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ABSTRACT

Sedimentsitransported from,sourcederrains to depositional sinks carry environmental signals,
which.may or:may not be preserved in stratigraphy. Recently developed theory suggests storage
thresholds for environmental signals are set by the internal dynamics of sediment transport
systems. For thefirst time, we explore this theory by testing whether changes in relative sea level
(RSL) of various scales produce detectable signals stored in field scale stratigraphy. This field
test builds on results from physical experiments where identifiable stratigraphic signals of RSL
change were only produced from RSL cycles with magnitudes and/or periodicities greater than

the spatial and temporal scales of the internal dynamics of deltas. Published long term
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sedimentation rates and sea level reconstructions suggest that the Mississippi River Delta (MRD)
should be a good place to study sea level signal storage thresholds. We use publicly available
seismic volumes from NAMSS-USGS to study how and if signals of paleo-sea level change are
stored in strata of the MRD, comparing strata of the late Miocene (LM) and early Quaternary
(EQ). Comparison of the amplitude and period of cycles in these two time perieds, constrained
by micropaleontological data, predicts storage of RSL signals in EQ strata, but not in the LM
strata. This is confirmed as we show that signals of larger amplitude,EQ RSL cycles are
preserved in the MRD, but smaller amplitude LM signalsare not detectable. This study adds
field scale observations that quantify the intermingling, of stratigraphic products-of internal

dynamics with products of RSL change over geolegical timescales.

INTRODUCTION

Relative sea level (RSL) change canbe connected to climate change and is used as a proxy to
reconstruct past changedn global,temperature, melting of ice sheets, tectonics and
paleogeography (Haq et al.; 1987; Fairbanks; 1989; Haq, 1991; Clark et al., 2004; Alley et al.,
2005). Signalsof sea level change throtigh Earth history are stored in strata and decoding these
signals can help us interpret paleoclimate. Changes in RSL also drive changes in the dynamics of
Earth’sisurface (e.g., channel migration rate) which gets recorded in strata. RSL change is one of
the most impertant external (allogenic) forcings affecting sediment deposition rates and
stratigraphic architecture of continental margin systems. Paleo-RSL change has commonly been
studied with sequence stratigraphy, a branch of stratigraphy that connects depositional patterns
and erosional surfaces preserved in marginal marine strata to allogenic forcings like RSL change

(Posamentier & Vail, 1988; VVan Wagoner et al., 1988; Catuneanu et al., 2009). Many paleo-

Mukherjee & Straub in-prep. 2



47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

environmental interpretations that utilize sequence stratigraphic methods emphasize landscape
responses to RSL change to explain stratigraphic architecture (Van Wagoner, 1995; Catuneanu et
al., 2009; Bhattacharya, 2011; Blum et al., 2013). Falling RSL is connected to incision,
formation of valleys, and a basinward shift of depositional facies. In contrast, rising RSL is
thought to shift deposition landward, with eventual valley filling and preservation of
paleovalleys in strata (Posamentier & Vail, 1988).

Signals of changing sea level are thought to be abundant‘in‘marginal marine strata
(Jelgersma, 1961; Blum & Tdrngvist, 2000; Miller et al., 2005; Khan et al,, 2019). However,
recent work questions the ability of some basins to reécord detectable signalsof certain RSL
events. For example, Li et al. (2016) and Yu etals(2017), using physical experiments, explored
the distortion and reduction in detectability of RSL signals by processes that are intrinsic to
sediment transport systems (autogenic processes)..This contrasts with many interpretations of
sequence-stratigraphic patterns that emphasize deterministic system responses to past RSL
change and the resultant stratal architecture, (Posamentier & Vail, 1988; Posamentier & Allen,
1992; Catuneanu.et.al., 2009):The distinction between allogenic and autogenic controls on
sediment transport and the comparison/of scales of the resulting stratigraphic features are
important questionsworth exploring (Best & Ashworth, 1997; Ganti et al., 2019). Some
observational'work (Trower'et al., 2018) has even applied aspects of stochastic signal
degradation theory (signal shredding theory) at field scale.

Signal shredding describes how signals can be destroyed due to sediment storage and
release and the study of this is still a comparatively new area of research (Jerolmack & Paola,
2010; Romans et al., 2016). Signal shredding can result from the degradation of signals during

transport or burial and from the intermingling of the products of allogenic and autogenic surface
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processes in strata. Signals of environmental change can be spread temporally as well as spatially
in a source to sink system due to autogenics. This is referred to as ‘smearing of signals’ over
landscapes as well as the strata (Jerolmack and Paola, 2010). This smearing results from the
temporary storage in landforms like bed and bar forms, and due to flux of sediment out of
channels to depositional environments like floodplains. This temporary storage,also results in a
smearing of signals in time as sediment liberation during episodes of erosionwresults in a
distribution of transit times for sediment routed from a source to‘a sink (Castelltort,& Van den
Driessche, 2003; Romans et al., 2016; Burgess et al., 2019;,Lazarus et al:},2019). Significant
smearing of signals across time and space can makedt.impossible to piece together the
depositional clues one uses to infer paleo-envirenmental change.

