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ABSTRACT 16 

 Subsidence alone is often too slow to create the necessary relief needed to preserve continuous 17 

channel belts over 10s of km, as are often observed in outcrops on Earth and Mars, as well as subsurface 18 

seismic volumes. However, an alternative source of topographic relief exists along US Gulf of Mexico and 19 

SE Atlantic coastal plains, which are regions generally considered flat. Alluvial ridges, built from aggraded 20 
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river-channel deposits, act as drainage divides between topographically lower regions where net-21 

erosional tributary drainage networks develop. These tributary networks route fluid and solids from the 22 

bounding ridges to the coastline. The erosional relief produced by these networks provides additional 23 

space for later riverine deposits to accumulate, thus influencing how coastal river-channel belts are 24 

preserved in the stratigraphic record. To demonstrate the connection between this erosional topography 25 

and preserved overlying channel belts, both features were mapped in a 3D seismic volume offshore of the 26 

Brazos River delta, Texas, USA. Well-preserved fluvial channel belts are consistently mapped on top of 27 

surfaces possessing shorter, disorganized channelized features. These surfaces represent the erosional 28 

tributary surfaces of coastal tributary basins. The belts sitting above these surfaces record the occupation 29 

and filling of these basins by larger river systems. The erosional relief of a basin plus the constructional 30 

relief of the bordering ridges provides enough vertical space to prevent deposit reworking, which results 31 

in well-preserved belts recording ‘strangely ordinary’ transport conditions, and importantly, create a 32 

preservation mechanism that is both widespread and independent of allogenic forcings such as sea-level 33 

change and subsidence. 34 

INTRODUCTION 35 

 External forcings, such as subsidence and sea-level change, are classically considered the primary 36 

controls on channel-belt preservation1–6. Fluvial channel belts are, however, commonly preserved over 37 

km to 10s of km in locations where such continuity is not expected due to low subsidence rates7,8 that 38 

do not quickly remove these deposits from the active layer of surface erosion that would dissect older 39 

channel belts. At the dune scale, the larger bar-form topography can drive relatively rapid dune 40 

sedimentation and can provide topographic protection from later erosional reworking, leading to well-41 

preserved deposits recording ordinary transport conditions9,10,11. Is there a source of larger-scale 42 

topography capable of preserving fluvial channel-belts in a similar way? Incised valleys fill this role11–13, 43 

but well-preserved channel belts are not limited to valley fills8,14. Drainage basins across the coastal 44 
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plains of the US Gulf of Mexico and southeastern Atlantic states15,16 could provide up to 10s of m of 45 

relief for the potential preservation of channel-belt segments 10s of km in length16 (Fig. 1). Raised 46 

alluvial ridges, constructed by active coastal rivers, act as effective drainage divides between basins that 47 

develop smaller-scale erosional tributary channel networks to drain water and sediment to the coastline 48 

(Fig. 1). This drainage limits floodplain aggradation while creating additional erosional relief16 (Fig. 1).  49 

We hypothesize that when larger-scale, primarily depositional rivers are re-routed into adjacent 50 

tributary basins by channel avulsion, they deposit channel-belt strata below topographic levels associated 51 

with the reworking depths of subsequent river thalwegs. This would preserve a ‘strangely ordinary’14 52 

channel belt within an autogenic source of topography, much as a dune is preserved in front of a river 53 

bar9. Since 3D seismic volumes are exceedingly useful in imaging the preservation of ancient fluvial 54 

systems8,11,12,17–25, the proposed hypothesis is tested herein using a 3D seismic volume to map fluvial 55 

channel belts preserved in the subsurface Gulf of Mexico offshore of the Brazos River, TX, USA (Fig. 2).. 56 

