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Abstract

The magmatic activity related to the Moroccan Variscides is expressed in the Mechraa Ben Abbou Basin (Northern
Rehamna, Western Meseta, Morocco) by Visean basic rocks represented by gabbros, dolerites and basalt sills. Basic rocks
display an equigranular textures for the gabbros, intersertal ophitic and subophitic for the dolerite and the basalts are
mostly porphyritic and have vacuoles within the microlithic matrix. These rocks show a simple primary mineral association
made up of plagioclase, clinopyroxene, and iron oxides, chlorite and calcite as secondary minerals. Thirteen geochemical
analyses carried out on these rocks suggest a tholeiitic continental affinity. These rocks were originated in a post-collisional
scenario that have inherited their orogenic signature after the subduction of the Rheic Ocean during Late Devonian.

Keywords: Mechraa Ben Abbou Basin, tholeiitic, orogenic context, subduction of the Rheic Ocean.

Introduction

The Moroccan segment of the Variscan Belt is well exposed, in
the northern boundary of the West African Craton (WACQC),
which took place due to the closure of the Rheic Ocean and the
collision between Laurussia and Gondwana'™. In Morocco, the
Meseta is the best territory that shows the effects of the
Variscan orogeny™”. The Meseta is subdivided into two major
geological domains which are the Western Meseta and Eastern
Meseta. In the Western Meseta (Figure-1), the Hercynian
magmatic activity is essentially represented by three igneous
massifs; 1 e. Jbilet, Rehamna and the Moroccan Central
Hercynian Massif®'2.

During the Late Carboniferous (Late Visean — Namurian), the
magmatic evidences are materialised in Western Meseta by
pillow lavas and basic sills"'*'%, and in the Eastern Meseta by
an exglé)sive volcanism that consists mostly of andesite to
dacite ™".

The most of these studies do not lead to a consensus on the
interpretation of this magmatism, nevertheless, several points
remain disputed. However, on basis of the mineralogical and
geochemical features, several authors provide contradictory
interpretations on the genesis process and evolution of these
rocks, assigning them to extremely different geodynamic
contexts.

According to Kharbouch®, Aarab’ and Remmal® the Late
Carboniferous magmatic rocks, in the Western Meseta, show
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geochemical features correlated to intraplate tholeiitic series.
Meanwhile Roddaz’ and Roddaz et al.'* proposed that the
ignous rocks interbedded into Namurian series are calc-alkaline
type, when their placement is synchronous of the foreland basin
establishment.

In the Eastern Meseta, the geochemical analysis indicates that
the Viseo-Namurian volcanic rocks of an active margin

environment'>*.

The whole Hercynian massifs of the Moroccan Meseta,
including Rehamna massif, are characterized by bimodal
magmatic events: granites' '’ and basic rocks (i. e. dolerite
dykes, gabbroic, and basalt flows)**'*2*,

The geodynamic evolution of the Rehamna massif during the
upper Visean is marked by several magmatic events related to
the Variscan orogeny. In the Gada Jennabia syncline, an integral
part of Mechraa Ben Abbou Basin (Northern Rehamna), the
basic magmatic event is dominated by sills of variable thickness
of gabbros, dolerites and basalts.

The main objectives of the present paper are: i. the
characterization of the basic magmatic event through
geochemical analysis associated with petrographic and

mineralogic study, thus so far missing, ii. the establishment of
geodynamic model, iii. the correlation of this magmatism with
the tectono-sedimentary analysis in order to illustrate the history
of the Mechraa Ben Abbou Basin, and iv. the comparison with
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synchronous magmatic series that mark the Hercynian chains in
Morocco and Western Europe.

Geographical and geological setting

The Rehamna Massif belongs to the Western Meseta, located
approximately 120 km north of Marrakech and 130km south of
Casablanca. It is divided into two major parts: Northern Rhamna
and Southern Rehamna®. The Southern Rehamna is subdivided
into three main structural units separated by the Median (part of
the Western Meseta Shear Zone, WMSZ, and the Ouled Zednes
Faults*****” which are: the Western Rehamna that belongs to the
Coastal Block, the Central and Eastern Rehamna of the Centre
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of the Western Meseta. Baudin et al.” suggested a subdivision,
based on the intensity of deformation and metamorphic grade,
into high and low metamorphic units (Figure-2).

