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ABSTRACT

Submarine channd¢vee systems represent one of the most significant features of sediment transfer
on Earthand one of the final segments in sodt@asink routing systems. As such, they serve as conduits
as well as intermediate or final storage for large volumes of sediment, paleoenvironmental signals, and
pollutants on their way to the deep oce@wer the yees, these systems have been studied through a
variety of methods, including: (i) outcropping analogs; (ii) seismic data, occasionally integrated with core
analysis; (iii) numerical modeling and physical experiments, and more recently; (iv) repeatedamultibe
bathymetry and (v) direct measurement of sediment gravity flows. However, as we are able to show in
this study, there are still questions about the inherent evolution of these systems that need to be addresset

In this study, we focus on theedimentaryprocesses and depositional products of submarine
channellevee systems through the characterization, analysis and interpretation at different scales of
outcropping analog systems of the Upper Cretaceous Tres Pasos and Cerro Toro Formations in the
MagallaresAustral Basin.

In the first researcbhapter Chapter 2 we analyze the transition between laterally offset and
vertically stacked channels on a previously undocumented, sessalee outcrop of the Tres Pasos
Formation. This change in stacking pattbas been widely recognized in submarine channel systems,
however, the stratigraphic and sedimentologic details and implications to general conceptual models have
not been addressed in the past. Our observations indicate that in between these two déposition
architecture styles there is a significant phase of erosion and bypass at a eswaj@ddrr larger) and that
the relief achieved via this deep incision of one or multiple simultaneously active conduits was the
necessary condition to promote flow spiipg processes and associated overbank deposition. In addition,
we discuss the presence of an unusual-citennel lithofacies association observed directly overlying
one of these incisions, which we interpret to represent the-atokg expression ofdalforms associated
with supercritical flow processes that dmund in modern channels and some ancient chdithel

successions.



In the next researchhapter Chapter 3 we characterizea 500 m thickfine-grained dominated
sedimentary successionterpreed as overbank deposits of the Cerro Toro Formation that have been
affected by synsedimentary faulting and crosscut by an extensive injectite netlerkcale of this
outcrop allows us toesolve the relationship between sedimentary packages and strfiettiures that
are commonly overlooked or beyond the resolution of datasets derived from other bgpusiaghigh-
resolution measuremengnd quantitative analysis atan scale The orientation of synsedimentary
normal faults, paleocurrent directions, and characteristick&6 m thick sandstor@rone intervals
suggest a model of overspilling turbidity currents (from the main axial channel belt to themas$arge
leveeslope that might share deformational mechanisms with other depositional slopes

Finally, in Chapter 4 we usedetrital zircon UPb geochronology taletermine maximum
depositional ages of seven sandstone samples attributed to the axial -tiedtinoélthe CerroToro
Formation and shallownarine deposits of the Dorotea Formation, which extend the chronostratigraphic
framework for Ultima Esperanza 55 km southward to help reduce the gap between field sites in the Ultima
Esperanza and Magallanes provinces. Basdthese new data, we hypothesize thatatveglomeratie
rich deposits at this location, which have generally similar lithofacies and-deaige stratigraphic
architecture to the Cerro Toro Formation, are unlikely to represent the southward extensiomedif the
studied axial channel belt deposits to the north, and therefore they potentially represent their own sediment
routing system emanating from erosional catchments in thethHoldt belt to the west. This chapter
highlights the value of establishing ahronostratigraphic framework to reconstruct ancient
paleogeography in addition to interpretatimased purely on observable sedimentary parameters.
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GENERAL AUDIENCE ABSTRACT

Turbidity currents are one of the most common processes in irmci@epe environmenishey are
sedimertiaden flows that move downslope due toexcess of density caused by the sediment they carry.
They occur under avide range ofgeomorphologiconfigurationsone ofsucharesubmarine channel
leveessystems. A submarine charm@lee system is a composite geomorphologic feature in the ocean
floor consisting of a concave, lotiged sedimentary conduit flanked by parallel depositional highs that
is orders of magnitudengerin its downslope longitude than its width. These systems have a worldwide
distribution and can be found in every tectoretting. They represent one of the final segments in
sedimentary routing systems and their study is of great importancamerous reasons, including (i) as
hydrocarbon reservoirs, (ii) to mitigate submarine geological hazards that might affect human
infrastructure, (iii) their role in the carbon cycle as they transport and bury organic carbon, (iv) their impact
to the marine environment as they disperse husearced pollutants, and (their capacity to preserve

geochemical proxies that record past climate and tectonic history.

This dissertations divided in three research chaptéwsused ordifferent aspects dhe processes
and depositional products submarine channdétvee systemithrough the characterization, analysis and
interpretationat different scalesf analog ancient systems now exposed in the mountains of Southern
Chile. The use of outcropping sedimentary successions is a common practice to characterize and
understand magtn environments, as they provide an accessible record of their evolution through temporal
scales of hundreds of thousands or even millions of years. From a geologic point of view, this study is
located in the Chilean part tfe Magallanef\ustral Basn, which in the past was an ocean that reached
paleowater depths of ~2,000 m during the Late Cretaceous and that was subsequently filled with sediments
that form the different geologic units of the area. Here, we focus on two geologic units that reprgsent dee
marine sedimentation in this ancient ocean, known as the Tres Pasos and the Cerro Toro formations. Oul
study rangesrdm thedetailed stratigraphic characterization of the transition between two different styles
of stacking patterns widely recognizedsuromarine channel systemrsd its implicationsto the influence

of sedimentary structuresn hundreds of meters of fingrained sediments depositedararge levee



subjected to failure, and these of tiny minerals known as zircons to constrain the depus ageand
paleogeography associated doarsegrained deposits historically attributed to a >150 km long axial
channelbelt.

