constituent of these 
deposits, together with quartz, noncrystalline silica, 
and cristobalite. 

These economically important palygorskite-sepiolite 
clays have been ignored on the Spanish Industrial Min- 
eral Map (I.G.M.E., 1974) and other relevant geological 
reports of the Lebrija area. Nevertheless, known re- 
sources of Lebrija palygorskite-sepiolite clays total 
about 9 million tonnes, and exploration continues to 
find other deposits in the lacustrine Pliocene terrains 
and in the Tertiary parimarine facies of this region. Pal- 
ygorskite clays of Lebrija are selectively mined for their 
attractive adsorption properties. Materials suitable for 
carriers of pesticides, insecticides, and herbicides; an- 
imal litter; absorbents of industrial oils and grease; cat- 
alyst carriers; and mineral bleaching agents are pro- 
duced by appropriate crushing, drying, firing, and 
grinding techniques. 
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Figure 1. Maps  showing location of the area studied. 1. Mesa  del Cuervo.  2. Cerro San Benito.  
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R E G I O N A L  SETTING AND PLIOCENE 
STRATIGRAPHY 

The study area is located at the boundaries of the 
Sevilla and Cadiz Provinces (Figure 1) and includes part 
of  the Guadalquivir Basin, a large structural unit filled 
mainly with Tertiary and Quarternary marine sedi- 
ments. The most important highland is the Mesa del 
Cuervo, which extends from the town of El Cuervo to 
the Sierra de Gibalbin. The Sierra consists of alloch- 
thonous materials which range from Upper  Cretaceous 
to Upper  Miocene in age with a Triassic decollement 
bed. The rocks consist chiefly of white and gray sandy 
marls (Neogene), sandstones and sandy limestone (Pa- 
leogene), sandy limestone and red marls (Upper Cre- 
taceous), and variegated marls, clays, dolomite rocks,  
limestones, and dolerites (Triassic) (I .G.M.E.,  1977). 

Autochthonous materials, from Tortonian (Upper 
Miocene) to Pliocene in age, lie discordantly above al- 
lochthonous material and can be divided into three for- 
mations: (1) bluish-gray marly clay, (2) sand (both ma- 
rine facies), and (3) l imestone,  marl, and clay of 
continental character,  listed from the bottom to the top. 
The last two formations are Pliocene in age. The con- 
tinental Pliocene lies unconformably above the marine 
Pliocene and is mostly covered by Quaternary sedi- 
ments and soils. The marine Pliocene sediments were 
concordantly deposited on Upper  Miocene sediments 
and discordantly above the older rocks. Later  tectonic 
adjustment occurred during Pliocene and Quaternary 
time producing slight folding. At  the Mesa del Cuervo, 
continental Pliocene beds dip 5 ~ towards the Laguna de 
los Tollos, a small intermittent lake in the lowest part 
of the area. Prior to the tectonic movements,  this 
" m e s a "  was really a basin of which the Laguna de los 
Tollos is now a remnant. 

Two units can be distinguished in the continental 
Pliocene: a "marly-calcareous bed"  and an upper "pal-  
ygorskite bed . "  The base of the lower unit is usually a 
silicified limestone or a limestone with chert (white or 
gray), resting on a probable paleosol (Gonzalez Garcia 
and Peir6, 1958) with similar characteristics as those of 
the Tierra del Vino (vide infra), but, in certain places 
(e.g., Cerro Benito), diatomite forms the base of the 
Pliocene. The lower unit consists of limestone, marly 
and sandy limestone, marl and clayey marl, with in- 
terbedded thin beds (as much as 1 m thick) of dark 
brown, light brown, and pinkish white marly clay 
named "Tierra  del Vino."  Generally irregular layers of 
brown chert, ~<50 cm thick, occur immediately above 
and below the Tierra del Vino, and also change laterally 
to this material. Locally,  the Tierra del Vino bed is 15 
m thick. The "marly-calcareous bed"  is 25-30 m thick 
(Figure 2). 

The upper unit (~<15 m thick) is named the "paly-  
gorskite bed"  because of its high content of  palygor- 
skite, which is presently being mined. The palygorskite 
layers range from 30 cm to 3 m in thickness, with the 

layers decreasing in thickness upward. Limestone and 
marly limestone layers <0.5 m thick are interbedded in 
this unit. The top layer is a nodular limestone, 4-5 m 
thick. 

