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Abstract
Talc of different origins has been examined to determine if low temperature talc exists. Spectroscopic
studies show that, in hydrothermal talc, only ferrous iron is present and is located in octahedral M2

sites. In talc from weathering profiles, both ferrous and ferric iron exist in the M2 sites. The oxygen
isotope  compositions  of  the  two  kinds  of  talc  are  completely  different  (+  10  ‰  and  +  20  ‰,
respectively). The high δO18 values of weathering talc cannot be explained by post formational oxygen
isotope exchange between high temperature talc and meteoric water. Using the fractionation factors of
Escande (1983) and a δO18 value of — 5 ‰ for the meteoric water, the temperature obtained for talc
from weathering  profiles  is  between 25  and  50  °C.  A  possible  mechanism of  formation  for  low
temperature, ferric talc is the recrystallization of a ferrous talc, immediately followed by a more or less
complete and very fast iron oxidation. A similar evolution has been observed for smectites in natural
and experimental studies.

Résumé
Des échantillons de talc d'origines diverses ont été étudiés dans le but de vérifier si une origine de
basse température est possible. Des études spectrométriques montrent que, dans le talc hydrothermal,
le fer est à l'état ferreux dans les sites octaédriques M2. Dans le talc provenant de profils d'altération, le
fer existe sous forme ferreux et ferrique dans les mêmes sites. Les compositions isotopiques de
l'oxygène des deux groupes sont complètement différentes (δO18 = + 10 ‰ et + 20 ‰ respectivement).
L'enrichissement en O18 du talc d'altération ne peut pas être expliqué par un échange entre eaux
météoriques et talc hydrothermal après sa formation. En utilisant les facteurs de fractionnement
d'Escande (1983) et une composition isotopique des eaux météoriques de — 5 ‰, on obtient pour les
talcs de profils d'altération, une température de 25 à 50 °C. Un processus de formation possible pour
ce talc météorique ferrique est la cristallisation de talc ferreux, immédiatement et rapidement suivie par
une oxydation plus ou moins complète du fer. Un tel phénomène est observé dans certaines smectites
ferrifères naturelles ou de synthèse.
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Abstract-— Talc of different origins has been examined to determine if low temperature talc exists. Spectroscopic 
studies show that, in hydrothermal talc, only ferrous iron is present and is located in octahedral M2 sites. In talc 
from weathering profiles, both ferrous and ferric iron exist in the M2 sites. The oxygen isotope compositions of 
the two kinds of talc are completely different (+ 10 %o and + 20 %o, respectively). The high ÔOi8 values of 
weathering talc cannot be explained by post formational oxygen isotope exchange between high temperature talc 
and meteoric water. Using the fractionation factors of Escande (1983) and a ÔO'8 value of — 5 %° for the 
meteoric water, the temperature obtained for talc from weathering profiles is between 25 and 50 °C. A possible 
mechanism of formation for low temperature, ferric talc is the recrystallization of a ferrous talc, immediately 
followed by a more or less complete and very fast iron oxidation. A similar evolution has been observed for 
smectites in natural and experimental studies. 
Key words : talc, Môssbauer spectroscopy, optical spectroscopy, oxygen isotopes, weathering. 

Mise en évidence de talc de haute et basse température. Une étude spectroscopique et isotopique. 
Résumé. — Des échantillons de talc d'origines diverses ont été étudiés dans le but de vérifier si une origine de 
basse température est possible. Des études spectrométriques montrent que, dans le talc hydrothermal, le fer est à 
l'état ferreux dans les sites octaédriques M2. Dans le talc provenant de profils d'altération, le fer existe sous forme 
ferreux et ferrique dans les mêmes sites. Les compositions isotopiques de l'oxygène des deux groupes sont 
complètement différentes (ÔO18 = + 1 0o/(H) et + 20 °/iK) respectivement). L'enrichissement en O18 du talc d'alté¬ 
ration ne peut pas être expliqué par un échange entre eaux météoriques et talc hydrothermal après sa formation. En utilisant les facteurs de fractionnement d'Escande (1983) et une composition isotopique des eaux météoriques 

de — 5 °/00, on obtient pour les talcs de profils d'altération, une température de 25 à 50 °C. Un processus de 
formation possible pour ce talc météorique ferrique est la cristallisation de talc ferreux, immédiatement et 
rapidement suivie par une oxydation plus ou moins complète du fer. Un tel phénomène est observé dans certaines 
smectites ferrifères naturelles ou de synthèse. 
Mots-clés : talc, spectrométrie Môssbauer, spectrométrie optique, isotopes de l'oxygène, altération météorique. 