The results presented here do not only serve to hettkarstand the configuration of ancient deep
marine deposits in thisapt of the world, but also have implications to improve our understanding of the
fundamental sedimentary processasd the depositional producis deepmarine environments

worldwide.
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1| INTRODUCTION

This dissertation consists of three main research chapters (Chaptethad summarize three
independent research projects. These chapters are designed and formatted to facilitate future submissiol
to peerreviewed journals. The common theme connecting the three research chapters is the investigation
of sedimentary processes and depositional products of submarine eleapretystems through the
characterization, analysis, and interpretation at diffeseales of analog ancient systems now exposed in
the mountains of the Magallanes Region in Southern Chile

The geologic record outcropping in this part of the world is the Magalauasisal Basin and its
associated foldhrust belt, comprising the sowetim region of Patagonia in Argentina and ChHey(re
1.2A). The Magallanegustral Basin (MAB) is a retroarc foreland basin formed in response to the Andean
Orogenesis in a compressive tectonic setting during Late Cretaceous to PalEegeri&63Bruhn and
Dalziel, 1977;Dalziel, 1981; Wilson, 1991; Fosdi&k al, 201]). Unlike most retroarc foreland basins,
which aretypically dominated by shallownarine and nonmarine strata, the MAB accumulated more than
~4,000 m of deejnarine strata during@eriod of ~2Qo 25 Myr of its depositional evolution. This long
lived deepmarine foredeep was the result of a predecessor extensional phase associated with-the break
up of Gondwana during mildte Jurassic and Early Cretaceous that culminated in thengpehthe
Rocas Verdes baeirc basin (RVB) and thdevelopment of an attenuated cr(isatland et al., 1974;
Dalziel, 1981; Biddleet al, 1986; Wilson, 1991; Pankhustal, 2000; Stern and De Witt, 2003; Fildani
and Hessler, 200Romanst al, 2010.

The studied strata are located betwee?®30n d 52 A106 S an dmaime€ern dorot o f
and Tres Pasos Formations, which have been interpreted to represent the peak in subsidence and initi
fill of the MAB during the Late CretaceouBigure 1.2B) (Katz, 1963; Scott, 1966; Smith, 1977; Winn
and Dott, 1979; Shultet al, 2005; Romanst al, 201).

Chapter 2,The stratigraphic expression of early channéll deposits during the evolution of
submarine slope channels in the Upper CretaceoussTRasos Formation, Magallanes Basin, Chile
provides new insights into the evolution of submarine channel systems by analyzing the stratgcaphic
sedimentologidetails of the transitioffom highly amalgamated and laterally offset to aggradational and

vertically stacked submarine channels. This change in stacking pattern has been widely recognized in



similar systems around the world and with various types of datao(irdette, 2007; Deptl et al, 2007;
Hodgsonet al, 2011; Engleret al, 2020, however the bedcale details and implications to general
conceptual models have not been addressed in the past.

In this study, we characterize a previously undocumented, sessalie outcrophiat features those
widely recognized aspects of submarine channel evolution systems. The boundary between the underlying
laterally offset and the overlying vertically stacked stacking patterns is defined by a composite erosional
surface (up to ~35 m reliefwith two adjacent elemessicale channelized incisions with contrasting
sedimentary infills: (1) an eastern incision consisting of typical chdilhdéposits and (2) a western
incision filled with a distinctive mudstone dominated thinnimgnd finingupward succession with

mudclastrich sandstones at its base.

Our observations indicate that in between these two depositional architecture styles there is a
significant phase of erosion and bypass at a corrgaabe (or larger) and that the relief achievidthis
deep incision of one or multiple simultaneously active conduits was the necessary condition to promote
flow stripping processes and associated overbank deposition. We also document an unusbahmgta
lithofacies association observed direatlyerlying the western incision is interpreted to represent the
stratigraphic expression of the earliest deposits of an active submarine channel. These strata were
preserved due to the abrupt abandonment of this specific channel pathway (as the adjasagt pa
became the main active channel), which resulted in these deposits that record the early stages of channe
filling being covered with fingrained overbank depositsinally, we discuss the possibilithat these
early-stage channdill deposits repesent the alongtrike expression of bedforms and similar features
associated with supercritical flow processes thataned in modern channels and some ancient channel

fill successions.

Chapter 3,Stratigraphy and syrdepositional faulting of an overbak succession in a large
submarine channelevee system, Upper Cretaceous Cerro Toro Formation at El Chingue Bluff,
Southern Chile highlights the influence that syndepositional deformational structures can have on
otherwiseuniformoverbank deposits. Anpsct that has been largely overlooked and that has the potential

to cause misleading interpretations if not considered

Here, weuse highresolution measuremenasid quantitative analysis aten scale to characterize

an extensivdine-grained dominatedadimentary succession (~500 m thick and 2 km acrafésgted by

2



synsedimentary normal faultingrhe scale of this outcrop allows us to integrate ‘mggolution
sedimentologic parameters into a spatial scale comparable to seflextion data and leveassociated

with submarine channetdservedn continental margins. Objectives of this study arélijdCharacterize
sedimentary parameters of a mostly thedded turbiditic succession coeval to axial chabeéldeposits

of the Cerro Toro Formation atlocation where erosion by sediment gravity flows is interpreted to be
minimal; (2) Integrate stratigraphic and sedimentologic features and trends into an outcrop with
dimensions comparable to seisméflection data; and (3) Resolve the relationshipvben sedimentary
packages and structural features that are commonly overlooked or beyond the resolution of datasets
derived from other sourceghe orientation of synsedimentary normal faults, paleocurrent directions, and
characteristics of 236 m thick andstoneprone intervals within the ~500 m thick succession suggest a
model of overspilling turbidity currents (from the main axial channel belt to the we&stglly, the
relationship between sediments and extensional features in the context e$ltpeedynamics and

foreland basin evolution is discussed.

Finally, in contrast to previous chapters, chapt®etiphering the depositional age of coarse
grained deepmarine sedimentation in a previously undocumented location in the Magallanes Foreland
Basin, Southern Chile relies on detrital zircon #b geochronology tdetermine maximum depositional
ages and extend the chronostratigraphic framewoRanfielset al. (2019) 55 km southward to help
reduce the gap between the field sites in the Ultasperanza and Magallanes provinces. The focus of
this study is aconglomeratierich succession historically assumed to be the southward extendgiom of
axial channel belbf the Cerro Toro Formation. We also provide maximum depositional ages for the
shalbw-marine Dorotea Formation, which serves an upper boundary for the Tres Pasos Formation, which

is not exposed in this region

We report maximum depositional age data for 9 samples, using an analytical technique that reablates
the youngest zircon grains ansample in order to improve accuracy of the statistical determination of a
maximum depositional age. Based on these new data, we hypothesize that the congloohedaposits
at this location, which have generally similar lithofacies and laogdée sratigraphic architecture to the
Cerro Toro Formation, are unlikely to represent the southward extension of tretudedd axial channel
belt deposits to the north, and therefore they potentially represent thesemlmentrouting system
emanating fromerosional catchments in the faldrust belt to the west. In addition, our maximum

depositional ages from the overlying Dorotea Formation show that these shadline units are

3



generally coeval to similar deposits to the north. Our resughklight the value of establishinga
chronostratigraphic framework to reconstruct ancpaiéogeography in addition to interpretattmased
purely on observable sedimentary parameters.
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Figure 1.1: (A) Geographic location of the reseantiapters in the context of the Magalla#asstral Basin(based
onWilson et al, 1997 modified fromRomanset al, 2010; Malkowskekt al, 2017§). (B) Location of the
research chapters in the lithostratigraphic context of the Magalfaustsal Basin in the Ultima Esperanza
Province(modified fromWilson, 1991; Fildanet al, 2003; Fosdiclet al, 2011; Schwartet al, 2017; Georget
al., 202Q.
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ABSTRACT

The transition from highly amalgamated and laterally offset to aggradational and vertically stacked
submarine channeis a pattern that has been widely recognized in seismic reflection datasets as well as
in outcrop belts of channel systems around thbeaglélowever, the sedimentary and stratigraphic details

of suchanimportant part of channel evolution and its implications have not been discussed.

