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ABSTRACT

In Morocco, thevariety of ferruginous resourceslétedArchean, Paleozoic and Mesozpghows a specifichar-

acter illustrating therelationshipbeween the geographic position and the geodynamic setting which alkepes

sition of several iromrmineralizedstructures. The sedimentary iron is well manifested inRakeozoicterranes

and assigrs great relation with the Hercynean geodynamic regime, which marks the Gondwanean environment
during this time. The results of these processanifestasthe establshment of exploitable iron Formations depos-

it situated in the Tafilalt Ordovician basin of the eastern Anti Atlas of Morocco.
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INTRODUCTION
Iron Formations (IFs) originates from sedimentary deposition processing, and they are characterized by a high
grade iron tenor which manifest as tiny or laminated chemical fasidscontains more than 15% sedimentary
iron. The ore is formed by iron oxides and hydroxides such as hemati;Yaad magnetite (®.) both consti-
tute the major part of the mineralized rock. However, the rest assign silica and microcrystallinéoguoéng the
cherts. Furthermore, the valence statement of iron describes chemical precipitation which depends mainly to the
diagenetic environments. In fact, there is well difference between the old IFs deposits dated Precambrian which
characterizes intbedded layers of iron and cherts, and the Phanerozoic ferruginous formations commonly pre-
sented as small units containing oolithes, and drawing typical relation with the Ordovician and Jurassic episodes
where the peneplanation was associated to the ghoimaid climate.

In Morocco, the (IFs) are mostly concentrated in the Archean terrains of Aghalays, at the level of Ouled Delim
situated in the Mauritanid chain, which offsets complex Eburnean structuration. Moreover, Iron appears also in the
Paleozoic forrations and generally in the CambB@wdovician terrains that characterize the Hercynean chain of
Morocco. These formations exist in the Costal block at the level of Ben Slimane, in the Central massif at Ait Am-
mar, in western High Atlas at Tachilla, and e Anti-Atlasa t | mi néTourza, Tafilalt an

This work focusses the great understanding of iron mineralization process and its influence by the regional geody-
namic setting of the eastern part of the Afitias, especially at the level of Ordovioidasin of Tafilalt, where we

took samples for petrography and metall ogeny anal ysi
laboratory results accomplished by IFs library data let us to define a typical classification and nomenclature fo
Tafilalt Iron Formation.

GEOLOGICAL SETTING

The Ordovician basin of Tafilalt is located in the eastern part of theAtlas structural domain of Morocco [1, 2,

3, 4, 5, and 6] (Fig-h, 1-b). In this area, the Neoproterozoic inlier of Ougnat if fod®y crystalline basement
dated Panafricain orogeny [7, 8] (Fiep, 1-b and2). Above these formations, the Palaeozoic cover is gradually
transgressive and marks SME extension. The later characterize the lower Cambrian series [9, 10]. In the north
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eastof Ougnat the Middle Cambrian is assigned by local transgression. It is formed by pelitic sandstones common-
ly called Paradoxid schistds followed by sandstone bands of Tabanit unit. The latter is intruded by huge alcalin
basalt intrusion. The rest of Paleozoic cover consists to Ordoviitiawer Carboniferous Series Totalizing 4 km
thickness in depth [11].

Although moderate, the crustaktension of Cambrian and Devonian is more sensitive, and assign a generalized
deformation which affects the whole area during the last episodes of the Hercynian cycle (Carbanifgnoers
Permian). General tectonic setting of Precambrian basement dratvik slip thrust faults, and folding of the
Paleozoic covers [112]. After the collapse and erosion of the Hercynian belt which affect the terrains during the
Triasic peneplanation, the extension of N&# axis was coupled by aciditic magma intrusfotipwed by tholeiit-

ic alkaline nourishment (CAMP event) [1B4].

The transgression manifests only are the north region margin closely to the High Atlas. The thin-Juicss
deposits are probably eroded during Jurassicrectaceous emersion whiaffectes the almost part of Morocco
except of the Atlantic margin [145].

