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ABSTRACT: High-resolution geophysical data across the Catalina Basin, offshore southern California, USA, reveal a
complex channel–lobe transition zone (CLTZ) and provide an opportunity to characterize an entire seafloor CLTZ in
a tectonically active and confined-basin setting. The seafloor morphology, distribution of depositional and erosional
features, and location of depocenters in the CLTZ are controlled by shifting confinement and seafloor gradient related
to inherited basement structures, active faults, and basin margins. Below a Holocene hemipelagic drape, the Catalina
Basin is dominated by CLTZ and lobe sedimentation from the San Gabriel Channel, with lesser accumulations from
local sediment sources limited to basin margins. The San Gabriel Channel is structurally confined as it enters the
Catalina Basin and appears unable to avulse; it continues into the basin as a channel that rapidly widens, decreases in
relief, and becomes scoured at its margins. A CLTZ is imaged between the confined San Gabriel channel and its
terminal lobes deposited . 50 km into the basin. Narrow, apparently disconnected channels with knickpoints occur
throughout the proximal and mid-CLTZ and are concentrated near basement highs and basin-bounding Quaternary-
active dextral strike-slip faults. A field of small-scale erosional crescent-shaped scours (~ 100 m length, ~ 200 m
width, up to ~ 10 m relief across ~ 30 km2 region) occurs above a partially buried basement high that creates
perturbations in seafloor gradient. Likewise, above a buried basement structure that locally increases seafloor
gradient (up to 0.48), the distal CLTZ may contain sediment waves (~ 2–4 m wave height and ~ 200–300 m
wavelength) that are smaller than many other CLTZ examples. This study of the San Gabriel CLTZ in Catalina Basin
provides high-resolution geophysical data coverage of a complete CLTZ and illustrates a tectonically controlled end-
member CLTZ from the modern seafloor.

INTRODUCTION

Submarine fans are composite sediment accumulations at the distal ends

of deep-sea canyons and channels (e.g., Normark 1970), and they can

provide sediment sinks, serve as hydrocarbon reservoirs, and host records

of climate and tectonics. Questions of how sediments are transported into

the deep sea, accumulate in submarine fans, sculpt seafloor morphology,

and change from channelized to unchannelized deposits have motivated

decades of research (e.g., Shepard et al. 1969; Normark 1970; Mutti and

Normark 1987; Richards and Bowman 1998; Wynn et al. 2002; Prélat et al.

2010; Maier et al. 2011; Carvajal et al. 2017, and many others). In some

deep-sea depositional systems, a well-defined, confined channel and

terminal lobes are separated by a complex region of erosion, bypass, and

deposition, referred to as the channel–lobe transition zone (CLTZ) (e.g.,

Mutti and Normark 1987; Wynn et al. 2002). CLTZs are principal elements

and relatively common features of turbidite deep-sea depositional systems

worldwide, and thus, comparison of turbidite depositional systems requires

detailed mapping and characterization of CLTZs (Mutti and Normark

1987). In particular, the CLTZ has been highlighted as a region of

importance for records of sediment-density-flow processes across areas of

changing confinement, which can influence resulting stratigraphy,

lithology, geometry, and lateral connectivity of sand deposits in submarine

fans (e.g., Normark et al. 1979; Mutti and Normark 1987; Shanmugam and

Moiola 1991; Wynn et al. 2002; Bernhardt et al. 2011; Postma et al. 2016;

Carvajal et al. 2017). Detailed characterization of CLTZs, including

morphology and shallow stratigraphy, is needed to refine the recognition

criteria and conceptual models of CLTZ features (e.g., Wynn et al. 2002),

and to successfully target sampling of submarine-fan records (e.g.,

Normark et al. 1998; Romans et al. 2009).

Despite the importance of CLTZs, few modern seafloor examples have

been comprehensively characterized with high-resolution geophysical

imaging across an entire CLTZ (e.g., Wynn et al. 2002; Carvajal et al.

2017). Deep-sea fans and CLTZs on the modern seafloor have been

challenging to study because of their large size, often remote locations, and

water depths of hundreds to thousands of meters that limit resolution of

traditional datasets (e.g., Shepard et al. 1969; O’Connell and Normark

1986; Mutti and Normark 1987; Twitchell et al. 1992; Piper and Normark

2001; Normark et al. 2009b; Carvajal et al. 2017). This has led to imaging

across parts of seafloor CLTZs and composite conceptual models of CLTZ

features (e.g., Wynn et al. 2002; Bonnel et al. 2005). As Dorrell et al.
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(2016) highlighted, modern seafloor examples from tectonically active

settings are needed to augment outcrop CLTZ examples (e.g., Hodgson

and Haughton 2004; Bernhardt et al. 2011; Hofstra et al. 2015, 2018;

Pemberton et al. 2016; Brooks et al. 2018). However, identifying the CLTZ

of an individual depositional system can be difficult in active-margin fans,

which are often fed by two or more depositional systems (e.g., Piper and

Normark 2001; Ercilla et al. 2008b; Normark et al. 2009b).

The San Gabriel Canyon–Channel system (after Normark et al. 2009b)

and the Catalina Basin, offshore southern California, USA, present a

unique opportunity to study a relatively small terminal depocenter of a

single canyon–channel system crossing a tectonically complex and areally

confined region of active faults and inherited structures (Fig. 1) (e.g.,

Normark et al. 2004; Ryan et al. 2009, 2012). Normark et al. (2004)

hypothesized that the Catalina Basin contained a CLTZ as part of the San

Gabriel depositional system. Recent high-resolution seafloor and subsur-

face data collected across the Catalina Basin provide an opportunity to

evaluate this hypothesis, characterize an entire CLTZ with a high-

resolution dataset, and interpret late Pleistocene and Holocene sedimen-

tation in the Catalina Basin. Specifically, we address the following

questions: (1) Is there a CLTZ from the San Gabriel Channel in the

Catalina Basin? (2) Is the transition from confined channel to terminal

lobes tectonically controlled? (3) Does the CLTZ align with existing

conceptual models for spatial distribution of CLTZ depositional and

erosional features (e.g., Wynn et al. 2002), including a confined channel,

scour field, sediment waves, and lobes? We interpret seafloor and shallow

subsurface data in the Catalina Basin and discuss the significance of this

CLTZ and its tectonic setting.

