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Abstract-The low temperature synthesis of iron silicate minerals with clay structures is possible at surface temperatures 
only under reducing conditions. Under oxidizing conditions clay minerals could not be synthesized. Instead quartz and 
quartzine were found in these X-ray amorphous Fe III hydroxide-silica precipitates after 14 days at low temperatures (20° 
and 3°C) as well as geothite or X-ray amorphous iron hYdroxides. Only from solutions containing Fe-II could the different 
iron-containing clay minerals be built up within days at low temperatures. The presence of Fe-lI enables an octahedral 
layer of the brucite-gibbsite type to be formed. This is necessary for the bidimensional orientation of SiO.-tetrahedra 
leading to clay mineral formation. The presence of Fe2+ - and/or Mg'+ -ions is necessary for the formation of the A13+ - and 
Fe3+ -containing octahedral layers. The reducing conditions were obtained in the experiments by addition of dithlonite. 
With a high content of silica (ca. 20 ppm Si02 , 7 ppm Fe) nontronite and lembergite, the di-Fe-Ill and tri-Fe-11 octahedral, 
three-layer silicates, were built up in several days at low temperatures. With a lower silica content, that is, a lower Si/Fe 
ratio (I5 ppm Si02 and 20 ppm Fe), the two-layer silicate minerals greenalite and chamosite could be synthesized. A higher 
Mg content and more reducing conditions in the solutions favored the tri- as well as dioctahedral chamosite synthesis. 

The conditions offormation of recent naturally formed nontronite fit well with the synthesis conditions. Chamosites in 
sedimentary iron ores are characterized by a low content of Si02 , between 15-30% Si02 • This low content of silica cannot 
be the result of primary precipitation from seawater. The iron and silica ratio in seawater or in river waters would lead to 
a precipitation of -60% Si02 in the iron hydroxide precipitates. A probable origin for chamosite iron ores, which explains 
the low Si02 content, is diagenesis of the lateritic weathering crust. Indeed, investigations of recent tropical shoreline 
sediments and in particular their trace element content confirm that chamosite minerals have formed diagenetically from 
lateritic particles in reducing sediments. 
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INTRODUCTION 
The silica content of sedimentary iron ores is found 

in quartz and different iron-containing clay minerals. 
Chamosite, greenalite, cronstedtite, nontronite, glau­
conite, and thuringite are common minerals in sedi­
mentary iron ores. In general all these minerals are ex­
tremely fine grained so that X-ray powder data are 
necessary for their identification and elucidation of 
their structures. Greenalite, cronstedtite, and chamo­
site are structurally characterized by a serpentine (ka­
olinite)-like structure in which one silica tetrahedral 
layer is bound with one octahedral layer in a 1: 1 miner­
al. Nontronite, ferrisaponite, and lembergite are struc­
turally characterized by a smectite or talclike structure 
in which two silica tetrahedral layers are bound with 
one octahedral layer in a 2: 1 mineral. Glauconite is a 
complicated iron-rich mica-clay mineral. Thuringite 
has a clay mineral structure in which, between the 
smectite (talc) layer, is an independent Fe- "brucite" 
layer. Fe-II and Fe-Ill are found in different amounts in 
these Fe clay minerals. Di- and trioctahedral types can 
be distinguished in the different clay types. Since sub­
stitution of AI- and probably also of Fe-ions takes 
place, in both the smaller Si-tetrahedron position and 
the large octahedral position the chemical composition 
can be very variable. For these minerals oxidation and 
dehydration reactions are, to some extent, reversible 
by the conversion of some outer (OH)--ions of the octa­
hedrallayer to (0)-2. 

