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ABSTRACT

Labenski, F., Nicolli, H.B. and Saragovi-Badler, C., 1982. Genesis o f sandstone-type 
uranium deposits in the Sierra Pintada district, Mendoza, Argentina: a Móssbauer 
study. Uranium, 1: 1—18.

The genesis of sandstone-type uranium deposits in the Cochico Group (Permo-Triassic) 
of the Sierra Pintada district, San Rafael, Mendoza, has been studied. This is the most 
important uranium district in Argentina. Uranium sources, uranium transport and precipi- 
tation are discussed. Uraninite and brannerite, the main uranium minerals, occur within 
the matrix of sandstone.

Several phenomena can be deduced regarding the depositional environment. Where 
oxygen was available, precipitation of hydrated ferric oxides occurred; 7-Fe20 3-nH20  
varieties (identified by Móssbauer spectroscopy) precipitated in the upper levels of the 
aquifer, where C 0 2 partial pressure was lower, giving reddish or reddish-brown beds.

The C 0 2 partial pressure also determines the distribution o f biogenic agents such as 
bacteria. Bacteria thus find a more favourable environment for their development and 
action in upper levels of an aquifer. In the corresponding horizons local reduction oc­
curred where U 0 2 precipitated; therefore the highest uranium concentrations correspond 
to sandstone levels with reddish or reddish-brown pigment. These pigments have been 
identified by Móssbauer spectroscopy.

Selected samples were studied using Móssbauer technique at room and liquid-nitrogen 
temperatures. From this study four groups were distinguished. In all o f them minerals of 
the chlorite series were identified with the Fe2+ ion in a distorted octahedral site.

Samples with low Fe3+ content correspond to grey sandstones with a small degree of 
alteration of beds with no evidence of uranium-bearing solutions. By contrast, samples 
with a higher Fe3+ content in chlorites also show lepidocrocite or maghemite (or hematite) 
and correspond to reddish or reddish-brown sandstones with a high degree o f alteration 
and in which uranium ores occur.

INTRODUCTION

In previous papers (Nicolli, 1972; Nicolli et al., 1973, 1980), the main 
problems related to the genesis of sandstone-type uranium deposits in the
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Fig. 1. Sierra Pintada uranium district, San Rafael, Mendoza, Argentina.



Sierra Pintada district, western Argentina, have been studied. Dissolution of 
uranium from its sources, uranium-transport phenomena and processes 
leading to uranium precipitation in observed host rocks have also been dis- 
cussed. The latter depends on the distribution of reducing agents, bacteria 
being the most important agent. Bacterial development and activity are 
mainly regulated by the C 02 partial pressure.

As the different pigments occurring in sandstone often reveal environ- 
mental changes, their identification is of great importance in defining the 
main physico-chemical characteristics of the environment. As is well known, 
iron oxides are commonly present in pigments. Given that Mossbauer spec- 
troscopy has become a very useful tool in the study of iron minerals 
(Herzenberg and Riley, 1970; Greenwood and Gibbs, 1971), this technique 
was used in the present investigation to identify the different iron oxides 
occurring in reddish, reddish-brown and reddish-violet beds bearing high 
uranium contents.

Our results show the validity of the genetic model proposed for the Sierra 
Pintada uranium deposits referred to in the previously mentíoned papers.

LOCATION AND GENERAL GEOLOGY

Sierra Pintada, situated between 69o—65°W and 33o—39°S, is a 3500-km2 
geomorphological unit, a hilly strip with relatively low slopes (Fig. 1).

The Sierra Pintada uranium district is located in the Province of Mendoza, 
35 km west of the town of San Rafael, Argentina. It consists of several 
uranium deposits and many anomalies in a 400-km2 area. It is presently the 
principal uranium district in Argentina, with reserves on the order of 
16,000,000 tons of ore and with grades varying from 0.70 to 1.18% U3Og 
(Nicolli et al., 1980).

The geology of the area has been studied by Polanski (1964), González 
Díaz (1964, 1972), Rodríguez and Valdiviezo (1970), Ortega Furlotti et al. 
(1972), Criado Roque (1972), Criado Roque and Ibáñez (1976) and Pérez 
(1979). For practical reasons the stratigraphic sequence established by the 
Comisión Nacional de Energía Atómica for the area of uranium deposits has 
been adopted (Fig. 2).

