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* On an active margin, controls on cross-shelf drainage system morphologies can change
over short distances

e Antecedent structural trends can form or impede cross-shelf drainage valleys

* Subaerial exposure of convex changes in gradient is an important control on fluvial

incision

Abstract

The lowstand extensions of two fluvial systems from the Cascadia subduction margin are
investigated using high-resolution seismic reflection data to determine the relative controls on
paleodrainage morphology. We document distinct differences between the two systems,
located ~40 km apart, attributed to underlying structure and lithology, shelf gradient, and
drainage basin characteristics. A cross-shelf valley exists for only one of the drainage systems,
the Umpgqua River. The outer shelf part of the valley is a syncline, which formed a natural
structural low for lowstand drainage, while the inner shelf part of the valley exhibits incision
and is associated with a mid-shelf convex change is slope. The other drainage system, the
Siuslaw River, did not develop an across-shelf valley and is only denoted in the seismic data by
an erosional subaerial unconformity. Structural trends are perpendicular to cross-shelf
drainage, supporting a more anastomosing stream morphology for the paleo-Siuslaw. The shelf
edge for this system was not exposed for a long period of time during the last lowstand,
preventing substantial outer shelf incision. Differences in fluvial elevation, discharge, and

hinterland geology, also played a role in the cross-shelf morphologies of the paleo-Umpqua and
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paleo-Siuslaw. These results highlight how controls on lowstand paleodrainage morphology can

change over short distances on an active margin.

Keywords
Shelf (morphology and stratigraphy), active continental margin structure/tectonics, geophysics

(seismic), Quaternary stratigraphy, NE Pacific, fluvial incision

1. Introduction

Fluvial response to sea-level variability during late Quaternary glacial-interglacial cycles
is recorded on continental shelves worldwide (Zhang and Li, 1996; Posamentier, 2001; Burger et
al., 2001; Nordfjord et al., 2006; Crockett et al., 2008; Chaumillon et al., 2010). Early sequence
stratigraphic models, based primarily on passive margin settings, proposed that streams incise
into the continental shelf during sea level fall and aggrade during sea level rise (Posamentier &
Vail, 1988; Van Wagoner et al., 1988). Numerous refinements to those models have
demonstrated that fluvial response to sea-level change is controlled by several factors including
tectonics, climate, basin characteristics (e.g., size, sediment supply, discharge volume), and
shelf physiography (e.g., Schumm, 1993; Wescott, 1993; Zaitlin et al., 1994; Talling, 1998; Blum
et al., 2013; Wang et al., 2019). These factors not only control if fluvial incision or bypass
occurs, but valley width and incision depth as well (Talling, 1998; Blum et al., 2013; Wang et al.,
2019). Records of fluvial incision and infilling are important for understanding long-term
sediment transport from land to sea and associated biogeochemical cycling and hydrocarbon

reservoirs (Vail et al., 1977; Van Wagoner et al., 1988; Zaitlin et al., 1994). Additionally,
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paleodrainage systems can record environmental response to climate change and be associated
with early archaeological resources (e.g., Minor and Toepel 1986; Punke and Davis 2006; Gusick
and Faught 2011; Davis et al. 2019).

While numerous studies of submerged paleodrainage systems have been conducted
along passive margins (e.g., Suter and Berryhill, 1985; Foyle and Oertel, 1997; Boss et al., 2002;
Simms et al., 2006; Nordfjord et al., 2006; Chaumillon and Weber, 2006; Chaumillon et al.,
2008; Green et al., 2013; Tesson et al., 2015; Weschenfelder et al., 2014; Aquino da Silva et al.,
2016; Bae et al., 2018; Liu et al., 2018), there are few detailed studies about paleodrainages
along active margins (Posamentier, 2001; Burger et al., 2001; 2002; Wilson et al., 2007; Maselli
and Trincardi, 2013; Gobo et al., 2014; Algahtani et al., 2015). Of those studies, most have
examined onshore systems or focused on valley infill deposits and processes (Wilson et al.,
2007; Twitchell et al., 2010; Maselli and Trincardi, 2013; Gobo et al., 2014). Additionally, the
effects of an active margin on paleodrainage morphology can vary widely within an entire
region and between tectonic regimes (Posamentier, 2001; Burger et al., 2001; 2002; Twichell et
al., 2010; Maselli and Trincardi, 2013; Algahtani et al., 2015). To understand better the relative
factors influencing paleodrainage morphology on active margins, additional case studies from
distinctive tectonic settings are needed. The continental shelf along a convergent margin offers
a valuable perspective on fluvial evolution because of the inherent complex morphology caused
by subduction and impacts from cycles of tectonic subsidence, associated with ruptures, and
long-term uplift. This setting provides a clear window into the way geological control can act on
valley development and filling. To investigate these impacts, we examined the continental shelf

offshore from two drainage systems (Umpqua and Siuslaw rivers) in central Oregon, USA,



88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

located just inshore of the Cascadia subduction zone along the North Pacific coast of North
America (Figs. 1 and 2).

The Cascadia continental shelf is an ideal study location due to the influence of millions
of years of tectonic activity on shelf geomorphology. Most of the shelf was exposed subaerially
when sea level was lower during the last glacial maximum (LGM; Fig. 3); it was ~147 m below
modern sea level in the study area based on a regional glacial isostatically adjusted sea level
curve (Clark et al., 2014). Notably in central Oregon, there were large headlands and
embayments during the lowstand, in contrast to the relatively linear modern shoreline (Figs. 2
and 3). Because of subduction and other localized faulting, there is also alongshore variation in
geology and uplift (Kelsey et al., 1996), which can have substantial impacts on fluvial incision
(Wang et al., 2019). Here, we aim to demonstrate the effects of a convergent margin on
paleodrainage morphology with the goal of furthering our understanding of the relative

controls on fluvial incision on active margins during the Quaternary.

2. Regional Setting
2.1 Tectonics

The study area in central Oregon is located within the forearc of the Cascadia
subduction zone (Fig. 1), where the southern portion of the Juan de Fuca Plate is subducting
below the North American Plate at a rate of ~3-4 cm/yr (DeMets et al., 1990; Miller et al.,
2001). The region has experienced 12 megathrust earthquakes (magnitude 8-9) in the last 6700
years, each resulting in coastal coseismic subsidence up to 3 m, based on onshore stratigraphy

and diatom assemblages (Witter et al., 2003; Milker et al., 2016). The offshore turbidite record
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indicates 19 margin-wide paleoseismic events over the Holocene, resulting in an average
recurrence interval of ~500 to 530 years, while smaller, segmented paleoseismic events
terminating around Heceta Bank (Fig. 2) have a recurrence of 300-380 years (Goldfinger et al.,
2012). This frequency may extend into the latest Pleistocene, but the turbidite record is
dominated by sediments of non-seismogenic origin (Goldfinger et al., 2012). Despite periods of
coseismic subsidence, the coast is experiencing long term uplift, as evidenced by Quaternary-
aged marine terraces in the Oregon Coast Range (Mclnelly and Kelsey, 1990; Muhs et al., 1990;
Kelsey and Bockheim, 1994; Kelsey et al., 1996). Uplift rates in central Oregon range
latitudinally from quite low (0 — 0.2 m/ky; Kelsey and Bockheim, 1994) within much of the study
area to significantly higher about 20 km to the south at Cape Arago (Fig. 3; 0.5-0.77 m/ky;
Mclnelly and Kelsey, 1990; Simms et al., 2016) and about 45 km to the north at Yaquina Bay
(Fig. 3; 0.75-0.96 m/ky; Kelsey et al., 1996; Simms et al., 2016). This part of coastal Oregon has
had an increase in the uplift rate since 120 ka, which has caused a transient response in the

regional river systems (Whipple and Tucker, 2002; VanLaningham et al., 2006).

