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Key Points: 

● First waterborne seismic-reflection profiles within Earth’s youngest rift zone (Okavango 

Rift Zone) shows that it is at least 150 km wide 

● The northernmost mapped fault (i.e., Gumare fault) extends across the Okavango Delta 

and is in the Okavango Rift Zone 

● Tectonic and sediment deformation increases southeastward within the Okavango Rift 

Zone 
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Abstract 1 

The Okavango Rift Zone (ORZ) and Okavango Delta in Northwest Botswana are Earth’s 2 
youngest continental rift system and largest inland delta. The delta and its underlying sediments 3 
record the effects of incipient rifting on the geomorphology and stratigraphy within the 4 
(incipient) southwestern arm of the East African Rift System in Botswana. Three open questions 5 
that we use river-borne seismic-reflection profile analyses to answer are (1) whether the Gumare 6 

fault extends across the delta, (2) whether the Gumare fault zone is a part of the ORZ, and (3) 7 
how wide is the ORZ. Our results suggest that the Gumare fault extends across the delta and is a 8 
part of the ORZ. Integration of our and pre-existing geophysical data also suggests that the 9 
southern section of the ORZ is more active than the northern section that we imaged, and at least 10 
150 km of fault-related extension has occurred within the Okavango Rift Zone. These findings 11 

provide constraints on the present-day structural and stratigraphic configuration of the ORZ and 12 

OD, which is a fundamental first step towards reconstructing sedimentation and extensional 13 

patterns during the earliest stages of continental rifting. 14 

 15 

1 Introduction 16 

The Okavango Delta (OD) is located in the semi-arid landscape of northwestern 17 
Botswana (Figures 1-2). The delta’s sediments lie structurally above the incipient rift basin of the 18 
Earth’s youngest continental rift zone, the Okavango Rift Zone (ORZ) (Figures 1-2). This rift 19 

zone forms part of the southwestern branch of the East African Rift System (EARS) (Fairhead 20 
and Girdler, 1969; Reeves, 1972; Scholz et al., 1976; Chorowicz, 2005). The OD is the largest 21 

inland delta and supports several delicate ecosystems and freshwater reservoirs that are vital to 22 
the survival and way of life of humans and animals in the region (e.g., McCarthy et al., 1997; 23 

Ross, 2003; Wolski and Savenjie, 2006; Mendelson et al., 2010) (Figure 2). Active faulting 24 
within the ORZ controls the flow and location of many of the major water bodies within the delta 25 

and adjacent areas (e.g., the Zambezi River, Kwando River, Chobe River, Boteti River, Lake 26 
Ngami), making the delta a dramatic example of how rifting influences hydrography, 27 
sedimentation, human activities, and distribution of vegetation in the region (e.g., Thomas and 28 

Shaw, 1991; Moore and Larkin, 2001; Mendelson et al., 2010) (Figure 2). Understanding the 29 
linkages and feedback between rifting and the other surface processes requires constraining the 30 
present-day structural and stratigraphic configuration of the ORZ and OD infill, which is a 31 

fundamental first step towards reconstructing sedimentation and extensional patterns during the 32 
earliest stages of continental rifting. 33 

The ORZ is thought to be developing a half-graben structure (e.g., McCarthy et al., 1993; 34 

Modisi et al., 2000; Kinabo et al., 2007), a rifting geometry common along the EARS (e.g., 35 
Rosendahl, 1987). Some of the major ORZ faults and their characteristics have been determined 36 
from high-resolution digital terrain models (Modisi, 2000; Modisi et al., 2000; Kinabo et al., 37 

2007; Kinabo et al., 2008), but many aspects of the ORZ faulting patterns, in particular, their 38 
subsurface geometry, remain unknown. Differences in fault characteristics between the center of 39 
the rift and the outer margins indicate extended fault histories accompanied by sediment 40 
accumulation (Kinabo et al., 2008). Specifically, the rift has been growing in width by 41 
transferring motion to younger faults along the outer margins while abandoning older faults in 42 
the middle (Kinabo et al., 2008). But the width of the rift is unconstrained, and no evidence has 43 
been found yet to support the presence of a fully developed half-graben (Kinabo et al., 2007). 44 



 