Mésozoique
Cénozoique

[ 1 Paléozoique

S &m.z -
f the eastern Anti Atlas showing
*

. 3 o 3 - 7. -
Fig.1-a (1) Satellite map of Morocco showing its structural domains position, (2) satellite map o

@SOgICearth

Massif d’Ougnate :

l,//o

»

- Massif Néoprotérozoique - Séries gréseuses du Cambrien Moyen - Intrusion Basaltique du Cambrien Moyen

- Séries gréseuses de ’Ordovicien Sup Failles D Transect Etudié :\ RéseauRoutier @@ Localité

Figlb Tafil alt bai n giagtemestgedogitalfornmaiopsé s s how

31



Saoudet al Euro. J. Adv.Engg. Tech., 20@, 3(12):30-38

Sandstones of Bani 2
Tiouririne
g Sandstones
g Ktaoua Sandstones
2 & conglomer ates
T Ktaoua Silstones Poiats  in Decimal Degree
0 Sandstones of Bani 1 ( )
Tachilla/ Fezouata Silstones || Sample | Lat | Leng
Grp N°
A Trachy Basalts o il Rocciic
z © A6% | nen
1 Middle Tabanit Sandstones
z o A4 | nwn
5 o asm | 3en
0 L Paradoxides Schists 3 asu | s
Early */ Teminal Sandstones : _1,4%__:%%
o : o Durgundy serles (Hedevin) {—eg—— T30
ate Neopro  [iiatasiiss ® Asas | 313
| rerozoic (PII) [ Iplmbﬂle: E—— % a8 | nwn ||

.SlnvleerpN‘

*

Fig.21 : Affleurement des formations Gréso-
pélitiques a Paradoxides du Cambrien moyen et

= . du Groupe de Tabanit qui se recoupe par
/M le
b demsap:;:a g:;:x intrusion basaltique.
&

Fig.2 (a) lithostratigraphics column of eastern Anti Atlas, (b) local middle Cambrian transgression on the Ougnat Neoproteroiz
basement, (c) Middle Cambrian Paradoxides schist behind Oukhit, (d) Upper Ordovician formation of Bani 2 (ferruginous facies)

The Upper Cretaceous transgression dominate theAdlats except of at the level of Precambrian outcrops, and
the compressive tectonic of Neogene inverses the whole domain during the Atlas orogeny, using for that the paleo-
zoic and Mesozoic heritefdults, and giving to Ougnat axis a folded form [11]

MATERIAL AND METHODS

To distinguishthe typology of the Iron Formation of Tafilalt, we process our study by petrography and metalloge-
ny studies and interpretations, based on the observation of ireratized fraction in stand of thin sections and
polished surfaces prepared form collected samples (Fig.4).

Note that, all sample preparation, thin section and polished surfaces conceptiprodesdedin the dGeo
resources and environment Laboratoryhia faculty of science and technology of Fez, Morécco

The interpretation of the results obtained friainoratoryobservations let us describe and understand the petrogra-
phy and the repartition of iron in these rocks, which allow us to define an appropriate classification of these Ifs

RESULTS AND DISCUSSION

According to the field exploration, the stratified gremandstones of Middle Cambrian are intruded by basaltic
dykes and silts, showing an indicator of Cambrian rifting (FigH)ese intrusions present a hourishment source of
ferromagnetic minerals, and especially iron, which is detected in the behaviotiresef Cambrian sandstones
(Fig.4).

The microscopic observations of the thin section which are prepared from the samples of these formations illustrate
that iron oxides are precipitated as kind of Hematite@geand Magnetite (F©,) in siliceous matrixvhere they

are deposited as granular or oolthic form (Ftj)5

However, the lower Ordovician formations characterize the Bani 1 quadnidstones and assign a very low iron
tenor. The Hematite is the dominant iron mineral, and it is poorly conoehirathe total rock (Fig-2).
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The Ktaoua groupe of the upper Ordovician shows an iron mineralization which keeps always the oolithic form,
with dominant Hematite and Magnetite in sandstone phases. Actually, it is a huge mineralized sandstone extension
which comes more important on the Asghill series where the iron oxide mineralization occupies large surfaces [16]

(Fig.5-3) (Fig.6).
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Fig.3: Tafilalt basin MNT model illustrating Ougnat Neoproterozoic basement and CambreOrdovician paleozoic cover, withposition-
ing of the studied transect (ab) and location of sample stationfA) north view
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1) lames minces de la station tvpe
C: Sample from Contact basalte de I’intrusion basaltique

/Sandstone. High silicification, Cambrienne au sein des gorés de
with poor Iron alteration.