In this study, we address that ghp characterizing a previously undocumented, seistade,
outcrop of tle Upper Cretaceous Tres Pasos Formation that features those key aspects of submarine
channel evolution systems. The 750 m long by 300 m thick outcrop records the transition between a
laterally offset/lowaggradational channel complex and a vertically stdckggradational complex
associated with the development of an internal levee that further enhanced aggradation. The boundary
between both complexes is defined by a composite erosional sfugetoe~35 m reliefjvith two adjacent
elementscale channelizkincisions with contrasting sedimentary infills (an eastern incision consisting of
typical channefill deposits and a western incision filled with a distinctimedstone dominatatiinning

and finingupward succession with mudclagth sandstones asibase).

These observationadicatesthat,in between these two depositional architecture styles there is a
significant phase of erosion and bypass at a conrgilale (or larger)The relief achieved vithis deep
incision of one or multiple simultaneoyshctive conduits isnterpreted to baecessary to set up the
conditions for flow stripping and subsequently overbank depositi@ddition,the unusual intrghannel

lithofacies associationbserveddirectly overlyingthe western incisiois interprete to represent the



stratigraphic expression of the earliest deposits of an active submarine channel preserved due to the abrug
abandonment of thisathwayand the development of an adjacent conduit (the eastern channel), which
resulted in the former beingpvered with finegrained overbank depositd/e alsodiscuss the possibility

that these deposits represent the alstnigge expression of bedforms, cyclic steps, and similar features

found in modern channels.
Keywords: Channel architecture, channel ealyolution, slope channels, Tres Pasos Formation
21| INTRODUCTION

Submarine channels are sedimentary pathways characterized by a downslope longitude orders of
magnitude greater thaheir width (Mutti, 1977; Mutti and Normark, 19§.7Theyrepresent one of the
most significant features of sediment transfer on Earth and one of the final segments tossinfce
routing systemsGovaultet al, 2011; Normarlet al, 1993. As such, they serve as conduits as well as
intermediate or final stage for large volumes of sediment, paleoenvironmental signals, and pollutants on
their way to the deep oceddl(m et al, 2018; Castelltoret al, 2017; Fildanet al, 2016; Romanst al,

20169. Over the years, these systems have been studied throwmiety of methods, including: (i)
outcropping analogBgrnhardeet al, 2011; Cascianet al, 2019; Engleret al, 2020); (ii) seismic data,
occasionally integrated with core analysigptucket al, 2003; Posamentier and Kolla, 2003; Mal|

al., 2006; Hubbarcet al, 2009; Janocket al, 2013; Qinet al, 2016; (iii) numerical modeling and
physical experiments$S{raubet al, 2008; Sylvesteet al, 2011; De Leeuwt al, 201§ and more recently;

(iv) repeated multibeam bathymetmyiggeet al, 2018; Heijneret al, 2020; Hughes Clarke, 20)L&nd

(v) direct measurement of sediment gravity floWsiipounoff et al, 2003; Vangriesheiret al, 2009;
Paullet al, 2018; Stacet al, 2019; Maleret al, 2019; Baileyet al, 202]). Each one has sad to
revealdistinct aspectf these systems, for example, the protracted and complex history of sediment
bypass, erosion, and deposition in intaad outof-channel deposits, as shown by abrupt changes in
lithofacies in outcropping successiorisciwarz and Arnot, 2007; Di Celmeet al, 2011; Kaneand
Hodgson, 2011; MacaulegndHubbard, 2013; Bain and Hubbard, 2016; Blal, 2021); the changes

in depositional architecture reflected by the transition from lateral to vertical stacking patterns and
composite basal surfacese( diachronous incisional surfaces) seen at numerous scales in seismic
reflection datasets and largeale outcropsL@bourdette, 2007; Deptuakt al, 2007; Hodgsoret al,

2011; Englereet al, 2029 (Figure 2.1); or bydirect monitoring, the mechanisms by which everdle



processes shape and fill active submarine chanrelseet al, 2018; Paulkt al, 2018; Vendettuolet
al., 2019.
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Figure 2.1: Examples from the transition from latdyabffset to vertically stacked channels in different types of
datasets(A) Strike-oriented seismic reflection profile across the Beavlmior channelevee system, offshore
Nigeria (adapted fronbeptucket al, 2007. (B) Strike oriented crossection of the Upper Cretaceous Nanaimo
Group, British Columbia, Canada (adapted franglertet al, 2020. Note that, despite the different scales and
data type, both systems show a simiifansition from laterally offset to vectlly stacked channehattern. Dashed
and continuous red squares represent the scitpuos 2.5 and 2.14 respectively

However, despite all the advances, each method has inherent limitations resulting in gaps: the
depositional products observed in oofis commonly represent only the final stages of channel evolution,
and therefore a small, and potentially biased, fraction of the actual history of the channel system
(McHargueet al, 2011; Stevensoet al, 2014; Hubbaret al, 2014; BailandHubbard,2016; Liet al,
2018; Engleret al, 2020; seismic datasets lack the stratigraphic and sedimentologic details provided by
outcrops l(abourdette, 2007; Hubbaret al, 2020; and seafloor surveys, direct observation and
monitoring of turbidity current amucted daily over weeks/months, seasonally, or even over the course
of years might still miss the more rare and large magnitude events, which also may exceed the monitored
area Yangriesheinet al, 2009; Vendettuolet al, 2019.

In this study, we appexh these limitations by characterizing an exceptional, previously
undocumented outcrop of the Upper Cretaceous submarine slope channel system of the Tres Paso
Formation in the Magallanes retroarc foreland basin of @hagprovidesthe opportunity to discuss the
sedimentological and stratigraphic expressions(ipfthe transition from laterally offset channels to
aggradational channels in the context of a seistate channel system aig the depositional products
during the early pases of channel evolution.



