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Abstract

Dynamic sedimentary processes are a key parameter for establishing the habit-
ability of planetary surface environments on Earth and beyond and thus critical
for reconstructing the early evolution of life on our planet. This paper presents
a sedimentary section from the ca 3.48 Ga Dresser Formation (Pilbara Craton,
Western Australia) that contains high-energy reworked sediments, possibly rep-
resenting the oldest reported tsunami deposit on Earth to date. Field and petro-
graphic evidence (e.g. up to 20 cm large imbricated clasts, hummocky bedding,
Bouma-type graded sequences) indicate that the high-energy deposit represents
a bi-directional succession of two debrite-turbidite couplets. This succession
can best be explained by deposition related to passage and rebound of tsunami
waves. Sedimentary processes were possibly influenced by highly dense silica-
rich seawater. The tsunami was probably triggered by local fault-induced seismic
activity since the Dresser Formation was deposited in a volcanic caldera basin
that experienced syndepositional extensional growth faulting. However, alter-
native triggers (meteorite impact, volcanic eruption) or a combination thereof
cannot be excluded. The results of this work indicate a subaquatic habitat that
was subject to tsunami-induced high-energy disturbance. Potentially, this was
a common situation on the early Archaean Earth, which experienced frequent
impacts of extraterrestrial bodies. This study thus adds to the scarce record of
early Archaean high-energy deposits and stresses the relevance of high-energy
depositional events for the early evolution of life on Earth.
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1 | INTRODUCTION

Life has flourished in Earth's surface environments for at
least 3.5 byr (Arndt & Nisbet, 2012; Lepot, 2020; Lowe,
1980) but the nature of these earliest habitats remains
poorly constrained. Dynamic sedimentary processes are
a key control on environmental conditions throughout
geological time (Mata & Bottjer, 2012). In particular, high-
energy events, such as tsunamis, can have a major im-
pact on marine environments (Bahlburg & Spiske, 2012;
Einsele et al., 1996). These tsunami events affect habitats
via disturbance of surface sediments or redistribution of
nutrients in the water column (Kanaya et al., 2015; Lowe
et al., 2003; Noda et al., 2007). Supposed highly frequent
impacts of extraterrestrial bodies in the early Archaean
suggest that these tsunami-induced disturbances com-
monly affected the habitats of the earliest life (Lowe &
Byerly, 2018). Therefore, reconstructing tsunami events is
important for understanding the habitability of the earli-
est environments on Earth and, perhaps, on other plane-
tary bodies.

Reported tsunami deposits from the Kaapvaal and
Pilbara cratons date back to the early Archaean (Byerly,
2002; Glikson et al., 2004, 2016; Hassler et al., 2000;
Hassler & Simonson, 2001). These ancient tsunami depos-
its are commonly interpreted to be related to impacts of
extraterrestrial bodies because the high-energy sediments
are associated with reworked impact ejecta material that
contains impact spherules, shock metamorphosed min-
eral grains and/or cosmochemical fingerprints (e.g. sid-
erophile element enrichments, chondritic isotope ratios).
Although the Archaean Earth was supposedly affected by
very abundant extraterrestrial impacts (Krull Davatzes
et al., 2019), such direct geological evidence seems rare,
which is perhaps partly due to later alteration and erosion
(Simonson & Glass, 2004). Therefore, sedimentological
features of high-energy deposits appear to be particularly
important to track tsunami deposits in deep time. Tsunami
deposits are commonly characterised by normally and/or
inversely graded coarse-grained layers within fine-grained
deep-water sediments, cross-stratification, erosive basal
contacts, rip-up clasts, soft-sediment deformation and
seaward flow structures indicating return flows (Costa
& Andrade, 2020; Costa et al., 2012; Jaffe et al., 2012;
Riou et al., 2018, 2020). Identifying these features in the
Archaean depositional record is critical to reconstruct
how tsunami events shaped Earth's earliest habitats.

