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Abstract

The Oudiane Elkharoub Zone is one of the major areas of the Reguibat Shield
due to its position in the extreme northeast of the Birimian formation (dated
between 1.6 and 2.7 Ga) within the Reguibat Shield, coupled with its closeness
to with the Archean Domain in the Shield’s southern portion and with the
Taoudeni Basin to the east. The results of field mapping, together with chem-
ical (Fire Assay) and XRF (fluorescence spectrometer X-ray) analyses, shows
significant Au, Ag, Cu, Pb, Mn, Cr, Ni, Th and Y anomalies in samples taken
from the Oudiane Elkharoub Zone. The results of those analyses will allow us
to build a geochemistry maps for the anomalous metal for the study area,
understand the relationships between different rock units and the mineraliza-
tion and the mineralization control and their style, such as structural or li-
thological control. This context reflects a structural control of the Mineraliza-
tion according to the conducted analyses and the observation on the field.
The mineralization auriferous mainly hosted in quartz vein or quartz-carbonate
vein with sulfide (pyrrhotite and pyrite) alteration.

Keywords

Oudiane Elkharoub, Reguibat Shield, Birimian, Anomalies, Mineralization,
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1. Introduction

The West African Craton is subdivided into three distinct domains (Figure 1),
[1] [2] [3] [4]. 1) In the north the Reguibat Shield outcropping in Mauritania,
Algeria, and Morocco, constituted by Archean formations (3.0 - 2.7 Ga) and Pa-
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leoproterozoic (~2 Ga). 2) In the South the Man or Leo Shield formed by the
Archean series of the Liberian Shield and the Paleoproterozoic formation of the
Baoule-Mossi Domain covering Ghana, Ivory Coast, Guinea, southern Mali,
Burkina Faso, western Niger, these Paleoproterozoic formations are generally
referred to as Birimian. 3). In an intermediate position between the two dorsal,
two buttonholes, the Kayes buttonholes in western Mali and the Kedougou
Buttnhole located on either side of the border Senegales-Malian, these button-
holes are formed exclusively by Birimian series.

There are five principal geological entities within the borders of Mauritania
(Figure 2). One of these, the Reguibat Shield, is located to the north of the
country. It hosts Archean and Paleoproterozoic metamorphic sequences and
granites that form the northwestern limit of the West African Craton (WAC) [7]
[8]. Further to the south, the Craton’s margins coincide with the Mauritanide
Belt (Figure 2), a Hercynian tectonic belt consisting of Neoproterozoic and Pa-

leozoic metamorphosed sediments and volcanoclastic formations, including
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Figure 1. Geology of the West African Craton. Modified from [5] [6].
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Figure 2. Mauritania’s geological map.

parts of the underlying basement [9]. To the east of the Mauritanide Belt lies the
vast Mesoproterozoic [10] to-Paleozoic Taoudeni Basin. Finally, to the west lies
the northern limit of Mauritania-Senegal-Gambia-Conakry basin, a Mesozoic-
Cenozoic continental margin-type basin that overlies a Paleozoic (and probably
Archean) basement.

Mauritania is a significant source for gold, iron and copper ores in Africa con-
tinent. It was the second-highest ranked exporter and producer of iron in Africa
in 2012, being preceded only by South Africa. In addition to iron, Mauritania also
produces cement, copper, crude oil, gaz, gold, gypsum, quartz, salt and steel [11].