22| GEOLOGIC SETTING
2.2.1| The MagallanesAustral retroarc foreland basin

The Magallaneg\ustral Basin (MAB) contains more than ~4,000 m of deeyer stratigraphy. Its
origin is attributed to rapid convergence aodsequent inception of the Andean orogeny during the Late
Cretaceous coupled with attenuated lithosphere derived frordateidlurassic to Early Cretaceous
extension(Bruhnet al, 1978; Pankhurst al, 2000; FildaniandHessler, 2005; Calderaet al, 2007,
resulting in the development of a fefldrust belt linked with a narrow S elongated retroarc foreland
basin that subsided to bathyal water deptlus(icket al, 2011. The onset of deewater sedimentation
in the MAB is defined by laterally extsive tabular sandch turbidites of the Punta Barrosa Formation
(~100-90 Ma; <1000 m), deposited in unconfined to weakly confined submarine fan syst&rasi et
al., 2003; Romanst al, 2011, Danielet al, 2019. Ongoing convergence and subsidemseilted in the
transition to the fingrained deposits of the Cerro Toro Formation (890Ma; ~2000 m), which in its
upper section is characterized by a >400 m thick conglomeratic h i nt er val , i nform
Sof i a Member 0e part af dnexiapchaanbldt dysténdf{ath 1963; WinrandDott; 1979;
Romanset al, 2011; Bernhardet al, 2011; Malkowskiet al, 201§. As basin subsidence diminished,
accommodation was eventually outpaced by sediment deposition, beginningrigesfdlje of the deep
marine phase of the MAB, recorded by the Tres Pasos{284a; 1200 1500 m) and the shallowater
Dorotea Formations (~783 Ma; ~1250 m thick){atz, 1963; Natlanét al, 1974; Smith, 1977, Romans
et al, 2010; Hubbaret al, 2010; Daniel®t al, 2018, 2019; Georget al, 2029 (Figure 2.2).

2.2.2| The Tres Pasos slope system

Fold-thrust belt tectonics and Pleistocene glaciations resulted in the superb exposure of Late
Cretaceous sedimentary units in southernmost Chifpute 2.20 (Fogwill and Kubik, 2005; Garciet
al., 2018, 2015, 20D)4Here, the Tres Pasos Formation is exposed for >100 km along #saottt) east
dipping monocline that crops out intermittently from the town of El Calafate (Argentina) to the north, to
the town of Puerto Natales (Chile) to the south. The lithostratigraphic base of the Tres Pasos Formation is
defined by the first significant sandstone succession overlying-dbaleated deposits of the Cerro Toro
Formation, whereas its top is markedtbg transition into sandstom®minated deposits of the Dorotea
Formation Katz, 1963; Smith, 1977; Macellaet al, 1989; Shultzt al, 2005; Covaulet al, 2009;
Romanset al, 2009.
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Figure 2.2: Geologic andtratigraphic contextA) Generalized lithostratigraphic column for the Magallanes Basin
in Ultima Esperanza Province, southern Chile. Modified from Wild@91), FildaniandHessler 2005, Fosdick
et al. (2011), Schwartzet al. (2017); Age constraintfrom Danielset al. (2019. (B) Geographic location of the
studied area and other known outcrops of the Tres Pasos Formation (yellow stars point out populated areas; Satellite
image from Google Earth{C) Geologic map of the studied area (modified fronsdiok et al, 2011). Cross
sectionAAd6 is sho28n in figure

Lithologically, this unit is characterized by a basal succession of up to ~800 m of amalgamated
masstransport deposits (MTD) with lenticular to tabular sandsfmose intercalations, intergted as
lobe deposits, that onlap onto unstratified MTD deposits at Cerro Divisadero, Cerro Cagual, Sierra
Contreras, and Cerro Jorge Moriith(ltizet al, 2005; ShultzandHubbard, 2005; Armitaget al, 2009;
Romanst al, 2009; Auchteet al, 2016. The middle portion of the formation consists of a ~600 m thick
succession of fingrained turbidite deposits with 100s m thick sandstictesuccessions interpreted as
stacked slope channel and local MTDs3(b m thick) deposits exposed in the area ofopar Picana,
Laguna Figueroa, and Sierra Solabarri€tau(tzet al, 2005; MacauleyandHubbard, 2013; Hubbarek
al., 2014; Pembertoet al, 2016, whereas the upper part is dominated bydsthinated turbidite
successions that transition into thick arwérsegrained deltaic strata of the Dorotea Formatioovault
et al, 2009; Baueet al, 2020 (Figure 2.2A).
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From a paleogeographic perspective, the Tres Pasos and Dorotea formations form a partially coeval

high-relief shelf and slope depositional 8® that records the axial filling of the Magallawfasstral

Basin through southward prograding clinoform systefiese clinoforms are representsda series of
resistant ridges of turbiditic sandstones or conglomeratic sandstmséope channels) &t developed in
palecwater depths that reached >1000 m during the early fill of the baigjaré 2.3) (Natland,et al,

1974; Covaultet al, 2009; Romangt al, 2009; Hubbaret al, 2010; Macauleyand Hubbard, 2013;
Baueret al, 2020. A thorough gechronologic analysis carried out by Danietsal. (2018 determined
four distinct phases of slope evolutibased orclinoform architecture ankihked tobasinscale controls,

confirming also the diachronous fill of the basin to the south.

A ElChingue BIuff/C. Cazador  C. Solitario A.Picana&L.Figueroa S.Solabarrieta S.Dorotea A’

N <<— E | ; T

+— 20001
2000 E

o

orotea Fm.

2000 ] E
2500 4<% J;E_ 1 2000,

1000

=
3]4) 500

A\
A

Tres
Pasos Fm.

:{\ “
*ﬁ@

Stratlgraphlc interval ’
of this study ﬁ

Cerro
Toro Fm.

Section Legend Cross section Legend

= Sandstone [ Topset/marginal marine/continental deposits 1\65 g % _::(1)(5)"
. ] Fine-grained-dominated slope/basin-floor deposits X 2 2571 5°
Siltstone/mudstone [ Coarse-grained-dominated slope/basin-floor deposits 3

Mass-transport deposit [ MTD-dominated slope/basin-floor deposits 5km
(MTD) [ Fine-grained-dominated basin-plain deposits (Cerro Toro Fm)

— Stratal surface --- Interpreted stratal surface

Figure 2.3: Location of this study in the context of the Tres Pasos slope system. Interpretativienlipd cross
section is based on outcrop observations by previous authors (modified fromeBalie2020). Rose diagrams
have beemotated 90° counterclockwise to match the orientation of the outcrop (left = north).