Discussed herein is a high-energy deposit within the
3481 + 3.6 Ma Dresser Formation (Warrawoona Group,
Pilbara Craton, Western Australia), demonstrably one
of the earliest, well-preserved habitats of life on Earth
(Baumgartner et al.,, 2019; Djokic et al., 2017; Duda
et al., 2018; Mif3bach et al., 2021; Ueno et al., 2008; Van

Kranendonk et al., 2008). By combining detailed field ob-
servations and petrographic analyses (including Raman
spectra of minerals and uXRF geochemical imaging), a
tsunami origin is inferred for the Dresser high-energy de-
posit, probably triggered by local growth faulting-induced
seismic activity. The Dresser tsunami deposit slightly pre-
dates the previously earliest known geological evidence
for tsunamis on Earth (i.e. 3.47 Ga impact ejecta beds:
Byerly, 2002; Glikson et al., 2004) and thus extends the
geological record of tsunami events and highlights the
relevance of high-energy depositional events for Earth's
earliest habitats.

2 | MATERIALS AND METHODS
The studied sedimentary section (21.155317°S;
119.436853°E) is located ca 500 m south-east of the former
Dresser mine (Figure 1A). During fieldwork, the sampled
section was observed, measured, documented and sam-
pled for subsequent analyses. Petrographic thin sections
(polished, ca 60 um thick) were prepared of all samples
and studied using a Zeiss SteREO Discovery.V8 stereomi-
croscope linked to an AxioCam MRc 5-megapixel camera.
Raman spectra were obtained using a Horiba Jobin
YvonLabRam-HR 800 UV spectrometer with a focal length
of 800 mm. The spectrometer was linked to an Olympus
BX41 microscope. An argon ion laser (Melles Griot IMA
106020BOS, 488 nm) with a power of 50 mW was used for
excitation of the sample. The laser beam was focussed with
an Olympus MPane 100x objective with a numerical aper-
ture of 0.9 and a confocal pinhole of 100 yum. It was then
dispersed by a 600 1/mm grating on a CCD detector with
1024 X 256 pixels, yielding a spectral resolution of <2 cm™
per pixel. Data were acquired over 5 s for a spectral range of
100-2000 cm ™. The spectrometer was calibrated by using a
silicon standard with a major peak at 520.4 cm™". All spectra
were recorded and processed using the LabSpecTM database
(version 5.19.17; Jobin-Yvon, Villeneuve d” Asq, France).
Geochemical imaging was done using a Bruker M4
Tornado uXRF instrument equipped with a XFlash 430
Silicon Drift Detector. The X-ray tube was operating at
50 kV voltage and 400 pA amperage. The X-ray beam had
a spot size of 25 um. The chamber pressure was 20 mbar.

3 | RESULTS

The studied sedimentary succession is ca 5 m thick, outcrops
over about 100 m along strike, and is interbedded with well-
preserved pillow basalts of the Dresser Formation (Figure
1B). The studied succession consists mostly of brownish
weathered, thinly bedded carbonate, but also contains
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FIGURE 1 Spatial context of the studied section. (A) Location and geological map of the Dresser Formation near the studied section
(yellow star) showing association with pillow basalt bedrock and listric growth faults. The locality of the Dresser mine (cyan pentagon) is
provided for reference. Stratigraphic units in the legend are underlined. The map projection is Universal transverse Mercator (UTM) zone
50K (modified from (Van Kranendonk et al., 2019a); (B) studied section and its surroundings (people for scale)

some chert and jasper beds, as well as units of coarse con-
glomerate with massive carbonate (Figures 2 and 3). Based
on its distinct lithologic characteristics, the studied succes-
sion can be divided into three units (Figure 2).