However, not all environmental signals travel along the fulldength of the transport system
before deposition. A good example‘of this'is a change in relative sea level, as it is felt by the
transport systems first at the shoreline, from where a signal can be generated that propagates both
up and down the system' (Fisk, 1954; Lamb.et al., 2012; Voller et al., 2012). While signals can
propagate over thesEarth’s surface alongia dominant sediment transport path, they can also travel
vertically into strata. In the case of seadevel change, this vertical signal propagation into the
stratigraphic record can oceur with no or limited horizontal propagation (Vail, 1987; Posamentier
& Vaily1988; VVan Wagoner et al., 1988). During the burial process, signals first reside in the
active layer (layer still susceptible to reworking via autogenic processes) where they can be
degraded by the burial and/or incision process. If this degradation is significant, the resultant
stratigraphy may not preserve detectable evidence of changing RSL. Only when these deposits
are buried to a depth sufficient to be shielded from autogenic surface processes are they safe

from further autogenic degradation (Mohrig et al., 2000; Olariu & Bhattacharya, 2006; Straub et
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al., 2009). We follow the language of Straub et al. (2020) and differentiate a “transport shredder”
from a “stratigraphic shredder”. The stratigraphic shredder is associated with the vertical burial
processes of environmental signals. This work will focus on degradation of RSL signals resulting
from the burial processes, specifically for signals with short horizontal transit distances (RSL

signals preserved near paleo-shorelines).

Studying stratigraphic signal storage with seismic data from the"Mississippi delta

When it comes to exploration of signal shredding theory at field seales, little has been
done because of scarce publicly available 3D data that.is of deeent areal coverage and also is
sufficiently dated. Li et al. (2016) and Yu et al«(2017) calculated the preservation potential of
RSL signals for a database of field scale/deltaic systems. This analysis suggested that the
present-day Mississippi River Delta (MRD) is a'geod place to'test signal-shredding theory. RSL
cycles from two time periods,in the large basin of the MRD are hypothesized to reside on either
side of the stratigraphic@ignal detection divide. Specifically, we compare strata deposited during
the early Quaternary. (EQ), when RSL cycled with large amplitudes, and the late Miocene (LM)
that had mueh lower amplitude RSL cycles (Lisiecki and Raymo, 2005; Miller et al., 2005).

The past physical and numericabexperiments used to test the theory assumed that the major trunk
systemnin a sedimentary-basin sets the fidelity of the entire basin. These experiments were fed by
a single delivery point for water and sediment to the experimental basins (Li et al., 2016; Yu et
al., 2017). However, we recognize that the larger MRD basin contains both a trunk channel
system and smaller coastal river basins. Thus, we also explore the ability to detect signals in
deposits of these small coastal systems that exist in the larger basin. We hypothesize that EQ

RSL signals will be preserved in strata deposited from both the small and large systems. In
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contrast, signals of LM RSL change are expected to be preserved in strata deposited from the
smaller coastal systems, but not in the strata tied to the trunk system.

We use publicly available seismic volumes from the National Archive of Marine Seismic
Surveys, under USGS (NAMSS-USGS) to measure the dimensions of stratigraphic features
resulting from channelized flow in the stratigraphy of the EQ and the LM. Weaim to ascertain if
any of these channelized geobodies (CBs) can be categorized as paleavalleys,in the sedimentary
packages from the two time periods of interest, which is indicative of the storage of sea level
signals. For this, we define autogenic scales first, in the form of dimensions of the present-day
Mississippi river and look for variations away from.autogenic'scales. To our knowledge this is

the first field scale study to test signal shreddingstheory.

THEORETICAL BACKGROUND
Following theory developed.by Lietal. (2016) and Yu et al. (2017), amplitude and time-periods
of RSL cycles are compared with autogenie time and space scales for deltaic stratigraphy. H*, a

dimensionless length scale and‘T*, a dimensionless timescale (Li et al., 2016; Yu et al., 2017) are

defined as:

H* =Rt (EQ. 1)
Hc

T+ = IRt (EQ. 2)
Tc

where Ryg; is the range of an RSL cycle (i.e. difference in elevation of sea-level between
highstand and lowstand), H, is the depth of the largest autogenic channels, which can be as
large as 3Hmean (Ganti et al., 2014), Txs,. is the period of an RSL cycle and T, is the

compensation timescale, which is the time for deposits of autogenic surface processes to average
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out such that an isopach reflects an accommodation generation pattern (Wang et al., 2011). The

compensational timescale can be estimated as:

Te =1 (EQ:9)

Where 7 is the long-term sedimentation rate, and | is the maximum autogenigc vertical roughness
scale in a region of study. | has been approximated by H in several experimental studies.
However, this scale for some settings might be larger than He, dué to the presence of features
like delta foresets that could introduce even larger roughness scales into,a system (Trampush et
al., 2017).