Geophysical and sedimentological constraints on the tectonostratigraphy and tectonic 45 
geomorphology of the OD and ORZ are also limited, deriving only from a few sedimentological 46 

studies as well as spatially limited ground-based geophysical transects and aeromagnetic surveys 47 
(Greenwood and Carruthers, 1973; Hutchins et al., 1976; de Beer et al., 1979; Modisi et al., 48 
2000; Kinabo et al., 2007; Laletsang et al., 2007; Bufford et al., 2012; Podgorski et al., 2013; 49 
Meier et al., 2014; Reiser et al., 2014; Kalscheuer et al., 2015; Podgorski et al., 2015). These data 50 
and surveys provide some context on sediment infill properties and general depth to the 51 

basement but are inadequate to address the outstanding questions about the rift geometry and 52 
evolution.  53 

 54 
This paper analyzes new high-resolution seismic-reflection profiles acquired across the 55 

northwestern part of the OD to investigate the stratigraphy and faulting characteristics in this part 56 

of the delta. Our results suggest that (1) the Gumare fault extends across the delta, making this 57 
fault part of the ORZ and probably defining its northwestern limit, (2) faulting influences the 58 
stratigraphy within northwestern OD, and (3) the cross-section of the ORZ is at least 150 km, 59 

making Earth’s youngest continental rift zone active, shallow, and wide.  60 

 61 
2 Tectonic Setting 62 

 63 

The ORZ is an inter-cratonic rift zone developed on the eastern edge of the Angolan-64 
Congo craton in Botswana, to the northwest of the Zimbabwe and Kaapvaal cratons (Modisi et 65 

al., 2000; Kinabo et al., 2007; Kinabo et al., 2008; Mapeo et al., 2019) (Figure 1). Precambrian 66 
crystalline rocks outcrop at several locations along the southern edge of the delta and is 67 
surrounded by unconsolidated Kalahari sands (Figure 2). The Precambrian units comprise rocks 68 

forming the northeast-trending northern arm of the Damara Belt, which unconformably overlays 69 

Neoarchean and Neoproterozoic basement granitoid gneisses (Carney et al., 1994; Singletary et 70 
al., 2003; Mapeo et al., 2006; Mapeo et al., 2019). The region also hosts the northeast-trending 71 
Ghanzi-Chobe Belt (Carney et al., 1994; Singletary et al., 2003) and the northeast-trending 72 

northwestern section of the Botswana Rift (Schwartz et al., 1996; Key and Mapeo, 1999). The 73 
northwest-trending Karoo Dyke Swarms on the southern end of the OD are cut by the northeast-74 

trending southern border faults within the ORZ (Modisi et al., 2000).  75 

Elevated seismicity along northeast-trending normal faults, including a ML 6.7 event in 76 
1952 (Gane and Oliver, 1953), implies that active rifting is ongoing in the ORZ, which is thought 77 
to be a southward extension of the EARS (Reeves, 1972; Scholz et al., 1976). The exact age of 78 
rifting in the ORZ is not known.  Paleoenvironmental reconstruction from sediments collected in 79 

Lake Ngami suggests that feeder rivers promoted extensive flow beyond the Thamalakane and 80 

Kunyere faults (Figure 2) into the PaleoMakgadikgadi Pans to the southeastern sections of the 81 

delta circa 20 ka (Huntsman-Mapila et al., 2006). Between 120 ka and ~40 ka, tectonic activity 82 
resulted in uplift and displacement along the northeast-southwest trending faults resulting in the 83 
impoundment of the proto-Okavango, Kwando, and the upper Zambezi rivers and the 84 
development of the proto-Makgadikgadi, Ngami, and Mababe sub-basins (Cooke, 1984; Thomas 85 
and Shaw, 1991; Moore and Larkin, 2001; Ringrose et al., 2005). Thus, rifting in the Okavango 86 

may have been initiated about 40,000 years ago, making the ORZ Earth’s youngest known 87 
continental rift. As rifting developed during the last several tens of thousands of years, the OD 88 
formed as faulting dammed and diverted the Okavango river (e.g., Morley, 2002). Since then, the 89 



 

delta has preserved a unique record of how rift basins form and modulate the sedimentation and 90 
geomorphologic patterns within the region (e.g., Morley, 2002).  91 