Unit 1 is ca 3.1 m thick and directly overlays well-
developed pillow basalts of the Dresser Formation (Figures
1 and 2). This unit consists mostly of millimetre-scale bed-
ded micritic carbonates with minor chert (Figures 2A and
4A,B), 1-6 cm thick chert beds, and a ca 0.5 m thick bed
consisting of centimetre-scale interlayers of grey chert
and jasper (Figure 2). The overlying, ca 0.5 m thick, Unit
2 is the most prominent feature of the section and shows
evidence for reworking and redeposition of chert and
carbonate sedimentary materials (Figures 2B, 3, 4 and 5).
The uppermost Unit 3 is ca 1.4 m thick and dominated by
black chert and jasper (Figure 2C).

Unit 2 can be subdivided into two subunits, each con-
sisting of a chert clast-bearing layer at the base (‘basal

breccia’) and a fine-grained chert-cemented carbonate
layer at the top (Figures 3A,F, 4 and 5). The lower subunit
is ca 30 cm thick and overlies grey chert of Unit 1 with
a sharp planar contact (Figure 3A). The basal breccia of
the lower subunit is generally ca 15 cm thick but locally
much thinner, or completely absent. It is generally matrix-
supported and in some places inversely graded (Figure 3B).
Locally, the surface of the basal breccia of this subunit ex-
hibits hummocky bedding (Figure 3C). Chert clasts in the
basal breccia range between ca 1-20 cm, exhibit suban-
gular to angular outlines, and consist of grey chert that is
lithologically similar to the underlying chert beds (Figure
3A through D). Some clasts are imbricated at varying an-
gles (representative strike and dip values, corrected for
post-depositional tilting, at 310°/16°NE and 298°/24°NE)
(Figure 3A,B), while others appear to be horizontally
oriented (Figure 3C,D). The matrix of the basal breccia
is poorly sorted and consists of up to 200 um carbonate
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FIGURE 2 Lithological profile of

the studied section. (A) Finely laminated
micritic carbonates in Unit 1; (B)
carbonate and chert sediments in Unit 2,
showing evidence for sediment reworking
and redeposition; (C) jasper and black
chert in Unit 3
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grains and up to millimetre-sized angular to subrounded
chert grains (Figure 4C,E). The transition from the basal
breccia to the overlying carbonate layer in the lower sub-
unit is characterised by a marked decrease in grain size
to below ca <20 um. The thickness of the carbonate layer
varies between ca 2 and 20 cm and is normally graded
from a massive fabric at its base to one with a distinct lam-
ination with local soft-sediment deformation structures at

its top (Figure 3E). Some ca 3-5 cm isolated chert clasts lie
within this carbonate layer (Figure 3B). Locally, the car-
bonates directly atop the basal breccia exhibit millimetre-
scale sigmoidal crossbedding (Figure 4D).

The upper subunit of Unit 2 is only 20 cm thick (Figures 2
and 3A,F), with a basal breccia that is ca 10 cm thick and di-
rectly overlies the laminated carbonates of the lower subunit.
The lower surface of the basal breccia is locally wavy (Figure
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FIGURE 3 Sedimentology of Unit 2. (A) Overview of Unit 2 showing two subunits (yellow triangles), each with a basal breccia grading
into massive fine-grained carbonates. Both subunits are interpreted as debrite-turbidite couplets. Note that the lower subunit directly
overlies grey chert of Unit 1 (yellow dashed line) and that the clasts in both subunits are imbricated in opposite directions; (B) inverse
grading in the basal breccia of the lower subunit (yellow triangle). Note that angular clasts float within fine-grained carbonates (white
arrow); (C) basal breccia of the lower subunit showing hummocky bedding (yellow dashed line); (D) densely packed subangular to angular
grey chert clasts in the basal breccia of the lower subunit; E: laminated carbonate deposits from the top of the lower subunit showing soft-
sediment deformation (white arrow); (F) Close up of area indicated in (A), showing erosive lower surface of the basal breccia in the upper
subunit (white arrow)
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FIGURE 4 Transmitted light microscopy images of carbonates in Unit 1 (A, B) and the lower subunit in Unit 2 (C-F). A: micritic carbonates
(brown) embedded within chert (grey); (B) mm-scale lamination in micritic carbonates (brown) embedded within chert; (C) angular chert clasts

