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for Pangaea during Upper Triassic times (Sellwood and Valdes,
2006) give rise to multiple assumption as to when strong rainfall
could have affected the AOI (figures 18A,C): during the winter
monsoon, as predicted for Arabia and NE Africa (Fig. 18B), or during
the tropical summer monsoon (Fig. 18C). The predominantly E toW
wind directions preserved in aeolianites of T6 in the Argana Valley
led Mader and Redfern (2011) to believe that the climatic regime
during the arid phases reflects the Pangaean winter, while humid
pulses are driven by the Pangaean summer monsoon, however also
point out the possibility of a rainshadow position. Whether
maximum rainfall affected the AOI during Pangaean summers, or
whether the Pangaeanwintermonsoonmodelled for Arabia and NE
Africa reaches as far as SW Morocco remains speculative, however

provides clear evidence for the eastern extends of monsoonal os-
cillations affecting the SW Moroccan basins in general.

9. Conclusions

Depositional model Essaouira Basin (Meskala Field)

Detailed core analysis from the main reservoir unit in the
Meskala Field (central Essaouira Basin) has led to a defined suite of
facies associations, which merit a new facies model for the Upper
Triassic deposits. Four facies associations were defined and inter-
preted to represent a progressive evolution from ephemeral fluvial
deposits characterised by episodic discharge in a shallow braided

Fig. 18. Summarises regional aspects of Upper Triassic sedimentation patterns and the regional distribution of prevalent dry climates, modelled for Upper Triassic times (Sellwood
and Valdes, 2006). A Regional location map of Triassic basins situated around 250 N on the Pangaean continent within the main corridor of mega-monsoonal oscillations (sensu
Kutzback and Gallimore, 1989) (map modified after Turner et al., 2001; Sahabi et al., 2004; Turner and Sherif, 2007; Arche and Lopez-Gomez (2014); Leleu et al., 2016). The black
arrows highlight major transport directions of Upper Triassic alluvial/fluvial sediments investigated during this study, as well as from additional literature data (1 this study; Mader
and Redfern, 2011; 2 Fabuel-Perez et al., 2009a,b; 3 Turner et al., 2001 4 Arche and Lopez-Gomez (2014); 5 Mader, 2005; Hubert and Forlenza, 1988). Super-imposed is the extend of
the Tethyan ocean towards the W during Carnian times (after Arche and Lopez-Gomez, 2014 with edits for the central Essaouira Basin). For the Essaouira basin the paleogeographic
model was modified from the original as a result of this study, which suggests major marine incursions to be later than Carnian, possibly as late as Earliest Liassic. B & C General
circulation models (GCMs) for the Upper Triassic (simplified after Sellwood and Valdes, 2006) . B shows the modelled simulation of mean seasonal precipitation for the northern
hemisphere “winter” season (December- JanuaryeFebruary) of the Upper Triassic Pangaean continent. The red box positions the AOI and its surrounding basins in a zone of
pronounced aridity (<0.5 mm/day rainfall), while during the summer months (June-July-August) mean seasonal precipitation is modelled to be < 8 mm/day in the equatorial top
low latitudes surrounding the eastern Tethys (summerwet, tropical). The annual shift between these climatic extremes results in extensive evaporite and calcrete deposition in the
Tethyan region (Scotese, 2000). While Argana exhibits a more intra mountainous year-round arid climate, possibly in a rain-shadow position, evidence from the Meskala Field of
calcrete deposits as well as coaly interbeds points towards direct influence of monsoonal-oscillations with an overall hot and predominantly arid climate interspersed with short
wet seasons. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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1. Background 

• Formed during rifting 
associated with the break 
up of Pangea

• Continental, with increasing 
marine influence through 
time

• Complex fluvial-aeolian 
sedimentology 

Triassic of North Africa 



5
1. Background 

• Triassic petroleum play present 
across North Africa

• Continental sediments deposited 
within rift basins upon Hercynian 
Basement

• Silurian or Devonian source rock

• Triassic evaporites provide a regional 
seal

• Structural traps 

The TAG-I across North Africa

(Turner et al. 2001)