The stratigraphy of the continental Pliocene has been 
described from cores of  several drill holes made in the 
Mesa del Cuervo area 3 (Figures 2 and 3). Regional dip 
of the Pliocene materials is a consequence of ( l )  original 
basin morphology, (2) contemporary sinking with sedi- 
mentation, and (3) differential compaction. A great 
abundance of microfauna was noted in the marly and 
calcareous Pliocene (ostracods, gastropods, oogonia 
of Characeae, etc.), which are characteristic of a brack- 
ish facies or swamp of Upper  Pliocene or Quaternary 
age (J. L.  Saavedra,  Centro de Estudios Hidrograficos, 
Madrid, 1979, private communication). 

MATERIALS AND METHODS 

Sixty samples were taken from drill holes and from 
pits where clays are being mined. Thirty-four represen- 
tative samples of the different beds from 8 drill holes 
were used to construct a typical stratigraphic column 
for this area (Figure 2). 

Samples were examined by X-ray powder  diffrac- 
tometry (XRD) including the use of oriented aggregates 
to attempt quantitative estimations of mineral constit- 
uents according to methods of Schultz (1964), Huertas 
(1969), and Dorronsoro (1978). Tierra del Vino (sepio- 
lite-rich clay) and palygorskite-rich commercial clay 
were analyzed chemically by atomic absorption and 
also examined by transmission electron microscopy 
(TEM), using a Philips EM-300 apparatus. 

RESULTS 

The lower unit  of the continental  Pl iocene,  the 
"marly-calcareous bed , "  has a relatively high calcite 
content (40-80%) and contains about 10% quartz and 
minor sepiolite and palygorskite (Table 1, Figure 2). 
The "Tierra  del Vino" and similar materials are typi- 
cally 50% calcite and 50% sepiolite, with minor smec- 
rite, palygorskite, and quartz. This rock may be defined 
as a sepiolite marl. The chemical analysis (Table 2) of  
"Tierra  del Vino" (LT-29) shows low AI2Oa and high 
MgO and CaO percentages corresponding to the above 
mineralogical composition. A "paleosol"  located at the 
base of the continental Pliocene (LT-34) has more pal- 
ygorskite and iron oxides and fewer carbonate min- 
erals. Chert layers, associated with the "Tierra  del 
Vino,"  are composed of quartz and cristobalite with 
minor sepiolite (LT-31), and in places contain signifi- 
cant amounts of calcite (whitish chert). Diatomite con- 
tains noncrystalline silica, quartz, and small quantities 
of carbonate and sepiolite. The SiO2 cQntent of cherty 

3 This exploration was carried out by Tolsa, S.A. Enter- 
prise, which mines these deposits. 

https://doi.org/10.1346/CCMN.1982.0300305 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1982.0300305


194 Galan and Ferrero Clays and Clay Minerals 

m .  

0 
0,5" 

m .  

Po Sp Sm 

Po Sp I Sm 

CG 
20 60 

IF 
m 
m 

m 

| 

J 

Co 

0o96 

Q 
m 6o 

m 

mm 

20 " ~ '0O% 
Q 

Po = PALYGORSKITE 
Sp-- SEP~OLITE 
I = ILLITE 
Sin: SMECTITE 
Co = CALCITE 
Q = QUARTZ 

LT-28=SAMPLE LOCATION 

Figure 2. 

E X P L A N A T I O N  

~ S O I L  

, ~  NODULAR L I M E S T O N E ,  , 

~ PALYGORSKITE CLAY 

~ PALYGORSKITE MARL r ~  

~ CLAYEY SAND 

~ SANDY LIMESTONE 

MARLY LIMESTONE 
(WITH FOSSILS) 

LI MESTONE 

TIERRA DEL VINO 

LIMESTONE WITH CHERT 

CH ERT/Sp-Po-CLAY/DI ATOMIT E 
PALEOSOL-TIEI:~RA DEL VINO 

QUARTZOSE SAND 
�9 . (MARINE PLIOCENE) 

Stratigraphic column with diagrams showing mineral composition of beds at Laguna de los Tollos. 

https://doi.org/10.1346/CCMN.1982.0300305 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1982.0300305


Vol. 30, No. 3, 1982 Palygorskite-sepiolite clays of Spain 195 

o >= 
Ud 

d NE 
HIGHWAY 

S W  ~ < ~  

~,o LAG'..'NA DE ~ . / / - - / C ' "  
'T LOSTO,_LO  

- " ' . , , .  �9 . . . . . . . .  �9 i l l  

40m 
EXPLANATION " - - : ' : "  " " 

