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ABSTRACT

Process-based and facies models to account érotigin of pre-vegetan (i.e. pre-Silurian)
preserved fluvial sedimeaty architectures remain poorly dedd in terms of their ability to
account for the nature of the fluvial conditiongjuiged to accumulate and preserve architectural
elements in the absence of the stabilizinfuance of vegetation. Irpre-vegetation fluvial
successions, the repeated re-working of bargm@ndr-channels that resulted in the generation and
preservation of broad, tabulastacked sandstone sheets has previously been regarded as the
dominant sedimentary mechanism. This sitmatis closely analogous to modern-day poorly-
vegetated systems developed in arid clima@itings. However, this study demonstrates the
widespread presence of subsi@ht more complex stratigraphic architectures. The Guarda Velha
Formation of Southern Brazil is a >500 m-thisynrift fluvial succession of Cambrian age that
records the deposits and sedimentary architectutiereé distinct fluvial successions: (i) an early
rift-stage system characterized by coarse-graicke@hnel elements indicative of a distributive
pattern with flow transverse to the basin axigj amo coeval systems from the early- to climax-rift
stages that represent (ii) axially-directed, trunk fluvial systm characterized by large-scale
amalgamated sandy braid-bar elements, and (iidis&ributive fluvial systm characterized by
multi-storey, sandy braided-channel elements thatetbtvansverse to the basin axis. Integration of

facies and architectural-elemeantalysis with regional stratigrbjg basin analysis, palaeocurrent
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and pebble-provenance analysis destrates the mechanisms resjlolesfor preserving the varied
range of fluvial architectures ggent in this pre-wgetation, rift-basin setting. Identified major
controls that influenced pre-veigéon fluvial sedimentary style ¢fude: (i) spatial and temporal
variation in discharge regime; (iifie varying sedimentological charagstics of dishct catchment
areas; (iii) the role of tectonic ia configuration and st direct role in ifluencing palaeoflow
direction and fluvial style, wéreby both the axial and transserfluvial systems undertook a
distinctive response to syndepasial movement on basin-bounding faults. Detailed architectural
analyses of these deposits reveal significaariations in geometry, with characteristics
considerably more complex than that of simple, laterally extensive, stacked sandstone-sheets
predicted by most existing depositional models goe-vegetation fluvial systems. These results
suggest that the sheet-braidstyle actually encompasses a varied number of different pre-
vegetation fluvial styles. Moreeyv, this study demonstratesathcontemporaneous axial and
transverse fluvial systems with distinctive arctiitgal expressions can be preserved in the same

overall tectonic and climatic setting.

Keywords Cambrian, pre-vegetation, depositional amsttiire, distributive fluvial systems, axial

fluvial systems, rift basin.
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INTRODUCTION

The interpretation of fluvial succeesis preserved in the rock recaygically relies on the analysis
of depositional features that amet necessarily diagnostic of aspecific depositional setting and
the reconstruction of fluvial system type from preserved successions is therefore typically not
straightforward. The concept of a continentatkraecord that is duoinated by the preserved
deposits of distributive fluvial sgems has gained favour in retgears based dgely on studies
that rely on remotely-sensed imagery from nroeay depositional systems (e.g. Hartley et al.
2010a,b; Weissmann et al. 2010), though also stgghdoy detail studie®f ancient fluvial
successions (e.g. Nichols & Fisher, 2007; Fisbeml. 2008; Cain & Mountney, 2009, 2011).
Considerable discussion exists in the publishieerature regarding ¢ mechanisms by which
predominant fluvial styles may become preféigly preserved in theock record (Sambrook-
Smith et al. 2010; Fielding et al. 2012). Howeverdabe little work has ke undertaken to apply
these concepts to pre-vegetation alluvial eyst. This study describethe sedimentology and
stratigraphic evolution of &ambrian fluvial succession that waisented transverse to the axis of
an evolving rift basin; fither, this study considers the styleimteraction of thigransverse system
with a contemporaneously active, axially diegttfluvial system. The two preserved fluvial
successions have markedly different sedimentodgexpressions, despite both having developed

under the influence of the same set of basinromand experiencing similar climatic regimes.

Many pre-vegetationfluvial successions are characterized by preserved sedimentary
expressions that mimic those of present-day systgueloped under the influence of arid or semi-
arid climatic regimes (Long, 2006). Two main daposal styles are anmon in pre-vegetation
fluvial successions: braided fluvial architeetsi with compound-bar elements and fluvial
architectures dominated by bediiesheet elements. These two casting sedimentary styles are
commonly considered to have arisen as a egusnce of fluvial system development under the

influence of different climatic settings, reflediperennial and ephemerf&w, respetively (e.g.
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Tirsgaard & @xnevad, 1998; Erikss et al., 1998, 2006). Existing facies models for such pre-
vegetation fluvial systems (e.g. Cotter, 19F8ksson et al., 199&006; Long, 1978, 2006, 2011;
Senderholm & Tirsgaard, 1998; Tirsgaard & @xneE#h8) are not necessarily effective as tools
with which to account for observed palaeoenvironmental characteristics because they do not

provide a generically-applicable methodology withich to account for climatic signatures.

The present study describes a >500 m-thick flstiacession deposited in a continental rift-
basin of Cambrian age in Southern Brazil. Tegearch was conducteddhgh the integration of
high-resolution deposonal facies and architectural-element analysis, in combination with pebble-
provenance and palaeocurrentalgsis, and supported by theeetion of a regional tectono-
stratigraphic framework. Specific objectives are falbows: (i) to studydifferent architectural
elements and their association with various tygfgeimary fluvial forms,including channels, bars,
dunes and sheets; (i) to intigmte the relationshipbetween preserveduflial architecture,
sediment provenance and palaeogeographic locatithinvdn evolving rift bain; (iii) to examine
the relative roles played by autad allogenic controls; (iv) to amacterize depostnal styles and
fluvial palaeoenvironments in a pre-vegetatisgnrift alluvial-plain secession; (v) to propose
models with which to explain hoWuvial styles can be presexd/dor pre-vegetation systems; and
(vi) to provide a predictive faes model with which to bettarnderstand pre-Silurian (i.e. pre-

vegetation) systems.

This work is significant for the following reasar(i) it provides a specific case-study for the
interpretation of depositional architecture fromra-vegetation fluvial succession; (ii) it identifies
how local environmental factors atct control the preserved archited of such systems; (iii) it
demonstrates the style of interplay betweenampbraneously active axial and transverse fluvial
systems; (iv) it outlines a method by whi@n improved understanding of the particular

characteristics of such systemwan be better understood.
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PRE-VEGETATION FLUVIAL SYSTEMS

The absence of land plants prior to the Siluriasulted in the development of distinctive types of
fluvial environments, many of which were app#hg characterized by poorly stabilized channel-
banks and floodplains. The absence of land plamtthese systems mdathat rates of both
chemical weathering and rates of production of rudi soil were low, meaning that palaeosols in
such successions are typicatigly poorly developedqRetallack, 1985; Daes & Gibling, 2010).
High rates of sediment yield due to high run+aties (Schumm, 1968) andegt discharge variation
occurred as a consequence of the absences afaimpening effects of vegetation cover and tended
to result in bypass of fine-grained deposits tetadiareas of many pre-getation fluvial systems
(Long, 1978; Winston, 1978; Eriksson, 1998). The absenf vegetation covealso facilitated
enhanced rates of aeolideflation (winnowing) of fine-grainedediment fractions (Fuller, 1985).
Relatively rapid rates of rise to peak dischaogpeipled with the presence of unstable, non-cohesive
channel margins and banks tended to resuhannel widening (Wolman & Brush, 1961), resulting
in the preservation of channel elements wlilgh width-to-depth ratios (Fuller, 1985). Non-
vegetated river-banks would have encouragddhaeced rates of channel avulsion through rapid
erosion of sandy fluvial surfacesgsulting in high rates of sedent delivery and consequent

channel aggradation, a commaafure of many post-vegetation dryland fluvial successions (e.g.

Cain & Mountney, 2009, 2011). Moreover, as pre-vegetation fluvial channels were able to widen

readily in response to éneases in fluvial discharges (Wolm& Brush, 1961), rivers would have
been prone to seasonal, locausion events within a broad beleaving other parts temporarily
abandoned. Overall, the absence of Iplashts prior to the Silurian isonsidered to have resulted in
the preservation of fluvial successions with didtirec sedimentary signatures of facies associations
and depositional architectures, which in many wagemble those of modednyland river systems

(Long, 2004).
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In Neoarchean-Paleoproteme cratons, fluvial braided-emnel successions were more
common than at present and lasgale braided perennial systemsre the dominant fluvial style
(Eriksson et al., 2006). In basin fills of Upp®roterozoic age, occurrences of preserved
architectural elements indicative of downstreaccretion and the downstream migration and
accumulation of trains of dune complexes, togethi¢n the preservation of well-defined channel
forms in sand-prone successions, with thellocaurrence of floodplains and abandoned channels,
were recorded by Hjelbakk (1997). 8bnly rare occurrence of mymlene facies in pre-vegetation
fluvial deposits is typidly considered to be fated to the vularability of non-vegetated floodplain
deposits to reworking in the aftermath of chdraailsion and rapid cimael-migration combined
with low rates of chemical weathering thathibited the production of clays (Long, 1978).
However, Winston (1978) proposed models for tbeuorence of laterally extensive, distal alluvial
plains for the argillaceous rocks the Belt Supergroup (Middle Peybzoic), which accumulated as

terminal splays flowing in a basinward direction.