REGIONAL BACKGROUND

The Catalina Basin (Fig. 1) is located in the southern California Inner

Continental Borderland (ICB), where complex basin and ridge bathymetry

developed as the North American–Pacific plate boundary evolved from a

subduction zone to a transform margin in the early Tertiary (e.g., Crouch

1981; Vedder 1987). Following early Miocene crustal extension due to the

rotation of the Western Transverse Ranges to the north (e.g., Crouch and

Suppe 1993; Nicholson et al. 1994; Bohannon and Geist 1998), the ICB

experienced transpression starting in late Miocene to early Pliocene time

(e.g., Vedder 1987). The ICB is characterized by generally NW-trending

offshore faults thought to be Quaternary-active dextral strike-slip

components of the broader San Andreas Fault System (e.g., Legg 1991;

Legg et al. 2007; Fisher et al. 2009; Ryan et al. 2009) that accommodate

approximately 10–15% (~ 6–8 mm/yr) of North American and Pacific

plate relative motion between the shoreline and San Clemente Island

(Bennett et al. 1996; DeMets et al. 2010; Platt and Becker 2010). The

Catalina Fault and the San Clemente Fault bound the Catalina Basin to the

northeast and southwest, respectively, creating an oblong depression,

oriented approximately NW–SE between San Clemente Island and Catalina

Island (Fig. 1). The southeastern basin contains numerous basement highs,

including Emery Knoll and the northern extension of Thirtymile Bank, that

separate the Catalina Basin from other ICB basins (e.g., Teng and Gorsline

1989) and may be related to subduction, transtension, volcanism, or other

tectonism that preceded development of the major Quaternary-active faults

(Legg et al. 2004b).

The Catalina Basin is considered a transitional basin in the Borderland

because it receives continent-derived sediment from the San Gabriel

Canyon–Channel system in addition to local sediment sources from

adjacent islands and platforms (Teng and Gorsline 1989; Normark et al.

2004, 2009b). Two main heads of the San Gabriel Canyon (Fig. 1A) incise

the continental shelf 8–18 km from the shoreline and , 2 km from the

shelf edge with up to ~ 85 m relief (e.g., Normark et al. 2009a; Dartnell et

al. 2015). The Los Angeles and San Gabriel rivers may have transported

sediment at rates on the order of 1.2 3 109 tons per year (Warrick and

Farnsworth 2009) during sea-level lowstands in channels across the

exposed continental shelf to the heads of the San Gabriel Canyon

(Sommerfield et al. 2009). Holocene sea-level rise has effectively

disconnected supply of terrestrial sediment from the San Gabriel Canyon,

leaving the Modern canyon system and outer shelf dominated by

hemipelagic accumulation (Alexander and Lee 2009; Sommerfield et al.

2009), which is , 2 m thick along the San Gabriel Channel (Normark et al.

2009b, Ryan et al. 2012). The San Gabriel Canyon heads continue from the

shelf edge down the continental slope until ~ 450 m water depth, where

they merge to form the San Gabriel Channel (Normark et al. 2004), with

relief over 100 m on the continental slope. This channel splits into an

eastern arm along Lausen Knoll and a western arm that continues into the

Catalina Basin (Fig. 1A). The eastern arm has been interpreted to end

down-slope in a depositional lobe with prominent sediment waves on the

seafloor, based on earlier seismic-reflection profiles and multibeam

bathymetry (Normark et al. 2004, 2009b). The western San Gabriel

Channel exhibits erosional benches, a morphologic term for relatively

higher, flat areas adjacent to a channel axis or thalweg (as in Maier et al.

2012), until it reaches the Catalina Basin (Teng and Gorsline 1989;

Normark et al. 2004, 2009b). Following Teng and Gorsline (1989) and

Normark et al. (2004, 2009b), we argue that the San Gabriel Channel fed a

fan in the Catalina Basin.

Although the Catalina Basin has been investigated for decades with

sampling and subsurface imaging studies (e.g., Emery 1960; Emery and

Bray 1962; Moore 1969; Chang and Douglas 1987; Brandsma et al. 1989;

Teng and Gorsline 1989; Legg et al. 2004b; Normark et al. 2004), no

borehole data or deep-penetration cores have been acquired in the Catalina

Basin, and little characterization is available below the uppermost muddy,

shallow sediments. Teng and Gorsline (1989) mapped seismic facies in

proprietary industry deep-penetration seismic-reflection profiles across the

Catalina Basin to interpret upper, middle, and lower submarine fan deposits

in the basin and to identify a small fan-shaped accumulation from Catalina

Canyon. They were unable to resolve any CLTZ later hypothesized by

Normark et al. (2004) because no comprehensive grids of high-resolution

data were available in the Catalina Basin that would allow further

investigation, before this study.

METHODS

High-resolution seafloor and subsurface data were collected across the

Catalina Basin in 2014 and 2016. The University of Washington and U.S.

Geological Survey (USGS) acquired multibeam bathymetry and acoustic

backscatter data from a hull-mounted Kongsberg EM302 Multibeam

Echosounder on the R/V Thomas G. Thompson in February 2016.

Multibeam bathymetric data were processed and gridded at 10 m resolution

(vertical resolution ~ 5 m) and merged with existing multibeam data

(Dartnell et al. 2017). Seafloor slope maps and profiles were derived using

ArcGIS software. Down-slope profiles are extracted from 10 m grids at 10

m spacing and smoothed over a sliding 50 m window. Seafloor gradient is

determined from the change in relief over a lateral distance along these

profiles. We combine bathymetry with 15-m resolution acoustic backscat-

ter, a complex signal of seafloor roughness, hardness, and composition, to

aid in interpreting near-seafloor deposits (e.g., Gardner et al. 2003).

Backscatter data are displayed with ArcGIS software as stretched standard

deviations (n ¼ 1) using bilinear interpolation.

The USGS acquired high-resolution chirp sub-bottom profiles and

multichannel seismic-reflection (MCS) data across the Catalina Basin in

November 2014 from the R/V Robert Gordon Sproul. Chirp data were

acquired with a hull-mounted Knudsen 320B 3.5 kHz digital echosounder.

