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Abstract-Most bulk chemical analyses of sepiolite and palygorskite available in the literature are er­
roneous because samples analyzed are admixtures of minerals that are difficult to separate or identify by 
other techniques. Some chemical analyses performed on selected individual particles by energy dispersive 
X-ray analysis (EDX) are also influenced by the same problem. Chemical analyses are summarized for 
sepiolite and palygorskite reported in the literature (bulk and EDX analyses). The analyses are evaluated 
by comparison to three sepiolite and three palygorskite pure samples analyzed by EDX techniques. Results 
indicate that sepiolite is a true trioctahedral mineral, very pure (near end-member) with negligible struc­
tural substitution and with eight octahedral positions filled with magnesium, close to the theoretical 
formula MgsSi120,o(OH).(OH2MH20)8' Palygorskite is intermediate between di- and trioctahedral phyl­
losilicates. The octahedral sheet contains mainly Mg, AI, and Fe with a R2/R3 ratio close to 1, and with 
four of the five structural posltIons occupied. The theoretical formula is close to 
(MgzR23+0,)(Sig"xAl,)02o(OH),(OH2)4·Rz+ xl2(H20)4' where x = 0-0.5. Sepiolite and palygorskite are thus 
more compositionally limited than previously reported. 
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INTRODUCTION 

Most chemical data reported for clay minerals are 
the result of bulk analyses. These analyses are affected 
because of both crystallochemical variations and ad­
mixed contaminants (other clay minerals and associ­
ated minerals). Generally contaminants are very dif­
ficult to isolate and detection by X-ray difraction 
(XRD) is difficult also, Similar problems exist for fi­
brous clay minerals, sepiolite, and palygorskite, The 
most frequent admixtures in sepiolite and palygorskite 
are smectites, illite, chlorite, quartz, feldspars, carbon­
ates, zeolites, and iron and silica gels. They may con­
tribute elements to the analyses which can be inter­
preted erroneously as part of the clay mineral struc­
ture. 

Microanalyses of selected individual particles were 
published for both palygorskite (Paquet, 1983; Paquet 
et at., 1987; Aqrawi, 1993; Chahi et at" 1993; Suarez 
et at., 1994; Lopez Aguayo and Gonzalez Lopez, 
1995) and sepiolite (Post, 1978; Paquet et ai" 1987; 
Bastida et ai" 1994; He et ai., 1996). These analyses 
have given a more accurate chemical composition of 
these minerals. Generally, such samples contain many 
other minerals because they were not purified prior to 
analysis. Also, the reproducibility of energy dispersive 
X-ray analyses (EDX) was not very good, 

This paper reassesses the chemical limits of the se­
piolite and palygorskite group minerals. The octahe­
dral content is critically reviewed from chemical an­
alyses published previously. Bulk analyses and select­
ed particle analyses from EDX scanning-transmission 
electron microscopy are considered, Also, new EDX 
analyses of six samples are presented. We show that 

the chemical composition of sepiolite and palygorskite 
is more limited than previously reported because these 
analyses probably consider elements from impurities 
as structural contributions to the sepiolite or palygor­
skite formula. 

MATERIALS AND METHODS 

We selected 28 bulk chemical analyses of palygor­
skite, 33 of sepiolite, eight EDX analyses of individual 
palygorskite particles, and three analyses of sepiolite 
particles from the literature. The structural formulae, 
most calculated from bulk chemical analyses, and their 
sources are presented in Tables 1 and 2, Those cal­
culated from EDX analyses are tabulated in Tables 3 
and 4. We also used the EDX analyses from Paquet et 
ai, (1987) (52 palygorskites and 24 sepiolites) and 
bulk analyses (50 sepiolites and 20 palygorskites) from 
Martin Vivaldi and Cano (1956), Other analyses found 
in the literature were rejected because: 1) they were 
incomplete, 2) the methods of chemical analyses used 
were not well described, or 3) the results clearly 
showed substantial impurities. 

Three palygorskites and three sepiolites (Table 5) 
were selected for additional analyses. They are well­
described and representative materials from occur­
rences previously studied, Chemical analyses were 
performed using a Si (Li) energy-dispersive (EDX) 
spectrometer (Link system, ISIS instrument) mounted 
with a pentafet detector with a Be thin window (ATW) 
and coupled to a scanning electron microscope (JEOL, 
JSSM-5400), operated at 20 kY. Samples of sepiolite 
were prepared by cutting a fragment and coating it 
with Au. Palygorskite samples were first treated using 
the dodecylammonium treatment (Abudelgawad et ai" 
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Table I. Sepiolite structural formulae deduced from selected bulk analyses. 

(I) (Sill.S2Alo.IOFe3+ 0.os)(Mg7.73)Ca2+ o.OgNa+ O.5I K + 0.03 
(2) (SiI1.93Alo.07)(AloOlFe3+ 003Mg7.96),00Na+ 0.03 

(4) (Sill.78Alo.22)(Alo.05Fe3+ 0.01 Mg7.90h96Ca2+ 0.13 
(5) (Si I1.87Fe3+ o.13)(Fe3+ 0.Q3Mg7.90h93Ca2+ 0.13 
(6) (Sil1.8oAlo.16Fe3+ o.04)(Fe3+ 0.4sFe2+ 0.14Mg7.19)7.78Ca2+ 0.11 
(7) (Sill.6gAlo.24Fe3+ o.os)(Fe3+ 0.S3Fe2+ 0.13Mg7.24h90 
(8) (SiI1.63Al037)(AI1.47Fe3+ 0.37Mg4.98)6.'2 
(9) (SilI.7oAlo.26Fe3+ 0.04)(Fe3+ 0.06Mg7.60Ti2+ 0.D2h6SNa+ 0.26K+ 0.16 

(10) (SiI1.64Alo.36)(AI1.49Fe3+ 0.37Fe2+ 0.44M g4.95)7.25NH4 + 0.45 
(II) (Sill.84Alo.16)(Alo.79Fe3+ 0.l2M g6.04)6.95Ca2+ O.09N a+ 0.24K + 0.36 
(12) (SiI1.96Alo.04)(Alo.4oFeH 0.IOMg7.04h54Ca2+ o.llNa+ o.IOK+ 0.01 
(13) (Sil2.Dl)(Alo.osFe3+ o.OSMg7.32h42Ca2+ 0.46Na +0.05 

