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A collaboration with Mazarine Energy initiated in late 2018
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e Structural geology study of the Southern Chotts Basin (SCB), Central Tunisia
* Mazarine granted access to seismic, wells, geochemical analyses, sedimentology study and more, acquired in their blocks



Present-day architecture of the Southern Chotts Basin

| SE

15900 20?00 25000 26638 30000 31903 35000 4IJIIJIJIJ
. . L . . al . VIO Sl T riavill il al L . 1 Lo

4867750000 55( 50000 . 85000 .
s R . L P . . L P s s L .
- . WELL3

NW i SDPU 00

WELL2

* Normal faulting with mainly small offsets. Potential multi kilometers scale folding. Series of extension-compression phases -
system of arch and basin

e Angular unconformity between at least the Silurian and the base Triassic.

* Very “quiet” Mesozoic sequence



Overview of the petroleum system in the Southern Chotts Basin
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“SMG-1 well flowed, constrained by surface facilities, at a rate of over
2,000 barrels of oil per day and 5 million cubic feet of natural gas per
day” (from Mazarine website - 2019)

Three main reservoirs ( ) = Ordovician
Sandstone (Hamra, El Atchane, Jeffara); Triassic
Sandstone (TAGI); Permian clastic and carbonates

Source rock ( ) = Silurian—Devonian black
shales and hot shales (Fegaguira); Ordovician
shales (Azzel)

Traps ( ) = structural (tilted blocks and

anticlines) and stratigraphic (pinch out and
channels)




Objectives

* Our NARG project objectives

* Increase our understanding of the petroleum systems in the SCB — thermal history, migration timing, sweet spots
evaluation, type of flow in reservoirs...
* To do so, we have to define where and at which scale these questions can be answered

* Quantify and qualify the effect the Hercynian Orogeny has on the architecture and property of the main
reservoirs present in the SCB — Based on seismic data and on outcrops

* Quantify and qualify the effect of fractures in Ordovician and Triassic reservoirs — Based on FMI logs and on
outcrops

* Apply classical and innovative methods to solve our problems



Outcrops = opportunity — deciphering the impact of the Hercynian Orogeny on SCB reservoirs
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0 km 100 Relief feeding Triassic river systems resulted from
the HO. Also the HO controlled the architecture
and properties of Paleozoic reservoirs

Bodin et al., (201

* Where: The Jeffara escarpment provide a
surface lab to study the effect of Hercynian
Orogeny on the Permian and the Triassic

* Scale: investigation of the origin of the horse
toe shape of the Jeffara plain (variation of
thickness, effect of fold-faults)

|
|

Quatemnary [ Santonian

| iaci Ak DL LTI @ mememe G
Bl Quatemary Basalt I Turonian - Coniacian [ e e I DD B R PR 0
I8 SiE e b 3 e l.. et ¥ "‘1.-; J ‘(.‘ i Lo UL UG NN o o [Nl Lo S Fan Al s l.‘
|N [ Early Turonian I Undifforentiate 5 —gmmme g T e e
eogene y ndifteren aef‘éi NS e b emashen U7 "_A'r{‘f{»_‘qv_':_'q*:; P wran ) aveaaee ]
Maastrichtian [ Late Albian - Cenomanian [ | Permian ks - e R B
— z S5 2 4 nginmsd BB Sn PRI, Sk §
‘ - — — — Jeffara fault sys ™™ ™ W05 s
Campanian [ Late Hauterivian - Albian | e o
. W'T:

* Method: Fieldwork is planned in December in the Permian
and in the Triassic (Structural cross sections,
sedimentological type section, etc.)
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Structural history of SCB — incomplete or assumed structural models may lead to a wrong
petroleum system history reconstruction
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A way of improvement of this model — AFTA data on wells and outcrops
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Relate large scale deformation with fracture — TU Delft workflow
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Predicting fractures in the subsurface [ Structural model (gOcad) and FMI ]
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* Room and material exist to probably compare the outcrop
with the subsurface and to make fracture model at depth

* lterative process starting with low constraint DFN models
(purely stochastic) to advanced (geologic-stochastic) models



Conclusions

* Work has been done on the structural geology of the Southern Chotts Basin. Data available have been synthesized and we
have now an overview of the research axis we may follow during this NARG Project (2019-2022)

* Some of the results of the study conducted in collaboration between Mazarine and TU Delft will be presented at the PESGB
(poster - October), CAJG (Sousse, talk - November) and through a paper synthesizing our work

 We plan to go out in the field in late November to mid December (sampling and characterisation of the Permian and of the
Triassic AFTA, cross sections, fracture analyses) — AFTA data on wells will start before the end of 2019.

* | am very pleased to be part of this group and | hope we will have good collaboration and exciting science ©

Thank you for your attention!



