
Abstract  

Mesozoic to Quaternary Thermo-Tectonic evolution of 
Morocco (NW Africa)  

An integrated study of the High Atlas orogen and adjacent regions 
assessed from low-temperature geochronology 

 
Although the stability of the Western African Craton after the Pan-African orogeny is 
widely accepted, the absence of low-temperature thermochronology studies do not 
allow any considerations on the thermal state of the cratonic crust that might have 
been disturbed by various post-Cambrian thermotectonic episodes. In order to 
precisely document the thermal evolution of the W. African craton, a low-temperature 
thermochronology study of W Africa with special focus on its northern margin was 
carried out for this Phd thesis. Apatite fission-track and (U-Th)/He thermochrometry 
have been applied to determine the low-temperature thermal history of Morocco. The 
analyses and interpretation required a special degree of care considering the old 
absolute ages of the sampled rocks.  
 
More than forty-five samples have been analyzed for fission-track thermochronometry 
and more than seventy-five samples for the (U-Th)/He technique. Thermal histories 
combining the results of both dating methods are presented and the influence of 
several geological assumptions on the model was assessed. The presence of a Permian 
peneplain covered by Triassic detrital sandstones plays a large role in the nature of the 
modeled thermal histories. In general the derived thermal models are consistent and 
produce several recurring phases of cooling and re-heating from Late Hercynian times 
onward. These include a first phase of heating-cooling during the Mesozoic and a 
second phase of heating-cooling in Tertiary times, separated by a period of tectonic 
quiescence and an important marine transgression in the mid-Cretaceous documented 
in the entire Maghrebian region.  
 
Special focus of the thesis was on the tectono-thermal evolution of the NW African 
pericratonic margin, extending from the Meseta in the north to the Anti-Atlas in the 
south and including the High Atlas intraplate belt. In contrast to what has been 
assumed till now, the Meseta was not a stable region in the period following the 
Pangea break-up. Subsidence coeval with the Atlantic opening started in Late Triassic 
and was followed by Middle-Late Jurassic exhumation documenting almost 3 km of 
vertical movements/uplift. Comparable amounts of vertical movement were also 
documented in the Anti-Atlas domains during this time period. In the Atlas, 
subsidence and sedimentation due to normal faulting along inherited Hercynian 
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structures related to the rifting process that started  in early Mesozoic times, buried 
the basement rocks to more than 4km depth before their exhumation to surface 
temperatures in the Early Cretaceous.   
 
From the Late Cretaceous onward, a second phase of subsidence-exhumation is 
recorded along the entire studied pericratonic transect. In all regions surrounding the 
axial zone of the High Atlas belt, the low amplitude of Tertiary vertical movements 
preserved the 140 Ma AFT signal and suggests a maximal burial never exceeding 
2.5km as only the (U-Th)/He thermochronological system is affected. In contrast, the 
Axial zone of the intraplate belt documents younger Tertiary ages for both the AFT 
and (U-Th)/He techniques, indicating a post-Cretaceous exhumation exceeding 4km. 
The thermo-tectonic results obtained for the High Atlas of Marrakech and adjacent 
regions allows a better general understanding of the tectono-morphological evolution 
of the Atlas system as well as more subtle interpretations of its geometry changes 
related to external components such as an asthenospheric thermal anomaly or climatic 
factors.  
  
The overall tectono-thermal history of the area is integrated in larger frameworks, the 
Central Atlantic-Alpine Tethys one for the pre-Tertiary ages and the Mediterranean 
one for the younger ages. The Mesozoic uplift and erosion documented in the entire 
moroccan transect that produced a significant amount of detrital sediments can be 
correlated with comparable detrital sandstone sediments deposited along both the 
eastern and western central Atlantic continental margins as well as on two sides of the 
Alpine Tethys. The roughly 500m thick detrital deposits confirm the compilation of 
tectonic  and low-thermal chronometry insights that the entire Central Atlantic and 
western part of the Alpine Tethys passive margins experienced an post rift 
exhumation. The Tertiary AFT  and (U-Th)/He ages obtained for Morocco are in 
agreement with other AFT and (U-Th)/He ages for the Western Mediterranean Realm 
and confirm the expected narrow relationship between the Africa-Eurasia plate 
convergence and the Africa continental interior deformation, which is the combined 
expression of buckling (∼500km and ∼150km wavelengths) and orogenic processes. 
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