2.2 Shelf Geology and Structure

The modern shelf, in the majority of the study area, ranges in width from 25 to 35 km from
the modern shoreline to the shelf break. Notably, the shelf extends to 70 km in width at Heceta
Bank (Fig. 2). The shelf edge occurs in ~150 m water depth (Figs. 1 and 2). The current
continental shelf in central Oregon formed primarily as a result of subduction zone processes
and was originally part of the Neogene Cascadia forearc basin, which is the subject of McNeill et

al. (2000). Based on this study, the base of the shelf is composed of a combination of Siletz
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River volcanic rocks (large Eocene-aged basaltic flows exposed in coastal Oregon; Snavely and
Baldwin, 1948) and Paleogene mélange, overlain by basin fill sediments. The forearc basin,
bounded to the west by an anticlinal outer arc high and to the east by the Coast Range, was
filled with sediments during sea level high stands and has been eroded, deformed, and refilled
with marine and terrestrial sediment through time to form the modern continental shelf.

In this region, the shelf structure is dominated by folds and faults formed by Miocene and
younger compression adjacent to the plate boundary (Fig. 4; Goldfinger et al., 2014). Axes of
the major anticline and syncline systems on the shelf trend NE-SW, or slightly NW-SE (Fig. 4;
Clarke et al., 1985). Miocene rocks are exposed at the seafloor where they have been uplifted,
forming submarine banks (Figs. 1, 2 and 4; McNeill et al., 2000). Heceta Bank is one of these
features and denotes the only location where the outer arc high has been uplifted enough to
form part of the modern shelf. Heceta Bank backs up to Siletzia (a large igneous province in the
coastal Pacific Northwest of North America, which was accreted to the continent in the Eocene;
Wells et al., 2014), and may have contributed to its high uplift rate. Alternatively, Heceta Bank
may have formed via a series of thrust faults (Seely et al., 1974). The most recent episode of
deformation in this region started in the Pliocene and extended into the Pleistocene (Clarke et
al., 1985). No significant tectonic deformation has occurred since, but Heceta Bank was
truncated during Pleistocene sea level lowstands (Clarke et al., 1985). Siltcoos Bank, a much
smaller, mid-shelf feature in the center of our study area (Fig. 2), is also composed of Miocene-
Pliocene rocks (Fig. 1), and was likely uplifted by an active reverse fault (McNeill et al., 2000).
Pliocene rocks and Pleistocene sediments overlay the Miocene structure, where it is not

uplifted to the seafloor (Fig. 1; Clarke et al., 1985). The Pleistocene sediments have been
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sampled and analyzed in multiple studies; they have been described as sand and silt
interbedded with some gravel (Snavely et al., 1977; 1981), clayey silt with a large amount of

coarse debris (Kulm et al., 1973), and fine silt and clay (Clarke et al., 1985).

2.3 Characteristics of Drainage Systems

The Siuslaw and Umpqua Rivers drain the central Coast Range of Oregon (Fig. 1). Table 1
summarizes their modern drainage basin characteristics. The Siuslaw River is of moderate size,
but the Umpqua River is one of the larger river systems in central Oregon. The Siuslaw River
primarily flows over the Tyee Formation, an Eocene layered marine sandstone/siltstone that is
soft and easily erodible (Walker and MacLeod, 1991; Siuslaw Basin Council, 2002; Santra et al.,
2013), making up most of the Coast Range (Fig. 1). This soft material is subject to large debris
flows in the rainy season, allowing the river to incise a low-gradient path through the steep
Coast Range. The Siuslaw does not have any large man-made dams that impede its drainage
patterns or affect sediment yield (Table 1). However, this is not the natural state of the river, as
extensive natural logjams were observed by early European explorers in the area (Siuslaw Basin
Council, 2002). Settlers in the late 1800s removed many of these log jams, causing the Siuslaw
to become more channelized and removing much of its ability to store water in its upper
reaches. This resulted in more stream incision, separating the channels from floodplains and
wetlands, leading to more seasonality in drainage volume (wet winters with high drainage and
dry summers with low drainage) and increasing the frequency of debris flows. Prior to this, the
drainage system would have had a more complex network of channels and wetlands, which

allowed water to be stored longer into the dry season. Yet, the seasonality of discharge is also
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bolstered by the low elevation of the Coast Range, which does not support an extensive
snowpack and leads to a short time span between precipitation events and drainage to the sea;
event driven, or flashy drainage.

The Umpqua River, in contrast, drains a variety of terrains (Fig. 1), leading to less event-
driven flows, but still with higher discharge volumes in the winter versus the summer (Wallick
et al., 2011). The Umpqua River has a number of hydroelectric dams and reservoirs on its upper
reaches (North and South Umpgqua rivers), but this has little effect on downstream flow
patterns and overall annual discharge because most of the basin lies below these dams. The
Umpgqua River has two main tributaries, the North Umpqua River and the South Umpqua River.
The North Umpqua originates in the Cascades province (Fig. 1), flowing over Pliocene and
Quaternary volcanic rocks that are highly permeable, providing high groundwater storage that
supports consistent summer drainage (Jefferson et al., 2010). Both rivers flow through the
western part of the Cascades province (Fig. 1) with Tertiary volcanic rocks that have high runoff
rates (Stillwater Sciences, 2000) and through the Klamath Mountains (Fig. 1), composed of
Mesozoic metamorphic rocks (Wells et al., 2001). The confluence of the two rivers, forming the
Umpqua River, is near the Klamath Mountains-Coast Range boundary (Fig. 1). From there, the
Umpqua primarily flows over the Tyee formation, incising into the soft sediment (Wallick et al.,
2011).

The modern coast of central Oregon has a temperate (3° C—20° C), maritime climate.
Precipitation rates, which impact discharge and vegetation, as well as influence sediment
erosion and transport, only vary slightly across the study area. The average annual precipitation

for coastal Oregon is 212 cm, based on data collected from 1901 to 2020 (NOAA, 2020). This
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region is located in the southern reaches of the Western Hemlock zone, a densely vegetated,
coniferous forest starting in coastal British Columbia (Pojar et al., 1991). The vegetation has
varied since, and even during, the last glacial period, but has typically included various firs,
pines, and hemlocks, fluctuating based on temperature and precipitation (Worona and
Whitlock, 1995). Overall, the dominant vegetation during the last glacial period indicated a
colder, more arid regional climate, with the Coast Range being ~50% drier than today during

the glacial-interglacial transition (25 ka to 17 ka; Worona and Whitlock, 1995).