Results from physical experiments suggest that'deltas experiencing RSL cycles
characterized by H* and/or T* >>1 preserve sea level signalsiin,their strata. However, in systems
where both H* and T* <<1 signals offRSL cycles are either.absent or of similar scale to products
of autogenic processes, making‘them difficult to detect.

Predicting signal detectability requires estimates of autogenic system scales. Prior studies
suggested that the present-day Mississippi River is largely the result of autogenic processes in
the Holocene(Blum & Tornqvist;2000;41 et al., 2016; Yu et al., 2017). Such morphometric
scales from,the modern system aret1sed to estimate autogenic scales. We use maps of the lower
Mississippi River (Nittrouer, 2013; Fernandes et al., 2016) to estimate an Hc of ~70m. Prior
estimates of a long term Sedimentation (or subsidence) rate of 0.23 m/kyr for this system came
from biostratigraphic dates in the strata below the current Bird’s foot of the MRD (Straub et al.
2009). Using these values, estimates of H* and T* for the MRD EQ are 1 and 0.1, respectively,

whereas for LM strata, H* and T* are estimated at 0.2 and 0.1, respectively.

Expected RSL signals in the strata

Mukherjee & Straub in-prep. 7
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The H*-T* framework gives us a tool to quantitatively compare the scales of allogenic
environmental forcings with the scales of local autogenic signals. The H*-T* regime can aid
prediction of not only the presence, but an expected type of RSL signal in strata, depending on
the RSL signals falling in the different quadrants of the H*-T* space. H* and T* are inversely
proportional to autogenic channel depths. A channel that plots in the quadrant'defined by both
H* and T*>1 should produce CBs that are both deeper and wider than'their.autogenic
representations. Incision and formation of paleovalleys should alsodrive basinward movement of
the depocenter. In the case of H*>1 and T*<1, we suggestithe dominant signal will be an
increase in CB thickness relative to autogenic products as the high RSL cyele amplitude will be
linked to incision, but there will be limited timeito.widen'the valley'eut during a cycle. For T*>1
and H*<1, one can expect to see wider GBs and more distal sediment deposition, but not
necessarily channel bodies that arethicker than autogenic scales. In the case of H* and T* both

being less than 1, the RSL signal will,be susceptible to shredding.

STUDY AREA

Themorthern Gulf of Mexice is‘a stable divergent continental margin (Galloway, 1989)
and has been the major sinkforsediments sourced from the continental United States for the past
65 million years (Galloway-€t al., 2011) (Fig. 1a). While the sediment routing and drainage
patterns of‘the Mississippi River changed through time, the MRD has been active for most of the
last 65 Myrs, except for the Eocene epoch (Blum and Pecha, 2014; Blum et al., 2017; Galloway
etal., 2011; Xu et al., 2017). During the LM and EQ time-periods, the terminus of the
Mississippi River was one of the principal depocenters in the Gulf of Mexico (Bentley Sr et al.,

2016; Blum et al., 2017; Galloway et al., 2011; Wu, 2004; Xu et al., 2017).

Mukherjee & Straub in-prep. 8
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The present axis of the MRD has been in place since the Miocene. During this time, RSL
cycles ranged from ~10-20 m with a cycle period of ~40 kyr (Lisiecki and Raymo, 2005; Miller
et al., 2005; Raymo et al., 2006). The shelf-edge prograded by ~200 km and the nucleus for the
present alluvial system, with the deepwater system in the Gulf of Mexico, was set up (Galloway
etal., 2011; Winker, 1982). This coastal and deepwater sediment accumulation, led to the
formation of a composite delta system (Bentley Sr et al., 2016; Combellas-Bigott and Galloway,
2006; Galloway et al., 2000; Galloway et al., 2011; Winker, 1982; Wu, 2004).

Throughout much of the early Quaternary (2.5-0.7#,Ma), RSL cy¢les were dominated by
a 40 kyr period. This transitioned to a dominant period of 100%yrs in the Pleistocene (Imbrie and
Imbrie, 1980; Lisiecki and Raymo, 2005; Milleret al., 2005; Rayma,et al., 2006). In the Gulf of
Mexico, this transition is temporally linked to the presence of the.foraminifera Trimosina A,
typically dated at ~0.6 Ma (Galloway etal., 2000): EQ RSL cycles had a range of ~60-70 m
(Lisiecki and Raymo, 2005; Milleretal., 2005; Rayma et al., 2006). During this period, the
mean Quaternary shoreline rested around the present-day mid-shelf with superimposed
fluctuations due to,the RSLforcing (Blum etal., 2009).