SAMPLING AND LABORATORY STUDIES

In the Sierra Pintada uranium district, many open-cast workings were 
sampled and, in strategically selected places, geological profiles and systemat- 
ic samplings of lithological units were made; over 270 samples were collected. 
From 380 drillings, 50 were selected for laboratory analysis. The systematic 
mineralogical studies comprised over 50 samples; more than 350 thin sec- 
tions and 40 polished sections were examined. The granulometric analysis 
and the sedimentological study comprised more than 130 samples. Over 400 
samples were selected for chemical analysis and 11 samples for studies by 
Mdssbauer spectroscopy (Nicolli et al., 1980).
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Móssbauer spectroscopy with 57Fe, based on the recoilless resonant inter- 
action between gamma rays and nuclei, has been applied in Identification of 
iron oxides and hydroxides. This is more sensitive than X-ray diffraction. In 
Móssbauer spectroscopy, the small shifts and splittings of nuclear-energy 
levels produced by different environments at various nuclear sites may be 
used to study mineral structures. The intensities of resonant transitions be­
tween levels serve to determine the population of nuclei in the various envi­
ronments. In particular, an analysis of the characteristic patterns appearing 
in an 57Fe absorption spectrum indicates the iron minerals present, the 
charge state of the iron ions in these minerals and the iron content in them.

The mineralogical determinations carried out by Arcidiacono and Saulnier 
(1979) comprised macroscopic studies, heavy-liquid separations, detailed 
studies of polished sections supplemented by microchemical tests, X-ray 
diffraction, X-ray fluorescence and electrón microprobe analysis. These 
studies led to the determination of an interesting mineral association where 
uranium minerals (uraninite, brannerite, uranophane and coffinite), as well 
as sulfides (mainly pyrite and lesser amounts of arsenopyrite, chalcopyrite, 
bornite and marcasite) were found. These minerals were accompanied by 
clastic rutile, titano-magnetite, zircon, barite and apatite, and also by anatase, 
siderite, dolomite, calcite, hematite, other ferric oxides and clay minerals 
(montmorillonite, illite and kaolinite). Organic matter associated with 
uranium minerals was present. The main characteristics of some of the ura­
nium minerals and anatase are described below (Nicolli et al., 1980):

Uraninite is probably the most abundant uranium mineral in the deposits. 
It mostly occurs in the sandstone matrix, where it may surround clasts or 
traverse them in the form of filling and replacement veinlets. The term 
uraninite is used with reference to its morphology, since it occurs in well- 
developed subhedral to tabular crystalline forms, skeleton or veinlike shapes. 
However, this uraninite shows low thorium and cerium contents and a high 
calcium content, which are common features of U 02 when precipitated as 
pitchblende (colloform variety). The average size of the tabular crystals is 
150 jum.

Brannerite commonly occurs associated with anatase and organic matter. 
It appears in tabular forms and round aggregates of up to 250 jim diameter. 
The variability in its hazel-grey internal reflections and reflectivity is associ­
ated with little compositional variation when in association with anatase. 
In this connection it is interesting to note the different degrees of replace­
ment of anatase by brannerite. The electrón microprobe analysis shows the 
presence of subrounded anatase with incipient replacement by brannerite in 
its core, grading up to a pseudomorphosis of brannerite after anatase.

Anatase is a common mineral. It usually occurs in the form of subrounded 
polycrystalline aggregates or small single subhedral crystals of a size cióse to 
150 ¿im. The presence of uranium was corroborated by electrón microprobe 
thus proving an incipient centripetal replacement.

Coffinite occurs in the matrix of the host rock cementing the clasts, in the 
form of crystalline aggregates associated with uraninite, pyrite and organic 
matter.



MÓSSBAUER SPECTROSCOPY

Móssbauer spectra for 11 sandstone samples were obtained using an Elron 
Móssbauer spectrometer in a transmission geometry with a 25 mCi source of 
57Co in a Pd matrix. Spectra were displayed on a multichannel analyzer 
operated in time mode. Samples in powder form containing approximately 
10 mg cnT2 iron were used. Measurements were carried out at room and 
liquid-nitrogen temperatures. The first two measurements of samples were 
obtained by visual reduction from the raw plotted data (Nicolli, 1972; Frank 
et al., 1973). Spectra of the other samples (Saragovi-Badler et al., 1974, and 
present paper) were least-square fitted using a puré Lorentzian shape and 
constraining the corresponding peaks (Bunbury, 1974). The quality of each 
Computer fit was checked by a x2 test, and only those of lower valué were 
accepted. The isomer shift (I.S.) valúes are quoted relative to 57Co in a Pd 
matrix at room temperature. The measured hyperfine parameters at room 
and liquid-nitrogen temperatures are listed in Tables I and II, respectively.

