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ABSTRACT

Aeolian deflationary events are erosive to static stages where sediment sup-
ply is insufficient to support bedform migration and preservation in the rock
record. In the vicinity of shallow-marine environments, inland rises of rela-
tive water table and associated generation of deflationary super surfaces may
be driven by the onset of transgression phases. However, despite this link
being widely recognised in ancient systems, current genetic models for
coastal erg margins fail to account for stratigraphical complexities and spa-
tial changes in aeolian sedimentary architectures across their different depo-
sitional belts. This study addresses this gap by investigating the
spatio-temporal evolution of the Middle Jurassic Temple Cap Formation and
Page Sandstone and their relationship with the contemporaneous
shallow-marine strata of the Carmel Formation, in southern Utah, USA. A
set of twenty observed lithofacies grouped into eight architectural elements
were identified in seven sedimentary logs and four outcrop panels collected
across two palaeoshoreline-perpendicular transects. Spatio-temporal analysis
of the documented stratigraphical framework reveals two major erg-building
phases, each interpreted as the product of a regressive system tract, and
intercalated with intervening transgressive marine system tracts. Deposi-
tional models incorporating geometries of aeolian architectural elements and
their relationships with marine units are proposed for both regressive and
transgressive scenarios. Regressive system tracts are dominated by superim-
posed draa cosets in coastal erg centre environments that grade laterally into
simple transverse bedform sets as sediment availability decreases towards
marginal regions. Transgressive system tracts are, conversely, the scene of
significant sediment remobilisation through tidal ravinement in erg margin
regions and regional deflationary super surface development further inland.
Detailed documentation of sedimentary architecture within aeolian-marine
sequences, and investigation of the variable expression of their bounding
surfaces, helps constraining the depositional record of these complex sys-
tems. Exploring the interplay between aeolian and marine processes and
their associated stratigraphical products improves our ability to populate res-
ervoir models and predict facies distribution in analogous subsurface
systems.

Keywords aeolian deflation, Carmel Formation, coastal erg margin, Page
Sandstone, Utah.
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INTRODUCTION

Coastal erg systems develop under arid to
semi-arid climatic settings in regions where sed-
iment availability is sufficient to enable aeolian
bedform development and migration. They rep-
resent a style of erg margin characterised by reg-
ular deflations of the dune field that are related
to marine flooding events from bordering paralic
and shallow-marine environments (Corbett, 1993;
Havholm & Kocurek, 1994; Cross et al., 2023).
As a consequence, the recognition of coastal
aeolian systems is based upon systematic sea-
ward sedimentological variations across the mar-
gin, including (i) a decrease in aeolian bedform
complexity and size; (ii) a decrease in dune
crest-line sinuosity; and (iii) an increase in the
occurrence of evaporitic sabkha and supratidal
deposits, as evidenced in studies of both mod-
ern settings (e.g. Inman et al.,, 1966; Fryberger
et al., 1983, 1988, 1990; Kocurek et al., 1992;
Rivers et al., 2020) and ancient strata (e.g. Dott
et al., 1986; Kamola & Chan, 1988; Jordan &
Mountney, 2012; Rodriguez-Lépez et al., 2012;
Polo et al., 2020; Pettigrew et al., 2021). These
studies suggest that coastal erg-building
sequences are controlled in part by fluctuations
in relative sea-level, and therefore, their key
bounding surfaces may be genetically linked to
marine flooding surfaces of stratigraphical signif-
icance (Blakey et al.,, 1996; Rodriguez-Lépez
et al., 2013). Similarly to upstream-controlled
fluvially dominated settings (cf. Shanley &
McCabe, 1994), large-scale sequence-
stratigraphical models have previously associ-
ated the development and accumulation of
coastal aeolian strata with the deposition of
Lowstand  Systems Tracts (LST) (Veiga
et al., 2005; Blanchard et al., 2016; Vieira & dos
Santos Scherer, 2017), which is then followed
by transgression-induced erg termination within
basins occurring under arid climates (Stromback
et al., 2005; Paz et al., 2021). Climatic cyclicity
models for arid continental depositional systems
provide means of correlating wetting- and
drying-upward system tracts, as well as associ-
ated points of maximum aridity and humidity,
between vertical successions (Howell & Mount-
ney, 1997). Although such models highlight the
influence of climatically driven variability in
sediment supply upon preserved aeolian sedi-
mentary architectures, they do not consider sce-
narios of non-eustatic relative sea-level
fluctuation nor the influence of variation in rates
of accommodation creation (Kocurek &