MCS data were acquired initially with a 6 kJ sparker source operated at 5

kJ for the first four profiles (Sproul Lines 1–4), and subsequently with a

700 J mini-sparker source. MCS data were recorded on a 300-m-long, 48-

channel digital Geometrics GeoEel streamer with 6.25 m group spacing
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and depth control birds. Additional high-resolution MCS and chirp profiles

were collected simultaneously with bathymetry in February 2016 aboard

the R/V Thomas G. Thompson using a 700 J mini-sparker source and 150-

m-long, 24-channel analog Geometrics MicroEel streamer with 6.25 m

group spacing, and a hull-mounted Knudsen 3260/320BR 3.5 kHz

echosounder, respectively. MCS data were processed to post-stack time

migration using SioSeis, Echos, and Seismic Unix software through f-k

migration and included deconvolution steps to suppress short-period

multiples (e.g., bubble pulses, ghost reflections), resulting in broadband

data that greatly increases the vertical resolution (~ 1.5–3 m) of seismic

images. Chirp profiles were converted to envelope, and horizons were

picked using IHS Kingdom Suite software. Horizons and isochron

packages were interpolated using IHS Kingdom Suite inverse distance to

a power gridding. A constant time-depth conversion of 1500 m/s is applied

to approximate depth and thickness of shallow subsurface units.

RESULTS

Herein, we present the Catalina Basin margins and basin-floor features

to evaluate sediment sources to basin fill, relative timing of deposition, and

depositional processes. We first describe the steep northern and

northwestern basin margins that contain small sediment accumulations of

limited lateral extent. We then describe basin-floor features, including

channels (considered to be well-defined continuous conduits with

measurable incisional or leveed relief), scours (dominantly erosional,

enclosed depressions that truncate underlying deposits; after Symons et al.

2016), narrow, apparently disconnected channels (i.e., headless, after

Normark 1985; down-dip, and appearing disconnected, from continuous

channels), knickpoints (short, steep channel segments between lower-

gradient segments; e.g., Heiniö and Davies 2007), and possible small

sediment waves (crescentic to sinuous, symmetrical to asymmetrical,

upslope-migrating bedforms that can form under turbidity flows as net

depositional cyclic steps; e.g., Normark et al. 1980; Wynn et al. 2000a,

2000b; Symons et al. 2016; Covault et al. 2017; Maier et al. 2017). We

present interpreted seismic horizons that delineate depositional packages in

the shallow subsurface, including lobes (herein defined largely from

seismic-reflection profiles as sheet-like units with relatively uniform

seismic character, cross-sectional lens shape, and somewhat elongate map-

view distribution; e.g., Normark et al. 1979; Mutti and Normark 1987;

Wynn et al. 2002; Prélat et al. 2010).

Catalina Basin Margins

The Catalina Basin (Figs. 1–3) has steep margins along San Clemente

Island and Catalina Island. The steep northern basin margin along Catalina

Island includes (1) a western segment with Catalina Canyon (after Emery

1960; Teng and Gorsline 1989) and sediment waves, adjacent small incised

channels, and submarine landslides, and (2) an eastern segment where

small sediment accumulations (, 1 km width), bright elongate areas in

backscatter, and few small channels (~ 100–200 m width) are observed at

the base of the steep Catalina Escarpment near the eastern tip of Catalina

Island (Figs. 1, 2). A deposit of limited lateral extent and radial fan shape

topped by sediment waves is imaged at the mouth of Catalina Canyon (e.g.,

Figs. 2B, 4). Along the eastern segment south of Catalina Island, the base

of escarpment accumulations thin to the NW and SE along the margin and

are incised by channels (Figs. 1, 5). The northwestern margin of the

Catalina Basin contains at least three submarine channels (~ 200 m–1 km

width; up to ~ 20 m relief) that are oriented approximately south-

southeast, contain sediment waves, and appear to end at the base of slope

in two lobes that do not extend to basin margins or the San Clemente Fault

(Figs. 1C, 6).

Catalina Basin Floor

The high-resolution bathymetry and subsurface profiles show that the

main portion of the Catalina Basin narrows to the northwest and contains

an adjacent structurally isolated subbasin west of the San Clemente Fault,

distinguished from the Catalina Basin (Kimki Basin in Fig. 1). The

Catalina Basin floor morphology and subsurface character changes from

east to northwest. Overall, the seafloor gradually flattens from the San

Gabriel Channel into the Catalina Basin but contains numerous local

gradient breaks (Fig. 3). The San Gabriel Channel enters the easternmost

Catalina Basin as a confined single channel with knickpoints up-dip from

the San Diego Trough Fault (Figs. 1, 3B) and benches at a narrow (~ 3.5

km) opening flanked by two basement highs (Figs. 1, 3E). Where the

channel continues past the basement highs, it rapidly widens and decreases

in relief (Fig. 3E–G). Channel width increases from ~ 600 m wide in the

San Gabriel Channel axis to ~ 2.4 km wide in the basin, accompanied by a

decrease in channel relief from ~ 80 m to , 10 m, across ~ 5 km lateral

distance before the northern channel margin becomes unresolved (Fig. 7).

Aspect ratio (channel width divided by channel relief; AR; e.g., Carvajal et

al. 2017) changes from up to ~ 25–50 across the basin opening and San

Gabriel Channel (Fig. 3E), to ~ 67 to 800 in the basin. As the channel

widens, scours (~ 100–300 m length, up to ~ 500 m width, and elongate

approximately perpendicular to the channel paleoflow) appear at the

channel margins (Figs. 3G, H, 7) where seafloor gradient along the channel

increases slightly from , 0.18 to ~ 0.28 (Fig. 3B inset).

Farther into the basin, narrow (~ 100–200 m width; ~ 10–15 m relief)

channels appear not to be directly connected to the wide channel. These

narrow channels occur across the shallow to mid-basin, particularly

adjacent to faults and basement highs, and contain abrupt increases in the

channel-floor depth over short distances, termed knickpoints (e.g., Heiniö

and Davies 2007; Wynn et al. 2007). These channels increase in width and

AR (from ~ 30 to 40) down basin until they disappear (Figs. 1D, 8C, D).

The narrow channels truncate adjacent moderate- to high-amplitude

shallow reflections that appear less continuous down-slope (Fig. 8). Where

shallow channel fill is resolved, parallel and continuous moderate- to high-

amplitude reflections are imaged (Fig. 8A, C).

Between two of the narrow channels, a small field (~ 30 km2) of relatively

small (mostly~ 100 m length,~ 200 m width, up to~ 10 m relief), crescent-

shaped scours is imaged, up-dip from basement highs (Fig. 9). The scour field,

scour-headed channel, and apparently disconnected channels are incised

between structural blocks and create abrupt, localized increases in seafloor

gradient across the northern extension of Thirtymile Bank (Fig. 3D). A large

scour (375 m width, 275 m length,~ 30 m relief) transitions into awide, poorly

confined channel (up to 1 km width, , 10 m relief, AR . 100) that passes

between two basement highs and appears to contain at least one knickpoint.