We sought to identify the stratigraphic context of well-preserved fluvial channel belts, hypothesizing that 57 

a distinct stratigraphic representation of the basal surfaces of coastal tributary basins exists that preserved 58 

channel belts overlie. In this study, the term “channel belt” is defined as the sum total of all channel-filling 59 

deposits left by a river, regardless of how much, or how little, lateral migration and aggradation is 60 

recorded26–29.  61 

TYPES OF CHANNELIZED DEPOSITS AND THEIR STRATIGRAPHIC CONTEXT 62 

Two populations of channelized features were identified in each of the four survey zones (Fig. 2). 63 

The division between these populations is visually apparent (Fig. 3) and supported quantitatively by a 64 

statistical rejection of similar lengths and widths (Table 1; Fig. 4A). Of the 156 mapped channelized 65 

features, 17 define a population of longer features, and the remaining 139 define a population of shorter 66 

features (Table 1). To test the model that the shorter channelized features define the erosional basal  67 



4 
 

 68 

Figure 1 – A: Schematic transect between two raised alluvial ridges without the development of an 69 

erosional tributary network16. Relief only forms from the decrease in sedimentation away from the main 70 

channels. While some local relief can create lakes, the overall relief is less than in panels B and C. B: Three-71 

dimensional illustration of an erosional tributary network developed within a basin confined and bounded 72 

by alluvial ridges16. Alluvial ridges built by larger, sand-transporting channels (orange) define the basin 73 

boundaries. The erosional tributary network is drawn using black lines. The topographic profile at the edge 74 
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of the diagram is shown with the red line, with the erosional channels generating v-shaped incisions. C: 75 

The red line showing relief in panels A and B. This relief is generated due to decreased sedimentation away 76 

from the channel (A), as well as the erosional tributary network channels (B). D: A sandy depositional 77 

channel has avulsed into the basin, where it has filled the basin with a sandy channel belt and muddy 78 

overbank deposits. 79 

 80 

Table 1 – Geometry of the short and long channelized features. A two-sample Kalmogorov Smirnov test 81 

rejects the lengths (p << 0.001) and widths (p = 0.001) from each population as from the same distribution. 82 

  Short (n = 139) long (n = 17) 
length     

mean (m) ± standard 
error (m) 368 ± 16 5,251 ± 729 

minimum (m) 95 1,644 
maximum (m) 1,043 13,074 

standard deviation (m) 
± standard error (m) 188 ± 11 3,005 ± 531 

      
      

feature-averaged 
width     

mean (m) ± standard 
error (m) 155 ± 4 250 ± 39 

minimum (m) 72 140 
maximum (m) 276 831 

standard deviation (m) 
± standard error (m) 48 ± 3 159 ± 28 

 83 

surface of a tributary drainage basin that was later filled by more continuous channel belts, the 84 

stratigraphic positions of the longer channelized features were compared to an interpolated 3D surface 85 

fitted to all the shorter features in each zone, and extending across the entirety of the zone. The fitted 86 

surface thus represents the erosional basal surface of a basin. 87 
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 88 

Figure 2 – A: Location map for the offshore seismic survey B-18-93-TX. The spatial extent of the survey is 89 

mapped in red. B: Zoom in to the survey area, with the mapped extent of the four studied zones 90 

presented in Figure 3. 91 

 92 
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Using horizontal slices at different depths (Fig. 3), histograms of depth in units of milliseconds of 93 

two-way-travel time (ms TWT) (Fig. 4), and depth profiles (Fig. 5), comparisons of the stratigraphic 94 

positions of the hypothesized basal surfaces against the longer channelized features in each zone were 95 

conducted. It was found that a consistent stratigraphic arrangement of the long channelized features and 96 

the hypothesized basal surfaces in zones 1-3 exists, where shorter channelized features occur ~ 0 to 60 97 

ms TWT beneath the longer channelized features (Figs. 4). There is no instance in the dataset of a group 98 

of longer channelized features that are positioned directly beneath a surface defined by shorter features, 99 

which would be inconsistent with the proposed hypothesis. 100 

 Both types of channelized features occur in zone 4 in a similar arrangement, but exist within a 101 