[•"tSOI L 

~ QUATERNARY 

~PALYGORSKYTE CLAY 

~ PALYGORSKYTE MARL 

~ C L A Y E D  SAND 

MARLY LIMESTONE 
LT-IT_I WITH MICROFOSSILS 

~ SANDY LIMESTONE 

~ LIMESTONE 

~]]]]]]] TIERRA DEL VINO 
CHERT 

~ QUARTZOSE SAND 
(MARINE PLIOCENE) 

0 500m, 

Figure 3. Cross section SW-NE across the Mesa del Cuervo and Laguna de los Tollos. 

layers ranges between 80 and 90%. The sepiolite con- 
tent decreases and the palygorskite content increases 
upward. About 5 to 20% illite, <5% smectite, and traces 
of chlorite, kaolinite, mixed-layer clay minerals, and 
gypsum are also present in the upper part of this 
lower unit. Three clay-mineral suites exist in this 
lower unit; s e p i o l i t e -  palygorskite in the bottom; 
sepiolite + palygorskite _+ illite in the center; and pal- 
ygorskite + illite ___ sepiolite - smectite in the upper 
part.  

The ~ bed"  consists of alternating clays, 
marls, and limestones (Figure 2, Tables 1 and 2). The 
main clay-mineral suite is palygorskite + illite. Local- 
ly, sepiolite and smectite are present  in minor amounts. 
Palygorskite varies from 35 to 75% in the clay and marl 
samples and is present in amounts up to 5% in the lime- 
stone. Illite is more abundant in clay beds (~<40%), but 
decreases towards the top. Quartz is relatively constant 
in the unit at about 10%. The sand beds found at the 
bottom and at the middle of this unit (LT-21 and LT- 17) 
are very rich in calcite, quartz, palygorskite, and illite. 
The "palygorski te  bed"  is overlain by a thick limestone 
bed, whose composition is similar to other limestone 
beds in the continental Pliocene. 

A transmission electron micrograph of "Tierra  del 
Vino" (Sample LT-29) shows sepiolite (Figure 4), while 
that of the palygorskite clay (Sample LT-12, Figure 5) 
shows elongate crystals of palygorskite and platy illite. 
Figure 6 shows XRD patterns of these samples. 

EVOLUTION OF THE BASIN AND GENESIS  
OF THE CLAY MINERALS 

According to the regional geological data, Triassic 
masses and the overlying materials moved towards the 
northwest in the Lebri ja  area during Miocene time. 
These movements ended during the Late Miocene, and 
autochthonous materials, marly and sand sediments, 
were deposited in a shallow-sea environment above the 
allochthonous material. During the Pliocene, tilting of 
the basin produced a general marine regression, and 
sedimentation occurred in a brackish, lacustrine envi- 
ronment and continued into Quaternary times (Laguna 
de Los Tollos). 

The sedimentation in the lacustrine Pliocene of Le- 
brija is similar to that described by Millot (1970, p. 76) 
as a negative sequence. At the beginning of the marine 
regression a lagunar environment (or perhaps a playa- 
lake type) existed, where carbonate minerals, clay, and 
silica were deposited and locally diatoms flourished. In 
such a setting the formation of a soil very rich in pal- 
ygorskite and sepiolite from the marine Pliocene sand 
is unlikely. Rather, the "pa leosol"  considered above 
was probably the first Tierra del Vino layer formed. 
Later,  in a true lacustrine environment, sedimentation 
of those materials continued, but diatoms were exter- 
minated under a warmer climate and after a salinity 
change. Diatoms formed deposits of diatomaceous 
earth and, in part,  dissolved. 

Sepiolite was formed in significant amounts at the 
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Table 1. Mineralogical composition of drillhole and pit sam- 
ples? 