65 

The synthesis of some iron-containing clay minerals 
at elevated temperatures has been discussed previ­
ously, Ewell and Insley (1935), Hamilton and Furtwan­
gler (1951) and others synthesized nontronite from mix­
tures of silica gel and ferric oxide at high temperatures 
and pressures. Iron-containing, chloritelike substances 
have been produced from montmorillonite (Orcel et al., 
1949) by reaction with Fe(OH)2 solutions. Swelling 
chlorites have been synthesized from Na-silicates and 
iron salts (Caillere et al., 1947). In the last few years 
many clay minerals have been synthesized at low tem­
peratures. Harder (1972) showed that from magnesium­
containing aluminum hydroxide-silica precipitates, tri­
and dioctahedral montmorillonite could be synthesized 
at temperatures <3°C. With potassium in the solution 
illite also could be synthesized. The brucite-Iayer fa­
vors the formation of layer silicates of the smectite 
group. Since Fe(OH)2 is isomorphous with brucite, it 
was reasonable to try a synthesis of hydrous iron sili­
cate with iron-containing solutions under reducing con­
ditions. It was possible to synthesize di- and triocta­
hedral 2: 1 clay minerals (smectite) and di- and 
trioctahedral 1: 1 minerals with a kaolinitelike structure 
(Harder, 1973). The question of iron clay mineral for­
mation under surface conditions is in part a question of 
iron and silica precipitation from natural solutions. 

Amorphous hydroxides of iron are capable of copre­
cipitating Si02 by chemisorption from very dilute so­
lutions (Harder, 1965; Flehmig, 1967). The precipita-
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Fig. I. Variation of the amount of silica taken up by aluminum, iron, 
and manganese hydroxides which have been aged for different times 

before the addition of silica to the solution. 

Aginp, Conci tions: 

H 80° C pH 7 31 ppm A12 O, 28 ppm Si02 HARDER, 1965 

Fe III 3° C pH 7 29 ppm Fe20, 18 ppm SiOz E'LEHMIG, 1967 

Fe III 22° C pH 7 

Fe III 80°. C pH 7 

Mn III 80° C pH 9 21 pplll J".nO 28 ppin Si~ NENSCHEL, 1970 

tion of Fe-11 and Fe-Ill hydroxides is a function of Eh 
and pH. Iron-Ill is insoluble at more common natural 
pH (>3); Fe-II, however, is much more soluble at all 
natural pH. The redox potential and the pH of the so­
lution controls the amount of iron which is precipitated. 
For some experiments the Si02-content of the Fe-II and 
Fe-Ill, or more precisely, the mixtures of the Fe-H and 
Fe-Ill hydroxide precipitates are given in Table 1. The 
SiOrcontents in the Fe-II and Fe-HI hydroxide precip­
itates are more or less similar to the Si02-content in Al­
Si precipitates. There are, however, some important 
differences in aging conditons of aluminum and iron 
hydroxides. Sorption is much less on crystallized sub­
stances (clay minerals, Fe-hydroxides, etc.) than on the 
X-ray amorphous hydroxides. If the hydroxides are 
aged before they are brought in contact with solutions 
containing silica they take up less silica. The precipi­
tates of Fe(OHJa and Fe(OH)2 are not stable and crys­
tallize to goethite, FeOOH and magnetite, Fe304' Aged 
iron hydroxide precipitates for this reason adsorbed 
much less Si. The experiments of Flehmig (1967) have 
shown, (see Figure 1) that even at low surface temper­
atures, precipitated iron phases after several months 
lose adsorption capacity, if they are brought into con­
tact with silica solutions. Under neutral pH conditions 
aluminum-hydroxides do not lose their adsorption ca­
pacity even after many years of aging. The presence of 
silica in solution during the precipitation of iron-hy­
droxides inhibits the crystallization to geothite or mag­
netite, slowing down the process. The difference in the 
aging conditions of iron, manganese, and aluminum­
hydroxides is shown in Figure 1. 