(14) (SiI1.80Alo.IIFe3+ 0.09)(Fe3+ O.37Mg7.SlhsgCa2+ 0.05 
(15) (Sill.62Alo.38)(Alo.04Fe3+ 0.06 Tio.02Mg7.nh84Ca2+ 0.16N a+ 0.08K + 0.13 
(16) (Sill.78Alo.22)(Alo.4IFe3+ 0.08Mg6.94h43Ca2+0.32Na+ o.llK+ 0.13 
(17) (Sil1.58Alo.42)(Alo.llFe3+ 0.13M g7.S3hnCa2+ 0.19Na+ O.13K + 0.11 
(18) (Sil2.02)(Alo.47Fe3+ 0.07Mg6.89Tio.02h45Ca2+ o.llNa+ 0.12K + 0.16 
(19) (Sill.S8Alo.12)(Alo.29Fe3+ 0.OgMg7.36h73Ca2+ o.l2Na+ 0.05 
(20) (Sill 75Al021)11.96(Mgs.II)K+ 0.06Na+ o.os 
(21) (Sil1.28Alo.n)(Alo.osFe3+ 026Mg7.44)7.7SCa2+ 0.21 Na + O.SI 
(22) (Sill.96Alo.04)(Alo.20Fe3+ 0.IOTio.0IMg7.44)7.7SCa2+ o.osNa+ o.02K+ 0.07 
(23) (Sil2.os)(Alo05Fe3+ 00IMg7.78h84Ca2+ 003 
(24) (SiI1.99Alo.01)(Alo.6gFe3+ 0.12 Tio.0IMg6.45h26Ca2'·0.09Na+ 0.22K+ 0.25 
(25) (Sill.nAlo.28)(Alo.48Fe3+ 0.lsTio.04Mg6.5oh17Ca2+ O.22Na+ o.sIK + 0.2S 
(26) (SiI2.16)(Alo.02Fe3+ 0.02Fe2+ omMg7.28h33K+ om 
(27) (Sill.95Alo.os)(Alo.IOFe2+ 0.06Mg7.76h92Ca2+o.03K+ 0.06 

Mid-Atlantic Ridge (Hathaway and Sachs, 1965) 
Goles, South Serbia (Maksimovic and Radukic, 

1961) 
Little Cottonwood, Utah, USA (Nagy and Bradley, 

1955) 
Kuzuu District, Japan (Imai et ai., 1969) 
Madriat, Sistriere (Caillere, 1934a) 
Ampandrandava, Madagascar (Caillere, 1936) 
Vasko (CailIere, 1951) 
Eskic;ehir, Turkey (Cetisli and Gedikbey, 1990) 
Amboseli, Kenya (Hay and Stoessell, 1984) 
Tintinara, South Australia (Rogers et ai., 1956) 
Vallecas, Spain (Galan and Castillo, 1984) 
Yunclillos, Toledo, Spain (Galan and Castillo, 1984) 
Ballarat, Inyo County, California (Post and Janke, 

1984) 
Itukaichi, Tokyo, Japan (Nagata and Sakae, 1975) 
Toledo, Spain (Lopez Gonzalez et al., 1981) 
Nye County, Nevada (Giiven and Carney, 1979) 
Vallecas, Spain (Fukushima and Okamoto, 1987) 
Vallecas, Spain (Galan, 1987) 
Vallecas, Spain (Vicente Rodriguez et al., 1994) 
Ninetyeast Ridge, Indian Ocean (Argast, 1989) 
U.S.S.R. (Teodorovitch, 1961) 
Ankara, Turkey (Inukai et ai., 1994) 
Southwest Konya, Anatolia, Turkey (Yeniyol, 1986) 
Vallecas, Spain (Komarneni et ai., 1986) 
Ash Meadows, Nevada (Komarneni et aI., 1986) 
Valdemoro, Spain (He et aI., 1996) 

(28) (Sill.38Alo.52Fe3+ 0.1O)(Fe3+ 0.06Fe2+ 0.QJTio.03Mg7.89h99Ca2+ o.osNa+ a.18K+ 0.26 
(29) (Sill.83Alo.osFe3+ 0.os)Il.9g{Mg7.90)Ca2+ O.13Na+ 0.15 

Vicalvaro, Madrid, Spain (Robertson and Stot, 1974) 
Amboseli, Kenya (Stoessell and Hay, 1978) 
Yavapai Country, Arizona, USA (Kauffman, 1943) 
Karasawa Mine, Japan (Takahashi, 1966) (30) (Si'1.9SAloos)(Fe3+ 0.OgMg7.69hnCa2+ 0.21 

(31) (SiI1.49Alo.33Fe3+ 0.lg)(Fe3+ 0.37 Tio.03Mg761).mNa+ o.oIK+ om Mullion, Cornwall, England (Midgley, 1964) 
(32) (SiI2)(Alo.16Fe3+ 0.36 Tio.02CrO.07Nio.Q4Mg6.99)7.64Ca2+ O.03Na ' o.02K+ 0.02 Yagca formation, Turkey (Yalc;in and Bozkaya, 

1995) 
Eskic;ehir, Turkey (Yalc;in nad Bozkaya, 1995) 

(2) from Hathaway and Sachs (1965); (3) and (6) from CailIere and Henin (1972); (4) and (10) from Jones and Galan 
(1988); (5) from Martin Vivaldi and Cano Ruiz (1953); (14) from Imai and Otsuka (1984); (21) from Isphording, (1984); 
(29) and (30) from Newman and Brown (1987). 

1985). All sepiolites and treated palygorskites were 
studied by XRD and no other crystalline phase were 
detected. We performed 20 analyses on three samples 
each of sepiolite and palygorskite, for a total of 60 
analyses on each mineral. The fibers were analyzed at 
a magnification of 1O-20,000X, with a window or spot 
system, and a count time of 50 s. The element abun­
dances were calculated from peak areas with a ZAF 
computer program and expressed as oxide weight per­
centage. Detection limits were < 1 % (Mackinnon, 
1993). 

To achieve comparability of the data, all the calcu­
lated formulae were based on the model of Drits and 
Sokolova (1971) for palygorskite: (Mgs-y-zRrOJ 
(Sis_xRx3+)02o(OHMOH2kR2+(x_y+2z)/2(H20)4 and the 
model of Brauner and Preisinger (1956) for sepiolite: 
(Mg8_y_zR/+Oz)(Si 12-xRx 3+ )030( OH).( OH2)4' R 2+ (x _y+ 2z)l2 
(H20)s' Formulae were calculated on the basis of 32 
oxygens for sepiolite and 21 for palygorskite. Squares 
in the formulae mean vacant octahedral sites. 

Octahedral compositions were also calculated on the 
basis of three octahedral positions for one-half the unit 
cell (AP+ + Fe3+ + Fe2+ + Mg2+ per six positive 
charges per half unit cell) for plotting on the diagram 
from Paquet et al. (1987). Moles of MgO per 100 g 
and moles of XO (moles of A120 3 + Fe20 3 + FeO + 
MnO expressed as MgO) per 100 g were calculated 
for representation on the diagram from Martin Vivaldi 
and Cano (1956). For EDX analyses, total structural 
iron was considered as Fe3+ because the elemental 
analysis technique does not distinguish between Fe2+ 

and Fe3+. In general, little or no Fe2+ is present in 
standard chemical analyses of the bulk fraction. Sum­
maries of the calculations are contained in Tables 6 to 
10 and plotted on Figures 1 to 4. 

RESULTS AND DISCUSSION 

Sepiolite 

Based on Brauner and Preisinger (1956) for sepio­
lite, the number of octahedral cations for bulk analyses 
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Table 2. Palygorskite structural formulae deduced from selected bulk analyses. 

