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Abstract

The post-Variscan history of Morocco is characterized by six major geological events. Four long known events were recognized
from the rock records: the Variscan Peneplain prior to the Mesozoic, the break-up of Pangaea in Triassic to Jurassic times, the
African and European plate convergence starting in the Late Cretaceous, and the Atlas rift system inversion. Two, however,
were recently evidenced by low-temperature geochronology and time-temperature (t-T) modeling studies: a post-Triassic rift
and pre-Atlas orogenesis km-scale exhumation and subsidence. The exhumation is responsible for the settlement of major
source-to-sink systems throughout the Mesozoic in Morocco, which varied in terms of timing from north to south along the
Atlantic margin. These sedimentary systems are yet to be constrained. Our works comprise new Apatite Fission tracks, (U-
Th)/He dating, t-T modeling (HeFTy and PECUBE), and thorough analyses of sedimentary data and geometry from field works,
published outcrop and well logs, and remote sensing observation.

In the Meseta and the Western High Atlas, which is called Western Moroccan Arch during the Mesozoic (WMA), t-T modeling
showed that the presently outcropping basement rocks underwent Jurassic to Lower Cretaceous exhumation. The Anti-Atlas
thermal history, suggested by our modeling results, is characterized by an Late Triassic to Dogger exhumation. Previous works
show different results, as they do not consider fission tracks and (U-Th)/He dating for t-T modeling; neither the petrographic
evidences from the Central Atlantic Magmatic Province related dikes, which suggesting that the outcropping rocks were at ca. 8
km in depth at 200 Ma. In the south, the Reguibat Shield post-Triassic rift exhumation starts in the Late Triassic and ends in the
Early Cretaceous. After these exhumation phases, the above-mentioned areas are characterized by a mild subsidence.
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The differences of exhumation timing directly influenced the location of source areas east of the Atlantic basins. Indeed during
the Early Jurassic, the Reguibat Shield and the Anti-Atlas were sourcing sediments to the west and to the north, as the WMA
was undergoing subsidence. During the Early Cretaceous, however, the Anti-Atlas had stop going up, while the WMA was
being exhumed. Source areas were then the WMA and the Reguibat Shield, suggesting that the Anti-Atlas was completely to
partially covered by Lower Cretaceous sediments.
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The ‘not-so-passive’ margin of Morocco

§ 20

°

=

©

[}

3

S 180 after Ghorbal et al., 2008
300 200 Time (Ma) 0
20
100

after Oukassou et al., 2013

300 200 Time (Ma) 0

key: 20
e exhumation
S subsidence

_— best path r Leprétre, 2015

I good paths 200  Time (Ma) 0
B acceptable paths

100

%
TUDelft

I I
16°W 12w

%>
—
- 100 km [————

tssaouua

| |
| AgadlrL E

—30°N I 7

. |
e, |

5 Canary Tan Tan
\ 7 lslands @ I

e

Lanyoune/ . Y

| | Atlas/Rif Belts

.~ Meso-Cenozoic
- Paleozoic

= | / 4 B Precambrian

@ Low-temperature geochronology / time-
temperature modeling studies or samples




Anti-Atlas

Precambrian = Middle Jurassic

s N_@i}

%—

Previous works

@ Present work

Intrusionl Cover |Basement
CM| Pal pe

Simplified from the

%
TU Delft geological map (1985)



300 200

. 100 100

MOR210-06 - WAA g MOR210-12 - CAA = MOR210-16 - EAA

t-Tpaths  Best-fit GOF 200 t-Tpaths  Best-fit GOF | 200/ t-Tpaths  Best-fit GOF

It: 10° AFT age: 0.90 It: 109 AFT age: 0.97 It: 10° AFT age: 0.99
A: 17854  Track length: 0.37 A: 7827 Track length: 0.99 A:24019  Track length: 1.0
G:3 AHe age: 0.26 G:1736 AHe age: 0.97 G: 8011 AHe age: 0.98

Time (Ma) 100 0 300 200 Time (Ma) 100 0 300 200 Time (Ma) 100 0

300 200

Implications?

MESO01.b - Ifni granite

t-T paths Best-fit GOF

It: 10° AFT age: 1.0
A:26900  Track length: 0.90
G: 10119 AHe age: 0.94

Time (Ma) 100 0

—~ Best Fit

~~~ Good Fit (GOF>0.5)
—  Acceptable Fit (GOF>0.05)

]

TUDelft

LGZ01.b - Lgezira boulder

t-T paths Best-fit GOF

It: 109 AFT age: 0.98
A: 8876 Track length: 0.72
G:1233 AHe age: 0.98

50 km



Late Triassic

o°C

o°C

o'c

.
TUDelft

REGUIBAT SHIELD

N6-1,
Y%

roint/lingsokm —

CAMP I Triassic




Late Triassic

ol

+ palec
+ prove '

:‘: i
% 10

- I | & _2 ,{- e’ ¥ T
dd E‘J——"“? k
100| ' Q- -_:,-’

’ rpoint/lingss

NB'I_l_ CAMP B Triassic

REGUIBAT SHIELD

p
TUDelft



]
TUDelft

REGUIBAT SHIELD




early Early Cretaceous

Y T
o°C >
> ‘ A t =g
“ 2 3

Ali et al., 2014

'wes'tém .
Moroccan

y
" TanTan ! , -060"‘\
. o e
REGUIBAT SHIELD : f{gf \ Tindouf ~250km
z Nracitiareld I Berriasian-Barremian

]
TUDelft



Late Cretaceous

o°C

auritanides and western Anti-Atlas.’
MeseTa & WHA Ali et al., 2014

. ©~250km
" Upper Cretaceous

REGUIBAT SHIELD




Late Triassic - Middle Jurassic /| Late Jurassic - Early Creta“[;é“_l_néssm = ﬁ ' U |/
Meseta MAM AntlQ%SOIC Reguibat Shield _Middle Jurassic e L 2L
_ (a _
\ - :‘Tefs\eﬁ ll')f-n,, N | ' etq.ﬂ\nf' \
. it~ A _ P ehutth ¢hy
- Vertical‘moverments
| ﬂU|| point I s, )]
*rm@o (at | g ke
| . - 9
- =\
A el
\ _ Upper Jurassic to
Meseta ~ MAM vat Anti-Allas Regwbat Shield | Early Cretaceous 7
ul ibat s .
— [ Rpe S L/ 4 R/ -
- - Meseta £
= Veriegmovements

NNW
High A Present Day
Jebilets .' L1 Anti-Atias Reguibat Shield
ozm RJK1 g A
_ _ S ./
!
| L
7

late Early to Late
Cretaceous

<~

las..

Vertical movements

I

""'Teliéfohﬁiﬁé processes:
Triassic-Jurassic:
Peneplain? rift flank?
?:]’urassic-Cretaceous:
Mantle swell? shortening?

, Late Cretaceous:

Intraph“ate stresses?
buckhng7

P\esent ay relief:

Oroge;n sis + mantle swell?




]
Project: ~ / 's= TUDelft &
earching deeper

North Africa Research Group
Research group: ..o

MANCHESTER

1824

The University of Manchester

Sponsors: o
4"_4 REPsFOL KOSM&'S
- . ONHY
Special thanks: e A B LN

]
TUDelft



Thank you for your attention
Questions?

‘ﬁﬁiu P

F
“||| u"“" :
'. -

|‘ g

"

1\ \‘ w