Channels generally display greater relief (~ 10–25 m) adjacent to basement

highs. Like the narrow channels, scours and the scour-headed channel truncate

underlying reflections, and in some locations, appear partially filled by

continuous, moderate- to high-amplitude reflections (Fig. 9).

Compared to the northwestern part of the basin, the shallower, eastern

part of Catalina Basin has a slightly higher gradient (~ 0.48) that continues

to the distal extent of channels at approximately 1230–1290 m water depth

 
FIG. 1.—Color-contoured slope-shaded multibeam bathymetry gridded at 10 meters. A) The Catalina Basin and the San Gabriel Canyon–Channel depositional system.

Dashed line in the Catalina Basin indicates approximate extent of channels resolved on the seafloor. B) Shallow to mid-Catalina Basin. Stars indicate knickpoints. Black lines

are faults: SCF, San Clemente Fault Zone; KF, Kimki Fault; CF, Catalina Fault Zone; SDTF, San Diego Trough Fault Zone; SPBF, San Pedro Basin Fault Zone; PVF, Palos

Verdes Fault Zone. SCI, San Clemente Island. Sediment waves in C) Northwest channels and D) Catalina Canyon.
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in the mid-basin (Figs. 1–3). Seafloor profiles approximately perpendicular

to paleoflow show a rapid cross-sectional flattening of the seafloor and

decrease in channel relief into the basin (Fig. 3E, F). The basin cross-

sectional relief, although dwarfed by structural relief at the basin margins,

is consistently sloped (up to ~ 0.38) towards the southern basin margin or

away from the mid-basin (Fig. 3G–K). Beyond where narrow, possibly

disconnected channels are clearly resolved, an area of complex high and

low backscatter persists for an additional ~ 8–15 km (Fig. 2), wherein

overall gradient transitions from ~ 0.28 (locally up to ~ 0.48) to , 0.18 in

the deeper basin (Fig. 3D). Seismic reflections across this area of slightly

increased seafloor gradient appear wavy with subtle accumulations on the

upper limbs of dipping reflections, indicative of up-slope migration

common in sediment waves (Fig. 10).

Shallow Subsurface Horizons

In general, chirp subsurface reflections increase in continuity and depth

of imaging from the shallower to deeper parts of the Catalina Basin. Three

FIG. 2.—Acoustic backscatter gridded at 15

meters. Lighter areas are high backscatter, and

darker areas are low backscatter. Faults as in

Figure 1. Backscatter shown on slope-shaded

multibeam bathymetry. A) Catalina Basin survey.

B) Enlarged mid-basin.
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FIG. 3.—Seafloor profiles. A) Seafloor profile locations on slope-shaded multibeam bathymetry (shown in greater detail in Fig. 1). B) San Gabriel depositional system (VE

~ 1003). Inset shows enlarged (VE ~ 2003) part where the confined channel enters the basin. C) Profile into the Catalina Basin from outside the channel (VE ~ 253). D)

Catalina Basin (VE ~ 1003). Dashed lines indicate intersections with cross-basin profiles G through K). E–K) Cross-sections from shallow (upper) to deep (lower) in the

Catalina Basin shown at the same scale (VE ~ 503).
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packages are mapped from horizons correlated between chirp profiles and

referred to as (1) base of transparent drape layer (dark blue), (2) base of

lobe a (orange), and (3) base of lobe b (purple) (Figs. 4, 10). Throughout

the basin, chirp sub-bottom profiles image an acoustically transparent

layer, with few, discontinuous internal reflections immediately below the

seafloor, that drapes underlying, higher-amplitude reflections (e.g., Figs. 4,

10). The drape layer is ~ 1.5 m thick across most of the basin, but thins

slightly adjacent to Catalina Island and thickens slightly in the distal basin

(Fig. 11).

In the deeper basin beneath the transparent drape layer, sheet-like layers

with largely uniform diffuse reflectivity, and cross-sectional lens shape are

termed lobes a and b (Figs. 4, 10). Lobe a overlies lobe b and appears to

locally show a very weak degree of compensational stacking (Fig. 4). Both

lobes a and b onlap basin margins, Catalina Canyon deposits, and

basement highs. Both lobes appear to emanate from the mid-basin and do

not appear to extend to the San Clemente Fault in the northwestern basin

(Fig. 6). Base surfaces of both lobes dip down-basin (i.e., deeper to the

northwest) at , 0.18 gradient (Fig. 12A, C). Lobes a and b contain a

depositional fairway or thickness trend oriented parallel to the down-basin

trend, generally southeast to northwest and skewed to the southwest (Fig.

12C, D).

FIG. 4.—Lobe deposits in the Catalina Basin and Catalina Canyon deposits. Lobes onlap deposits from Catalina Canyon that are limited to a base of slope accumulation.

See Figure 1A for profile location. A) Multichannel profile. B) Simultaneously collected chirp profile shown as uninterpreted (above) and interpreted (below).
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A shallow horizon MCS-a is mapped in the MCS data as a lower

bounding reflection of the shallow subsurface unit related to seafloor

morphologies and including lobes a and b (Fig. 13; green horizon in Figs.

4, 7–9). This unit, between MCS-a and the seafloor, is termed the latest fan

package. It contains depocenters along the southern basin margin that

occur adjacent to and separated by fault and ridge structures (Figs. 8B, 13–

14).

DISCUSSION

Late Pleistocene and Holocene Sedimentation in the Catalina Basin

We interpret the acoustically transparent drape layer (e.g., Figs. 10, 11)

as dominantly a muddy hemipelagic drape, similar to previous high-

resolution seismic-reflection studies offshore California (e.g., O’Connell

and Normark 1986; Normark et al. 1998; Maier et al. 2011, 2013; Ryan et

al. 2012). This interpretation is further supported by previous coring of the

upper 1–4 m of sediments in the Catalina Basin that sampled mostly fine-

grained muddy sediments, which may be of late Pleistocene and Holocene

age (Emery and Bray 1962; Gaal 1966; Schwalbach and Gorsline 1985;

Shaw and Johns 1986; Chang and Douglas 1987; Brandsma et al. 1989).