(1) (Si78oAlo.20)(AII5IFe3+ 038Mg2.2Z)41IK+ 0.09 
(2) (Si782Alo.18)(AI157Fe3+ 0.20Fe2+ 0.03Mg2.04h84Ca2+ 0.36 

(4) (Si750Alo.50)(AlI.62Fe3+ 0.34Fe2+ 0.IOMgl.78h84Ca2+ 0.34 
(5) (Si788AloI2)(Alo.9s TiolOFe3+ 0.42Mg281)4.28 

(6) (Si7.8IAlo.19)(AI1.40Fe3+ 0.48Mno.o,MgI.99h92Ca2+ O.04Na+ 0.32K + 0.06 
(7) (Si7.8Alo.2)(AII.13Fe3+ 0.87M gI.83h83Ca2+ 0. 14Na+ O.Q3K+ 0.23 
(8) (Si7.66Alo.34)(AI152Fe3+ 0.lsMg2.6S)432Ca2+ 0.04K + 0.04 

(9) (SiS05)(AII.68Fe3+ 01OMg220h98Ca2+ 002 
(10) (Si7.8sAlols)(All.l,Fe3+ 0.38 Tio.08Mg253)4.14 
(11) (Si7.98Alo.21)(AI1.29Fe3+ 0.37Fe2+ 0.03M gI.96h6SCa2+ 0.32 
(12) (Si789Alo.ll)(Al1.87Fe3+ 0.16M gI.91)3.94Ca2+ o.osNa+ 0.03 
(13) (Si764Alo.36)(AII.73Fe3+ 063M gl.4')38ICa2+ 0.08 
(14) (Si7.79Alo.ZI)(AII.S2Fe3+ 0.31 Tio.osMg 1.89hnCa2+ 0.3' K + o.osNa+ 0.08 
(15) (Si7.43Alo.s7)(All.s8Fe3+ 0.6SMgI.66h89Ca2+ 0.06Na+ 0.14K+ 021 
(16) (Si7.3sAlo.6,)(Al1.29Fe3+ 0A7M g2.zoh96Ca2+ 0.20Na+ 0.4SK + O.IZ 

(17) (Si7.66Alo.34)(AI1.48 Tio.03Fe3+ 0.46M gZ.Dlh9SCa2+ o.osNa+ o.13K + O.IS 
(18) (Si758Alo.42)(Alo.87Fe3+ 0.81 Tio.08Mg2.42)4.18Ca2+ o.osNa + 003K+ 0.08 

(19) (Si7SoAloso)(AI1.68Fe3+ OS4M gl.77h99K + 0.27 
(20) (Si7.79Alo.21)(AII.06Fe3+ o 56Tio.02Mg2.46)4.IOCa2+ 0.06Na+ O.03K + 0.06 

(22) (Siu6AloI4)(AI2"Fe3+ o 22M gl.lzh4SCaz+ 0.43 
(23) (Si764Alo.36)(AI227Fe3+ 0.23MgI.40h90Ca2+ 0.02 
(24) (Si7.6,Al039)(AI1.8IMg2s2)4.33Ca2+ 0.04 
(25) (Si733Al067)(AI237MgI.69)406Ca2+ 008 
(26) (Si7.99Alo.Dl)(AI1.62Fe3+ 0.osFe2+ O.4S Tio.osMgI.90)4.07K "0.08 

Attapulgus, Georgia, USA (Bradley, 1940) 
Kuzuu District, Toshigi Pref. Japan (Imai et ai., 

(1969) 
Bakkasetter, Shetland Isles, Scotland (Stephen, 

1954) 
Tafraout, Morocco (Caillere and Henin, 1957) 
Mt. Flinders, Queensland, Australia (Rogers et ai., 

1954) 
Eastern Saudi Arabia (Shadfan et ai., 1985) 
Timsanpalli, Deccan, India (Siddiqui, 1984) 
Mao Kou Limestone, Sichuan province, China 

(Zheng, 1991) 
Anhui province, China (Zheng, 1991) 
Jiansu province, China (Zheng, 1991) 
Attapulgus, Georgia, USA (Bradley, 1940) 
Metaline Falls, Washington, (Huggins et ai., 1962) 
Jordan Valley, Israel (Wiersma, 1970) 
Attapulgus, Georgia (Robertson, 1961) 
Bercimuel, Segovia, Spain (Suarez et al., 1991) 
Umm Radhuma, Saudi Arabia (Dahab and Jarjarah, 

1989) 
Bercimuel, Segovia (Suarez et ai., 1995) 
Yagca formation, Turkey (Yal~in and Bozkaya, 

1995) 
(Millot et ai., 1977) 
Kizilyalak formation, Turkey (Yal~in and Bozkaya, 

1995) 
Ugurlu formation, Turkey (Yal~in and Bozkaya, 

1995) 
Taodeni, Algeria (Caillere, 1934b) 
Bakkasetter, Shetland (Stephen, 1954) 
Dogniaska, USSR (Fersmann, 1913) 
Permsk, USSR (Fersmann, 1913) 
Northwestern Transvaal, South Africa (Botha and 

Huhes, 1992) 
Dornboom, South Africa (Heystek and Schmidt, 

1953) 
Padasjoki, Finland (Linqvist and Laitakari, 1981) 

(1-5) from Newman and Brown (1987); (11) from Imai and Otsuka (1984); (12) and (13) from Weaver and Pollard (1973); 
(14) and (27) from Isphording (1984); (19) from Suarez et ai. (1994); (22-25) from Cailtere and Henin (1972). 

lies between 6.95-8.11 (average 7.72) for eight holes, 
or between 2.6-3.02 on the basis of three octahedral 
positions (one-half unit cell) (Table 6). Cations are 
mainly Mg with some AI, Fe3+, Fe2+, Ti, and occa­
sional Cr3+ and Nil+. VIMg varies between 4.96-8.1, 
and VI(R2 + R3) from 0 to 2.28. 

The above limits for total octahedral cations are 
very similar to those derived from EDX data (6.93-
8.5) published by Paquet et al. (1987) but slightly 
more restricted for VIMg (5.6-8.5) and VI(R2 + R3) (0-
1.8). Other EDX analyses from the literature account 
for less octahedral variation: VIR from 7.61 to 7.87, 
VIMg from 6.05 to 7.73, and VI(R2 + R3) from 0 to 1.8. 
Our EDX analyses on sepiolite show no structural Al 

and Fe, and an octahedral occupancy close to 8 (Tables 
5 and 6; Figures 1 through 4) for more than 90% of 
the analyses. The presence of some AI, Fe, K, or Ca 
in a small number of the determinations was due to 
minor impurities. These elements were excluded from 
the calculations for sepiolite. 

Graphical representation of the EDX analyses (Fig­
ure 2) from the literature on the diagram from Paquet 
et al. (1987) shows that sepiolite analyses (except one) 
are in the trioctahedral domain proposed by those au­
thors (with >2.1 Mg per half unit cell). This limit is 
lower for the bulk analyses (1.86) probably because 
most of the other analyses were performed on impure 
samples containing free silica (quartz), illite, and other 

Table 3. Sepiolite structural formulae deduced from selected EDX analyses. 

(1) (Si, I.soAlo.20)(Alo.16Fe3+ 1.66Mg6.osh87Ca2+ 0.09Na + 0.07 
(2) (SiI2os)(Alo.osMg7s6)76INa+ o 24K + 0.02 
(3) (Sill.49Alo.II)'1.60(Mg7.73)Ca2+ 1.02Na+0.osK + 0.13 

Tarragona, Spain (Bastida et ai., 1994) 
Two Crows, Las Vegas, USA (Post, 1978) 
Valdemoro, Spain (He et ai., 1996) 
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Table 4. Palygorskite structural formulae deduced from selected EDX analyses. 