larger topographic container not observed in zones 1-3 (Figs. 3 and 4). Instead, the zone 4 basal surface is 102 

a larger-scale topographic container, which has a distinct distribution of depth values, including a range 3 103 

times larger than the other zones (~120 ms TWT vs. 40-50 ms TWT; Fig. 4) and a long tail towards shallower 104 

depths (Fig. 4E). In zone 4 variance horizontal slices, this surface has a scalloped shape and marks the 105 

western boundary of the channel-belt cluster (Fig. 3). 106 

AUTOGENIC AND ALLOGENIC PRESERVATION 107 

 The zone 4 package of channel belts is interpreted as the filling of an incised valley based on: i) 108 

scalloped wall geometry (Fig. 3E-F), which is formed by outer-bank erosion during river migration7,30,31, 109 

and ii) the total thickness of the fill (Fig. 4E). The preservation of channel belts over several km within this 110 

valley is consistent with the demonstrated significance of hierarchical topography when setting up the 111 

preservation of fluvial channel belts23, but in this case represents an allogenic source of erosional relief: 112 

most likely sea-level change. Shorter channelized features in the valley fill form intersecting patterns in 113 

the time slices, and are interpreted as erosional rills or 1st-order channels, which are observed in other 114 

seismic volumes11,32. 115 
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 116 

Figure 3 – Horizontal slices from the variance volume showing long channelized features (colored lines), 117 

short channelized features (black lines), and the region over which basal surfaces were fit to the short 118 



9 
 

channelized features (dashed polygons). Increasingly negative values (ms TWT) represent increasing depth 119 

below the sea floor, with 0 ms TWT at sea level. The location of each zone is shown in Figure 2. A: Time 120 

slice of zone 2 at -132 ms TWT. B: Interpretation of panel A showing 6 long channelized features. C: Time 121 

slice of zone 2 at -192 ms TWT. D: Interpretation of panel C, showing many short channelized features. 122 

These are interpreted to define the basal surfaces of coastal basins housing the well-preserved channel 123 

belts above. E: Time slice of zone 4 at -152 ms TWT. F: Interpretation of panel K, showing 6 distinct long 124 

channelized features and several short channelized features. The scalloped surface bounding the 125 

channelized features is mapped in a bold, solid black line. The channel belts in this zone are filling an incised 126 

valley with a border following the scalloped surface. 127 

 128 

Conversely, the findings of zones 1-3 demonstrate that an incised valley is not the only possible 129 

source of channel-belt preserving relief. The channel belts in these zones are mappable over comparable 130 

distances, because similar to the zone 4 belts within a valley, they have not been post-depositionally 131 

reworked, and they maintain an impedance contrast with the surrounding sediment, which is likely due 132 

to a persistent contact between sandy channel fill and adjacent muds. Also, the shorter features (Fig. 3) 133 

are interpreted as the same erosional rills and channels later filled by muds as observed in the valley. 134 

The stratigraphic arrangement of the hypothesized basal surface and the channel belts is shown 135 

in the zone 2 depth profiles presented in Figure 5, and highlights the fact that basal surfaces consistently 136 

underlie well-preserved channel belts. The stratigraphic arrangement of these two sedimentologically 137 

contrasting deposits (an erosional surface bounding preserved channel belts) thus supports the 138 

hypothesized filling of erosional tributary drainages by avulsive, sandy rivers and associated overbank 139 

muds, particularly where the channel belts exist within the range of elevations occupied by the basal 140 

surface (Fig. 4). Those which exist 10s of ms above those surfaces may be housed within the constructional  141 
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 142 