3. Methods

In May and September 2017, ~1,075 km of Chirp subbottom and sidescan sonar data were
collected on R/V Pacific Storm to characterize the paleolandscapes offshore from the modern
Siuslaw and Umpqua Rivers (Fig. 2). Scripps Institution of Oceanography’s Edgetech 4200
sidescan was used for both cruises; data were recorded in JSF format along with real-time GPS
for position accuracy. The data were processed using Xsonar (Danforth, 1997), which accounts
for slant range beam angle distortion, merges navigation with the data, and generates a
mosaiced image.

An Edgetech 512i Chirp was used for each cruise. The system used for the May 2017 cruise
was operated with a 30 ms swept pulse of 0.5-7.2 kHz. These data have two types of data
artifacts, (1) repeated diagonal lines and (2) a wavy, undulating signal, and both interfere with
real data at times. The September 2017 cruise used Scripps Institution of Oceanography’s
towfish, operated with a 30 ms swept pulse of 1-15 kHz. Additional 3.5 kHz subbottom data

collected during cruise NA087 on E/V Nautilus were used to help constrain features in the

10
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northern part of the study area (http://www.nautiluslive.org/science/data-management). All
subbottom data were recorded in SEG-Y format, along with real-time GPS data for position
accuracy. These data were processed using SIOSEIS (Henkart, 2006), plotted using Seismic Unix
(Cohen and Stockwell, 1999), and then imported into the Kingdom software package
(kingdom.ihs.com) for interpretation. A nominal velocity of 1500 m/s was applied to convert
two-way travel time (TWTT) to depth;.

Onshore fluvial profiles were generated based on where mapped river locations (USGS
National Hydrography Dataset; https://www.usgs.gov/core-science-systems/ngp/national-
hydrography) crossed NOAA’s National Centers for Environmental Information (NCEI) Central
Pacific and Northwest Pacific Digital Elevation Models (DEM) with 3 arc-second resolution and a
mean high water (MHW) datum (NGDC, 2003a; NGDC, 2003b). Continental shelf profiles,
projected roughly perpendicular to depth contours from the mouth of each river to the LGM
shoreline, were modeled based on depths from the NCEI DEMs for the Central Oregon Coast
(Carignan et al., 2016) and Port Orford (Carignan et al., 2009). These both have a cell size of 1/3
arc seconds and a MHW vertical datum. The thalweg of the Umpqua paleovalley was mapped
based on chirp data. Percent-slope calculations along profiles are calculated in between
inflection points. The paleoshoreline contours are modeled based on relative sea level curves

developed by Clark et al. (2014).

4. Results

4.1 Acoustic Properties of Submerged Paleodrainages

11
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There is a large infilled valley system offshore from the modern Umpqua River. The valley is
mapped in modern water depths of ~80 to 150 m (Fig. 4). The acoustic character of the system
(bottom reflector shape and acoustic character, fill thickness and character) varies throughout
its extent (Figs. 5-10). On the inner shelf, the valley bottom reflector ranges from nearly flat to
undulating to sharply curved (Figs. 5, 8, and 9), reflecting clear incision into the underlying
bedrock. In this area, the valley fill is thinnest (<10 m), but there may have been some
truncation by wave action during sea level transgression (Figs. 5, 7-9). In this area, The fill is
primarily acoustically transparent, but sometimes has internal reflectors indicative of
progradation or migration of incision (Figs. 5, 7, and 9), typical of an incised valley.

As the valley system extends to the outer shelf, it increases in depth, with fill up to ~25 m
in thickness (Figs. 4-6, 9, and 10). The valley also widens here, covering at least 13 km in the N-S
direction (Figs. 4 and 6). The valley system bifurcates around structural highs that extend to the
seafloor and protrude as hardground pinnacles (Figs. 4 and 10). These are described in section
4.2. The valley bottom reflector ranges from low to high amplitude and has an irregular, uneven
appearance (Figs. 4-7). The outer shelf valley fill is either acoustically transparent or has internal
layered reflectors (Figs. 4-6, 9). These reflectors are typically medium to high amplitude and
sometimes onlap the valley wall (Fig. 6). The overall paleodrainage incision depth increases
towards the southwestern portion of the study area (Figs. 9 and 10), near the shelf break-slope
transition, associated with greater valley fill thickness (Fig. 4). A smaller channel with thinner fill
extends from the outer shelf part of the valley to the northeast, offshore from Tahkenitch Lake

(Figs. 2 and 4).

12
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Offshore from the modern Siuslaw River, there is not a definable incised drainage channel
or valley. There is, however, a distinctive medium-to-high amplitude reflector that has an
almost blotchy acoustic character (Fig. 11). The reflector truncates the small number of features
that are imaged below it; in general, little stratigraphy is imaged in the northern portion of the
study area. This reflector has an irregular, undulating appearance, both broadly shallowing and
deepening, and is hummocky at a smaller scale (Figs. 12 and 13). This is typical of an erosion
surface (Lobo et al., 2018), and the reflector is denoted as such (Erosion Surface; ES). The ES
ranges from ~6 m below the seafloor to occasionally merging with the seafloor, but it is
primarily within 3 m of it (Figs. 11 and 12). The ES is mapped throughout the northeast portion
of the study area (Fig. 4), extending from ~125 mbsl offshore, to the eastern limit of the seismic
data at ~55 mbsl. Beyond the shelf break offshore from the Siuslaw is a sediment wedge over 5

m thick (Fig. 12).

4.2 Structure and Shelf Morphology

There is complex structure throughout the study area (Fig. 4). Folded and dipping strata of
varying geometries are imaged in this region, including syncline-anticline structures (Figs. 6-7
and 9-10). The more well-defined, offshore portion of the Umpqua valley system often
coincides with the location of syncline fold axes (Figs. 6 and 10). Around Siltcoos Bank, the
steepness of dipping beds increases, and strata are folded more tightly (Figs. 6 and 10).

Often, structures from the underlying strata protrude above the surrounding seafloor in
the form of hardgrounds (Figs. 4-6 and 8-10). These were mapped where they protrude, as well

as where they extend upwards and come within 0.015 s TWTT of the seafloor (Fig. 4). Where
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imaged, these protruding hardgrounds have higher backscatter compared to the surrounding
seafloor (Fig. 4) and higher acoustic amplitude (Figs. 5, 8, and 10). In the Chirp data, the
exposed hardgrounds range from mound-like (Figs. 5 and 8) to narrower and more pinnacled
(Figs. 5-6 and 9-10). When they protrude above the surrounding seafloor, the hardgrounds
sometimes trend in a linear fashion (Fig. 4), particularly in the southern region, but have either
a modular or widespread coverage in other areas. Hardgrounds are most common in the
middle and outer shelf (Fig. 4), between the Siuslaw and Umpqua rivers. On the outer shelf,
hardgrounds are mostly exposed, but some are covered by a thin veneer of sediment (Figs. 4
and 8-10). Hardgrounds that do not extend above the surrounding seafloor also tend to have
higher acoustic amplitude in Chirp data (Figs. 5, 8, and 10). In general, hardgrounds occur at
anticlinal axes (Fig. 4; Goldfinger et al., 2014) or are associated with folded and faulted
reflectors (Figs. 6 and 10).