Iberian Range, Spain (Lopez Aguayo and Gonzalez 
Lopez, 1995) 

Iberian Range, Spain (Lopez Aguayo and GonzaJez 
Lopez, 1995) 

Iberian Range, Spain (Lopez Aguayo and GonzaJez 
Lopez, 1995) 

Iberian Range, Spain (Lopez Aguayo and Gonzalez 
Lopez, 1995) 

(5) (Si7.85Alo.ls)(AIl.86Fe3+ o.2oMgJ.8lhs7K+ O. lOCa2+ 0.07 Morocco (Paquet, 1983) 
Mesopotamia (Aqrawi, 1993) (6) (Si7.6IAlo.39)(Alo.82FeH 0.54 Tio.lOMgz.60)4.06Caz+ 0.2INa\109K+ 0.19 

(7) (Si7.5IAloA9)(All.04Fe3+ O.70Mg2A3)4.I7Ca2+ o.14K'o.n 
(8) (Si7.93Alo.o7)(AI134Fe3+ o 28M g2A8)4.IO 

Bercimuel, Segovia, Spain (Suarez et ai., 1994) 
Jbel Rhassoul, Morocco (Chahi et ai., 1993) 

Table 5. EDX analyses of sepiolites and palygorskites selected for this paper. 

y N C CR CB B 

Si02 69.31 2: 0.21 69.15 2: 0.59 69.33 2: 0.75 67.87 2: 0.89 70.34 2: 0.92 71.64 2: 0.60 
AI20 3 n.d. (a) (c) 12.89 2: 0.81 15.00 2: 0.86 11.00 2: 1.19 
FeZ0 3 n.d. n.d. (d) 6.83 2: 0.85 4.38 2: 1.23 4.92 2: 0.69 
MgO 30.69 2: 0.21 30.85 2: 0.52 30.67 2: 0.85 12.41 2: 0.87 10.28 2: 1.14 12.44 2: 1.31 
KIO n.d. n.d. (e) (g) n.d. n.d. 
CaO n.d. ~ ~ n.d. n.d. n.d. -- -- -- --

100.00 100.00 100.00 100.00 100.00 100.00 

(V) (SiI204)Mg793 
(N) (Silzoo)Mg798 
(C) (Silz03)Mg794 

Sepiolite from Vallecas, Spain, described by Galan and Castillo (1984) 
Sepiolite from Nevada, USA, described by Post (1978) 

(CR) (Si771Al029)(AI143Fe3' o 56Mg2 10)409 
(CB) (Si786Alo 14)(AII.84Fe3'oAoMgl.71 )395 
(B) (Sis.05)(AIl.46FeH OAIMgz09)396 

Sepiolite from Calatayud, Spain, described by Mayayo et ai. (1996) 
Palygorskite from Ciudad Real, Spain, described by Sanchez and Galan (1995) 
Palygorskite from Castelo Branco, Portugal, described by Dias et al. 1997) 
Palygorskite from Bercimuel, Segovia, Spain, described by Suarez et al. (1995) 

n.d.: not detected. 
(a) detected in 3 analyses, range: 0.96-3.58. 
(c) detected in 6 analyses, range: 0.66-2.90. 
(e) detected in 7 analyses, range: 0.11-0.35. 
(g) detected in 7 analyses, range: 0.44-0.96. 

Total analyses on each sample: 60. 

(b) detected in 4 analyses, range: 0.44-2.04. 
(d) detected in 7 analyses, range: 0.55-2.39. 
(f) detected in 3 analyses, range: 0.23-0.30. 

Table 6. Octahedral and tetrahedral occupancy ranges for bulk and EDX analyses of sepiolites and palygorskites (in brack­
et mean value). 

OtherEDX 
Bulk EDX analyses by analyses from EDX analyses 

analyses Paquet et al. (1987) literature for this paper 

VIR 6.95-8.11 (7.72) 6.93-8.5 7.61-7.87 (7.74) 7.93-7.98 (7.95) 

Sepiolite 
VIMg 4.96-8.1 (7.36) 5.6-8.5 6.05-7.73 (7.11) 7.93-7.98 (7.95) 
VI(R2 + R3) 0-2.28 (0.32) 0-1.8 0-1.8 (0.62) 0 
IV(AI + Fe3+) 0-0.72 (0.19) 0-0.2 (0.10) 0 
VIR 3.45-4.33 (3.96) 2.63-4.63 3.36-4.17 (3.88) 3.95-4.09 (4.00) 
VIMg 1.12-2.82 (2.00) 0.83-3.08 1.32-2.60 (1.97) 1.71-2.10 (1.96) 
VI(R2 + R3) 1.12-2.50 (I. 96) 1.5-2.66 1.46-2.41 (1.91) 1.87-2.24 (2.04) 

Palygorskite 

IV(AI + Fe3+) 0-0.67 (0.29) 0.07-0.49 (0.30) 0-0.29 (0.14) 

VIR = All octahedral cations. 
VI(R2 + R3) = Octahedral cations other than Mg. They are mainly Al and Fe3,·. 

Figure 1. Sepiolite and palygorskite bulk analyses selected from the literature (except data from MartIn Vivaldi and Cano, 
1956), and EDX analyses of this paper, plotted on Paquet et al. (1987) diagram. 0 palygorskite: bulk analyses from the 
literature; L sepiolite: bulk analyses from the literature; * EDX results for palygorskite (this paper); + EDX results for 
sepiolite (this paper); - - - conventional; -- proposed by Paquet et al. (1987). 
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Table 7. VI(AI + Fe) and VIMg per half unit cell (on the Table 8. VI (AI + Fe) and VIMg per half unit cell (on the 
basis of three octahedral positions) of bulk and EDX ana- basis of 3 octahedral positions) of bulk and EDX analyses 
lyses of sepiolites plotted on Paquet et at. (1987) diagram. of palygorskites plotted on Paquet et ai. (1987) diagram. 

"(AI + Fe)! VI(AI + Fe)1 VI (AI + Fe)1 VI(AI + Fe)! 
haJf unit VIMg/half half unit VIMg/half half unit V'Mg/half half unit VIMglhalf 

Sample cell unit cell Sample cell unit cell Sample cell unit cell Sample cell unit cell 

IFrom Table 1 'From Table 2 

1 0.00 2.86 18 0.20 2.59 1 1.14 1.33 15 1.34 1.00 
2 O.oI 2.99 19 0.14 2.76 2 1.08 1.23 16 1.06 1.32 
3 0.00 2.77 20 0.00 3.02 3 1.50 0.86 17 1.17 1.21 
4 0.02 2.97 21 0.12 2.79 4 1.24 1.07 18 1.00 1.45 
5 0.0] 2.97 22 0.12 2.79 5 0.82 1.69 19 1.34 1.06 
6 0.45 2.70 23 0.02 2.92 6 1.13 1.20 20 0.97 1.48 
7 0.25 2.72 24 0.30 2.42 7 1.20 1.10 21 1.14 1.24 
8 0.86 1.87 25 0.24 2.44 8 1.00 1.59 22 1.40 0.67 
9 0.02 2.85 26 0.02 2.73 9 1.07 1.32 23 1.50 0.84 

10 0.87 1.86 27 0.06 2.91 10 0.92 1.52 24 1.09 1.51 
11 0.34 2.27 28 0.03 2.96 II 1.02 1.18 25 1.42 1.02 
12 0.19 2.64 29 0.00 2.95 12 1.22 1.15 26 1.27 1.14 
13 0.04 2.75 30 0.04 2.89 13 1.42 0.87 27 0.68 1.65 
14 0.14 2.82 31 0.14 2.86 14 1.10 1.14 28 1.35 0.82 
15 0.04 2.90 32 0.20 2.62 2From Table 4 
16 0.19 2.61 33 0.02 2.96 
17 0.09 2.83 1 0.97 1.05 5 1.27 1.09 

2 1.22 1.16 6 0.82 1.56 
2From Table 3 3 1.45 0.79 7 1.05 1.46 

1 0.69 2.27 3 0.00 2.90 4 1.42 0.87 8 0.98 1.49 
2 0.02 2.84 3From Table 5 

3From Table 5 1 1.19 1.26 3 1.12 1.25 
1 0.00 2.98 3 0.00 2.98 2 1.34 1.02 

2 0.00 2.99 
, Table 2, bulk analyses. 