Studied areas: The Mechraa Ben Abbou (MBA) basin, located
in the Northern Rehamna, was formed during the Hercynian
compressive kinematics as a Carboniferous pull-apart basin. It
consists of the Gada Jennabia syncline between two large scale
dextral strike-slip faults, which are the Foum El Mejez Fault in
the East and the Leffaid Fault in the West, where the
Carboniferous deposits accumulated. The area is transected by
numerous transverse N60-N70 faults (Figure-3).
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Figure-1: Major geological divisions in the northern region of Morocco; with the Visean basin and magmatic outcrops of the

Western Meseta. Square shows the studied area.
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Figure-2: Schematic representation of the Rehamna Massif, location of the study area.
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Lithostratigraphic framework: During the Late Visean, The
Western Meseta is marked by a tectonic instability
corresponding to major phase of hercynian orogeny”***’. In
Rehmana massif, the marine transgression took place during
that time, while Tournaisian and Early Visean inferior represent
a major hiatus®’.

During the Early Visean when the northern basins have been
developped, the Rehamna region corresponded to an active plat-
form on the edge of an emerged land which is nowday the
Coastal Block™. However, the Rehmna region, from Asbian to
Brigantian, accumulated pelagic sediment introded by
continental tholeitique igneous rocks. The Visean basin in
Southern Rehamna seems to evolve in parallel with the MBA
basin. They are separated by a ridge corresponding to the
Koudiat El Adam -Sidi Chahou anticlinorioum.

Four localities, consisting of Visean series interstratified with
igneous rocks, have been studied in detail by measuring

stratigraphic sections, Bled El Mekrech, Cheikh El Basri

LEFFAID

Cretaceous

LALA EL GARA
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formations on the East flank, Lala El Gara Formation in the
centre, and Leffaid Formation on the West flank (Figure-3). The
lithological study of the Mechraa Ben Abbou Basin shows that
the different Visean meta-sediment facies consist of siliciclatic,
carbonate and pelagic sediments, dominated by shale, sandstone
and limestone. These sedimentary successions are intruded by
doleritic, gabbro and basalt sills (Figure-4).

The sedimentation is dominated at the base by plat-form
deposits that contain fossiliferous limestones attributed to Late
visean based on the occurrence conodents fauna, i.e. Philipsia
sp, Productus costatus, Martinia glara, Anticatonia costata,
Dielasma sp and Leoblichia prammonoides™.

These series are overlied by sandy-pelitic deposits with a
continental setting influence, where the metre to decametre
thick igneous sills occur within these formations, while the
whole series are folded and schistosed that provides the syn-
tectonic feature of the latter (Figure-5). The igneous sills are
arranged in N80-N60 shaped-bundles.
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Figure-4: synthetic stratigraphic logs of the sedimentary sets of the MBA basin Bled El Mekrech, Cheikh El Basri formations on

the East flank, Lala El Gara formation in the central, and Leffaid
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Figure-5: Geological section showing the basic magmatic rocks of the studied area in Lala El Gara Formation.

Petrographic and geochemical analysis

Petrography and microstructure: The igneous rock described
herein shows two diverse textures, therefore, they are granular
and microgranular for the gabbros and ophitic, subophitic and
intersertal for the dolerites (Figure-6a-c). Basalt sills are mostly
porphyritic to microlithic and show vacuoles within the
microlithic matrix (Figure-6d). These rocks are characterized by
large-grained, 2-3mm, in the core of the sills and fine-grained
rims (50 microns). The primary paragenesis of the dolerites and
the gabbros consists of Ca-plagioclase associated with augitic
clinopyroxene. Plagioclase occurs frequently as phenocrysts
polysynthetic and Carlsbad twinned, showing an interstal
texture. Occasionally, plagioclase occurs as Ophitic texture-
laths inside clinopyroxene. The plagioclase is the most abundant
than augite-clinopyroxene. Accessory minerals are typically
opaque.

