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Abstract-A supergene gold dispersion halo has developed at Dondo Mobi, southern Gabon, from the 
weathering of an auriferous lisvenite under equatorial humid rain forest conditions. Morphological and 
chemical studies were performed on gold particles extracted from both fresh and weathered rocks from 
different parts of the dispersion halo. The results demonstrate that the gold particles are residual and are 
subjected to increasing weathering, upward through the profile, from the protore to the surface in the 
central part of the halo, and at the surface both laterally upslope and downslope. Weathering continues 
downward into the formerly barren saprolites which were derived from Proterozoic schist and Archean 
gneiss (rim of the halo). Thus, the Au content progressively decreases as does the Ag content of gold 
particles with distance from the center of the ore body. Gold particles subjected to increased weathering 
are smaller with more rounded shapes and surfaces pitted by dissolution. The dispersion pattern is 
controlled by Au dissolution and translocation of residual gold particles. These processes involve an 
autochthonous evolution in the central part of the halo and a para-autochthonous evolution at the rim of 
the halo. At Dondo Mobi, chloride and humic substances are the only ligands present in significant 
concentrations that are capable of complexing Au. Thermodynamic calculations demonstrate that under 
such acidic conditions (pH ranges from 4 to 6), gold stability increases with increasing silver content. The 
dominant Au complexes formed have been calculated to be an aurous hydroxichloride complex and an 
organometallic complex, both of which are stable at surficial conditions. Thus, both chemical and 
translocation processes control the mobility of Au and gold particles in equatorial lateritic weathering 
profiles, 

INTRODUCTION 

GOLD mobility under supergene conditions has been 
the subject of many studies, as summarized by BOYLE 
(1979). The aqueous mobility of Au has been evi- 
denced by trace Au concentrations ranging from 
lo-'' to lo-" mole4 (dissolved or particulate gold) 
around gold deposits in acidic surface waters (BENE- 
DETTI, 1989; BENEDETTI and BOULÈGUE, 1990), in 
near-neutral surface waters (BROOKS et al., 1981; 
HAMILTON et al., 1983; HALL et al., 1986), and in 
neutral groundwaters associated with oxidized gold- 
sulfide deposits (GOLEVA et al., 1971). Petrological 
observations and thermodynamic calculations have 
stressed that during supergene alteration of aurifer- 
ous sulfide ores, the most stable Au complexes are 
the bisulfide and, on a local scale, thiosulfate com- 
plexes for neutral or alkaline conditions (WEBSTER 
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and MANN, 1984; WEBSTER, 1986) and thiosulfate 
complexes for acidic conditions (STOFFREGE~, 1986). 

In the lateritic profiles overlying gold deposits, the 
mobility of gold has been inferred by the occurrence 
of surface dispersion patterns (BASSOT and TRAORE, 
1964; ZEEGERS, 1987; EDOU MINKO, 1988; LECOMTE, 
1988; COLIN et al., 1989a) or by the presence of high 
purity supergene gold, either free (WILSON, 1983; 
LAWRANCE, 1988) or associated with Fe- 
oxyhydroxides (MANN, 1984; FREYSSINET et al . ,  1987; 
VASCONSELOS and KYLE, 1989). According to MANN 
(1984), gold mobility in lateritic profiles in the Yil- 
garn Block of Western Australia can be explained by 
the occurrence of high chloride concentrations in the 
drainage system. Thus, according to this author and 
to the experimental studies of KRAUSKOPF (1951) and 
CLOKE and KELLY (1964), Au is complexed by chlor- 
i¿e to form auric chloride under very acidic, highly 
oxidizing, chloride-rich conditions. In surficial lateri- 
tic environments, however, where sulfides have 
already been transformed to hematite or goethite 
andlor where gold is associated with quartz veins and 
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the surficial waters are slightly to moderately acid and 
strongly diluted, the factors which control gold mo- 
bility are poorly understood and the formation of 
surface dispersion patterns in these conditions re- 
mains unexplained. 

The present study addresses the gold dispersion 
halo found in the equatorial forest of southern Gabon 
at Dondo Mobi (LECOMTE, 1988; COLIN eral . ,  1989a). 
Gold contours in the upper part of the weathering 
profile define an aureole which spreads laterally be- 
yond the auriferous body. This deposit and its halo 
provide an ideal opportunity to study the mobility of 
gold under lateritic equatorial forest conditions. To 
understand its behavior, attention is focused on gold 
itself, and this paper presents the results obtained 
from the morphological and chemical study of gold 
particles and our initial thermodynamic approach to 
prediction of gold mobility. The interpretation of the 
data leads to a better understanding in the formation 
of gold anomalies in soils and rivers in equatorial 
forests and can be extended to other haloes found in 
lateritic environments. Both morphology and chemi- 
cal composition of gold particles can be used as 
tracers of the weathering of gold mineralization, and 
thus are useful keys to efficient prospecting. 