I. INTRODUCTION 

Talc is generally described as the result of 
hydrothermal alteration of ultrabasic rocks or of 
magnesium metasomatism of quartzite and dolo-
mitic rocks (Chidester, 1962 ; Naldrett, 1966 ; 
Ildefonse, 1980 ; Moine, 1982 ; Moine et al., 
1982 ; Beaulieu, 1983 ; Hemley et al., 1977). 
But talc is also often present in lateritic profiles 
on basic or ultrabasic rocks (Delvigne, 1965, 
1983 ; Trescases, 1975 ; Nicolas and Sagon, 
1966 ; Bernardelli et al., 1983 ; Menegotto and 
Formoso, 1983 ; Nahon et al., 1982 ;...) and 
the question is whether such talc is a relic of a 
previous hydrothermal alteration or the result of 
weathering ? The existence of meteoric talc has 

been suggested by several authors (Wackermann, 
1975 ; Pion, 1979 ; Fontanaud, 1982 ; Nahon et 
al., 1982 ; Colin, 1984) but has never been 
proved. In this paper we report spectroscopic 
and isotopic analyses of different talc samples, 
in an attempt to prove a low-temperature origin 
for talc of supposed meteoric origin and to find 
criteria to distinguish between hypogene and 
supergene talc. 

II. PETROLOGY AND GEOLOGICAL 
OCCURRENCES OF SAMPLES 

The samples studied have several origins. 
Sample BR22 is from the metamorphosed ultra-
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basic massif of Bragança (Portugal). This Pre-
cambrian peridotitic body was metamorphosed 
(about 900 m. y. old) from greenschist to amphi-
bolite facies (Anthonioz, 1972). Talc occurs as 
small lenses, often associated with chlorite and 
sometimes quartz. Talc and chlorite form the 
matrix of the rock in which big pyroxenes are 
completely transformed to amphiboles. Samples 
P05D and CF13 are from the Precambrian (Low 
to Middle Proterozoic) serpentinized ultrabasic 
massif of Campo Formoso (Brazil). The talc 
occurs as a replacement product of antigorite 
and chlorite, or is associated with carbonates. 
These two occurrences are interpreted as different 
phases of an hydrothermal alteration of the ser-
pentinites (Boukili et al. , 1983 ; Boukili, 1984). 
Sample "TRIMOUNS" comes from the talc ore 
of Trimouns in the Pyrénées Mountains (France). 
The talc deposit is found between crystalline 
formations at the wall and chlorito-graphitic 
epimetamorphic series, with dolomitic intercala¬ 
tions at the roof. Talc was formed by a late 
Hercynian magnesian metasomatosis at 250 to 
300 °C (Fortuné et al., 1980). Samples 13-77, 
95-77 and 1 06-77 come from two lateritic profiles 
on dunites and pyroxenites at Moyango and 
Sipilou, Ivory Coast (Mathez, 1976 ; Nahon, 
1977, 1978). In sample 13-77, talc is associated (, 
with nickeliferous chlorite-vermiculite in a sil- (2 

crete (Noack and Colin, in press). In samples 95-77 and 106-77, talc occurs as alteration of 

orthopyroxene or as filling of small veins in the 
transitional horizon of the profile (Nahon et al., 
1982). Sample "GABON" has a completely 
different origin. It is a sedimentary talc formed 
at the contact between dolomite and sepiolite in 
the Upper Proterozoic Nyanga synclinal, in south¬ 
eastern Gabon. This deposit is interpreted to 
have formed through interaction of sepiolite and 
water at pH below 8 (Dubinska, 1984). 

III. EXPERIMENTAL STUDIES 

1. Mineralogy and crystallography 

Samples P05D, CF13, TRIMOUNS, BR22 
and GABON are veiy pure talc with no detectable 
amounts of other phases by X-ray diffraction. 
Sample 13-77 contains talc and about 5 % of 
quartz and is red-colored, suggesting the occur¬ 
rence of iron oxides. Sample 106-77 consists of 

talc, about 3 % of quartz and trace amounts of 
chlorite. Sample 95-77 is a mixture of about 
30 % talc and 70 % smectite. Cell parameters 
for all the talc samples studied have been calcu¬ 
lated using the crystallographic computer program 
of Tournarie (1969) on the basis of a triclinic 
unit-cell (Table I). Because the talc particles are 
lamellar, it is sometimes difficult to obtain deso-
riented powder samples and then (hkl) reflections 
in XRD pattern. The precision obtained is not 
good for these samples. The calculated crystallo¬ 
graphic parameters are close to each other for all 
the samples, except 106-77 which has a smaller unit-cell volume. 