Profiles of the shelf bathymetry extending from the modern shoreline at the mouth of each
river to 200 mbsl show notable differences between the Siuslaw and Umpqua regions (Fig.3).
Both have breaks in slope at the base of the coastal prism, but the Umpqua’s is more
pronounced, as the prism extends to ~80 mbsl with over a 3% slope. The Siuslaw’s coastal prism
extends to ~25 mbsl with a slope of 2.44%. The rest of the Siuslaw shelf profile is more gradual
and exhibits a gentle break in slope of 0.56-0.25% at 100 mbsl. There is a slope change on the
outer shelf at ~147 mbsl, nearly coincident with the 20 ka (Fig. 3). The shelf profile for the
Umpqua gradually transitions in slope at the base of the coastal prism from 0.57% to 0.19%
(Fig. 3). There is an outer shelf change in slope at ~125 mbsl from 0.19% to 0.87%. The

paleovalley thalweg (Fig. 3), based on the chirp data, is plotted along the same distance profile
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as the Umpqua shelf for comparison. There are multiple slope changes, but two of those are

convex, one from 0.05% to 0.37% at ~95 mbsl and one from 0.03% to 0.55% at ~105 mbsl.

5. Discussion
5.1 Interpretation of Paleodrainage Morphology

The valley system offshore from the Umpqua River likely represents drainage from the
paleo-Umpqua River. This drainage valley is multifaceted in both character and location. The
inner shelf portion exhibits cut and fill features (Figs. 5 and 7) typical of an incised valley (e.g.,
Dalrymple, 2006; Blum et al., 2013; Green et al., 2013) and is interpreted as such, attributed to
lowstand fluvial incision and migration. The outer-shelf, wider and deeper portion of the valley,
with thick infill, is more complex. The origin of this part of the valley was unlikely due to
continental drainage, but rather, underlying structure, discussed in Section 5.2. This part of the
valley; however, does have a scoured bottom reflector (Figs. 5 and 6), which is attributed to
drainage from the paleo-Umpqua overprinting this surface. The thick and layered valley fill with
undulating reflectors are inferred as paleo-Umpqua scour and fill. The smaller portions of the
valley extending from the outer shelf towards the northeast are interpreted as tributaries
related to drainage from Tahkenitch Lake (Figs. 4 and 13).

There are no definitive age constraints on valley formation or fill deposition. The outer
shelf part of the valley could be quite old, with one of the shallower reflectors representing the
LGM subaerial unconformity and overall deposition related to multiple lowstand-highstand
cycles. Alternatively, the base of the valley could represent the LGM subaerial unconformity

with valley fill deposited since. Estimations of sediment accumulation rates for the modern
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Umpgua River range from 1.4 to 2.3 mm/yr (Wheatcroft and Sommerfield, 2005). Using the
approximate maximum thickness of valley fill (25 m), accumulation would have taken 10.87 ky
and 17.86 ky based on these rates, respectively. Most of the valley fill is thinner than this,
requiring less time for deposition. There is no defined submarine canyon on the upper
continental slope here, possibly due to a large quantity of sediment blanketing the slope,
delivered via the paleo-Umpqua. Our subbottom data does not extend over the slope, however,
so this inference is based on the seaward thickening wedge of sediments imaged on the outer
shelf (Figs. 9 and 13). The inner shelf incised valley could be LGM in age or could have formed
during a previous lowstand and was reoccupied during the LGM. It is also possible that no
incision occurred during the last lowstand, but without sedimentary age constraints, we prefer
the LGM incision or reoccupation interpretation.

The ES is mapped offshore from the modern Siuslaw River (Fig. 4), in waters from ~55 to
125 m depth. This surface likely represents drainage from the paleo-Siuslaw River. Alternatively,
it could be the regional wave-transgressive surface, but the variability in acoustic character
(amplitude, undulating and hummocky surface; Fig. 11) and location relative to the modern
Siuslaw River, suggest that this surface is a subaerial unconformity (Zecchin and Catuneau,
2013), originally formed via continental drainage during the LGM lowstand. Surfaces described
similarly have been classified as erosional sequence boundaries of fluvial origin (Miall, 2014,
Lobo et al., 2018). The ES extends over ~19 km? (~20 km in the north-south direction), a slightly
larger area than the Umpqua valley (~17 km?), yet there is no evidence of valley incision (Fig. 4).
The presence and irregular pattern of the ES indicates that the paleo-Siuslaw probably had a

shallow, potentially anastomosing stream morphology, which would have generated a network
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of channels over a larger area (Miall, 2014). This would have led to overall sediment bypass of
the shelf during the lowstand (Posamentier, 2001), which is supported by the scarcity of
surficial sediment across the shelf in the Siuslaw region (Figs. 11 and 12), but a sediment wedge
imaged past the shelf edge (Fig. 12). Such outer shelf and slope wedges are common, often
associated with forced regression or lowstand fluvial deposition, or reworking of outer shelf
deposits during transgression (Labaune et al., 2010; Green et al., 2013; McClung et al., 2016;
Lobo et al., 2018). The shelf physiography here also forms an embayment for sediment to

accumulate in on the slope (Fig. 2).

5.2 Structural Controls on Paleodrainage Morphology and Valley Formation

Long-term tectonic forces in the study region have formed a continental margin with
complex geology and physiography, which appears to have influenced fluvial morphology
across the shelf. The underlying structure plays a large part in location of the paleo-Umpqua
drainage valley (Fig. 4). The outer shelf part of the valley, with the thickest fill, follows syncline
location, which is expected, as erosion of syncline layers creates a natural low for a channel to
follow and continue to incise (Figs. 4-7, 10, and 15). Synclines on the central Oregon shelf are
also typically composed of Quaternary siltstones and sandstones that are poorly indurated,
making them more easily erodible relative to the surrounding material (Fig. 1; Clarke et al.,
1985; Peterson et al., 1986). The synclines also form a wide valley, extending over 14 km across.
The deepest parts of the valley, around syncline axes, are typically more than 4 km across (Figs.
6 and 10). The hardgrounds that extend towards/protrude above the seafloor, often at anticline

axes (Figs. 4 and 10; Goldfinger et al., 2014), are Miocene-Pliocene rocks that have been
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uplifted above active folds and fault zones (Figs. 1 and 4; Clarke et al., 1985; McNeill et al.,
2000). These have been mapped as two different geologic units based on deep-penetration
seismic reflection data and samples (Fig. 1; Clarke et al., 1985; Peterson et al., 1986). The rocks
uplifted just south of the Umpqua River and those at Siltcoos Bank are interpreted as late
Eocene to middle Miocene marine sedimentary rocks, with some volcanic rocks interbedded
(Fig. 1; Clarke et al., 1985; Peterson et al., 1986); potentially the Astoria Formation, a hard,
fossiliferous-rich marine rock (Snavely, 1987; Goldfinger et al., 2014). The broader region
around Siltcoos Bank is mapped as late Miocene to late Pliocene mudstone and siltstone with
some sandstone (Fig. 1; Clarke et al., 1985; Peterson et al., 1986). These features are more
resistant to erosion than the younger, overlying Quaternary sediments (Clarke et al., 1985),
which can affect channel incision (Chaumillon et al., 2008). In the shallower areas, the Umpqua
paleodrainage valley exhibits clear deepening and downcutting of channels that terminate
against the hardgrounds (Figs. 5 and 13). Additionally, valley fill thickness increases towards the
outer shelf as the orientation of bedrock layers changes and they dip towards the shelf edge
(Fig. 9). These observations highlight the role that lithology and structure play in drainage
patterns and incision.