(white arrow) in the basal breccia of the lower subunit; (D) mm-scale sigmoidal crossbedding (yellow dashed lines) in fine-grained carbonates at

the top of the basal breccia in the lower subunit, supporting sediment reworking and redeposition; (E) euhedral carbonate crystals (white arrow)
in the matrix of the basal breccia of the lower subunit; (F) fine-grained laminated carbonates at the top of the lower subunit

3C) and exhibits erosional features (Figure 3A,F). Some of  basal breccia of the lower subunit (representative strike and
the chert clasts in the basal breccia of the upper subunit are dip value: 076°/20°SSE: Figure 3A,F). The carbonate layer in
imbricated, commonly in a reverse direction to those of the the upper subunit is similar to that of the lower subunit.
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FIGURE 5 Raman spectroscopy spot analysis (A) and uXRF image scans of element distributions (B) in Unit 2. (A) representative

Raman spectra from the carbonate layer in the lower subunit, supporting carbonate mineralogy and association with quartz (i.e. chert

cementation), D and G-band represent sedimentary organic matter; (B) uXRF maps showing the distribution of Ca, Mg, Fe, Mn and Si

(white scale bar is 2 cm). Co-enrichments of Ca, Mg, Fe and Mn correspond to carbonate minerals, while enrichments in Si reflect the

presence of chert

4 | DISCUSSION

4.1 | Depositional Processes

The interbedding of the overall finely bedded sedi-
mentary succession with well-developed pillow basalts
(Figure 1B) indicates an interval of generally quiet-water
sedimentation in between subaqueous lava eruption
events. The fine-scale nature of the bedding in the ma-
jority of this succession and lack of sedimentary features
indicative for wave agitation in the lower (Unit 1) and
upper (Unit 3) parts of the succession (Figure 2A,C) in-
dicate deposition in a low-energy subaqueous environ-
ment, probably below storm-wave base, in a submarine
environment saturated in bicarbonate and in silica, de-
positing largely chemical sedimentary rocks (carbonate
and chert). Coarse clast-bearing layers in Unit 2 (Figures

2B and 3), in contrast, show evidence for syndepositional
erosion and reworking of lithified sediment, hence re-
flecting higher-energy depositional processes.

Notably, various characteristics of Unit 2, such as
densely packed and locally imbricated clasts up to 20 cm in
size, as well as chert pebbles ‘floating’ within fine-grained
carbonates (Figure 3B through D), are consistent with
deposition from a debris flow (Lowe, 1982). Furthermore,
normal grading and the transition from massive to lami-
nated fabric in the carbonates directly atop clast-bearing
basal breccias of both subunits of Unit 2 are characteris-
tic for Bouma and Lowe-type sequences and thus consis-
tent with deposition from a high-density turbidity current
(Bouma, 1962; Lowe, 1982) (Figures 3E and 6). Locally ob-
served sigmoidal crossbedding in the fine-grained carbon-
ates directly atop the breccia in the lower subunit supports
a rapid progradational filling of the interspaces between
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FIGURE 6 Photograph (left, hammer for scale) and sedimentological interpretation (right) of Unit 2 (I: lower subunit, II: upper

subunit). Both subunits are interpreted as debrite-turbidite couplets that reflect the onflow and backwash phase of a tsunami event. Black

triangles and arrows indicate normal grading and inferred transport directions respectively. Note the reduced thickness of the upper subunit

as compared to the lower subunit. The graded carbonate deposits with a massive to laminated fabric resembles a Bouma or Lowe-type

sequence. The succession exhibits evidence for post-lithification faulting, as indicated by the straight black line and half-arrow

the imbricated chert clasts (cf. Walker, 1978) (Figure 4D).
Therefore, both subunits of Unit 2 are best interpreted as
debrite-turbidite couplets.