GEOGRAPHIC AND GEOLOGICAL SETTING OF 
THE DONDO MOB1 DEPOSIT 

The Dondo Mobi area‘is located in the gold district 
of Eteke (11”35’E, 1’17‘s) in southern Gabon (Fig. 
1). The landscape consists of convexo-concave hills 
covered with evergreen forest. The altitude ranges 
from 500 to 800 m. The climate is equatorial, with an 
annual average temperature near 26°C and a mean 
annual rainfall around 2000 mm. The relative humi- 
dity varies from 60 to 100%. 

The geological setting of the Dondo Mob. hill area 
(Fig. 2) has been interpreted through data gathered 
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FIG: I .  Geographic setting of the Dondo Mob¡ deposit, 
Gabon. 

from drill holes (LECOMTE, 1988; PRIAN et al.,  1988). 
The geology consists of three main units roughly 
oriented N34W with a 60 to 70” SW dip correspond- 
ing to the main regional foliation features (PRIAN et 
al . ,  1988). The Lower Proterozoic schists form a 
phosphate-bearing detritic series called “serie de 
1’Ogooue”. This unit overlies gneissic Archean base- 
ment, with an age at 2374 & 188 Ma (PRIAN et al., 
1988). The third unit consists of lisvenite lenses 
located within the gneisses. According to Prian et al. 
(1988) , these lisvenites result from metamorphism of 
komatiites which have been regionally recognized by 
the presence of amphibolites, talc-schists and by 
hydrothermally altered, carbonate-rich quartz veins. 
The gold mineralization occurs in these veins, which 
contain rare bismutotelluride and pyrite. Neither the 
unweathered Archean gneisses nor the Proterozoic 
schists contain gold. 

EXPERIMENTAL METHODS 

The samples were collected from drill core holes, auger 
holes, and pits throughout the deposit (Fig. 2). In the field, 
3 kg representative samples were carefully gathered to 
avoid external contamination. In the laboratory, the 
samples were dried at 60°C and sieved under water to 
separate grain size fractions, subsequently weighted and 
quartered. Each sample was completely dissolved by triacid 
attack and gold was extracted from solution using MlBK 
(methylisobutylketone) and measured by atomic absorp- 
tion spectrophotometry. Samples from drill core 2 (fresh 
rock and base of saprolite 1) and pits (1-4) were used to 
determine the grain size distribution, morphology and 
chemistry of gold particles. Approximately 3600 gold par- 
ticles from both fresh and weathered rocks were concen- 
trated by careful washing and use of heavy liquids and 
magnetic techniques to separate them from other heavy 
minerals. Nearly 500 gold particles were examined by 
means of optical microscopy and scanning electron micro- 
scopy (Jeol JSM 35 CF). 

The morphology of 103 fresh and weathered gold par- 
ticlcs was quantified by fractal analysis. The shapes of the 
gold particles were measured and digitized from an optical 
microscope connected to a Pericolor Numelec 2000 system. 
The surface, perimeter, number and length of branches of a 
fractal skeleton of a given particle were then calculated by 
means of a 4381 IBM computer. Only free gold particles can 
bc studied with this method. This new method was used to 
investigatc the three dimensional shapes of gold particles 
and can bc usefully applied to other types of particles. 

The chemical composition of 220 gold particles was deter- 
mined through 1550 microprobe analyses using a CAME- 
BAX Microprobe (15 kV, 20 nA, 1 pm size diameter 
focalization). To study the distribution of Ag within whole 
gold particles, mapping was performed on polished surfaces 
of 21 samples. Image processing (OLTRA, 1988; COLIN et al., 
1989c) was carried out to improve the quality of the image 
and to determine quantitatively the degree of heterogeneity 
in the Ag distribution. The images were digitized through a 
microscope on the Pericolor Numelec 2000 system, generat- 
ing 256 x 256 pixel images. The treatment of the digitized 
maps was complemented with a 4381 IBM computer. In 
theory, 255 grey color hues (white to black) reflecting 255 
Ag composition classes (lowest Ag per cent to highest Ag 
per cent) can be recognized. The heterogeneity of the Ag 
distribution with respect to a given particle is thus given by 
the composition class number. 
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FIG. 2. Cross-section showing the distribution of gold throughout the Dondo Mobi deposit. 