The Birimian terrains (2156 = 10 to 2067 + 12 Ma) of the West Africa Craton
are one of enormous interest, both for their fundamental potential in terms of
geological research and in terms of mining. Indeed, they are some of the oldest
lands in the Craton, and are affected by important orogenies. The Birimian rocks
host many gold deposits and occurrences of the West Africa Craton. They were
formed and accreted during the Eburnean orogenic cycle, which took place be-
tween 2.25 Ga and 1.80 Ga. The Birimian hosts some of the main types of such
deposits in West Africa Craton, and these are directly associated with granitic
plutons. This type of environment is, in turn, the supplier of relevant metals such
as Au, Ag, Pb and Zn, which are associated with many types of deposits (copper
porphyries, perigranitic veins, skarns, etc.). As such, they are major economic
targets. In addition, perigranitic deposits contain gold, which has become the
subject of abundant and extensive geological discussion, leading to varied and
novel terminologies. The Mauritanian Birimian terrains are, however, yet to be

properly known.
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The study Zone is located in the Gallaman in the central part of Reguibat
Shield (Figure 3), which has been stable since about 1700 Ma [1] and dominates
the north third of Mauritania’s geological surface. This choice is based on the
fact that despite the scare amount of research on the study zone, as a part of Re-
guibat Shield, the Oudiane Elkharoub Zone has the same characteristics as the
lager area it constitutes, possessing many precious and base metals. The objec-
tive is to figure out the anomalies for precious and base metals and define the
type of mineralization (Auriferous, Polymetallic etc.). This work contributes on
the one side to a better understanding and planning of subsequent research ac-
tivities and exploration, on the side to improvement of geological knowledge on
Oudiane Elkharoub Zone which presents all the specificity to host all type of

mineralization.

2. Geological Overview of the Oudiane Elkharoub Zone

As mentioned above, the Oudiane Elkharoub Zone is in the so-called Ghallaman
Group, in the central part of the Reguibat Shield (Figure 3). Rocci [1] has de-
scribed the occurrences of leptynite, pyroxene gneisses (a diopside gneiss and
diospide + hyperstene gneiss) and amphibolite, as well as much rarer outcrops of
cipolins and two-mica gneisses.

According to [1] [12] [13] [14], the Temmimichate Group differs from the
Ghallaman Group given the omnipresence of granulitic gneiss. The author indi-
cates that the sebkhat of Ghallaman Group correspond to all outcrop of meta-
morphic rocks located to the east of large sebkhas of the same name within it.
Rocci note the presence of the following: two meca gneisses, amphibolite, py-
roxene gneiss and leptynite. The group of sebkhas at the Oudiane Elkharoub
Zone emerges in series of sumeridian depressions that converge in their descen-
sion from the Alous Tmar hills. For [1] [15], they differ very clearly from the
previous sabkhas due to the great homogeneity of the facies that compose them,
as well as to the existence of aluminous-to-hyperaluminous gneisses. The obser-
vation on field mapping coupled with the local geophysical map show a geologi-
cal and structural complexity in the study zone (Figure 4) that reinforces its sig-
nificance to be an interesting zone to hosting the mineralization. Moreover, its
location is particularly special, seen, as it is set between two batholiths with dif-
ferent age: to the west, it is the tmemeimichat Ghallaman granitoid (dated 2150 -
2100 Ma) and to the east the Yetti granitoids (dated 2050 - 1995 Ma) [16]. All
these geological and structural complexity make a good argument for the dis-
covery of large deposits in Oudiane Elkharoub zone.

3. Material and Methods

The Oudiane Elkharoub Zone (location coordinate: 542,250, 2,611,070) is lo-
cated within the central eastern part of Reguibat Shield, in the administrative re-
gion (Willaya) of Tiriss Zemmour 450 km to the northeast of an Iron deposit
(Kediat Ijil, exploiting by National Industrial and Mining Company, (SNIM) in
the city of Zeouarat, northern Mauritania (Figure 5).
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Figure 3. Reguibat Shield lithostratigraphic Units modified after [17].
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Figure 4. Geological and structural map of Oudine Elkharoub after [13] [14] [15] [16].
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Figure 5. Placement of Oudiane Elkharoub.

Several comparisons between mapping and sampling were carried out during
the study. The purpose of this juxtaposition was to conduct a metallogenic study
of area, discover anomalies, and generate a new geological map based on field
mapping, control and mineralization (precious and base metals...) style as well
as on the relationships between host rocks and the mineralization themselves.