TECHNIQUE OF SYNTHESIS 
The low temperature synthesis of clay minerals is 

possible through the aging of freshly prepared hydrox­
ide-silica precipitates under different conditions. The 
experiments were carried out in the following way. 
From solutions containing Fe, Si, and in some cases AI, 
and Mg, the hydroxides were precipitated in different 
amounts. The ratio of the two oxidation states of iron 
change with Eh-pH conditions. Oxidation-reduction 
conditions are very important for the formation of iron 
minerals. The reducing conditions in the experiments 
were produced by different chemicals, and the resulting 
Eh was measured by a platinium electrode with a cal­
omel reference electrode. 0.1% sodium dithionite so­
lution produced an Eh of -0.6 V, pH 8.0; 0.1% hydra­
ziniumdichloride an Eh of -0.25 V, pH 8.0; a nitrogen 
atmosphere was used to stabilize these reducing con­
ditions during the handling of the solution. Experiments 
with other reducing agents were not successful in pro­
ducing clay minerals. Perhaps the crystallinity of the 
products was too pure. Silicon was added as mono­
meric silicic acid, and iron was added as a solution from 
freshly prepared FeS04' Iron was precipitated by 
change of hydrogen ion concentration (higher pH) or 
by change of the Eh. The pH was then kept constant 
by several additions of NaOH. The variation of pH and 
Eh is quite large in these experiments, but has a great 
influence on the reaction and the formation of the di­
or trioctahedral iron-containing three- or two-layer 
minerals. 

In the beginning all the hydroxide-silica-precipitates 
were X-ray amorphous, but after a short aging time, 
some of the precipitates showed X-ray reflections of 
clay minerals only. Others remained completely X-ray 
amorphous after the aging time. Many other precipi­
tates showed sharper reflections from the hydroxides, 
oxides, quartz, feldspar, etc. with or without clay min­
eral reflections. The first X-ray reflections of clay min­
erals were detected after only 1 day of aging. The aging 
time with iron experiments was extremely short in re­
lation to the Al-Mg-Si-experiments which needed sev­
eral months for crystallization (Harder, 1972). The fast 
crystallization was very favorable as it was quite dif­
ficult to maintain the pH and Eh at the starting values 
for a long time. The wet, filtered precipitate was 
washed with 02-free water and was dried after the aging 
time. The bluish-gray colors of some wet experimental 
products are not stable. A color change to black and 
gray and finally to brown takes place upon exposure to 
air. These products could be dried under a N2 atmos­
phere without changes in color. 

If the Fe-Ill-silica precipitates, which had been 
formed in an oxidizing solution, were aged under re­
ducing conditions, iron clay minerals were formed. In 
this way chamosite was synthesized from an oxidizing 
solution after being aged for 1-30 days under reducing 
conditions. This mechanism for chamosite synthesis is 
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Table 1. Silica adsorption by iron hydroxides at different redox potential. 

Concentration 
in initial 

Na-Di- pH Temper- solution 
tl1ionite a·t~re Fe SiOz 

'% C ppm ppm 

+) 
7 

~o 20 18.3 ? 

0.3 8 :3 20.6 20.25 

1 8 3 20.6 20.25 

+) 
7 22 20 18.3 

0.1 8 20 20.6 20.25 

9 20 4 20 

0.03 8 20 4 20 

0.1 8 20 4 20 

+) 7 22 0.20 18.25 

0.1 8.5 20 0.3 13 

0.1 8.5 20 0.3 13 
+ o 7. .:; % A12~ 

+) These values from W. Flehmig (1967) 

most important for diagenetic formation of chamosite 
in sedimentary iron minerals from detrital iron com­
pounds under natural conditions. 

X-ray analysis 

Because the synthesis products were so poorly crys­
tallized, only powder diagrams with the Debye-Scher­
rer camera were obtained, using CoK" radiation. The 
diffraction patterns showed more or less diffuse (Table 
2) broad peaks. Nevertheless , the X-ray powder dif­
fraction data of the synthesis products agree with those 
of natural minerals. 

The usual distinction between the clay minerals, 
based on the different basal reflections , was noted. The 
three-layer silicate minerals , nontronite, ferrisaponite, 
and tembergite are characterized by basal reflections 
between 14-16 A. These basal reflections, like all smec­
tite minerals, vary in their position, and are influenced 
by different factors, mostly the exchangeable cations . 
The two-layer silicates, greenalite, chamosite, etc. are 
characterized, like the kaolin-minerals, by a 7-A basal 
reflection. The distinction between kaolin-type (7 A) 
and chlorite-type structures is based on the absence of 
presence of a 14-A reflection. The basal reflections of 
the synthetic products varied from 7-16 A. After treat-