SamplC Qtz Cal Pal Sep I11 Sme 

LT-I 10 80-85 5 Tr - -  - -  
LT-2 60 30 10 Tr Tr Tr 
LT-3 10-15 80-85 5 Tr Tr Tr 
LT-4 10 5 75 Tr 10 Tr 
LT-5 10 80-85 5 Tr Tr Tr 
LT-6 10 5 75 Tr 10 Tr 
LT-7 10 85 5 Tr Tr Tr 
LT-8 10 5 75 Tr 10 Tr 
LT-9 10 75 5 Tr Tr Tr 
LT-10 <10 30 35 Tr 25 Tr 
LT- 11 10 85 5 Tr Tr Tr 
LT-12 <10 15 40--45 5 20-25 Tr 
LT-13 10 85 5 - -  Tr Tr 
LT-14 <10 10 40-45 <5 30 <5 
LT-15 10 80 5 Tr Tr Tr 
LT-16 10 5 40-45 Tr 30 <5 
LT-17 40 15 10 Tr 30 5 
LT-18 10 <10 35 Tr 40 <5 
LT- 19 < 10 70 <5 Tr 20-25 Tr 
LT-20 10 25 35 - -  20-25 Tr 
LT-21 40 5 35 - -  20-25 Tr 
LT-22 <10 50 20 - -  15 <5 
LT-23 15 50 20 Tr 10-15 <5 
LT-24 <10 40 20 10-15 10 <5 
LT-25 5 65 20 5 5-10 Tr 
LT-26 <10 65 20 5 5-10 Tr 
LT-27 <5 65 10 25 <5 Tr 
LT-28 Tr 70 5 25 <5 Tr 
LT-29 Tr 50 Tr 50 - -  Tr 
LT-30 5 80 5 5 Tr - -  
LT-313 __ Tr - -  Tr - -  - -  
LT-32 - -  35 Tr 65 - -  - -  
LT-33 10 60 15 15 - -  - -  
LT-344 5 5 40 45 - -  - -  

Qtz = quartz, Cal = calcite, Pal = palygorskite, Sep = 
sepiolite, Ill = illite, Sme = smectite, Tr = trace. 

1 See Figure 2 for graphical representation. 
2 See Figure 2 for location of samples and graphical rep- 

resentation of mineralogy. (LT = Laguna de los Tollos). 
~. Plus cristobalite. 
4 Plus iron oxides. 

ba se  of  the  con t inen t a l  fo rmat ion  whe re  silica was  
ava i l ab le  f rom the  source  a rea  and  f rom the  d ia tom col- 
onies .  Re la t ionsh ips  b e t w e e n  che r t  beds ,  d ia tomi tes ,  
and  the  T ie r ra  del V ino  ( r iches t  in sepioli te)  are  ob-  
v ious:  the  T ie r ra  del V ino  is ve ry  c lose  to the  cher t ,  
wh ich  also con ta ins  sepiol i te  as  an  impur i ty .  This  re- 
l a t ionsh ip  b e t w e e n  sepiol i te  and  d i a toms  was  also re- 
p o r t e d  by  F le i sche r  (1972) in the  S a n t a  Cruz  Bas in  of  
Cal ifornia .  Also ,  P a t t e r s o n  (1974) sugges ted  tha t  m u c h  
of  the  silica in the  pa lygorsk i t e  of  the  At tapu lgus ,  Geor -  
gia, " f u l l e r ' s  e a r t h "  c o m e s  f rom the  d i sso lu t ion  of  dia- 
toms .  

The  Mg was  suppl ied  f rom the  su r round ing  do lomi tes  
and  doler i tes .  The  e n v i r o n m e n t  mus t  h a v e  b e e n  sl ightly 
a lka l ine  in which  sil ica and  Mg were  suppl ied  s lowly 
(by d i sso lu t ion  of  d i a toms  and  by  the  wea the r ing  of  sil- 

Table 2. Chemical analyses of representative clay materials 
from Lebrija, southern Spain. 

Palygorskite clays Tierra del Vino "Paleosor" 

LT- 12 LT- 18 LT- 29 LT-34 

SiO~ 51.00 54.90 28.2 64.00 
AlzOa 14.12 15.72 1.28 5.66 
Fe203 6.02 6.01 0.63 9.05 
MgO 4.60 5.15 11.2 9.70 
C a t  8.00 3.30 30.5 0.50 
Na20 0.30 0.61 0.34 0.30 
K20 3.00 3.90 0.14 0.90 
Ign. loss 12.98 10.26 28.00 9.98 

100.02 99.85 100.31 100.09 

For mineralogy, see Table 1. 

ica tes  and  ca rbona t e s ) .  Sepiol i te  c rys ta l l iza t ion  should  
take  p lace  unde r  cond i t ions  s imilar  to  t hose  of  the  ho- 
m o g e n e o u s  prec ip i ta t ion ,  4 no t ed  for  kaol in i te ,  palygor-  
ski te ,  sepioli te ,  and  o the r  phyl los i l ica tes  by  L a  Igles ia  
and  Mar t in  Vivald i  (1975), L a  Iglesia  et  al.  (1976), and  
L a  Iglesia  (1977, 1978). T h e s e  cond i t ions  are  more  like- 
ly in  na tu ra l  e n v i r o n m e n t s  t h a n  those  p r o p o s e d  by  oth-  
e r  au tho r s  for  the  syn thes i s  of  these  c lay minera l s  at  
r o o m  t e m p e r a t u r e  (e.g.,  Siffert ,  1962; Wol las t  et  a l . ,  
1968). 