, Table 1, bulk analyses. 2 Table 4, EDX analyses from literature. 
2 Table 3, EDX analyses from literature. 3 Table 5, EDX analyses for this paper. 
3 Table 5, EDX analyses for this paper. 
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Table 9. Moles of MgO and XO per 100 g of bulk and 
EDX analyses of sepiolites, plotted on Martin Vivaldi and 
Cano (1956) diagram. 

Moles of Moles of 
MgO Moles of XO MgO 

Sample per 100 g per 100 g Sample per 100 g 

IFrom Table 1 

1 0.60 0.02 18 0.59 
2 0.63 0.01 19 0.57 
3 0.56 0.07 20 0.77 
4 0.59 0.03 21 0.58 
5 0.60 0.02 22 0.61 
6 0.53 0.10 23 0.60 
7 0.54 0.13 24 0.52 
8 0.68 0.003 25 0.51 
9 0.58 0.04 26 0.63 

10 0.37 0.29 27 0.57 
11 0.51 0.11 28 0.61 
12 0.58 0.06 29 0.61 
13 0.56 0.01 30 0.56 
14 0.56 0.08 31 0.55 
15 0.72 0.07 32 0.58 
16 0.66 0.08 33 0.60 
17 0.56 0.06 

2From Table 3 

1 0.51 0.40 3 0.72 
2 0.64 0.006 

3From Table 5 

1 0.76 0.00 3 0.76 
2 0.76 0.00 

I Table 1, bulk analyses. 
2 Table 3, EDX analyses from literature. 
3 Table 5, EDX analyses for this paper. 

Q) 
u 

2 

6 

DIOCTAHEDRAL DOMA 

Moles of XO 
per 100 g 

0.05 
0.05 
0.03 
0.12 
0.05 
0.005 
0.09 
0.10 
0.04 
0.02 
0.07 
0.02 
0.01 
0.12 
0.07 
0.01 

0.01 

0.00 

Table 10. Moles of MgO and XO per 100 g of bulk and 
EDX analyses of palygorskites, plotted on Martin Vivaldi 
and Cano (1956) diagram. 

Moles of Moles of 
MgO Moles of XO MgO Moles of XO 

Sample per 100 g per 100 g Sample per 100 g per 100 g 

IFrom Table 2 

1 0.26 0.34 15 0.19 0.46 
2 0.23 0.30 16 0.26 0.43 
3 0.16 0.44 17 0.22 0.35 
4 0.21 0.43 18 0.30 0.41 
5 0.35 0.27 19 0.26 0.54 
6 0.26 0.37 20 0.31 0.36 
7 0.21 0.39 21 0.26 0.42 
8 0.29 0.30 22 0.13 0.39 
9 0.26 0.28 23 0.16 0.44 

10 0.27 0.26 24 0.30 0.33 
11 0.22 0.31 25 0.20 0.45 
12 0.23 0.34 26 0.28 0.43 
13 0.18 0.48 27 0.35 0.19 
14 0.24 0.37 28 0.16 0.43 

2From Table 4 

1 0.27 0.44 5 0.27 0.44 
2 0.28 0.47 6 0.30 0.30 
3 0.19 0.55 7 0.35 0.47 
4 0.21 0.57 

3From Table 5 

1 0.31 0.49 3 0.31 0.39 
2 0.26 0.48 

I Table 2, bulk analyses. 
2 Table 4, EDX analyses from literature. 
3 Table 5, EDX analyses for this paper. 
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Figure 3. Sepiolite and palygorskite EDX analyses from the literature (except data from Paquet et al., 1987) and this paper, 
plotted on Martin Vivaldi and Cano (1956) diagram. XO = moles of AI20 3 + Fe20 3 + FeO + MnO expressed as MgO. 0 
Palygorskite: EDX analyses from the literature; 0 Sepiolite: EDX analyses from the literature; * EDX results for palygorskite 
(this paper); + EDX results for sepiolite (this paper). 

admixtures (see Table 7; Figure 1). Octahedral substi­
tution can reach to 0.69 in the EDX analyses from the 
literature (0.67 after Paquet et al., 1987) but in our 
analyses it is negligible and cannot be detected by the 
EDX technique (Figure 2). Since tetrahedral substitu­
tion is also negligible, chemical composition of sepi­
olite corresponds to a very pure magnesium silicate, 
and we propose for this mineral the following formula 
instead of that given by Brauner and Preisinger (1956): 
MgsSi1203o(OH)4(OH2)4(H20)8' 

In contrast, EDX data for sepiolite plotted on the 
diagram of Martin Vivaldi and Cano (1956) are mainly 
shifted to higher MgO values, and those obtained by 
us are exactly 0.76 (Figure 3; Table 9), whereas the 
bulk analyses occupy a similar position to those given 
by Martin Vivaldi and Cano (1956), as shown in Fig­
ure 4. 

Palygorskite 

In the model of Drits and Sokolova (1971) for pal­
ygorskite the sum of octahedral cations for bulk ana­
lyses ranges from 3.45 to 4.33 with VI(AI + Fe) be­
tween 1.12-2.5 for five octahedral sites (Table 6). The 
bulk analyses of palygorskite plotted on Figure 1 il­
lustrate that the octahedral occupants have variable 
quantities of Mg, AI, and Fe. No palygorskite lies 
within the conventional octahedral divalent cation lim­
it proposed by Foster (1960) for the trioctahedral min­
erals (total divalent cations must exceed 1.83 per half 
unit cell in trioctahedral phases), but many of them are 
within the dioctahedral domain proposed by Weaver 
and Pollard (1973) (total cations must exceed 1.3 per 
half unit cell in dioctahedral phases). 