The significance of the role of differentimatic conditions in dictating the style of
preservation of pre-vegetatidluvial deposits remains an wised question discussed by many
authors (e.g. Tirsgaard & Oxved, 1998; Long, 2006; Eriksson et 2D06). Pre-vegetation river
systems were subject to high discharge vamateven under wet climates, and consequent
significant fluctuations in runfblikely served to prevent the development of meandering fluvial
channel systems because the predominance of bddattd the non-stabilized nature of the channel
banks resulted in near-constant sediment re-wgrés flow conditions repeatedly changed, thereby
inhibiting the development of large, laterally-accreting point bars. The presence of conditions
considered favourable for the déygment of meandering channelsgresent-day fluvial systems,
such as low gradients and only modest fluctuatiangrecipitation, were apparently not sufficient
for pre-Silurian channels to commonly adoptisplan-form patterns and behaviour (Sgnderholm &
Tirsgaard, 1998). Despite beariagsuperficial resemblance to modern-day dryland systems, Long

(2006) interpreted deep-channel, perennial toigerennial braided systems developed under wet
6
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climatic conditions, recognizing similarities withodern-day perennial braided systems. Noting
that pre-vegetation fluvial systems were relatively more sensitive to climate changes due to high
run-off rates, Tirsgaard & @xnedgq1998) identified three differerfluvial stylesin a 30 m-thick
succession of sand-sheet deposits, each of which asasidered to reflect different climatic
settings; they interpreted preserved aeolian sefgnviluvial sequences asdicative of high water

table, and used it as an indioabf a wet climatic setting.

Cotter (1978) introduced the term sheet-brai@gahetic units with width-to-depth ratios of
more than 20:1) to describeetlsedimentary architecture of pregetation fluvial deposits, and
concluded that this style was dominant sach successions, whereas channel-braided and
meandering styles became common only fromitbeonian onwards. The increasing occurrence of
meandering styles in post-Siluriflnvial successions has previouslgen considered to be directly
related to the evotion of land plants (Cotted,978), as recorded by tipeogressive increase in the
abundance of the lateral-accretion macroformsthio#k mud-prone floodplain deposits with well-

developed palaeosols, as well as well-organized, high-sinuosity chéibaeles & Gibling, 2010).

Sedimentary signatures that can demonstrablghown to be indicat of the occurrence
of meandering fluvial architecturés pre-Silurian rocks, although recognized, are few in number
and are not yet well understood, with some |&tecaretion macroforms interpreted from pre-
vegetation fluvial systems apparently retht® braid-bar development (Long, 2006). Casshyap
(1968), Morey (1974), and Sweet (1988) have imgal meandering channel forms for some pre-
vegetation successions, and NufRbaumer (2008)rided meandering chaels and point-bars on

Mars.

Resolution of the relative roles of both allogeand autogenic controls in dictating fluvial
style in pre-vegetation systanctan only be achieved through highly-detailed outcrop studies
involving the mapping of theelative inclination and direction&hiariability of foresets and higher-
order bounding surfaces (Long, 2011). Only by undertakuch detailed stues can comparisons

7
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between fluvial processes in post-vegetation aeevpgetation successiohe undertaken reliably
such that distinctions can be made between theifspprocesses that donaited alluvial processes
prior to the Silurian. This mibdology is here combined witkgional palaeocurrent mapping and
provenance data analysis in order to understanchtéglay of two distinct, coeval fluvial systems
developed in the same rift basin. The congmar between the distinct fluvial architectures
preserved in the same climatic and basinal setafige/s the identification obther controls on the

variability of pre-vegtation fluvial styles.

GEOLOGICAL SETTING

At the end of the Ediacaran, after the completsagon of the main orogenevents related to the
Neoproterozoic assembly of W&sbndwana, a large system of Hiisins formed in eastern South
America, from southern Uruguay to southeastBrazil (Fragoso-Cesar, 2008; Almeida et al.
2010). The Camaqua Basin is the main presepasth of the system, preserving a >10,000 m-thick
succession of siliciclastic and volcanogenic depasitsdiacaran to Camian age (Fragoso-Cesar
et al., 2003; Janikian et al., 2008meida et al. 2012a). Its deposdse structurallycontrolled by
NNE trends (Almeida et al., 2012b) andcdbed on a ~50 km-wide and >150 km-long basin
(Almeida et al., 2009). The Guts Group (Fig. 1) overlies in angular unconformity a >10 km-
thick sedimentary and volcanic succession ofaEalian age (Janikian et al., 2008). The Rodeio
Velho Intrusive Suite presents many syn-sedimgnitatrusive features such as shallow sills and
dykes that caused fluididan (i.e. soft-sediment deformation) thfe host sediments of the Guaritas
Group: the crystallization age dahis intrusive suiteis thus considered to have occurred
penecontemporaneously with the sedimentatibthe Guaritas Group. Ar—Ar whole-rock dating

revealed a 535.2 + 1.1 Ma age (Almeida, 2005)nehs U-Pb zircon dafj revealed a 547 = 6.3

Ma age for the Rodeio Velho Suite (Almeida et al., 2012a). Several previous works have discussed

distinct aspects of the sedimentation of this group, including Ribeiro & Lichtenberg (1978),
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Fragoso-Cesar (1991), Paim (1995), Paim e{2800), Paim & Scherer2Q003), Scherer et al.
(2003), Marconato et al. (2009), and Santosalet(2012). Geological mapping and correlation
between stratigraphic sections led Almeida et (@D09) to confirm previous interpretations
(Fragoso-Cesar et al., 1984; Fragoso-Cesal.eR000; Paim, 1995; Paiet al., 2000; Paim &
Scherer, 2007) that the Guaritas Group accumulasethe remnant fill of a rift basin that was

characterized by a variety ofesitional environments preserved in a >1,500 m-thick succession.

The Guarda Velha Formation is the basait of the Guaritassroup, preserving a >500 m
succession of fluvial strata; theAtermost succession of the Guarda Velha Formation is restricted to
fills of localized depressions directly above theddainconformity and is markedly coarser grained
than the overlying deposits, being characteribgdconglomerate bars forming assemblages of
strata that apparently accumulated in unconneckepocentres during the rift-initiation stage
(Almeida et al., 2009). Paim (1994, 1995) highlight&d major sub-environments (Fig. 2) for the
alluvial succession of the Guaritas depositiongusace (equivalent to the Varzinha Alloformation
of Paim et al., 2000): alluvial fasub-environmentsecording palaeocurrents aligned perpendicular
to the basin-bordering trends (eastern bordewial fan deposits and wesh border alluvial fan
deposits), and a trunk braided riweib-environment recording palaea@nts aligned parallel to the
basin axis (western border trunket deposits). The alluvial fan Sgms were interpreted as having
formed tributary systems to timeain axial trunk system. For théuaial fan sub-environment from
the eastern part of the basiaim (1995) described a basindiagrain-size decrease and high
palaeocurrent-vector dispersion, characterizimgp distinct fan lobes.Through analysis of
palaeocurrent and pebble provecardata, Almeida et al. (2009) suggested that an axial fluvial
system (the trunk river system B&im, 1995) was fed by a broad tebent area north of the basin,
which acted as the source arendareat volume of arenaceouslisgent but only a modest supply
of fine-grained, argillaceous sediment. The preseaf multiple alluvial fan-lobe deposits that
apparently originated at both bagiorders and that are characterized by (i) a basinward grain-size

decrease from NNE-striking regional faults (Pal®95) and (ii) preserved vertical successions that
9



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

are each several hundred metres thick, has lmenpreted previously to indicate the syn-
sedimentary development of an escarpment atbésin margins (Almeidat al., 2009), which
likely acted as a local sediment source. Alluyaal deposits on the westdoorder are preserved in
isolated occurrences (Paim, 1995) which araratterized by debris-flow related breccias and
conglomerates composed of sub-angular pebdes cobbles (Almeida et al., 2009); these fans
were intensely re-worked by the trunk river gyst(Paim, 1995). Evidence of syn-sedimentary
tectonic activity in the western basin margiraiso recorded by rhythmically repeated occurrences
of seismically-induced ligdiization features throughotle vertical profile of the western deposits
of the Guarda Velha Formation (Santos et 2012). The presence of these well-defined syn-
sedimentary faults defines a tractatierally equivalent units ascribéalthe mid- to late- rift climax

episodes by Almeida et al. (2009).

METHODOLOGY

An integrated study was conducted througlgioeal stratigraphic mapping, provenance and
palaeocurrent analyses, in combination witigh-resolution outcrogdogging and mapping to
describe the spatial and tempogablution of a distingte succession of preserved fluvial deposits

that accumulated in a range of sub-environmengspre-vegetation alluvial @in rift-basin setting.