23| STUDY AREA AND METHODS

In this study we investigagdope channaleposits of the Tres Pasos Formation expostatiiomas
Rogers Ridge located in the Ultima Esperanza DigtBiotithern Chile). The studied area is part of a 6.8
km long, northsouth oriented, previously undocumented outcrop belt, that runs parallel to the highway,

approximately 27 km north of the townB@ierto Nataleghere we use the name Sierra Solabarrieta, after
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the landowner, Mr. Ciro Solabarrieta, to refer to this specific part of the Tomas Rogers Ridge). The
deposits of this study are located ~10 km south of the exposures previously roggyadailey and
Hubbard(2013 and Hubbaret al.(2014), and ~14 km south frothose of Pembertaet al.(2016, along

the same general sediment pathvwjieg. within the same mapped clinoform systemdwever precise
correlation between outcrop beltdiaderedoy a 1.5 km wid€&W orientedglacial valleyof the Chorrillo

Tres PasadAt Solabarrieta Ridge, the eapping Tres Pasos Formation is exposed in reotlth scarps
dissected by eastest orented gullies, providing exceptional 3D perspectives of sandsitmeslope
channel deposits. This study is focused on a 750 m long by 300 m thick exposure along the most

pronounced gully, in the center of the outcrop feljure 2.4A).

Sierra Solabarrieta main gully . N - Looking east
2 ‘ % AN 2

Road to
Puerto Natales

. Observation

—~ (U] point of Fig. 10

~100 m

- 4
paleoflow direction 162°
(based on sole marks)

g } Stratigraphic sections shown in figure 14

Figure 2.4: Overview of the studied outcrofA) View towards the east showing the location of the study area in
the context of Sierra Solabarrieta. Overall paleoflow is to the @§HEhotomosaic extracted from drebased
photogrammetry showing the stratigraphic interval and measured sections considered in thi/Isiiedgnd
yellow lines represent the measured stratigraphic sections.

The outcrop was characterized using a combination of field mapping and observatiomseédnha
with aerial imagery and the use of a differential global positioning system (dGPS) for surface correlation.
The framework is provided by ~1,800 m of measured stratigraphy at 1:40 scale distrib@sddtidhs
that document bed thickness, verticahig-size variations, sedimentary structures, and bed contacts
(Figure 2.4B). Correlation between sections, facies interpretation, and depositional architecture
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characterization were made through observation supported by photomosaic analysis, thoudaads of
points collected across prominent stratigraphic surfaces using a dGPS and improved with-ftoacture
motion (SFM) 3D photogrammetry based on ground and unmanned aerial vehicle (UAV) imagery using
Agisoft Photoscan®. Paleocurrent measurements (n 9% #0m sole markse(g, flutes, tools and
grooves; 60%), sedimentary structuresg( ripples surfaces and imbricated clasts; 13% and 23%,
respectively) and erosive surfacesg scour edges; 4%) show an overall paleoflow azimuth of 175°
(162° for soé marks). Thus, slope channels at this location can be assumed to intersect the most
pronounced gully perpendicularly and run subparallel to Solabarrieta Ridge towards the south, allowing

us to characterize these deposits along their depositional stdldmfrigure 2.5).

2.4| RESULTS
2.4.1| Sedimentary lithofacies

Previous studies have provided a sedimentological framework to describe the deposits of the Tres
Pasos Formation. Macauley and Hubb&®@lQ utilized the term sedimentation unit as an eglaut to
facies to define the depositional products of individual sediment gravity flows, however, similarly to
Pembertoret al. (2016, their smallest descriptive order corresponds to sedimentation unit associations
(i.e., facies associations). Hubbaedl al. (2014 divided the fill of slope channels into thitlkedded
sandstone, thinly interbedded sandstone and mudstone and mygisto@efacies, which can be

correlated to Macauley and Hubba#®{3 sedimentation unit associations.

In this study we desdye nine lithofacies (LF), distinguished by bed thickness (as defined by
Pickering and Hiscott, 201%, dominant grain size (visible in the field), sedimentary structures, and
turbidite divisions. Each one the result of individual subagueous sediment §avgyand its interaction
(e.g, high- and lowdensity turbidity current or cohesive density flow) (8fguma, 1962; Lowe, 1982;
Talling et al, 2019. The lithofacies include: (i) a spectrum ranging framalgamated thickedded
sandstone with mudstone intraclasts (mudclasts) €f td-siltstone with sparse sandstone laminae of LF
6; with decreasing levels of sandstone bed thickness, dominant graiansl variable sedimentary
structures in between EE and LF6; (ii) structureless siltstone of EF, and (iii) disorganized gravelly
matrix-supported mudstone and contorted beds e®lahd LF9. A detailed description of their physical

attributes andniterpretation of their depositional processes is providédune 2.6 andtable 2.1.
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Figure 2.6: Stratigraphic and outcrop expressions of lithofacies at Solabarrieta Ridge (rock hammer is 28 cm long
and 16 cm wide; |l ens cap is 7 c¢m i(A) Rdareaemativedithgfacieska c o b
section profiles(B) Imbricated mudstoe intraclasts in thickto verythick bedded sandstone of 11Foverlying

thick- to very-thick bedded massive sandstone of2.FC) Amalgamated sandstones of-lFand LF2 with erosive
surfaces defined by mudclast la@3) Detailed example of an amalgatioa surface marked by flame structures
above spaced laminated sandstones e2L{E) Extrabasinal clasts and shell fragments occasionally observed at
the base of LA and LF2. Inset showing the inner structure of an inoceramid stiglNVertical transiion from

thick- to verythick sandstones of LB to medium to thick bedded sandstones of-BF overlain by massive
sandstone of Lf2. (G) Planar lamination and diffuse ripple lamination (Bourpard Tc) with organierich matrix
observed at the top of LB. (H) Thin- to mediumbedded sandstones of 44Fand LF5 with organierich matrix
interbedded with verghin siltstone beds(l) Very thinrbedded sandstone of 3 with ripple lamination.(J)
Siltstone with starved rippled sandstone laminations of6Lmset showing a magnified starved ripp(&)
Structureless siltstone of EF, commonly covered by the local vegetatigin) Sandy mudstone of -B with
extrabasinal gravel sized clagfisl) Contorted beds in otherwise massive siltstone indicative ¢.LF
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2.4.2| Lithofacies associations

The next order of classification groups mappable, systematic combinations of lithofacies into
lithofacies associations (LFA). We distinguish six LFAs grouped into three categories based on their
interpreted location and processes associated with theediffeubenvironments found in slope channel
levee depositional systems. A summary of the characteristics for each LFA is providble in.2and
figure 2.7.