More than 30% of the published EDX analyses of 
palygorskite are between dioctahedral and trioctahed-

Figure 2. Sepiolite and palygorskite EDX analyses from the literature and this paper, plotted on Paquet et al. (1987) diagram 
• Sepiolite (Paquet et al., 1987); ... Palygorskite (Paquet et aI., 1987); 0 Palygorskite: EDX analyses from the literature; 6 
Sepiolite: EDX analyses from the literature; * EDX results for palygorskite (this paper); + EDX results for sepiolite (this 
paper); - - - conventional; -- proposed by Paquet et ai. (1987). 
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Figure 4. Sepiolite and palygorskite bulk analyses from literature and EDX analyses of this paper, ploted on Martin Vivaldi 
and Cano (1956) diagram. XO = moles of AlzO, + Fe20, + FeO + MnO expressed as MgO .• palygorskite (Martin Vivaldi 
and Cano, 1956); • sepiolite (Martin Vivaldi and Cano, 1956); 0 palygorskite: bulk analyses from the literature; 0 sepiolite: 
bulk analyses from the literature; * EDX results for palygorskite (this paper); + EDX results for sepiolite (this paper). 

ral (Figure 2) even when the limit (1.12) of Paquet et 
al. (1987) is accepted, instead of the more restrictive 
one (1.3) of Weaver and Pollard (1973). Considering 
our three palygorskite samples, two of the average 
chemical compositions are dioctahedral and one is in 
the gap between regions of dioctahedral and triocta­
hedral (Figures 1 and 2). 

Palygorskite analyses (six positive charges per half 
unit cell) from Paquet et ai. (1987) show a large range 
of variability (VIMg: 0.5-1.85, VI (AI + Fe3+): 0.9-1.6) 
but our data and from others (Table 8) are more limited 
(V'Mg: 0.87-l.56, average l.18; V'(AI + Fe3+): 0.82-
1.45, average l.16). 

In summary, octahedral cations fill four of the five 
octahedral sites, and the average ratio Mg/(AI + Fe3+) 
is close to I (Table 6), indicating palygorskite is an 
intermediate di-trioctahedral mineral (Figures 1 and 2). 

Tetrahedral substitution is very low, in general <0.5 
atoms of Al + Fe3+ for eight tetrahedral sites. For our 
samples, tetrahedral substitution is < 0.3 atoms of Al 
without any Fe3+. Also, in our analyses of very pure 
palygorskite samples, only Si, AI , Fe, and Mg were 
detected. Other cations, such as Ca, K, and Na as 
found in other analyses of palygorskite, probably oc­
cur as impurities (calcite, illite) and they are not ex­
change cations, if our results are generalized. Taking 

into account our results and the above data, we pro­
pose for palygorskite the following formula instead of 
that given by Drits and Sokolova (1971): (Mg2Rl +D ,) 
(Sig_xAU02o(OHMOH2)4·R2+ xl2(H20)4, where x = 0-
0.5. 

In a diagram of Martin Vivaldi and Cano (1956), 
palygorskite analyses are distributed around the line 
intersecting the abcissa and ordinate at 0 .6 (Figure 4). 
In our results, they are also aligned along a straight 
line with the same slope but intersecting the abcissa 
and ordinate at 0.76 (Figure 3). For bulk analyses plot­
ted on this diagram, there is no apparent composition 
gap between palygorskite and sepiolite (Figure 4). If 
only our EDX analyses are considered, a gap can be 
recognized as Martin Vivaldi and Cano originally pro­
posed. However, limits are 0.76 and 0 .3 moles of MgO 
per 100 g (Figure 3) instead 0.4 and 0.26 (Martin Vi­
valdi and Cano, 1956), probably because they used 
bulk chemical analyses. 

CONCLUSIONS 

Most bulk palygorskite and sepiolite chemical ana­
lyses available in the literature are sufficiently in error 
that there is an apparent variability of compositional 
data that does not actually exist. Such variability is 
caused by impurities that are difficult to separate and 
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these admixtures are difficult to evaluate. Similar 
problems occur with some chemical analyses per­
formed on individual particles by EDX. When it is 
possible to concentrate palygorskite and sepiolite and 
to carry out analyses of many particles, the results are 
more reproducible, and the average result can be used 
to represent the "real" chemical composition. 

Our results indicate that sepiolite is a true triocta­
hedral mineral that is near end-member in composi­
tion, with only negligible substitution. Sepiolite has 
eight octahedral sites filled with Mg. Palygorskite is 
intermediate between di- and trioctahedral phyllosili­
cates. The octahedral sheet mainly contains Mg, AI, 
and Fe with a R2fR3 ratio close to 1, and four of the 
five octahedral sites occupied. 

According to Martin Vivaldi and Cano (1956), a 
compositional gap exist in Mg content between sepi­
olite and palygorskite (0.76-0.3 moles of MgO per 
100 g). The possibility of octahedral sheet "continui­
ty" in relation to the number of vacancies, as proposed 
by Martin Vivaldi and Cano (1956), should be revised 
on the basis of these new crystallochemical data. 

ACKNOWLEDGMENTS 

This work was supported by the Research Group RNM 135 
of Junta de Andalucfa. The authors thank to R. Ferrell and 
B. Ckel for critical reading and English improvement of the 
manuscript. 

REFERENCES 

Abudelgawad, G., Viani, B.E., and Dixon, J.B. (1985) Paly­
gorskite separation from dodecylammonium-treated clays. 
Clays and Clay Minerals, 33, 438-442. 

Aqrawi, AAM. (1993) Palygorskite in the recent fluvio-la­
custrine and deltaic sediments of southern Mesopotamia. 
Clay Minerals, 28, 153-159. 

Argast, S. (1989) Expandible sepiolite from Ninetyeast Ridge, 
Indian Ocean. Clays and Clay Minerals, 37, 371-376. 

Bastida, J., Besteiro, J., Lago, M., Pocovi, A, and Reventos, 
M. (1994) Occurrence of fibrous sepiolite in alkaline basalt 
in the Valley of Alfara (Baix Ebre, Tarragona, Spain). Clay 
Minerals, 29, 137-142. 

Botha, G.A and Hughes, J.e. (1992) Pedologenic palygor­
skite and dolomite in a late Neogene sedimentary succes­
sion, Northwestern Transvaal, South Africa. Geoderma, 53, 
139-154. 

Bradley, W.F. (1940) The structural scheme of attapulgite. 
American Mineralogist, 25, 405-410. 

Brauner, K. and Preisinger, A (1956) Struktur und enstehung 
des sepioliths. Tschermaks Mineralogische und Petrogra­
phische Mitteilungen, 6, 120-140. 

Caillere, S. (1934a) Comptes Rendus de l'Academie des Sci­
ences, Paris, 199, 1626-1628. Reference in Martin Vivaldi 
and Cano Ruiz (1953). 

Caillere, S. (1934b) Analysis of palygorskite from Taodeni. 
Comptes Rendus de l'Academie des Sciences, Paris, 198, 
1795-1798. 

Caillere, S. (1936) Thermal studies. Bulletin de la Societe 
Franr.;aise de Mineralogie, 59, 353-374. 

Caillere, S. (1951) Sepiolite. In X-ray Identification and 
Structures of Clay Minerals, G.W. Brindley, ed., Mineral­
ogical Society, London, 224-233. 

Caillere, S. and Henin, S. (1957) The sepiolite and palygor­
skite minerals. In The Differential Thermal Investigation of 

Clays, R.e. Mackenzie, ed., Mineralogical Society, Lon­
don, 231-247. 

Caillere, S. and Henin, S. (1972) Sepiolite. Palygorskite. In 
The X-Ray Identification and Crystal Structures of Clay 
Minerals, G. Brown, ed., Mineralogical Society, London, 
325-353. 

Cetisli, H. and Gedikbey, T. (1990) Dissolution kinetics of 
sepiolite from Eskisehir (Turkey) in hydrochloric and nitric 
acids. Clay Minerals, 25, 207-215. 