Similar geologic controls on drainage valley morphology have also been observed along
other margins (Chaumillon et al., 2008; Tesson et al., 2015; Lobo et al., 2018). The submerged
paleo-Charente River on the French Atlantic coast has a seaward distributary pattern with
thalweg jumps attributed to tectonics (Weber et al., 2004). Folded and faulted Mesozoic
bedrock underlies the drainage system and incised channel thalwegs often coincide with

synclinal bedrock structures. A synthesis of incised valleys throughout the Bay of Biscay
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highlights tectonic control on valley orientation, as they are primarily aligned with faults and
fault scarps (Chaumillon et al., 2008). Many of these systems also preferentially incised soft
sediment while abutting harder strata. On the French Mediterranean coast, the incised valley of
the paleo-Aude and -Orb rivers runs shore parallel, in the direction of seaward dipping layers,
and lacks substantial incision depth due to a shallow and relatively flat plateau (Tesson et al.,
2015). The paleo-Chao Phraya-Johore River valley on the Sunda Shelf parallels basement
structure associated with subsidence and has tributaries oriented along extensional faults
(Algahtani et al., 2015). In the Gulf of Cadiz, fluvial incision patterns and the morphology of the
LGM subaerial unconformity reflect a distinct change between the inner and outer shelf,
attributed to lithologic differences in the two regions (Lobo et al., 2018).

Based on our observations and comparison with these other drainage systems, we infer
that the primary control on the morphology of the paleo-Umpqua drainage valley is the
antecedent topography and lithologic differences generated by the tectonic history of the
Cascadia margin. The structural patterns (folding and faulting) formed a natural valley across
the shelf for the paleo-Umpqua to follow and lithology played a role in valley depth, as incision
and valley deepening is greater in softer Pleistocene sediments (Clarke et al., 1985) compared
to older, harder material.

The trend of folding offshore from the Siuslaw River is different than offshore of the
Umpqua River. Folding is oriented in a more NNW-SSE direction (Fig. 4), forming structural lows
that are nearly perpendicular to a Siuslaw cross-shelf drainage pathway. This trend likely
promoted an anastomosing system, with multiple channels distributed along fold axes,

generating the wide-ranging ES with extensive, yet variable scour.
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5.3 Physiographic Controls on Paleodrainage Morphology

Previously developed sequence stratigraphic models suggest that shelf physiography
(shelf gradient and shelf break depth) is a major control on incised valley development
(Summerfield, 1985; Posamentier et al., 1992; Posamentier and Allen, 1993; Talling, 1998; Blum
and Toérnqvist, 2000; Posamentier, 2001). In these models, the difference in gradient between
the fluvial profile landward of the highstand shoreline and that of the newly exposed shelf is a
dominant influence on fluvial incision versus aggradation, as well as channel morphology. If the
slope is the same between the two regions, sediment bypass is expected (Summerfield, 1985;
Posamentier et al., 1992; Holbrook and Bhattacharya, 2012). If the slope onshore is greater
than the shelf, aggradation is predicted, and if the slope onshore is less than the shelf, incision
is predicted (Van Wagoner et al.; 1988; Posamentier et al., 1992; Holbrook and Bhattacharya,
2012). Rivers may also adjust to these changes in slope by altering sinuosity, with lower
sinuosity when the onshore slope is greater than the shelf, and vice versa (Schumm, 1993). The
magnitude of the slope change will determine the level of sinuosity and/or incision. Other
models highlight the importance of convexity in the continental shelf profile (Talling, 1998;
Blum and Torngqvist, 2000). In these models, incision is only expected in cases where sea level
falls below a convex change in slope, typically the shelf break or the coastal prism (highstand
shoreline; Posamentier et al., 1992; Talling, 1998). If sea level falls below the shelf break, then
an incised valley should form across the entire shelf, but if sea level does not fall below the
shelf break, an incised valley will only develop in the vicinity of the coastal prism (Talling, 1998;

Posamentier, 2001; Tornqyvist et al., 2006). Although the rivers studied here are located within
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40 km of one another and have the same general trend in slope from onshore to offshore, the
shelf profiles offshore from each modern system have localized slope variability (Fig. 3).

The Umpgqua shelf profile exhibits two convex changes in gradient, one at the base of the
coastal prism and the other at ~120 mbsl (Fig. 3). The deeper slope change correlates
approximately with the 14 ka paleoshoreline (Fig. 3). It also represents the start of the
continental shelf-slope transition, which occurs shallower and more gradually here compared
to other parts of the shelf (Fig. 3). Because sea level was ~147 m below present in this region
during the LGM (Clark et al., 2014), this convex change in slope would have been subaerially
exposed may have contributed to additional scouring of the preexisting structural valley. The
paleo-Umpqua valley thalweg profile has two convex changes in gradient on the mid-shelf, near
the inner shelf incised valley. When sea level dropped below these points (105 mbsl is the
deeper of the two), incision was probably initiated, influenced by overall structural patterns and
lithology on the inner shelf.

The Siuslaw shelf profile represents a ramp margin with little variability in slope
between the convex breaks at the coastal prism and shelf edge (Fig. 14). The shelf edge in this
profile is at ~150 m water depth, but varies in the Siuslaw area between 140 and 150 m water
depth. This is quite close to the calculated LGM sea level of about -147 m (Clark et al., 2014),
indicating potential shelf edge exposure, which suggests incision may have occurred. The
absence of valley development is typical for sea level falls that do not drop below the shelf edge
or expose an outer shelf convex change in slope, which may have been the case for the paleo-
Siuslaw. Plink-Bjorklund and Steel (2004) documented the presence/absence of incised valleys

on the Eocene coastal plain and shelf of Spitsbergen due to differing magnitudes of sea level
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falls. Both Simms et al. (2006) and Chaumillon and Weber (2006) describe incised valleys, in the
Gulf of Mexico and the French Atlantic coast, respectively, that do not extend across the entire
shelf due to a lack of outer shelf convexity. The duration of shelf exposure, however; may have
been a factor in controlling incision because fluvial systems need enough time to adjust to
changing slope for incision to occur (Woolfe et al., 1998; Blum et al., 2013). Because the shelf
edge depth is so close to the LGM sea level, any exposure would have been for a relatively short
time period and may have prevented the paleo-Siuslaw from developing substantial incision
and knickpoint retreat prior to being inundated during the transgression. Abbott and Carter
(1994) and Naish and Kamp (1997) have presented evidence of this in New Zealand. There, over
40 Plio-Pleistocene marine cyclothems are documented, but only two of the sequence
boundaries record fluvial incision, when there was sufficient time for fluvial systems to adjust to
the new equilibrium profile. In general, most rivers did not reach their equilibrium profile
during the most recent lowstand, even those that formed incised valleys (Strong and Paola,
2008; Wang et al., 2019). The lack of a distinct cross-shelf incised valley for the paleo-Siuslaw
can be principally attributed to the shelf’s localized ramp morphology and insufficient exposure
of the shelf break during the last lowstand. Instead, this likely resulted in overall sediment
bypass for most of the glacial period (e.g., Talling, 1998 model), with slight scouring of the
existing surface, forming the ES (Schumm, 1993).