Hemipelagic drape is ~ 1.3–1.6 m thick adjacent to the San Gabriel

Channel, with a basal age of ~ 12–15 ka (Normark et al. 2009a, 2000b;

Ryan et al. 2012). Rates of hemipelagic sedimentation for the eastern

Catalina Basin are likely similar to those of the distal San Gabriel Channel

(~ 10 cm/kyr). Thus, the base of the acoustically transparent hemipelagic

drape unit in most of the Catalina Basin is likely ~ 15 ka. The consistent

presence of the latest Pleistocene and Holocene hemipelagic drape across

the Catalina Basin suggests that the basin received minimal terrestrially

derived sediment during sea-level rise following the Last Glacial

Maximum (LGM) (e.g., Lambeck and Chappell 2001). Thus, the channels,

scours, and other features imaged on the basin floor (Figs. 1, 2) are inferred

to be of late Pleistocene age, at the youngest.

Seafloor features and reflections between the hemipelagic drape and the

MCS-a horizon are interpreted to include at least part of LGM sea-level-

lowstand sedimentation in Catalina Basin and be dominated by sediment-

density-flow deposits sourced from the San Gabriel Channel. Subsurface

profiles show that locally sourced sediments accumulate with limited

lateral extents (, 25 km2) (Figs. 2, 4–6). Lobes a and b onlap the Catalina

Canyon deposits (Fig. 4) and dip down-basin (Fig. 12); thus, they are

interpreted as a result of flows sourced from the San Gabriel Channel, as

opposed to local sources. Furthermore, the potential volume of sediment

available to the Catalina Basin from adjacent islands and platforms is

dwarfed by the potential sediment contribution of the Los Angeles and San

Gabriel rivers during sea-level lowstands (e.g., Sommerfield et al. 2009;

Warrick and Farnsworth 2009).

FIG. 5.—Multichannel seismic-reflection profile across base of slope deposits adjacent to southern Catalina Island. See Figure 1A for profile location.

FIG. 6.—Northwest channels and lobes. See

Figure 1A for profile locations. Gray lines

represent profile intersections. A) Chirp profile

across the northwestern Catalina Basin shows the

stacking of lobes that do not reach the Kimki Fault

(KF). B) An obliquely oriented chirp profile

shows that the lobe deposits originate from the

northwest channels, end before reaching the San

Clemente Fault (SCF), and do not overlap in

extent with lobe b.
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Channel–Lobe Transition Zone Interpretations

We interpret that seafloor and shallow subsurface features imaged in the

Catalina Basin comprise a channel–lobe transition zone (CLTZ). We

interpret seismic-reflection units termed lobes a and b to be terminal lobes

fed from the San Gabriel Channel . 50 km away from where it appears to

lose confinement. We acknowledge that we have limited ability to resolve

small, low-relief channels and other features with less than a few meters

relief in our data (10 m bathymetric grid and seismic-reflection profiles

with ~ 1.5–3 m vertical resolution). However, the scouring at wide channel

margins and scour field are similar to higher-resolution (1 m bathymetry)

data from the Navy Fan (Carvajal et al. 2017). The San Gabriel Channel

increases in width more dramatically than the Navy Fan Channel

(maximum width ~ 2.4 v. 1 km) with an apparently higher increase in

aspect ratio (up to ~ 150/km v. ~ 18/km). Our data demonstrate that

seafloor morphology and shallow stratigraphy differ beyond the wide

channel, and these down-basin transitions in relief and confinement would

have triggered changes in flow dynamics. The wide channel, scours,

narrow apparently disconnected channels with knickpoints, and possible

sediment waves described herein cumulatively signify a region of complex

erosion and deposition characteristic of a channel–lobe transition zone

(e.g., Mutti and Normark 1987; Wynn et al. 2002; Postma et al. 2016;

Carvajal et al. 2017).

Large sediment waves (hundreds of meters to kilometers in wavelength;

10 m to hundreds of meters wave height) are common features along the

Catalina Basin margins (Fig. 1B), San Gabriel Canyon–Channel system

(Fig. 1A) (Normark et al. 2004, 2009b), and other CLTZs and deep-sea

FIG. 7.—Channel entering the Catalina Basin. A) Multichannel seismic-reflection (MCS) profile (left) and simultaneously collected chirp profile (right) show an oblique

cross section of the channel adjacent to the basement highs. B) MCS profile shows a cross section of the channel farther into the Catalina Basin where it has widened and

decreased in relief. C) Slope-shaded multibeam bathymetry gridded at 10 meters showing profile locations. Arrow indicates general paleoflow direction. SDTF: San Diego

Trough Fault. D) MCS profile (left) and simultaneously collected chirp profile (right) show an oblique cross section of the wide channel where it has developed scoured edges.
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FIG. 8.—Narrow, apparently disconnected channels (i.e., headless; Normark 1985) with knickpoints in multichannel seismic-reflection profiles. See Figure 1A for profile

locations. A) Line TT_03 shows a channel down-dip from where it crosses a basement high. B) Line TT_02 shows a depocenter between two basement highs (right) and a

narrow channel incised adjacent to Emery Knoll (left). C) Channels on the seafloor that appear contained above the MCS-a horizon and appear disconnected from the San

Gabriel Channel. D) The down-dip extension of channel (*), where it has increased in width and developed levees.
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settings (e.g., Normark et al. 1980 and references therein; Wynn et al.

2000a, 2000b and references therein; Wynn and Stow 2002; Bonnel et al.

2005; Kuang et al. 2014, and many others). However, sediment waves are

conspicuously absent in multibeam bathymetry across the Catalina Basin

CLTZ. It is possible that sediment waves were not formed, owing to

apparent low gradients between the narrow channels and mapped lobe

deposits (Fig. 3); however, small-scale sediment waves may be imaged in

the CLTZ where seafloor gradients increase slightly (up to 0.48)

immediately up-dip from mapped lobe deposits (Figs. 3D, 10). We

interpret that these up-slope-migrating bedforms (Fig. 10) are sediment

waves formed in sediment density flows, as opposed to creep-related wave

features (after Symons et al. 2016). These sediment waves (Fig. 10) are an

order of magnitude smaller than most other modern seafloor CLTZ

examples (e.g., Symons et al. 2016; Covault et al. 2017 and references

therein; Hofstra et al. 2018); they are of scale similar to that of fine-grained

sediment waves documented from the unconfined continental slope

adjacent to the San Gabriel Canyon (Maier et al. 2017) and to those

imaged in the Navy Fan CLTZ (Carvajal et al. 2017).