WEATHERING PATTERNS 

Weathering patterns have been identified from 
samples obtained from both drill cores and pits. From 
the fresh rock to the surface, the weathering profile 
reaches thicknesses of up to 100 m and can be divided 
into four main layers (Fig. 2). At the base of the 
profile the saprolite 1 preserves the structure and 
texture of the parent rock. It consists essentially of 
quartz, carbonates, amphiboles, chlorite and biotite 
in the lisvenite unit; quartz, muscovite, biotite, chlor- 
ite, apatite and graphite in the Proterozoic schist; and 
quartz, muscovite, biotite, chlorite and feldspar in 
the Archean gneiss. Upward within this layer, quartz 
and muscovite remain unweathered, but the other 
phases are transformed into smectite, kaolinite, gibb- 
site and goethite. 

The saprolite 1 progressively changes at higher 
levels into saprolite 2 in which the texture of the 
initial parent rock is only partially preserved. The 
saprolite 2 mineral assemblage is similar to that 
observed in the underlying saprolite 1 layer except 
that it lacks smectite. The nodular layer is character- 
ized by the presence of hematitic and goethitic or 
gibbsitic nodules scattered in a sandy-clayey matrix 
of quartz, kaolinite and goethite. 

At the top of the profile, the sandy-clayey layer 
consists of an assemblage of quartz, kaolinite and 

goethite with a fine micro-aggregate sandy-clayey 
matrix. This layer is covered by a 0.1 m deep organic 
layer with indications of strong biologic31 activity. 
Nevertheless, some roots reach the top of the nodular 
layer. Soil samples have preserved chemical signa- 
tures of the different parent rocks, revealing in-situ 
weathering as a major process responsible .for the 
evolution of the weathering mantle (COLIN et al., 
1989b). This is in agreement with other studies which 
present similar profiles in tropical conditions 
(MULLER rr al., 1981; NAHON, 1986; MULLER, 1987; 
MULLER and BOCQUIER, 1987; LUCAS et al., 1988). 

CONTENTS AND GRAIN SIZE DISTRIBUTION OF 
GOLD THROUGH THE DEPOSIT 

The Au values of the unweathered auriferous 
quartz veins (protore) from the fresh rock and from 
the base of the saprolite 1 range from 15 to 100 glt. 
About 95 wt% of the gold particles exceed 63 p m  in 
size, with 55% in the fraction 63-500pm and 40% in 
the coarsest fraction (>500pm) as illustrated in Fig. 2 
and presented in Table 1. 

In the central part of the gold halo, at the top of 
saprolite 1 and in saprolite 2 (pit 2), and derived from 
the lisvenite unit, the gold content ranges from 5 to 15 
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Table 1. Distribution of Au content by grain-size fraction throughout the deposit 

Depth <63pm 63-500 >500 pm Total 
Location Zone (m) (g/t) % pm (g/t) Yo (dt) YO content (g/t) 

Pit 1 , 

Pit 3 

Drill core 2 Protore 
Pi1 2 Saprolite2 . 

Nodular 
Nodular 
Sandy-clayey 
Sandy-clayey 
Sandy-clayey 
Saprolite 2 
Nodular 
Nodular 
Sandy-clayey 
Sandy-clayey 
,Sandy-clayey 
Saprolite 1 
Saprolite 2 
Nodular 
Sandy-clayey 
Sandy-clayey 

Pit 4 Sandy-clayey 

LOO 

9.00 
7.60 

-7.20 
5.50 
3.50 
0.50 

8.50 
7.00 
5.30 
4.50 
2.50 
0.50 

5.50 
3.60 
3.20 
1.50 
0.50 

0.50 

4.450 

3.250 
0.156 
0.261 
1.275 
1.050 
1.127 

0.084 
0.104 
0.246 
0.699 
O. 848 
0.934 

0.016 
0.130 
0.175 
0.363 
0.481 
0.006 

5.56 

51.60 
.49.68 
47.45 
30.29 
54.29 
34.38 

83.17 
66.68 
90.77 
70.68 
52.50 
71,95 

80.00 
54.85 
53.52 
71.88 
76.11 
33.33 

g/t and the finest grain-size fraction develops at the 
expense of the coarsest fraction. From saprolite 2 to 
the sandy-clayey layer derived from the lisvenite (pit 
2), this tendency is confirmed although it is somewhat 
complicated by gold concentrations in the nodular 
layer. Thus at the surface, the gold content ranges 
from 1 to 5 g/t (bulk sample) and the finest fraction 
(<63 pm) can reach 30 to 54% total gold by weight. 
However, both the 63-500pm and >500pm fractions 
are well represented, thus reflecting the distribution 
of gold in the protore (Table 1). 