Basalt lava flows consist predominately of phenocryst
plagioclases (Figure-6). The basalts are highly vesicular where
the vesicles are filled by calcite, chlorite and sericite. The
secondary minerals, i.e. Chlorite, calcite and iron oxide, are
frequent in veins and microcracks of these rocks.

Geochemestry: Chemical analysis consists of thirteen samples
of igneous rocks that were carried out in the Managem
Laboratory (Marrakech, Marocco). The major elements were
performed by X-Ray fluorescence and the trace elements by
ICP-MS (Table-1).

In the Na,O+K,0/SiO, diagram (Figure-7), the analysed basic
rocks plot in the basalt field (46.02<S10,<52.29wt%), On the
diagram SiO, —-Nb/Y, most of basalts from Mechraa Ben Abbou
basin are referred to as subalcalin (Figure-7). The high
compatible element contents (4.49 < MgO < 10.38wt%, 17 < Ni
< 268ppm, 52 < Cr < 174ppm) provide an evolved character
that correspond to low ferromagnesian content. The titanium
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contents (<1.5wt%) are typical among low-Ti tholeiitic basalt
of continental affinity”. Relatively high calcium contents (4.65
< Ca < 13.74wt%) are opposed to those of sodium 2.5<Na<
4.77wt%.

La/10-Y/15-Nb/8 diagram™ shows that the analysed samples are
placed in the field of orogenic tholeiitic series, in agreement
with the tardi to post-orogenic character of these intrusive rocks
(Figure-8). Furthermore, the ratio Zr/Y > 3 interpreted that these
igneous rocks are originated during subduction zone processes.
Likewise, all the basic lavas characterized by low-grade of
Ti0,, while transition elements provid as well a major feature of
orogenic volcanism.

In rare-earth-element (REE) chondrite-normalised plots, the
tholeiitic basic rocks show parallel patterns of light rare-earth-
element (LREE) enrichment relative to heavy rare-earths-
element (HREE). These samples display a slightly positive Eu
anomaly reflecting the role of plagioclase in crystal
fractionation processes (Figure-9).

The volcanic and subvolcanic igneous rocks of the Mechraa Ben
Abbou basin have a simple mineralogy. The plagioclase and
clinopyroxene are the main minerals of the gabbros and dolerite,
those rocks show granular and microgranular textures for
gabbros, ophitic to subophitic and intersertal for dolerites. The
basalts are highly vesicular with vacuoles filled by calcite,
chlorite and sericite.

Through the various geochemical diagrams, including AlO;
and TiO, contents, the LREE fractionation compared to the
HREE in the REE patterns, lead to the same result. Therefore,
the tholeiitic volcanic rocks of the Mechraa Ben Abbou Basin
are originated in orogenic contexts, i.e., lately or after the
Variscan collision. Post-Carboniferous basic magmatism (e.g.,
Permian or Triassic in age) are absent in the studied area.
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Figure-6: A) Gabbro, B) and —C and G) Dolerites showing ophitic, subophitic and intersertale texture, D, F and H) basalts showing
microlithic porphyritic vacuolar textures-E) Dolerites showing ophitic texture in Lala El Gara formation Pg: Plagioclase, Cp :
Clinopyroxene, Oq : Opaque, Ca : Calcite, CI : Chlorite, Vc :Vesicles.
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Figure-8: La-Y-Nb diagram® for the magmatic basic rocks of the Mechraa Basin.
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Figure-9: Chondrite-normalized® REE patterns for the studied tholeiitic rocks.

Discussion: The geodynamic evolution of the Moroccan Meseta
during the Late Carboniferous is generally related to
transtensive” or compressive setting'’.

The proposed models explain the geodynamics of the Moroccan
Hercynian orogeny design that would have been a continental-

continental subduction'”®, or generally fossil continental
subduction

38,10

Piqué* suggested the model indicates subduction toward East.
While, Roddaz et al."* proposed a subducted continental slab
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toward the West. Recently, Rheiic subduction toward the East
was suggested as new mode'®***'. The integration of the
Mechraa Ben Abbou Basin into the geodynamic evolution of the
Moroccan Meseta during the Late Carboniferous considered
here further evidences to support the transtensive setting”°
more than compressive context'.