The/MRD basin has been‘impacted by shifts in climate and associated sea level change
over a‘range of timescales (Buzas=Stephens et al., 2014). Changes in sediment flux from the
hinterland due to changesin‘climate, tectonics, and geology in the drainage basins of the rivers
have influenced sedimentation patterns (Anderson et al., 2016). The MRD is also highly
influenced by variable basin subsidence in space and time, driven by sediment compaction and
glacial and sedimentary isostatic adjustment. Over long timescales, depositional patterns in the
GoM are influenced by structural processes, including deep-seated subsidence caused by cooling

of the crystalline basement and movement of gravity tectonic structures (e.g., Jurassic Louann
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salt). The salt and the structures created by its movement add to the overall complexity of the
GoM, in terms of creation of accommodation and rapid subsidence in the shelf. This affects the
thickness of strata from the Mesozoic through the Quaternary (Combellas-Bigott and Galloway,
2006; Diegel et al., 1995; Galloway et al., 2000; Peel et al., 1995; Peel, 2014; Winker, 1982).
Care has been taken to exclude manifestations of the salt structures and faults during seismic
interpretation (Fig. 2). Other factors influencing marginal marine sedimentation patterns and
physiography in this area include differential fluvial fluxes (Olariu‘and Steel, 2009) and
oceanographic currents and circulation systems (Andersonset al., 2004; Anderson et al., 2016).
However, possibly the largest environmental forcingat this site is eustatic sea-level (Fisk, 1954;
Blum & Tornqvist, 2000), given its influence eamithe location of shorelines and the change of

transport physics that occur across this boeundary .

Data and Methods

Micropaleontological data

To meaningfully analyze the geological history imaged with the seismic data from the study
area, different stratigraphic packages need assigned ages. There is limited data on the age of
stratadn the study area overtherage range we query. However, for this study, the precise age of
strata that might allow one,t0 identify the signal of a specific sea level cycle is not necessary.
Rather, sufficient dating that allows for the general age of strata (+/- 1 Myrs) is necessary. This
allows us to identify the general scale (amplitude and period) of sea-level fluctuations that were
ongoing at the time of deposition. By using planktonic foraminifera available from a well in the
study area, an age-depth model is generated (Fig. 1B). Specifically, using the depth and age

ranges of the microfossils Lenticulina and Bigenerina floridana in conjunction with the modern
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Earth surface, the estimated sedimentation rate for the study area is 0.54 m/ka. Using this rate,
the estimated local H* and T* values for the EQ are 1 and 0.8, respectively, whereas for LM

stratigraphy H* and T* are 0.1 and 0.3, respectively.

Present-day Mississippi channel width

The dimensions from the present-day Mississippi channel were compared to the EQ and LM CB
dimensions. Data defining the depth and width of the present-day Mississippi channel, as
measured from Head of Passes, are reported in Nittrouer et.al. (2012) (collected by U.S. Army
Corps of engineers (USACE; data collected 1974-1975; found,in Harmar, 2004; appendix)).
This survey data included channel cross-sectionsien average every 312 m, which covers the
transition from the normal-flow stretch through the backwater reach: The difference in channel
levee crest and thalweg elevationsfor every transect is reported as the modern channel depth.
The width data comes from these same profiles and ismeasured from one levee crest to the levee
crest on the opposite channel margin along,a perpendicular transect. All the elevation data are
expressed in meters.above mean sea level and were converted from the data referenced to NGD
1929. Distributions of'channel depths.and widths are then generated for the full lower 800 river
kms and for just the:lower 200 river kms.

The distance of thefarthest landward edge of the seismic volume from the average LM
and average EQ shoreline are ~120 kms and ~50 kms, respectively. These are calculated based
on the perpendicular distance of the center of the seismic volume from the closest EQ and LM
shoreline positions (Galloway et al., 2000). Acknowledging that sea level cycles, sediment

supply and accommodation can alter these distances significantly, this is an estimate of the
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average distance separating the study region from the shoreline over the time periods explored,
and comparable to the 200 river kms of the present-day Mississippi channel belt.

Channel belt width data from Fernandes et al. (2016) is then used to compare EQ and LM
CB dimensions with modern autogenic values. Again, distributions of CB scales are made both
for the lower 800 kms and lower 200 kms. Given the time integrative nature of,strata, the scales
of interpreted CBs are likely more analogous in their formative processes to modern channel

belts, compared to the geometry of the river itself.

Seismic dataset

The publicly-available 3D seismic cube(=980 sq km) used here to calculate distributions
to describe widths and depths of CBs, covers.a swath of the current.continental shelf, just west of
the Mississippi Canyon (Figs. 1&2). This region is.near the center of the long-term MRD basin
(Fig 1a) and as such received.sediments through the LMvand EQ time-periods (Galloway, 2008;
Galloway et al., 2000; Galloway-et al., 2021). The seismic volume was collected in 1993 for oil
and gas exploration,purposesaThe inlinéyand crossline spacings are 25 m and the sample interval
is 4 milliseconds. The frequency content of the seismic volume averages ~35 Hz with a falloff on
the high frequency end at ~65 Hz; with a theoretical vertical resolution of 7-14 m. Using the
sedimentation rate calculated, EQ strata is in a depth range of 0.5-1 km, corresponding to an age
range of approximately 1-0.8 Ma. For LM strata, the depth range is 3.5-4 km, corresponding to
an age range of .approximately 6-6.3 Ma. However, the uncertainties on these numbers can be
expected to be large, based on change in sedimentation rates in the system.