a CÂ) ' b (A) 1 c (A) a °> Y •> V (A3) 
BR 22 5 

+0 
268 
007 

' 9 +0 142 005 ' 9 +0 475 013 91 +0 43 21 99 +0 56 37 89 +0 70 16 449.8 + 0.7 
PO. 5D 5 

+0 
249 
007 9 

+0 
158 
005 

9 
+0 

442 
010 

89 
+0 

72 
10 

98 
+0 

10 
14 

90 
+0 

75 
12 

449.3 
+ 0.8 

CF 13 5 
+0 

150 
061 

9 
+0 

161 
003 

9 
+0 

452 
018 

90 
+0 

79 
92 

98 
+0 

52 
67 

89.61 
+0.40 

440.7 
+ 5.3 

TRIMOUNS 5 
+0 

252 
009 

9 
+0 

144 
004 

9 
+0 

444 
013 

91 
+0 

43 
21 

98 
+0 

42 
42 

89 
+0 

70 
15 

448.7 
+ 0.9 

13-77 5 
+0 

265 
005 

9 
+0 

157 
007 

9 
+0 

493 
009 

90 
+ 1 

81 
00 

99 
+0 

75 
10 

90 
+ 1 

12 
00 

451 .0 
+ 0.6 

95-77 5 
+0 

269 
022 

9 
+0 

182 
002 

9 
+0 

460 
025 

90 
+0 

49 
95 

98 
+0 

86 
96 

90 
+0 

26 
36 

452.2 
+ 1 -8 

106-77 5 
+0 

106 
055 

9 
+0 

155 
003 

9 
+0 

455 
012 

89 
+0 

89 
44 

98 
+0 

34 
41 

89 
+0 

82 
65 

437.2 
+ 5.7 

GABON 5 
+0 

252 
004 

9 
+0 

140 
004 

9 
+0 

454 
006 

90 
+0 

88 
12 

98 
+0 

60 
12 

89 
+0 

71 
10 

448.7 
+ 0.4 

MINNESOTAITE 5 623 9 419 9 624 85 21 95 64 90 00 
Fe3+-PYR0-PHILLITE 5 26 9 10 1 . 1 95 5 

Table I. — Unit-cell parameters (with standard 
deviations ) of studied talc. 1 ) Guggenheim & Bailey 
(1982) ; 2) Monoclinic unit-cell, Chukhrov et al. 
(1979). 
Paramètres cristallographiqu.es (avec incertitudes) 
des échantillons de talc étudiés. 1) Guggenhein & 
Bailey (1982) ; 2) Maille monoclinique, Chukhrov 
et al. (1979). 

2. Chemistry 

The chemical composition of the talc samples 
were determined by atomic absorption spectro¬ 
photometry, electron micropobe and SEM with 
a Si-Li detector (Table II). Bulk analysis and 
analysis of isolated particles of talc by SEM are 
similar. The iron content varies widely from 0 to 
12 % Fe203 as total iron. The analysis of separa¬ 
ted particles from the same sample shows that 
the iron content varies little. The A1203 content 
is generally low except for samples 95-77 and 
106-77. High A1203 contents (as measured by 
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'bR22(1) P05D(1> CF13<1> triiMns' 13-7/2)1 95-77<3)iio 6-7/ S' GABON05 
Si02 r~6l .50 63 00 61.21 ! 62.69 ' 61.19 ' 62.43 ' 64 . 00 60. 15 
a12°3 0.50 0 20 0.08 0.49 0.38 I . 92 l .30 0.55 
Fe203 3 . 58x 1 36x 1 .01x 0. 76x 7 . 9 7X 12. 10x 0.06x 
FeO 1 .70* 
MgO 28.00 30 00 31 .37 29.93 30.31 25.60 18.80 33.20 
CaO 0.25 0 20 0.30 0.30 0. I I 0.90 0.06 
Na20 0.05 0 05 0.02 0.03 0.32 0.35 0. 10 
k2o 0.01 0 01 0.01 0.02 ND 0.0! 
NiO 0.08 0 04 0.23 0. 14 ND 1 .47 ND 
Cr 2 O3 0.01 0 04 0 ND ND ND 1 .08 ND 
H2° I 5.68 5 78 5.24 , 5.48 I ND | ND j ND j 5.50 

Table II. — Chemical analysis of the studied talc. 
x : Total iron ; ND : not determined. (1) Atomic 
absorption spectrophotometry ; (2) Electron micro-
probe ; (3) SEM with Si-Li detector. Analysis recalculated to 100 %. 

Analyses chimiques des échantillons de talc étudiés. 
x : Fer total ; ND : non analysé. (1) Spectrophoto-
métrie d'absorption atomique ; (2) Microsonde 
électronique ; (3) MEB avec détecteur Si-Li. Ana¬ 
lyses recalculées à 100 %. 

SEM) correspond to small quantities of chlorite 
detected by XRD. The same method shows that 
the NiO and Cr203 contents in the samples from 
lateritic profiles are associated with talc particles. 