Table 22: Summary of lithofacies associations of the Tres Pasos Formatthe study area.
Recognized lithofacies

Environment Category Lithofacies Association . Subenvironment
in order of abundance
LFA-1: Very thick to medium Primary: LF2, LF1 Channel axis
bedded amalgamated sandston: Secondary: LR3
LFA-2: Medium to thick . .
bedded semamalgamated to Primary: LF3’ LF4 Channel offaxis
DEERMARINE Channefil nonamalgamated sandstone Secondary: LF5, LF-2
LFA-3: Thin-bedded non Primary: LF5, LF4 .
. Channel margin
CHANNEL amalgamated sandstone Secondary: LF6
LFA -4: Lenticular thin to Primary: LF6, LF-3, LF4,
and mediumbedded semito non LF-1 Early channel fill
amalgamated sandstone Secondary: LF5
LEVEE LFA-5: Very thin to thin Primary: LR6,LF-7, LF5  Overbank (Intemal

Outof-channel bedded noramalgamated
sandstone

LFA-6: Disorganized mudstone
with contorted sandstone beds

and gravelly mudstone

Secondary: LH, LF-3 levee)

Nontstratified
and chaotic

Primary: LF8, LF9
Secondary: LF

Mass wasting and
debris flow deposit

Intra -channel lithofacies associations

Intra-channel (or channill) LFAs are the result of deposition within lodiyed sedimentary
pathways across the slope. However, despite being volumetrically restricted to a channel at any given time
when active, e continuous migration, aggradation and coarser grainsize of its deposits summed to the
unpredictability of the erosion when exhumed, result in prominent andewmblsed successions that
rarely preserve a channelized geometry. In the studied intertr@civannel lithofaciaes associations
reach up to 55 m in thickness when stacked. Lithofacies associations described in this section complement
the observations made in equivalent deposits by Macankgyubbard 2013 and Hubbaret al.(2014)
for channé&fill deposits (LFAL, LFA-2 and LFA3) and adds a new classification (L¥Athat is relevant

to the interpreted channel evolution in this area.
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Figure 2.7: Stratigraphic expressions of lithofacies associations (see ffufer column location and figur2.6

for legend).(A) Thick bedded lithofacies association attributed to channel axis-QFf8) Medium to thin-
bedded noramalgamated sandstones atttédulito channel ofixis and margin (LFA and LFA3). (C) Thickening
upward transition from neamalgamated to amalgamated sandstones representative of channel maregxiso off
to axis lithofacies association (LFAto LFA-2 to LFA-1). (D) Channel axisithofacies association overlain byp
interbeddedining and thinning upward succession attributed to early chditirggposits (LFA1 and LFA4). (E)
Thin-bedded, mudstone dominated deposits interpreted as an internal leveB)(LFA

LFA-1: Very thick to mediumbedded amalgamated sandstone
Description

LFA-1 makes up most of the described stratigraphic sections in the studied area. It is characterized
by a combination of amalgamated thidk very thickbedded, coarsgrained mudclastich sandstone
(LF-1) and mediumto very thickbedded structureless sandstones-2L&nd LF3) in successions up to
~35 m thick, with individual beds between 0.25 to 6.5 m thkigures 2.6B, 2.6C, 7A and 2.7D).
Contacts between amalgamated beds are commabaiy but can be difficult to observe when the contrast
between the top and basal grainsize is low. The basal surface of this LFA is sharp, flat to undulous,
composite in nature and may erode into other LFAs producing channelized geometries with >lief of re
(Figures 2.8A and 2.8B), commonly preserving sole marks when in contact with-gireened deposits,

whereas the top is commonly sharp and flat without signs of erosion.

Internally, beds are normally graded, from coansefine-grained structurelessasdstone (I
division) with occasional dewatering structures, although in some cases spaced planar lamination may be
present at the bases(@vision) and planar and ripple lamination at the topafid T divisions). Granule
and pebblesize grains are comonly present at the base of the thickest beds, occasionally accompanied
by oyster and/or inoceramid bioclast fragmefiigire 2.6E) and mudclasts. Mudstone intraclasts are
rounded to subrounded with a prismatic to discoidal shape that range from allfevgtars up to >60
cm in diameter, occasionally imbricated, forming basaldapported conglomerates or restricted lenses
within LFA-1.

Interpretation

LFA-1 is interpreted as the result of focused kighnsity turbidity currents. Concawgward
amalganation surfaces in sandstesandstone contacts and the presence of sole marks in sandstone
siltstone contacts suggest erosion by turbulent flows, where thgrameed portion of the deposit is
removed and/or incorporated into subsequent flows. Highggrerdload transport and erosion are also

recorded by imbricated rounded mudclasts, some of which still preserve internal laminations suggesting
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Ar-upo processes that i ncorporate the egqtoovg, sub
1982; Buter andTavarnelli, 2005 The presence of mudclasts and extrabasinal gssed grains at the

base of thickbedded sandstones has also been interpreted by Stewsnslo(2015) as the result of
bypassing flows in axial channel fills€., only the carsest sediment is left behind). Rapid deceleration

or collapse of highdensity flows is manifested by dish and pillar dewatering structures in otherwise

structureless sandstone, although tractional processes are also present.

LFA-1 groups the thickest sdstone beds in the outcrop, with evidence for erosion, bypass, and
deposition suggesting sediment accumulation along the channel thalweg; thus, representing the channel
axis .g, Mutti andNormark, 1987; Beaubouef, 2004; McHargteal, 2011; Macauleyand Hubbard,

2013.

LFA-2: Medium- to thick-bedded amalgamated to searnalgamated sandstone
Description

LFA-2 is composed aimalgamated to seramalgamatededium to thick-bedded sandstomeds
of LF-3 and LF4 in successions that reach up to ~1@nrthickness(Figures 2.6F, 2.7B and 2.7C).
Individual sandstone beds range from 0.2 to 1.0 m thick and tend to exhibit most Bouma divisions, from
mediumgrained (rarely coarsgrained) structurelessandstone (Fdivision) that makes up most of the
bed to finegrained planar and ripple creksninated sandstone {Tand T divisions) which is
occasionally capped by very figgained sandstorsltstone laminations and/or siltstone that rarely
exceed &m thick (Ts and Te divisions). In some beds, an organich matrix, commonly accompanied
by an increase in bioturbation, can be distinguished by an oxidized red to orange colortm Very
fine-grained sandstonesigure 2.6G). Mudstone intraclastsvhen present, are mostly observed as
isolated clasts <5 cm in diameter dispersed randomly throughout the bed. The bas€a$ icBAamonly
a sharp contact with LFA or LFA-3 (Figures 2.8A and 2.8B), although it has also been observed to
transition lateally to these LFAs.