A total number of 66 samples were collected from various outcrops in the field
(Figure 6). Sixteen samples were analyzed at the MSALABS (is a Global company
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Figure 6. Samples localization in Oudiane Elkharoub.

providing analytical services to the mining industry, with advanced instrumen-

tation, and an experienced team with a client-focused approach, MS Analytical
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Table 1. Samples results.

provides full-service solution, from early stage of exploration to the projects, that
have advanced to the process development stage), who employed the Fire as
their standard analytical method for gold detection, (According the MSALABS,
Fire assay method is to quantitatively determine the content of precious metals
by adding flux to smelt ores and metallurgical products. This method has the
advantages of good sampling representativeness, wide applicability, and good
enrichment effect. It is an important means for the chemical analysis of gold and
precious metals). A Fluorescence Spectrometer X-ray was utilized to analyze all
samples at the National Agency of Geological Research and Mining Heritage in
Mauritania. The interpretation of the geological map, in turn, employed soft-
ware such as Argis and QGIS. While ioGAS and Microsft Excel were used to
shed, light on the results and build anomaly maps and graphs.

4. Results

The analytical results Table 1, together with on-site observations, indicate sam-
ples to have anomalies for certain precious (Au, Ag and Pd) and base (Cu, Zn
and Pb) metals and Mn, Cr, Ni, Th and Y. gold ranges from 0.13 ppm to 117.52
ppm, silver between 2.54 ppm to 11.85 ppm and palladium, between 1.67 ppm to
2.12 ppm (Figure 7). As for the base metals (Cu, Zn and Pb), copper ranges
from 100 ppm to 1709 ppm; Zinc from 3.97 ppm to 228 ppm; and lead , from 2.5
ppm to 83.74 ppm (Figure 8). In the case of case of chromium and nickel, these
vary respectively, between 10 ppm - 1085.70 ppm and 8.5 ppm - 432.54 ppm.
Manganese highly anomalous reaches 2417.48 ppm (Figure 9). Thorium ranged
between 1.17 ppm to 12.92 ppm, Yttrium ranged between 1 ppm to 34 ppm and
finally Arsenic ranged between 10.29 ppm to 240.67 ppm.

Sample ID
OE10
OE10-ENCAI
OE14
OE14-ENCAI
OE16
OE17
OE33
OE37
OE42
OE42-ENCAI
OE50
OE50-ENCAI
OE59

Ag
0.005
0.005

6.9057
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

Au
1.36
0.005
2.25
0.005
0.36
0.2
2.57
4.38
61.14
0.06
117.52
0.13
0.23

Cr Cu Mn Ni Pb Th Y Zn
27.5232 45.4393 270.9986 0.005 0.005 0.005 1.4684 0.005
29.8433 243.3325 2289.013 61.2951 5.297 0.005 15.401 13.7923
79.5303 693.3807  62.2939 0.005 83.7474 0.005 0.005 90.1214
42.7951 136.41 717.8161 50.6571 13.2393 0.005 8.1859 97.7388
26.1641 34.4989 0.005 0.005 0.005 0.005 0.005 0.005
24.2802 30.3441 0.005 12.6625 0.005 3.3803 0.005 0.005

0.005 1709.96 23.1477 28.5918 0.005 0.005 0.005 12.8733
67.0601 186.1111 121.0175 14.6781 68.9216 0.005 1.9738 5.7495
36.3294 46.0599 84.5639 0.005 9.3708 0.005 0.005 3.9714
20.0856 100.5458 589.2131 80.0113 10.0801 0.005 9.8413 61.2381
25.2439 55.6692  109.2389  63.6598 5.5701 0.005 0.005 0.005
344.0486 162.8941 1124.211 137.6787  6.7345 0.005 11.9574  78.8173
24.7122 33.584 81.2043 37.151 0.005 0.005 0.005 0.005
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Continued
OE67 0.005 0.07 42.6882 170.845 2017.725 84.1828 8.9452 0.005 24.8859  24.5165
OE69 0.005 0.08 71.799 106.7663  225.5692 17.8532 6.4563 0.005 0.005 0.005
OE84 0.005 0.29 32.6693 41.5728 0.005 0.005 0.005 0.005 0.005 0.005
OES85 0.005 0.03 29.5044 36.5425 0.005 9.1358 3.232 2.9876 0.005 0.005