Havholm, 1993; Cosgrove et al., 2022) and tec-
tonic setting (Cosgrove et al., 2023). Changes in
base-level influence how continental systems
behave (e.g. Schumm, 1993), including aeolian
systems (Kocurek et al., 1991). Consequently,
uncertainties remain regarding the link between
the development of aeolian deflationary surfaces
(and their associated sequences) and changes in
relative sea-level. These uncertainties are com-
pounded by the fact that marginal-erg systems
present significant spatial variability in sedimen-
tary architecture across their transitional zones
(e.g. Mountney & Jagger, 2004; Mountney, 2006;
Jordan & Mountney, 2010; Al-Masrahy & Mount-
ney, 2013; Cross et al., 2023), which may be
affected by a complex suite of allogenic forcing
mechanisms that complicate their analyses in
the rock record.

Marginal-erg systems have received much
attention for their potential as good subsurface
reservoir targets for long term carbon storage
(e.g. Foote et al, 2025; Melnyk et al., 2026).
Intraformational baffles and barriers to subsur-
face fluids in marginal aeolian successions result
directly from the interactions between adjacent
depositional systems involving sediment mixing
and reworking of variable fractions (e.g. Mount-
ney & Jagger, 2004; Taggart et al., 2010; Gross
et al., 2023; Priddy et al., 2023; Pettigrew et al.,
2024; Bofill et al, 2025). Understanding the
driving mechanisms behind the generation of
potential heterogeneities in the sediments of
aeolian-marine margins is therefore crucial for
assessing the associated reservoir potential for
subsurface CO,  storage (e.g.  Issautier
et al., 2013; Sohal et al., 2021).

Mixed aeolian-marine successions have been
recognised and documented in multiple systems
across various ages. Early studies of the
Cambro-Ordovician succession of the northern
Mississippi Valley, USA (Dott et al., 1986) and
Palaeozoic to Mesozoic successions of the Para-
dox Basin, USA (Blakey & Middleton, 1983; Chan
& Kocurek, 1988; Kamola & Chan, 1988;
Chan, 1989; Atchley & Loope, 1993; Blakey
et al., 1996) revealed the co-occurrence of aeolian
and marine facies. These studies recognised com-
plex facies interactions between the two deposi-
tional systems in the rock record, with
comparable processes in modern analogous sys-
tems also being well documented (e.g. Fryberger
et al., 1990; Rivers et al., 2020). Based upon this
evidence, further works investigated the strati-
graphical expression of aeolian-marine margins
in basins with different depositional scenarios
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and climatic settings. Detailed analysis of Meso-
zoic deposits in the Iberian Basin, Spain, revealed
complex marginal-erg systems deposited in
semi-arid to sub-humid climates, which were
affected by ephemeral fluvial systems and marine
incursions (Rodriguez-Lépez et al., 2010, 2012;
Campos-Soto et al., 2022; Grantham, 2025). These
observations from the rock record were compared
with the modern Lengéis Maranhenses dune
field, Brazil. Comparably, Jordan & Mount-
ney (2010, 2012) demonstrated the complicated
stratigraphical arrangements inherited from the
intricate competition between fluvial, marine and
aeolian systems in the Pennsylvanian-Permian
Lower Cutler Beds, Utah, USA. More recent stud-
ies have focused upon erg deflation within trans-
gressional relative sea-level scenarios, including
studies on the Jurassic Carmel Formation (Héme
de Lacotte et al., 2026), the Curtis-Summerville
succession of southeast Utah (Zuchuat et al.,
2019a; Cross et al., 2023) and the Upper Jurassic
to lower Cretaceous Mendoza Group, Neuquén
Basin, Argentina (Paz et al.,, 2021). Together,
these studies provide genetic models for
marine-aeolian margins incorporating facies
diversity and evolution in response to environ-
mental dynamics.

