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Welcome!

Welcome to my COVID-type presentation!

* If you like to know the summary of this study, jump to the next slide.
* |f you are only interested in the results, jump to page 8.

* If you are only interested in the discussion, jump to page 12.

* If you are only interested in the conclusion, jump to page 22.

Don’t hesitate to comment, ask questions, or
make any suggestions to this study!
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Multiproxy study of a drillcore in the Danakil depression,
Afar, Ethiopia.

More than 600m of sediments dominated by evaporites
most probably formed during the last 130ka.

Formation by evaporation of seawater after flooding of
the depression and by remobilization through meteoric
water inflow.

High sedimentation rates, important subsidence and rapid
extensional tectonics.

Probably the most Recent analogue of Past Salt Giants.

[ ] Halite

|:J Halite (dominant) with clays/silts
[ ] Clays/silts (dominant) and halite

[ ] Claysssilts
[ sand

[ ] Clayssilts and anhydrite
[ Potash Fig. 1: Lithostratigraphic log of the core record



Introduction: Geological setting

A

- i 2
- »'"- L}
/ ,4*{&-—“
y

Elevation
(m.as.l)

~ e
ﬂ "
— 2000
Mai

————— in escarpments
— — Tendaho-Goba'ad discontinuity

s, .,rf § r . Main faults 0
SES{OIMIA L ITAN' PIL AT E At
i / l“%":’f 1A% ‘ il 1 e ; .—G’ Plate velocity relative to Nubia
pe y e Y, { e o 10 mm/yr with uncertainty after
e l < kbl 3 . McClusky et al. (2010)

i 4 § 4 e A | e — —
" A 4 ¢ . B 0 0 100 200 300 400
- & ~ e X

38° 40° 42° 4:" 42" 4;“

Fig. 2: Topographic and tectonic map of the southern Red Sea

(1)

The Danakil depression (Afar,
Ethiopia) is a rift valley forming
the southernmost part of the
Red Sea rift. It is situated
between the Ethiopian plateau
and the Danakil block and
represents an advanced stage
of rifting, characterized by
important tectonic and
volcanic activity. Its floor is
situated 120 meters below sea
level and is covered by Recent
saline pans.



Introduction: Geological setting

(2)

The depression shows up to four
different generations of coralgal reef
deposits (Fig. 3), indicating Red Sea

floodings during the middle and late
Pleistocene interglacials.
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Fig. 3: The Danakil depression. The lighter coloured areas outlined in black
represent the Pleistocene marine deposits.

Fig. 4: Four fringing coralgal reef terraces can be distinguished on this outcrop.
The two most recent were dated as MIS5 and MIS7 (Jaramillo-Vogel et al., 2018).
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Fig. 5: The Danakil depression. The ye.IIow star represents the studied core. The
lighter coloured areas represent the Pleistocene marine deposits.

* This study focuses on a 625 m deep borehole

drilled in the central part of the basin.

* The aim of the study of this core section is to

betterunderstand the stratigraphy at basin-

scale. Moreover, studying the lithostratigraphic

variations at core-scale results in the better
understanding of the palaeo-environmental

and palaeoclimatological setting, as well as the

basin dynamics.
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Fig. 6: Topographic cross-section through the depression. The yellow line
represents the studied core. See fig. 5 for the position of the cross-section.



Methods and results

An integrated multi-proxy approach is used to characterize the core sediments:

Lithostratigraphic and facies analysis

Elemental XRF analysis

Mineralogical XRD analysis

Micropaleontological analysis

Organic matter analysis (RockEval)
14C datings
U/Th datings (not completed)
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—— * Core formed by evaporites dominated
—— Ptk by halite intercalated with clastic and
— len carbonate sediments.

[ ] Clays/silts and anhydrite . . .

[ Potash * One horizon of potash salt (kieserite,

polyhalite, sylvite, kainite, bischofite)
between 395 and 440m depth.

Fig. 7: Lithostratigraphic log of the core record with examples of halite and anhydrite. A) layered coloured halite; B)
Chevron halite topped by chicken-wire anhydrite; C) Coarse chevron halite D) Layered halite.
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* Two horizons containing microfossils in small quantities
and size.

el * Dominance of foraminifera.
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» Sporadic presence of ostracods and diatoms.

Fig. 9: Few foraminifera species
observed in specific horizons
within the core.



Methods and results: **C datings
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0= : Tar:o.08ka  Radiocarbon dating of 4 samples of wood fragments
* 6.41+0.09 ka
116401 ka * The upper 70 m of the core is Holocene in ages.
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Discussion: Chronostratigraphy
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™ ° : T A 238200810 « Uppermost 70 m Holocene in age (14C).
3 6.41 £ 0.09 ka * The uppermost horizon rich in foraminifera specimen
\ o oo ka is present below the Holocene unit, and corresponds
100 .- | D6 I . most probably to the LGM. Those specimen have been
0 & interpreted as living in a saline lake and being
= | imported by birds in those settings. The possibility of a
200~ -'...| ' Red Sea incursion is discarded by the very low sea level
1 at that time.
200 ;: . * The lowermost fossiliferous interval corresponds to a
\ unit with higher Bromine content and is topped by
I units rich in marine potash salts. Through correlation
— ~: . with the marginal deposits, this interval is interpreted
I 4 as being MIS5e (130 ka).
I .. * Further U/Th datings are on-going to constrain further
S 500- . B the chronostratigraphic framework.
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Discussion: Paleoenvironment (1)
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The lowermost part of the core (from 500m till 625m) is
interpreted to represent a marine environment, as
indicated by the presence of foraminifera and the high
bromine content. Fluvial input was also important as
indicated by the sandstone intervals, suggesting a wet
climate.