Tabanit du Cambrien moyen,(A) et
(B) forte altération en oxvdes de fer
sous forme oolithique, (C) abscence
des minéralisations et dominance de
la fraction siliceuse.

2) Coupes pétrographiques en
lames minces des échantillons
prélevés du Banil, (A) et (B)
minéralisation en fer sous forme
™ A :green Sandstone Sample. High d?_Hématit?’ d,e type oolithique, (C)
altération on hematit and faible altération en fer dans les
magnetit,with oolitic Iron bancs schisteux, ou cherts.

B : green Sandstone Sample. High
alterated ohematit and
magnetit, look’s oolitic Iron
disposition.

precipitation. 3) Sections pétrographiques en
lames minces des échantillons
prélevés du Groupe de Ktaoua
montrat, (A) et (B) faible
minéralisation en fer dans les
échantillons de provenance de
cherts stériles. (C) et (D) forte
minéralisation en hématite et
magnétite sous forme oolthique
dans les bancs gréseux.

A:Samplc, Bani 1 Sandstone
Showing Iron alteration as
hematit, principally in
oolitic form.

B: Sample, Bani 1 Sandstone
Showing oolitic Iron
mineralization form. lames minces des echantillons

prélevés du Groupe de Bani 2

montrant une forte minéralisation

4) Sections pétrographiques en

en hématite et magnétite sous forme
oolthique dans les bancs gréseux.

C: Sample, Bani 1 Sandstone
in cherts beds. Showing poor
Iron mineralization
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Fig.5 Thin section of O Upper Ordovician mineralizedtaken samples from Tafilalt Basin of Eastern Anti Atlas of Morocco. (1) Contact
zone Tabanit green sandstoneistholeiitic basaltic intrusion of Middle Cambrian showing moderate oolithes iron alteration (A, B) and
poor ferruginous mineralization in (C) whit abundance of silica fraction. (2) Bani 1 petrographic observations showing an oolithic hema-
titic alteration in sandy bands (A, B) and poor iron mineralization in argillic bands (C). (3) Ktaoua group thin sections ilistrating a poor
iron alteration in ar gillic or chert bands (A, B) and high ferruginous alteration as hematite and magnetite (oolithic form) in sandy bands.
(4) High hematite and magnetite alteration in Bani2 sandstone bands
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Fig.6 (A) interbedded schist sandstone bands and positioning of tleample station (B) sandstone bands sample showing high iron altera-
tion as hematite and magnetite (C) schist band arhart (D) Sampled barite veinfollowing stratification level

Fig.7 Geological cross section of the NEW studied transect, whitpositioning of taken samples fron point Ato C

The Iron ore is mainly hosted in Bani 2 quartzitic sandstones of the Upper Ordovician [16]. The ore concentration
dependent highly to the dynamics of this basin, where the clay phase marks a quiet andshgzbweddle min-
eralization, while sandstone detrital facies has trigger the chemiogbiiecipitation process (Fig 7).

These detrital exhibit of Cambrian rifting, has contribute to the creation of space and to the development of thermal
and teovnics subsidence (Fig.4), le the detrital and iron supply has provided thye basement of Ougnat
Ouzina, located in the NW of the ore [17, 5, 6] (Fig.7).

In fact, we conclude that the Ordovician glaciation of the Atkas [17-21], was the key factor of thieon miner-
alization processing in Tafilalt during this stage of the Moroccan Paleozoic history [16].
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