In the OD, clastic sediments (primarily fine sand intercalated with silts and clays) 92 
dominate exposed sections of the upper delta, while silcrete and calcrete chemical sediments 93 
dominate the delta’s distal portions (Gumbricht et al., 2001). The depth to the ORZ basement and 94 
fault geometries have been sparsely inferred from seismicity, seismic refraction, and 95 

electromagnetic surveys, and the basement has been imaged at a few locations from short, land-96 
based seismic reflection profiles (Greenwood and Carruthers, 1973; Hutchins et al., 1977; de 97 
Beer et al., 1979; Modisi et al., 2000; Kinabo et al., 2007; Laletsang et al., 2007; Bufford et al., 98 
2012; Podgorski et al., 2013; Meier et al., 2014; Reiser et al., 2014; Kalscheuer et al., 2015; 99 
Podgorski et al., 2015). Total sediment thickness above the crystalline basement is between 200 100 

m and 800 m (Meier et al., 2014; Reiser et al., 2014; Kalscheuer et al., 2015; Podgorski et al., 101 

2015). Surveys within the southeastern section of the OD reveal: (1) an upper heterogeneous unit 102 

corresponding to a modern delta composed of dry and freshwater-saturated sand and lesser 103 
amounts of clay and silt, and characterized by moderate to high resistivity, very low to low Vp, 104 
and is seismically non-reflective, (2) a unit of low resistivity, low Vp, and strong subhorizontal 105 
reflectors consisting of saline-water saturated sands and clays deposited in the MPL, (3) a unit of 106 
freshwater-saturated deposits corresponding to the Okavango paleo-megafan beneath the 107 
northern part of the modern delta, (4) an interface between the MPL and the reflective basement 108 
at 90-235 m depth (Meier et al., 2014; Reiser et al., 2014; Kalscheuer et al., 2015; Podgorski et 109 

al., 2015). Because there are no known surveys (to our knowledge) within the northwestern OD, 110 
it is unclear whether the stratigraphy of the northwestern and southeastern sections of the region 111 

is similar. 112 
 113 

At least ten major faults deform the sediments above the basement. From northwest to 114 
southeast, the names of the faults are the Gumare, Linyanti, Tsau, Chobe, Lecha, Kunyere, 115 

Mababe, Thamalakane, and Phuti faults (Kinabo et al., 2007; Kinabo et al., 2008) (Figure 2). 116 
Modisi et al., (2000) hypothesize that the Kunyere fault is the border fault. In contrast, Kinabo et 117 
al., (2008) propose that a more extensive border fault is developing via southeastward fault 118 

propagation linkages between the Kunyere-Thamalakane-Mababe fault systems (Figure 2). The 119 
Gumare fault, located ~100 km from the nearest known major ORZ fault (Tsau and Chobe 120 

faults), is suspected to represent the northwestern extent of the ORZ (Modisi, 2000). This 121 
interpretation would suggest that the ORZ cross-sectional area is at least 150 km wide (Kinabo et 122 
al., 2008). However, the Gumare fault is only observed as a lineament in digital terrain models 123 
west of the OD (Kinabo et al., 2007; Kinabo et al., 2008). Aeromagnetic data suggest that the 124 

Gumare fault only partially truncates a west-northwest-trending 180 Ma Karoo dike swarm that 125 

cuts through the southwestern section of the OD (Modisi et al., 2000). This raises the question 126 

that the Gumare fault may not extend across the OD, and it may not be a rift-related feature. 127 
Answering this question and determining whether there are other major faults between the 128 
Gumare and Tsau faults would have significant implications for understanding the formation and 129 
earliest evolution of the ORZ. 130 
 131 

3 Methods 132 

We constrain the tectonostratigraphy beneath the northwestern section of the OD by 133 

interpreting ~214 km of seismic reflection profiles collected in October 2019, along two river 134 



 

systems that incise the delta (Figure 2, 3). To date, we have been unable to continue our surveys 135 
through the southern section of the delta because COVID-19 is real, and the related local and 136 

international travel restrictions are still in place. Future surveys through the central and 137 
southeastern parts of the delta are planned for when conditions improve.  138 

We collected the seismic-reflection profiles with a portable, low-frequency acoustic 139 
system (HMS-620 Bubble GunTM) that can provide deep bottom penetration through sediments 140 

whose grain sizes range from silts to gravels. The seismic source is a tow vehicle-mounted 141 
electromagnetic transducer that produces acoustic pulses with highly repeatable wavelets in the 142 
frequency range of 70-1700 Hz (Figure 4). A 2300-Watt inverter generator and an aluminum-143 
hull 7-m long boat powered and towed the HMS-620 Bubble GunTM. The source was triggered 144 
every 0.5 milliseconds, and the boat speed varied between 2-5 knots depending on environmental 145 

conditions. The receiver (MicroEel analog streamer) contains 24 hydrophones spaced 0.11 m 146 

apart. Each hydrophone has a flat frequency response spectrum between 10-10000 Hz. We used 147 

a GPS to constrain shot and receiver positions.  148 

We enhanced coherent seismic signals using a bandpass filter (30-50-3000-3500 Hz) and 149 