In the sandy-clayey layers from the central part to 
the rim of the halo the gold content decreases lat- 
erally from 1 to 5 g/t to O. 1 to 0.5 g/t (Fig. 2). The gold 
content also declines from the surface to the formerly 
barren saprolites derived from the Archean gneiss 
(downslope, pits 3 and 4) and from the Proterozoic 
schist (upslope, pit 1) (Table 1). This decrease of the 
gold content is accompanied by an increase in the 
gold content of the finest grain-size fraction, which 
can reach >SO% total gold by weight in the saprolites 
(Table 1). This general vertical trend contrasts with 
that observed from the protore to the surface in the 
central part of the halo. Thus gold concentrations 
decrease simultaneously a’s gold in the fine grain-size 
fractions increases; ‘this occurs vertically from the 
protore to the surface in the weathering profile from 
the lisvenite, and laterally and vertically from the 
sandy-clayey layer to the saprolites of the initially 
barren rock, upslope as well as downslope. 

THE MORPHOLOGICAL EVOLUTION OF GOLD 
PARTICLES 

In the fresh lisvenite and at the base of saprolite 1 
derived from the lisvenite, gold particles occur in 

43.220 

O. 180 
0.091 
0.142 
1.272 
0.863 
0.699 

0.008 
0.015 
0.013 
0.287 
0.764 
0.360 

0.001 
0.014 
0.134 
0.138 
0.148 

0.010 

55.14 

2.74 
28.98 
25.83 
30.24 
44.63 
21.33 

7.91 
9.61 
4.80 

29.02 
47.31 
27.74 
5.00 
5.91 

41.28 
27.32 
23.42 

55.56 

32.330 

2.880 
0.067 
0.147 
1.661 
0.021 
1.452 

0.009 
0.037 
0.012 
0.003 
0.003 
0.004 
0.003 
0.093 
0.018 
0.004 
0.003 

0.002 

40.41 80.000 

21.34 0.314 ; 
26.72 0.550 
39.47 4.208 

1.08 1.934 
44.29 3.278 

45.66 6.310 I 

8.92 0.101. 
23.71 0.156 
4.43 0.271 
0.30 0.989 
0.19 1.615 
0.31 1.298 

15.00 0.020 
39.24 0.237 
5.50 0.327 
0.80 0.505 
0.47 O. 632 

11.11 0.018 

quartz veins as particles made up of single gold crystal 
aggregates (Fig. 3a). These entangled crystals can be 
anhedral or euhedral in habit and are characterized 
by smooth surface sides and sharp edges. 

Directly above the mineralized body in saprolite 2 
(pit 2), the gold particles are free, but the indented 
shapes are similar to those observed in the protore 
(Fig. 3b). The particles consist of crystal aggregates 
overgrown by stacked layers with non-porous sur- 
faces and sharp edges (Fig. 3c). In the nodular layer 
of the central part of the halo (pit 2), the gold particle 
rims are slightly rounded, but the primary features 
are clearly recognizable, as seen in the relict of a 
euhedral cubic crystal (Fig. 3d). On a more detailed 
level, these crystal surfaces develop rounded steps 
and subcircular micrometric etching pits (Fig. 3e). 
Similar surface states distinguish the gold particles 
extracted from the overlying sandy-clayey layer. 
However, while crystal faces remain visible, the 
edges are distinctly blunt (Fig. 3f), and dissolution 
pits can reach 10 pm in their maximum dimensions 
and can cover 20% of the total surface of the par- 
ticles. 

In the rim of the halo, beyond the boundary of 
mineralized parent rock, all the gold particles are 
characteristically rounded, and the primary features 
(habit, stacking layers) have almost completely dis- 
appeared (Fig. 3g). Moreover, the surfaces are 
covered by as much as 50% with micrometric dissol- 
ution pits (Pig. 3hj. ‘Kith furihet weatiieïing, these 
pits often run together, thereby creating larger voids. 
Although some surface domains delimited by these 
voids seem crystallographically controlled, most 
have rounded rims and form non-coherent terraces. 

