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Abstract
Analyses of 28 stream sediment samples collected in the Bou Azzer 

district, Morocco, show that this sampling technique may be useful in 
locating the cobalt arsenide mineralization that exists in this area. 
The absence of exceptionally high values of cobalt and arsenic, the 
nearly lognormal distribution of cobalt values, and the lack of correlation 
between the highest values of cobalt and arsenic were unanticipated 
results that do not support the use of this sampling technique. However, 
highest values of several metals, including cobalt, were associated 
with an identified area of cobalt mineralization, and high cobalt was 
present near a second area in which cobalt mineralization is suspected. 
Although probably mostly reflecting the geochemistry of unexposed ultramafic 
rocks, the association of these metals with mineralization shows that 
this type of sampling can independently locate areas of known or potential 
cobalt mineralization.

Introduction
In January and February of 1982 the Trade and Development Program 

of the International Development Cooperation Agency sponsored a technical 
mission to Morocco, the primary purpose of which was to evaluate the 
potential for additional sources of cobalt in that country. U.S. 
Geological Survey members of this mission were particularly concerned 
with assessing the reserves and resources of Morocco's principal cobalt 
area, the Bou Azzer district, and in recommending means by which additional 
cobalt could be located. Their report (Foose and Rossman, 1982) suggested 
a number of untried exploration techniques, and observed that analyses 
of fine grained sediments collected from stream drainages may be the 
quickest, easiest, and least expensive means for locating additional 
cobalt deposits.

In order to asses the feasibility of this exploration technique, 
stream sediment samples were collected over an approximately 1 km^ area 
in the Bou Azzer district. Within the sampled area occur a small vein 
containing identified cobalt mineralization and a second location that 
is suspected to be mineralized. This study was intended to idependently 
identify by geochemical sampling both the known and suspected mineralized 
areas.

Regional Setting and Character of the Cobalt Mineralization
The Bou Azzer mining district is located in the Anti Atlas mountains 

of Morocco, approximately 160 km southeast of the city of Marrakech 
(Fig. 1). Since 1930, this area has produced over 50,000 tons of 
cobalt metal and, in recent years, has contributed between 4 to 8 
percent of the annual world's cobalt mine production. Until low world 
cobalt prices forced the district to cease production at the end of 
1982, it was the only area in the world where cobalt was produced as 
the principal product of mining. The region has a moderately rugged 
relief (elevations range from 1300 - 1600 m), and a dessert climate 
that causes vegetation to be sparse, soils to be poorly developed, and 
rocks to be well exposed.

The cobalt mineralization is located within a roughly east-west 
trending uplifted block of Precambrian rocks, approximately 50 km long 
by 5-20 km wide (Leblanc, 1981). The basement of this block is the northern 
edge of the 2,000 m.y. old West African Eburnean craton. During the 
major Pan African deformation (680 - 580 m.y.), south directed thrusting
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emplaced a fragment of oceanic crust (ophiolite) onto this basement. 
The basement and ophiolite complex were subsequently covered by 1,500 m 
thick detrital sediments and volcanics (Tiddiline Formation). The 
subsequent exposure of these rocks in horst blocks was accompanied by 
subaerial weathering of the ultramafic rocks and the formation of a 
siliceous and carbonaceous rock (the Ahmbed Formation) which now hosts 
most of the region's cobalt mineralization (Leblanc, 1981). Folding 
(580-615 m.y.), deposition of the volcanics of the Ouarzazate Formation 
(580-565 m.y.), and minor additional folding and faulting during the 
Hercynian deformation completed the general geologic history of the region.

Although varying widely in size and shape, the approximately 60 
cobalt deposits in the Bou Azzer district display a number of common 
charactersties. Their most important feature is a close spatial association 
with serpentine which represents the lowermost parts of the Precambrian 
ophiolite complex (Fig. 1). Although occurring near serpentine, cobalt 
mineralization is almost never enclosed in serpentine. Instead, it is 
usually in a quartz-carbonate gangue that occurs along edges of serpentine 
masses. Plastic deformation of the serpentine has caused it to move into 
contact with a number of different rock units. In turn, this means 
that the associated quartz-carbonate rock and enclosed mineralization 
is within a variety of rocks that may be older, the same age, or younger 
than serpentine.

The cobalt deposits are generally small. Most have less than 200,000 
tons of ore, and only two have produced more than 1 million tons of ore 
(Leblanc and Billaud, 1982). Deposits generally do not exceed 20 m in 
thickness. Ore grades typically are 1.2 percent Co, 0.15 percent Ni, 
and 4 percent As. There is also usually minor amounts of Au, Ag, Mo, 
and Bi. Ore minerals are mostly skutterudite, safflorite, loellingite, 
rammelsbergite and gersdorffite.