If this is accepted, the basic magmatism of Mechraa Ben Abbou
Basin is intraplate tholeiitic type and orogenic, that would be
completely different from the magmatism of Moroccan Meseta.
Thus, in Central Jebilet, the Visean outcrops are intruded by
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basic magmatism consisting of gabbro and dolerite attributed to
the tholeiitic series® while in the Eastern Jebilet the basalts are
of type alkaline to tholeiitic affinity'".

More in the north, several authors highlighted the presence of
Doleritic sills of Alkaline to Tholeiitic affinity in Oued Korifla
as well as in Fourhal basin in central Morocco®®'"'2,
Furthermore, Kharbouch et al.® and Remmal et al.* reported
gabbro, porphyritic dolerite dykes and pillow lavas of tholeiitic
to transitional affinity.

In the Sidi Bettache basin, the basic rocks are represented by
spilitised lavas of tholeiitic to transitional nature. In Azrou
Khenifra basin, East of central Massif, the basic igneous rocks
consist of dolorites and gabbros of alkaline to calc-alkaline
affinity™. The Eastern Meseta is characterised by a bimodal
volcanism, mostly explosive, pre-dominated by andesitic or acid
with ignimbritic features of calc-alkaline affinity wich indicates
an orogenic setting’.

Int. Res. J. Earth Sci.

The pre-dominated tholeiitic gabbroic to basaltic volcanism has
developed in the Spanish Central System*' and pre-dominated
tholeiitic dolerite to basalt in the North East of the Armorican
Basin in Laval Basin®. Through the previous geochemical
studies on the magmatic rocks intruded into Visean deposits of
Moroccan Meseta, the series are either calc-alkaline or tholeiitic
with anorogenic features.

Conclusion

The present paper highlights for the first time in the Western
Meseta a tholeiitic magmatism of an orogenic setting. These
evidences confirm the results reported in the Eastern Meseta on
the calc-alkaline magmatism. This magmatic activity was
probably triggered by lithospheric extension in post-collision
times, and, thus, is interpreted as being related to the subduction
of the Rheic ocean during Late Devonian. The SE convergence
of the sheets suggests subduction of the continental margin
towards the NW, however, on the transverse of the Meseta, the
NW dominant convergence suggests an oceanic subduction
(Rheic Ocean) under the Gondwana margin43 (Figure-10).
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Figure-10: A: The Moroccan Variscides in the frame of the Peri-Atlantic Palaeozoic Belts at 300. Ma Remmal et al.” modified in
Michard et al.**. B, Geodynamic interpretation of the Meseta Variscan orogeny during the Early Carboniferous, position of
Mechraa Ben Abbou basin Michard et a1.24, Simancas et al.*® , Simancas et al.44, Simancas et al.*> modified.




International Research Journal of Earth Sciences

ISSN 2321 - 2527

Vol. 7(2), 1-12, May (2019)

References

1.

10.

Martinez-Catalan J.R., Arenas R., Diaz Garcia F., Gomez-
Barreiro J., Gonzalez Cuadra P., Abati J., Castineiras P.,
Fernandez-Suarez J., Sanchez Martinez S., Andonaegui P.,
Gonzalez Clavijo E., Diez Montes A., Rubio Pascual F.J.
and Valle Aguado B. (2007). Space and time in the tectonic
evolution of the northwest-ern Iberian Massif. Implications
for the comprehension of the Variscan belt. 4-D Framework
of Continental Crust. Geological Society of America
Memoir 200.

Ducassou C. (2009). Age and origin of the first reliefs of
Devono-Carboniferous - the Variscan belt of Ancenis basin.
Doctoral Thesis University of Rennes, 1, 515.

Simancas J.F., Azor A., Martinez Poyatos D.J., Tahiri A.,
ElHadi H., Gonzéilez-Lodeiro F., Pérez-Estain A. and
Carbonell R. (2009). Tectonic relationships  of
SouthwestIberia with the allochthons of Northwest Iberia
and the Moroccan Variscides. C.R. Geosci., 341, 103-113.