As shown in Figs. 3, 4 and 5, the experimental spectra at room tempera- 
ture of samples ee39022, 219/49 and 219/116 (Fig. 3) were resolved into 
one doublet, while samples 219/77, 219/94, ee34107, 737/78 and ee39074 
(Fig. 4) gave rise to  spectra consisting of two doublets. For samples ee34106, 
219/64 and 219/02 (Fig. 5) the Móssbauer spectra are more complex. They 
are resolved into two doublets and a magnetic structure. These samples were 
also measured at liquid-nitrogen temperature and the corresponding spectra

TABLEI

Móssbauer parameters at room temperature

SU P E R IM P O SE D

SA M P L E L 0 C A T I0 N D O U B L E T 2 —  DO U0LET H Y P E R F IN E  SP E C T R A COLOURING R E F E R E N C E S

7 37 /78 Core somple *  
3 5 3 mdeep

Q.S

(mm/sl

1 .78(2)

l.S (Pd) 

(mm/s)

1. 0 6 (1 )

Q.S.

(mm/s)

0  48(8)

l S(P<1) 

(mm/s)

0  09(4)

e *  1S. H 

(mm/s) (n m / 'l  (Koe)

Light reddisfi Nicolli « ta l ,1980

«39074 Core somple . 
6 6  m deep ^ 2 .0 7 (1 ) 1 .0 4 (1 ) 0  70(2) 0  06 U )

ÜQht reddrsh- 
brown NicoHi et o i , (980

ee39022 

219/49

Core sample _ 
573m d eep  ® 

Core sample *  
42.9 m deep ®

2. 58(1) 

2 , 62(1)

C. 98(1) 

0 . 94(2)

Grey

Grey

Nicolli et ol., I98C

Sorogovi-Badler 
et al ,1974

219/64 Core somple g  
6 3  9 m  deep 2, 56(8) 0. 93(3) 0 .8 7 (2 . ' 0  0 8  (?) 0  0(8) 0 . 1 1(1) 495(10) Reddisfi-brown Nicolli et ol , 1973

219/77 Core somple 
7 7  4  m deep ® 2 58(1) 0 . 98(2 ) C 7 4 (3 ) 0  09(3) Grey .olive-grey

Soragovi-Bod ler 
et 01,1974

219/94 Core somple 
9 4  2 m deep 2 .6 2 (1 ) 0. 97(1) 0 .8 3 (1 ) 0  05(1) Grey.olive-grey Nicolli et al ,1973

219/102 

219/116 

ee 34107

Core som ple ¿t, 
1016 m deep 

Core somple g  
H 6  3  m deep 

Surface 
(trenching)

2 44(9) 

2 . 62(1) 

2 . 5 0

0. 85(5)

0. 9 7 ÍI)

1. 0 4

0  77(9) 

0 . 7 0

0  02(1' 

0 .1 9

0  09(6) 0 . I4ÍG) 504(8) Reddísh

Grey

Grey.ochre

Sorogovi-Bad ler 

et ol ,1974 

Soragovi - Badler 

et al , 1974

Nicolli, 1972

«34106 Surfoce
(frenchiog) 2 . 5 4 1. 0 2 0  7 6 0  12 0  2 0 .3 6  5 1 5 Red- violet Nicolli, 1972

* t - - v ?Q q/8 $  Borehole 906 A Borehole 110 ® Borehole 219



TABLE II

Móssbauer parameters at liquid-nitrogen temperature

S A M P L E 1 -  D O U B L E T 2 Ü Í D O U B L E T

Q.S. I.S.ÍPd ) Q.S. 1 S.(Pd)

(m m ^ l (m m/s) (m m /s) (m m /s)

7 3 7 /7 8 2 . 0 0 (2 ) 1. 1 5 (1 ) 0 . 69(10) 0  10(7)

..3 9 0 7 4 2 . 5 5 (2 ) 1 .0 6 ( 1 ) 0 7 2 (8 ) 0  20(10)

« 3 9 0 2 2 2 8 1 (1 ) 1.1 ( 1 )

2 1 9 /49 2 7 6 (6 ) 1 0 6 ( 1 )