OE85-ENCAI 0.005 0.005 15.2419 36.602 20.4062 21.6565  10.4831  1.1722 0.005 24.57
OES88 0.005 0.05 45.474 86.1969 0.005 14.9155 5.7983 0.005 0.005 0.005
OES88 ENCAI 0.005 0.005 15.0622  107.6978 0.005 8.5285 0.005 0.005 0.005 0.005

S2 0.005 0.005 42.1432 41.4182  268.5283 0.005 16.1651  9.0472 21.04 21.8492
S3 0.005 0.005  348.4071 382.1282  1203.73  380.0439  5.4634 0.005 32.9017 122.0528
S11 0.005 0.005 26.2083 70.9306 122.888 16.7247 9.4631 0.005 1.1411 11.756
S18 0.005 0.005 35.3379 457626  129.7779  16.0023 4.5424 0.005 1.366 31.3163
S19 0.005 0.005 16.7348 43.4087  159.8886 0.005 21.7739  3.5066 3.5778 44.3161
S21 2.5487  0.005 88.3431  652.3611 946.8886 126.8275  9.5173 0.005 13.3466  93.3718
S24 0.005 0.005 0.005 41.7771 121.383 0.005 8.4757 0.005 2.3524 6.7348
S25 0.005 0.005 27.7253 82,9174  882.0612  48.7866  10.0108  1.7318  18.0823  78.4237
S27 0.005 0.005 71.0692 262.287 1271.09  104.4279  5.7605 0.005 5.5711 77.8351
S30 0.005 0.005 27.5148 53.7788  116.9871 0.005 13.7157 0.005 5.023 10.4074
S32 0.005 0.005 22.7311 42.3792 39.0403 0.005 17.0176  1.3929  12.6144 3.5143
S40 0.005 0.005 25.7538 85.7577  669.8025  56.5737 4.097 0.005 10.7144  89.7479
S46 0.005 0.005  142.7775 175.4171 1029.913  87.4817 7.6923 0.005 15.1985  92.1908
S53 0.005 0.005 63.9121 133.3731  1202.809  55.8193 5.1204 0.005 16.3386  90.0671
S57 0.005 0.005 19.0676 35.7888  136.7717 0.005 4.6777 1.7015 4.3825 24.2372
S75 0.005 0.005 68.6401 76.497 127.4254  29.8168  15.1934 10.1541 20.8665  18.7354
S76 0.005 0.005  1085.702  56.7375  254.2213  41.7168 2.8037 0.005 3.9246 40.2565
S77 0.005 0.005 11.5115 36.0054  214.1969 0.005 4.3905 0.005 11.7756  11.4359
S79 0.005 0.005  335.2001 114.6356  637.128 238.554 2.516 0.005 16.2511  81.8734
S83 0.005 0.005  141.4274 126.4468 144.0971 107.9857  2.7642 0.005 34.0036  75.9766
S89 0.005 0.005 11.3329 39.2687 0.005 0.005 0.005 0.005 0.005 0.005
S90 0.005 0.005  586.2482 100.8001 421.9692 230.1904  4.8931 0.005 4.3846 33.595
S93 0.005 0.005 10.5829 28.155 213.0948  15.2961 7.3607 4.0562  26.3558  21.9085
S94 0.005 0.005  431.2798  87.9362  2417.483  432.5457  9.3515 0.005 10.6815  75.9188
S96 0.005 0.005 18.2151 35.6214 62.8036 0.005 7.9058 2.8495 2.6944 8.7834
$102 0.005 0.005 46.4182 45.176 494.2766 9.0456 16.3096  7.0386  23.8888  92.4399
S104 0.005 0.005 59.3047 459952 428.0808  23.9622  10.2186  5.0261  13.5669  34.9142
S105 0.005 0.005 44.6562 44.4372  127.7386 16.606 11.1934 12.9268  45.032 41.9123
S109 0.005 0.005 26.0468 37.5626 55.0815 0.005 4.21 0.005 1.0507 4.1171