3. Môssbauer spectroscopy 

Môssbauer spectra were recorded in 512 chan¬ 
nels of an Elscint AME 40 spectrometer in the 

triangular mode. A 57Co source in a rhodium 
matrix of nominal strengh 25 mCi was used with 
a Nal scintillator as y ray detector. Velocity cali¬ 
bration was made using a high grade metallic 
iron lamina. Spectra were collected at room 
temperature until 4 to 5.106 counts per channel 
were accumulated. All data were computer fitted 
with Lorentzian components by a least squares 
program. All samples were analyzed, except 
GABON, which is too low in iron. The Môss¬ 
bauer spectra for the talc analyzed are of two 
kinds. Those of talc having an obvious high-
temperature origin (BR22, P05D, CF13, TRI-
MOUNS) have only one Fe2+ doublet, more or 
less asymmetric (Figure 1). The experimental 
spectra can be well fitted by one Lorentzian line 
with Môssbauer parameters characteristic of Fe2+ 
in octahedral sites (Coey, 1980 ; Heller-Kallai and Rozenson, 1981) (Table III). 

The line widths are narrow, close to the instru¬ 

mental resolution. Spectra contain only one rimiKI at onrl tKair oci/mmotn; r»or» Ka a 'H-ti Vii i t aH tn u\juuiul unu uiuii uj j liuiiw u j vuii ulli iUUILU LU 

an orientation of talc particles in the samples. 
The large value of the quadrupole splitting is 
classically attributed to Fe2+ in M2 sites. For 
P05D sample a broadened absorption line having 

a very low intensity (less than 5 % in surface) is observable at 0.395 mm/s. This feature has been 

attribued to Fe3+ atoms in octahedral sites but 
no acceptable fit was obtained using Lorentzian 
curves. On the basis of these results, it's not 

V mm/s 

FlG. 1. — Môssbauer spectrum of hydrothermal talc (sample CF 13). 
Spectre Môssbauer de talc hydrothermal (échantillon CF 13). 
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Table III. — Môssbauer parameters of studied talc (in mm/s). I. S. — Isomer shift ; Q.S. = Quadrupole splitting ; 
T = Line width ; S = Relative area of the doublet. I.S. relative to iron metal except* relative to nitroprus¬ side. 

Paramètres Môssbauer des échantillons de talc étudiés (en mm/s). I.S. = Déplacement isomérique ; Q.S. = Ecart quadripolaire ; F = Largeur du doublet à mi -hauteur ; S = Surface relative du doublet. Les déplace¬ ments isomériques sont mesurés par rapport au fer métal sauf* mesuré par rapport au nitroprusside. 

Fe2 + I Fe3+ Samples and references Site' I.S. Q.S. r S 'Site ' i .S. Q.S. r S 

M2 ' 1 .14 2.60 0 30 " ' M2 ' 0 48 0.58 0 48 Heller-
Kallai .& Rozenson 
1981 

M2 1.13 2.60 0 30 100 M2 Blaauw et 
al. 1 98Ô~ 

M2 1.13 2.63 0 30 100 M2 Coey 1980 
M2 1 .39* 2 .60 0 14 100 M2 Hogg and 

Meads 1 970 
M2 1 . 135 2.630 0 285 100 M2 P05D 
M2 1 .153 2.640 0 256 i00 M2 TRIM0UNS 
M2 1.154 2.630 0 293 100 M2 BR 22 
M2 1.127 2.625 0 269 100 M2 CF 13 
M2 1.114 2.564 0 447 28 M2 0 367 0.533 0 466 72 106-77 
M2 1.13 2 .692 0 278 18 M2 0 366 0.601 0 440 82 13-77 

| ! M2 0 365 0.540 0 404 100 95-77 

possible to localize either in the talc structure or 
in a separate phase this amount of iron atoms, 
which represents about 0.06 weight percent of 
the sample. 

Môssbauer spectra of talc samples with a 
supposed meteoric origin (13-77, 95-77, 106-
77) are quite different, the main feature being an 
intense doublet with parameters typical of ferric 
iron in octahedral sites (Figure 2 and table III). 
The spectrum for sample 106-77 can be fitted 
with two doublets : the first corresponds to Fe2+ 
located in octahedral M2 sites, as above ; the 
second can be attribued to Fe3+ in M2 sites, 
according to the small value of the quadrupole 
splitting of this doublet (Rozenson and Heller-
Kallai, 1977 ; Coey et al., 1984). The spectrum 
of sample 13-77 is very similar to the previous 
one, but contains a broad modulation of the 
baseline which cannot be fitted by one Lorentzian 
line, and can be attribued to iron oxides, amor¬ 
phous or in very small particles (Kundig et al. , 
1966). About 40 % of total iron is located in 
this phase. For both samples the Fe2+/Fetotal ratio 
in talc is low : 18 % for 13-77 and 28 % for 
106-77. No evidence was found of tetrahedrally 
coordinated Fe3+ in these minerals. Line widths 
are larger than for high temperature talc but in 
the range of values found for equivalent doublets 
in Môssbauer spectra of smectite (Rozenson and 
Heller-Kallai, 1977 ; Bart et al., 1980). Broade¬ 

ning of Lorentzian lines is generally attributed to 
iron atoms located in octahedral sites with similar 
but not identical Môssbauer parameters. In the 
samples studied here, broadening of the lines in 
correlated with the incorporation of Fe3+ atoms in the talc structures. 