The upper part of this interval (500-520m) is
characterized by the dominance of magnesite (MgCO,),
high TOC level and type | (sapropelic) kerogen. This
indicates water stratification, anoxic conditions and
basin restriction.

The interval between 500 and 400m is formed
exclusively by evaporites. The increasing bromine
content and the appearance of potash salts indicates a
gradual closure of the basin and concentration of the
seawater.

Fig. 13: Overview of the most important observations. The red square indicates the
discussed palaeo-environmental setting.



Discussion: Paleoenvironment (2)

Depth Br ppron S
(m) T . " £ 0.06 ka Above the potash interval (400-300 m), a thick
0 ,.l- giffgggfg package of pure halite with low bromine content
1 ) indicate a drastic change in environment. The halite
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Discussion: Paleoenvironment (3)
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0 [= - giffgggff grained sediments and halite suggest the
< T transition to a saline pan environment,
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Discussion: Paleoenvironment (5)
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The interval between 150 and 70m shows the
dominance of fine grained sediments with minor
layers of halite. Foraminifera, ostracods and
diatoms are present in the studied marly
sediments. Those sediments are interpreted as
representing a saline lake, related to an early
phase of the African Humid Period.

Fig. 16: Lake Afdera, an example of a present-day saline lake in the Danakil
Depression. In contrast to Lake Karum, the water is saline but does not precipitate salt
unless processed in evaporation ponds as widely exploited by the local population.
Location on figures 3 and 5.



Discussion: Paleoenvironment (6)

e Br m
En)pth ° pp?-j § Distinct peaks in bromine content visible between 300
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Discussion: Paleoenvironment (7)
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constrained by the 4C datings and was formed during
6.41 £ 0.09 ka

the Holocene. The deposits are interpreted as a
succession of hypersaline lakes and salt flats. The
HED presence of extended lake in the Danakil depression
during the early and middle Holocene has already
been evidenced by Gasse (1974). This change from
saline to hypersaline conditions can be linked to an
increase in temperature during the early Holocene.

@@@ Fig. 18: Present-day salt flat environment on the floor of the depression.



Discussion: Basin dynamics

Depth
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0 &= * The successive flooding and desiccation events are resulting

from Rea Sea-level variations but also important tectonic
100 activity. Rift margin uplift prevented flooding during the
Holocene resulting in the restriction of the Danakil basin

(Foubert et al., in prep.; Rime et al., in prep.).
=00 * High basin subsidence rates created enough accommodation
space for voluminous sedimentary basin infill. The preliminary
_ interpretation of the microfauna seems to indicate a relatively
shallow depositional environment, implying more than 500m

of subsidence in 130ka, i.e. more than 3mm/yr.

400- * This subsidence cannot be explained by flexural isostasy only,

implying active extensional tectonics at least since the late

500 Pleistocene.
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Discussion: Formation of a “mini salt giant”
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0 &= * Marginal deposits indicate at least 3 more marine cycles,
implying the presence of a significant amount of evaporites
below the studied core sections. This is coherent with de
geophysical interpretations of Behle et al. (1975) who
calculated a salt thickness of 2.2 km and with the study of
200 Holwerda & Hutchinson (1968) mentioning a second potash
layer at 930 m depth.

* The deposition of large amount of evaporites can take place in
short times by cyclic flooding of the rift, evaporation of the
seawater and recycling of older evaporites by meteoric water

400- under hot and arid climate.

100

300

* The Danakil depression is probably the closest Recent analogue

500 to some older salt giants (e.g. in the south Atlantic) which

— - cover wider areas, but show similar thickness and tectonic
— settings. The Danakil salt basin can help better understand the
B o 600- formation of its older counterparts.

[ Po



Conclusions

The Danakil basin is filled by sediments dominated by evaporites (mainly halite)
alternating with clastics and carbonates sediments.

The upper 625m of the studied core section probably corresponds to the late Pleistocene
and the Holocene (129 ka till present day). Sediments were formed by the marine
flooding of the depression, followed by its closure and desiccation. The uppermost part
of the core section corresponds to a period of continental sedlmentatlon dominated by
hypersaline lakes and saline pans. A T

The stratigraphy indicates high subsidence rate
implying active extensional tectonics.

The Danakil depression is probably the closest
recent analogue to some of the older salt giants
on earth and can help us to decipher the
formation of those past evaporite deposits.

Fig. 19: Eruption on the flank of the Erta Ale in February 2020.
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Fig. 20: The western margin of the depression with white-coloured sediments of the MIS5 marine incursion
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