SHR-ENC 0.005 0.005 11.2415 84.6211 1408.735 103.9474  32.2086 0.005 7.4726  228.0789
SHR-QVN 11.8568 11.319  17.0128 27.2315 0.005 0.005 0.005 0.005 0.005 0.005
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Figure 7. Map showing the anomalies: [(a) gold, (b) silver and (c) palladium].
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Figure 9. Maps showing the anomalies: [(a) chromium, (b) nickel and (c) manganese].
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All these values represent very important targets for the exploration of Au, Ag,
Pd, Cu, Zn, Pb, Mn, Nj, Cr, Y, and thorium in Oudiane Elkharoub.

The results show that among all samples, those with spatial correlations be-

tween gold, silver, copper, zinc and lead are OE14 and OE42 Table 1. The posi-
tive results of precious and base metals cans be explained by the intense level of
alteration for sulfides in the samples (Figures 10(a)-(f)), which are also clearly
visible one the field, seen in the outcropping rocks, thus enabling the observa-
tion of gold in the existing quartz veins (Figure 10(a)).

On-site observation also indicated there are two generations of quartz veins
the first is parallel with the foliation of host rocks, whilst the second intersects
the host rocks foliation, both host mineralization. The chemical analysis of the
host rock was only undertaken for gold and did not show any anomalies occur-
ring within, only inside the quartz veins with sulfide alteration (mainly Pyrrho-
tite, pyrite) and tourmaline that control the mineralization of god inside the shear-
ing zone.

The Chromium anomalies are associated with mafic rocks, especially amphi-
bolite, while the anomalies of manganese are associated with quartzite and gab-
bro; there are a good spatial correlation between gold and manganese especially
in the sample OE10 (quartzite). Good spatial correlation between Nickel, Man-
ganese, copper, yttrium, lead and Chromium in the sample S94 (Gabbro).

Noteworthy is the spatial correlation between gold anomalies and silver, cop-
per, zinc, manganese and lead (Figures 11(a)-(j)) that possess a higher anomaly.
According to on-site observation and both chemical and XRF analyses, we can
affirm that the presence of polymetallic mineralization in Oudiane Elkharoub

Zone is a common occurrence.
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Figure 10. (a). Quartz vein with visible gold, pyrrhotite and pyrite from field. (b).
Quartz vein with Pyrite and pyrrhotite from the field. (c). Quartz vein with Pyrite,
pyrrhotite and iron oxide from the field. (d). amphibolite with sulfide and host
quartz veinulle. (e). Quartz vein with and iron oxide from the field. (f). Quartz vein
with sulfide and malachite from field.
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The compilation of the geological, geophysical, both chemical and XRF ana-
lyses and the interpretation of field mappings showed that the existing minerali-
zation is controlled by the structure (shear zone) that intersects the different li-
thology, indeed, hydrothermal fluids would use the shear zone along with faults
and fractures as pathways for their circulation and for the mineralization’s pre-
cipitation. However, the current stage in our model’s implementation requires

more investment and further prospection work.