Of the variety of genetic interpretations given to this cobalt 
mineralization, two are most widely accepted. Traditional interpretations 
which ascribe a hydrothermal origin for these deposits (Jouravsky, 1952; 
Goloubinow, 1956; Krutov, 1970), have recently been challenged by 
suggestions that the mineralization was initially stratabound within a 
weathering crust of quartz-carbonate rock (the Ahmbed Formation) that 
formed on serpentine (Routhier and others, 1970; Leblanc, 1981). 
Regardless of the initial means of ore concentration, the occurence of 
cobalt in veins hosted within a wide variety of lithologies and the 
estimated temperatures of ore paragenesis of between 200° and 450°C 
(Leblanc, 1981; Besson and Picot, 1978) indicate that hydrothermal 
solutions have played a critical role in forming the present mineralization.

Previous Exploration
Numerous exploration programs have been carried out in the Bou 

Azzer district by Moroccan, French, and Russian geologists. Exploration 
has included detailed geologic mapping, extensive rock sampling, magnetic 
surveys, and exploratory drilling. The most recent comprehensive 
exploration program was undertaken between 1969 and 1971 by geologists 
from the Soviet Union during which over 60,000 rock samples were collected. 
This study (Technoexport, 1969 - 1971) located a subsequently mined 
cobalt deposit; results of this program have been discussed by Leblanc 
(1981) and Leblanc and Billaud (1982).



Present Study
Despite extensive work, several exploration techniques have not 

been tried in the Bou Azzer district. Of these, stream sediment sampling 
is perhaps the easiest and least expensive. This sampling approach 
has proven to be very effective in North America where it is widely 
used by many private companies in their mineral exploration programs 
and by the U.S. Government in its regional resource evaluations of 
public lands. This type of sampling has successfully detected mineralization 
in a wide variety of environments, including arid regions such as exists 
in the Bou Azzer district.

An approximately 1 km^ area was selected in order to make a 
preliminary evaluation of the usefulness of stream sediment samples in 
this district. This area (Fig. 1) is underlain by volcanics of the 
Ouarzazte Formation and is located between two of the three major 
exposures of serpentine in the Bou Azzer district. Exploration with a 
small drilling rig has shown the presence of a small mineralized vein 
within this area and surface geologic studies have identified an additional 
site that is considered to be favorable for cobalt mineralization.

Twenty-eight samples were collected from intermittent streams 
with the intent to geochemically locate both the known and suspected 
areas of mineralization. All samples were collected from the finest 
sediments available and, with one exception, were taken from centers 
of drainages. Sample number 12 differed from others as it is a composite 
sample made of two approximately equal sized samples taken from two 
adjoining small drainages.

Analytical Technique
All samples were dried and seived to less than 140 mesh (0.105 mm) and 

pulverized for analyses in the U.S. Geological Survey laboratory, Denver, Colo. 
Semi-quantitative analyses of 31 elements by optical emission spectrographic 
methods were made by D. E. Detra, U.S. Geological Survey. This method 
reports results by a "six-step" method that divides every ten-fold 
concentration of an element into six intervals that have mid points at 
1.0, 0.7, 0.5, 0.3, 0.2 and 0.15. Analytical results are reported as 
these mid point values. Thus, a concentration of 0.68 ppm would report 
as 0.7 ppm, and a concentration of 550 ppm would be given as 500 ppm. 
Results have an expected precision such that 83 percent of the time 
the actual value is within the reported or adjacent higher or lower 
interval (Motooka and Grimes, 1976). Additional quantitative analyses 
were made for mercury by J. D. Sharkey and for arsenic by W. C. Martin 
because of their association with the cobalt mineralization. Analytical 
results were processed by C. M. Sears using a small desk-top computer and 
programs developed by J. T. Hanley and P. G. Schruben for use in the U. S. 
Geological Survey's program of mineral resource appraisal of public 
lands.

Results and Discussion
Analytical results (summarized in Table 1; listed in Table 2) do 

not reveal unusually high metal values. Values for chromium, copper, 
cobalt, and nickel are higher than in most stream sediments, but are 
well within ranges observed from areas such as this one that are associated 
with ultramafic rocks. Boron values, which are also slightly higher
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than usually observed, are probably due to the presence of the mineral
tourmaline, a common accessory in volcanic rocks. With the exception
of nickel, lead, and arsenic, elements have geometric means that are
nearly equal to their median value, a relationship that suggests values
for these elements are nearly lognoraally distributed (Levinson, 1980, p. 218)

Histograms for ten elements are plotted in figure 2. Values for 
arsenic, boron, cobalt, chromium, mercury, titanium, and vanadium show 
approximately symmetrical distributions that are slightly skewed to 
higher values or show regularly increasing or decreasing values that are 
truncated by upper or lower determination limits. These patterns may be 
interpreted as either complete or truncated lognormal distibutions 
and are thus similar to patterns typically obtained from areas where 
only one sample population is present. In contrast, a mixing of two 
populations, each with differing background concentrations, may be 
indicated by the non-symmetric distribution shown by nickel, copper, and 
lead. The bimodal distribution shown by nickel is particularly striking 
and may indicate a mixing of a background population with a second, 
more nickel-rich population that may be associated with mineralization.