Hilbert transform, followed by using reflector termination mapping to identify major seismic 150 
horizons, unconformities, and faults. We consider major seismic horizons as the reflections that 151 
bound groups of reflections with similar amplitudes, pulse widths, and stratal geometries. 152 

Horizon and unconformity tracing enabled us to quantify the thickness, dip, and continuity of the 153 
main sedimentary units, which we used (alongside terminations) to determine where faults exist 154 

and when faults were active. We integrated our interpretations with the existing OD 155 
electromagnetic, electrical resistivity tomography, and seismic refraction survey results, thus 156 
providing an improved understanding of the tectonostratigraphic and tectonic geomorphic 157 

development of the OD and ORZ with time.  158 

4 Results 159 

We identify seismic reflections from an acoustic basement and three overlying 160 

sedimentary units despite significant noise within the seismic-reflection profiles (Figures 5-6). 161 
The sedimentary units thicken and dip towards the southeast, and several units contain internal 162 
terminations. The two-way travel-time and dip of the top of the acoustic basement change along 163 
the strike of the rivers. We can use the results to assess relationships between faulting, 164 

sedimentation, and delta morphology.   165 

4.1 Data Quality 166 

The noise in the seismic-reflection profiles varies with space and travel-time (Figure 5-6). 167 

Most seismic-reflection profiles contain a group of relatively high amplitude and broad pulse-168 
width reflectors within the upper 25-50 milliseconds (Figure 5). These reflectors’ amplitudes and 169 
pulse-widths decreased when we enhanced the grounding of the generator and transducer and 170 
after filtering with Hilbert transform. Total vertical ‘wash-outs’ of the seismic signals occur 171 
along some meander bends (Figures 5-6). Some profiles contain noise introduced by streamer 172 

tension when the boat accelerated or decelerated to avoid environmental obstacles (Figures 5-6). 173 
In general, noise does not significantly limit the ability to correlate the major seismic horizons 174 
between seismic-reflection profiles. 175 

4.2 Seismic Stratigraphy 176 



 

 We refer to the four main seismically distinguishable sedimentary units as Units I, II, III, 177 
and IV (Figures 5-7). Units with larger roman numerical are stratigraphically deeper. 178 

Unit I is a group of relatively high amplitude reflections with either sub-horizontal, 179 
undulatory, chaotic, anastomosing, or prograding seismic reflections that often terminate within 180 
the unit (Figures 5-6). 181 

Unit II is mostly acoustically shallow or transparent, with a few sub-horizontal internal 182 
reflections in the southeasternmost profiles (Figures 5-6). We did not confidently identify a 183 
reflector separating Units I and II. 184 

Unit III is a group of relatively high amplitude reflectors that are either sub-horizontal or 185 
gently undulating (Figures 5-6). 186 

Unit IV is the acoustic basement (i.e., the lowermost resolvable layer). The seismic 187 
horizon representing the top of Unit IV is either sub-horizontal or undulating. Unit IV’s internal 188 

reflections are mainly incoherent; some of the unit’s internal reflections dip towards the north 189 
(Figures 5-6). The units’ stratigraphic depths and thicknesses change (increases or decreases) 190 

along the strike of the river, primarily increasing southeastwards (Figure 7).  191 

All units dip southeastwards. There are at least two significant stratigraphic offsets 192 
between the horizons representing the tops of Units III. There are at least four significant 193 
stratigraphic offsets between horizons representing the tops of Unit IV.  194 

5 Discussion  195 

 5.1 Interpretation of the Seismic-Reflection Profiles 196 

Orogenesis, erosion, rifting, and climatic conditions likely control the stratigraphy and 197 
structural deformation within the region. We interpret that the top of Unit IV represents the top 198 

of a crystalline basement deformed during Pan African orogenesis, then eroded. Undulatory 199 
reflections and the terminated dipping reflections are evidence of erosion, folding, and/or tilting 200 

that resulted in an angular unconformity. Orogenesis and erosion are unsurprising since 201 
deformed crystalline rocks outcrop beneath the southeasternmost sections of the delta, and we 202 
collected the interpreted seismic-reflection profiles within rivers that lie structurally above the 203 