The  stabi l i ty  and  f o r m a t i o n  of  large,  wel l - fo rmed 
crys ta ls  of  sepiol i te  are  f avo red  by  p H  - 8 ,  accord ing  
to the  expe r imen ta l  da ta  of  the  a b o v e - m e n t i o n e d  au- 
thors .  A b o v e  pH 9, smec t i t e s  and  talc were  fo rmed  in 
S i f fe r t ' s  e x p e r i m e n t s  and  b ruc i t e  in Wol l a s t ' s  syn the -  
sis. On the  o the r  hand ,  calc i te  p rec ip i t a t ion  requ i res  a 
p H  of  a b o u t  8 (Gar re l s  and  Chris t ,  1965). Thus ,  the  pre-  
c ip i ta t ion  of  sepiol i te  and  calci te ,  w i thou t  b ruc i t e  or  
talc,  occu r r ed  at  a p H  of  8, and  silica p rec ip i t a t ed  w h e n  
its sa tu ra t ion  was  r e a c h e d  (Tier ra  del Vino-cher t - ca r -  
bona te ) .  The  fo rma t ion  of  calci te  and  not  do lomi te  
in  t he  p r e s e n c e  o f  Mg is c o m p a t i b l e  w i t h  a log 
pCO2 < - 5 . 0  ( L i p p m a n n ,  1979), bu t  o the r  fac tors ,  
such  as  the  ion ac t iv i ty  and  sa tu ra t ion  index  ( the act iv-  
i ty p r o d u c t  of  a mine ra l  d iv ided  by  its solubil i ty  con-  
s tant )  o f  the  c a r b o n a t e  and  si l icate minera l s  as  the  al- 
kal in i ty  inc reases ,  mus t  a lso b e  t a k e n  into account .  

Sed imen ta t i on  occu r r ed  in a c losed  con t inen t a l  bas in  
of  the  alkal ine type.  Tec ton i c  s tabi l i ty  and  a dry  c l imate  
f a v o r e d  sepioli te  fo rmat ion .  Af te r  the  las t  ma jo r  depos i t  
of  T ie r ra  del Vino  (bed  29), t he  c l imate  b e c a m e  we t t e r  
b e c a u s e  of  a sl ight subs idence  of  the  bas in ,  and  wea th -  

4 Precipitation from homogeneous solutions, or kinetically 
controlled precipitation, is an effective technique for regulat- 
ing pH and for the in situ generation of ions, usually by the 
temperature-dependent hydrolysis or by slow decomposition 
of suitable materials. Selective precipitation occurs slowly 
because oversaturation remains very low in any part of the 
solution. 
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Figure 4. Transmission electron micrograph of sepiolite Figure 5. Transmission electron micrograph ofpalygorskite 
crystals (Tierra del Vino). and illite crystals in palygorskite clay. 

ering of the source rocks increased, supplying to the 
basin a greater amount of magnesium, iron, silica, etc.,  
as ions or gels, and detrital minerals (quartz, mica, 
chlorite). Under these conditions, palygorskite formed 
rather than sepiolite. Additionally, detrital minerals 
(especially micas) transformed to palygorskite in the 
brackish environment. The twofold origin of palygor- 
skite (neoformation and transformation) increased the 
percentage to about 70%. Occasionally, climatic or tec- 
tonic changes produced abundant detrital materials that 
interfingered into the series (e.g., bed 21). 

The neoformation of palygorskite required aluminum 
in a medium where alumina has a very low solubility 
and in which silica and magnesium are soluble. Under  
such conditions, palygorskite more likely formed as a 
result of an equilibrium between the unstable detrital 
phyllosilicates,  mainly illite, and the solution that 
caused layer silicates to transform to palygorskite. 
Nevertheless,  A1203 may have entered the basin as an 
organic complex or from other unstable clay minerals, 
such as chlorite or kaolinite (Velde, 1977, pp. 150-151 ), 
which can also liberate aluminum. In addition, paly- 
gorskite neoformation cannot be excluded. The phys- 
ical-chemical conditions for the precipitation of paly- 
gorskite are closely similar to those of the precipitation 
of sepiolite (La Iglesia, 1977). 