Based on shelf-fluvial profile comparisons, we infer that shelf morphology, and relation to
sea level, exerts strong control on fluvial incision during lowstands on the Cascadia margin.
When a convex slope break is exposed subaerially for a sufficient amount of time, incision can

occur, but other factors may have a stronger influence on incision, as is the case for the
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Umpqua outer shelf where the preexisting syncline is the dominant control on drainage system
morphology. The paleo-Umpqua only incised the middle to inner shelf, where convexity in the
paleovalley thalweg was exposed and the paleo-Siuslaw did not form a cross-shelf incised
valley. Both, the Siuslaw and Umpqua shelf profiles are characterized by a convex slope break
at the coastal prism (Fig. 3), which should have resulted in fluvial incision across the inner shelf
(Talling, 1998). However, additional subbottom data is needed in this region (Fig. 2) to
determine the presence or absence of incised valleys near the mouths of the Siuslaw and
Umpqua rivers. Nevertheless, this would only control incision through the coastal plain and not
across the full width of the shelf exposed during sea level lowstands. It is also possible that
continuing tectonic activity has altered the shelf profiles since the lowstand. However, the long-
term regional uplift rates are low and would have only caused a few meters of change, unlikely
to have affected shelf profiles substantially (Mclnelly and Kelsey, 1990; Kelsey and Bockheim,
1994; Kelsey et al., 1996; Simms et al., 2016).

Lastly, it is possible that the different morphologies observed in seismic reflection data
could be explained by differential preservation of each paleodrainage system, rather than by
factors controlling their formation. On the Siuslaw outer shelf beyond the ES, there is almost no
evidence of lowstand or falling stage surfaces, nor sediment fill or high stand sedimentation
(Fig. 12). This is between the 14 ka and 20 ka paleoshorelines, when there was a slower rate of
sea-level rise (Fig. 3). The ES is mapped on the portion of the shelf that was inundated during a
period of rapid rise in sea level from 14 to 8 ka (Fig. 4; Clark et al., 2014). The paleo-Umpqua
drainage valley is mapped between the 8 ka and 20 ka paleoshorelines. Periods of rapid sea-

level rise would be more likely to preserve evidence of fluvial systems, as deposits would
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quickly be submerged beyond the reach of wave base erosion. The absence of stratigraphy
below the seafloor on the part of the Siuslaw shelf that was inundated during a slower rise in
sea level, indicates that an incised valley may have formed, but was then obliterated during
transgression. This has been observed on the KwaZulu-Natal continental shelf where rapid sea-
level rise is suggested as the mechanism for partially filled incised valleys and preservation of
paleoshoreline deposits, while smoothed surfaces are attributed to extensive wave ravinement
during periods of slower sea-level rise (Pretorius et al., 2019; Salzmann et al., 2013).

This process is also dependent on the slope of the shelf, with respect to each drainage
system, which would have influenced how long wave base erosion impacted the seafloor. In
theory, a lower gradient would expose each area of the shelf to wave action for a shorter
period of time compared to a steeper gradient, promoting preservation (Cattaneo and Steel,
2003). This is documented on the southeastern African shelf where paleoshoreline features are
better preserved in lower gradient areas (Green et al., 2018). Between the 20 ka and 14 ka
paleoshorelines, the Siuslaw shelf has a gentler slope than the Umpqua shelf profile (Fig. 3),
suggesting that any Siuslaw paleodrainage features would be better preserved than Umpqua
features. However, the Umpqua outer shelf valley may be so well preserved because of the
valley scale. This is common along glaciated margins where large-scale valleys and geomorphic
lows formed via glacial meltwater drainage were not obliterated during transgression (Hill et
al., 2007; Thieler et al., 2007; Hill and Driscoll, 2008; Klotsko and Driscoll, 2018). Nevertheless,
we infer that the paleo-Siuslaw did not form any substantial drainage features on the outer
shelf. There may have been some minor scouring, but any evidence of this was removed during

transgression. The Siuslaw shelf profile is steeper than the Umpqua shelf profile for much of the
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14 ka to 8 ka paleoshoreline range (Fig. 3), suggesting poorer preservation of paleo-Siuslaw
features. Some infill above the ES may have been removed and reworked during transgression,
as sediment cover is quite thin here (Fig. 11). The ES, however, does not appear to have been
altered by wave action where buried. The preservation of the ES on the part of the shelf
inundated during rapid sea-level rise without evidence of an incised valley, supports our
conclusion that the paleo-Siuslaw had a more anastomosing channel morphology across the

shelf during the lowstand.

5.4 Influence of Drainage Basin Characteristics on Paleodrainage Incision and Morphology

In addition to shelf geology, shelf physiography, and sea level, there are other factors that
could have contributed to the drainage morphologies of the paleo-Siuslaw and -Umpqua rivers
during the lowstand. In typical sequence stratigraphic models these are related to the
characteristics of each drainage basin and include, climate, tectonic regime, discharge volume,
and erodibility of source sediment (Schumm, 1993; Talling, 1998; Blum and Térnqvist, 2000;
Posamentier, 2001; Blum et al., 2013). Most of these factors influence stream power; higher
stream power typically leads to a greater depth of incision (Schumm et al., 1984; Paola et al.,
1992; Blum et al., 2013), while lower stream power could play a role in the absence of incision.
These factors also affect how long it takes for fluvial systems to reach their equilibrium profile,
which is related to incision (Paola et al., 1992). Because the two drainage systems are within 40
km of each other, it is unlikely that climate history contributed to the differences in their cross-
shelf morphologies. Here we examine these other factors in the context of the Umpqua and

Siuslaw rivers.
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The tectonic regime of a drainage system influences many factors related to stream power.
Along active margins, such as Cascadia, there is typically a narrower, steeper shelf and a coastal
mountain range. Coastal mountains have a higher gradient than a lowland coastal plain,
commonly found on passive margins, which adds to stream power. The Umpqua River descends
over 1800 m in elevation throughout its path to the ocean, whereas the Siuslaw is below 200 m
of elevation for its entire length (Siuslaw Basin Council, 2002). This is because the Siuslaw
effectively erodes through the uplifting Coast Range (Fig. 1), resulting in an overall low gradient
river with less stream power, more analogous to a passive margin river.