2 1 9 /6 4 2 5 (1) I I (1) 0 . 8 5 (3 ) 0  0 9 (3 )

2 1 9 /7 7 2 7  (1) 1.0 ( 1 ) 0 7 5 (3 ) 0  09(3)

2 1 9 /9 4 2 7 8 (1 ) 1 0 1  (1) 0 8  (1) 0 .0 6 ( 1 )

219/102 2 6 0 (4 ) 0 . 9 4 ( 3 ) 0 81 (6) 0  05(2)

219/116 2 .7 3 (1 ) 0 .9 9 ( 1 ) 0 8  (1) 0  0 4 (3 )

H Y P E R F IN E  S P E C T R A U 3 0 8  R A D I0 M E T R Y R E F E R E N C E S

e* I s H <%) (c/s)
(mm/s) (mm/s) (Koe)

n,d 4 8 0 NicoJli et o !, 1960

0 . 2 0 n.d. NKoil¡«t 01 ,1980

0 .0 0 0 2 n d N ico llie t al .1 9 8 0

0 0 0 0 6 n d So rogo v i-Bo d le r  
et 01 ,1 9 7 4

0 .0 7 (9 ) 0  3(1) 527(!5) 0 3 0 6 0 0 N icd li et ol., 1973

n.d n d So rog o v i-B o d le r  
et ol ,1974

0 0 0 0 9 4 0 Nicolli et ol ,1973

0.14(5} 0  22(1) 518(1) 0 0 4 6 n d So rogovt- Bodler 

et o!. .1974

0 0 0 0 6 n.d. S o ro g o v i-B o d le r  

et o l . , 1974

n.d = non delermined

exhibit the same characteristics as those corresponding to room temperature*.
It is well known that there is a relation between the area of each compo- 

nent of a Mbssbauer spectrum and the concentration of the corresponding 
phase. Therefore the Fe3+/Fe2+ ratios were calculated on the assumption 
that all the phases present have the same factor f, which gives the magnitude 
of the Móssbauer effect probability (Muir, 1968). Table III shows the 
Fe3+/Fe2+ paramagnetic ratios and the contribution of each paramagnetic 
iron to the total iron content. The valúes were calculated from the spectra 
at room temperature and are consistent with those calculated at liquid- 
nitrogen temperature.

The Móssbauer parameters corresponding to the doublet present in samples 
ee39022, 219/49 and 219/16 indicate the presence of a Fe2+ ion belonging 
to a mineral of the chlorite series. The quadrupole splitting (Q.S.) valúes at 
room and liquid-nitrogen temperature point out a distortion in the Fe2+ 
octahedron (Bancroft et al., 1967; Malysheva et al., 1977). The line widths 
(T) of the Fe2+ doublets (0.4—0.5 mm s-1) may be due to some inhomoge- 
neities of the catión evironment, such as Si4+, Ca2+, Mn2+ and Mg2+. In the 
case of sample 219/116, the appearance of the Fe3+ doublet at liquid-nitrogen 
temperature indicates that Fe3+ ions are present in small quantities, showing 
spin-spin relaxation effects.

*Liquid-nitrogen temperature spectra published in a previous paper (Saragovi-Badler et 
al., 1974) were fitted again using the present MANCFIT programme.



FIG 3a
Sample e e39022

V e i oc rt y  m m / s

FI6. 3b
SompM 219/49

V e l o c ¡ t y  m m / s

Velocity m m /s

Fig. 3. Mossbauer spectra at room temperature.

The parameters of samples 219/77, 219/94 and ee34107 are compatible 
with Fe2+ and Fe3+ ions of a mineral of the chlorite series. The Q.S., I.S. and 
T valúes of the first doublet (Fe2+) are similar to the two mentioned above, 
indicating that the environment of the Fe2+ ion in all these samples should
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FIG. 4c
Somple 737 / 7 8

<0 Velocity mm/s

Fig. 4.a, b and c. Móssbauer spectra at room temperature.
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FIG 4d
Somple « 3 9 0 7 4

to V atocit» m m /s

Fig. 4.d. Móssbauer spectrum at room temperatura.

1
6 V e l o c i t y  m m / s

FIG. 5 b

Somple 219/102

T í ------------------- '-----------------------

V e l o c i t v  m m / s

Fig. 5. Móssbauer spectra at room temperature.