The Môssbauer spectrum for samples 95-77 
has only one doublet which can be fitted by one 
Lorentzian line corresponding to Fe3+ atoms in 
octahedral M2 sites. There is no indication of 
ferrous iron and thus Fe2+/Fetotal < 0.02. On the 
basis of SEM data about 8 % of the iron is loca¬ 
ted in the talc structure of sample 95-77. Môss¬ 
bauer results indicate that neither the smectite 
phase nor the talc phase contains detectable 
amounts of ferrous iron. 

Relatively few talc Môssbauer data are availa¬ 
ble (Hogg and Meads, 1970 ; Coey, 1980 ; 
Blaauw et al., 1980 ; Heller-Kallai and Rozen¬ 
son, 1981) and none of these papers gives the 
geological origins of the samples. In three cases 
(Table III), Môssbauer spectra have been fitted 
only with a Fe2+ doublet, and in only one case 
is a Fe3+ doublet mentioned, but without the 
Fe2+/Fetotal ratio. Môssbauer parameters are 
similar to those we report in this paper. There 
are few reports of Fe3+ -bearing talc in the litera¬ 
ture probably because of the difficulty in separa¬ 
ting appreciable amounts of talc from weathering 
profiles. 
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106-77 

V mm/s 

FlG. 2. — Môssbauer spectrum of talc from weathering profile (sample 106-77). 
Spectre Môssbauer de talc de profil d' altération (échantillon 106-77). 

4. Optical spectroscopy 

Optical measurements were performed using a 
Cary 17D spectrophotometer with a diffuse reflectance attachment. Reflectance values were 

converted into remission function F(R) according 
to the formalism of Kubelka and Munk (in 
Wendlandt and Hecht, 1966). Three samples 
(P05D, BR22 and 106-77) were examined and 
spectra are given in figure 3 . The optical spectrum 
of BR22 consists of three main absorption features 

each having a specific origin. The sharp peaks at 7190 cm-1 and 10750 cm-1 are overtones of the 

OH stretching mode at 3677 cm-1. The visible 
range is dominated by a tail from a strong 
absorption centered in die ultraviolet region and 
which originates from a Fe-O charge transfert 

absorption. Lastly, the absorption band at about 10500 cm-1 is characteristic of six-fold coordi¬ 

nated Fe2+ atoms and corresponds to spin-

allowed electronic transitions towards the Eg state of Fe2+. This band splits into two components at 

10000 cm-1 and 11400 cm-1. By comparison 
with spectra of other Fe compounds this splitting 
may arise from four configurations (Burns, 1 970 ; 
Blazey, 1977 ; Smith, 1980 ; Rossman, 1984 ; 
Amthauer and Rossman, 1984) : 

— Presence of Fe2+ in both the M] and M2 sites. 
— Fe2+-Fe3+ interaction (Intervalence Charge 
Transfer-IVTC) and Fe2+ within the M, or the 
M2 site. 

P05D 

10677 

Garfield 
nontronlte 

25,000 15,000 Cm-1 
WAVENUMBER 

FlG. 3. — Optical spectra (diffuse reflectance spectros¬ 
copy) of samples BR22, POSD and 106-77. 
Spectres optiques (réflectance diffuse) des échantil¬ 
lons BR22, P05D et 106-77. 
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— Fe atoms in a very regular octahedron (point 

symmetry Oh). — Distortion of the Fe site. 

The Môssbauer results preclude the first two 
assignations as Fe atoms are found to occupy a 
single site, and there is no evidence for ferric 
iron. As Fe2+ atoms are located in a high symme¬ 
try octahedron, the upper levels e g splits during 
the electronic transition. This so-called dynamic John-Teller effect occurs because the lifetime of 

the transition (about 10~13 s) is considerably 
smaller than the period of frequencies of vibra¬ 
tional modes so that the [FeÔ6] octahedra are 

not actually distorted. Such a phenomenon is known only in the periclasê structure (MgO:Fe2+) and has been never observed in other minerals 

as their 6 coordinated site is always more or less 
distorted. Finally, these two absorption maxima 
are attributed preferentially to a distortion of the 
Fe2+ site so that the upper level e g is separated 

into two discrete energy levels in the groundstate. Fe2+ in a site of low symmetry is known to produce two absorption bands in the near-infrared portion of optical spectra of silicates but these bands are generally not recognized in TOT phyllosilicates — in spite of the frequent trigonal 

distortion of octahedra — because of the mixing 
of the oxidation states and site occupancy (M,, 
M2) which occur in sheet silicates. 