C 0 ID P 0 s i t i 0 n 
of- precipitate 

I r 0 n 
in in 

solution precipitate % SiOz 
ppm Fe ppm Fe H2O free 

calculated 

20 30 

16 4 32 

no precipitate 

20 26 

6 15 24 

0.0 4 28 

0.4 2.8 32 

1.8 2.1 60 

0.04 0.16 56 

no precipitate 

0.2 0.1 80 
ca. 15 % A12 03 

ment with ethylene glycol at higher temperatures non­
tronite shifted to about 17 A. The reflections at 4.1 A 
and 3.3 A were weak and usually broad bands in the 
synthetic products. The (060)-reflections were relative­
ly sharp and strong and lay between 1.49 and 1.54 A 
(see Table 2). The differences have been used to dif­
ferentiate between di- and trioctahedral iron-containing 
clay minerals in the synthetic products. It has been 
shown from the position of the (060)-reflections that in­
corporation of Fe-Ill and Al in the octahedral sheets 
leads to dioctahedral minerals . More Fe-II and Mg 
leads to trioctahedral compositions. 

CHEMICAL ANALYSIS 

Some of the precipitates were analyzed chemically 
for Fe and Si and for At and Mg when they were pres­
ent. The determination of Fe and Si and, if necessary, 
of Al and Mg in the precipitates was done after drying 
and then dissolving in HF and H2S04 • Iron was deter­
mined spectrophotometrically by the O-Phenanthrolin 
method, AI , after separating from Fe, with 8 oxichinol­
in in CHCI 3 , and Mg by atomic absorption-spectrome­
try. The Si02 content of the chemical analyses given in 
the tables are calculated on a .H20-free basis. 

The chemical composition of the different clay min-
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Table 2. X-ray powder data from synthetic three- and two-layer-iron clay minerals . 

Three Layer 
Fe-Clay Mineral 

dCR) 

I n t e n s i t Y 

Two Layer 
Fe-Clay Mineral 

dCR) 

11 - 16 v.str. v.str. 

'+.1 

3.3 

2.60 

2.'+9 

Trioctahedral 1.53-1.5'+ Lembergite 
or 

])ioctahedral 1.'+9-1.52 Nontronite 

str. 

w. 

m. 

m. 

str. 

str. 

w. 

m. 

m. 

m. 

str. 

str. 

Trioctahedral 
Chamosi te 

or 
Dioctahedral 
Ferric-Cham­
osite 

2.65 

2.,+9 

v. str. = very strong, str. ,. strong, m. = medium, w. = weak 

eral-containing synthetic products is variable. It is not 
certain whether the material analyzed has a monomin­
eralic composition or is a mixture of clay minerals and 
X-ray amorphous material. According to the X-ray re­
sults, uniform and sometimes different clay materials 
probably are present. The X-ray investigation agrees 
with the results relating to the chemical composition of 
the synthetic products. Synthetic products with 7-A 
basal reflection have a low silica content, while the 
Si02-rich products have a basal reflection from 10 to 17 
A. 

EXPERIMENTAL RESULTS FOR IRON 
LA YER SHEET SILICATE 

FORMATION 

After aging, some precipitates showed reflections 
characteristic of hydroxides and quartz, some were still 
X-ray amorphous, and others showed X-ray reflections 
characteristic of iron-silicate minerals with a clay min­
eral structure. The experimental conditions for the for­
mation of certain iron-containing clay minerals are giv­
en in Tables 3 and 4. The chemical composition of the 
X-ray amorphous precipitates are not given in the ta­
bles but the results of some of these investigations are 
discussed below. 

The following conditions favor the formation of iron 
sheet silicate minerals: 

(1) Only under reducing conditions could iron-con­
taining clay minerals be synthesized in a short time at 
low temperatures. The silica-poor, two-layer Fe clay 
minerals of the greenalite and chamosite types, as well 
as the silica-rich three-layer Fe clay minerals of the 
nontronite type, need reducing conditions for their syn­
thesis. Precipitates with only the dioctahedral Fe clay 
mineral reflections and a high content of iron-Ill have 
a dark green to black color. The trioctahedral Fe clay 
mineral precipitates are greener and the final Eh of the 
solutions giving these synthetic products are more neg­
ative than those of solutions producing dioctahedral 
minerals. The formation of the Fe-Ill layer silicate min­
erals is only possible if Fe-II is present in the solution 
during the formation of the three-layer silicate. If no 
dithionite or other reducing chemical was present dur­
ing the experiments, or the Eh was not low enough, Fe­
clay minerals were not built up. Iron-U or Mg in the 
solution stabilizes, as mixed layer, the formation of the 
octahedral layer built up mainly by Fe-Ill and fixes the 
silica on the octahedral layer. 