TABLE III

Móssbauer Fe3+/F eí+ ratios at room temperature

Sample Fe3+/F e2 + AFe3 + 
(%)

AFe
(%)

219/77 0.35 26 74
219/94 0.20 16 84
737/78 0.22 18 82
ee39074 0.83 45 55
219/64* 1.06 51 49
219/102* 1.33 57 43

♦Paramagnetic zone.

be the same. The second doublet could be assigned to a Fe3+ ion in an 
octahedral site. The valué of the Q.S. indicates a distortion of the octahedra 
due to oxidation and the broadening of the lines (0.4—0.6 mm s-1) reflects 
inequalities in the octahedral iron bonds. In the case of sample 219/77 it is 
possible that paramagnetic relaxation effects produce a more marked broad­
ening on the line width (~0.6 mm s_1) and this is reflected in a high valué of 
the Fe3+/Fe2+ ratio (Table III).

The first doublet of sample ee39074 spectrum indicates the presence of 
Fe2+ ion of the chlorite series. The lower valué of the Q.S. suggests that the 
octahedral site is more distorted than in the previous samples. The second 
doublet of this spectrum could be assigned to a Fe3+ ion in the chlorite 
which could be ascribed to oxidation, probably caused by decomposition of 
the mineral OH” groups. The possible contribution of a Fe3+ ion belonging to 
a y-FejOs'HjO (Dézsi et al., 1969) with its lattice distorted cannot be com- 
pletely excluded.

In the case of sample 737/78, the corresponding parameters of the Fe2+ 
ion doublet of the chlorite series show that the sites are still more distorted 
than in the latter case. The second doublet parameters could be assigned to 
a Fe3+ ion of the 7-Fe20 3-H20  but the Fe3+ possible contribution from the 
chlorite cannot be completely discarded.

The paramagnetic spectra parameters of samples 219/64, 219/102 and 
ee34106 exhibit a great similarity to the previous samples with the exception 
of ee39074 and 737/78. The paramagnetic Fe3+/Fe2+ ratios are greater than 
1, indicating a higher degree of oxidation. Superimposed hyperfine magnetic 
interactions are produced by Fe3+ ions of a maghemite or an hematite but 
our experimental valúes do not permit further resolution. In sample 219/63 
the magnetic component is not well resolved and this may be due to a cer- 
tain distribution of magnetic sites.



PIGMENTATION OF SANDSTONES

In all field studies performed on the host rock in the Sierra Pintada dis- 
trict, it has been noticed that the higher uranium concentrations correspond 
to reddish-brown or reddish-violet beds.

In general, red or reddish-brown sandstones differ from ochre sandstones, 
each corresponding to certain oxides or hydrated oxides of iron (Fe3+) with 
different degrees of hydration. These oxides are common constituents of the 
matrix of the sandstones, usually in the form of a patina on grains of quartz 
and feldspars or on other principal or secondary minerals. Such oxides were 
precipitated from groundwaters, even into the same aquifer, to form red and 
ochre pigments. The red ones develop as a patina on the surface and the 
ochre ones precipítate in the deeper levels of an aquifer. It is well known 
that the red pigments correspond to 7-Fe20 3-H20 , lepidocrocite, and the 
ochre pigments to a-Fe20 3-H20 , goethite. The reason for the 7-varieties of 
ferric oxide appearing on the surface and the a-varieties at deeper levels, 
arises from these facts: Hofer and Weller (1947) proved experimentally that 
sand mixed with an iron-salt solution, exposed to aír at 50° C, gives a reddish 
synthetic sandstone; the same sand immersed in the same solution and at 
the same temperature gives a synthetic sandstone with ochre pigments. In 
1929, Albrecht (cited by Hofer and Weller, 1947) studied the oxidation of 
ferrous bicarbonate in a solution, concluding that while in the midst of the 
solution an ochre pigment gradually precipitates, a brown patina is produced 
on the surface. This phenomenon is favoured by the increase of the air— 
solution interface area.

On the other hand, a low C 02 concentration favours the formation of 
7-Fe20 3-H20 vs. a-Fe20 3-H20  in the aquifer (Nicolli, 1972). However, 
lepidocrocite is unstable, turning into 7-Fe203, maghemite (red pigment). 
Maghemite is, in turn, metastable and slowly becomes a-Fe20 3, hematite (red 
pigment). It has been assumed that in the case of the Sierra Pintada district 
the reddish, reddish-brown or reddish-violet beds (high uranium contents) 
were due to partial decomposition or transformation of lepidocrocite into 
the above-mentioned ferric oxides (Nicolli, 1972; Nicolli et al., 1973).