Chahi, A, Duplay, J., and Lucas, J. (1993) Analyses of pal­
ygorskites and associated clays from the Jbel Rhassoul 
(Morocco): Chemical characteristics and origin of forma­
tion. Clays and Clay Minerals, 41, 401-411. 

Dahab, AS. and Jarjarah, M. (1989) Thermal stability of Sa­
udi palygorskite for drilling muds. Clay Minerals, 24,695-
700. 

Dias, I., Gonzalez, I., Prates, S., and Galan, E. (1997) Paly­
gorskite occurrences in the Portuguese sector of the Tagis 
basin. A preliminary report. Clay Minerals , 32, 323-328. 

Drits, V.A. and Sokolova, G.Y. (1971) Structure of palygor­
skite. Soviet Physics Crystallography, 16, 183-185. 

Fersmann, A (1913) Research on magnesian silicates. Me­
moires de l'Academie des Sciences de St. Petersburg, 32, 
321-430. 

Foster, M.D. (1960) Interpretation of the composition of trioc­
tahedral micas. Professional Paper of United States Geo­
logical Swvey, 354-B, 11-49. 

Fukushima, Y. and Okamoto, T. (1987) Extended X-ray ab­
sorption fine structure study of cobalt-exchanged sepiolite. 
In Proceedings of the International Clay Conference, Den­
ver, 1985, L.G. Schultz, H. van Olphen, and F.A. Mumpton, 
eds., The Clay Minerals Society, Bloomington, Indiana, 9-
16. 

Galan, E. (1987) Industrial applications of sepiolite from Val­
lecas-Vicalvaro, Spain: A review. In Proceedings of the 
International Clay Conference, Denver, 1985, L.G. 
Schultz, H. van Olphen, and F.A. Mumpton, eds., The Clay 
Minerals Society, Bloomington, Indiana, 400-404. 

Galan, E. and Castillo, A (1984) Sepiolite-palygorskite in 
Spanish Tertiary basins. Genetical patterns in continental 
environments. In Palygorskite-Sepiolite. Occurrences, 
Genesis and Uses , A Singer and E. Galan, eds., Devel­
opments in Sedimentology, Elsevier, Amsterdam, 37, 87-
124. 

Giiven, N. and Carney, L.L. (1979) The hydrothermal trans­
formation of sepiolite to stevensite and the effect of added 
chlorides and hydroxides. Clays and Clay Minerals, 27, 
253-260. 

Hathaway, J.e. and Sachs, P.L. (1965) Sepiolite and c1inop­
tilolite from the Mid-Atlantic Ridge. American Mineralo­
gist, 50, 852-867. 

Hay, R.L. and Stoessell, R.K. (1984) Sepiolite in the Am­
boseli Basin of Kenya: A new interpretation. In Palygor­
skite-Sepiolite. Occurrences, Genesis and Uses, A. Singer 
and E. Galan, eds., Developments in Sedimentology, El­
sevier, Amsterdam, 37, 125-136. 

He, e., Makovicky, E., and Osbaeck, B. (1996) Thermal treat­
ment and pozzolanic activity of sepiolite. Applied Clay Sci­
ence, 10, 337-349. 

Heystek, H. and Schmidt, E. (1953) The mineralogy of the 
attapulgite-montmorillonite deposits in the Springbok Flats, 
Transvaal. Transactions of the Geological Society of Amer­
ica, 566, 99-115. 

Huggins, C.W., Denny, M.Y., and Shell, H.R. (1962) Prop­
erties of palygorskite, an abestiform mineral. United States 
Bureau of Mines. Report of Investigation, 6071, 8 pp. 

Imai, N. and Otsuka, R. (1984) Sepiolite and palygorskite in 
Japan. In Palygorskite-Sepiolite. Occurrences, Genesis and 

https://doi.org/10.1346/CCMN.1999.0470402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1999.0470402


408 Galan and Carretero Clays and Clay Minerals 

Uses, A. Singer and E. Galan, eds., Developments in Sed­
imentology, Elsevier, Amsterdam, 37, 211-232. 

Imai, N., Otsuka, R., Kashide, H., and Hayashi, R. (1969) 
Dehydration of palygorskite and sepiolite from Kuzuu dis­
trict, Tochigi Pref., Central Japan. In Proceedings oflnter­
national Clay Conference, Tokyo, Volume 1, L. Heller, ed., 
Israel Universities Press, 99-108. 

Inukai, K, Miyawaki, R., Tomura, S., Shimosaka, K, and 
Irkec, T. (1994) Purification of Turkish sepiolite through 
hydrochloric acid treatment. Applied Clay Science, 9, 11-
29. 

Isphording, W.C (1984) The clays of Yucatan, Mexico: A 
contrast in genesis. In Palygorskite-Sepiolite. Occurrences, 
Genesis and Uses, A. Singer and E. Galan, eds., Devel­
opments in Sedimentology, Elsevier, Amsterdam, 37, 59-
73. 

Jones, B.E and Galan, E. (1988) Sepiolite and palygorskite. 
In Hydrous Phyllosilicates, S.W. Bailey, ed., Review in 
Mineralogy, Mineralogical Society of America, 19, 631-
674. 

Kauffman, A.J., Jr. (1943) Fibrous sepiolite from Yavapai 
Country, Arizona. American Mineralogist, 28, 512-520. 

Komarneni, S., Fyfe, CA., and Kennedy, G.J. (1986) Detec­
tion of nonequivalent Si sites in sepiolite and palygorskite 
by solid-state 29Si magic angle spinning-nuclear magnetic 
resonance. Clays and Clay Minerals, 34, 99-102. 

Lindqvist, K and Laitakari, 1. (1981) Palygorskite from Pa­
dasjoki, southern Finland. Bulletin of the Geological Soci­
ety of Finland, 53,91-95. 

Lopez Aguayo, E and Gonzalez Lopez, J.M. (1995) Fibrous 
clays in the Almazan Basin (Iberian Range, Spain): Genetic 
pattern in a calcareous lacustrine environment. Clay Min­
erals, 30, 395-406. 

Lopez Gonzalez, J.D., Ramirez Saenz, A., Rodriguez Rei­
noso, E, Valenzuela Calahorro, C, and Zurita Herrera, IL. 
(1981) Activacion de una sepiolita con disoluciones dilui­
das de N03H y posteriores tratamientos termicos: 1. Estudio 
de la superficie especffica. Clay Minerals, 16, 103-113. 

Mackinnon, 1.D.R. (1993) Introduction to electron-beam tech­
niques. In Electron-optical Methods in Clay Science. 
CNMS Workshop Lectures, Volume 2, 1.D.R. Mackinnon 
and EA, Mumpton, eds., The Clay Minerals Society, 1-13. 

Maksimovic, Z. and Radukic, G. (1961) Sepiolite from Goles 
near Lipljan (South Serbia). Annals of Geology of the Pen­
insula Balkanica, 28, 309-316. 

Martin Vivaldi, J.L. and Cano Ruiz, J. (1953) Contribucion 
a1 estudio de la sepiolita (I). Caracterizacion y propiedades 
de sepiolitas espanolas. Anales de Edafologia y Fisiologfa 
Vegetal, XII, 827-855. 

Martin Vivaldi, J.L. and Cano, J. (1956) Contribution to the 
study of sepiolite: II. Some considerations regarding the 
mineralogical formula. Clays and Clay Minerals, 4, 173-
176. 