Studies on the Pennsylvanian Amsden and
Tensleep formations in Wyoming, USA, proposed
sequence-stratigraphical frameworks incorporat-
ing aeolian strata within idealised sequences
deposited during eustatic fluctuations
(Carr-Crabaugh & Dunn, 1996; Blanchard
et al, 2016). Despite providing considerable
advances, these models for aeolian-marine mar-
gins do not fully encapsulate the genetic links
between the generation of deflationary super sur-
faces and variations in relative sea-level. Further-
more, the sequence stratigraphical framework
proposed by Blanchard et al. (2016) does not con-
sider the results of analysis of successions depos-
ited under ice cap-free phases. Ultimately a
generic model for the development of aeolian
sequences in coastal settings needs to be framed,
regardless of the suite of allogenic controlling fac-
tors (which are mostly case-specific parameters).

By building upon the findings of Havholm &
Kocurek (1994) and Carr-Crabaugh &
Kocurek (1998), this study seeks to fill this gap
in understanding through detailed sedimento-
logical analysis of a preserved aeolian-marine
margin succession on the Colorado Plateau,
USA. This work focusses on the Middle Jurassic
Temple Cap Formation and Page Sandstone,
a coastal aeolian succession  bordering
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contemporaneous shallow-marine and tidal
deposits of the Carmel Formation (Blakey
et al., 1983). Such a system can be considered
analogous to modern-day coastal dune fields
occurring in arid regions, such as the Guerrero
Negro barrier island (Fryberger et al., 1990), the
Gran Desierto Dune Field, Mexico (Beveridge
et al., 2006), or the Khor Al Adaid embayment,
Qatar (Rivers et al., 2020). This study presents a
spatio-temporal analysis of the aeolian Temple
Cap Formation and the overlying intertonguing
zone between the aeolian Page Sandstone and
the shallow-marine Carmel Formation.

Through this analysis, this study aims to (i)
document the sedimentary architecture diversity
and relationships between both aeolian and tidal
depositional environments; (ii) analyse the spa-
tial variability in the sedimentary expression of
aeolian-marine interactions; (iii) recognise
regressive and transgressive system tracts and
the correlation of their associated stratigraphical
surfaces at the basin scale; (iv) demonstrate the
genetic links between deflationary super surface
generation and marine flooding events in
response to allogenic forcings; and (v) propose a
generalised model for the spatial complexity of
aeolian sequences in response to marine flood-
ing events.

Documenting the sedimentary record of pro-
cess interactions between aeolian and tidal
forces helps decipher the relative roles of auto-
cyclic and allogenic mechanisms upon sediment
distribution through the stratigraphical record of
ancient aeolian-marine systems. By constraining
the sedimentary characteristics of such environ-
ments in relation to relative sea-level dynamics,
this study puts emphasis on facies distribution
and stratigraphical arrangements in analogous
subsurface systems.

GEOLOGICAL SETTING

The Temple Cap Formation and Page Sandstone
are Middle Jurassic (Aalenian-Bathonian) suc-
cessions that form the basal lithostratigraphical
units of the San Rafael Group of the western
USA (Fig. 1B). They represent the evolution of a
coastal erg developed in a southward blowing
wind system along the shoreline of the Sun-
dance Seaway. These successions were depos-
ited on the southern edge of the Utah-Idaho
Trough (Fig. 1A): an elongated retro arc foreland
basin that extended across the Colorado Plateau
during Jurassic times and was generated by
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Fig. 1. (A) Palaeogeographical settings of the Colorado Plateau during Bajocian times, adapted from Parrish &
Peterson (1988) and Blakey (2014). (B) Schematic stratigraphy of the San Rafael Group. (C, D) Lithostratigraphic
framework for the Temple Cap Formation, the Carmel Formation and the Page Sandstone on transects perpendicu-
lar (C) and parallel (D) to the Sundance Sea palaeocoastline. (E) Composite depositional setting of the Sundance
Sea margin, displaying the variety of depositional environments observed in the San Rafael Group. This work
focuses on continental deposits contemporaneous to the shallow-marine succession previously documented by

Héme de Lacotte et al. (2026).

flexural subsidence in response to Cordilleran
nappe stacking (Bjerrum & Dorsey, 1995; Kowal-
lis et al., 2001; Thorman, 2011). Temple Cap
and Page successions are exposed across