A similar mechanism for the transformation of mont- 
morillonite to palygorskite was suggested by Weaver  
and Beck (1977) in a perimarine environment in south- 
eastern United States. In the Lebrija area the close re- 
lationship between illite and palygorskite, as well as in 
the example shown in Figure 6 (Sample LT-17), seem 
to support this hypothesis.  This sample is composed of 
illite, quartz, calcite, and a mineral with principal XRD 
peaks at 10.27 A (nonexpanding) and 3.24/~ and an 
elongate shape similar to palygorskite. The latter min- 

eral may be a random interstratification of iUite and pal- 
ygorskite. 

The smectite in these rocks could be detrital (diocta- 
hedral smectites), or it could have formed by the trans- 

/ 
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Figure 6. X-ray powder diffraction patterns (CuKa radia- 
tion) of palygorskite clay, Tierra del Vino and sample LT-17 
(oriented aggregate with and without ethylene glycol). Ca = 
calcite, Q = quartz, I = illite, P = palygorskite, Sp = se- 
piolite. 
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format ion of  chlorite,  illite, or  palygorski te  (di- and 
tr ioctahedral  smectites) or  by neoformat ion  (triocta- 
hedral  smectites).  The  small amount  of  smect i te  pre- 
cludes serious speculat ion on its genesis.  The  alterna- 
tion of  marly and c layey layers in the "pa lygorsk i te  
b e d "  was possibly a result  of  periodic climatic changes.  
Wet  per iods with materials  supplied to the basin fa- 
vored  the formation of  palygorski te  f rom degraded il- 
lite. During drier per iods,  evapori t ic  carbonate  sedi- 
menta t ion  took place,  with little sepiolite or  smect i te  
format ion and a lack o f  detrital minerals.  This cycle  was 
repeated  eight t imes at least ,  forming the commerc ia l ly  
important  clays and the in terbedded carbonates .  The 
upward  decreasing thickness  of  the palygorski te  beds 
indicates a basin evolu t ion  toward stable tectonic  con- 
ditions and perhaps a c l imate  with shorter  and drier  
periods and milder  weathering.  

The genetic  sequence  of  the principal clay minerals  
of  Lebr i ja  f rom the base to the top is: 

(1) Dominant  neoformat ion  (sepiolite + palygorskite)  
(beds 29 to 34) 

(2) Neoformat ion  decreas ing upward (sepiolite + paly- 
gorskite) and increasing t ransformat ion (paly- 
gorskite + sepiolite?). Impor tant  detrital clay min- 
erals (e.g.,  illite) (beds 26 to 28) 

(3) Dominant  t ransformat ion (palygorskite) and detri- 
tal clays (illite). Occasional  neoformat ion  (sepio- 
lite) (beds 1 to 26) 
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Pe3mMe------Oca~Kll Bepxnero rl.rmol2eHa B IIO6.rlM3OCTI, I JIe6pmt a lO:~rlOfi ldcnaHrlrl co~Iep~aT KOMMep- 
qecKne 3a.rle~n uaJmropcKnTa i,i cermo.rmTa. ~TI4 oCa~KH KOHTMHeHTa~bI-IOFO nponcxo~ienr l~i  COCTO$1T 
FJIaBHblM o6pa3oM I43 Kap60aaTa, MepreJlJl tl FJIHHhl, pacno.rlo~eHHblX Ha MOpCKOM ILrlHOII~eHOBOM 
KBap~eaOrl uecKe, naHmt;~efi  pacno.rIo~ertl-Ia~I CI, ICTeMa, "MepFe.rlOH3BeCTKOBaJI 3adle)Kb," COCTOMT M3 
MepreJl~, 60raToro B cellrloJ1nT, CB~I3aHHOFO C KOHKpetwflMH rl ueperyJigprIblMn cJlo~lMrl qepTa ToJImJ41to~ 
<0,5  M M MeCTI-IblMI, I C.rlO~IMII /InaTOMnTa, a Tar,~e H3BeCTH,qKOM, HeCKOBblM M3BeCTHIItKOM, MepreneM 
H FJII'UtOBblMM uecqaI-irtKaMn. ~)Ta cncTeMa nMeeT MaKCtiMO.rlbUylO To.rulI~IIHy 30 M M co~ep:h'gMT c~te~ytougrie 
Tptl Trina F.rlMI-IMCTblX MrlHepa.riOB: (1) na  Rlae----ceuno~nT c .rm6o 6e3 ua~nropcKnTa, (2) B cepe~Ine---  
ceunoJ~nT c Jm6o 6e3 n~nHTa, n (3) nanepxy--rio3inropcKrlT ri MJIJII~IT C .111,t60 6e3 ceuno;inTa r~ 
CMeKTnTa. C o ~ e p x a n n e  cennonaT~r yMeIqbmaeTcn, a noJmropcKnTa ri vi~r~Ta yae;qrlqn8aeTcg no 
narIpaanenmo BBepX, OTo6pa;~an COCTaB ~eTptlTOrO MaTepna.na, nnTaioulero 6accefiH. CJ~on c MeCTHOfi 
TO;Itannofi 0,5-1 M, cojlepmaturIe OT 50 JIO 60% cennoJmTa, 6b~JIn na3narm~ " T e p p a  ~tenb BI~HO" 
(3eM.rL.~ rl BrIaO), TaK KaK MaTepHa.q MCUO.rlb3OBa.rlC~l upe~c41e ~lJia uoJlyqerlrl~l upo3paqHoro ~i oqHmeHHOrO 
BHHa. T o n i m m a  3a~e>Kefi, 6OraTblX B cellno~rIT, ~IOXO/InT ~O 15 M B BOCTOqHOI~ qacTn o6nacTn. 
Bepx8nn  CnCTeMa Ha3bmaeTcn "noJInropcKnTOBOfi 3a.rle:h~hlO," TaK KaK oupejleJ~eHi~bte cJ~on TOJ~rlHOfi 
OT 0,3 ~O 3 M co~ep~aT OT 35 ~O 75% uonnropcKnTa. Caon ,  6oraTi,ie 8 riannropci~nT, uepeMemam,i 
c n3BeCTI-I$1KOM n Mepre.rieM, ti ueha~ Cl4CTeMa !,IMeeT TO~Ittl~my 15 M. I][odlnblfi pecypc  na.TmropcK~lTa 
otleHasaeTc~t na  9 Mn~nrloHoa TOHt~. 