Influence of Inherited Structure and Active Tectonics

Depositional processes in the CLTZ are mainly influenced at multiple

scales by the tectonic setting of the ICB, which is a conglomeration of

inherited basement structures from preceding phases of tectonism (e.g.,

Crouch 1981; Vedder 1987; Crouch and Suppe 1993; Bohannon and Geist

1998; ten Brink et al. 2000), as well as Quaternary-active strike-slip and

transpressional components of the San Andreas Fault System (e.g., Legg

1991; Legg et al. 2007, 2015). Similar to other ICB fans (Buffington 1964;

Shepard et al. 1969; Graham and Bachman 1983; Piper and Normark

2001; Covault and Romans 2009) and deep-sea deposition in other

tectonically active settings (e.g., Remacha et al. 2005; Ercilla et al. 2008a),

the shapes and orientations of the San Gabriel Fan, CLTZ, individual lobe

deposits, and flow paths (e.g., Fig. 15) are determined by the structurally

controlled basin geometry. Tectonic structure in and around Catalina Basin

provides large-scale confinement to the distal extent of the San Gabriel

depositional system. Although the San Gabriel channel enters the basin

oriented to the southwest, flows are effectively turned by structural relief

along the southern basin margin such that, by the mid- to distal CLTZ,

FIG. 9.—Scour-headed incised channel and scour field. A) Slope-shaded multibeam bathymetry gridded at 10 meters showing profile locations. B) Multichannel seismic-

reflection (MCS) profile Sproul Line 02 shows the scour-headed channel incised and confined between two basement highs. C) MCS profile TT_04 shows an oblique cross

section of the initial scour and wide, low-relief channel (right) and a cross section of the more distal part of the same channel where it is again incised and confined between

basement highs (left).
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paleoflow was headed towards the northwest. Steep relief at the basin

margins, persistent down-basin gradients (Fig. 3), and increasing

confinement from the narrowing basin (Fig. 15) are factors that influence

flow directions and funnel fan sediments to the northwest in elongate lobe

packages that onlap and are contained by basement highs (e.g., Lomas and

Joseph 2004; Remacha et al. 2005; Liu et al. 2018). Thick successions of

stacked lobe deposits are ponded, with map-view distribution and thickness

trends determined by basin shape (Fig. 12) (e.g., Gervais et al. 2006; Prélat

et al. 2010). This large-scale depositional architecture differs from fans and

CLTZs in larger basins, where terminal deep-marine deposits are

characterized by channel avulsion, elongate and rounded lobe shape, and

more radial overall fan shape (e.g., Babonneau et al. 2002; Fildani and

Normark 2004; Klaucke et al. 2004; Maslin et al. 2006; Jegou et al. 2008;

Prélat et al. 2010; Ortiz-Karpf et al. 2015; Picot et al. 2016).

Additionally, inherited structures and cross-basin gradients lead to

localized depocenters in the San Gabriel CLTZ, segmenting and stacking

late Pleistocene fan deposits (Fig. 13) and older basin fill (Fig. 14).

Depocenters in the CLTZ (Fig. 13) appear structurally controlled, wherein

sediment sourced from the San Gabriel Channel filled existing lows

between structural basement blocks. Stratigraphy of the depocenters may

contain sedimentation patterns similar to mini-basins in other settings

dominated by vertical fault motion or salt tectonics (e.g., Prather et al.

1998; Grecula et al. 2003; Smith 2004). Fill-and-spill concepts and

FIG. 10.—Chirp profile across the mid-Catalina Basin (see Fig. 1A). Small-scale sediment waves on the order of ~ 200–300 m wavelength and ~ 2–4 m wave height may

be imaged in this profile (inset) but remain below the resolution of multibeam bathymetric data. Sediment waves are interpreted between the distal extent of the narrow,

apparently disconnected channels and lobes a and b.

FIG. 11.—Interpolated isochore map of the acoustically transparent drape layer.

The drape has similar thickness across the Catalina Basin, with a slight increase in

thickness to the northwest. Gray lines show distribution of chirp profiles from which

the drape layer was mapped and interpolated. Black lines are faults as in Figure 1.
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sedimentation patterns developed from these settings (e.g., Prather et al.

1998; Marini et al. 2016) may be applicable to deeper records in the

Catalina Basin, wherein proximal depocenters in the eastern part of the

basin must have ponded sediments, at least partially, before San Gabriel

Channel sediment flows could bypass to fill the deeper Catalina Basin.

Tectonic setting also exerts principal influence at a smaller scale by

controlling CLTZ depositional architecture and interpreted flow processes.

Unlike other channels that are able to avulse (i.e., change location over

time) (e.g., see reviews in McHargue et al. 2011; Sylvester et al. 2011), the

San Gabriel channel location is locked in the narrow basin opening

between two basement highs (e.g., Fig. 3). This tectonic restriction

maintains a consistent sediment input location to the basin, and triggers

channel incision and creation of benches instead of avulsion. Likewise,

basement highs confined flows and sustained a consistent location of rapid

decrease in confinement and flow expansion into the basin.

Inherited basement highs and buried structures in the Catalina Basin

influence seafloor gradients, which controlled varying morphologies

throughout the CLTZ. The northern extension of Thirtymile Bank created

breaks in seafloor gradient that may have triggered scouring at the channel

margins and formation of the scour field, similar to the influence of buried

structures on cyclic scour formation in the San Mateo Channel (Covault et

al. 2014). The scour field may contain cyclic scours—a fundamental

morphodynamic feature of deep-water depositional systems and CLTZs,

forming upstream-migrating, net erosional steps bounded by hydraulic

jumps related to underlying structural or depositional relief (e.g., Covault et

al. 2014, 2017; Hofstra et al. 2015; Dorrell et al. 2016; Carvajal et al.

2017). Trains of scours may have merged over time in combination with

knickpoint migration to form the scour-headed channel (e.g., Fildani et al.

2006, 2013; Maier et al. 2011, 2013). Basement highs, such as Emery

Knoll and Catalina Island, create seafloor gradients sloped to the basin

margins (Fig. 3G–K), leading to narrow, apparently disconnected channels

at the basin margins, where flows moving away from the central-basin

structural high appear to have banked against the structural relief and

FIG. 12.—Lobes a and b in the Catalina Basin.

Lines as in Figure 11. A) Interpolated base of the

shallowest resolved lobe deposit (lobe a). B)

Interpolated isochore of lobe a. C) Interpolated

base of the underlying lobe deposit (lobe b). D)

Interpolated isochore of lobe b.