The absorption features of the ferrous talc BR22 
are also observed on the spectrum of P05D. This latter has two additional shoulders at 27000 

cm""1 and about 21200 cm-1 which are super¬ 
imposed upon the charge transfer tail. These 
weak peaks are centered approximately at the 
same energy as those of the nontronite (Bonin et 
al., 1985) and can be unambiguously assigned 
to the 4Ag (4d), 4Alg-4Eg (4G) levels of the octa¬ 
hedral Fe3+. This amount of Fe3+ was not easily 
detected by Môssbauer spectrometry at 295 K. 

The optical spectrum of sample 106-77 is 
characterized by two shoulders of six-fold coordi¬ 
nated Fe3+ in the visible range. The Fe2+ features located in the near infrared are not resolved and 

are probably overlapped by the 4Tlg-4T2g (4G) transitions of octahedral Fe3+. 

5. Oxygen isotopes 

Sample 95-77 was not isotopically analysed 
because its smectite content is too high. Before 

analysis samples were set into a dry box for 24 
hours in order to eliminate absorbed water (Savin 
and Epstein, 1970). Oxygen was extracted from 
the samples by reacting with BrF5 and then 
converted to CÔ2 formass spectrometric analysis, 

following the procedure described by Clayton and Mayeda (1963). Some samples were isoto¬ pically exchanged before analysis as described by Labeyrie and Juillet ( 1 982). This last procedure gives the proportion of easily exchangeable oxygen atoms. Isotopic analyses were made on a Micromass 602 D mass spectrometer. All results are given in the Ô notation versus the S MOW standard using NBS 28 and Caltech Rose Quartz calibration. The standard analytical deviation is ±0.11 °/oo-

Analytical data reported in table IV show that 
there are two groups of talc isotopic compositions. 
For talc with an obvious high temperature origin 
the oxygen isotopic composition range from 
~ 8.6 to 10.2 per mil, whereas for talcs with a 
supposed meteoric origin the range is between 
18.6 and 22.3 per mil. 

In order to discuss the thermometric signi¬ ficance of the measured Ol8/016 ratios fractiona¬ 

tion factors between talc and water are required. Available fractionation factors for sheet silicates 

are given in table V. None of them can be 
directly applied to talc systems. However, becau¬ 
se talc is closer to smectite than to mica, we 
prefer to use the results of Yeh and Savin (1977), 
Kulla (1978) and Escande (1983). In addition 
the latter two papers give results for magnesian 
smectites. Kulla (1978) found the same experi¬ 
mental fractionation factor for saponite and 

Sample 5 01S Exchangeable i ty (% )* 
P0 5D 8.6 0 

TRIMOUNS 9,3 0 
CF î 3 8.8 0. 15 
BR 22 1 0 . 2 0.20 
GABON 21 .7 -
106-77 18. 6 1.3 
13-77 T 22.32 
33-77 Q | 29.74 

Table IV. — Oxygen isotope analysis of studied talc. 
* Atomic ratio of exchangeable oxygen atoms in 
the procedure of Labeyrie and Juillet ( 1982). 
Analyses des isotopes de l'oxygène des échantillons 
de talc étudiés. * Rapports atomiques des atomes 
d'oxygène échangeables dans la procédure de 
Labeyrie and Juillet (1982). 
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Mineral Temperature range (°C) 10 -6 a1 E References 

Muscovite 400-650 2 38 -3 89 0' Nei 1 and Taylor 969 
Tllite 160-270 2 48 -4 82 Eslinger and Savin 1973 
Smec t i ce 0-270 2 67 -4 82 Yeh and Savin 1977 (A) 
Montmorillon 
Saponi,te ite 170-320 2 21 -2 82 Kulla 1978 (C) 
Stevens i te 
Saponite 25-95 

1 
3 

i 
31 

1 
-4 82 Escande 1983 (B) 

TABLE V. — Mineral-water isotope fractionation 
factors expressed in the form : b l80 = AT-2 + B ; 
T = temperature in K. 
Facteurs de frcictionncwic fit i so top i cjiic fYiiii€ro.\'€ciii 
sous la forme : b 180 = AT 2 + B ; avec T = 
température en K. 

aluminium rich smectites. Escande (1983) gives 
an experimental calibration curve for oxygen 
isotope exchange between stevensites, saponites 
and water for the range 25-95 °C. 