1-lpe~uoJIaraeTcn, qTO oca4Ir, n 6biJIn CnO~eHbI B COJIeHOfi oaepHofi o~py~a~o~ef i  cpe~le. Hep-  
Bonaqa.rlbHO, TeKTOHMqeCKa~I CTa6nJlbnOCTb I4 cyxofi  K.rlrlMaT 6.rlaroupIt~lTCTBOBa.rlli o6pa3oBaHltlO 
cennonnTa o pH  paBHOM 8. IIo3guee,  uocJ~e 3naqliTeJtbttoro no3Bep~ennn  aTMOCqbepnblM BJIM~HI,I~IM 
IelC30,/~HblX FOpHblX uopo~, ~eTpMTOBblM MJIJIMT 6bi31 npeo6pa3oaaa  B na.aHropcKnT B BoJ1ax, 6oraTblX 
s Mg rl Si. Hpn  OTOM rIannropcr, nT TaK~e 6b~a Heuocpe~IcTaeHno o c a ~ e n .  [E.C.] 

Resi imee--Die  oberplioz~inen Sedimente  in der  N~ihe von Lebri ja  in S/idspanien enthal ten  abbauwiirdige 
Lagerst~itten von Palygorski t  und  Sepiolith. Diese Sedimente  sind konfinentaler  Ents tehung ,  bes t ehen  
haupts~ichlich aus  Karbonat ,  Mergel,  und  Ton und liegen auf  e inem mar inen  pliozS~nen Quarzsand .  Die 
unters te  Schicht ,  das  "Mar ly-Calcareous  B e d , "  bes teh t  aus  Sepioli th-reichem Mergel mit  Konkre t ionen  
und unregelm~iBigen Lagen  aus  Kieselschiefer ,  die eine M~ichtigkeit un ter  0,5 m haben.  AuBerdem weist  
diese Schicht  stel lenweise Diatomit lagen sowie Kalkstein,  sandigen Kalkste in ,  Mergel,  und  tonige Sand- 
steine auf. Diese Schicht  hat  eine maximale  M~ichtigkeit von  30 m und  enth~ilt folgende Abfolge von Ton- 
mineralen: (1) Un ten  Sepiolith mit  oder  ohne  Palygorskit;  (2) in der Mitte Sepiolith mit oder ohne  Illit und  
(3) oben Palygorski t  und  Illit mit  oder  ohne  Sepiolith und  Smektit .  Nach  oben zu n immt  Sepiolith ab, 
wShrend Palygorskit  und  Illit zunehmen .  Dies spiegel die Z u s a m m e n s e t z u n g  des  detr i t ischen Materials im 
Liegenden wieder.  Lagen  yon  stellenweise 0,5-1 m Miichtigkeit, die 50-60% Sepiolith enthal ten,  wurden  
"Tie r ra  del v i no"  (Weinerde) gennannt ,  da  dieses Material friiher ve rwende t  wurde,  u m  Wein  zu k l ~ e n  
und zu reinigen. Die Sepiolith-reichen L agen  sind im 6st l ichen Teil des  Gebietes  bis zu 15 m m~ichtig. Die 
obere Schicht  wird "Palygorski te  B e d "  genannt ,  da  manche  Lagen,  0,3 bis 3 m m~ichtig, 35-75% Paly- 
gorskit  enthal ten.  Die Palygorskit-reichen Lagen  wechsel lagern mit  Kalkste in  und Mergel. Die gesamte  
Schicht  ist 15 m m~ichtig. Der  gesamte  Vorrat  an  Palygorskit  wird au f  e twa 9 Millionen Tonnen  gesch~itzt. 