The debrite layer of the upper subunit of Unit 2 di-
rectly overlies the turbidite-deposited carbonate part
of the lower subunit across a contact that exhibits soft-
sediment deformation structures and erosional features
(Figure 3E,F). Hence, the turbidite layer of the lower
subunit must have been unconsolidated during deposi-
tion of the debrite layer of the upper subunit. Moreover,
the opposite direction of clast imbrication in both of
the debrite layers (ca 300°/20°NE in the lower subunit
vs. 076°/20°S in the upper subunit) indicates a switch
in transport direction from south-west to north respec-
tively (Figures 2B, 3A and 6). Such bi-directional sedi-
ment transport is commonly due to coupled onflow and
backwash currents (Einsele et al., 1996) or flow rebound
from a palaeotopographic high (Tada et al., 2002). This

suggests that the upper subunit was deposited relatively
soon after the lower subunit through a return flow (‘back-
wash’), and that both subunits are thus related to a single
depositional event. Moreover, hummocky bedding in the
lower subunit indicates that these currents were associ-
ated with wave activity (Dumas & Arnott, 2006) (Figure
3C). In concert, these observations indicate that Unit
2 was deposited from bi-directional high-energy wave
transport.

Bi-directional wave transport can result from inflow and
backwash currents associated with storm or tsunami events
(Einsele et al., 1996; Fujiwara & Kamataki, 2007). However,
in settings below storm-wave base, storm deposits are usu-
ally unidirectional and form through backwash transport
associated with storm surges (Benton & Gray, 1981; Morton
et al., 2007). Moreover, backwash sediments in storm de-
posits are usually thicker and coarser than the respective
inflow deposits (Morton et al., 2007). All these features are
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inconsistent with the bi-directional flow structures of Unit
2, as well as with the reduced thickness and the local lack
of chert clasts observed in the upper subunit, indicating a
lower transport energy during the backwash phase of the
event (Figures 2B and 6). Tsunami events, in contrast, can
result in bi-directional transport below storm-wave base
due to wave rebound on coastlines or topographic highs
(Ikehara et al., 2014; Riou et al., 2018; Tada et al., 2002; Weiss
& Bahlburg, 2006). Indeed, an energy loss upon wave re-
bound could plausibly explain the reduced thickness of the
upper subunit of Unit 2. For these reasons, it is suggested
that the subunits of Unit 2 reflect the inflow and subsequent
backwash of a tsunami event.

The studied succession records a distinct sequence
of depositional processes (Figure 7). Unit 1 formed from
sedimentation of fine-grained carbonates and episodic

silica under low-energy conditions (Figure 7A). Seismic
disturbance initiated a tsunami wave which mobilised
carbonate mud and chert clasts, triggering a high-density
turbidity current (Figure 7B). From this current, the first
debrite-turbidite couplet was deposited in a decelerating
flow regime upon decreasing wave agitation and formed
the lower subunit of Unit 2 (Figure 7C). The subsequent
backwash initiated a second high-density turbidity cur-
rent, which reworked previously deposited sediments and
partly eroded the lower subunit of Unit 2 (Figure 7D).
From this current, a second debrite-turbidite couplet was
deposited and formed the upper subunit of Unit 2, which
had a reduced thickness due to the loss of energy upon
wave rebound (Figure 7D). Unit 3 documents a return to
quiet-water sedimentation of fine-grained carbonates and
silica (Figure 7E).