It is possible that post formational oxygen 
isotope exchange takes place between talc formed 
at elevated temperature and surfacia! waters 
(Savin and Epstein, 1970). Previous experimental 
work shows that for clay minerals the exchange 
rates are low and controlled by accessibility of 
water to the interlayer region (O'Neil and Kha-
raka, 1976 ; James and Baker, 1976). In talc 
minerals which are sheet silicates without inter¬ 
layer water, this phenomenon should not take 
place to any appreciable degree, and can probably 
be neglected. Our results are consistent with this 
assumption. The talc samples analysed have very 
few exchangeable oxygen atoms (Table IV) 
compared to smectites (Escande, 1983 ; Escande 

et al., 1984). So the difference of about 10 per mil found between the two kinds of talcs can be 

interpreted as resulting from different genetic 
environments. 

Despite the various geological origins of 
different samples of "hot" talc their oxygen 
isotope compositions are nearly the same, and 
can perhaps be related to similar conditions of 
genesis. On the basis of petrologic and geo-
chemical investigations, the formation tempera¬ 
ture of Trimouns talc has been estimated to range 
between 300 °C (Fortuné, 1971) and 450 °C 
(Moine, 1982). Using the above available geo-
thermometer it is possible to determine the 
isotopic composition of paleowater from which 
this talc precipitated. In this range of temperature 
the three selected fractionation factors give 
approximately the same answer : ô180 values of 
water that would have been in equilibrium with 

this talc range from ~ 1 to 9 per mil. These values are consistent with other calculated isoto¬ 

pic composition of paleohydrothermal water 
(Sheppard, 1977 ; Wenner and Taylor, 1971). 

The high ô l80 values measured for other talc 
samples are typically those of low temperature 
clays (Savin and Epstein, 1970 ; Hassanipak and 
Eslinger, 1985). The above results show clearly 
that "hot" talcs can retain their original isotopic 
compositions, even over times of several hundred 
millions years. High l80/l60 ratios cannot be 
interpreted as caused by post-formational oxygen 
isotope exchange between talc with low 6 lsO values and meteoric waters. 

The Gabon talc occurs as a diagenetic repla¬ 
cement of sepiolite in Precambrian dolomite that 
shows no evidence of hydrothermal alteration or 
burial metamorphism (Devigne, 1959). It is not 
possible to date the diagenetic transformation of 
sepiolite to talc. On the basis of geological evi¬ 
dence this mineral has an undoubted sedimentary 
origin which is corroborated by its oxygen isotope 
composition. 

Samples 106-77 and 13-77 come from a 
weathering profile developed during the Quater¬ 
nary (Mathez, 1976). Previous works of Lawren¬ 
ce and Taylor (1971-1972) show that the oxygen 
isotope compositions of clays (smectite and 
kaolinite) in Quaternary soils and weathering 
profiles are independent of those of the parent 
rocks, and clearly correlate with Ô 180 values of 
corresponding present-day meteoric waters. They 
conclude that these clay minerals are in isotopic 
equilibrium with their local meteoric waters. 

The ô lsO values of samples 106-77 and 13-77 are similar to those of montmorillonite from 

the Big Sea weathering profile (California) 
developed on a hornblende quartz diorite (Law¬ 
rence and Taylor, 1972). These results confirm 
the hypothesis of a low temperature genesis for 
these samples of talc. A quantitative estimate of 
temperature can be obtained using the fractio¬ 
nation factors given above. We can use for the 
isotopic composition of present-day precipitation 
those measured in Ghana (which has the same 
latitude as the neighboring Ivory Coast) which 
have a mean value of ô 180 ~ — 5 °/w (Akiti, 
1980). By another way we must also take into 
account the possible isotopic effect due to iron 
atoms in clays. Lawrence and Taylor (1972) 
found that an increase of 3.3 % in Fe203 of two 
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smectites involves a decrease of 2.8 °/00 in ô 180 
values. Temperatures of talc genesis have been 
so calculated using the three available fractiona¬ 
tion factors with and without an iron isotopic 
effect of 2 °/00 (Table VI). The estimated tempe¬ 
rature for the genesis of this talc are obviously 
those of weathering. This result is confirmed by 
the isotopic composition of quartz associated with 
talc in the silcrete (sample 13-77Q). 

Sample Fractionnât ion factors 
A B ' C ' D 

106-77 37° 1 72°-55°*' 20°-4°* ' 
1 3-77T 15° 48° about 0°C 
13-77Q 1 ! i 25° 

Table VI. — Estimated temperature (°C) of talc 
genesis using various fractionation factors. A,B,C 
see Table V ; D silica-H20 (Clayton et al., 1972) ; 
* Estimated temperatures taking in account iron effect. 