FIG. 13.—Interpolated isochore map above horizon MCS-a. Depocenters in this

package occur (i) north of Thirtymile Bank, (ii) between the northern extension of

Thirtymile Bank and Emery Knoll, (iii) between Emery Knoll and San Clemente

Island, (iv) in the distal basin where lobes a and b are mapped, and (v) adjacent to the

northwest channels. Gray lines show the distribution of multichannel seismic-

reflection profiles from which the MCS-a horizon was mapped. Black lines are faults

as in Figure 1.
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incised channels through up-dip propagation of knickpoints (e.g., Graham

and Bachman 1983; Heiniö and Davies 2007). Similar disconnected (i.e.,

headless) channels occur on Monterey Fan and Navy Fan, where flows

reincised between seamounts and shape of the fan was influenced by the

underlying morphology (Normark 1985; Normark et al. 1983; Fildani and

Normark 2004; Klaucke et al. 2004).

Likewise, the transition from narrow channels with knickpoints to

possible small-scale sediment waves occurs at the apex of a buried and

deformed antiformal structure that plunges to the north across the mid-

basin and corresponds with variations in seafloor gradient (Fig. 14).

Sediment-wave height is limited by flow depth and scales to sediment

wavelength (e.g., Normark et al. 1980; Wynn et al. 2000a), so flows that

significantly thinned as they spread across the basin would not be capable

of producing sediment waves with wave heights on the order of hundreds

of meters or wavelengths of kilometers. Alternatively, Symons et al. (2016)

associated small-scale sediment waves (20–200 m wavelength) with

coarse-grained, confined settings. The small-scale sediment waves in

Catalina Basin (Fig. 10) and the Navy Fan (Carvajal et al. 2017) may be

linked to confinement provided by the basin margins, faults, and other

Borderland structures, representing a different type of confined deposi-

tional environment for small-scale sediment waves.

Lobes also occur down-dip from the buried antiformal structure, where a

slight break in seafloor gradient occurs (from ~ 0.2–0.38 to , 0.18; Fig. 3),

and appear to be the latest deposition in a long-lived depocenter (e.g., Fig.

14). Interpreted lobe deposits are vertically stacked in thick successions in

the depocenter (Figs. 4, 12, 14), in contrast to lateral compensation that

characterizes non-tectonically controlled CLTZs and deep-sea fans (e.g.,

Prélat et al. 2009, 2010; Picot et al. 2016). This style of stacked

depocenters and channels adjacent to structural highs may be characteristic

of CLTZs in complex and confined tectonic settings (Fig. 15) (e.g.,

Normark 1985; Graham and Bachman 1983; Remacha et al. 2005; Liu et

al. 2018).

Quaternary-active faults also may have influenced the CLTZ. Although

age control is needed to analyze the relative timing of deposition and fault

motion, movement along the San Clemente Fault and Catalina Fault (e.g.,

Legg et al. 2004a) could have altered channel thalweg gradients at the

basin margins and triggered up-dip propagation of knickpoints to form

apparently disconnected channels. The San Gabriel Channel enters the

Catalina Basin across the dextral strike-slip San Diego Trough Fault Zone

(SDTFZ), and motion along this fault (~ 1.2–1.8 mm/yr in the late

Pleistocene and Holocene; Ryan et al. 2012) may have created knickpoints

(Fig. 3B) and opened the basin to terrestrially derived sediment from the

San Gabriel Channel. Back-slipping along the SDTFZ using the late

Pleistocene slip-rate estimate suggests that the Catalina Basin may have

been blocked by basement highs before ~ 3 Ma. Such a hypothesized

change in sediment supply, driven by fault motion and (or) extension of the

San Gabriel Channel to the Catalina Basin, may be linked to the

unconformity and differential seismic facies between interpreted Pliocene

and Pleistocene basin fill (Fig. 14) (P1 and P2 of Teng and Gorsline 1989),

but sampling and absolute dating are needed to investigate further.

Offset of deep-marine sediments across strike-slip faults has long been

used to reconstruct fault motion over geologic time with considerable

debate on cross-fault correlations (i.e., piercing points) (e.g., Howell et al.

1974, 1975; Cole et al. 1975; Graham et al. 1989; Sharman et al. 2013).

Using deep-marine deposits as piercing points over geologic time is

complex if deposition was post- and (or) syn-tectonic because sediment

density flows interact with structurally controlled seafloor gradients and

may not deposit fans with uniform provenance across a fault or basin (e.g.,

Normark 1985; Hodgson and Haughton 2004). The locus of fan deposition

from the San Gabriel Channel is largely fault-parallel and ponded along the

basin-bounding faults such that potential cross-fault provenance variations

FIG. 14.—Multichannel seismic-reflection profile shows a buried basement high (deformed antiformal structure) below where a transition occurs on the seafloor from

narrow, apparently disconnected channels to lobes. This underlying structure may influence seafloor gradient and the location of persistent depocenters in basin fill. See Figure

1A for profile location.
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are not related to lateral fault offset over time. Although we can map this

clearly on the modern seafloor, such complex geometries would be difficult

to distinguish in outcrops, even if scales of depositional features are similar

(e.g., Normark 1985; Mutti and Normark 1987). Thus, this study illustrates

the complex interaction and juxtaposition of active faulting, inherited

structures, and deep-marine sedimentation from local and distant sources,

and it could provide a modern analog or cautionary example for

reconstructions over geologic time.

Comparison with Other Channel–Lobe Transition Zones

Morphologic similarities between CLTZ examples and conceptual

models support common controls and inherent features of CLTZs (e.g.,

Wynn et al. 2002; Prélat et al. 2009, 2010; Macdonald et al. 2011; Dorrell

et al. 2016; Postma et al. 2016; Brooks et al. 2018). However, CLTZs are

largely identified from their location within a single depositional system;

specifically, CLTZs are regions separating ‘‘well-defined channels or

channel fill deposits from well-defined lobes or lobe facies’’ (Mutti and

Normark 1987; p. 22). This definition poses continuing challenges (1) to

generate data covering entire CLTZs with resolution sufficient to define

small-scale channels, lobes, and intermediate morphologies in seafloor

settings, and (2) to determine along-system context in outcrop studies. In

particular, CLTZs have been distinguished from other weakly confined

settings where deep-marine channels decrease in confinement and contain

similar scours, sediment waves, and widening channels, but do not result in

terminal lobes (e.g., Maier et al. 2011, 2012, 2013). Notably, sediment

waves and scours are prevalent elements across deep-sea depositional

systems (e.g., Symons et al. 2016; Covault et al. 2017; Hofstra et al. 2018).