(2) It seems that high pH favors a rapid Fe clay min­
eral formation. Di- and trioctahedral iron clay minerals 
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Table 3. Nontronite and chamosite formation at 20"C, pH 7-9. 

Reducing Concentration in initial solution 
condition 
% Na-Dithionite 
content SiO. Fe Al I'!g 

ppm ppm ppm ppm 

20 4 

0.0, 20 4 

0.1 20 4 

0., 20 4 

0.1 16 0.3 

0.1 16 0.3 0.3 1290 

0.1 20 20 1290 

0.1 20 10 5 1290 

were formed from solutions with pHs over 7, mostly 
between 8 and 9. Higher pH and more negative Eh val­
ues are more favorable for and lead to a better crystal­
lization of the synthesis products in shorter times. Nat­
ural Fe clay mineral formation may take place over a 
wider range of Eh and pH than reported here, as the Eh 
and pH conditions in nature are maintained for longer 
time periods and make possible good crystallization. 

(3) It has been shown that magnesium in precipitates 
favors the synthesis of iron-containing, two-layer clay 
minerals. The pH affects the precipitation and copre­
cipitation of magnesium from solution (Harder, 1972). 
The synthesis results have shown that chamosite min­
eral formation is favored by seawater solutions with a 
relatively high pH and a high Mg content. 

(4) Formation of silicate minerals takes place at low 
temperatures (20° and 3°C) only in those precipitates 

Composition of precipitate X-ray reflection 
after 3 - 10 days aging time d~OO1~ d 060 
Sio. F(~~ AI, (), MgO 0 

JI. (%) (%) (X;) 

28 72 no clay mineral 
formation 

49 51 11 - 16 
1.515 

55 45 11 - 16 
1.52 

47 53 11 - 16 
1.<;3 

51 32 17 11 - 16 
1·508 

60 5 22 13 11 - 16 
1.53 

31 60 8 7.9 
1.55 

34 23 13 30 9 (weak) 
1.54 

that are in contact with monomeric silicic acid solu­
tions. It seems that polymerization of the silicic acid 
inhibits the formation of clay minerals. If the SiOz so­
lutions are polymeric, the hydroxide silica precipitates 
stay amorphous. This is also true even when the com­
position of the precipitates is similar to those of the clay 
minerals. Under neutral conditions at 20°C the solubil­
ity of silica is 120 ppm Si02 • At higher pH (above 9) 
much more silica is soluble in monomeric form. How­
ever, it seems that much lower silica contents (10-20 
ppm Si02) give a better and quicker clay mineral for­
mation. This silica content may represent the equilib­
rium solubility of the three-layer minerals formed by 
the Fe hydroxide-silica adsorption. 

(5) The concentration of silica in these hydroxide 
silica precipitates should be similar to the stochiometric 
composition of the minerals if mineral formation is to 

Table 4. Nontronite and chamosite formation at 3°C, pH 8-9. 

Reducing Concentration in ini tial solution Composition of precipitate X-ray reflection 
condition after 3 - 10 days aging time d(001~ 
% Na-Dithionite d(OSO 
content Sio. Fe Al I'!g S·o, Fe. (), +FeO Alz (), ?~ C%) A ppm ppm ppm ppm C%) ( %) 