southern Utah and northern Arizona, from Esca-
lante in Utah, to south of Page in Arizona, and
were deposited in a northward drifting
palaeo-region characterised by intertropical
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climates (Fig. 1A; Kocurek & Dott, 1983). The
Page Sandstone grades northward and westward
into the tidal sediments of the Carmel Forma-
tion, with a complex stratigraphical interplay
between the two systems that is illustrated by a
subdivision of these strata into twelve composite
members (Fig. 1C and D; Blakey et al., 1996).
Temple Cap and Page successions onlap south-
eastward onto the Monument Upwarp, a struc-
tural high linked to foreland basin bulging
dynamics (Fig. 2; Blakey et al., 1988). Overall,
the depositional system represented by the Tem-
ple Cap Formation, and the overlying contempo-
raneous Page Sandstone and Carmel Formation
is characterised by significant lateral facies tran-
sitions associated with complex interactions
between shallow-marine to paralic and arid con-
tinental depositional ~ processes (Blakey
et al., 1983; Jones & Blakey, 1993, 1997). Their
transitional stratigraphical relationships trans-
late the spatial dynamics and temporal evolu-
tion of these contemporaneous depositional
environments. Together, the Temple Cap-Page-
Carmel system represents the depositional
record of a coastal erg margin responding to the
fluctuation in relative sea-level of the Sundance
Sea during an ice sheet-free Jurassic hot house
phase (Hallam, 1985). These units present heter-
ogenous detrital zircon age populations compa-
rable to older Jurassic aeolian deposits,
suggesting a rejuvenation of previous erg sys-
tems (Dickinson & Gehrels, 2009).

Jurassic coastal erg margin 5

Havholm et al. (1993) proposed a subdivision
of the Page Sandstone into six informal units
relating to different correlative architectural
assemblages, each of them bounded by regional
deflationary super surfaces (Fig. 2). This subdi-
vision corresponds to a lithostratigraphical
framework suggested by Blakey et al. (1996).
However, more recent chronological age analysis
from Dickinson et al. (2010) suggests that both
the Temple Cap and the Page successions are
contemporaneous and should thus be treated as
a whole system (Doelling et al., 2013; Sprinkel
et al., 2024).

The Temple Cap Formation and, where such
is not preserved or deposited, the younger Car-
mel Formation unconformably rest upon the
Lower Jurassic Navajo Sandstone, with the con-
tact correlated to the regionally extensive J-1
Unconformity (Pipiringos & O’Sullivan, 1978;
Kocurek & Hunter, 1986). The unconformity is
characterised by an undulating palaeotopogra-
phy that is inherited from differential erosion
of the underlying Navajo Sandstone generated
by a widespread regional uplift event (Marzolf,
1991; Bromley, 1992). Where preserved, isolated
occurrences of sediments of the Temple Cap
Formation across the margin represent the early
aeolian developmental stage of the system. They
are capped by a composite regressive surface
(CR1) onto which the transgressive tract of the
lower marine tongue of the Judd Hollow Mem-
ber of the Carmel Formation is deposited. The

A A This study A

Blakey et al. (1996)

< Sandy Hill Member

[ Leche-eMember

[ Thousand Pockets Member
[ Harris Wash Member

[ Upper Member
[ cCrystal Creek Member
[ Judd Hollow Member

Havholm et al. (1993)

Page Sandstone Carmel Formation

PT Transitional Unit Jou  Upper Member
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Fig. 2. Schematic framework of the Temple Cap and Page Sandstone, illustrating sequence stratigraphical sur-
faces and nomenclature used in this study. The figure correlates the stratigraphical sub-divisions used in this
study to those of previous work in Havholm et al. (1993) and Blakey et al. (1996).
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maximum flooding surface (MF1) and its associ-
ated condensed horizons (see Facies Association
11 in Héme de Lacotte et al., 2026) mark the top
of this system tract. The inland expression of
this transgressive system tract is characterised
by a condensed regional super surface corre-
sponding to both CR1 and MF1 (‘S+jh’, sensu
Havholm et al., 1993; Fig. 2).

Sediments of the aeolian Thousand Pockets
Member of the Page Sandstone correspond to
the initiation of the following regressive system
tract and may be subdivided into lower and
upper units by a second thin package of the
Judd Hollow Member (‘S-rm’, sensu Havholm
et al., 1993). The top of the Thousand Pockets
Member is marked by the occurrence of an ero-
sive and irregular deflationary super surface
(‘S-ue’, sensu Havholm et al., 1993) that is inter-
preted as the inland expression of processes
occurring contemporaneously with the deposi-
tion of the supratidal-dominated Crystal Creek
Member. Sediments of the following aeolian
Leche-e Member correspond to the further
development of the regressive system tract and
the final stage of this first T-R sequence. The
member is capped by a gradually erosive com-
posite regressive surface (CR2) that increasingly
truncates the Page Sandstone southeast of Page
(‘S-up’ sensu Havholm et al., 1993). Mixed flu-
vial to supratidal sediments of the second T-R
sequence of the Carmel Formation are deposited
unconformably upon the CR2  surface
(Bowler, 2026). Jurassic strata have been entirely
eroded in western Utah and Nevada due to
the eastward propagation of the Cretaceous
Sevier thrust front and the generation of a wide-
spread bevelled unconformity (cf. Buckhorn
Conglomerate at the base of the Cedar Mountain
Formation; Currie, 1997; Roca & Nadon, 2007).