The fractal analysis of the free gold particles was 
performed following the method described above. 
The best parameters to quantify the trend toward 
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FIG. 3. S.E.M. photographs showing the morphological evolution of gold particles from the protore to the 
surface in the central part of the halo (a to f) and from the rims of the halo (g and h). Computer generated 
images showing the fractal evolution of end-member gold particles (i and j); the degree of roundness is 

correlated to the number of branches compared to the surface. 
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FIG. 3i, j. 

rounding shapes are the number of branches (N) of 
the calculated fractal skeleton and the surface (S) of 
the gold particles (Fig. 3i: fresh particle; Fig. 3j: 
weathered particle). This can be demonstrated by 
linear regression calculations (N = a x S + b) 
graphically given in Fig. 4. The rough, unweathered 
particles derived from saprolitic lisvenite (saprolite 2, 
pit 2) have a very good linear fit between the surface 
and the number of the branches (correlation coef- 
ficient R = 0.94 and a = 1.5 x In the central 
part of the halo, from saprolite 2 to the sandy-clayey 
layer, the particles show a tendency to have a reduced 
numb.er of branches relative to the surface, as re- 
vealed by the decrease of a (a = loe3 and 0.84 x 
respectively, for the nodular layer and the sandy- 
clayey layer (pit 2)). 

In the rims of the dispersion pattern (pits 1, 3,4),  
the particles retain a lower but still good linear fit 
between the number of branches and their surface (R 
ranges from 0.68 to 0.77). The slopes, however, are 
strongly reduced (a = 0.3 x pointing out the 
higher roundness shown by S.E.M. studies aso a 
general feature characterizing these particles. In 
addition, it is clear that this evolution is progressive, 

moving vertically from the saprolitic lisvenite to the 
overlying layers and laterally from these layers to the 
rims of the dispersion halo. 

CHEMICAL EVOLUTION OF THE GOLD PARTICLES 

Extensive microprobe analyses were performed to 
study the chemical evolution of the gold particles. 
Only Ag and Cu were found above the limit of 
detection, estimated to be 0.05 wt%. As shown in 
Table 2, the mean Ag content of the gold particles 
decreases progressively from 6.4% in the protore to 
4.82% in the sandy-clayey layer in the central part of 
the halo (pit 2). In the rim of the halo, there is an 
opposibe vertical trend. The mean Ag value declines 
from the surface to the saprolites, from 4.79% to 
4.15% in pit 1 (upslope) and 4.50% to 4.25% in pit 3 
(downslope). The lowest mean Ag content (3.73%) 
was found in the gold particles extracted from, the 
lowest upslope sandy-clayey layer (pit 4). Despite the 
mean Cu value of the protore gold being one of the 
lowest found (O.28%), Cu behaves similarly to Ag 
(Table 2). 

2 
I I I I I b 

O 5 10 15 25 30 

FIG. 4. Plot of number of branches (N) vs surface (S) for gold particles. (1) Pit 2, saprolite 2; (2) pit 2, 
nodular layer; (3) pit 2, sandy-clayey layer; (4) pit 3; (5) pit 4; (6) pit 1. 
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FIG. 5. Computer images showing the distribution of Ag 
through end-member gold particles. 1. Fresh gold particle 
with a Ag range from 6.4 to 6.6%. 2. Weathered gold 

particle with a Ag Îange from O. 1 to 8%. 

Moreover, in the central part of the halo (drill core 
2 and pit 2), the range of Ag.values in the gold 
particles increases progressively toward the surface 
from 5 to 8% (protore) to O to 8% (sandy-clayey 
layer). This is manifested by the increasing standard 
deviation for Ag per cent (Table 2). This heterogen- 
eity also characterizes the particles from the rim of 
the halo (pits 1 and 3), with, however, a tendency to 
lose the higher mean Ag content classes (7 and 8%) 
downward in the saprolitic schist and gneiss (pits 1 
and 3) and laterally in the sandy-clayey layer (pit 4). 

Thus, it is clear that preferential Ag leaching is 
involved in the evolution of gold particles along a 
path from the protore to the surface in the layers 
derived from lisvenite, and then from the surface to 
the saprolites in the rim octhe halo. The lowest value 
of mean Ag content (3.73%) has been found at the 
greatest distance from the source, in the sandy-clayey 

Microprobe analyses and mapping improved by 
image processing indicate that Ag depletion may 
develop either in peripheral zones within weathered 
gold particles or in zones crosscutting them (Fig. 5). 
These Ag-depleted zones surround Ag-rich domains 
in the weathered particles, that reflect the range for 
Ag content in the fresh gold particles. In fact, these 
domains correspond to the core of the primary grains 

layer of pit 4. . ,  

forming the particles. The depletion develops centri- 
petally not only from the outer rims of the particles 
but also from the intergranular limits within the 
particles. The result is a decreasing Ag gradient from 
the rim to the core of the grains. In contrast to 
weathered gold particles, the Ag distribution in fresh 
gold particles is independent of the shape of the 
particles (Fig. 5). In addition, Ag concentrations are 
homogeneous, as demonstrated by a very low num- 
ber of silver composition classes ( N )  (Fig. 6). The 
heterogeneity of Ag distribution in the gold particles 
increases regularly from the protore to the surface in 
the central part of the dispersion pattern, and con- 
tinues toward the rim of the halo despite some 
particles having a relatively low heterogeneity index 
(Fig. 6). 