Damara Orogenic Belt (Figure 1). Therefore, the top of the Damara Orogenic Belt is likely the 204 
top of the acoustic basement in the seismic-reflection profiles. 205 

The changes in reflection characteristics of Unit I-III likely signify changes in 206 
depositional conditions. Unit III’s parallel seismic-reflection geometry could be broadly 207 

interpreted as the result of sediment layering that developed due to fluctuations in sedimentation 208 
rates, climate conditions, and sediment type. Unit II’s acoustic transparency signifies minimal 209 

changes in sediment elastic properties (e.g., density and seismic velocity). This unit likely 210 
comprises wind-blown Kalahari sands known to underly fluvio-deltaic sediments within this 211 
region (Thomas and Shaw, 1990) (Figure 2). These sands are part of the Kalahari Group 212 
sedimentary sequence, which in northern Botswana has a thickness ranging approximately from 213 
30 to 180 m (Haddon and McCarthy, 2005). Unit I is characterized by fluvio-deltaic facies (i.e., 214 

symmetrical, anastomosing, and climbing dunes) evidenced by the unit’s sub-horizontal, 215 
undulatory, chaotic, anastomosing, and or prograding reflections (Figures 5-6). The internal 216 
terminations within this unit signify low seismic coherency, which may occur due to noise, low 217 



 

sediment supply, and/or erosion. The lack of significant spatiotemporal changes in the seismic-218 
reflection characteristics within this unit suggests that similar geologic processes and/or climate 219 

conditions (e.g., Angolan floods) have influenced sedimentation patterns within the unit.  220 

Faulting has deformed and/or is currently deforming Units II-IV. Evidence for fault-221 
related deformation includes (1) dipping and offsets of the tops of the basement and Unit III and 222 
(2) the dipping and thickening/thinning of Units I-III, which signal increases in accommodation 223 

space (Figure 7). We tentatively interpret four normal faults at the most significant stratigraphic 224 
offsets (Figure 8), recognizing that these are likely single faults in a larger localized shear zone 225 
and that there may be additional more minor faults unresolvable by our data. We hypothesize 226 
that other faults exist between the northwestern and southeastern seismic-reflection profiles, 227 
where we have no data (i.e., between 22.7° E, 19.1° S and 22.8° E, 19.0 ° S) because Units 1-III 228 

become stratigraphically deeper and thicker between the two groups of seismic-reflection 229 

profiles. The lack of evidence for fault-related deformation in Unit I may suggest that this unit 230 

was deposited after the faults were last active.  231 

5.2 Comparisons with and extension of previous studies  232 

Our findings are generally consistent with previous geophysical surveys in the region 233 

(Greenwood and Carruthers, 1973; de Beer et al., 1979; Hutchins et al., 1977; Laletsang, 1995; 234 
Modisi et al., 2000; Bufford et al., 2012; Podgorski et al., 2013; Kinabo et al., 2007; Laletsang et 235 
al., 2007; Meier et al., 2014; Reiser et al., 2014; Kalscheuer et al., 2015; Podgorski et al., 2015). 236 

Our interpretation that Unit I comprises fluvio-deltaic sediments is consistent with results from 237 
Gumbricht et al. (2001), who describes the uppermost unit as a delta composed of dry and fresh-238 

water-saturated sand intercalated with lesser amounts of clay and silt. Previous studies 239 
interpreted the underlying two units (i.e., Units II-III) as freshwater-saturated deposits 240 

corresponding to the Okavango paleo-megafan. Our data are not sensitive to this, and we found 241 
no evidence supporting or refuting this interpretation. The reported low resistivity in Unit II (e.g., 242 

Podgorski et al., 2013; Meier et al., 2014; Kalscheuer et al., 2015) is consistent with the general 243 
acoustic transparency observed in Unit II. Observations that Unit II contains relatively low-244 
reflective sub-horizontal reflections in a few of the southernmost seismic-reflection profiles 245 