Low-energy background deposition

—) Tsunami propagation

Mobilisation of chert clasts
and unconsolidated carbonate mud

P o e e e e i i L_L_LTI_I_J'J__-
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processes in the studied sedimentary
section. (A) sedimentation of fine-grained
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carbonates and episodic silica under low-

energy conditions forming; (B) initiation
of a tsunami, mobilising carbonate mud

and chert clasts from the sea floor; (C)
deposition of the first debrite-turbidite
couplet upon waning of current agitation;
(D) deposition of the second debrite—
turbidite couplet with reduced thickness
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due to energy loss upon wave rebound

and partial erosion of lower subunit of

Unit 2; (E) return to sedimentation of
fine-grained carbonates under low-
energy conditions. Carbonate deposits
are marked by a brown brick signature,
chert is marked in plain grey, and settling

fine-grained carbonates are marked by

brown rhombs. Unconsolidated deposits
are marked by dashed lines
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4.2 | Trigger mechanism

Tsunamis are triggered by geological events that cause ei-
ther top-down (meteorite impacts, mass movements) or
bottom-up (subaquatic earthquakes and volcanism) verti-
cal displacement of the water column (Dawson & Stewart,
2007). The common association of previously reported
Palaeoarchaean tsunami deposits with impact spherules
or cosmochemical impact signatures suggests that those
tsunamis were caused by large meteorite impacts (Hassler
et al., 2000; Lowe, 2013). In the Dresser Formation succes-
sion studied here, no such evidence of an impact signature
was observed. However, it is known that impact spherules
are relatively unstable and often not preserved (Simonson
& Glass, 2004); moreover, smaller impactors (<10 km in
diameter) are not sufficient to produce a global spherule
layer (Johnson & Melosh, 2012), while they may still trig-
ger tsunami waves (Wiinnemann et al., 2010). Geological
archives may therefore not necessarily record impacts of
extraterrestrial bodies, especially as many impactors in
the early Archaean would have been smaller than those
larger ones that left diagnostic fingerprints (see Lowe &
Byerly, 2018). Hence, it is possible that the Dresser tsu-
nami was triggered by an impact event, even though it did
not leave a distinctive impact-related signature.

Alternatively, the most common triggers of tsunamis in
the modern day by far are subduction zone earthquakes,
since these often cause a rapid and significant vertical dis-
placement of the water column (Dawson & Stewart, 2007;
Elbanna et al., 2021). However, modern style subduction
appears probably not to have been operative in the forma-
tion of the Palaeoarchaean Pilbara Craton, which has been
documented to have formed as a volcanic plateau over a
mantle plume (Van Kranendonk et al., 2002, 2019b). Thus,
a subduction zone-generated earthquake appears an im-
probable trigger to have caused the Dresser Formation
tsunami deposit.

Rather, a probable trigger of the Dresser Formation tsu-
nami deposit is related to endogenic processes via local vol-
canic and/or seismic activity. Indeed, the Dresser Formation
was deposited within a volcanically and tectonically active
caldera basin affected by various types of volcanic activity
(pillow basalts, volcanic ash layers, hydrothermal chert-
barite-veins) and extensional deformation (syndepositional
growth faults) during deposition (Nijman et al., 1999; Tadbiri
& Van Kranendonk, 2020; Van Kranendonk et al., 2008,
2019a). The studied succession preserves no sedimentary or
geochemical evidence for a volcanic eruption at the time of
deposition, but more regional geological mapping indicates
synsedimentary extensional growth faulting (Nijman et al.,
1999; Tadbiri & Van Kranendonk, 2020; Van Kranendonk
et al., 2019a, 2019b). It is therefore interpreted that seismic
activity associated with extensional growth faulting may

have triggered the tsunami event documented here, perhaps
via secondary mass movements (Ward, 2001). This is con-
sistent with deposition of the studied succession in a quiet-
water interval, in between subaqueous lava eruption events
(Figure 2). Moreover, the reworked sediments almost exclu-
sively consist of chert and carbonates, equivalent to the unit
directly underlying the tsunami deposit (Figures 2 through
5). This could indicate a nearby sediment source area and
might support a rather local event. For these reasons, local
seismic activity related to extensional growth faulting is re-
garded as the most plausible trigger of the Dresser tsunami
event, although other generation mechanisms (i.e. meteorite
impacts, volcanic eruptions) cannot be excluded.

