Provenance analysis of the Early Cretaceous fluvial o aicaresearch grous
succession of the Agadir-Essaouira Basin : research B

strategy and early results.

Emmanuel Roquette, 15t year PhD student

Dr. Stefan Schroeder (University of Manchester),
Prof. Jonathan Redfern (University of Manchester),
Dr. Shane Tyrrell (NUI Galway),

Prof. Giovanni Bertotti  (TuDelft)

22/11/2017 Emmanuel Roquette



Provenance Model e Gl

SOURCES —
o SOURCE AREA

Quantity,

timing and i~ il N

nature of the T2 s s e A RO pan

sediments :

HYDRODYNAMICS
AT TIME OF
DEPOSITIO

DIAGENESIS
DURING BURIAL

Morton & Hallsworth 1994

22/11/2017 Emmanuel Roquette



Provenance Model e Gl

SO U RC ES V\é%ATHERING IN
Qucm’ri’ry, URCE AREA
timing and = A2
nature of the > Ut N N
sediments o EE '

" HYDRODYNAMICS
AT TIME OF
DEPOSITIO

TRANSPORT U
Textural N g,
m(]'l'UI'Q‘I'ion' Morton & Hallsworth 1994 NS

storage, mixing

22/11/2017 Emmanuel Roquette



Provenance Model e Gl

SOURCES WEATHERING I

SOURCE AREA

Quantity,
ilnll[eKelgle 22 A e
nature of the oo Ut . o\t
sediments = I/

Shallow Kl
(fluvial te¥hCiEie«E)

N

ABRASION DURING ",
272~ TRANSPORT

it ODYNAMICS

AT TIME OF

Deposition
TRANSPORT AN processes,
Textural N3 bURING BomaL compaction,
mCI'l'UI'Q‘I'ion' Morton & Hallsworth 1994 Ry diqgenes|s

storage, mixing

22/11/2017 Emmanuel Roquette



Provenance Model =

www.narg.org.uk

- Early Cretaceous regressive

interval of the Essaovuira-Agadir
Basin (EAB)

|rver [ Jur
m— SLBarApt Strandplain  ®  Places
»  PalaeocurrentData === Palaeoshelf

:I Bars UpperCret
7 i Plain - LowCret

|| Quaternary sediment
Tertiary sediments
Mesozoic sediment
P Hercynian granites
Paleozoic sediment
Proterozoic sediment
I Proterozoicignembri
I Proterozoic magmatism

O Cretaceous of the EAB
@ Jurassicofthe EAB

AISHIONT)

0 5 20
s Kilometers

TINDOUF BASIN

L 200 km

22/11/2017 Emmanuel Roquette



North Africa Research Group

Provenance Model

Maximum regression

B 0 o N

A

Pre-regression

Exposure of Shelf and
Coastal plain development

Barremian to lowermost
Aptian evolution

Upper Barremian

Upper Barremian
max. landward

Palaeohighs River - Jur
4] max. landward
m— SLBarApt Strandplain  ®  Places g‘ shoreline extension
3 shoreline extension
TR" Coastal plain
[

»  PalaeocurrentData === Palaeoshelf

:I Bars UpperCret
J } Plain - LowCret

development
Palaeosol

development in

interfluve areas

1
Shelfal |
Sé\dlmentation

Fair-weather to storm wave-base

Modern
coastline

Coastal plain

20
Kilometers

Transgression Onset

Maximum tfransgression

22/11/2017 Emmanuel Roquette



Provenance Model e

Bathymetr:
TS
5 [In. | Mid. Out|

First occurences of key
ammonoid specimen

d
Q
e

s

3

<

&

E. tiskatinense

TARGET :

Coarse clastic
interval of the
Barremian to
Lowermost
Aptian
regression

I P.dechauxi

| Quaternary sediment
Tertiary sediments
Mesozoic sediment
P Hercynian granites
Paleozoic sediment
Proterozoic sediment
I Proterozoicignembrite
I Proterozoic magmatism

O Cretaceous of the EAB
@ Jurassicofthe EAB

Barremian

[ Bouzergountm__[Tamzergout | Oued Tida

Wemberi] 2 [3JFm.

\_ 4 H.sartousiana

C. darsi
(Company et al., 2008)

$ N. pulchelia
(Company et al., 2008)

4 ps. picteti

Taboulouart
. |Fm.

Wave-ripple o Bivalve P> Gastropod

Sé’frr?’\ne‘t!'n]gpd':;nbm a) Bioturbation/Roots ) Echinoderm

Cross beddin Belemnite Y Ooid

! ging
(low-angle/trough)
Ammonoid / 7 -
Convolute Bedding N&umus?g- ® Oncoid

—_— Hummocky
=S cross-stratifcation

®  Pebble-bearing
\/\J Dewatering/55D
@ <" Mudripups
=3=> Sole markings Brachiopods

1 very rare; 2: rare; 3: common;
4: abundant; 5: very abundant

A

Di. - Diplocraterion /

PL - Planolites
Plant fragment Op. - Ophiomorphs
Wood fragment Rh. - Rhizocorallium
Sk. - Skolithos

G e Th. - Thalassinoides
te/lon-
G7Fe*/P* Gydesphosphates  Rs.- Root structures

Serpulid

TINDOUF BASIN

200 km |

Fossils/Minerals

Sedimentary Structures

L.
Barremian

-
3
Z8
.2".
s
“%
8%
S =
~
@
i
ws

22/11/2017 Emmanuel Roquette 7



Provenance Model

W Meseta

| |quaternary sediment

Tertiary sediments
Mesozoic sediment
I Hercynian granites
Paleozoic sediment
Proterozoic sediment
I Proterozoicignembrite

I Proterozoic magmatism
Archean basement

Cretaceous
Source

Jurassic
Source

Meseta, MAM, Anti-Atlas
or south ?