Distribution maps (Fig. 3 to 11) show concentrations of nine elements 
relative to the area of each sampled stream drainage and the known and 
suspected areas of mineralization. The known area of mineralization is 
drained by streams from which samples 16, 19, and 20 were taken. 
Samples from either one or several of these drainages contain the 
highest observed values of arsenic, boron, cobalt, chromium, and nickel 
and show this location to have a relatively high concentration of 
several metallic elements. Contamination from the small drilling 
operation that is exploring this mineralization could be responsible 
for some of these high values. However, this drilling is located in 
the drainage immediately north of that sampled by sample 16 and apparently 
has not directly contaminated any of the sampled drainages. Therefore, 
it is considered unlikely that this drilling is responsible for these 
high values.

In contrast, highest values for most metallic elements are not found 
near the area of suspected mineralization (drainages 22, 23, 24, 26). 
Cobalt, however, is an important exception, as the cobalt concentration 
of 50 ppm found in sample 26 is equal to that observed associated with 
the identified cobalt mineralization (sample 20), thus showing this 
area as a potential host of cobalt mineralization.

Lead, copper, mercury, and barium show no association with either 
target area. Lead and copper do, however, appear to occur together 
(high values in samples 25 and 15). The occurrence of high barium 
values in the northern parts of the area suggests that rocks richer in 
barium occur in the topographically high regions that lie to the north 
of the studied area.

Scatter plots of element concentrations more clearly show the 
geochemical associations of elements (Fig. 12). In these diagrams, 
cobalt, nickel and chromium display a close association as also do 
lead and copper. Low correlations, however, exist in plots of nickel 
versus copper, showing that there is little relationship between the 
Co-Ni-Cr and the Cu-Pb associations. Arsenic and mercury, which are
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present in the cobalt deposits of this district, fail to correlate 
either with cobalt or nickel.

The good correlation in the stream sediments between cobalt, nickel, 
and chromium is an expected association in areas associated with ultramafic 
rocks, and may indicate that such rocks provided sediment to the sampled 
stream drainages. This conclusion is supported by the best fit line 
to the cobalt verses nickel plot (Fig. 12) which has a slope that 
closely matches the average Co/Ni for ultramafic rocks in this area 
(Leblanc, 1981). Ratios of chromium to cobalt and chromium to nickel 
in the stream sediments are much higher than in ultramafic rocks and 
may show that chromium in sediments is enriched by the stream concentration 
of detrital chromite. However, the sampled area is one in which exposures 
of ultramafics are not identified (Fig. 1). Although it is possible 
that some ultramafic detritus could be introduced from higher elevations 
to the north of the sampled area, no ultramafics are mapped in this 
area and samples along the northern margin of the area do not have the 
highest concentrations of cobalt, nickel, and chromium. It is, therefore, 
also possible that these three elements have been introduced along 
veins emanating from underlying and unexposed ultramafic rocks and 
that their concentration is thus an expression of potential mineralization 
in this area.

Conclusions
The small number of samples (28) collected in this study do not 

provide unambiguous support for stream sediment sampling in the Bou 
Azzer district. The absence of obviously high metal values in the stream 
samples, the general lack of bimodal or clearly non-lognormal element 
distributions, and the failure to find statistically significant correlations 
between arsenic and cobalt, and mercury and cobalt are unanticipated 
results and suggest that these stream sediments do not closely reflect 
the chemical patterns known to be associated with cobalt mineralization. 
However, nickel shows a well developed bimodal distribution of values 
that could be the result of the mixing of material from both mineralized 
and unmineralized areas, and a close correlation exists between cobalt, 
nickel, and chromium. Although no obvious source of ultramafic detritus 
exists in this area, the association of these three elements probably 
largely reflects the presence of ultramafic rocks. The occurrence of 
high cobalt (sample site 26, near the area of suspected mineralization) 
with no corresponding high nickel or chromium also shows that the 
close association expected of these elements were they to have been 
derived from eroded ultramafic rocks does not always exist. Instead 
these features may indicate that cobalt, nickel, and chromium may have 
been introduced in varying proportions by veins derived from underlying 
and unexposed ultramafic rocks. The absence of high arsenic and boron in 
these areas may also show these veins to be relatively unmineralized.

Ultimately, the most significant result of this study is that the 
geochemical maps show highest values of cobalt and other metals near 
the known mineral occurrence and high cobalt near the area of suspected 
mineralization. These results, in turn, identify these two areas as 
having potential economic intrest. This sampling thus succeeds in 
geochemically locating the two target areas identified before this study 
by other means.
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