Studies on the Page Sandstone have led to the
development of key founding principles in aeo-
lian sedimentology (i.e. Havholm et al., 1993;
Havholm & Kocurek, 1994; Kocurek et al., 2001)
and strengthened early models for the response
of aeolian systems to cyclically fluctuating water
table levels, something that is now well

constrained (e.g. Mountney, 2012 and references
therein). Renewed interest in the sediments of
the Page Sandstone has highlighted the com-
plexity of outcrop-scale architectural complexity
of such systems caused by strong autogenic
masking phenomena (Cardenas et al., 2019). Its
exceptional exposure across extensive areas
enables investigation of these observations in a
broader context and their linkage to overarching
allogenic controls.

METHODOLOGY

Twenty-six sedimentary logs have been col-
lected across the regionally extensive outcrop
belt of the marine to coastal Carmel Formation
and the aeolian Temple Cap Formation and Page
Sandstone in southern Utah and northern Ari-
zona. Two NW-SE transects of 84 km and
53 km, composed of four and three sections,
respectively,  constitute  the  basis  for
palaeoshoreline-perpendicular correlation panels
across the intertonguing zone between the two
depositional realms (Fig. 3). The framework pre-
sented in this study works towards combining
recent chronological findings (cf. Dickinson
et al., 2010) with the current lithostratigraphical
framework by treating contemporaneous mappa-
ble units as one package that contains internally
differing depositional environments. Details of
the correspondence between the sequence-
stratigraphical framework used in this study and
the informal units from Havholm et al. (1993)
and Blakey et al. (1996) are shown in Fig. 2,
which can be considered as a simplified version
of the correlation panel A presented later in this
work (Fig. 8A). The regional composite regres-
sive surface CR2, associated with the termina-
tion of the aeolian Page Sandstone, and in
places with its partial erosion, provides a physi-
cal stratigraphical marker for correlation
between sections. This surface has been attrib-
uted previously to the top sequence boundary of
the first T-R sequence represented by the
deposits of the Carmel Formation (Héme de

Fig. 3. Outcrop distribution map of the San Rafael Group and contemporaneous Middle Jurassic strata (Hintze

et al., 2000) with locations of studied sections

and outcrop panels. This study focuses on two

shoreline-perpendicular correlation panels between sections 9 to 15 (Fig. 8A) and sections 6 to 8 (Fig. 8B). The
position of the transect discussed in Héme de Lacotte et al. (2026) is also given for context. Elevation data derived
from open access digital elevation models accessible via the USGS EarthExplorer platform (https://earthexplorer.

usgs.gov).
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Lacotte et al., 2026). Interpreted transgressive
and regressive system tracts are bounded by
maximum flooding surfaces (MF) and composite
regressive surfaces (CR). The latter are consti-
tuted of, from distal to proximal settings, true
marine maximum regressive surfaces, diastemic
transgressive ravinement surfaces and inland
deflationary super surfaces equivalent to subaer-
ial unconformities in Embry (2010)’s model.

Recognition of key genetic aeolian sequence
boundaries is based upon the investigation of
outcrop-scale super surfaces (i.e. ‘Stokes sur-
faces’, Stokes, 1968; Loope, 1985; Kocurek, 1988),
coupled with the observation of bed-scale diag-
nostic features indicative of long-lasting aeolian
deflation events to water table levels.
Outcrop-scale deflationary super surfaces are
recorded by regionally correlative sharp trunca-
tion surfaces of planar to undulatory geometries
(e.g. Gross et al., 2023) overlain by dune cross-
stratification sets of the following sequence.
They differ from basal bounding surfaces of
scour-and-fill complexes by their homogenous
and low-relief erosive character. Bed-scale indi-
cators of deflationary super surfaces include evi-
dence of pedogenesis such as rhyzoliths-rich
horizons (Langford & Chan, 1988) or large-scale
polygonal fracture patterns linked to the devel-
opment of surficial evaporitic crusts from
groundwater salt precipitation (Kocurek &
Hunter, 1986).