5. Discussion

The comparison between the southern and northern portions of the Birimian
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formation in the West African Craton points to a few important factors. There is
a significant spatial distribution of deposits in the southern Birimian part; the
Paleoproterozoic terrane to the south of the West African Craton (Figure 12) is
intensely mineralized in various economically important commodities and there-
fore must be described in further detail. The terrane consists of the Baoule-Mossi
domain [2], the Kedougou-Kenieba. As well as Kayes and Anosongo inliers,
comprising relicts of Archean rocks set in a granite-greenstone terrane. Such
domains are composed of Paleoproterozoic volcano-sedimentary sequences that
underwent reworking during the Eburnean Orogeny [18] [19]. The basement

rocks contain linear, volcano-sedimentary and volcano-plutonic greenstone

belts.
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The diverse structural architecture of Birimian greenstone belts can also be
seen inside the Baoule-Mossi domain. Such belts are linear in form and meta-
morphosed to lower-greenschist-to-ampibibolite facies, depending on their dis-
tance from the granitoid intrusions. Numerous studies on the Eburnean grani-
toids indicate they were emplaced around 2178 - 2176 Ma (U-Pb) in the Gha-
naian Aahanti Belt [18], 2090 - 2070 Ma in eastern Guinea [19], 2076 + 16 Ma in
the Mauritania Eglab Shield [20], 2160 - 2080 Ma in the Kedougou-Kenieba in-
lier, located in Senegal and Mali [21], and around 2181 - 2117 Ma in northeast
Burkina Faso [22]. These Eburnean granitoids are typical ovoid in form or crop
up as composite batholiths, which constitute ca. 70% of the birimian trerane,
with a composition that range from TTGs to leucogranite [11]. Some granitoids
crosscut the region’s volcanic belts, whereas others intrude the Paleoproterozoic
basins or older gneissic complexes.

Birimian supracrustal rock sequences are uncomfortably overlain by Neopro-
terozoic and Cambrian, continental-to-glacial sedimentary rocks in the east. As
in the Baoule-Mossi terrane, three major tectonic events have been defined for
the region [23]-[28]. In conclusion, the geological and structural context in north-
ern part of Birimian (which our study Zone belongs) is very similar to the Biri-
mian deposits in the southern part of Birimian domain, and the source of mine-

ralization is the same.

6. Conclusions

The results of chemical and XRF analyses have demonstrated the existence of
mineralized zone in gold, copper, zinc, lead, manganese, chromium, nickel, sil-
ver, thorium and yttrium, in Oudiane Elkharoub Zone all to the southeast por-
tion of the study zone and with high-grade anomalies. This kind of mineraliza-
tion essentially found in chlorite-rich diorite, sheared amphibolite, mafic rocks
and quartzite. The anomalies, in turn, can be interpreted as resulting from the
abundance of sulfide and malachite in the outcropping rocks (quartz vein and
host rocks).

There is an important correlation between the sheared zone observed on-site
and the mineralization itself. The mineralization’s trend follows an N-S direc-
tion, with slight deviation.

The contribution of values denounced by the anomalies of polymetallic ele-
ments indicates spatial correlations between the existing gold, copper, manga-
nese, zinc, and lead. A few samples demonstrate spatial correlations between their
base metal (copper, zinc and lead) and manganese, while others do so for their
base metals and their nickel and chromium.

In Oudiane Elkharoub zone, quartz veins are generated with two different size
and orientations, and both of them host mineralization occurrences in more
than one host rocks. This aspect of our study zone is also observed in the ana-
lyzed region of birimian domain in its southern part: from an economic point of

view, the southern part of the West Africa Craton contains gold, copper, zinc,
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silver, lead and manganese all actively explored and mined within the Birimian
terrane [28]. The particular positioning of Oudiane Elkharoub Zone between two
batholitic granitoids with different ages is one of the strongest parameters for the
interest in this district [33]. Furthermore, the main gold mine in the West Afri-
can Craton is associated with Eburnean orogeny.

Therefore, the northern section of the Birimian Domain in West Africa Cra-
ton requires further study and exploration investment to have the same com-
modities in southern part of Birimian, given both have the same geological and

structural characteristics.
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