Seismic waves reflect and refract along geophysical boundaries, many of which are

associated with lithologic boundaries in the subsurface. Using this principle, the seismic cube
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was utilized to interpret CBs of different dimensions from the EQ and LM. For this study, we
define channelized bodies as any geobody constructed from channelized processes. This term
encompasses channels, channel belts, and paleo-valleys. We emphasize and acknowledge that
this is a slightly different use of this term than commonly used in the literature. These CBs were
interpreted from both horizontal and vertical seismic sections. Interpretation'and mapping of the
smaller channel features is easier in approximately horizontal time slices compared to vertical
sections due to data resolution and typical aspect ratio of CBs (width > depth). CB,margins are
interpreted on horizontal (time) sections using a variance attribute that aceentuates edges or
discontinuities in the seismic data (Figs. 3&4). Windows of ~200 milliseconds, which
corresponds to about 300 thousand years of age/and close to,100m of thickness, are identified for
both the EQ and LM time-periods. Thisthickness is roughly equivalent to the compensation
scale of the basin (i.e., approximately equal to thexmaximum depth of the modern Mississippi
River). Each of these windows is then divided into ~12 time-slices with a spacing of ~8
milliseconds, with the 1M sections flattened on a regional surface. For every time slice,
discontinuities interpreted as €B margins, were mapped. CB margins are described as two linear
features that‘run approximately parallelto each other with a sinuosity to channel width
relationship similar to modern-day channels and channel belts (Leopold and Wolman, 1960).
Some CBs were also mapped in cross-section where they were identified with paired inclined
reflectors that truncate underlying seismic horizons. This mapping process produced a database
that consists of 821 CBs: 431 (50 vertically resolvable from seismic data) from EQ and 390 (33

vertically resolvable from seismic data) from LM.

Calculation of CB dimensions

Mukherjee & Straub in-prep. 13



299  The dimensions of CBs can hold valuable clues about their origins, including the influence of sea
300 level cycles, and clues for the presence of allogenic vs allogenic signals. Using the interpreted
301  CB margins, channelized-body widths were calculated using a Python based script designed by
302  Sylvester and reported on in Sylvester et al. (2021). The detailed script and explanation for the

303  width calculation is available at https://github.com/zsylvester/channelmappér.

304 Following the Gibling (2006) framework, geobodies produced’by channelized transport
305  processes in coastal settings can be placed into four bins: alluvial valley fills, deltaxdistributaries,
306  meandering channels and braided channels. The calculated.CB widths were compared with the
307 typical widths of these types of features (Table 1) and then interpreted accordingly.

308 We also estimate thicknesses of CBs, specifically‘ maximumithicknesses, which is

309  necessary to calculate H* and T*. CBs with thicknesses below the vertical resolution of the
310 seismic volume cannot be directlyinterpreted. For.each CB that could not be imaged in the
311  vertical, we used the database from Gibling (2006) tocalculate a theoretical maximum CB

312  thickness. Depending on the type of CB,the width was combined with the associated

313  width:thickness ratios to arrivedat a theoretical maximum thickness (Table 1). For vertically
314  resolvable CBs, the difference between'the maps of the CB base and an approximate top

315  envelope gives an‘approximate maximum thickness. The top envelope is constructed by

316  connecting the top elevation’of paired CB margins.

317 H*and T* for all CBs are calculated using equations 1&2. This is an important

318  distinction between the works done by Li et al. (2016) and Yu et al. (2017) and our work. Li et
319 al. (2016) and Yu et al. (2017) calculated H* and T* for a depositional basin using the depth of
320  the deepest channels observed on the surface of the basin.

321

Mukherjee & Straub in-prep. 14


https://github.com/zsylvester/channelmapper

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

RESULTS

Channelized body dimensions

Classification based on the definitions of Gibling (2006) suggest that CBs interpreted in
both EQ and LM are either delta distributaries-or meandering channels, with only a small section
of these being braided channels (Fig.5). Even though this method creates very'sharp boundaries
between the different types of CBs, we want to emphasize that in reality these boundaries are
gradational. Difference in the types of CBs between the two time periods are only apparent in the
upper tails of the distributions. The cumulative distributive.functions (CDE) of the widths of CBs
from the EQ and LM are similar, spreading over scalés of 10%10° m. However,the EQ
distribution contains several CBs that approachswidths of 20* m (Fig.5). These exceptionally
wide EQ CBs are interpreted as paleovalley-fills. The LM strata lacks these exceptionally wide
CBs. These wide EQ CBs are alsoexceptionally thick (Fig.5). The thickness of the CBs from
both EQ and LM are between 10*-102 m, except for thewide EQ CBs that are between 102-10° m
thick.