Piqué A. (1994). Geologie du Maroc. Les domaines
régionaux et leur évolution structurale. Ed. PUMAG,
Maroc, 284.

Simancas J.F., Tahiri A., Azor A., Lodeiro F.G., Martinez
Poyatos D.J. and El Hadi H. (2005). The tectonic frame of
the Variscan-Alleghanian orogen in Southern Europe and
Northern  Africa.  Tectonophysics, 398,  181-198.
doi:10.1016/j.tecto.2005.02.006

Kharbouch F. (1994). The Devonian-Dinan volcanism of
the central massif and the Moroccan meseta. Bull Inst. Sci
Rabat, 18.

Aarab El M. (1995). Genesis and differentiation of a
tholeitic magma in the intracontinental extensive domain:
Example of the pre-orogenic magmatism of Jebilet
(Hercynian Morocco). Thesis of Science, Cadi Ayad
University, Marrakech, 253.

Remmal T. (2000). The intracontinental tectono-magmatic
evolution of the Hercynian cycle. Study of the magmatic
complex of El Hammam district and comparable area for
pre-orogenic magmatism in the Massif Central and
Rehamna (Moroccan West Meseta). Thesis Sci., Univ.
Hassan II Casablanca Ain Chok, 267.

Roddaz M. (2000). Foreland basin magmatism: example of
the Hercynian magmatism of the western Meseta
(Morocco). Memory DEA, univ Paul Sabatier, Toulouse,
57.

Ben Abbou M., Soula J.C., Brusset S., Roddaz M.,
N’tarmouchant A., Driouch Y., Christophoul F., Bouabdelli
M., Majeste-Menjoulas C., Beziat D., Debat P. and
Deramond J. (2001). Tectonic control of sedimentation in
the Moroccan Basins system of the Moroccan Meseta.
Accounts of the Paris Academy of Sciences, 332, 703-709.

International Science Community Association

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Int. Res. J. Earth Sci.

Bamoumen H., Aarab E.M. and Soulaimani A. (2008).
Tectono-Sedimentary and magmatic evolution of the Upper
Visean basins of Azrou-Khenifra and eastern Jebilet
(Moroccan Meseta). Estudios Geologicos (Madrid), 64(2),
107-122.

Ntarmouchant A., Smaili H., Bento dos Santos T., Dahire
M., Sabri K., Ribeiro M.L., Driouch Y., Santos R. and
Calvo R. (2016). New evidence of effusive and explosive
volcanism in the Lower Carboniferous formations of the
Moroccan Central Hercynian Massif: Geochemical data and
geodynamic significance. Journal of African Earth
Sciences, 115, 218-233.

Chalot-Prat F. (1990). Petrogenesis of Hercynian Late-
Orogenic Intracontinental Volcanism Study of the Tazekka
Carboniferous Volcanic Complex and Comparable
Volcanic Zones in Mekkam and Jerrada (Eastern Morocco)
State of Science unv Paris. 6, 283.

Roddaz M., Brsset S., Soula J-C., Debat P., Ben Abbou M.,
Beziat D., Driouch Y., Christophol F., Ntarmoucahnt A.
and Deranond J. (2002). Forland basin magmatism in the
Western Morocan Meseta and geodynamic inferences.
Tectonics, 21(5).

Lagarde J.L. (1987). Hercynian granitic plutons markers of
crustal deformation: example of the Moroccan meseta.
State Doctorate Thesis. Rennes, 371.

El Mahi B. (1991). Example of interaction between
metamorphism and emplacement of leucogranites in an
intralithospheric shear zone: the shear zone of the western
Meseta (Z.C.M.O). Thesis of 3rd Cycle. Univ. Mohammed
V, Fac. Sci. Rabat, 176.

Aghzer A. (1994). Tectonothermal evolution of the
Hercynian Rehamna Massif (Central Zone of Morocco).
Doctoral thesis, University of Compluteuse, Madrid.

El Mahi B., Zehraoui M., Hoepner C., Boushaba A.,
Meunier A. and Beaufort D. (2000). Synmetamorphic veins
from quartz to Kkyanite: witnesses of a metamorphism
associated with post-orogenic amancination (Western
Meseta, Morocco). PANGEA Communications No. 33/34.