4.3 | Possible influence of seawater
chemistry on sedimentary processes

The presence of abundant chert beds in the studied suc-
cession (Figures 2 and 5) and elsewhere throughout the
Palaeoarchaean successions of the Pilbara and Kaapvaal cra-
tons (Ledevin, 2019; Van Kranendonk, 2006) indicates that
Palaeoarchaean submarine sedimentation occurred under
high SiO, (and bicarbonate) concentrations of seawater
(Maliva et al., 2005; Siever, 1992). Highly SiO, enriched water
is known from today's Lake Magadi in Kenya—a potential
analogue for some Archaean hydrothermal environments
(Reinhardt et al., 2019)—where evaporation of lake water
causes the formation of brines with densities of up to 1.4 g/
cm’ (Eugster, 1970). In the Palaeoarchaean, active venting
of silica-rich hydrothermal fluids was pervasive (Hofmann
& Harris, 2008; Van Kranendonk, 2006), and perhaps par-
ticularly so in the restricted Dresser environment, result-
ing in even higher SiO, concentrations (cf. Tadbiri & Van
Kranendonk, 2020; Van Kranendonk et al., 2008). As a conse-
quence, the local seawater density was perhaps significantly
higher than in Phanerozoic oceans. Regardless of the exact
SiO, contents, it appears probable that a somewhat elevated
density may have influenced hydrodynamic conditions in
the Dresser Formation (e.g. current velocities, suspension
of particles), including high-energy depositional processes.
Nevertheless, a tsunami still seems like the most probable ex-
planation for the observed sedimentological features.

4.4 | Implications for Early Earth

The studied section dates back to ca 3.48 Ga (Van
Kranendonk et al., 2008) and thus predates the ca 3.47 Ga
tsunami-reworked impact ejecta beds in the Onverwacht
Group (Barberton Greenstone Belt: Byerly, 2002) and
Warrawoona Group (Pilbara Craton: Glikson et al., 2004).
Therefore, the studied example here represents the oldest
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recorded tsunami deposit on Earth to date and further
establishes the significance of high-energy depositional
events for early Earth's habitats. If the tsunami event was
triggered by the impact of an extraterrestrial body, then the
deposit would also be the earliest geological evidence for
an impact event. Regardless of the trigger mechanism, re-
sults presented here clearly corroborate the long-standing
hypothesis that Earth's earliest surface environments were
substantially affected by high-energy depositional events.
Such events were important in shaping the habitats in
which life emerged, for instance through the disturbance
of surface sediments, or the redistribution of nutrients in
the water column (Kanaya et al., 2015; Lowe et al., 2003;
Noda et al., 2007). This study is thus an important con-
tribution to understanding the emergence and survival of
life on Earth and, perhaps, beyond.

5 | CONCLUSIONS

The ca 3.48 Ga old Dresser Formation (Pilbara Craton,
Western Australia) provides a unique and valuable
glimpse into Earth's earliest habitats. A previously un-
documented, thin sedimentary succession within this
formation that was deposited in a relatively deep-water
setting below storm-wave base has been described.
Particularly noteworthy in this succession is the presence
of two clast-bearing debrite-turbidite couplets that ex-
hibit bi-directional flow structures. These sedimentologi-
cal features are best explained by high-energy inflow and
backwash currents associated with a single tsunami event.
The succession thus contains the oldest recorded tsunami
deposit on Earth. Although no direct evidence for the trig-
ger mechanism of this tsunami was found, the geological
context suggests a possible role of seismic activity related
to local extensional faulting. Collectively, these results
testify that Earth's earliest habitats were affected by high-
energy events such as tsunamis, and lend further support
to the idea that such events were important in shaping the
environments in which Earth's biosphere emerged.
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