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Cross-evaporite fluid escape — Why we care?
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Recent research shows that salt is not a perfect seal

Tectonic evolution, excessive overpressure, and interaction with pore fluids can reduce or
destroy the sealing capacity of salt



Cross-evaporite fluid escape — Why we care?

Mainly studied in mature salt basins = extensive salt tectonics

Lack of high-quality outcrops and subsurface datasets of sufficient
extent and quality
* 3D relationship between large salt structures, their overburden,
and related fluid flow features

Seismic data has also only relatively recently been able to resolve
relatively small fluid escapes features

Processes and products of cross-evaporite fluid escape
remain poorly understood in the history of a salt basin ~
not yet influenced by mature halokinesis | = Spectum [ B

Bertoni et al., 2017
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Why we have fluid escape?

Fluid escape through evaporite seals is
difficult:

« Salt ability to maintain seal integrity
e Salt flows under stress
e Salt quickly re-anneals fractures

However:

* Salt welding

* Faulting

e Salt dissolution

* Overpressure-related hydrofracturing

Dissolution cavity edge
(truncates chevron halite)

Primary cloudy
chevron halite

Layers of cavity fill
(alternations of

B anhydrite and halite)

Warren, 2017



What fluid escape pipes are?
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Messinian Salinity Crisis — the birth of a salt giant!

Roveri et al., 2014
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Why did fluid expulsion form in the East Med?

0 Fluid Pressure

>
e Messinian Salinity Crisis
* Faults
e Dissolution 1. rapid water unloading e
* Disequilibrium compaction 2-3. rapid deposition of thick salt | || &
4. rapid water loading

Fe PL

Bertoni & Cartwright, 2015
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Levant Basin - East Med, new frontier

* Shaped by the collision of the African
and Eurasian plates

* At the end of the Messinian the Levant
Fracture System onshore Lebanon and
Israel gradually uplifted the eastern
margin of Levant Basin

34°00'N

The rate of uplift was not constant:
higher rates during the Late Miocene-
Pliocene and Late Pleistocene

33°36'N

e Uplift and tilting, as well as differential
loading, led to gravity-driven salt
tectonics

33°12'N
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Latakia ridge

Structure map

Depth (ms)

Folding and thrusting led to NE-trending
anticlines

Oligo-Miocene sedimentary units have
been deformed prior to, or at the onset
of, the MSC

Sub-salt
faults

Base-salt
anticlines

Evans et al,, in review




Ramp Syncline Basins
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Ramp Syncline Basins
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Direction of transport

Fluid escape pipes & RSBs

Y'Y VNNV VYN NYY
VVVVVVVYVYVY
VVvVvy

Y ¥ VNV AW Y VY Y
VVVVVVVYVY
MONVA W NEE

Undeformed pipe
t2

Direction of transport
<

TONE NN NN N N N
VVVVVVVVVY
BN OV VMY Y
VVVVVVVVYVVIY
BNV NN N Y

Complex deformed
pipes group

Stretched & deformed pipe
t3

Direction of transport
< ——————

VVVVVVY
VVVVS

- v, /Apparent v v

VNV V V VV VY Yy displacement

VVRY VVVY v

VVVVVVYVVYV

VVVVVYYV VIV

Variance

73]
E = -
§| ‘ Ariplits Normal faults

el +

1
1
[}
L}
g

Highly sheared pipe

TRC LOUISIANA



VVVVvVVvVVvYy

.5
m. =
T &
=
<&
N
((b]
t WA o
m V—- = .ml
NN\ 3
‘5 \V > m
...m W =1 = (b}
B - >F > .
= ~= > .
> > = h
> > = ..mU
@ <> >~ I
w il ‘ I Ty 5l 777 )
o | o =
VT |
, _. \ A __., / y’
A 7
/._./.,. ._“
D S
\ WA -
\ (4]
\ O
I ,,,, L=
N : .:/// A\ \ @Q@
m:‘_‘____ .w. w..v\ _
1 @v ._._« s .r..u-. .h?: t A\
i . faﬂ /. ﬂ— -
| / : r A ..-- ]
\_m_u*/:.x_ ._- .\..-z‘ﬁ.: / .am. \
: .\‘\- el VYIRS ?.. | :
S\l ____/ ¢ AL « ,‘
{ ey 1,1 |

NW

RSB

Or i __._.’