SOLUBILITY OF GOLD: THERMODYNAMIC 
APPROACH 

Deteriniiaation of the supergene environinent con- 
ditions at Dondo Mobi 

Both Au(1) and Au(II1) are B-type metal cations 
whose stability increases as electrodkgativity of the 
potential ligand donor atom decreases. As summar- 
ized by ONG and SWANSON (1969), BAKER (1978, 
1986), BOYLE (1979) and WEBSTER (1986), possible 
ligands include OH-, I-, Br-, Cl-, HS-, SO:-, 
S20i-, SO$-, CN-, CNS-, and humic substances. 
Under the acidic equatorial forest conditions at 
Dondo Mobi, the pH (soils and water) ranges from 4 
to 6. According to rainfall studies in equatorial Afri- 
can forests (LACAUX et al.,  1988), chloride and humic 
substances are viable ligands capable of complexing 
Au. The Nesence of chloride is due to marine- 
derived CI-rich rainwater (STALLARD and EDMOND, 
1981). Organic acids originate from intense biologi- 
cal activity (ERTEL et al., 1986). In constructing solu- 
bility diagrams of Ag-bearing gold, measurement 
and estimates must be made for free chloride mola- 
lity, ionic strength, O, fugacity and concentrations of 
humic substances. 

Chloride concentrations observed in the different 
spring waters around the deposit range from to 

molell. The O2 fugacity was fixed at f 0 2  = 
, which corresponds to a well-ventilated zone 

with high porosity (NAHON, 1976) similar to the 
nodular and sandy-clayey layers of Dondo Mobi 
(porosity = 40%). The concentrations of soluble 
humic substances have been arbitrarily fixed to space 
5 mgll. This corresponds to the average values 
measured by ERTEL et al. (1986) in different Ama- 
zonian surface waters, and in fact corresponds to a 
low value which is subjected to important variations 
up to 20 or even 50 mgll (SANCHEZ et al., 1982). 

Table 3 gives the Gibbs free energies of formation 
for different aqueous species of Au and other ele- 
ments used in the construction of the solubility dia- 

10-0.68 
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FIG. 6. Evolution of the heterogeneity of Ag distribution within gold particles with increasing weathering; 
N: number of classes. 

Table 2. Mean chemical composition of gold particles from the protore and the weathering layers throughout the dispersion 
halo 

~ ~ 

Cu (Yo) Number Number 

Location Zone Mean SD Mean SD particles analyses 
of of 

Ag (Yo) 

Drill core 2 
Pit 2 
Pit 2 
Pit 2 
Pit 1 
Pit 1 
Pit 1 
Pit 3 
Pit 3 
Pit 3 
Pit 4 

Protore 
Saprolite 2 
Nodular 
Sandy-clay e y 
Saprolite, 2 
Nodular 
Sandy-clayey 
Saprolite 1 and 2 
Nodular 
Sandy-clayey 
Sandy-clayey 

6.48 
5.38 
5.08 
4.82 
4.15 
4.35 
4.79 
4.25 
4.29 
4.49 
3.73 

0.76 
1.20 
1.41 
2.05 
1.57 
1.72 
1.46 
1.04 
1.34 
1.47 
1.24 

0.28 
0.59 
0.30 
0.32 
0.26 
0.29 
0.41 
0.27 
0.39 
0.30 
0.25 

0.05 
0.79 
0.22 
0.17 
0.10 
0.13 
0.19 
0.09 
0.26 
0.14 
0.12 

18 
23 
23 
28 
11 
22 
32 
11 
13 
23 
16 

Table 3. Gibbs free energies of aqueous species at 298.15 K 
used in the solubility diagrams vs pH 

AG; 
Aqueous species (k h o l e )  References 

AuCl; 
AuCI210H(H20) 
AuClF 
P.uC!Q!-!-- 
AuOHO 
Au(0H)T 
Au' 
H20 
CI- 

-240.68 
-401.82 
-150.68 
-215.25 
-49.61 

-486.97 
163.14 

-237.19 
-131.29 

1. KOROLEVA (personal communication, 1988); 2. 
NECHAEV and ZVONAREVA (1984); 3. NAUMOV etal. (1971); 4. 
CODATA TASK GROUP (1977). 