Depositional architectures have been interpreted based on an analysis of lithofacies and their

association to one another to classify architeteleaments according to their external and internal
geometry and orientation, together with analysispalaeocurrent datand interpretation of the
sedimentary significance of different types lmdunding-surfaces. A series of two-dimensional
measured architectural and photographic pahelge been used to characterize depositional
architectures from cliff faces aligned in a ey of orientations. These form the basis for
reconstruction and interpretation of the three-disi@nal geometry of fluvial elements. Detailed

palaeocurrent and lithofacies data were locatedpanels representing stedisections, and this

10



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

involved the measurement of depimal surfaces (e.g. foresediad trough forms exposed on well-
exposed bedding surfaces), parting lineatioastcimbrication, and erosional bounding surfaces
(e.g. channel margins) in order to determine tklationship between mnaus types of fluvial
elements and primary bedding. Sediment provenanvasiigation was undertaken to identify likely
sediment-source areas and to establish regiona¢piédw trends of the fluvial systems within the
basin. This was achieved via a combined anabfsi& spatially distributed locations where pebble

type was examined to establish provenance; 599 palaeocurrent measurements were made, and 13¢
depositional bounding surfaces were recorded. At saehexamined for provence, at least 300
pebbles were examined, recarglilithology, roundness, and the mtiation and lengths of the two
principal axes, with a total of 5,440 pebbles exadiror all 17 sites. &tistical analysis was
undertaken to account for the variance found i@ tlata set, enabling a correlation between
provenance data and depositional-system typleetanade. Potential source areas for the pebbly
clastic detritus were identified based on compassbetween clast-lithologtype in the fluvial
deposits of the Guarda Velha Formation and kmoggional bedrock lithologies. Basin structural
setting was determined by Almeida et al. (2012#mtdnic tilting is minimal(regional tilt < 5°). The
stratigraphic position of the studied deposits, as well as the location of the inferred source areas,
was determined by (i) regional field mapping supgarby information available in previously
published papers, and (i) by additional mapping based on remote sensing. Results were integrated
to generate a series palaeogeographic reconstructions (maogdisth in three dimensions (two

spatial dimensions plus time) and four dimens (three spatial dimensions plus time).

THE GUARDA VELHA FORMATION

The Guarda Velha Formation comprises a >500 inktbuccession of feldsphic-arenite (arkosic)
composition preserving mainly coarse-grained samgsand conglomeratejth minor occurrences
of finer-grained sandstonsiltstone and mudstone. Predominanimary structuresnclude trough
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and planar cross-stratification, horizontal tow-angle-inclined stratification, and localized
occurrences of ripple forms on bedding surfacesed luistinct assemblages of fluvial deposits of
the Guarda Velha Formation have been idewtizend studied through analysis of depositional
architecture, facies associations, palaeocwsremid pebble provenancenalysis: (i) a basal
conglomerate succession that unconformably overlies rocks of the Santa Barbara Group, and which
crops-out in isolated areas ofettbasin (early rift-stage depog3ijtgii) a conglomeratic sandstone
succession that overlies the basatgiomerate and crops-out in tbastern part of the study area
(early-to-climax rift stage depits); and (iii) a conglomeraticandstone succession that also
overlies the basal conglomerate butps-out in the western part thfe study area &ely-to-climax

rift stage deposits). The characteristics of datilithofacies and architectural elements of the
Guarda Velha Formation are presented in TablaadlL2, respectively. Redocurrent data (Fig. 3
and 4) reveal two main dispersal patterns: onesuense to the basin axisom both basin borders)
and the other parallel to the baaixis (from north to south). Resutistatistical aalyses of pebble
provenance data (Fig. 5) indicateree clusters of distinct clast types; main source areas are
Precambrian igneous and metamorphic rocks ob#dsement located to the north and east of the
basin, with a minor contribution from the we8verall, the entire succession records a general
fining-upward trend and this is summarized igraphic sedimentary log from a core (CPRM-CQP-
01) that records 518 m of stratigraphy from thelgtinterval of the Guarda Velha Formation (Fig.

6).

The examined fluvial deposits have been clasifind interpreted to represent three distinct
fluvial system types, based on the occurrence sifrdit styles of depositional architecture, facies
associations, palaeocurrents and pebble proeenarhe three identified fluvial systems include
one from the basalmost part of the successioy(gfirstage deposits) and two from the uppermost
and thicker part of the successi@arly-to-climax rift stage deposits) that represent a transverse and
an axial system, each characterized by distinlstepaurrent trends, source areas, and depositional

architecture.
12
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|. Early Rift Fluvial System

Description

The lowermost strata of the Guarda VeFamation lie in angular unconformity over the
Santa Béarbara Group and are characterized bytiaalige coarse-grained succession (Table 1).
The basement is characterized by folded amdtdd, older sedimentary rocks from the Camaqua
Basin (Almeida et al. 2012b). A vertical log repenting the typical facies assemblages of this
system is presented in Fig. 7A. This lowertpaf the succession is characterized by crudely-
stratified conglomerates, typiba of rounded, imbricated peldd to boulders of polymictic
composition (Fig. 8A), alternatingith sets of medium-grained ra@stone with plane-parallel to
low-angle-inclined cross-stratification — expdsbedding surfaces of which commonly preserve
parting lineation (Fig. 8B) — and 0.2 to 0.9 m-thieks-like bodies of lovangle-inclined, planar-
stratified medium-sandstone (Fig. 8A and 8Bjd trough cross-bedded medium- to coarse-
sandstone (Fig. 8C). No mudstone clasts orelerere preserved in this part of the succession.
Pebbles are imbricated with thelong axes aligned transverde the inferred direction of

palaeoflow to the west.

The preserved depositional architecture of ®ystem (Table 2) is dominated by gravel
bedforms, which commonly alternate with laaied sand sheets and sandy bedforms (Fig. 9).
Sandy bedforms occur nested within channel-bkeies, which are eacht@ 3 metres thick and
principally composed of trough cross-stratifiepebbly-sandstone anarglomerate (Fig. 8C).
These sandy bedformgpically grade laterally to laminadesand sheets characterized by plane-
bedded sandstones with parting lineation. Crumless-stratification is locally observed in
conglomerate sets, examplesvafich are commonly overlain byrie-shaped sets of laminated,

horizontally bedded, medium- to coarse-grained sandstone.
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Analyses of the bounding surfaces of forms slaomiean dip direction towards an azimuth
of 215° (N= 7), whereas cross strata preservaean flow direction to 274° (N = 57). Pebble
imbrication data indicate a me#flow direction to 269° (N = 51), siilar to the mean palaeocurrent
direction obtained from cross-beds and to tfend of parting lineations (Fig. 8B). Provenance
analysis reveals potential sedimaources of granitic and metamorphic composition to the east of
the studied locations in an aredated to the eastern margin oetbasin, which is thought to have

become uplifted during the basirsabsidence (Almeida et al. 2009).

Interpretation

Conglomerate sets preserving crude cross-stagidn that are truncatl by lenses of flat
bedded to low-angle-inclined castratified conglomerate are inpeeted respectively as bar and
bar-top deposits, the ttar recording waning-age flow (Smith, 1990Best & Bridge, 1992).
Isolated lenses of trough crossedded sandstone are interpretethase-dimensional dune deposits
in braided channels that developed at low-feiage (Bristow, 1993). Provenance analysis reveals a
polymictic composition, with sources to the easttd basin; this is supported by palaeocurrent
analysis (mean vector of 268°). The coarse ggai@-of this system igdicative of a proximal

position within the fluvial system in relan to the eastern baer of the basin.

Overall, this fluvial system is interpreted to represent the deposits of an alluvial apron
(bajada) representing the accumulation of clastigtdstin areas close to the eastern basin margin
that accumulated in a depositional environmenttedldo rift-initiation that was characterized by
gravel-dominated braided fluvial systems, wstiallow braided channetfeveloped between large
conglomerate bars. The source of this systemaatéal to the east of tHesin — as interpreted
through palaeocurrent and provenancalysis — indicating that this siem flowed transverse to the
basin axis with a radial patteoi palaeocurrents (Figs. 3 and 4). Collectively these interpretations

suggest that this system was a distributive fluviateay (a fluvial fan) thadriginated close to the
14
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eastern margin of the basin and which likely repnés the fluvial-dominatedart of alluvial fans

that flowed from the eastern basin bordethi@ direction of the main basin depocentre.

II. Early to Climax Rt Stages Fluvial Systems

The younger and thicker (>400 m) succession @fstindied fluvial systems is characterized
by sandstone and pebbly-sandstone deposits withaitdities associations (Table 1). Depositional
architectural analysis (Table 2) reveals tleuwrence of sandy bedformeeatents that alternate
with elements of laminated sand-sheets, fir@rged units (overbankleposits) and abandoned-
channels in the eastern-mostripaf the study area, whereas larger scale fluvial forms of
amalgamated bars, which are indicative of blatieral- and downstream-accretion, occur to the
west. Provenance analysis (Fig. reyeals two major sediment sources, one related to basement
rocks associated with the northgrart of the basin anithe other related to the eastern basin margin.
This is supported by palaeocurrent analysis, whish ed¢veals two preferential flow directions in
the preserved fluvial successions of the upper patieobasin fill (Fig. 3 and 4). This analysis has
led to the recognition of two distinct, coeval fluvial successions: one fluvial succession crops-out in
the western part of the study region, and is indieatia fluvial system that flowed southward in
an orientation parallel taghe main basin axis (the Axidtluvial System); the second fluvial
succession crops-out in the eastern part of the seglgn and is representative of a fluvial system
that evolved from the early-rift fluvial system and that flowed in a trassveirection relative to

the basin axis (the Transverse Fluvial System).

[I. A. Axial Fluvial System

Description
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This fluvial system is represented by deposits located in the western part of the study region,
close to the main basin-bounding, syepositional fault. A typical vadal log of this system is
presented in Fig. 7B. Main facies associatians presented in Table 1, and are characterized by
medium- to pebbly-sandstone with trough (Fig. 1@&&d planar cross-stratification (Fig. 10B),
preserved as decimetre-scale sets boundedvinangle-inclined, dowrcurrent-dipping surfaces,

and associated with minor scour-filling bodies.