Detailed analysis of sedimentological, archi-
tectural, ichnological, paleontological and
palaeocurrent data has led to the identification
of twenty facies (Table 1) that are grouped into
eight architectural elements. Relative architec-
tural element proportions have been calculated
for the sections presented in this study. Facies
distribution maps were constructed for three
time surfaces (CR1, MF1 and MF2) by extrapo-
lating  observed  contemporaneous facies
between each logged section. Approximate posi-
tions and the extents of topographical palaeo-
highs were compiled from the literature (Blakey
et al., 1983, 1988; Peterson, 1988; Havholm
et al., 1993; Bjerrum & Dorsey, 1995; Kowallis
et al., 2001), along with the extent of the Sevier
thrust front responsible for Cretaceous regional
stratal erosion (Doelling et al., 2013; Sprinkel
et al., 2024).

Photogrammetric panels at four locations (Sec-
tions 7, 13, 14 and 16; Fig. 3) have been com-
piled into three-dimensional digital outcrop
models to characterise changes in sedimentary
architectures and geometrical relationships

across the erg margin. Interpreted architectural
elements have been mapped onto orthomosaic
images derived from digital outcrop models.
Orthomosaic plan projections were manually
oriented normal to local structural dips, and
parallel to outcrops plans, to display true archi-
tectural element geometries. Key sequence strati-
graphical surfaces have been annotated onto
each orthomosaic and correspond to system
tracts boundaries of the Carmel Formation.
When evident, internal super surfaces observed
by Havholm et al. (1993) have been marked.

SEDIMENTARY FACIES AND
ARCHITECTURAL ELEMENTS

Twenty lithofacies resulting from a mixture of
aeolian, tidal, wave action and evaporitic pro-
cesses have been recognised in this study within
the sediments of the Temple Cap Formation,
Carmel Formation and Page Sandstone (Figs 4 to
6; Table 1). These facies are grouped into eight
architectural elements consisting of predictable
geometrical arrangements of facies in two-
dimensional cross-sections (Fig. 7). These archi-
tectural elements are deposited in two overarch-
ing depositional systems, including aeolian and
shallow-marine settings.

Aeolian architectural elements

Climbing aeolian dune element (A1)

Description. Elements of this type are charac-
terised by extensive tabular bodies bounded by
outcrop-scale super surfaces (sensu Kocurek,
1988; Fig. 7). They range from 100 to 1000 m in
length and from 5 to 20 m in thickness and are
observed everywhere across the study area.
Climbing dune elements (A1) dominantly com-
prise metre-thick sets of planar (Axs) to trough
cross-stratified (Atxs) aeolian sandstones. A1l
elements may be sporadically interbedded with
lenses of aeolian interdune sediments (A2).
Cross-stratification sets present alternating cou-
plets of reverse-graded coarser deposits draped
by finer material, which occasionally grade into
horizontal laminations (Ap) at the base of set
boundaries (Fig. 4B). Sharp contacts with under-
lying crinkly laminated sandstones (Acr) are
sporadically observed (Fig. 4A and C). Straight
cross-stratification sets (Axs) are usually
observed at the base of this element and present
a gradual vertical transition into trough cross-
stratification sets (Atxs), which is expressed as
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Table 1.
and Page Sandstone system.

Jurassic coastal erg margin 9

Summary of lithofacies observed in the aeolian to marine Temple Cap Formation, Carmel Formation

Architectural
Code Facies element(s) Texture Structures Processes
Axs  Straight cross- A1 Grey to yellow, fine to Tabular cross- Episodic
stratified coarse-grained, well stratification sets with gravity-driven
aeolian sorted, well-rounded, bimodal grain-size avalanching events on
sandstone clast-supported quartz foreset couplets the lee-slope of

Atxs Trough cross- A1l
stratified
aeolian

sandstone

Asc  Scour-infill A4
cross-stratified
aeolian
sandstone

Acl  Climbing A4
cross-stratified
aeolian
sandstone

Asup Superimposed A3
cross-bedding
Acr  Crinkly A2

laminated

grains

Grey to yellow, fine to
coarse-grained, well
sorted, well-rounded,
clast-supported quartz
grains