GENESIS OF THE URANIUM DEPOSITS

For the analysis of the main problems related to the genesis of sandstone- 
type uranium deposits in the Sierra Pintada district, three factors were con- 
sidered: (a) uranium source; (b) uranium transport phenomena; and (c) 
uranium precipitation.

In the Sierra Pintada district there is no evidence of the action of ascendent 
hydrothermal solutions. The study of local structures has revealed that 
faults displace the uranium ore; this shows that they belong to a later age, 
probably contemporaneous with the Sierra Pintada block fracturing which 
occurred in the Late Tertiary (Nicolli et al., 1973).



The analyses of tuff samples which have revealed very low uranium con- 
tents and the devitrification processes observed in the originally vitreous 
material give rise to the assumption that overlying tuffs, adjacent tuffs, and/or 
intercalated tuffs have been important uranium sources.

The host rock (Atigradas sandstone member of the Cochico Group) is 
arkose, using this term in a general sense (total feldspar >15%). The arkose 
is characterized by lithic clasts of volcanic origin. Plagioclase (oligoclase- 
andesine) prevails over orthoclase. A weak kaolinization is rather extended; 
sericitization is not very important and chloritization appears with various 
degrees of intensity. Carbonatization is a typical alteration process which 
mainly affects feldspars in various degrees ranging from weak partial attacks 
to complete clast replacement in some of the samples studied. There is a 
regular proportion of carbonates (2—10% CaC03). Quartz is almost clean and 
shows fractured crystals. Perfect bipyramidal crystalline forms provide evi- 
dence for effusive rocks at the source. Apatite and zircon are common ac- 
cessory minerals.

Matrix composition is similar to that of the coarse fractions. Its alteration 
is mainly argillaceous and similar to feldspar alteration, that is, rather in­
tense carbonatization and chloritization with weak sericitization. Minor 
amounts of organic matter (<0.1%) show an irregular distribution in the ma­
trix. Scarce cementing material consisting of recrystallized clay minerals and 
carbonates with minor amounts of sericite and silica have been observed. 
Ferric oxides are an important cementing agent in red samples. The altera­
tion (devitrification) of the volcanic glass in lithic clasts may have also re- 
leased uranium which in a second stage was redistributed throughout the 
uranium-bearing sandstone (Nicolli et al., 1973, 1980).

The leached uranium entered the cycle of groundwater to be redistributed 
together with other elements (Ca, Fe, C 03~, etc.). These uranium-bearing 
solutions moved through the Atigradas sandstone aquifer. The high perme- 
ability of the rock due to the lack of consolidation (incipient diagenesis) 
helped this groundwater-circulation process. The underlying “red conglom­
érate” (under the Atigradas sandstone) with intercalated pelitic levels served 
as a base for the water table, thus facilitating the process. In this sense, it 
is interesting to observe that the distribution of reddish, reddish-brown and 
reddish-violet pigments corresponds to more or less horizontal beds which 
are parallel to the base of the water table. Such distribution does not depend 
on the spatial distribution of sandstone clasts which exhibit different charac- 
teristics (size, shape, composition, alteration type and intensity, etc.; 
Nicolli et al., 1980).

In that environment the mobility of uranium was facilitated by the for- 
mation of carbonate complex ions, mainly UDC, uranyl dicarbonate 
[U 02(C 03)2(H20 )2] 2“, and UTC, uranyl tricarbonate [U 02(C 03)3] 4~. Both 
are very stable, UDC prevailing at pH < 6 . 5  and UTC prevailing at pH > 6 .5 ; 
they can give rise to the migration of important amounts of uranium. The 
stability of the UDC and the UTC complexes depends on the physico-



chemical conditions of the environment, mainly on pH, Eh and C 0 2 partial 
pressure in uranium-bearing solutions. Any important changes in the valúes 
of these parameters could produce the decomposition of the complex ions 
and the subsequent precipitation of U 02 (Nicolli et al., 1973, 1980).

Local low-temperature reduction processes may be inferred in the host 
rock. In order to establish the nature of these processes, variations of the 
redox potential valúes (Eh) must be considered. These are mainly determined 
by the liberation of S2_ ion in the oxidation of sulphides. This process is 
regulated by the original sulphide content of the host rock and by the possi- 
bility of bacterial development. These bacteria find a more adequate environ­
ment for development in the upper levels of an aquifer because C 02 partial 
pressure is lower there than elsewhere, thus giving rise to a reduction zone 
where U 02 precipitates.