The preserved depositional architecture of #ystem (Table 2) is characterized by the
alternation between laterally-extensive, amalgted bars indicativeof both lateral- and
downstream-accretion (Fig. 11), with minor occurrences of sandy bedforms and scour-fill forms.
The outcrop depicted in Fig. 11#&cords evidence for upstreanpdsition on the upper part of a
unit bar in the form of sets overlying pressdl barforms (cf. Reetk & Bridge, 2009). The
outcrops depicted both in Fig. 11A and B show ernak of an upward tramisin from lateral- to
downstream-accretion where the latteuncates the former. FigurElB reveals the stacking of
elements indicative of both downstream-acoretiand lateral-accretn, as indicated by the
relationship between the orietitan of both foresets and boundisgrfaces. Intraformational mud-
clast occurrences are rare; no mudstone lenses or drapes are preserved. Scour-and-fill structures ir
Figure 11 are rare and those that are presenttaglly extensive for less than 4 m, occurring
solely in the uppermost parts thfe barform elements. Localizedaurrences of lobate diamictites
presenting angular clasts of wast provenance and palaeocurrentsated to the east inter-finger
with these deposits and record #ativity of debris-flow dominatedlavial fans in the western part

of the basin.

Figure 11A reveals a widely spersed distribution of palaegoents with the mean vector
direction of cross-strata towadl86° (N = 93). Set boundingrfaces indicate a mean vector
direction of maximum dip towards 155° (N = 8®rovenance analysis difiis system (Fig. 5)

indicates a source area mainlythe north of the study region, with a secondary minor contribution
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from the eastern and western border-fault gzamRegional palaeocune analysis reveals a
southward-directed flow. Figure Blreveals a consistent patternpalaeocurrents, with evidence
for modest lateral accretion of channels demonstiagdtie orientation of oss-bedding foresets in
relation to set-bounding surfaces. Preserveshmimset-thickness obtained from 46 non-scoured
cross-bedded sandstone sets is 0.57 qur€il2 shows a latly-extensive B-order surface at the
base of fluvial forms deposited over older sedirmemhich were subject to considerable erosion

prior to the deposition of these forms.

Interpretation

These deposits are interpreted to record an ax&l system that flowed parallel to the main
basin axis, in a NNE to SSWrdttion. The obtained preservecan set thickness, coupled with
the large horizontal-scale of cross-beds isdative of deep flow and possibly large channels
(Bridge, 2003). Evidence for relaély continuous deposition inclad the absence of small-scale
bedding and mudstone bodies (mud chips are ralbsgrvations typical of relatively constant flow
characteristics and indicative of a fluvial systéhat experienced perennial or at least semi-
perennial (intermittent) flow §c Miall, 1996; Long, 2006). The agmulation of this large river
system, with a markedly differeqtalaeocurrent flow direction from that of the underlying rift-
initiation deposits, likely reflects the capture of existing river systenthat flowed outside the
confines of the basiduring the early-rift stag (cf. Gawthorpe & Leeder, 2000). The mechanism
for this capture might have arisen as a consempiehongoing subsidence leading to an increase of
gradient in a direction towards the main basipabentre, with this fluvial system constantly
migrating or avulsing towards the maximunbsidence areas (e.g. Leeder & Gawthorpe, 1987;

Peakall, 1998).

Fluvial forms record a tendepof bars to develop upwardfyom lateral- to downstream-

accretion, a pattern describedselhere by Bridge (2003), and which would be expected in
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longitudinal sections wherever a braid-baowh both downstream accretion and some degree of
lateral expansion. Smaller-scaleedforms, such as minor-scours, which are characterized by
relatively widely dispersed pala@aarent distributions, probably ftect the presence of bar-chute
and bar-top channels (Bristow, 199By contrast, larger-scalerfas are characterized by relatively
uniform and unimodal trends of palaeocurrentadanalyses integrating the complete set of
palaeocurrent data, together with boundingemef data, reveal a predominantly downstream
pattern of bedform migration, showing vectorean dip direction towards 158° for bounding

surfaces (N = 122), and 187% fross-strata (N = 183).

The combined interpretation of outcrops skomean palaeocurrent vectors with similar
trends, but a contrastirdjspersion of palaeocurrent directiomi@ta. For example, the presence of
scour-and-fill structures (Fig. 13Aas well as the occurrence sihall-scale sets of trough cross-
stratification, corroborates the idea of a morenplex arrangement of bang channels for this
succession in relation to that of the panel depidh Fig. 11B. This difference may be due to
variation in the preservation of the upper parttlod bars due to different flow regimes as a
consequence of variations inu¥ial discharge related to differe rates of precipitation. The
presence of concave-ug™Brder surfaces (e.g. Fig. 12) sugte considerable channelization,
probably induced by the confinedl@aogeographic setting of theystem determined by the basin

margin to the west and the transverse fluvial system (see below) to the east.

It seems that the fluvial-fan system located eltisthe eastern margaf the basin (related
to the Early Rift FluvialSystem described previously and ffransverse Fluvial System described
below) was directly eroded by the large-scale, ldki@ial system. It is lilely that the erosion of
this fan system inhibited the development robre extensive and more complex fan-systems
emanating from the eastern part of the basincypally because the rate of water discharge and
sediment supply from the northerly source waSigantly great to overwhelm sediment being

delivered by the systeffowing from the east.
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II. B. Transverse Fluvial System

Description

A typical vertical succession showing the stytestacking of lithofacies present in deposits
of the eastern part of the study region is illusttateFig. 7C. This system preserves a more varied

occurrence of facies assations than that of the previoustiescribed axial system. Not only do

sets and cosets of trough cross-stratified, medium- to pebbly-sandstone alternate with horizontally

laminated medium- to coarse-sandstone or plarass stratified sandste, but mud-drapes and
mud lenses are additionally pees (Fig. 10C), outcropping exampleswhich are always eroded at
their top by erosionally-basedverlying sandy-bedform elementgpically formed of coarse
pebbly-sandstone. Deposits ofisthsystem are characterized hjpundant occurrences of soft-
sediment deformation structures (Fig. 10D), whazcur at multiple scales, and which are present
in different types of fluvial bedforms and elerteerMud-cracks up to 0.1 deep occur locally, as
do intraformational mud-chips up to 0.1 m long,iethare always associated with scour-fill
elements (Fig. 10E). Many small-scale featuresluding ripple-marks and sets of ripple cross-
lamination (Fig. 10F) are intimately associated vdthping mud-lenses. texally-extensive major
erosional bounding surfaces commonly cut througierges of different fluvial forms (Fig. 10G)
and are typical of this succession. The presemedn set-thickness is 0.4 m, which was obtained

through the analysis of 70 cross-sets.

Four distinctive facies occur in this fluvial succession: (i) sigmoidal stratification, which
preserves part of the topset of bedforms; figbbly sandstones with normally-graded foresets
preserved as sets up to 0.3 m thick; (iii) smadlks structures such as climbing-ripples that only
occur rarely and which are lasdly-related to fine-tpined floodplain and ovkank deposits; and
(iv) soft-sediment deformed structures, which @dounultiple horizons and which are particularly

abundant in the distal parts of the succes§iennear the main syn-depositional fault).
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Deformation structures indicative of synpdsitional liquidizationprocesses (Allen, 1982)
in the Guarda Velha Formation are present in-faedstone or pebbly+sdstone facies but such
features do not occun mudstone facies. Such structuneslude water-escape cusps, recumbent-
folded cross-stratification, sylwes, anticlines, disharmonic l&s, eye-shaped folds, and
dewatering pipes. None of theseustures are apparently relatedatoy particular bedform type or
fluvial form. There is no evidence of slumps or defation related to heterolithic features. The size
of liquefaction features rangefn centimetre-scale (open folds reded to individual sets and
with associated water-escape estuies) to metre-scale (ovemad cross-stratification always

sharply bounded by non-deformedyerlying erosional surfacespome examples of laterally

extensive deformation affecting a series of several cross-bedded sets are also observed, but are rare

Although erosional set-bounding surfagee typically non-deformed, some examples of deformed
surfaces are also present, especially wherermhafiton is pervasive through a series of sets.
Importantly, there is a near-riiyhic alternation beteen trough-cross stratified sets presenting

overturned cross-stratificatiand non-deformed foresets.

Details of the varied range of depositional #etiures present in this system are provided
in Table 2, and include the presence of elemamiative of the developent of scour-fill, the
accumulation of fine-grained overbank depositisandoned-channels, downstream-accretion, and
the common alternation between sandy-bedforamsl laminated sand sheets. Depositional
architecture is diracterized by the dominance of sandy beds, alternating with laminated sand
sheets (Fig. 13), abandoned-scours (Fig. 13)rbavik-fines (Fig. 14), downstream-accretion and
scour-filling (Fig. 15). Fine-grained overbankerlents and abandoned-scours are rare but those
observed are exclusive to this system. Coeagy, erosional bounding aces of higher-order
(inferred %-order; see Fig. 16) cut a sesiof laterally extensivel-to-5 m-thick sandy bedform
elements themselves composed of multi-storesetsoof trough and planar cross-stratified pebbly
sandstone; some examples of such erosiomédcmas are incised up to 6.5 m into the underlying

elements. Sandy bedform elements are commomhcated and immediatebverlain by laminated
20



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

sand-sheet elements, which are themselvesalteextensive for 10to 30 m (Fig. 10G).
Palaeocurrent analysis demonstrates a nfeam direction towards257° (N = 189) with a
considerable dispersion of palaeofl direction, recording a radigdattern with direction trends
varying from 015° to 140°, and amerall direction transyrse to the basin axis and perpendicular to

the interpreted flow of the prsusly described axial system.