The TAG-I in Morocco
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1. Background 

Essaouira Basin
• Producing Meskala Field – gas 

condensate
• Exploration ongoing

High Plateau
• Tendrara gas discovery, being 

commercialised
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1. Background 8
(Mader 2005, p. 256)

• Focused on the sedimentology of the fluvial-
aeolain sandstones and structural styles of the 
Triassic Basins 

• Drainage divide indentified between 
Oukaimeden and Argana

• Focusing on the provenance of the Triassic of 
Eastern Morocco

Previous Work



Key Questions

1. Background 9

• Did a regional drainage network link the 
Moroccan Triassic Rift Basins and how far 
did it extend? 

• Can local and regional drainage networks 
be distinguished by using provenance 
data?  

• Can provenance data be used to predict 
reservoir distribution and quality?



3. Field and Core Analysis
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The Oukaimeden Basin



2. Field Areas 12

The Oukaimeden Basin

Map,  c ross  sec t i on  and  l og  f rom (Fabue l -P e rez  e t  a l . 2009 )
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The Kerrouchen Basin



The Kerrouchen Basin

142. Field Areas 
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The Tendrara Field 



The Tendrara Field 

162. Field Areas 

• Samples analysed from 
TE-6 and TE-8

• Further samples 
collected from TE-1 and 
TE-4



4. Provenance Data
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Heavy Mineral Analysis 

183 Heavy Mineral Analysis

• Majority of samples are dominated by 
Zrn, Tur,  Rt and other titanium minerals, 
with secondary hornblende. 

• KH-20, TE-8-65 and TE-8-73 samples 
dominated by hornblende. 
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Heavy Mineral Analysis 

3 Heavy Mineral Analysis



5. Previous Provenance Work

225. Source to Sink Models



235. Source to Sink Models

• The Tizi n’Test Basin, Marrakech High 
Atlas

• West of the Oukaimdedn Basin and the 
Massif Ancien drainage divide 

• Significant contribution from Pan-
African, Eburnean and Liberian 
Orogenic Cycle zircons 

Source to Sink Models

(Domènech et al. 2018)
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Atlas
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255. Source to Sink Models

Source to Sink Models

(Domènech et al. 2018) (Charton 2018, p. 81)



265. Source to Sink Models

Source to Sink Models

(Abati et al. 2010; Linnemann et al. 2011; Avigad et al. 2012; Pereira et al. 2016; Domènech et al.
2018)



275. Source to Sink Models



6. Applications to Reservoir Characterisation
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6. Applications to Reservoir Characterisation

To utilise provenance data for reservoir characterisation a shift in provenance is required 

1. Well defined mineralogical event 
2. Long term source region evolution 
3. Weathering or transport changes related to alluvial storage or climatic changes 
4. Mixing of two depositional systems 

6. Reservoir Characterisation 29



306. Reservoir Characterisation

Applications to Reservoir Characterisation

• Heavy Minerals and Provenance proxies have been 
useful within the North Sea 

• Their use has helped identify and constrain different 
depositional systems 

• Sele Formation, Paleocene deep-water reservoir 
(Kilhams et al. 2014)



316. Reservoir Characterisation

Applications to Reservoir Characterisation



326. Reservoir Characterisation

• Well to well correlation potential within 
Tendrara Field 

• Tool for constraining distribution of key 
reservoir intervals and the scale of 
depositional systems 

Applications to Reservoir Characterisation



7. Future Work
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Future work 
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7. Future Work

1. Compositional Data 

2. Heavy Mineral Database

3. Thermal Geochronology of the 
Kerrouchen Basin

4. Detrital Zircon Study

5. Secondary Isotopic Proxy
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MSc project 
Kerrouchen Basin
Tess Oude Essink
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Field area

South side of gorge
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Qs and Qw input

Rising base level

Karssenberg & Bridge, 2008

§ Dependent avulsion
Slope advantage
Flood magnitude and frequency

Numerical model inputs
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