Températures estimées (°C) de formation des échan¬ 
tillons de talc en utilisant les différents facteurs de 
fractionnement. A,B,C, voir tableau V ; D silice-
H20 (Clayton et al., 1972) ; * Températures esti¬ 
mées en tenant compte de l'effet du fer. 

IV. DISCUSSION 

In the introduction, we posed the question 
about the possible low-temperature origin of talcs. 
The oxygen isotope analyses allow us to distin¬ 
guish two groups of minerals : 

— The samples of hydrothermal talc all have 
Ô !80 values ranging from 8.6 to 10.2 %(,. 

— The talc from either lateritic profiles or produced by diagenesis have ô l80 values from 18.6 to 22.3 °/oo-

The gap in isotopic composition is sufficiently 
large to think that the ô ,80 values measured 
were probably established at the time of crysta¬ 

llization and have not changed since. The hydro-thermal talcs are Precambrian to Paleozoic and it 

seems that their isotopic compositions change 
little with time. Therefore, the isotopic composi¬ 
tion of the other samples of talc studied cannot 
be interpreted as the result of post-formational 
isotopic exchange. Using the present-day isotopic 
composition of rain waters in Africa, the talc 
from weathering profiles appears clearly to have 
a low temperature origin. It cannot be considered 
as a relic of hydrothermal alteration. Conse¬ 

quently, for talc found in weathering profiles on 
ultrabasic rocks and interpreted as relics of high-
temperature, pre-weathering events (Trescases, 
1975 ; Delvigne, 1983) the possibility should be 
reassessed that they instead formed during 
weathering. 

It is also possible to distinguish talc of various 
origins by its crystallographic and chemical 
characteristics (Môssbauer and optical spectro¬ 
metry). Hot talc has a low iron content only in the ferrous form. The substitution of Fe2+ for 

Mg2+ is too low to cause modifications of unit-
cell parameters detectable by XRD. Lateritic talc 

has relatively high total iron content, principally in the ferric form and also detectable amounts 

(about 1 % weight) of NiO and Cr203. The unit-
cell volume of the sample with the higher iron 
content (106-77) is significantly lower than that 
of pure magnesian talc (Table I). The only 
diagenetic talc we have studied is only magnesian and contains no detectable amounts of other 

metals (Fe, Ni, Cr). 

The geochemical conditions of formation of 
hydrothermal talc are well known (Hemley et 
al., 1977 ; Moine, 1982). In the weathering 

profiles, the incorporation of iron in the talc structure is related to the state of iron in the 

environmental solution. In these geochemical 
environments, iron in solution can exist essen¬ 
tially in the ferrous form. A possible mechanism 
of formation for the Fe3+-rich talc is substitution 
of ferrous iron for magnesium, immediatly 

followed by a more or less complete and very fast iron oxidation within the mineral structure. 

A similar evolution was described for the syn¬ 
thesis of ferrous and ferric smectites (Decarreau, 
1983 ; Decarreau and Bonnin, 1986) and in 
natural transformations of similar smectites in 
Red Sea sediments (Badaut et al., 1985). 

On the basis of this mechanism, incorporation of ferrous iron in the talc structure can be des¬ 

cribed by the following equilibrium reaction : 

1/3 Mg3Si4O10(OH)2 + Fe2+ > 
(talc solid solution) 

1/3 Fe3Si4O10(OH)2 + Mg2+ [1] 
(talc solid solution) 

the equilibrium constant of reaction [1] is : 

(Fe2+/Mg2+) solid solution 
Fe-Mg — (pe2+/Mg2+) aqueous phase 
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The measured value of the corresponding 
experimental distribution coefficient for steven-

site is : log KFe.Mg = 2.37 at 25 °C, which shows a strong tendency for ferrous iron to substitute 

for magnesium in the smectite structure (Decar-
reau, 1983, 1985). The effect of temperature on 
the value of KFe_Mg can be estimated using the 

thermodynamic data for talc and minnesotaite (Fritz, 1981). So calculated, theoretical partition 

coefficients for reaction [1] decrease from 

log KFe_Mg = 4.77 at 25 °C to log KFe„Mg = 3.69 at 300 °C. This calculation confirms the strong 

tendency of Fe2+ to substitute for Mg2+ in the 

talc structure. For equivalent geochemical condi¬ tions, the stabilization of Fe2+ will be ten times 

higher at 25 °C than at 300 °C. This result can 
explain the high iron content of low temperature 
talc in weathering profiles. 

The partition coefficient M2+-Mg in synthetic 
stevensites is almost constant from the magne¬ 

sium end member to the M2+ end member and 
the solid solutions, except for Cu2+, are complete 
(Decarreau, 1983). We can expect the same thing 
for talc. But in natural talc, a Fe/(Fe + Mg) ratio between .30 and .70 has never been found 

and the existence of a complete Fe-Mg solid 
solution for talc must be reconsidered. 
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