Grey to yellow, fine to
coarse-grained, well
sorted, well-rounded,
clast-supported quartz
grains

Grey to yellow, fine to
coarse-grained, well
sorted, well-rounded,
clast-supported quartz
grains

Grey to yellow, fine to
coarse-grained, well
sorted, well-rounded,
clast-supported quartz
grains

Yellow to rusty
orange, very fine to
medium-grained, well

truncated by reactivation
surfaces

Trough cross-
stratification sets with
bimodal grain-size
foreset couplets
truncated by reactivation
surfaces

Amalgamated coset of
multi-directional cross-
stratification sets with
irregular erosive bases
and bimodal grain-size
foreset couplets
truncated by reactivation
surfaces

Low-angle cross-
stratification sets with
occasional critically to
super-critically climbing
cross-stratification sets
and rare topsets and
stoss-slope preservation

Superimposed
downlapping cross-
stratification sets with
bimodal grain-size
foreset couplets
truncated by reactivation
surfaces. Negative
bedform angle of climb

Isolated crinkly to
undulating planar
lamination sets with

straight-crested
migrating aeolian
bedforms (i.e. grain
flow) during
continuous settlement
of suspended load
(i.e. grain fall)

Episodic
gravity-driven
avalanching events on
sinuous-crested
migrating aeolian
bedform lee-slope (i.e.
grain flow) during
continuous settlement
of suspended load
(i.e. grain fall)

Localised scouring
due to aerodynamic
turbulences, filled by
episodic
gravity-driven
avalanching events on
barchanoid aeolian
bedform lee-slope (i.e.
grain flow) during
continuous settlement
of suspended load
(i.e. grain fall)

Aggrading windblown
sediment on dry and
unstabilised interdune
hollows with
exceptional
preservation of
aeolian protodune
migration and gradual
lee-slope development
Gravity-driven
avalanching events on
the lee-slope of
superimposed aeolian
bedform trains
constituting the
leeward face of a draa

Suspended load
trapping on dampened
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10 V. J. P. Heme de Lacotte et al.

Table 1. (continued)
Architectural
Code Facies element(s) Texture Structures Processes
aeolian sorted, well-rounded, adhesion structures and to wet interdune
sandstone clasts supported vertically aggrading surface
quartz grains wavy cryptalgal mat
laminations
Ap  Horizontally A2, A4 Grey to yellow, Impact ripple and Suspended load
laminated medium to coarse- pinstripe lamination sets settlement and
aeolian grained, moderately migrating impact
sandstone to well sorted, sub- ripples on aeolian
rounded, dune plinth
clast-supported quartz
grains
Ab Brecciated M1 Clasts: pebble- to Laterally continuous to ~ Dampened and
aeolian boulder size lithified  trough cross- fracturing of pre-
sandstone intraclasts of Asx and stratification sets with lithified aeolian
Atxs facies. Matrix: contorted bimodal deposits by secondary
Grey to yellow, grain-size foreset evaporitic crust
medium to coarse- couplets. Truncated surface generation
grained, well to topsets with irregular, related to salt
moderately sorted, highly cemented and precipitation in
well-rounded, clasts laterally extensive top groundwater capillary
supported quartz bounding surfaces. fringe
grains Metre-scale polygonal
fractures with intense
soft-sediment
deformation, occasional
rhizoliths, burrows and
chert concretion
Aco Contorted M2 Yellow to pale red, Structureless sandstones Contorted

aeolian
sandstone

Mxs  Cross-stratified M1

to
structureless
sandstone

Mwr Oscillatory
rippled

sandstone

M1

fine to medium-
grained, moderately
sorted, well-rounded,
clast-supported quartz
grains

Grey to yellow, very
fine to medium-
grained, poorly to
well sorted, sub- to
well rounded,
clast-supported quartz
grains

Grey to yellow, very
fine to medium-
grained, poorly to
well sorted, sub- to
well rounded,
clast-supported quartz
grains

with bleached and
contorted strata.