130 
140 
150 
180 
70 

150 
240 
80 
90 

180 
120 - 

gram (Fig. 7). In the construction of the solubility 
diagram the complexing of Au' with fulvic acid and 
its stability constants have been recalculated from 
VARsnAL et al. (1984) because of different ionic 
strength. A solubility diagram of variable Ag-bearing 
gold vs pH calculated with the lowest concentrations 
of both chloride mole/l) and fulvic acid (5 mg/l) 
is presented in Fig. 7. In order to simplify the presen- 
tation of solubility of electrum vs pH, the total 
molality Ag, has been fixed to lo-* moleh (1.08 ppb). 
Complete results of the thermodynamic study of gold 
stability will be given in COLIN and VIEILLARD (in 
Prep * ) * 

Interpretation of solubility diagram 

For a fixed chloride concentration, the solubility of 
Au increases with increasing Ag content in electrum. 
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At this low chloride concentration where Au > lo-" 
mole/l, only Ag-rich gold can dissolve (0.1 < X < 
0.2). At Dondo Mobi, the broad range of measured 
chloride molality in spring waters has a strong bias 
toward low values. This implies that only Ag-rich 
gold is dissolved by the chloride ion in this system. 
Another result demonstrated concerns the Au(1) 
complexes which are generally believed to be less 
stable than Au(II1) complexes (BAES and MESMER, 
1976). In the pH range which is representative of 
surficial conditions at Dondo Mobi, the Au(1) gold 
complex AuCl(0H)- is stable. 

The trend toward higher solubility of Au with 
increasing Ag content is also demonstrated for fulvic 
acid. Pure Au dissolves under weak organic activity 
conditions (HS = 5 mgll). However, the range of pH 
stability of the Au-humic substance complex is small 
(3-4.5). In the sandy-clayey layer, where microbial 
activity is elevated, the amount of organic matter can 
be greatly elevated (SANCHEZ et al., 1982). In these 
conditions, humic substances appear to be the main 
species which complex Au,.and the nearly pure Au is 
soluble at a broader pH range (3-6). 

DISCUSSION AND CONCLUSIONS 

The results obtained in this study allow some 
conclusions to be drawn about the behavior of gold at 
Dondo Mobi, which can also be applied to gold 
mobility in lateritic equatorial forest conditions. 
Gold distribution, grain size, morphology and chem- 
istry evolve simultaneously through the deposit, from 
the fresh auriferous lisvenite to the surface in the 
central part of the halo, then laterally toward the 
sandy-clayey layer and vertically downward to the 
saprolites derived from both the Archean gneiss and 
the Proterozoic schist in the rim of the halo. Thus, 
during weathering, gold concentration decreases, 
gold particles become increasingly fine and rounded, 

l og  (AU) t 
(mole/l) 

-5 

-10 

I 30 - 0.68 
-5 I\ 6. cl-- 10 mole/l 

A g t =  IO mole l l  

h FA - 5 mg/l 

f02= 

,O 

2 4 6 8 

FIG. 7. Log Au solubility vs pH showing stability of Au for 
varying composition and competition between chloride vs 

fulvic acid. 

the surfaces of the particles become increasingly 
pitted, and their Ag content decreases; Ag depletion 
processes develop centripetally from the rim of the 
particles and from intergranular limits inside the 
particles. Nevertheless, these evolved particles have 
preserved both the multigranular structure and 
chemical signature (in the core of the grains) of the 
fresh gold particles. This clearly demonstrates that all 
the gold particles studied here are residual and are 
prôgressively affected by dissolution processes as 
(heir distance from the auriferous saprolite protore 
increases. 

The dissolution of Au leads to the microdivision of 
the gold particles, making mature gold particles 
smaller and Ag-depleted. The weathering layers de- 
velop in situ from the underlying parent rock, reflect- 
ing the influence of the main foliation of the rocks. 
Thus, because both the gneiss and the schist are 
initially unmineralized, and because there1 is down- 
ward increase in the weathering of fine mature resi- 
dual gold particles in the rim, of ,the halo (opposite 
vertical evolution of those observed in the central 
part of the halo), it is evident that these particles were 
laterally translocated from the sandy-clayey layer 
derived from lisvenite, and then, translocated verti- 
cally downward (Fig. 8). Thus it is inferred that the 
dispersion pattern is mainly controlled by Au dissol- 
ution and translocation of residual gold particles. 