Interpretation

Analysis of data collected from the easterrt pathe study region reveals the deposits of a
fluvial system originated from a basin-bordexgion with a radial géern of palaeocurrents
recording flow that was trans\s& to the basin’s elongate assd towards the main depocentre,
similar to those interpreted indHiterature as distributive fluviaystems (e.g. Hartley et al. 2010,
Weissmann et al. 2010). Provenarc®lysis demonstrates a sedmnsource area related to the
bedrock lithologies currently present at the easteargin of the basin, revealing no relative lateral
displacement of the basin duriog following accumulation. Tectonigplift of the eastern-margin
fault scarp, as demonstrated by accumulationaofontinuous belt of debris-flow dominated
alluvial-fan deposits with basirard-directed palaeocurrents originating from a NNE-striking fault
region (Paim, 1994, 1995; Almeida et al., 2009), likelsulted in the development of a fluvial-fan
system, of which the distributiveuffial system studied here is interpreted to represent the distal
part. Importantly, such fluvial fans re-workeeddiments delivered by the debris-flow dominated
fans. Moreover, the transverse otegion of the mean palaeocurrelitection relative to that of the
axial fluvial system denotes a contributory charactetHis particular sub-system that enables it to
be distinguished from the axial fluvial system, ignipg that the transverse river system drained into
the axial trunk river. This situation, together with the basinward grasmfsiing described by Paim
(1995), suggests a basin-wide overall downslopeigmadoward the western part of the basin.
Provenance analysis indicates that metamorphit gaanitic basement g@ns with limited areal
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extent lying adjacent to the eastern margin ofliasin acted as source areas to these sediments,
similar to the previously described early-rifudial system; sediment source repeatedly varied

through time from distal to proximal.

Accumulation and preservation of sigmdidtatified sets occurs under conditions
transitional between the dune apthne-bed stability fields (Higing, 2006). Pebbly sandstones
with normally-graded foresets are interpretedcasglomeratic unit barsvith angle-of-repose
foresets formed by the avalanching of parsclpreviously sorted insuperposed bedforms
(McConnico & Bassett, 2007). Preged mean set thickness suggetiiat water-depth for this
fluvial system was shallower than that of theahxluvial system, as would be expected for a
contributory system; the ability of this system doulse coupled with its relatively unconfined
setting (in comparison with thaf the axial system) would hawdso facilitated channel-widening

allowing the fluvial systento occupy broader areas.

The cyclic intercalation be®en bodies of trough and planenoss-bedded sets of varied
thickness that are commonly eeatl in their upper part by setsf plane-parallel-laminated
sandstone is interpreted to refléigh variation in discharge (Mia1984). The presence of varied
facies associations, including mud lenses and rippdandstone also suppotte interpretation of a
fluvial system subject to congthble discharge variation. Thecal occurrence of mud-flakes
implies that mud deposits were dried and then @hoded in this way such features are indicative
of sub-aerial exposure soon-after succeeded bw ftharacterized by traction currents (cf.
Tirsgaard & @xnevad, 1998). Mud lenses, minor-sbel& forms and mud-cracks are interpreted in
Figure 17. Some laterally-extensive laminatednd-sheet elements characterized by planar
erosional surfaces cutting a series of fluvial fer(Rig. 10G) might record floods from the axial
system that occurred at a timeevhthe distal alluvigplain of the contributagr (transverse) system
acted as the floodplain to the main axial systeesulting in toe-cuttingerosion processes (cf.

Leeder & Mack, 2001), or altertiely floods originating in theuplands to the east, with re-
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working and erosion of the unvegetated river bafkss type of erosion #refore could record the
lateral erosion of bajada-formirgluvial systems by river channedsrected alonghe main basin
axis. The style of preservation aftransverse river system drainimgo an axial tunk river system
demonstrates not only the evolution of the fluvial system on the hangihgfvaahalf-graben, but
also the evolution of the earlyftrsystem (rift-initiation stage)nto a mature through-going basin
(through-going-rift stagewith a well-developed bajada sgst along its eastern margin (cf.

Gawthorpe & Leeder, 2000).

The common occurrence of scour-fill elemeffitig). 15), together with large sandy-bedform
elements preserving concave-up lower surfacesdgative of a system in which channels were
widely developed. The actual size of the main channel elements is not clearly recognizable because
they are laterally more extensive than the isticbutcrops; however, examination of the more
extensive outcrops reveals numerous major erosgundhces incising a ses of older deposits
(Fig. 16). Channel-incisions are probably relatedrtaximal parts of fluvial systems, leading to the
amalgamation of channel forms (cf. Nickok Fisher, 2007; Cain & Mountney, 2009). The
transverse-system deposits presehighly-amalgamated channehias, which are interpreted to
have accumulated as the result of high-rates of channel-avulsion, a situation probably enhanced by
the non-cohesive (and non-vegetate@dure of the channel banKshis likely resulted in the
generation and preservation of laterally-extensiaed bodies, which are many tens to hundreds of
metres wide, indicating the likely occurrencepoéserved channel elemsrwith high width-to-
thickness ratios (Gillig, 2006). Inferred Border bounding surfaces (Miall, 1985 and Fig. 16)
confirm that channel-forms were indeed laterally-extensive; preserved channel elements are 10 to
20 m-thick and >200m-wide. According to theethodology proposed by Gibling (2006), the data
presented herein are indicativeroédium-width channels charagzed by narrow to broad sheets,

demonstrating that this system wedmaracteristicallypoorly-confined.
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Facies analysis of soft-sediment defedm strata reveals naoelationship between
liquefaction structuresnal bedform type, set thicksg or grain size; thus, the deformation features

occur in an apparently random distribution. This situatiomlined with the similarity of the

studied structures with laboratory features which were triggered by seismic-shaking (Owen, 1996;

Moretti et al. 1999), suggests that these structareslikely to have éen triggered by seismic
activity (Santos & Almeida, 2010; Santos et aD12). This would be expext in a tectonically
active basin, particularly durinthe climax rift stage, during vidh tectonic activity would have
been heightened (Prosser, 1993) &o autokinetic (preess-based) mechanism to have served as
the trigger for liquidization, a tkct-relationship betweefacies and architeatal elements and
deformation structures would be expected (Leed®87). Overturned cross-stratification reveals
liquefaction events that occurred simultang to current shear-drag (Allen & Banks, 1972),
revealing a relationship between river flow actiaiyd liquidization. The ear-rhythmic alternation
between sets preserving overted cross-stratification and nonfdiened sets suggests constant
flow because the coincidence of river-flow activitydeseismic-events is very unlikely to have been

repeatedly recorded had the flaisystem not experienced penél flow (Santos et al. 2012).

Interpretation of the Early- t€limax-Rift Stages Fluvial Systems

The Guarda Velha Formation records the tweent of a complex arrangement of fluvial
deposits that collectively demonstrate the coelalelopment of an allual plain comprising two
laterally-interacting fluvial systems: an axiabet characterized by a aiael belt indicative of a
braided fluvial system that flowed from north $outh and a transversegntributory distributive
fluvial system that flowed from east to west. Agla catchment area north of the basin is interpreted
from the scale of the preserved bedforms, ttogre with palaeocurrent and pebble provenance
analysis. The main difference between easternramthern sources is the presence of a belt of
quartz mylonites and mylonitic granites next to ¢astern basin border and trending parallel to the
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basin. Granites and rhyolites aae in all areas surrounding ehbasin. Given the restricted
occurrence of these mylonites to the first few ikikgires to the east of the basin, the abundance of
such clast types in the transverse system (alweaye than 25%) suggesisgreater contribution of
local sources than is observedhe axial system, which is richerieworked vein quartz. Since the
transverse system was contributory to the aome, mylonites are also@dnd in the latter, and are
notably more abundant downstreantlué area of the inferred conélnce of the two systems. Apart
from this marked difference in proportion of claftsm an identifiable source, some clast types
found in the axial system seem to be absent ftwrtransverse one: notapsandstones from older
units of the Camaqué Basin are gmsed, in part, of detal minerals and clasts of aplite, and low-
grade metassediment, sources of which crop-otlidrarea west of the &ia, suggesting transport

to the axial system via debris-flow-related alhlvians identified in the western border area.

The area of occurrence of the Guarddh¥eFormation supports ehinterpretation of a
basin-wide intra-rift fluvial plain that, according tbe variation and spatidistribution of facies
associations, accommodated a complex fluvialesgsh which the twoacognized fluvial-system
types were characterized by costriag patterns of channels and hyualic regimes due, in part, to
their different catchment areas (identified thdoygovenance analysis — Fig. 5 — which revealed
different sediment sources), thelifferent settings within the evolwy rift basin (rift axis versus
hangingwall rift-basin margin), and their stylef lateral inter-fingeng. The basinal-scale
development of the hangingwall fia and alluvial fans to the eampparently forced the axial river
system to the footwall side of the basin, a situation typical of asymaletifis (e.g. Leeder &
Gawthorpe, 1987; Gawthorpe & Lead 2000; Peakall, 189. Indeed, the deposits of the eastern
basin margin were able to develop fluvial-domauhstreams, whereas the deposits of the western
basin-margin were fed by proximal sources, andewapidly re-worked by the major, southerly-
flowing axial system. This situation is similar those described by Gawthorpe & Leeder (2000),
where hangingwall-sourced alluvitans typically present larger dimensions than footwall-sourced

fans. These results collectivedyiggest that, although both basirdeys were active, the western
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fault represents the main syn-sedimentary basiddsdiault that gave rise to a basin asymmetry

with the western part of the basin experiencing highésidence rates.

There exists an overall upward-decreasegrain-size throughouthe Guarda Velha
Formation, from the early-rift fluvial system witts conglomeratic bars, passing upward through
the relatively finer-grained succession characteriaethe inter-fingering othe axial river system,
in the west, and the transverse river systenthim east of the rift. There is clear evidence,
particularly in the transverse system, to dasimte the increased proportion of mud lenses in
higher parts of the succession. This style of pxegem may have arisen as a result of climatic
controls leading to distinct temporal changes in #udischarge regime, oulssidence rates, or to a

combination of both.