20 7.5 35 65 no clay mineral 
formation 

0.03 20 7·5 57 43 15 - 11 
1·52 

0.1 20 7·5 88 12 16 -12 
1·53 

0.3 20 7·5 2 32 52 17 16 - 11 
1·53 

0.3 20 10 1 129C 39 36 22 2 7·8 
1·55 

0., 20 7 2 1290 32 43 21 4 7.9 
1.54 
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take place. The Si02 content in precipitates depends on 
the composition and the ratio of hydroxide to Si of the 
initial solution and on the pH and the Eh during the 
precipitation. It is quite difficult to change the experi­
mental conditions in such a way that the precipitates 
have the right composition, particularly in solutions 
with low Fe and AI concentrations « 1 ppm). The silica 
content in the precipitates controlled the kind of clay 
mineral formed-a three-layer or a two-layer clay min­
eral. Too low Si02 concentrations in the precipitates 
inhibited clay mineral formation. During the aging pe­
riod, goethite, hematite, and quartz can be formed in 
these hydroxide-silica gels with a positive Eh (Harder 
and Flehmig, 1970). If the silica content in the precip­
itate is between 35-80% Si02 (water omitted from the 
calculation) nontronite mineral formation is possible at 
low temperatures. Nontronite forms in solutions with 
Fe:Si ratios between I:IOand 1:3. When the Fe:Si ratio 
in the solutions is between 1: 1 and 1:2 this gives a silica 
content in the precipitate between 25-35% Si02 and 
greenalite and chamosite can be formed. 

NATURAL IRON CLAY 
MINERAL FORMATION 

The genesis of naturally occurring iron clay minerals 
can be discussed in the light of recent investigations of 
clay mineral synthesis. The foz:mation ofthese iron clay 
minerals has been poorly understood because of the 
lack of sedimentary iron deposits and iron clay mineral 
formations in modern sediments. However, in the last 
few years both three-layer and two-layer Fe clay min­
erals have been found in recent sediments. 

NONTRONITE GENESIS 

The recent precipitation of nontronite in the hot 
(56°C) brines in the Red Sea (Bischoff, 1972, in Degens, 
1972) and in Lake Malawi (Miiller and Forstner, 1973) 
occurred when reducing conditions were present in the 
solutions. The measured pH in Lake Malawi was 8.5-
7.7 and the pH of the hot brines was approximately 6 
(or higher) and the Eh -0.100 V (Hartman, 1969). It 
seems that the low temperature experimental condi­
tions reported in this paper and the recent natural pre­
cipitation of nontronite have similar pH and Eh con­
ditions. These investigations further show that an iron 
clay minera,l formation by precipitation of hydroxides 
and adsorption of silica is possible. 

Iron is present in the water as ions in true solution, 
and probably as a component of organic complexes and 
as finely divided colloidal and suspended material. The 
iron content of river waters varies over a wide range. 
Livingstone (1%3) gave mean values of dissolved con­
stituents as 0.67 ppm Fe, 0.3ppmAland 13.1 ppm Si02 • 

Much higher iron content (several ppm) can be found 
in some rivers or in hot springs or in CO2-rich waters. 
Mixing of river or spring waters with ocean water re­
moves iron as iron hydroxide floes. These iron hydrox-

ides adsorb Si02 and some other elements from the sea­
water. The X-ray amorphous iron silica precipitates 
formed will be sedimented together with the colloidal 
and detrital iron component of the river load. These X­
ray amorphous Fe-III-Al-Si02 precipitates, which 
mostly will have a high Si-content, are the parent ma­
terial for clay mineral formation. The formation of iron­
containing three-layer silicates is only possible under 
reducing conditions. In nature these reducing condi­
tions will be present in the sediment or may be present 
in the bottom water layer. The reaction of these X-ray 
amorphous Si02-rich precipitates in this reducing en­
vironment will produce three-layer silicates in this early 
stage of diagenesis. Nontronite and iron-containing 
three-layer mineral formation is possible under reduc­
ing conditions in freshwater sediments as well as in salt­
water sediments. The implications of these experi­
ments are not only important for the formation of 
nontronite, but for the formation of AI-rich three-layer 
silicates as well. Similarly to Mg, Fe under reducing 
conditions can help to build up an Al-montmorillonite 
at low temperatures. 