22/11/2017

Emmanuel Roquette

Tertiary sediments
Mesozoic sediment
I Hercynian granites
Paleozoic sediment
Proterozoic sediment
I Proterozoicignembrite
I Proterozoic magmatism |

O (retaceous of the EAB~ /
@ Jurassic of the EAB/

//
e

TINDOUF BASIN

200 km |




Provenance Model

Algeria

Mauritania

| |quaternary sediment

Tertiary sediments
Mesozoic sediment
[ Hercynian granites
Paleozoic sediment
Proterozoic sediment
I Proterozoicignembrite

I Proterozoic magmatism
Archean basement

Cretaceous
Source

Jurassic
Source

W Meseta

W
/ \\'\9\‘“ a

EAB W
- “‘WS

TINDOUFBASIN

\

North Africa Research Group

www.narg.org.uk

Meseta, MAM, Anti-Atlas

or south ?

Late Triassic to

MAM I Anti-Atlas I I Reguibat Shield | Middle Jurassic
- =

: Vertical movements
‘null point

SAF

P

Upper Jurassic to
Anti-Atlas Reguibat Shield ~ Early Cretaceous

~

e/

Time of interest
late Early to Late
Meseta MAM Anti-Atlas Reguibat Shield Cretaceous

P — -

[Present Day |

Rogubat Shicid

Reguibat Shield

Tectonic processes:
Triassic-Jurassic:
Peneplain? rift flank?
Jurassic-Cretaceous:

Mantle swell? shortening?
Late Cretaceous:

Intraplate stresses?
buckling?

Present day relief:
Orogenesis + mantle swell?

%
TUDelft Work compiled by Remi Charton (TU Delft)
22/11/2017

Emmanuel Roquette



Potential Source Terrains of the EAB e G
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Potential Source Terrains of the EAB e G
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Research plan ——

e Petrography and mineral distribution

e /ircon U/Pb ages (ultimate Source)
e Pb in K-Feldspar (15" origin)

e Heavy mineral analysis

h Group ,

22/11/2017

Emmanuel Roquette



| P e TrO g ' p h y s :I:rt:Agfr:ca O eh Group
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k-, Volcanoclastics : Estaoulra

Embayed Quartz
(pyroclasts 2)
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Petrography:
Hydrothermal
metamorphism

Presumed source:
Western Meseta
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AS S e S S i n g re C yC ‘ i n g North Africa Research Group ’

Feldspars contributions :
« 1t origin (unlikely to survive recycling)
* Provenance tool (Pb isotopes)

Staining with SCN of
thin sections to
quantify the amount
and morphologies of
the K-Feldspar
populations

MTDAN 863
MTMH 722

MTBR 837
MTII 702
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Recycling of the
sediments : 15t or 2"< origin ¢

Feldspars contributions :
« 15t origin (unlikely to survive recycling)
* Provenance tool (Pb isotopes)
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Recycling of the R
sediments : 15t or 279 origin ¢

Feldspars conftributions :
« 15t origin (unlikely to survive recycling)
* Provenance tool (Pb isotopes)
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Recycling of the
sediments : 15" or 279 origin ¢
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QEMSCAN analysis :

« Texture information,

« Cement nature,

« Diagenetic features,

* POrosity

« Feldspars state of
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Recycling of the Sl
sediments : 15t or 2"9 origin ¢
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Pb-Pb on
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approach
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Recycling of the o e
sediments : 15t or 2"9 origin ¢

[ 1Quartz
B Calcite
I Dolomite
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[ Clay
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Good zircon, apatite and HM yield
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Ongoing work : Heavy minerals omeneance i

Heavy Minerals

Heavy mineral analysis:
* high yield of heavy minerals

Heavy liquid :
Lithium Heteropolytungstate
(2.85 g/ml)
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Ongoing work : Heavy minerals

Numerous zircons

North Africa Research Group ,
www.narg.org.uk

Heavy Minerals

Heavy mineral analysis:
* high yield of heavy minerals
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Ongoing work : Heavy minerals omeneance i

Heavy Minerals

Heavy mineral analysis:

* high yield of heavy minerals
 Numerous zircons

 Good apatite yield
Potential good replacement
for feldspars as 15t cycle witness
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Ongoing work : Heavy minerals e O

New methods T

it g o
developed to
analyse and
date heavy
minerals in the
same sample

U-Pb age distribution

Vermeesch & al. (2017)
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Ongoing work : Heavy minerals

New methods
being
developed to
analyse and
date heavy
minerals in the
same sample
Avoid biases
associated with
picking and
sample splitting !

North Africa Research Group
www.narg.org.uk
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Short Term

2018

[
N ex-l- S -l- e p S North Africa Research Group ,
[
www.narg.org.uk

Quantification of the minerals distribution

Set up of a heavy mineral separation lab In
Manchester

ProcessinglONIIEE RIS W <ing (Liverpool)
(crushing, sieving & Sieving (Manchester)
heavy quuid separo’rion) HL Sep. (Galway/Manchester)

Feasibllity study of the automated approach

U/Pb dating of defrital zrcons and apatites, Heavy
mineral analysis

Potential sampling of the sources
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