Next, width-to-thickness ratios Were calculated for the CBs resolvable in the vertical
seismic section,(Fig 6). Almost all €Bs from EQ have a width-to-depth ratio between 1 to 60,
with two being in‘excess of 100xin comparison, all but one of the LM CBs have width-to-
thickness ratios between and 40, with the outlier being 80. The thickest EQ and LM CBs
(thicker>100s of m) show low width-to-thickness values (<5)(Fig. 6); The width-to-thickness
ratio of the present-day Mississippi river varies between 1 to ~400, but for the portion
downstream of the backwater length i.e., till ~300 river kilometers, this ratio is <40 (Blum et al.,

2013), which compares well with the width-to-thickness ratios of the LM CBs reported here. The
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widths of paleovalleys are commonly more than 100 times their thicknesses (Gibling, 2006).
That signature can be seen in only two CBs in this dataset, and both of them are from the EQ.

Utilizing the measurements of maximum channel depths and local subsidence rates, H*
and T* were estimated. We present these measurements in an H*-T* space that is divided into
four quadrants, based on the values of both the time and depth scales of RSL signal preservation.
<5% of the EQ CBs have both H* and T* <1, plotting in the signal shredding,regime and the rest
of the CBs have either H*>1 or both H* and T* greater than 1. Thisisuggests that €Bs from these
time periods have a significant chance of containing signals.of changing RSL. The EQ CBs with
the lowest H* and T* values are interpreted as paleovalleys from their geometries and thus their
scales are likely the result of sea level driven allegenic processes. Imicomparison, ~40 % of the
LM CB:s plot in the shredding regime, with enly one LM CB having H*>1 and 60% of them
T*>1. Close to half of the total population of interpreted LM CBs are expected to shred the RSL
signal. Further, all of the larger CBs fall in‘the shredding'regime and do not have width and
depth statistics indicative of paleovalleys.

To estimate,uncertainties in the H* and T* estimate, a lower sedimentation rate of 0.26
m/ka (reportediby Straub et al. (2009)from the southeastern part of the Mississippi River basin)
was used to calculate the same suite of statistics as discussed above (Eig. 7). With the lower
sedimentation rate, all butene LM CBs plot in the shredding regime. For the EQ <5% of the CBs
plot in the shredding regime, with the rest having H*>1. Almost 95% of the EQ CBs are

expected to store the RSL signal in this case.

Present-day Mississippi channel width
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The present-day Mississippi river channel and channel belt dimensions are compared with CB’s
from both the LM and EQ. Only a few of these EQ and LM CBs, which are a collection of
channelized sediment transport systems of varying scales, are comparable to the present-day
Mississippi-scale system. The important observation is that the thicker and wider CBs present in
the EQ make the upper tails of the distributions heavier compared to that of‘the, modern channel,
channel-belt or the upper tail from LM (Fig 8). The dimensions of the‘present-day autogenic
Mississippi River channel and channel-belt downstream from the backwater reachiare smaller
than the dimensions of the interpreted paleovalleys seen inithe upper tail of the EQ CBs. The
width and the thickness of the EQ features areclose t0 a factorof two largerthan anything seen in
the LM distribution and the present-day Mississippi River. Thus, the,dimensions of the present-
day autogenic Mississippi river channel.are eloser ta those foundinsthe distribution of CB
dimensions from the LM (Fig. 8a)This supports an interpretation that the LM strata dominantly
stores autogenic process signals, while allogenic RSLsignals are likely lacking due to shredding
by the autogenic processes. Even though'the modern-day Mississippi channel belt width is
smaller than the that.of the heavier tail of the' EQ CBs, the scales of these features are closer in

size than that of the present-day MissisSippi river (Fig. 8b).

Discussion
The measured (and estimated) width and thickness of CBs from the EQ and LM in the MRD
show a wide distribution of scales but differences in dimensions that we interpret to be resulting

from different allogenic forcings and the basin’s signal preservation potential. For each time
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period, the H*-T* distributions span high values associated with the smaller coastal channels to
smaller values tied to CBs with scales similar to the modern-day Mississippi River. The range
and period of RSL cycles in the LM were less than many of the resulting CB thicknesses and the
times to generate basin wide deposits of equivalent thicknesses as the CBs, as ~50% of these
CBs fall in the signal shredding regime. However, this result alone does not'fully support the
shredding of RSL signals in the LM as 1) half of the CBs in the LM do fall'within the signal
preservation regime and 2) CBs that fall within the shredding regime.could have seales
influenced by allogenic signals like RSL change, but these,signals are obscured by the scale of
the autogenic signals and are not statistically detectable.