CHAMOSITE, GREENALITE GENESIS 

The formation of both chamosite, which is the major 
clay mineral in iron ores of minette type, and of green­
aJite, which is a clay mineral from some Precambrian 
iron ores, is poorly understood and has been much dis­
cussed. It has been suggested that reducing conditions 
are necessary for formation of these clay minerals. This 
point is in agreement with the experimental results re­
ported here. Borchert (1952), and lames (1954) consid­
ered that these facies reflect varying levels of oxygen 
availability in the seawater itself. On the other hand, 
Harder (1951, 1963), Strakhov (1959a) and others have 
maintained that diagenetic processes in pore water are 
the most important controls on the formation of iron 
clay minerals. An important argument for the diage­
ne tic formation of chamosite from Fe-Ill hydroxides is 
that benthonic fauna is found in chamosite iron ores. 
Recently chamosite has been found in the marine en­
vironment (Gartner and Schellmann, 1965) and in trop­
ical shelves' (Porrenga, 1965). Rohrlich et al. (1969) 
found chamosite fecal pellets in recent sediments of 
Loch Etive, Scotland. 

Since recent chamosite has been found, early diage­
netic processes in pore water seem to be more impor­
tant than the facies conditons in the seawater itself. The 
chemical composition of the chamosite .cannot result 
from the Si02- and Fe-AI-content of a normal sea or 
river water. Nontronite could be formed from such 
Si02-rich precipitates as mentioned before. The Si02-

poor two-layer minerals could be formed by diagenetic 
reaction in sea water sediments with iron-rich, but SiOz-
poor, detrital particles from the lateritic weathering 
crust. In tropical deltas and shorelines these mixtures 
are quite common and recent diagenetic reactions 
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which formed chamosite have taken place (Giirtner and 
Schellmann, 1969). The trace element content (Harder, 
1964) and low Si02-content between 15-30% SiQ2 con­
firm the hypothesis proposed by Harder (1951). Cham­
osite is also found in lateritic bauxites (Nikitina and 
Zvyagin, 1972). The chemical compositions of these 
two types of chamosite are very similar. A low content 
of Si02 and high content of Fe-II and Fe-Ill and also a 
relatively high content of Al and Mg typify the chemical 
composition. All these points agree with the conditions 
of synthesis. A high Mg-content, a high pH, and strong­
ly reducing conditions in the solutions favor the tri- as 
well as the dioctahedral chamosite synthesis. The trace 
element content and investigation of recent tropical 
shoreline sediments confirm that chamosite minerals 
have been formed diagenetically from lateritic particles 
in the reducing sediments. 