These processes involve an autochthonous or 
strictly vertical evolution in the central part of the 
pattern. In the rim the evolution is para- 
autochthonous (that is, a short-distance allochtho- 
nous evolution that occurs at the scale of the studied 
relief unity; see COLIN et al., 1989b; COLIN, 1989). 
The in-situ evolution can be somewhat complicated 
by downward migration, especially in the sandy- 
clayey layer. The occurrence of gold particles in the 
downslope sandy-clayey layer can also be partly 
explained by the residual behavior of gold during the 
regolith reduction, taking into account the projection 
of the mineralized rocks. The effects of translocation 
are apparent especially in the sandy-clayey and nodu- 
lar layers and thus physical movement of gold par- 
ticles may be governed by high porosity of the 
material, biological activity and minor surficial creep 
that took place during the reduction of the regolith. 
The actual river system is active downslope where the 
river is cutting through the Archean gneiss. The 
actual symmetric shape of the dispersion halo means 
that in the past, the WSW slope was less pronounced 
and probably symmetrical with the ENE slope with 
respect to the auriferous quartz unit. 

A similar evolution of residual gold particles 
(rounded shape and Ag-depleted rims) has been 
reported in alluvial placer conditions (DESBOROUGH, 
1970; DESBOROUGH et al., 1970,1971; HALLBAUER and 
UTTER, 1977; GIUSTY and SMITH, 1984; HERAIL et al., 
1988). Mechanical alluvial processes have marked 
these particles with striations that are a function of 
increasing distance from the source. In the examples 
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I wsw ENE I 
SANDY-CLAYEY 

/ LAYER 
\R 

I I DISPERSION OF GOLD PARTICLES AND GOLD COMPLEXES 

FIG. 8. Illustration of gold dispersion during weathering of the Dondo Mobi deposit. 

from Dondo Mobi no striation occurs on the surface 
of the gold particles and thus it is concluded that 
under equatorial lateritic conditions this evolution is 
chemical and may be interpreted as a function of 
increasing distance from the fresh auriferous gold 
mineralization within the weathering profile. 

Geomorphological studies of tropical areas suggest 
that transport-control reactions lead to the formation 
of convexo-concave geometries by limiting the sur- 
face denudation rate relative to the dissolution rate 
(STALLARD, 1989). Note that most of the dissolution 
features of the gold particles, such as rounded shapes 
and subcircular etching pits, also suggest transport- 
control reaction but on a microscopic scale. 

According to the thermodynamic calculations 
noted above, Au is soluble in acidic solutions either 
in low chloride or high humic substance conditions. 
The Au complex is an aurous hydroxychloride that is 
believed to be more stable than the auric or aurous 
chloride complexes found under experimental con- 
ditions (KRAUSKOPF, 1951; CLOKE and KELLY, 1964). 
Also, gold-humic substance complexes are stable in 
surficial conditions (BAKER, 1986; and this study). 
Because no evidence was found for gold reprecipi- 
tation in the surficial dispersion pattern, it is pro- 
posed that Au complexes have been removed from 
this part of the weathering profile. Given the possi- 
bility of both chloride and fulvic-acid ligands, it has 
been shown that Au solubility increases with increas- 
ing Ag content. This result is in agreement with 
results obtained by WEBSTER (1986) in the system 
Au-AgS-O,-H,O at 25°C and 1 atm. Thus, both 
chemical and short-distance physical translocation 
processes control the mobility of Au and gold par- 

8). This mobility makes the gold contents 50-1000 
times lower at the surface than in the fresh underlying 
protore. These results are important for geochemical 
exploration in equatorial rain forest conditions. In 
addition, Au content gradients and gold particle 
evolution can be used as pathfinders in exploration 
for gold deposits. Moreover, the morphology and 

ticles in p,c;n&Sr;.Z! lateritic \?Jyp_l&p_ring pr&!es (Fig. 

chemical composition of gold particles provide useful 
information about the time during which weathering 
processes have been effective in digesting an 
increased amount of mineralized parent rock. 

The nodular layer derived from the auriferous 
rocks is strongly depleted in gold (Table 1). This 
nodular layer is rich in goethitic, hematitic and gibb- 
site nodules which are relicts of an earlier iron crust 
affected by partial dissolution. It is clear that the 
physico-chemical processes leading to the formation 
of Fe- and Al-oxyhydroxides also promote the dissol- 
ution of Au and thus a strong loss of Au with respect 
to the protore. Thus Fe-crust developed at the 
expense of auriferous rocks in the tropical belt should 
only preserve a weak chemical signature of the poten- 
tial underlying deposit. 
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