Dorrell et al. (2016) note that modern seafloor CLTZ examples typically

include features at different scales, and from less tectonically active

settings, than outcrop CLTZ examples. The San Gabriel depositional

system in the Catalina Basin provides a CLTZ example from a seafloor

dataset in a relatively confined setting along a tectonically active margin

with both inherited structures and active faults. The San Gabriel Channel

crossing the San Diego Trough Fault into the Catalina Basin displays

widening and decreasing relief with striking similarity to the Navy Fan

CLTZ, where it crosses the San Clemente Fault (Carvajal et al. 2017).

Channels that widen as they decrease in relief, increase in aspect ratio, and

develop scoured margins may be a common feature of proximal CLTZs

that cross an active fault and tectonic confinement (e.g., Fig. 7);

alternatively, these features may be a broader characteristic where channel

confinement decreases. Outcrop CLTZ studies (e.g., Hodgson and

Haughton 2004; Remacha et al. 2005; Bernhardt et al. 2011) document

flow diversion, ponding of sheet-like lobes, and tectonically controlled

depositional fairways that are similar to those interpreted in Catalina Basin.

Comparison of this seafloor CLTZ with studies of outcrop CLTZs is

complicated by different scales and focuses of the datasets (e.g., Mutti and

Normark 1987; Normark et al. 1993). Where outcrop studies have

documented channels and scours of scale similar to those in the Catalina

Basin, outcrop studies may provide insights into paleoflow processes where

FIG. 15.—Schematic representation of channel

to lobe zonation in the Catalina Basin. A) Map-

view representation of interpreted paleoflow paths

in the late Pleistocene fan package above the

MCS-a horizon, with sediment from the San

Gabriel Canyon–Channel and local sources (solid

and bold arrows, primary pathways; dashed

arrows, secondary). Shaded gray, inherited base-

ment structures. Red lines, Quaternary-active

faults, as in Figure 1. B) Schematic cross-sectional

interpretation of the San Gabriel channel–lobe

transition zone in the Catalina Basin. Approxi-

mate regions of decreasing and increasing con-

finement from basin geometry and underlying

structure are shown above. Scale not implied.
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seafloor datasets lack samples. In particular, studies of outcrop CLTZs

highlight the importance of multiple flows and headward erosion in

forming and filling scours (Hofstra et al. 2015; Pemberton et al. 2016), as

interpreted in the Catalina Basin scour field (e.g., Fig. 9). Pemberton et al.

(2016) interpret channels developing from discontinuous scours, as may

have occurred in the Catalina Basin. However, they note wide, high-aspect-

ratio channels that are significantly narrower than the wide channel in the

Catalina Basin. Conversely, imaging of the complete CLTZ in the Catalina

Basin may serve as a seafloor analog for outcrop CLTZ interpretations that

lack plan-view context.

Other seafloor examples used by Wynn et al. (2002) link CLTZ

formation and regions of scours and sediment waves to breaks in slope

angle. These scours and sediment waves may be cyclic steps, recently

summarized by Covault et al. (2017) as common in regions of high

gradients and slope breaks, or they may contain unresolved bed-scale sub-

critical components (e.g., Hofstra et al. 2018). In the Catalina Basin,

channel confinement is linked to tectonic confinement more than a base of

slope gradient break, and small increases in gradient are linked to the

possible development of sediment waves and lobes farther down-system.

As available seafloor data resolution increases, our ability to resolve small-

scale sediment waves, diverse scour morphologies, and subtle gradient

breaks also improves (e.g., Macdonald et al. 2011; Maier et al. 2011;

Carvajal et al. 2017). Erosional lineations imaged by Wynn et al., (2002)

may be similar to the narrow, disconnected channels or scoured channels

imaged in the Catalina Basin (Figs. 1, 9) and noted at a larger scale in

Monterey Fan (Normark 1985; Klauke et al. 2004). More modern high-

resolution CTLZ datasets are needed to further characterize depositional

processes and evaluate trends.

We suggest that the San Gabriel CLTZ in the Catalina Basin may represent

an end-member example of a CLTZ strongly influenced by tectonics, including

antecedent basement topography and active faults (Fig. 15). The morpholo-

gies, size, and sequence of features documented in the Catalina Basin may be

characteristic of tectonically controlled CLTZs (Fig. 15). The most important

aspect of the tectonic end member presented here may be tectonic restriction

provided by basement highs and fault-controlled basin margins that resulted in

consistent stacking of depocenters (e.g. Fig. 14), prevented channel avulsion

through the Pleistocene, determined geometry of lobes and basin fill, and may

have restricted CLTZ location through time.

CONCLUSIONS

This study uses comprehensive high-resolution imaging across Catalina

Basin to analyze a complete channel–lobe transition zone on the modern

seafloor formed in a tectonically active, confined basin setting. Sedimentation

in the Catalina Basin is dominated by the San Gabriel sediment source that

appears to have shut off during post-Last Glacial Maximum sea-level rise.

Late Pleistocene sediment and seafloor morphology in the Catalina Basin

contain a channel–lobe transition zone, including a zone of scours, narrow

and apparently disconnected channels with knickpoints, and possible

unusually small-scale sediment waves between the confined San Gabriel

Channel and its terminal lobes . 50 km into the basin. The San Gabriel

Channel initially widens and develops scoured edges as it enters the Catalina

Basin. The San Gabriel channel–lobe transition zone in the Catalina Basin is

considered here an end-member example of a channel–lobe transition zone

because the confined channel is locked between basement highs such that

channel avulsion appears to be prohibited (now and possibly through the

Pleistocene). Locations of, and increased gradient related to, inherited

basement structures are associated with changes in channel confinement, the

scour field, narrow disconnected channels with knickpoints, and sediment

waves. These basement structures have concentrated channels and stacked

lobes in depocenters along areas of decreased gradient in the basin and along

structurally controlled basin margins. Common features imaged in this and

other channel–lobe transition zones suggest some common processes across

channel–lobe transition zones. However, in this tectonically complex setting,

the locations of CLTZ components are linked to underlying basement

structure, faults, and basin margins. Comprehensive characterization of this

channel–lobe transition zone may provide an analog for larger seafloor

examples with incomplete imaging across tectonically active margins, and for

outcrop studies lacking plan-view morphology.
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Morphosedimentary features and recent depositional architectural model of the

Cantabrian continental margin: Marine Geology, v. 247, p. 61–83, doi:10.1016/j.

margeo.2007.08.007.

ERCILLA, G., IGLESIAS, J., CASAS, D., ESTRADA, F., VÁQUEZ, J.T., GARCÍA, M., GÓMEZ, M., AND
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