DISCUSSION

The study of the early-rift succession documentsoarse-grained fluviabystem that flowed

transverse to the elongate baakis towards an inferred depocenthat developed in response to

progressive movement on a main basin-bounding fault. The radial pattern of this system supports its

interpretation as a fluvial fan (i.@ distributive fluvial system) thatriginated close to the eastern
margin of the basin and flowed towards the n@gpocentre in the westhe succession probably
records the distal (fluvial-dominated) part of oneameries of alluvial fans, which originated close
to the eastern border of the evolving basin. ®yistem is interpreted to have evolved into the
younger transverse system, and the finer-graidearacteristic of this younger system might

indicate that the basin was wideg in an orientation perperudilar to its axis (Fig. 18).

Geological mapping of depositional units of #ealy- to climax-rift stage confirms that the
axial fluvial succession represergsmajor trunk river system andaththe transverse/contributory

system developed contemporaneously to this,desonstrated by the lateral interfingering
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relationship of these successiofhke contributory systemot only supplied the axial fluvial system
with additional sediment supply, balso confined it tdhe western region dhe basin. Moreover,
the western margin debris-flow domated alluvial fans also forcetle axial system basinward, but
likely exerted a minor influence compared to thiathe eastern-margin fans. This situation resulted
in the axial fluvial system being confined by dskHtow dominated alluvial fans to the west and
fluvial-dominated fans to the eadthis relationship may have beemaracterized by lateral erosion
due to toe-cutting (cf. Leeder & Mack, 2001), iehh could be controlledy a combination of

tectonic or climatic factors.

The main sedimentological differences betwdase two coeval systems most likely arose
as a function of the different geomorphologicaldabasin settings that they occupied, which
resulted in the adoption of diffexedrainage patterns in the samegional basin setting (Fig. 19).
Discharge was apparently greated amore consistent in the mainialtrunk river, as demonstrated
by the preserved depositional arcbitee and set and co-set dimems. This is also supported by
the preservation of compound babsijlt by successive flood events, each promoting the accretion
of additional sediment in the same macrofofiten, 1983). Accommodation space also played an
important role controlling thereserved sedimentary architeetuthe axial system, which was
located close to the main basin-bounding fdikely experienced greateates of accommodation
creation due to higher rates of subsidence. Bytrast, accumulation dhe transverse system,
which developed on the hangingwahid originated at the eastern basin margin, was likely limited
by a relatively slow rate of generation of agenodation, meaning that the transverse fluvial
system was more likely to undertake prograceatmd to adopt a distutive form (Nichols &

Fisher, 2007). This alone could patially account for the differee in preserved fluvial style.

Downstream- and lateral-accretion in the hsistem occurred asrasult of incremental
bar growth during episodes ofghi-stage flow, a diagnostic indtoa for continuous and relatively

constant flow activity (Smith, 197@®ristow, 1987; Miall, 1994; Bst et al. 2003)An aggrading
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river system bounded laterally by the basin’s main fault to the west and by a bajada system to the
east, implies a considerable degree of camfient, and suggests that the basin might have
experienced high rates of subsidence overall.ifitezpreted constant and considerable high-water
discharge suggests relatively wet conditionthatdepositional surface dng accumulation of the
studied succession. This succession can be ascdbedtypical rift-basin axial fluvial system

bounded by basin-margin bajada deposits.

The transverse, distributiveuflial system, which evolved as contributory system to the
main axial river system, is characterized byadndance of scour surfaces, an amalgamation of
forms, and sedimentary structures indicativeupper-flow regime conditions. The existence of
scarce ponds demonstrated by nameservation of mud drapes alethses of mudstone (some with
preserved cracks) may indicate the developmeat ftdod plain with latedaand associated minor
channels that were active only during peatofls (Bristow, 1993; Tigaard & @xnevad, 1998).
Increased rates of channel avulsion due to the presence of non-stabilized banks may also explain the
occurrences of mud drapes, which would be diged after minor-channaebandonment (Tirsgaard
& @xnevad, 1998). Some of these mud deposits wamerked, as revealday local presence of
intraformational mud-flakes, probably in respotséhe cutting of new channels in the immediate
aftermath of avulsion events (cf. Steel &dmpson, 1983; Cain & Mountpe2009). These results
collectively indicate conderable discharge variation. The dovaps gradient of this contributory
river system was likely greater th#tmat of the trunk river, given &t the former flowed from one
active basin border in the east@ss the hangingwall, which waiting down to the west. As a
consequence, during peak precipdia, this relatively high-gradnt area would be subject to
substantial discharge variation; floods would fere easily drained in comparison to those
affecting the axial system. An aerially-limitedgren of hydraulic catchemt, as revealed by
provenance analysis, may also have contributechigheer discharge-variatiahan that of the axial
system with its regional catchment area \{galling & Moorehead, 1989; Orton & Reading, 1993),

leading to decreased flow during drgeasons in the transverse system.
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Despite the absence of vegetation cover, thaiesd fluvial systems werapparently able to
develop long-lived, major channelized networks.eTiasin-wide extent of this pre-vegetation
fluvial system has allowed the recognition of particularities of the depositional architecture of a
Cambrian axial river that wakaterally confined by both faultearp and bajada deposits; this
recognition is important for the study of pre-vegeta fluvial systems. Importantly, this tectonic
setting, together with #h contemporaneous deposition of twatidict fluvial systems, may have
induced the incision of fluviaktreams into youngetteposits, and systenmscording long-lived
channels. These results agree with previous maigjgesting that pre-Silurian fluvial successions
developed wide channels (e.g.tt@o, 1978; Davies & Gibling, 2010 owever, it may be that the
recognition of the actual stylesnd particularities of such de-channel systems can only be
achieved through basin-scale stclighis may be particularly difficult for most mainstream
preserved river successions, which developed ciatonic settings and are consequently
characterized by much less syst variability. The presence of demonstrably channelized
macroforms led Santos et al. (2)1to interpret the axial fluvial system herein described as a
channel-braided fluvial systerthough it was not possible to deténe the actual width-to-depth
ratio as an outcome of their study. A consadde body of published work (e.g. Hjelbakk, 1997,
Senderholm & Tirsgaard, 1998; r$gaard & @xnevad, 1998; Lon@006), together with the
findings of this present study, denstrates that pre-vegetation flalsystems can indeed preserve
varied depositional architecturesrgsponse to different tectonic, geomorphic and climatic settings.
It is plausible to suggest thtte laterally extensive geneticitsngrouped by Cotter (1978) in the
term “sheet-braided” may in fact encompass aeseof different style®f pre-vegetation fluvial
systems; the lack of vegetation propitiated stlatierally-extensive channel forms to develop a
varied number of possible uftial styles and these wereontrolled by tectonic and

palaeoenvironmental settings.

The paucity of mud in the systems desdalibdeere probably relates to the particular

characteristics of this basin, which was a hyalyadally open system. The axial fluvial system
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continuously removed finer-grained sediments siadliareas beyond the cords of the basin, via
the downstream bypass of fine-grained sesit (Winston, 1978; Eriksson et al.,, 2006).
Alternatively, mud deposits may have experienceeaeed deflation (Dalrgple et al., 1985). An
increased occurrence of bedload streams waldd have been promoted by the absence of
vegetation cover, withtlle opportunity for the deosition of mud, which wuld be transported in
suspension and bypassed downstream. The op@msysharacteristics of the Camaqua basin
probably contributed to such bypagdternatively, the low proportionf mud in this system might
be a result of slower t@s of chemical weathering as a resilthe absence of deep-penetrating
plant-root systems (Long, 2004). However, whanel when suitable conditions for accumulation
occurred, mud did accumulate locally and wassprved in abandoned-channels and incipient

floodplains.

CONCLUSIONS

Three fluvial styles have been recognizedthe Guarda Velha Formation (Cambrian, southern
Brazil) through detailed analysis d@thofacies, depositional arckitture, palaeocurrent data and
pebble-provenance studies. The lowermost (oldest) recognized fluvial system is related to the initial
subsidence of the area during an early-stagefebasin development and is characterized by
conglomeratic braided channels and bars inagangement indicative of a distributive fluvial
system. The two overlying fluvial systems accumuwateevally but are differentiated on the basis

of each having distinct morphological and architeadtaharacteristics, andftéring relationships to

the local tectonic basin setting. One of these systems can demonstrably be shown to be the
preserved succession of a perennial major trunk,rivgh preserved lithofacies and architectural
elements indicative of braided channels asdoaiated longitudinal bars that underwent both
lateral- and downstream-accretion.eTother system is distinguishatbstly by the preservation of
deposits indicative of repeatech(hprobably frequent) high-dischargariation and isndicative of
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a perennial distributive fluvial sysi aligned transverse to the lmaakis that flowed towards and
contributed to the major trunk river. Both tkefluvial systems apparently evolved coevally
throughout the climax rift-stage and both are intdgates perennial fluvial streams, despite likely
experiencing considerable differences in totacdarge and its variability (particularly in the
transverse fluvial system). The identificationteb distinct, perennial fluvial systems fed by two
different source areas, with one of these systeths transverse river sygsh — having been fed by
a relatively local sourcarea (indicated by sourséocated in the eastebasin-margin), suggests a

regional semi-humid to humid palaeoddita for the regional depositional setting.