Coastal mountains support orographic precipitation (Ruddiman, 2013), and also lead to
rivers with smaller catchment basins than passive margins (Blum et al., 2013). However, these
higher elevation rivers typically have a larger discharge for their basin area (Milliman and
Syvitski, 1992). This effect of higher elevation is not reflected in the discharge to drainage basin
area ratios for the Umpqua and Siuslaw rivers (Table 1). The lower elevation Siuslaw River has a
smaller drainage basin than the Umpqua River (~6x), but Umpqua River discharge is only about
four times higher than the Siuslaw discharge (Table 1). Nevertheless, the smaller basin area and
discharge for the Siuslaw results in less stream power than the Umpqua. The smaller, high
gradient drainage basins, like the Umpqua basin, also support event driven discharge, which
can have more stream power than fluvial systems with more consistent discharge (Lamb et al.,
2015). This is further bolstered by sediment availability in mountainous areas; there is more
terrain to be eroded and added to the river sediment load, like the soft sediment of the Tyee
formation in the Oregon Coast Range (Fig. 1; Wallick et al., 2011; O’Connor et al., 2014). Even

though both rivers flow over the Tyee formation in the Coast Range, the Umpqua River has a
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sediment yield more than three times that of the Siuslaw River (Table 1), which highlights the
impact of the more mountainous Umpqua drainage basin. All of these factors indicate a lower
stream power for the Siuslaw compared to the Umpqua, which may have contributed to the
observed lack of shelf incision by the paleo-Siuslaw.

Experimental and theoretical studies of bedrock erosion indicate that the grain size of
river sediment load can influence fluvial incision rate, with coarser gravels having the strongest
effect (Sklar and Dietrich, 2001; Scheingross et al., 2014; Lamb et al., 2015). The soft
sedimentary rocks of the Coast Range (Fig. 1) are quickly broken down into suspended load for
both of the rivers (O’Connor et al., 2014). A portion of the upper Umpqua also flows over the
more resistant rocks of the Klamath province (Fig. 1; Wells et al., 2001). Although not as large of
a component of the overall sediment load, Klamath rocks are more commonly transported as
gravels (O’Connor et al., 2014). This could also have played a factor in the degree of incision for
the paleo-Umpqua inner shelf valley and lack of incision for the paleo-Siuslaw.

An analysis of 151 late-Quaternary incised valley fills by Wang et al. (2019) found that
drainage basin characteristics played a significant role in incised-valley-fill dimensions. For
instance, a larger drainage basin area characteristically leads to a deeper and wider incised
valley (Mattheus et al., 2007; Mattheus and Rodriguez, 2011; Phillips, 2011; Wang et al., 2019).
The incised, inner shelf part of the Umpqua paleodrainage valley is ~10-15 km across. When
compared to seven other incised valley fills with similar drainage basin areas (10,000 and
15,000 km?), most are narrower than the paleo-Umpqua (Wang et al., 2019). The one system
that is similar is from the Kanto Plain in Japan, which has a slightly larger drainage basin area at

12,900 km? and a valley width of ~10.4 km (Isihara et al., 2012; Isihara and Sugai, 2017; Wang et
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al., 2019). A combination of structural trends and additional water sources are the likely
reasons for the larger paleo-Umpqua incised-valley-fill width. Incision imaged south of the
modern Umpqua river mouth was probably from Tenmile Lake (Figs. 2 and 4) outflow (adding
~250 km? to drainage basin size; PNHM and USGS, 2020) or southward flow of the paleo-
Umpqua before turning offshore. Incision north of the river mouth was probably from a
combination of Tahkenitch Lake (Figs. 4 and 13) outflow (adding ~130 km? to drainage basin
size; PNHM and USGS, 2020) and the paleo-Umpqua, reflecting a migration of the inlet through
time. The mouth of the modern Umpqua River is bounded to the north by North Spit (Fig. 2), a
sandy extension of the natural coastal dune fields in the area and is not a rigid topographical
boundary. Only three of the incised valleys with similar drainage basin sizes to the Umpqua
examined in Wang et al. (2019) have available widths, and two of those are thicker than the
paleo-Umqua valley fill (<11 m; Fig. 4). These are the Apodi-Mossoro incised valley in Brazil with
a thickness of ~41.5 m (Vital et al., 2010; Wang et al., 2019) and the Kanto Plain in Japan with a
thickness of ~63 m (Isihara et al., 2012; Isihara and Sugai, 2017; Wang et al., 2019). Overall,
compared with the database examined by Wang et al. (2019), the paleo-Umpqua inner shelf
incised valley is wider and has thinner fill than most other observed valleys with a similar
drainage basin area. This supports the finding of Wang et al. (2019) that incised-valley-fills on
active margins were less likely to scale with drainage basin area than those on passive margins,
likely because active margins have more variability in factors affecting stream power, such as

gradient, drainage basin topography, and climate (Lague, 2014).

5.5 Implications for Paleolandscape Reconstructions
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Identification of submerged terrestrial landforms along the Pacific continental shelf is
important for archaeological studies of human migration into the Americas (Davis et al., 2009;
Gusick and Faught, 2011; Laws et al., 2020), as evidence indicates a coastal migration pathway
as early as 18-15 ka, during times of lower sea level (e.g., Davis et al., 2019; Dillehay et al., 2008;
Erlandson, 2002; Erlandson et al., 2007; Fagundes et al., 2008; Gusick and Erlandson, 2019;
Fedje et al., 2004; Mandryck et al., 2001). The continental shelf is a vast area to search for
submerged archaeological resources, so predictive models are often employed to refine the
search area (Monteleone et al., 2013; Reeder-Myers et al., 2015). Since coastal subaerial
archaeological sites are often found along riverine terraces (Davis et al., 2004), submerged
paleodrainages are key areas of interest for investigating early coastal migration. As such, their
accurate identification and mapping are vital for improving predictive models and in identifying
target search areas. Furthermore, information on the likelihood of material preservation can
expressively direct archaeological search and sampling efforts. An understanding of fluvial
response to sea level fluctuations and the geologic controls on site preservation are invaluable
for these studies. The data and interpretations presented here can inform the developing
methods for underwater archaeological research and help narrow the vast search area of the
North American Pacific continental shelf, by locating preserved terrestrial landforms, especially

paleodrainages.

6. Conclusions
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This study improved our understanding of the dominant controls on paleodrainage
morphology during lowstands and how these factors can vary greatly over short distances along
convergent margins. These factors are:

(1) Underlying structure and lithology. Structural lows bounded by uplifted, harder rocks
formed a natural cross-shelf valley for the paleo-Umpqua. The fold trend near the Siuslaw does
not form cross-shelf structural lows.

(2) Shelf gradient. An outer shelf convex change in slope was not subaerially exposed for a
sufficient amount of time for the paleo-Siuslaw to form a cross-shelf incised valley during the
last lowstand. The Umpqua valley thalweg has a convex slope change on the mid shelf that may
have initiated incision on the inner shelf.

(3) Drainage basin characteristics. Low stream power due to the small drainage basin,
discharge, and maximum river elevation of the Siuslaw River probably played a role in the
paleo-Siuslaw not forming an incised valley. The stream power of the paleo-Umpqua, bolstered
by its high elevation, regional climate, and event driven precipitation supported by the
orographic effect, may have led to additional deepening and widening of the preexisting
structural low and inner shelf incision.