Interpretation

The presence of most, if not all, Bouma divisions within EFAuggest that sediment deposition
results mainly from highto low-density sediment gravity flows. Structureless sandstones are indicative
of rapid fallout wthout the time to develop tractional structures, as the flow energy decrease planar and

ripple laminations begin to form until mud start falling out of suspenfiome, 1983. The $atial
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distribution and thinner and fingrainednature of sandstonéeds of LFA-2, which arelateralto and on
occasion truncated by LFA, suggest a location that is adjacent to the chamnglf.e. channel offaxis;
Macauley and Hubbard 2013; Hubbaicdal, 2014 where deposition prevails over erosion, resulting in

higher number of comparatively thinner beds and the preservation of upper Bouma divisions.

LFA-3: Thin-bedded noramalgamated sandstone
Description

LFA-3 is dominated by interbedded fine to very fgrained sandstone and siltstone of%,fhon
amalgamated thirto mediumbedded sandstone of 4and occasional siltstone with sparse sandstone
laminae of LF6 and structureless siltstone of-ZHFigures 2.6H, 2.7B and 2.7C). Thicker sandstone
beds of IF-3 are rarely present in between thinner beds. Individual sandstone beds are normally graded
and less than 15 cm thicKhey arerarely structureless, sometimes exhibit planar laminatie)) Ot
more commonly ripple lamination gfandare capped by thner siltstonesandstone laminations ()T
and/or siltstone beds of less than 3 cm thick (except whes ikFpresent). Thibbedded sandstones of
LF-5 and sometimes |-B areoftenhighly bioturbated andontain oxidized organic material in the matrix,
giving them a red to orange color. Undulating bases due to ripples of underlying beds are common. The
base and top surfaces of LF3Aare sharp and commonly flat, although LBAave been observed to fill
erosive surfaces as wellith thin-bedded sandstoneslapping on thickbedded sandstones of LFA
(Figure 2.8A and 2.8B).

Interpretation

We interpret LFA3 as the product of lowdensity sediment gravity flows, whether by themselves
or as the lateral or tail portion of bypassing higmnsity turbidity currentgesulting in thinbedded planar
and ripple laminated sandstones and sandstittiséone laminations deposited by traction of sand grains
and silt falling out of suspension simultaneously from a waning flow. The depositional product will be
oftentimes erded by subsequent flows, causing abrupt lateral facies chdrge thick-bedded
sandstones of LFA to the thirbedded sandstones of LF3\ although on occasion a gradual lateral
transition from LFA2 is observed. Based on these observations, it is ratetpthat these deposits
represent the laterally furthest region of the chafili€li.e., the channeimargin;Macauley and Hubbard
2013; Hubbarabt al, 2019.
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semt to nonamalgamated sandstones of LBA(D) Lenticular sandstone beds onlapping towards the orasi
surface(E) Detail of onlapping beds

LFA-4: Interbedded mudstone withehticular thin- to mediumbedded semito nonamalgamated
sandstone

Description

LFA-4 is observed overlying a sharp incisional surface with ~25 m of relieftbiekrbedded
structureless sandstones of LEAetween sections 12 and Figures2.5 and2.8C). Unlike other LFAS,
its spatial distribution is limited to just this location. The deposits of-UFgke characterized by an overall
upward fining and thinninguccession that ranges from remalgamated, thickedded, very coarsé
coarsegrained, mudclagtich structureless sandstone of-ILRo siltstone with sparse sandstone laminae
of LF-6 (Figure 2.7D). The basal portion of this LFA, directly overlyingetlowest areas of the incisional
surface, is dominated by very coapgained sandstones with occasional granaled pebblesized
extrabasinal clasts and mudclast rich 1LLEvhereasipwardssandstone bedseconsiderably decreade
in thickness, grainsizand mudclast content. The middle portion is characterized by an intercalation of
amalgamated and neamalgamated structureless and planar laminatedr(d T divisions) sandstone
beds of LF2, mostly noramalgamated thinto mediumbedded, planar lamired (To divisions)
sandstones of LB and LF4, and intervals of siltstone with sparse sandstone laminae-6f Efally,
up section, very fingrained thirbedded sandstonaf LF-5 and laminae in L¥6 are minor in comparison
to mudstone Sandstone beds thin this LFA were observed to systematically pinch and onlap on
siltstonedominated deposits of L& and LF7 towards the incisional surface and truncated on the other
end Figures2.8D and 2.8E).

Interpretation

Lithofacies in LFA4 record a combinationf dypassinghigh- and lowdensity sediment gravity
flows (Stevensoret al, 2019. Basal mudclast lags in thidledded sandstones of {1Fat the base of
LFA-4 are interpreted to be the product of bypass and erosion from successidensdgh turbidity
currents that resulted in the stepped composite incisional surface over which this LFA is found, whereas
thin-bedded sandstones and siltstoloeninated deposits of L& and LF6 represent deposition from lew
density turbidity currents that drape underlyingdb. The progressive transition into thedded
sandstone and siltstominated deposits suggest a gradual wafiog bypassinglows (Bouma,
1962; Talling et al., 2012; Mutti and Normark, 1987
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Basal on the location of this LFA, at the base of a v5deep composite incisional surface,
paleoflow measurements (156°) generally consistent with the overall paleoflow trend of the studied
interval (175°) and onlapping sandstones towards the erosive surface, we interpret tdateipFésents
the fill of a sedimentaryconduit. Repeated cut and fill events record a history of high energy sediment
transport, erosion, bypass and ultimately sediment deposiitbm an active channelTherefore, this
particular combination of lithofacies represssdrly deposion within achannelice., earlystagechannel
fill deposits)that was not subsequently filled by thi¢k thinbedded sandstone.d., LFAs 1, 2 and 3)

Out-of-channel facies association

Undifferentiated oubf-channel successions comprise a signifigaortion of the studied outcrop
belt, however, due to their inherent nature, Hynained deposits tend to be heavily weathered and/or
covered by a layer of soil and vegetation that makes them difficult to charadtésizee(eyandHubbard,
2013; ThomasndBodin, 2013;Nesbitet al, 2027).

LFA-5: Thin-bedded mudstone dominated deposits

Description

LFA-5 is the dominant association in stratigraphic sestdnand 33A Figures2.5 and2.7E). Its
deposits range from structureless siltstone withwithout sandstone laminae of {6-and LF7 to
interbedded thitbedded sandstone and siltstone of3_FFigures 2.61 and 2.6K). Sandstone beds are
fine to veryfine grained and are commonly ripple laminateddivision), although planar laminations
(Tq division) are also preserfifure 2.6J). Medium to thickbedded sandstone facies (BFand LF2)
are found as isolated, n@malgamated, tabular beds. Internally they range from coarse gréimed,
arecommonly structureless {Hivision) with a moderatéo low content of mudclasts at the baséh

planar and ripple laminations towards the topdid T divisions).