Although several aspects of the behaviour aedgrwved architecturalyde¢ of pre-vegetation
fluvial deposits are known to mimithat of modern day arid fluai systems, the Guarda Velha
Formation demonstrates that simultaneous dgposof different facies assemblages in a pre-
vegetation fluvial plain can giveise to apparently contrasting interpretations of the external
controls on deposition. This may be the case whdferent parts of the fivial plain are fed by
distinct catchment areas and are located in different positions in relation to the basin axis, resulting
in different patterns of dischargariation occurring simultaneously in the axial river system and its
contributory system. Differemates of subsidence and accoadation generation controlled by
tectonic basin-setting likely seed as a primary control on ehpreservation of the different

depositional architectures.

The succession preserves a great varietyyypés of bedform elements, many nested
hierarchically within channelized elements. Desgghe absence of vegetation cover, the fluvial
systems discussed here were able to devadog-lived, major channekxl networks. This is
different from many Cambrian fluviaystems interpreted in the literature as sheet-braided styles
(e.g. Todd & Went, 1991; Davies et al., 2011), althotgise were preserved in different tectonic
settings (cratonic basins). Other Cambrian flusgstems in the literatey such as the Rozel

Conglomerate Formation (Went, 2005), were alsble to develop channelized-elements.
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Apparently, to date, the Guarda Velha Formatsthe only example in the literature documenting

the preservation of the interfingering-relationship of pre-vegetation axial and transverse systems.
The preservation of such varied fluvial styles characterized by channel elements with high width-to-
depth ratios similar to those described for “sheateed” styles (e.g. Cotter, 1978; Davies et al.,
2011) was probably determined by the tectonic cdnfies. rift basin), demonstrating that new
studies on pre-Silurian deposits can still providiiaiale information for discussions regarding the
form of the landscape on the continents prior to land-plant colonization. These results collectively
suggest that the “sheetaided” fluvial style encompasses aied number of pre-vegetation fluvial
styles, each with distinct preserved architectutesracterized by channel elements which exhibit
high width-to-depth ratios. In this way, weopose that the term “sheet-braided” should be
expanded in order to contain a number of differmrit-groups containing stinct pre-vegetation

fluvial styles.

Existing facies models for pre-vegetation feivsystems are not necessarily effective in
accounting for climate and palaeoenvironmental rotsit Resolution of climate and environmental
signatures for these kinds of fluvial systemsna straightforward andnust consider spatial
variation of depositional architecture and tiela to palaeocurrentnal provenance data. Pre-
vegetation fluvial systems can be as complexmasy present-day fluviatystems, despite the
absence of vegetation-cover.i§twork has applied implications, including the development of
more sophisticated predictive depositional moddth which to charactére subsurface reservoir

intervals developed in pr@Hurian fluvial successions.
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FIGURE AND TABLE CAPTIONS

Figure 1: Regional map with the Ediacaran to Cambiiasins in southern Brazil (simplified from
Almeida et al., 2010), and schematic cross-eactf the Guaritas Group (youngest unit of the
Camaqua basin) basin architect(lselow, simplified from Almeidat al., 2009). The log presented

in the lower figure indid&s the location of the 500 m-long core described further on this work.

Figure 2: Palaeogeographic reconstruction of the aflufacies of the Guaritas Group (simplified
from Paim, 1995) showing the two major dispersahdis of palaeocurrent: contributary streams
showing main sedimentary transport to the wesd, taunk river streams shawg main transport to

the south. Reworked alluvial fans gmesent to the west of these deposits.

Figure 3: Location map (upper left) and present-daylines of the Guaritas Group (centre), with
the synthesis of palaeocurrentaland studied outcrops. Proveoardata obtained in many of the
studied outcrops are presentedrig. 2. Points A-C show the location of the columnar sections
presented in Fig. 3. Arrows represent the veai@ans of palaeocurrent data presented in the
corresponding rose diagrams. Rose diagramsogeganized from proximal to distal (see grey
arrows), as follows: Axial Fluvial Systems (from top to bottom); Transverse Fluvial System (from
right to left). Note the predominance of sou#itd+trending palaeocurrenpf the Axial Fluvial
System (blue), and the predominance of a rapi#tern of east-trenuly palaeocurrents of the
Transverse Fluvial System (orange), as well efEarly Rift Fluvial System (green). Rose diagram
frequency is expressed in numiparcent; red arrow in each rose diagram represents vector mean
direction. Numbers at the topfleof each rose diagram indieanumber of measured readings.
Guaritas Group comprises the Guarda Velha &na, younger units (including the Rodeio Velho
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Suite). Older Units comprises unconformablederlying older groups from the Camaqué Basin

(Santa Béarbara Group, Bom Jardim Groogd Marica Group) and its basement.

Figure 4: Palaeocurrent datacorded by the present study foe three studied fluvial systenys)
Early Rift fluvial system;B) Early to Climax rift fluvial system (Axial system); an@) Early to

Climax rift fluvial system (Transverse system).

Figure 5: Pebble-count data from the Guarda Velhankadion. For each counting site all clasts
bigger than 50 mm were analysed in one or meotangular areas containing in total at least 300
clasts. Clast percentage is dh#e magnitude of area which wabtained through the measurement

of the bigger and minor axes, and through the assigning of form parameters.

Figure 6: Sedimentary analysis of a > 500 m-long cslnewing the basal coarse-grained deposits
of the Early Rift Fluvial System, and the evall finning-upward trendf the Guarda Velha

Formation. Occurrences of soft-sediment defdioma(from Santos et al. 2012) are represented,
showing a gradual increase in its occurrencthenupper part of the succession. Vertical scale in

metres.

Figure 7: Typical columnar sections of the Guarddh&Formation: (A) Early-rift fluvial system;
(B) Axial fluvial system; (C) Transverse fluvialystem. Legend: F1, stratified conglomerate; F2,
planar-stratified sandstone; F3, channelized, troughsestratified pebbly salstone; F4, planar
cross-stratified sandstones; F5, scour-filling ¢louwross-stratified pebbly sandstones; F6, cracked

mudstones; F7, fine-grained sandstones valiimbing-ripple cross-lamination; F8, laminated
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mudstones; F9, liquidized medium- to pebbly samss; F10, sigmoidal-stthed sandstones; F11,

coarse to pebbly-sandstones with graded foresets; F12, cross stratified pebbly sandstone with mud

flakes. Distances in metres.

Figure 8: Principal facies and faciessociations of the Early-rift fluvial system: (A) stratified
conglomerate in Gravel Bedform element, withdeof bar-top planar-stratified sandstones; (B)
detail of planar-stratified sanise presenting parting-lineatigecale has 10 mm markings; arrow

points north); (C) channelizguebbly sandstone facies. Hamnas scale is 330 mm long.

Figure 9: Interpretation of architectural elements of the Early-rift fluvial system. Thick arrows
indicate the dip-direabn of bounding surfaces that separatéts; thin arrowsndicate the dip-
direction of foresets used to determine palageot directions. Rose diagrams: (A) palaeoflow-
direction indicated by clast imbrication (N = 51) bounding surfaces (N = 7); (C) palaeocurrents

(N = 57).

Figure 10: Principal facies and facies associationstited Early- to Climax-rift fluvial systems
(Axial and Transverse Fluvial Siems): (A) pebbly trough crossatified sandstone; (B) medium-
to coarse-grained sandstone arranged into planas-atratified sets; (C) mudstone lens; (D) soft-
sediment deformed pebbly satme with liquefaton features; (E) swr-filling trough cross-
stratified pebbly sandstonwith intraformational mud-chips(F) fine-grained sandstone with
climbing-ripple cross-lamination ¢in for scale is ~20 mm); (G) ample of laterally-extensive,
planar erosional surfacelaged to toe-cut erosion (Prof. FrageSesar for scale at the front of the

picture is 1.72 m tall). Hamméor scale is 330 mm long.
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Figure 11: Architectural elements of the Axial Wlial System: (A) amalgamated braid-bars
exhibiting a markedly dispersedtfgn of palaeocurrent, combinedth scour features, suggesting
preservation of bar-chute and bar-top chanf(lelsounding surfaces of fluvial forms, N = 80; II.
palaeocurrent diagram of crossasa dip directions, N = 93); (Brograding bars presenting both
lateral and downstream accretion (I. palaeocumeagram of bounding surfaces of fluvial forms, N

= 42; Il. palaeocurrent diagram ofoss-strata dip directions, & 90). Note the variation in the
direction of dip of the bounding surfaces (thiakosvs) and the palaeocurrents measured from
foreset attitudes (thin arrows). Overall flow direction was from left to right (the outcrop is aligned

parallel to mean flow directig. Arrow directions are presented with north pointing upwards.

Figure 12: Example of channelized incised form iretAxial Fluvial System. Red line represents
5™ order bounding surface; black lines representase cosset boundaries; grey lines represent
depositional surfaces. Outcrop is perpendiculanéan palaeoflow directh. Notice abundant soft-
sediment deformation in different types of bedisr Upper right: rose diegm with palaeocurrents

(N = 20). Person for scale is 1.80 m tall.

Figure 13: Architectural elements of the TransvefSkivial System. Note the presence of two
abandoned-scours overlying a soft-sediment deddrhrorizon. Hammer fascale is 330 mm long.
Lines A, B, and C on the upper panel show the lopatif vertical logs depted below the figure.
Lower right: (1) palaeocurrent data based on measem&sof foreset attitude (N = 17); (ll) facies

proportions.

Figure 14: Architectural elements dhe Transverse Fluvial Systesandy bedform and laminated
sandsheet elements, with lenticular oveibfine and floodplain elements. The outcrop is
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organized into stacked multi-storey chanmeimplexes comprising sandy bedform elements
bounded by erosional surfaces. Asateil laterally-extensive laminated sandsheet elements are
recorded at the bottom and the top of the pabewer right: palaeocurrent diagram based on

measured foreset attitudes (N = 15).