In contrast, 95% of the EQ CB’s fall withimithe signal preservation regime of the H*-T*
plot. This suggests a much higher likeliheodithat strata of the EQicontain definitive signals of
RSL change. Further, of the 5% ofEQ CBs that'do. fall within'the shredding regime most have
scales more than those found,on the modern (autogenic)«configuration of the Mississippi River
and some have width:thickness ratios that suggest they formed during the filling of paleo-valleys
carved in responsesto changing’RSL. These gbservations support signal preservation of changing
RSL in EQ.strata. This is in line with our predictions based on signal shredding theory.

Wenote, though, that allof the mapped CB’s in the LM, also have scales that are equal to
or less than the scales of the'modern day autogenic Mississippi channel. We do acknowledge that
if the Mississippi river was smaller due to the lower sediment and/or water flux due to changes in
the hinterland, then the autogenic scales of the past channel would have been smaller than the
present-day Mississippi river. Taken together, these observations support shredding of signals of
RSL change in the LM strata. This is not to disregard the fact that RSL signals might reside in

smaller systems akin to the majority of the LM CBs. However, the enhanced scales of width and
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depth of these smaller systems, as a result of being perturbed by RSL change, might be difficult
to identify due to their position within the autogenic distribution of CB dimensions. As we only
see the definitive evidence of RSL signal preservation in the larger trunk system, our analysis
points to the trunk system setting the fidelity of the larger basin.

The LM CBs are not as wide as the present-day Mississippi channel belt when
characterized over its final 800 kms. However, the widest EQ CBs are also narrower than the
present-day Mississippi channel belt over this reach. A second comparison focuses,on just the
lower 300 km of the modern Mississippi River channel belt.. This region is,within the backwater
reach, where channel belts have scales similar to individual channel features, due to the limited
lateral migration rates of channels from loss ofsbedload at the normal-backwater flow transition.
We suggest that many of the mapped CB§are individual channelfills, rather than channel-belt
fills, given the width-to-depth ratios of features mappablein both time slices and vertical cross-
sections. This might indicateithat they. were deposited insbackwater reaches, and thus we should
compare their scales toimodern ehannel belt scales in the backwater reach (i.e., lower 300 river
kms). The widest.EQ CBs are.of the same width or slightly wider than the modern channel belt
thickness indhe lower =300 km. But these CBs are thicker than either the depth of the present-
day Mississippi channel orthethickness of the modern channel belt. Thus, we suggest that there
is a high chance of these EQ CBs scales being set by allogenic sea level perturbations, and thus
storing RSL signals.

To document and analyze the preservation of RSL signals in stratigraphy, it is useful to
estimate paleo-channel dimensions from stratigraphic observables. There are several ways to
estimate paleo-channel depths from preserved channel fills, but there can be substantial error

associated with these methods (Alexander et al., 2020; Mohrig et al., 2000). Some of this error is
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associated with the constraints of the data to differentiate stratigraphic products linked to
autogenic channel processes from products of allogenic forcing. For example, recent work shows
that autogenic processes like avulsions can create backwater and flood scours whose dimensions
can be comparable to incised paleovalleys formed in response to changing RSL (Ganti et al.,
2019; Trower et al., 2018).

The paleovalleys reported in this study are not as wide as is commonly.expected for systems
comparable to the Mississippi River. The width to thickness ratio aswell as the width of the CBs
identified as paleovalleys are in the lower end of the range,of dimensions'suggested by Gibling
(2006), which are only slightly wider than the modern-day channel belt dimensions. These
paleovalleys are thicker than the average Gulf<ofiMexico paleovalleys from the last glaciation
(Anderson et al., 2016). The width of a paleovalley depend on'the number of the channel-belt
sandbodies contained in it and their individual widths (Blum et al., 2013). The widest
paleovalleys seen here are composedhof only a few individual sand bodies whose thickness are in
the order of 10* m, thusfrestricting the width of the paleovalleys itself (Fig. 3). There can be a
number of reasonssbehind including the‘sediment flux, the amount of relative sea-level change,
the shelf moarphology as well as thexdifferences in the basal valley-fill surface (Tornqvist et al.,
2006;Blum et al., 2013). However, the aim of this work is to test the signal shredding theory in a
relatively small area with field data, and the absence of larger paleovalleys can be restricted by
the size of the seismic volume, which would obstruct us from mapping larger CBs. For future
work, the geographic scale of exploration related to the signal shredding theory can be a probable
avenue to explore.

The interpreted paleovalleys from the EQ stratigraphy plot in the signal shredding

domain, which probably carry the signals of RSL change (Fig. 7). These geobodies were likely
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constructed by channels of significant size that were further incised by allogenic RSL change.
Channels on the upper end of the autogenic spectrum that responded to large RSL change create
the most easily identifiable signal of paleo RSL-change. This contrasts with other smaller-scale
channels that were already well within the autogenic band, that when tugged by RSL change
deepened and widened, but not out of the autogenic bands. The predicted changes in deposition
from proximal to distal parts of the system cannot be conclusively tested in-this work, due to the
limited geographical region explored, and the limited well-log datafrom the EQ time-period,
which could aid identification of grain size signals in the strata. These CBs are conduits of
sediment transport to the continental shelf and in time;, to the deep marinerealm. The
competition between the allogenic and autogenieyprocessesiduring changing RSL cycles on them
must have consequences for sediment transport as well. Future werk can be focused on this issue

as well as other sub-seismic scale abservations.