Mayayo, M.J., Torres Ruiz, J., Gonzalez Lopez, J.M., Lopez 
Galindo, A., and Bauluz, B. (1996) The deposit of sepio­
lite-smectite at Mara (Calatayud basin). In Advances in 
Clay Minerals, M. Ortega, A. Lopez Galindo, and 1. Pal­
omo, eds., Sociedad Espanola de ArciIlas, Granada, 143-
145. 

Midgley, H.G. (1964) Sepiolite from Mullion, Cornwall. Clay 
Mineral Bulletin, 4, 88-92. 

Millot, G., Nahon, D., Paquet, H., Ruellan, A., and Tardy, Y. 
(1977) L epigenie calcaire des roches silicatees dans les en­
crofitements carbonates en pays subaride-Antialtas. Mar­
occo Sciences Geologiques Bulletin, 30, 129-152. 

Nagata, H. and Sakae, T. (1975) New occurrence of sepiolites 
from the limestone caves at Gifu and Tokyo, Japan (in Jap­
anese with English abstr.). In Contributions to Clay Min­
eralogy, K Henmi, ed., 128-133. 

Nagy, B. and Bradley, W.E (1955) Structure of sepiolite. 
American Mineralogist, 40, 885-892. 

Newman, A.C.D. and Brown, G. (1987) The chemical con­
stitution of clays. In Chemistry of Clays and Clay Minerals, 
A.CD. Newman, ed., Mineralogical Society, London, 1-
128. 

Paquet, H. (1983) Stability, instability and significance of at­
tapu1gite in the calcretes of mediterranean and tropical ar­
eas with marked dry season. Science Geologiques, 72, 131-
140. 

Paquet, H., Duplay, J., Valleron-Blanc, M.M., and Millot, G. 
(1987) Octahedral composition of individual particles in 
smectite-palygorskite and smectite-sepiolite assemblages. 
In Proceedings of the International Clay Conference, Den­
ver, 1985, L.G. Schultz, H. van Olphen, and EA. Mumpton, 
eds., The Clay Minerals Society, Bloomington, Indiana, 
73-77. 

Post, J .L. (1978) Sepiolite deposits of the Las Vegas, Nevada 
Area. Clays and Clay Minerals, 26, 58-64. 

Post, J.L. and Janke, N.C (1984) Ballarat sepiolite, Inyo 
Country, California. In Palygorskite-Sepiolite. Occurrenc­
es, Genesis and Uses, A. Singer and E. Galan, eds., De­
velopments in Sedimentology, Elsevier, Amsterdam, 37, 
159-167. 

Robertson, R. (1961) The origin of English Fullers Earths. 
Mineralogical Magazine, 4, 282-287. 

Robertson, R.H.S. and Stot, A. (1974) Minneralogical anal­
ysis of some sepiolitic clays. Estudios Geologicos, XXX, 
347-357. 

Rogers, L.E., Martin, A.E., and Norrish, K. (1954) The oc­
currence of palygorskite near Ipswich, Queensland. Min­
eralogical Magazine, 30, 534-540. 

Rogers, L.E., Quirk, J., and Norrish, K (1956) Occurrence 
of an aluminum-sepiolite in a soil having unusual water 
relationships. Journal of Soil Science, 7, 177-184. 

Sanchez, C and Galan, E. (1995) An approach to the genesis 
of palygorskite in a Neogene-Quaternary continental basin 
using principal factor analysis. Clay Minerals, 30, 225-
238. 

Shadfan, H., Mashhady, A.S., Dixon, J.B., and Hussen, A.A. 
(1985) Palygorskite from Tertiary formations of Eastern 
Saudi Arabia. Clays and Clay Minerals, 33, 451-457. 

Siddiqui, M.KH. (1984) Occurrence of palygorskite in the 
Deccan Trap formation in India. In Palygorskite-Sepiolite. 
Occurrences, Genesis and Uses, A. Singer and E. Galan, 
eds., Developments in Sedimentology, Elsevier, Amster­
dam, 37,243-250. 

Stephen,1. (1954) An occurrence of palygorskite in the Shet­
land Islands. Mineralogical Magazine, 30, 471-480. 

Stoessell, R.K and Hay, R.L. (1978) The geochemical origin 
of sepiolite and kerolite at Amboseli, Kenya. Contribution 
to Mineralogy and Petrology, 65, 255-267. 

Suarez, M., Flores, L., Anorbe, M., Diez Torres, J.A., Navar­
rete Lopez, J., and Martin Pozas, J.M. (1991) Mineralogical 
and textural characterization of the Bercimuel palygorskite 
(Segovia, Spain). In Proceedings of the 7th EUROCLAY 
Conference Dresden '91, M. Storr, KH. Henning, and P. 
Adolfi, eds., Greifswald, 1019-1023. 

Suarez, M., Robert, M., Elsass, E, and Martin Pozas, I.M. 
(1994) Evidence of a precursor in the neoformation of pal­
ygorskite. New data by analytical electron microscopy. 
Clay Minerals, 29, 255-264. 

Suarez, M., Flores, L.v., and Martin Pozas, J.M. (1995) Min­
eralogical data for palygorskite from Bercimuel (Segovia, 
Spain). Clay Minerals, 30, 261-266. 

Takahashi, H. (1966) Occurrence of sepiolite from the Kar­
asawa Mine, Tochigi Prefecture. Journal of the Japan As­
sociation of Mineralogy, Petrology and Economic Geology, 
56, 187-190. 

https://doi.org/10.1346/CCMN.1999.0470402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1999.0470402


Vol. 47, No.4, 1999 Composition of sepiolite and palygorskite 409 

Teodorovitch. (1961) Authigenic Minerals in Sedimentary 
Rocks (Translation). Consultants Bureau, New York, 120 
pp. 

Vicente Rodriguez, M.A., Lopez Gonzalez, J.D., and Banares 
Munoz, M.A. (1994) Acid activation of a Spanish sepiolite: 
Physicochemical characterization, free silica content and 
surface area of products obtained. Clay Minerals, 29, 361~ 
367. 

Weaver, C.E. and Pollard, L. (1973) The Chemistry of Clay 
Minerals. Elsevier, Amsterdam, 213 pp. 

Wiersma, J. (1970) Provenance, genesis and paleo-geograph­
ical implications of microminerals occurring in sedimen­
tary rocks of the Jordan Valley area. Publication of Fysical 

Geography, Bodemkunde Laboratory, University of Am­
sterdam. 

Yal~in, H. and Bozkaya, O. (1995) Sepiolitite-palygorskite 
from the Hekimhan region (Turkey). Clays and Clay Min­
erals, 43, 705~717. 

Yeniyol, M. (1986) Vein-like sepiolite occurrence as a re­
placement of magnesite in Konya, Turkey. Clays and Clay 
Minerals, 34, 353~356. 

Zheng, Z. (1991) Palygorskite in China. In Proceedings of 
the 7th EUROCLAY Conference Dresden '91, M. StOrr, 
K.H. Henning and P. Adolfi, eds., Greifswald, 1209~121O. 

(Received 4 August 1997; accepted 25 October 1998; Ms. 
97-067) 

https://doi.org/10.1346/CCMN.1999.0470402 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1999.0470402