CONCLUSION 

The synthesis of iron clay minerals is possible at low 
temperatures in a short time. Low silica concentration 
in solution is the most important condition for low tem­
perature synthesis. High silica concentration in solu­
tion inhibits the formation of clay minerals. The syn­
thesis-from natural waters with a low silica content~ 
is possible through the chemosorption of silica by hy­
droxides. By aging of these X-ray amorphous hydrox­
ide-silica precipitates, silicate minerals can be synthe· 
sized at low temperatures under certain conditions. For 
the synthesis of iron-containing clay minerals, reducing 
conditions are necessary. Only under reducing condi­
tions could the tri- as well as the dioctahedral three- or 
two-layer Fe clay minerals be synthesized. Oxidized 
Fe3+ -Si-precipitates do not crystallize to clay minerals. 
Fe2+ as well as Mg2+ are suitable for building up a bru­
citelike layer. The octahedral layers are necessary for 
bidimensional orientation of the Si04 tetrahedrons for 
clay mineral formation. 
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Pe3IDMe- HH3KOTeMnepaTYPHHA CHHTe3 ~ene3HCT~X CHnHKaTH~X MHHepanOB C rnHHHC­
T~MH CTPYKTYPaMH B03MO~eH npH Ha3eMHOR TeMnepaType TOnbKO B BOCCTaHOBHTenb­
HoR cpe~e.B oKHcnHTenbHOR cpe~e rnHHHCT~e MHHepan~ He CHHTe3HPyroTCR.BMeCTO 
3Toro B aMop<f>H~X K peHTreHOBCKHM nyqaM KpeMHe3eMH~ oC~Kax,co~ep~aIIiHx rH~­
POOKHCb Fe-III,nocne 14 ~HeR co~ep~aHHR npH HH3KOR TeMnepaType /20 0 H 30 C/ 
6~H 06Hapy~eH~ KBapu H KBapUHH,a TaK~e reTHT HnH aMop<f>H~e K peHTreHoBcKHM 
nyqaM ~ene3HCT~e rH~pooKHcH.TonbKo H3 pacTBopoB/co~ep~~Hx Fe-II,MorYT 06pa-
30BaTbCR pa3nHqH~e ~ene30-co~ep~~He rnHHHCT~e MHHepan~ B TeqeHHe HeCKonbKHX 
~HeR npH HH3KOR TeMnepaType.npHCYTcTBHe Fe-II cnoc06cTByeT 06pa30BaHHro OKTa-
3~pHqeCKOrO cnOR 6pycHTo-rH66cHToBoro THna.9To He06xo~HMO ~nR ~BYMepHoR OPH­
eHTaUHH TeTp~3~pOB Si04,Be~ymeR K <f>opMHpoBaHHro rnHHHCT~X MHHepanoB.nQHCYTCT­
BHe HOHOB FeZ+H /HnH/ MgZ+ He06xO~HMO ~R <f>opMHPOBaHHR co~ep~~HX A13 +H Fe 3+ 
OKTa3~pHqeCKHX cnoeB.npH 3KcnepHMeHTax BOCCTaHOBHTenbHaR cpe~a ~OCTHranaCb 
~o6aBneHHeM ~HTHoHHTa.npH B~COKOM co~ep~aHHH KpeMHe3eMa /OKDnO 20 q/MnH Si02 
H 7 q/MnH Fe/ 6~H nonyqeH~ HOHTPOHHT H neM6eprHT,~ByxoKTa3~panbHHA C Fe-III 
H TpexoKTa3~anbH~ C Fe-II TpexcnoRH~e cHnHKaT~,B HeCKonbKO ~HeR npH HH3KOR 
TeMnepaType.npH HH3KOM co~ep~aHHH KpeMHe3eMa,T.e.npH HH3KOM OTHOllieHHH Si/Fe 
/15 q/MnH SiOZ H 20 q/MnH Fe/ 6~H CHHTe3HpOBaH~ ~ByxcnoRH~e CHnHKaTH~e MHHe­
pan~ rpHHanHT H lliaM03HT.Bonee B~COKoe co~ep~aHHe Mg H YCHneHHe BOCCTaHOBH­
TenbH~X CBoRcTB paCTBopa cnoc06cTByeT CHHTe3Y Tpex- H ~BYXOKTa3~pHqeCKOrO llia­
M03HTa. 

YcnoBHR COBpeMeHHoro <f>oPMHPOBaHHR npHpO~Horo HOHTpOHHTa XOPOlliO COOTBeTcTByroT 
ycnoBHRM CHHTe3a.lliaM03HT B OCa~OqH~X ~ene3H~X py~ax xapaKTepH3yeTcR HH3KHM 
co~ep~aHHeM Si02,OT 15 ~o 30% SiOZ.HH3Koe co~ep~aHHe KpeMHe3eMa He Mo~eT 6~Tb 
pe3ynbTaToM nepBHqHOrO oca~eHHR era H3 MOPCKOR BO~~.COOTHOllieHHe ~ene3a H 
KpeMHe3eMa B MOPCKoR RnH peqHOH Bo~e ~on~HO rrpHBeCTH K oca~eHHro rrpHMepHO 
60% SiOZ B rH~pOOKHCH~X ~ene3HCT~ oTno~eHHRx.B03Mo~Hoe rrpOHcxo~~eHHe lliaM03H­
TOB~X ~ene3H~x Py~/KOTopoe 06bffCHReT HH3Koe co~ep~aHHe SiOz,cBR3aHo C ~Hare­
He30M rrpO~YKTOB naTepHTOBoro B~BeTpHBaHHR rrOBepXHOCTH~X oTno~eHHR.neRcTBH­
TenbHo,Hccne~oBaHHR COBpeMeHH~X TpOrrHqeCKHX rrpH6pe~H~x OC~KOB H B oc06eHHOC­
TH co~ep~amHXCR B HHX pacceffHH~X 9neMeHTOB y6e~aroT,qTO lliaM03HTOB~e MHHepan~ 
06pa30BanHcb ~HareHeTHqeCKH H3 naTepHTOB~X qaCTHU B BOCCTaHOBHTenbHoR cpe~e. 
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