(Figure 5-6) might imply that the interpreted Kalahari sands become more layered and or 246 
interbedded with clays in the south, as interpreted by previous workers (e.g., Podgorski et al., 247 
2013; Meier et al., 2014; Kalscheuer et al., 2015). If Unit III is indeed a part of the paleo-248 

megafan, the fan sediments are layered and deformed by basement faulting (Figures 5-7). 249 
Consistent with others who find that the top of the basement is relatively shallow (200-800 m 250 
below the surface) (e.g., Modisi et al., 2000; Kinabo et al., 2007; Laletsang et al., 2007; Bufford 251 
et al., 2012; Podgorski et al., 2013; Kalscheuer et al., 2015; Podgorski et al., 2015), we estimate 252 

that the top of the crystalline basement is roughly at ~80-240 m below the surface, assuming that 253 
average compressional wave velocities of Units I-III are ~1900 m/s (Reiser et al., 2014).  254 

 255 

The above results and interpretations provide answers to three open questions about the 256 
geometry of the ORZ -- i.e., (1) whether the Gumare fault extends across the delta, (2) whether 257 
the Gumare fault is a part of the ORZ, and (3) how wide is the ORZ. We interpret that the 258 
mapped section of the Gumare fault extends across the delta because straight-line projections of 259 
the two most extreme trends along the Gumare fault align with a region encompassed by two 260 
faults identified in this study exist – the Gumare fault could thus be either of the two faults 261 
identified within this study (Figures 2 and 5-7). Interpretations that at least three normal faults 262 



 

exist between the Gumare and Tsau faults, alongside observations that sediment thickness and 263 
accommodation increase southwards (Figures 4-7; Kinabo et al., 2018), indicate that the 264 

previously mapped strand of the Gumare fault is a part of a group of extensional faults that may 265 
be less active than the faults in the south. We thus conclude that the Gumare fault is a part of the 266 
ORZ, that the ORZ is at least 150 km wide in cross-section, and that the depth to the top of the 267 
faulted basement is shallow across the entire 150 km cross-section.  268 

 269 

6 Conclusion 270 

  This study represents the first of its kind in collecting and analyzing river-borne seismic 271 
reflection profiles across the Okavango Delta and Rift Zone, a dramatic example of how 272 

incipient rifting alter and modulate sedimentary and geomorphic patterns within continents. Our 273 
interpretations suggest that the Gumare fault extends across the delta, the Gumare fault is a part 274 

of the ORZ, faulting influences the stratigraphy within northwestern Okavango Delta, and the 275 
Okavango Rift Zone is wide. Although our dataset is limited to the northern part of the 276 
Okavango Delta, findings from this study demonstrate the power of river-borne seismic-277 
reflection profile analyses to address some critical questions regarding the stratigraphy and 278 

structure of the Okavango Rift Zone. 279 
 280 
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Figure Captions 418 

Figure 1. Simplified geological map showing the major orogenic belts, sedimentary basins, and 419 
faults of interest within (a) Southern Africa and (b) Botswana. (Modified from Leseane et al., 420 
2015). 421 

Figure 2. (a) Map showing major faults, sedimentary deposits, igneous rock outcrops, rivers, 422 
lakes, vegetation, and locations where we collected seismic-reflection profiles within the 423 
Okavango Delta. The figure is modified after and inspired by Bufford et al. (2012) and Kinabo et 424 
al. (2008). (b) Cartoon redrawn from McCarthy et al. (1993) illustrating the early concepts of the 425 
ORZ being a half-graben. The cartoon is on data collected and compiled by McCarthy et al., 426 

(1993).  427 

Figures 3. Maps showing the location of (a) all seismic reflection profiles and (b-f) the seismic-428 

reflection profile images shown in figures 5-6. The numbers on (a) refer to the seismic line 429 
numbers, which are highlighted in blue. 430 

Figure 4. Photo shows the (a) source and streamer for the HMS-620 Bubble GunTM system, the 431 

acoustic profiling system to collect the seismic-reflection profiles used in this study. We towed 432 
the system with an (b) aluminum hull boat. 433 

Figures 5. Examples of seismic-reflection profiles from the northwestern part of our survey. 434 
Four major sedimentary units (named Units I-IV) are interpreted and labeled. Line locations are 435 

shown in figure 3. 436 

Figures 6. Examples of seismic-reflection profiles from the southeastern part of our survey, with 437 
four major sedimentary units (named Units I-IV) labeled.  Line locations are shown in figure 3. 438 

Figure 7. Isochron maps showing two-way travel times for all sedimentary units above the 439 
basement, Units I-II, and Unit III.  440 

Figure 8. Image showing a three-dimensional rendered view of seismic horizons separating 441 

Units I-IV. We identify at least four faults (black lines). 442 
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