Our results highlight that adjacent rivers along the same margin can have differences in
these three factors that influence their evolution. This lateral heterogeneity may be more
pronounced on active margins where tectonic activity creates a variety of structures and
physiography. Therefore, grouping river systems by margin type to explain their response to sea

level change oversimplifies the expected paleodrainage morphology.
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7. Data Availability

Per Cooperative Agreement, Final Data sets will be submitted with the draft Final Report and
archived at the BOEM Pacific Region Office. NAO87 data is available at
http://www.nautiluslive.org/science/data-management and will also be archived at NOAA’s

National Centers for Environmental Information.
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Figure Captions

Figure 1. Regional maps of the study location in central Oregon, USA. (A) Overview of the
tectonic regime of the study area. SR = Siuslaw River, UR = Umpqua River, SUR = South Umpqua
River, NUR = North Umpqua River. (B) Overview of the onshore geologic provinces within the

river basins and offshore geology (based on Clarke et al., 1985 and Peterson et al., 1986).
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Bathymetric contours are 50 m. The 150 m contour in white is the approximate shelf edge. Js =
late Jurassic sedimentary rocks, Tmc = late Miocene to Pliocene diatomaceous silty claystone,
Tpm = Mio-cene to Pliocene mudstone and siltstone, Tsu = Eocene to Miocene marine
sedimentary rocks with interbedded volcanics, Qtpm = late Miocene to Pleistocene poorly
indurated siltstone and sandstone (Clarke et al., 1985 and Peterson et al., 1986).
Bathymetry/topography data is from NOAA’s Coastal Relief Model (NGDC, 2003a; 2003b).
Other GIS datasets from the Oregon Spatial Data Library

(https://spatialdata.oregonexplorer.info/geoportal/).

Figure 2. Trackline map for seismic data used in this study. Lines shown in figures are labeled

and bolded in yellow. Notable geographic features are labeled.

Figure 3. (A)Paleoshorelines since the last glacial maximum with profile locations for B-D
plotted. Paleoshorelines are based on a glacio-isostatic adjusted sea level curve (inset) for the
region (Clark et al., 2014). Labels are the age of the shorelines in thousands of years ago. (B-C)
Percent-slope along profiles of the (B) Siuslaw shelf and (C) Umpqua shelf from the modern
shoreline to 200 mbsl. Onshore slopes (dashed lines) are averages based on full fluvial profiles
shown in Supplementary Figure 1. (D) Slope of mapped paleovalley thalweg. Depths are plotted

at distances along Umpqua shelf profile for comparison of cross-shelf gradient differences.

Figure 4. Maps of regional structure

(http://activetectonics.coas.oregonstate.edu/casc_structure.htm) and features from
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1100  geophysical data overlaying background bathymetry in grayscale. Structure reflects different
1101  controls on shelf morphology through time, mainly driven by compression along the Cascadia
1102 subduction zone. SL = Siltcoos Lake, TalL = Tahkenitch Lake, TnL = Tenmile Lake. (A) Regional
1103 structure and backscatter data (SDSU, BOEM, OSU). The backscatter highlights hardgrounds
1104  that have been uplifted due to tectonic motion in the region. Some of the hardgrounds are
1105  oriented in a linear fashion, creating a series of ridges, while others have a more modular
1106  coverage. (B) Map of Umpqua paleovalley fill thickness and location of the ES overlain by the
1107  regional structure. The white line is the 150 m contour, the approximate shelf edge. (C)

1108  Location of mapped hardground based on chirp data with regional structure. Protruding

1109  hardgrounds stick out above the surrounding seafloor where “all hardgrounds” includes those
1110  that came very close to the surface (within 0.015 s TWTT). (D) Map comparing Umpqua

1111 paleovalley fill thickness and protruding hardground locations. Fill thickness thins towards
1112 protruding hardgrounds. Any overlap is a result of the gridding parameters.

1113

1114 Figure 5. Chirp Line 44 with uninterpreted (top) and interpreted (bottom) versions. Three
1115  different expressions of hardgrounds are imaged. Note the difference in paleodrainage valley
1116  character between inner shelf incision and outer shelf scour of preexisting structural low.
1117

1118  Figure 6. Chirp Line 54 with more vertically exaggerated section of outer shelf Umpqua valley
1119  on bottom. This profile captures the most well-defined instance of the outer shelf valley, where
1120  itis located within a syncline. The paleovalley is bounded to the south by a set of uplifted linear

1121  hardgrounds (Fig. 4). Folding and faulted strata are imaged on the northern extent of the
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profile. This is associated with a broad shallowing of the seafloor and hardgrounds that

protrude above the surrounding seafloor.

Figure 7. Sections of chirp profiles highlighting incision of the inner shelf portion of the Paleo-

Umpqua drainage valley.

Figure 8. Chirp Line 13 with uninterpreted (top) and interpreted (bottom) versions. This profile

cuts across the northern extent of the paleo-Umpqua drainage system.

Figure 9. Chirp Line 42 with uninterpreted (top) and interpreted (bottom) versions. The outer

shelf paleovalley deepens towards the shelf edge along an across-margin anticline.

Figure 10. Chirp Line 48 with uninterpreted (top) and interpreted (bottom) versions.
Representative profile showing the extensive structure across the shelf. Anticlines and synclines
underlie the seafloor in much of the area. Highs associated with this folding stick out above the

surrounding seafloor as protruding hardgrounds.

Figure 11. Knudsen Line 251_0205 with uninterpreted (top) and interpreted (bottom) versions.
There is no distinct channel feature offshore from the modern Siuslaw River. There is only a
high amplitude, hummocky reflector mapped in the region as the Erosion Surface (ES). Inset

highlights the scoured surface of the ES and internal reflectors of the overlying sediments.
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Figure 12. Knudsen Line 251 1345 highlighting the absence of stratigraphy on the outer shelf.
The shelf is sediment starved in the vicinity of the Siuslaw River, but a wedge of sediment is

imaged beyond the shelf break.

Figure 13. Fence diagram of the paleodrainage system offshore from the modern Umpqua
River. The drainage valleys are separated by uplifted hardgrounds, that are both, exposed on

the seafloor and buried.
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Continental Shelf

Modern Fluvial Morphology Morphology
Distance
to Mouth
(m) (km) (km?) (km?/yr) (tons/km?/yr) (%) (km)
Siuslaw 194° 177 2,002" 2.09° 105° 0.42° 34.8°
Umpqua 1828° 303%  146™,185% 12,1038 8.38° 340" 0.64° 22.8°

®Google Earth

®NOAA-NCEI Coastal Elevation Model - Central Pacific

“Kulm et al. (1975)
dArmantrout (2000)

®USGS Annual Statistics (1968-1975) - Station #14307620, Mapleton, OR

"Wheatcroft et al. (2013)
€ Wallick et al. (2011)
"Siuslaw Basin Council (2000)

*includes Umpqua River length of 179.5 km and South Umpqua River length of 179.4 km

'Distance from South Umpqua headwaters
*Distance from North Umpqua headwaters

Table 1 — Drainage characteristics of the Siuslaw and Umpqua Rivers and associated continental shelf morphology