Figure 4 – A: Histogram comparing the two distinct channel belt populations based on their length 143 

normalized to their mean width. B-D: Black line histograms showing the distribution of depths for basal 144 

surfaces in each zone. Depth is measured in milliseconds of two-way-travel time, which has a value of zero 145 

at sea level, with larger negative values representing greater depths into the subsurface. Colored vertical 146 

lines are placed at the mean depths of each well-preserved channel belt, with the standard deviation 147 

around the mean represented by the cross. Belts not within the depth range of basal surfaces may occupy 148 

stratigraphically higher but acoustically transparent surfaces (zone 2’s red, orange, and magenta belts; all 149 

belts in zone 3). Line colors match belt colors in Fig. 4. E: Same as panels B-D, but the basal surface of zone 150 

4 is an incised valley (Fig. 4F), with the floor represented by the mode of the distribution, and the valley 151 

wall represented by the long, shallowing tail of the distribution heading towards -140 ms TWT. 152 

 153 

 154 



11 
 

 155 

Figure 5 – A: Variance time slice of zone 2 at -132 ms TWT showing the 6 long channelized features. Two 156 

cross-sections are labeled. X-X′ runs roughly perpendicular to the channelized features, intersecting five 157 

of the six. Y-Y′ runs along the blue channelized feature. B: Depth profiles along transect X-X′ of the zone-158 

scale basal surface (black line) and long channelized features (color lines, same colors as panel A). Belts 159 

sit less than 60 ms TWT above the basal surface. Lateral distance is marked with a scale bar. C: Depth 160 

profile along transect Y-Y′, which follows the blue channelized feature. The blue channelized feature is 161 

consistently within 10 to a few 10s of ms TWT above the basal surface. 162 

 163 
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range of relief associated with these basin (Fig. 1), or within stratigraphically higher but acoustically 164 

transparent basins. The latter interpretation may actually represent most of these basins, as the basins 165 

floors are mostly defined along mud-mud contacts.  166 

These coastal tributary basins therefore represent an autogenic source of relief to preserve 167 

channel belts. In modern systems, these basins are more numerous and widespread than sources of 168 

allogenic relief such as incised valleys16, and are potentially responsible for a large fraction of preserved 169 

channel belts in the stratigraphic record. Therefore, this newly documented means of channel-belt 170 

preservation must be considered when deciphering allogenic forcings, and likely extends to the preserved 171 

channel belts exposed at the surface of Mars near interpreted paleolakes and oceans31,33,34.  172 

Lastly, this autogenic preservation mechanism functions independent of basin subsidence. For 173 

instance, there exists a discrepancy between channel-belt preservation and subsidence rates in the 174 

Mississippi River delta14. Belts from 4 to 30 km in length are preserved, but the time required to create 175 

accommodation through subsidence is 10-50 times greater than avulsion frequency. This can be explained 176 

by deposition that occurs rapidly and locally over short timescales, which also transitions laterally over 177 

longer timescales35. The coastal basin preservation mechanism proposed in this study is a way to drive 178 

this rapid fluvial sedimentation and preservation, while simultaneously creating relief that will drive later 179 

episodes of rapid sedimentation at adjacent locations. 180 

CONCLUSIONS 181 

 The development and filling of coastal tributary basins throughout the modern US Gulf of Mexico 182 

coast preserves fluvial channel belts in the stratigraphic record of the Gulf of Mexico without the 183 

requirement of an incised valley and, importantly, in the absence of high enough subsidence rates to 184 

create channel-belt-scale accommodation on avulsion timescales14. Furthermore, the formation of these 185 

basins may also be an important control on channel-belt clustering36. We posit that, because such 186 
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preservation has been observed in other parts of the world beyond the extent of incised valleys11,22, these 187 

basins commonly aid the preservation of channel belts across Earth by acting as a higher hierarchical 188 

source of topography, leading to the preservation of non-catastrophic deposits, i.e. the ‘strange 189 

ordinariness’, observed in the fluvial stratigraphic record14. A considerable fraction of preserved channel 190 

belts exhumed on Earth29,37–40 and the surface of Mars33,34,41–50 were therefore likely deposited within 191 