Interpretation

Siltstone deposits make up the bulk of LLBAwith minor sandstone beds and laminae irbLdnd
LF-6, suggesting thprevalence of lowdensity sediment gravity flows where fall out from suspension
dominates over bedload transport and tractional proceSgpsd 2.9A). Based on the specific location
of LFA-6, above and lateral to intcdannel lithofacies associatiofiecated 10s of meters eastwaiith

fine-grained naturgand the absence of erosive surfaces we interpret this succession as an overbank. Under
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this assumption, the higtensity portion of the sediment gravity flows rensmirconfined in the
sedimentary patvay (.e. intrachannel deposits), whereas the {density portion would overspdt
from the main current aridad tofurther confinng of the channelaneet al, 2007; KaneandHodgson,
2011; Hanseet al, 2015.

Thicker and coarsgrained sandstongedswith tabular geometrieandno amalgamation suggest
sporadic overspill of higldensity currents resulting in splay deposits in the overbkiguie 2.9B).
Paleoflow measurements on ripples within this LFA show an overall direction oivii€h is oriented
towards the channel deposi®&ich paleoflow deviation in thipedded turbidites in chanrlelvee systems
have been attributed to flow reflection arefldction caused by largscale external confinemefite., an
external levee). lus based on the characteristics described absgenterpret deposits of LFA as
being deposited ian internal leveéKaneandHodgson, 2011; Hanset al, 2015; 2017p

Non-stratified and chaotic lithofacies associations

In the studied interval, nestratified and chaotic lithofacies associations are commonly found

underlying coars@rained thickbedded intrachannel sandstongsinge between 5 and 15 m in thickness

and contain isolated lenticular or contorted bodies of stratified sandstone beds.

Figure 2.9: Outof-channel lithofacies association as seen in the field (see fdufer picture location)A) Thin-
bedded mudstone dominated deposits interpreted as an internaf{Bg\uaetail of local mediurbedded sandstones
interpreted as splay deposits on the internal levee

LFA-6: Massive and chaotic mudstosr&ch deposits

Description

28



LFA-6 groups two typeof disorganized lithofacies where structureless mudstone makes up the bulk
of the succession (I-B and LF9). L8 consists of structureless gravieh to sandy mudstones. Gravels
within this LF are poorly sorted, well rounded and made up largely bgtedinal granules and pebbles,
although mudclasts may also be present. Sand is medamoarsegrained, with both grain sizes
randomly distributedandomlythroughout the lithofacies. The basal contact is commonly characterized

by an erosive surface amtra-channel sandstones.

Deposits of LF9 correspond to disorganized mudstone with blocks of contorted sandstone beds.
They present a patchy texture defined by discrete changes in color and may contain poorly sorted gravels.
The contorted sandstone bedglesed in this lithofacies are discontinuous, chaotically folded; non
amalgamated and range from tfiedded finggrained to mediuabedded mediungrained, with
dimensions of 10s cm to meters long and up to 10s cm fhiekupper contaaif LFA-6 is sharpand

erosive overlain byintra-channel sandstones or concordant siltstone ef .LF

Interpretation

Both lithofacies included in LFA& are the product oén masseleposition ie., by O6cohe
freezingd of the sedi men tssDBelovdtheecoheésive saengthdeading @ ane o
almost instantaneous cessation of movemeatvé, 1982; Tallinget al, 2019. Deposits of LF8 are
attributed to debris flows. Studies on these types of deposits have shown that debris flows can travel as
far as 10s to 100s kms downslope froneir source and can make up an important portion of submarine
channel fills Georgiopoulowet al, 2009; Bernhardét al, 2012. The presence of extrabasinal gravels,
larger than the coarsest grains within sandstoneB-dfand LF2, suggest that some debfisw deposits
could potentially be derived from the collapse of coeval shelf to-gesifjin regions located >40 km
north Figure 2.3) (Baueret al, 2020. Because of the irregular topographydabrisflow deposits,
sandstone deposition would initially occur as lenticular bodies forming scour fills in the form of

concordant amalgamated and reonalgamated isolated turbiditic successions.

On the other hand, mudsterieh deposits of L are attrbuted to massvasting processes such as
slumping, sliding, and rafting of previously deposited successions. The partially preserved but deformed
strata of thinto mediumbedded sandstones contained in this lithofacies is similar to lithofacies found in
LFA-3 (channel margin) and LF2A (channel oHaxis) Thus we suggest that they result from the
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destabilization of mudstorgch inner overbank deposits, and channelaxf and margin deposits

accumulated by previous flows inside the channel conduit.
24.3| Stratigraphic hierarchy and architecture

The use of a hierarchical approach to describe stratigraphic patterns in submarine channel systems
provides a common framework to link channelized deposits at different scales and to compare them with
equivalent deposits in other locations and/or derived from different data/sgtsgndNormark, 1987;
Spragueet al, 2005; Di Celmaet al, 2011; MacauleyndHubbard, 2013; Bell et a., 20R TThe objective
of a hierarchical description in our studytés subdivide stratigraphic architecture that includes larger
composite features with smalscale and geometrically similar component bodies. Our approach largely
resembles the scheme proposed by Spragaé (2005, McHargueet al. (2011) and other dosequent
studies (seeCullis et al, 2018for a review on hierarchical classifications). Under this classification,
spatially related intrghannel lithofacies associations form the fundamental building blocks, termed
channel elemen($/acauleyandHubbard 2013; Hubbareét al, 2014; Hanseat al, 2015. The transition
between one channel element and another is, in most cases, marked by an abrupt vertical change ir
lithofacies association. However, closely stacked channel elements ns@pdmated only by discrete
erosion surfaces without changes in lithofacies associations making the distinction uncertain. Genetically
related channel elementse(, similar architectural and stacking patterns) compose lacge units
referred to as ahannel complexseparated by a composite erosional surface and thick successions of
chaotic mudstoneich deposits. In conventional seisnmneflection data, channel complexes are
commonly the finest resolvable unit. Finally, genetically related channegdleges {.e., deposited in the
same channel belt) can then be grouped intbaamnel complex s¢Campionet al, 2000; Beaubouef,

2004; Spraguet al, 2002; McHarguet al, 2017).

The studied interval consists of approximately 300 m of stratigraphyiichvthe distribution of
lithofacies associations and architectural patterns allowed us to define four channel complexes (designatec
in relative stratigraphic order as @QCC-lI, CC-lll and CCGIV) consisting of multiple channel elements
(designated in tative stratigraphic order as A, B, C and B)gures 2.10,2.11 and2.12).
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