CONCLUSIONS

This work demenstrates how to apply signal shredding theory to field scale settings. Even
though a number of numerical and physical experiments have explored signal shredding of RSL
change, changing sediment or fluid flux (Jerolmack and Paola, 2010; Li et al., 2016; von der
Heydtet al., 2003; Yu etalr; 2017), this is the first test of this idea at field scale. While we
cannot definitively state that signals of RSL change are present or not in either of the two time
periods explored, broadly speaking the results support the stratigraphic signal shredding
framework for RSL cycles. This supports the premise that in some sedimentary basins, some
RSL cycles are of insufficient duration or magnitude to produce stratigraphic products outside

the range of the products of autogenic channel dynamics. It highlights the need for multiple
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481  hypotheses and scenario development that should be considered when interpreting stratal

482  architecture, scales, and geometries for interpretation of global RSL changes.
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490 FIGURE CAPTIONS

491  Figure 1: a) Map of the study area. Theed line is the extent of the continental shelf edge during
492  the Early Quaternary, while the black line is the‘location of the shelf-edge during the Late

493  Miocene. The study area was,inbound of the shelf edge during both times. b) Age vs sediment
494  thickness for Well APL# 177094078100 In,the study region. Age data was determined for

495  biostratigraphic markers and best-fit trend lipe gives a long-term sedimentation or subsidence
496 rate of 0.54/m/ka. The planktonic microfossils were recovered from well API#177094078100,
497  with data'made publicly available’by United States Department of the Interior Bureau of Ocean
498  Energy.Management.

499

500

501  Figure 2: A dip section showing the two-way travel time and depth relationship with respect to
502  the relative sea level history adapted from Miller et al. (2005). The blue star shows the presence

503  of an Early Quaternary, EQ, microfossil which is used to constrain the time-period of interest in
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504  the EQ. The specific window of EQ strata analyzed is demarcated by the colored box labeled
505  Early Quaternary. The Late Miocene, LM, stratigraphy has been constrained from foraminifera
506  samples, shown by a yellow star, which constrains the age of the time period of interest right
507  below, shown by the colored box labeled Late Miocene. Examples of CBs interpreted in the
508 vertical sections for both EQ and LM are shown. The white dashed line shawsithe approximate
509 location of the time slice shown in Fig. 1a as an example of EQ stratigraphy and the black

510  dashed line is the same shown in fig 4 for Late Miocene.

511

512

513  Figure 4: A variance time-slice (600 ms) fromEQ. time-period. Panel A shows the uninterpreted
514  section and Panel B shows the interpreted CBs in yellow. Panel € shows an example of an

515 interpreted paleovalley.

516

517  Figure 5: shows a variance timesslice from,the LM time-period. Panel A shows the uninterpreted
518  section and Panel.B.shows thednterpretéd CBs in yellow.

519

520

521  Figure6: A comparison 0f:.CB widths and thicknesses for Early Quaternary (shown by circles)
522  and Late Miocene (shown by crosses). The left hand panel shows the cumulative distribution
523  function, CDF, of the CB widths, and the right hand panel shows the CDF of the CB thickness.
524 In both cases, the distributions are similar for two time periods with the exception of the largest
525  CB features. The Early Quaternary has a pronounced heavy tail signifying presence of

526  paleovalleys, meaning the EQ stratigraphy preserved the RSL signal. We have used a median
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value for calculating the different types of channelized bodies in this figure, but we acknowledge

that these boundaries are gradational in reality.

Figure 7: The cumulative distribution function of the width-to-thickness ratio of the EQ (shown

by circles) and LM (shown by crosses) CBs. CBs are colored according to_their thickness.

Figure 8: H* and T* cross plot for CBs of the EQ (shown by circles) and LM (shown by
crosses) calculated with two sedimentation rates. The areawhere H* and T* are less.than 1 is the
shredding regime and the rest of the space is the preservation regime. Symbols are colored by
their distribution CDF values, shown in the colerbar. The'shaded area in red shows the

uncertainty band where the calculated H*and T* values can lie with varying input values.

Figure 9: Comparing CB widths andithicknesses between the EQ (shown by circles), LM
(shown by crosses), and'the present-day Mississippi river channel (shown by triangles) and CB
(shown by diamonds) width-and depth. Tthe gumulative distribution function of the CB, a)
channel and®).channel body widths. ¢)’CDF of CB, channel and channel body thickness. In both
casesga difference is,noted in thespositive tail of the distributions, with more weight found in the

EQ heavy tail.

TABLE CAPTIONS

Table 1: The dimensions and their ratio used in the analysis to interpret types of channelized

bodies and calculate their thickness, following Gibling (2006).
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