Chopin F., Corsini M., Schulmann K., El Houicha M.,
Ghienne J.F. and Edel J.B. (2014). Tectonic evolution of
the Rehamna metamorphic dome (Morocco) in the context
of the Alleghanian- Variscan orogeny. Tectonics, 33(6),
1154-1177. doi:10.1002/2014TC003539.

El Kamel F. (2002). Sedimentology, pre-orogenic
magmatism and structuration of the Paleozoic Rehamna and
Ouled Abbou (Western Meseta, Morocco). These,
Doctorate of Sciences, Hassan II University, Casablanca,
Morocco, 208.

El Kamel F. and El Hassani A. (1995). Structure in flower
linked to the sliding game of transverse accidents in the
eastern Rehamna: new model of Hercynian evolution. Bull.
Inst. Sci., Rabat, 11, 17-18.



International Research Journal of Earth Sciences

ISSN 2321 - 2527

Vol. 7(2), 1-12, May (2019)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kholaiq M., Saber N. and Zahour G. (2015). Contribution
to the study of basic magmatism associated with the upper
visenan of the hercynian basin of mechraa ben abbou
(rehamna-morocco). European Scientific Journal, 11(21).

El Kamel F. and Miiller J. (1987). Sedimentation and
tectonics in the Permo-Carboniferous Molassic Basin of
Mechraa- B e n - A bbou (Rehamna). Bull. Inst. Sci., Rabat,
11, 68-69.

Michard A., Soulaimani A., Hoepffner C., Ouanaimi H.,
Baidder L., Rjimati E.C. and Saddiqi O. (2010). The south-
western branch of the variscan belt: Evidence from
Morocco. Tectonophysics, 492, 1-24.
doi:10.1016/j.tecto.2010.05.021.

Baudin T., Chevrement P., Razin Youbi N., Andries D.,
Hoepffner C., Thieblemont D., Chihani E.M. and Tagyey
M. (2003). Geological map of Morocco at 1: 50 000,
Skhour leaf of Rehamna. Explanatory memorandum. Notes
and Mem. Serv. geol. Morocco, 435bis, 114.

Saber N. (1989). Sedimentary evolution of the Devoni-
Dinantian basin of Mechraa Ben Abbou (North Rehamna).
Thesis of 3rd cycles. Univ Caddi Ayyad, Sci facade
Marrakech, 172.

Michard A. (1982). The Paleozoic massif of Rehamna
(Morocco): stratigraphy, tectonics and petrogenesis of a
segment of the Variscan chain. Notes Mem. Serv. geol.
Morocco, 303, 130-175.

Tahiri A. (1991). Northern Central Morocco: Palaeozoic
stratigraphy, sedimentology and tectonics; an example of
passage from the internal zones to the external zones of the
Hercynian chain of Morocco. Thesis Sciences, Brest
(France), 311.

Albarede F. (1992). How deep do common basaltic
magmas form and differentiate?. Journal of Geophysical
Research: Solid Earth, 97(B7), 10997-11009.

BAS M.L., Maitre R.L., Streckeisen A., Zanettin B. and
IUGS Subcommission on the Systematics of Igneous Rocks
(1986). A chemical classification of volcanic rocks based
on the total alkali-silica diagram. Journal of petrology,
27(3), 745-750.

Le Bas M.J., Le Maitre R.W., Streckeisen A. and Zanettin
B. (1986). A chemical classification of volcanic rocks
based on the total alkali-silica diagram. J. Petrology, 27,
745-750.

Miyashiro A. (1974). Volcanic rock series in island arcs
and active continental margins. Am.J. Sei., 274, 321-355.

Winschester J.A. and Floyd P.A. (1977). Geochemical
discrimination of different magma series and their
differentiation products using immobile elements. Chem.
Geol., 20, 325-343.

Cabanis B. and Lecolle M. (1989). The diagram La / 10-Y /
15-Nb / 8: a tool for the discrimination of volcanic series

International Science Community Association

35s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Int. Res. J. Earth Sci.

and the demonstration of mixing processes and / or crustal
contamination. Accounts Rendus Academy Sciences, 309,
2023-2029.