Figure 15: Architectural elements of the Transverse Fluvial System: typical intercalation of
elements of sandy bedforms and laminated sandsheets. Thick arrows denote bounding surfaces
between forms (N = 10); thin arrows denote palageots measured from foresets (N = 20). Note

the laterally extensive erosiomnslirface beneath the laminated s&ed$ element. Person for scale

is 1.80 m tall.

Figure 16: Interpretation of architectural elements preserved in the Transverse Fluvial System: a

series of B-order bounding surfaces and channelized incised forms.

Figure 17: Idealized depositional modéo account forthe origin of ovebank and floodplain
deposits, including mud cracks and ripple formgha contributory Transverse Fluvial System.

Flow direction is towards the reader.

Figure 18: Two-dimensional interpretatiaof the evolution of the Guda Velha fluvial system and
the associated basin-scale structures. (1) Early rift; (2) Climax rift. lUpyd: example of basin
structures associated with the Guaritas rifting gwsith the interpreted paeostress fields (S1-S3),

Schimidt projection, lower hemisphere (N = 1l8hte the basin-widening event between 1 and 2.
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Figure 19: Reconstruction of the palaeogeographic etioh of the Guarda Velha fluvial system.

Table 1: Summary lithofacies description and intexjation for the Guarda Velha Formation.

Table 2: Summary description and interpretation ofhatectural elementsf the Guarda Velha

Formation.
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FACIES

ASSOCIATION FACIES DESCRIPTION INTERPRETATION
Imbricated, clast-supporteithcipiently low-angle cross-
stratified conglomerates, typically in 0.8 to 2.0 m-thick, 10 to
F1 - Stratified 20 m-wide sets. Basal contacts are usu_ally erosional, v_vhll_e te(raavel bars in braided streams.
Conglomerates upper ones may be erosional or gradational to F2. Grain sizes
vary from granules to boulders, typically rounded and
presenting polymictic composition.
Early-Rift Medium grained sandstones with plane-parallel to low-angleDeposits generated during the last stages of flood
Fluvial System F2 — Planar-Stratified cross-stratification commonly presenting parting lineation. events, as planar beds or low relief sand waves (e.g.
Sandstones Sets are commonly 10 cm to 1.5 m-thick and more than 20 Best & Bridge, 1992) under supercritical flow or near
wide. to critical velocity.
Medium- to pebbly- trough cross stratified sandstones
F3 - Channelized presenting multi-story channel bodies in several scales. Tro@frannelized stream-flownder lower-stage flow
pebbly sandstones cross-strata ranges from 0.3 to 1.0 m-thick. Pebbles are spamsgime. Three dimensional dunes migration.
or concentrated on the foreset.
. Medmm—gr_a_lneq sandstones with plane—paral_lel to IOW.""lngleDeposits generated during the last stages of flood
F2 - Planar Stratified cross-stratification commonly presenting parting lineation. :
. events, as planar beds or low relief sand waves under
Sandstones Sets are commonly 10 cm to 60 cm-thick and more than 5 n: itical fi itical veloci
wide. supercritical flow or near to critical velocity.
Medium- to pebbly- trough cross stratified sandstones
Axial Fluvial F3 - Channelized  presenting multi-story cut relationships of many scales. Troughannelized stream-flow under lower flow regime.
System pebbly sandstones cross-strata ranges from 0.3 to 1.0 m-thick, pebbles are spafid@ee dimensional dunes migration.

or concentrated on the foreset.

F4 - Planar cross-
stratified sandstones

Pebbly sandstones presentingrar cross-stratification of

low- to medium- angle, sets are 0.3 to 1.5 m-thick and 5 to 2Accretion bar increment during maximum flood
m-wide. Intraformational mud-clasts are often found. Sets events. Related to element DA and LA.
commonly pinch-out both up- and down- current direction.




FACIES

ASSOCIATION FACIES DESCRIPTION INTERPRETATION
. Medium grglneq sandstones with plane-paral_lel to IOWfamgleDeposits generated during the last stages of flood
F2 - Planar Stratified cross-stratification commonly presenting parting lineation. )
. events, as planar beds or low relief sand waves under
Sandstones Sets are commonly 10 cm to 60 cm-thick and more than 5 m- ", o .
wide. supercritical flow or near to critical velocity.
Medium- to pebbly- trough cross stratified sandstones
F3 - Channelized  presenting multi-story cut relationships of many scales. Troughannelized stream-flow under lower flow regime.
pebbly sandstones cross-strata ranges from 0.3 to 1.0 m-thick, pebbles are spafid@ee dimensional dunes migration.
or concentrated on the foreset.
Pebbly sandtones presenting planar cross-stratification of low-
F4 - Planar cross- to medium- angle, sets are 0.3 to 1.5 m-thick and 5 to 20 m-Accretion bar increment during maximum flood
stratified sandstones wide. Intraformational mud-akts are often found. Sets events. Related to element DA and LA.
commonly pich-out both up- and down- current direction.
Trough cross-stratified, coarse- to pebbly-sandstones
Transverse F5 - Scour-filling commonly presenting intraformational mud clasts of up to 13vents of rapid deposition of poorly selected material

Fluvial System  trough cross-stratified
pebbly sandstones

cm. Infilling scours of 5 to 15 m wide and 0.3 to 1.20 m thicktransported by subcritical tractive currents after
Cross-stratification is usually concordant to the erosional baseosion peak discharge.
surface.

F6 - Cracked
mudstones

. . . Events of flow stagnation followed by decantation,
Mudstone lenses presenting desiccation mud cracks on upper ) . : . !
- . o Sub-aerial exposure and desiccation. Erosive bodies of
limit. Thickness ranges from 0.15 to 0.60 m; wideness, 15 to P
20m pebbly sandstones can occur infilling inter-crack

spaces.

F7 - Fine grained
sandstones with
climbing ripples

Centimetric layers of fine- to medium-grained sandstones
presenting climbing ripple cross lamination. Always associat
with facies F8.

Lgss of current velocity during waining stages of
ood events under upper flow regime.

F8 - Laminated
mudstones

Lenses of greenish gray to red-brown laminated mudstones,

0.05 to 0.90 m-thick, 3 to 15 m-wide. Commonly occur as m&anall ponds and flood plains deposits of decanted-
drapes infilling abandoned channels. Occur also as small fines.

lateral flood plains associated with minor channels.




F9 - Convolute
medium- to pebbly

Trough cross-stratified, plane-parallel laminated and planar
low-angle cross-stratified sandaes presenting local or set- Soft-sediment deformation due to liquidization right-
confined deformation. Graisize varies from medium- to after and/or during deposition. Flow shear

sandstones pebbly sandstones. Presents non-harmonic folding, overturrdaformation mechanism appears abbundantly.
cross-strata and dewatering pipes.
F10 - Sigmoidal Medium- to coarse-grained sandstones presenting sigmoida'l_mmpbaCk dunes generated during periods of

stratified sandstones

changing flow regime. Similar to those described by

cross-bedding due to the preservation of the topset. Fielding (2006).

F11 - Coarse to

Coarse- to pebbly-sandstones with normally-graded foreset$-ormed by avalanchingn the foresets of

pebbly-sandstones with preenting centimetric planar to tangential cross-bedding. Setonglomeratic unit bars. Similar to those described by

graded foresets

are usually 20 to 30 cm-thick. McConnico & Bassett (2007).




ELEMENT  LITHOTYPE GEOMETRY Barly-Rift — Axial — Transverse
System System System
sand Description laterally continuous sheets and lenses presenting planar- to smoothly convex-
andy F3, F2, F9, F4 bases, 0.6 to 1.8 m-thick and 2 to 15+ m-wide. X X X
Bedforms e . ) ,
Interpretation deposits of small channels subaquous dunes and low amplitude bars.
Description tabular bodies with incipient stratifittan, 0.3 to 1.8 m-thick and 4 to 15+ m-
Gravel F1 F2 F3 wide. «
Bedforms T Interpretation conglomerate bedforms migration during peak flood discharge. Bar-top
preservation indicates preservation of form
Laminated Description tabular sheets 0.6 to 2.1 m-thick pmeting planar, erosive basal surface.
F2 ) . ! . . X X
Sand Sheets Interpretation deposits of unconfined and low-depth flow of main flood waning stages
Description lenses of 0.3 to 1.6 m-thick and 5 to 15 m-wide. May pinch-out downstream.
Downstream F2 F3 F4 Basal surface dips on the same direction asrbss-sets but at pretty smaller angles. May X X
Accretion T be undulated.
Interpretation bar accretion during peak flood events.
Description 0.3 to 1.2 m-thick and 0.4 to 2 m-wide incised chanels cutting erosively
Scour Fill F5, F3 elements SB or FF. X X
Interpretation peak discharge floods deposits under subcritical-flow.
Abandoned Description 0.15 to 0.7 m-thick and 4 to 14 m-wide channel-shaped lenses with erosional
grgoa?e F8, F7, F3 basal surface filled by mud drape. X
Interpretation ephemeral channel filled by mud.
Description 0.05 to 0.7 m-thick and 4 to 20 m-wide lenses with planar basal and upper
Overbank 8. F7 surfaces. X
fines ’ Interpretation areas next to main channels flooded during peak discharge and posteriorly
deactivated and eroded on top by superposed SB.
Description lenses of 0.6 to 1.6 m-thick and 10 to >15 m-wide. May pinch out
Lateral F2 F3 F4 downstream. Basal surface dips perpendicul#ingccross-sets but at smaller dip angle. X
Accretion e May be undulated.

Interpretation bar accretion with lateral componteduring peak flood events.
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