these basins. However, further investigations are needed to test the consistency of the findings of this 192 

study , which include coasts both similar and dissimilar to the Gulf of Mexico in terms of dominant 193 

processes, and other alluvial systems where these tributary basins may develop between channels, such 194 

as foreland-basin megafans/distributive fluvial systems39,51,52. Additionally, the lengths of channel belts 195 

can be further developed as a constraint on channel kinematics and filling of ancient channels, especially 196 

in seismic volumes or remote sensing datasets where belt thickness, an important recorded of channel 197 

kinematics27–29, cannot be well constrained.  198 

ACKNOWLEDGEMENTS 199 

 We thank Zoltan Sylvester and Joel Johnson for helpful early reviews of this manuscript, and Mike 200 

Lamb for helpful discussions. We thank the United States Geologic Survey for maintaining the National 201 

Archive of Marine Seismic Surveys at http://walrus.wr.usgs.gov/namss/. BTC acknowledges funding from 202 

The University of Texas at Austin Graduate School, the Jackson School of Geosciences, and the RioMAR 203 

Industry Consortium. 204 

METHODS 205 

 A 3D seismic reflection volume of the Brazos River delta was downloaded from the National 206 

Archive of Marine Seismic Surveys (NAMSS; volume B-18-93-TX). This data volume was collected in 1993 207 

and covered an area of ~2,300 km2 from 15 km to 50 km offshore Texas (Fig. 2), with lines spaced 20 m 208 

apart and a 4 ms sampling rate. The median frequency of the volume is 38 Hz. Assuming similar subsurface 209 
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acoustic velocities as other parts of the Mississippi River delta subsurface (1,900 m/s – 2,700 m/s)7,8,23, 210 

wavelengths ranged from ~50-70 m. A reasonable estimate of vertical resolution is 1/4 the wavelength, 211 

or 13-18 m in this case7,8,21,23. This study was purposely restricted to the first 1000 milliseconds of acoustic 212 

wave two-way-travel time (ms TWT) because it had the highest frequency content for the reflected 213 

acoustic waves and afforded the best possible resolution of imaged strata. Stratigraphic surfaces were 214 

mapped in cross section using the Petrel software. This mapping was done is an amplitude volume 215 

because it provided the greatest vertical resolution. Channelized features were also imaged in map view 216 

using horizontal slices from a variance volume that highlighted discontinuity in the acoustic properties of 217 

deposits and therefore accentuated the edges of channelized features7,53,54. Note that a small degree of 218 

vertical integration goes into the production of a variance volume, and that the observations of a 219 

horizontal slice average data from above and below the plane53. Horizontal slices from the variance 220 

volume were used to map channel belts and the disorganized channelized features defining surfaces with 221 

erosionally generated relief. The basal surfaces of channelized features were mapped across the feature’s 222 

lateral extent as observed in the time slice variance image, using truncated reflectors as a guide. Surfaces 223 

mapped in the along-belt direction were then used to tie cross sections to less obvious views. Next, 224 

surfaces interpolated between mapped horizons were converted to grids of points with XYZ coordinates, 225 

where a distribution of Z values (depth in units of ms TWT) was extracted from each surface to help 226 

quantify its stratigraphic position. The basal surfaces are clipped by 5% at either end in Figure 4. 227 

After cross-sectional mapping, selected variance horizontal slices were exported from Petrel and 228 

into ArcGIS, in order to perform more robust planview mapping operations13. The centerline length and 229 

average width of channel belts were calculated by first mapping the opposite long edges of each feature 230 

as a series of ~2 m spaced points with XY coordinates. A local measurement of width was made from each 231 

point along one edge to the nearest point on the opposite edge using an automated script, and a 232 

centerline point was placed halfway between the two points. Width measurements were averaged for 233 
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each feature, and the centerline length was calculated as the sum of the distances between successive 234 

centerline points.  235 
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