As has been mentioned, formation of reddish, reddish-brown and reddish- 
violet pigments was favoured by lower C 02 potential pressure, its spatial 
distribution being coincident with higher uranium concentrations. A remark- 
able fact is that the uranium ore horizons and the phreatic water base are 
parallel (Nicolli et al., 1973,1980).

DISCUSSION

Samples shown in Tables I, II and III have been divided in four groups ac- 
cording to their common characteristics:

First group: samples 219/49; ee39022 and 219/116.
According to Móssbauer spectroscopy, a mineral of the chlorite series has 

been identified with the Fe2+ ion in a distorted octahedral site and with 
inhomogeneities. A very small amount of Fe3+ is present only in sample 
219/116. These samples correspond to beds of gray sandstone with a small 
degree of alteration. No contribution of uranium-bearing solutions was ob- 
served (low radiometry and U3Os valúes).

Second group: samples 219/77 and 219/94 (see also sample ee34107 in 
Nicolli, 1972).

Móssbauer spectroscopy parameters reveal the existence of minerals of the 
chlorite series. The Fe2+ ion is in a distorted octahedron and the amount of 
Fe3+ ion is somewhat greater than in the first group. Samples have been 
taken from grey to olive-grey sandstone beds with a small degree of altera­
tion. No contribution of uranium-bearing solutions was observed (low radio­
metry and U30 8 valúes).

Third group: samples ee39074 and 737/78.
As in the previously mentioned groups, minerals of the chlorite series are 

present but in this case the octahedral Fe2+ sites are very distorted. In sam­
ples 737/78, 7-Fe20 3*H20  is observed while in ee39074, the Fe3+ ion could 
be ascribed to  a chlorite or to 7-Fe20 3*H20 . These samples correspond to 
light reddish or light reddish-brown sandstones which have been taken from 
altered beds where the occurrence of uranium ores was verified. The corre- 
sponding radiometry and U3Os valúes are high.



Fourth group: samples 219/64 and 219/102 (see also sample ee34106 in 
Nicolli, 1972).

In this case a mineral of the chlorite series is observed again with the Fe2+ 
ion in a distorted octahedral site. The Fe3+/Fe2+ ratios of the chlorite point 
out that very considerable oxidation took place. Furthermore maghemite 
(or hematite) has been identified. These samples have been taken from red- 
dish sandstone beds with a high degree of alteration in which the occurrence 
of uranium ores was observed (high to very high radiometry and U3Og valúes).

In summary, in samples of the first two groups the solé iron mineral iden­
tified belongs to the chlorite series (with the Fe2+ site distorted). There is a 
rather low Fe3+/Fe2+ ratio. These results are concurrent with the fact that the 
minerals of the horizons from which the samples were taken show a lower 
degree of alteration (weathering) and no contribution of mineralizing solu- 
tions.

On the other hand, samples from the last two groups show, in addition to 
the chlorites (with the Fe2+ site very distorted), the occurrence of the y 
varieties of ferric oxides. These results are in agreement with the fact that 
samples belong to horizons where the common sandstone minerals have been 
altered due to mineralizing solutions flowing through the sandstone aquifer. 
These solutions modified the Fe3+/Fe2+ ratio (> 1) due to oxidation. In this 
environment local reduction phenomena (biogenic activity) which caused 
uranium precipitation are observed.

CONCLUSIONS

The experimental results confirm the hypothesis of the existence of 
physico-chemical phenomena in the depositional environment which depend 
mainly on the COj partial pressure and which regúlate the distribution of the 
reduction agents in it.

Consequently, the biogenic action (bacterial development) was limited to 
the uranium host sandstone only at the upper levels of the free aquifer. 
There, the C 02 partial pressure is lower, facilitating the bacterial develop­
ment which produced a locally reducing environment where uranium minerals 
precipítate. At the same horizons, 7-Fe20 3- H20  (lepidocrocite) occurs since 
this variety precipitates only at a low valué of C 0 2 partial pressure.

Lepidocrocite is unstable and turns to maghemite which slowly becomes 
hematite. Thus the occurrence of these ferric oxides in the depositional 
environment is coincident with the highest uranium concentrations.

Satisfactory agreement was obtained between experimental data and the 
genetic model for sandstone-type uranium deposits in the Sierra Pintada 
district.
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