Tty

i

/—/
o ——— -

Amp. contrast
) +

=
1km =

>




Pipe trails!

Variance
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Pipe trails! | ———————
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Pipe mapping within each trail

Initial Long
escape gap Gap Gaps
|

\
'
Q

+ -
= — — S —— &




Pipe mapping - All trails
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Pipe mapping - All trails
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When did the pipes form? A

Age contours from
RSB onlaps
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Can we date the pipes in the trails?
Not rea”y (YET!) deepest ¢ Inferred leakage point
But... we can date (relatively) the sediments in the RSB! %

Evans et al, 2020
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Where did the pipes form?

Pipes form only on top of prominent
anticlines where the salt is thinner

These anticlines act as 4-way-dip closure
hydrocarbon traps that allow extensive
fluid accumulation, increasing the potential
for overpressure generation and
hydrofracturing.

Seafloor
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Where did the pipes form?



Looking for a trigger...

Thin-skinned extension detaches within
the top of salt and does not crosscut
the evaporite layer.




Looking for a trigger...

Thin-skinned extension det
the top of salt S not crosscut

Oldest fluid escape pipes formed during Late Pliocene/Early Pleistocene, thus postdating the end of the MSC
by >2 Myr. This lag suggests that the MSC did not create sufficient overpressure within the sub-salt traps to
reach the near-lithostatic level necessary to fracture the overlying salt.



Looking for a trigger...

Thin-skinned extension det
the top of salt S not crosscut

Oldest fluid escape pipes formed during Late Pliocene/Early Pleistocene, thus po
by >2 Myr. This lag suggests that the M overpressure within the sub-salt traps to
C level necessary to fracture the overlying salt.

The start of pipe formation and the main phase of salt movement are nearly simultaneous, but pipe formation

is independent from salt tectonics.
b iovisiin



Looking for a trigger...

Thin-skinned extension det
the top of salt S not crosscut

Oldest fluid escape pipes formed during Late Pliocene/Early Pleistocene, thus po
by >2 Myr. This lag suggests that the M overpressure within the sub-salt traps to
C level necessary to fracture the overlying salt.

The start of pipe formation and the main phase of salt movement



Why did the pipes form?
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Why did the pipes form?
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Uplift is a key agent for transferring overpressure towards shallower, more proximal successions
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Why did the pipes form?

Dr. Davide Oppo




Local independence and compartimentalization?

Py Base salt surface

Leakage area
. e

Complex deformed
pipes group

3 Leakage point f_
~/ Saida Fault |

Variance

Artiplifiigs Normal faults

* Rate of hydrocarbon production

* Efficiency of migration from the source rocks
* Trap size and geometry

* Reservoir porosity and permeability

* Salt characteristics




Highly active regional petroleum system able to generate large volumes of hydrocarbons over a relatively long
time span

Diffuse fluid expulsion since the Late Pliocene/Early Pleistocene, which peaked in the Late Pleistocene.

The initial pipe formation is asynchronous across the basin despite concentrating within a narrow time interval
coincident with the main uplift of the eastern sector of the basin
We interpret the uplift as the main event leading to cross-evaporite fluid escape in this region of the
Eastern Mediterranean

Local dynamics of fluid migration and overpressure buildup over-imposed on the controls acting at a regional

scale
1) the pipes location is strongly controlled by the structural arrangement of the sub-salt units
2) the cyclicity of overpressure and fluid charge/discharge is dependent on the individual structures.

Our study shows that the causes of cross-evaporite fluid escape can be multiple, vary over
time, act in synergy, and have different impacts in the various areas of salt giant basins.
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Do you want to know more?

Taking the pulse of salt-detached gravity gliding in the eastern Mediterranean
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