Es wird a n g e n o m m e n ,  daf~ die Sedimente  in e inem brackischen,  lakus t r i schen  Milieu abgelagert  wurden.  
Urspfi inglich f/Srderten die tektonische Stabilit~tt und  ein arides Kl ima die Bildung von Sepiolith bei e inem 
pH yon e twa 8. Sp~iter, nach einer betri ichtlichen Verwit terung der Ausgangsges te ine ,  wurde  detf i t ischer  
Illit in Mg- und  Si-reichen Wiissern in Palygorski t  umgewandel t .  A u g e r d e m  wurde  Palygorski t  auch direkt 
ausgefallt .  [U.W.]  

R6snm6---Les s6diments  du hau t  Pliocbne pr6s de Lebri ja en Espagne  du sud  cont iennent  des  dep6ts  com- 
merciaux de  palygorski te  et de s6piolite. Ces  s6diments  d 'of igine cont inentale  consis tent  pf incipalement  
de carbonates ,  de marles ,  et d 'argile reposant  sur du sable mat in  quar tzose  d ' age  Plioc~ne. L 'un i t6  la plus  
basse ,  la "Mar ly -Ca lca reous  B e d "  consis te  de m a d e  fiche en sepiolite associ6e avec des  concr6t ions et 
des  couches  irr6guli6res de chert  <0,5  m d '6pa isseur  et de couches  locales de diatomites,  alnsi que de 
pierre ~ chaux ,  de pierre ~ chaux  sab lonneuse ,  de marie,  et de gr6s argilleux. Cet te  unit6 a u n e  6paisseur  
m a x i m u m  de 30 m e t  contient  3 suites de min6raux argileux: (1) s6piolite de base  avec ou sans  palygorskite;  
(2) s6piolite centrale avec ou sans  illite; et (3) palygorski te  et illite du des sus  avec  ou sans  s6piolite et 
smecti te .  La  s6piolite d6croit  et la palygorski te  et l'illite accroissent  vers  le haut ,  r6flectant la composi t ion 
de mati6re d6tritale fournie au basin. Des  lits de 0,5-1 m d '6pa isseur  localement  et con tenaut  50/t  60% de 
s6piolite ont  6t6 n o m m 6 s  "T ie r ra  del V ino"  (terre de vin) parceque  la mati6re etalt autrefois  utilis6e pour  
clarifier et purifier le vin. Les  lits r iches en  s6piolite at teignent  une  6paisseur  de 15 m dans  la partie ouest  
de la r6gion. L 'un i t6  du hau t  est  appell6e "Palygorski te  B e d "  parceque  certaines couches  de 0,3 h 3 m 
d '6pa isseur  cont iennent  de 35 ~t 75% de palygorskite.  Les  couches  r iches en palygorskite sont  s6par6es par 
des  pierres b~ chaux  et des  marles ,  et l 'uni t6 enti~re a 15 m d '6paisseur .  La  ressource  totale de palygorski te  
est est im6e h a peu pr6s 9 million de tonnes .  

On croit que les s6diments  out  6t6 depos6s  dans  un env i ronment  s aumure  lacustrin.  Originalement ,  la 
stabilit6 tectonique et un cl imat aride ont  favoris6 la formation de s6piolite ~t un  pH d'~t peu pr6s 8. Plus 
tard, apr~s alt6ration significative des  roches  sources ,  l'illite d6tfitale a 6t6 t ransform6e en palygorski te  
dans  les eaux riches en  Mg et Si. Ici, la palygorski te  a aussi  6t6 precipit6e directement .  [D.J.] 
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