Sun S. and McDonough W. (1989). Chemical and isotopic
systematics of oceanic basalts: implications for mantle
composition and processes. En: Magmatism in the ocean
basins (A.D. Saunders y M.J. Norry, eds). Geological
Society, London, Special Publications, 42, 313-345.

Youbi N. (1989). "Post-collisional" volcanism, an
intraplastic magmatism connected to mantle plumes.
Volcanological and geochemical study, examples of
application in the Neoproterozoiqueterminal (PIII) of the
Anti-Atlas and the Permian of Morocco, state thesis,
University Cadi Ayyad, Marrakech, 1998, 520.

Bouabdelli M. and Piqué A. (1996). From the basin to the
recess in the fore-country basin: dynamics of the Azrou-
Khénifra Basin (Central Hercynian Morocco). Journal of
African Earth Sciences, 23(2), 213-224.

Youbi N. (1989). "Post-collisional" volcanism, an
intraplastic magmatism connected to mantle plumes.
Volcanological and geochemical study, examples of
application in the Neoproterozoiqueterminal (PIII) of the
Anti-Atlas and the Permian of Morocco, state thesis,
University Cadi Ayyad, Marrakech, 1998, 520.

Remmal T. (2000). The intracontinental tectono-magmatic
evolution of the Hercynian cycle. Study of the magmatic
complex of El Hammam district and comparable area for
pre-orogenic magmatism in the Massif Central and
Rehamna (Moroccan West Meseta). Thesis Sci., Univ.
Hassan II Ain Chok Casablanca, 267.

N’tarmouchant A., Ribeiro A.M., Dahir M., Ben bbou M.,
Driouch Y., Boushaba X.X., Moreira M.E. and Ramos J.
(2002). The terminal magmatism of the Hercynian chain:
geodynamic significance of a magmatic association
identified in the Tertiary Carboniferous of the Hercynian
Central Moroccan Massif. Common, Inst. Geol. Minero.

Villaseca C., Orejana D., Pin C., Garcia J.A.L. and
Andonaegui P. (2004). Hercynian and post-Hercynian basic
rocks from the Spanish Central System: estimates of
Central Spain subcontinental mantle. Comptes Rendus
Geoscience, 336(10), 877-888.

El Gall J. (1999). Variscan tholeiitic dolerites and basalts of
the Norse domain is Armorican Geology of France N ° 4. 3-
26.

Simancas J.F., Tahiri A., Azor A., Lodeiro F.G., Martinez
Poyatos, D.J., El Hadi H. (2005). The tectonic frame of the
Variscan-Alleghanian orogen in Southern Europe and
Northern Africa. Tectonophysics, 398(3-4), 181-198.
doi:10.1016/j.tecto.2005.02.006

Simancas J.F., Carbonell R., Lodeiro F.G., Estain A.P.,
Juhlin C., Ayarza P. and Almodévar G.R. (2006).
Transpressional Collision Tectonics And Mantle Plume



International Research Journal of Earth Sciences

ISSN 2321 - 2527

Vol. 7(2), 1-12, May (2019)

Dynamics: The Variscides of Southwestern Iberia. 46.

Geological Society, London, Memoirs, 32(1), 345-354.

45. Simancas J.F., Azor A., Martinez Poyatos D.J., Tahiri A.,
ElHadi H., Gonzélez-Lodeiro F., Pérez-Estain A. and

Carbonell R. (2009). Tectonic relationships of 47.

SouthwestIberia with the allochthons of Northwest Iberia
and the Moroccan Variscides. C.R. Geosci., 341, 103-113.

International Science Community Association

Int. Res. J. Earth Sci.

Michard A., Hoepffner C., Soulaimani A. and Baidder L.
(2008). The Variscan belt. Continental Evolution: The
Geology of Morocco. Lect. Not. Earth Sci. Springer, Berlin,
116, 65-132.

Michard A., Saddiqgi O., Chalouan A. and de Lamotte D.F.
(2008). Continental evolution: The geology of Morocco:
Structure, stratigraphy, and tectonics of the Africa-Atlantic-
Mediterranean triple junction. Springer, 116.



