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Introduction OAE2

Source rock was widely deposited during Oceanic Anoxic Event (OAE2), an

interval with increased organic carbon storage globally

Eustatic Curves Paleoclimte 8"C Excursion
Hagq (2013) Macleod et al.(2011) | JARVIS et al.(2006)
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Reference outcrops of OAE2 study (published data)

Distribution of black shales during OAE2 The characteristics of OAE2
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Age: Late Cenomanian to Early Turonian  Duration: <1 Ma
Paleoclimate: Extremely warm climate and high sea level
Characteristics: OM-rich mudstones deposition and positive 8'3C excursion
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Studied basins:

» Errchidia-Goulmima basins
»Agadir-Tarfaya basins
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1. Errachidia-Goulmima Basins
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limestone unit

1. ETS (Errachidia) 2. ETW (Errachidia) 3. EGS
(Errachidia-Goulmima) 4. GS (Goulmima) 5. TKS
(North Goulmima) 6. TS (Tinghir)

= : Shallow carbonate platform deposition during C/T interval
TQ,): = Black shales developed in Errachidia basin
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1. Errachidia-Goulmima Basins Errachidia Basin

Unit Depth

Top Bioclastic Unit

Lower Turonian

‘Black Shale Unit
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Bottom Bioclastic Unit

r Post-OAE2 interval: Macrofossil-rich

L tone
1 \ r Post-OAE2 interval: Black shales

) interval: Macrofossil-rich limestone
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1. Errachidia-Goulmima Basins Errachidia Basin

&13C isotope stratigraphy

Errachidia, Morocco Goulmima, Morocco Chebeibita, Algeria Oued Bahloul section,Tunisia Pueblo, USA
This study (C Lezin, 2012) (Grosheny D, 2008) (Aguao R, etc. 2016) (Pratt&Threlkeld. 1984)
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Black shales deposited during Early Turonian, Post OAEZ2 interval
Fossil-rich limestone deposited during OAE2 interval
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1. Errachidia-Goulmima Basins

Errachidia Basin
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Black shgle interval of Errachidia section

Alternated with fine-grain
limestone

Laminated
Planktonic foraminifer rich

Average TOC values 9.6%,
Maximum16%

High calcite content

Type | kerogen

Low pyrite content

Sulfur in organic matter
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1. Errachidia-Goulmima Basins Errachidia Basin

Redox condition and productivity
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1. Errachidia-Goulmima Basins Goulmima

Dysoxic

Shallow platform deposition
Inner ramp to middle ramp

Dysoxic-Oxic water condition Jones & Manning (1994)
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1. Errachidia-Goulmima Basins Summary

North Goulmima
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. Errachidia 2. Errachidia West 3. Errachidia-Goulmima 4. Zoula 5. Goulmima 6. North Goulmima 7. Tinghir

The black shales in Errachidia summary:
*The OM-rich black shales were developed during post-OAE2 interval in Early Turonian.

*There is positive excursion 8'3C isotope, which indicates OAEZ2 interval, recorded within fossil-
rich limestone deposition shallower marine environment, but with no black shale deposited.

*OM-rich black shales were deposited in a strongly restricted marine environment with extremely
low detrital influx. The high productivity and anoxic/euxinic water conditions facilitated organic-rich

black shales deposition.
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2.Tarfaya and Agadir basin

Atlantic ocean
controlled basins:
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2.Tarfaya and Agadir basin Agadir Basin
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" uwnorns, 0 O o e Prie 100 amy ‘_ i ke \f x Post-OAE2 interval:

TOC values up to 9.2%, with
. average values 2.5%.

. Calcite-rich and Quartz-rich.
Low pyrite content
Type Il kerogen
Sulfur content in OM

OAE2 interval:

TOC values less than 1%
Clay mineral-rich.
¢ High Pyrite content

a Type lll kerogen
'

OAE2 interval

. Pre-OAE2 interval:

TOC values less than 1%

' Clay mineral-rich.

| Relative high pyrite content
Type lll kerogen
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2.Tarfaya and Agadir basin Tarfaya Basin

Upper Cenomanian:
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2.Tarfaya and Agadir basin Tarfaya Basin
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Tarfaya, Morocco Eastboume, England Pueblo, USA
This Study (Tsikos, H., et al 2004) (Pratt&Threlkeld. 1984)
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C/T Boundary was identified in Tazra section
Black shales deposited during Early Turonian, Post OAEZ2 interval
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2.Tarfaya and Agadir basin Tarfaya Basin

En-Naila: Early Turonian

TER S S, | 5 et A g e
Depth Lithology Calcite Quartz Ankerite Pyrite TOC(%) [ S 4-’)_‘: WL S8 -tn:"_‘ R W ey LR
(m)v MW P GF 204060801006 121824 102030 0 051 150 5 10 . ¥ : 3 ‘(h\f o e T v LA |
‘ $ R A n il ¥ e e
> ARG " N Wy » R |
1% AN A & S N
G s, €13 4 e
. ~ < A “v - (.‘
aZ % "o Intercalated with
- .
" / T a ™ K . o
-~ - e " calcite nodules
X s ."\A e - N2 A A 3 “
. Ll d W > - 'ﬁ -
) R ‘-:4 va \“.-’. "“:«".vt\"‘
N R e LP‘"."'-.:&’J

oty "2« "= NN Carbonate-rich

1no;kv Jm (‘E;SF A‘P>37;:: 5:‘9|m,11‘1“?w;n: = ‘7‘0\';;" = Average TOC values
wane 3.4%, Maximum9.8%

- Low pyrite content
& Type Il kerogen

Sulfur content in OM

"15.0kV x800 20pm

Morth Africa Research Group ?



Moroccan basins

Tethys Ocean influenced basin:
ethys ocean influenced basin Atlantic ocean influenced basins y

Errachidia Basin : ; . OM-rich black shale developed
DepthLihology T B i Agadir Basin Tarfaya Basin ST t OAE2 int l'in Earl
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- Turonian, recording the Early
Turonian rapid sea level
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e Anoxic/euxinic water conditions and
e |3 ‘ . high productivity facilitated the OM-
' il BN rich black shale deposition.

Lower Turonian
Post-OAE2
Black shales

High TOC values, type | kerogen.

Atlantic Ocean-inflenced basins:

Upper Cenomanian
Limestone
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Black shales can be correlated with
the positive 813 C excursion (OAE2),
= but the OM richness varies, poor in
*) Ogranic poor : Agadir basin while rich in Tarfaya
— mudstone basin

Post-OAE2 interval:

OM-rich black shales developed in
both basins, with high TOC values
and type Il kerogen

Pre-OAE2
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Conclusion

» Biostratigraphy and carbon isotope analysis suggests source rock
developed in both Upper Cenomanian(OAE2) and Lower Turonian (post-
OAE2) interval.

» During Late Cenomanian (OAEZ2 interval), Organic-rich source rock was
only confined in relative deep marine environment, such as Tarfaya basin,
while mudstone or limestone deposited in shallow marine environment was
with low OM content, such as Agadir and Errachidia basin. The result
suggests the deeper marine basins could have potentially hydrocarbon
source rock in Upper Cenomanian

» OM-rich source rock was widely deposited in both Atlantic and Tethyan
influenced Moroccan basins during Early-Turonian interval. The type Il
kerogen in Atlantic influenced basins and Type | kerogen in Tethyan
influenced basins indicate Lower Turonian is a potential oil sources interval.
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