Occasional water escape
structures, microfaulting

and oxidised indurated
top surfaces

Laterally continuous
structureless sandstones
occasionally displaying
decimetre-scale cross-
stratification sets with
intense soft-sediment
deformation

Tabular ripple
cross-lamination sets
displaying
well-developed current
to oscillation ripple
forms. Peak-crested
oscillation ripple forms
may be observed in
cross-section views

water-saturated
aeolian sediment with
intense burial-induced
deformation

Subaqueous reworking
of aeolian sediment
under unidirectional
non-Newtonian fluid
flow, occasionally
preserving subaqueous
bedforms and plane
beds formed under
waning subcritical
flows

Subaqueous reworking
of aeolian sediment
under oscillatory
currents
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Jurassic coastal erg margin 11

Table 1. (continued)
Architectural
Code Facies element(s) Texture Structures Processes
Mmi Microbial M2 Light yellow to Columnar stromatoliths =~ Microbially induced
dolomicrite reddish, interbedded  to stratiform cryptalgal carbonate
silts to very fine dolomicrite lamination =~ precipitation coupled
quartz grains and sets with smooth to with the trapping of
dolomicrite peak-crested oscillation  terrigenous material in
ripple cross-lamination  very shallow water
sets depths
Mgy Crystalline M2 White to pale green, Laminated to massive Salt precipitation on
evaporite chicken-wire gypsum laterally discontinuous evaporitic sabkha
and folded anhydrite  and highly contorted playa
beds units
Mred Poorly M2 Reddish to dark Laterally extensive, Silt and clay material
stratified red brown, moderately poorly stratified siltstone deposited under very
silt- to sorted silts and clay and mudstone. low to null
mudstone Decimetre-scale subaqueous bed shear-
desiccation cracks stress conditions
displaying fan-like sub-
vertical stratifications
recording progressive
filling with Asx and
Atsx material
Mht  Heterolithic M3 Light yellow, very Sand dominated Subaqueous grains

Mma

Mhcs

Mixs

ripple cross-
laminated
sandstone

Plane-bedded M3
marls

Hummocky M4
cross-stratified
sandstone

Low-angle M4
cross-stratified
sandstone

fine to fine-grained,
well to moderately
sorted, well to sub-
rounded, clasts
supported quartz
grains

Pale blue grey
mudstone (50%) and
light green clay (50%)

Light yellow very fine
to fine-grained,
moderately to well
sorted, sub-rounded,
clast-supported quartz
grains

Light yellow very
fine-grained, well-
sorted, clast-
supported quartz
grains

heterolithic
stratifications with
bifurcating to ladderback
oscillation ripple forms
exposed in plan view.
Occasional moderate
ichnological index
(Cruziana ichnofacies)
and nodular gypsum.
Interbedded with clay
drapes

Thick and extensive
plane-bedded units

Hummocky and swaley
cross-stratification sets

Extensive low-angle
cross-stratification sets
with occasional upper-
flow regime parallel
lamination sets and rare
oscillatory ripple cross-
lamination sets. Often
associated with Mhcs

entrainment by
oscillatory currents
and clay settlement
under occasional null
subaqueous bed shear-
stress conditions

Mixed terrigenous
clay and carbonate
mud particles
settlement in null bed
shear-stress conditions

Subaqueous grains
entrainment by the
superimposition of
mutlidirectional
currents

High-energy and
multi-directional
subaqueous sediment
remobilisation

© 2026 The Author(s). Sedimentology published by John Wiley & Sons Ltd on behalf of
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Table 1. (continued)

Architectural

Code Facies element(s) Texture

Structures Processes

Moxs Cross-stratified M4

Light grey oolitic and  Extensive cross-stratified Subaqueous dune

oolitic bioclastic wackestone wackestone to grainstone migration under

grainstone to grainstone

Mca Bioclastic M4

wackestone wackestone

Light grey bioclastic

bidirectional
subcritical flow with
unsteady bed shear-
stress conditions

with occasional
reactivation surfaces,
bidirectional foresets
azimuths and lenses of
accumulated bioclastic
debris. Presence of mud
drapes at cross bedding
toesets

Thick plane-bedded and Subaqueous carbonate

laminated wackestone particles settling in

with occasional vertical calm conditions,

burrows and trace fossils occasionally disrupted
by bioclastic
deposition during rare
events of higher
energy

an increasing variance in the dip directions of
foresets.

Interpretation. Elements of this type are inter-
preted as the preservation of simple transverse
aeolian dune migration and climb under rela-
tively low water table conditions. In this sce-
nario, bedform migration is the result of
grainflow avalanching events combined with
continuous grainfall settlement of suspended
load (Hunter, 1977; Kocurek & Dott, 1981). Con-
trasting geometries between straight (Axs) and
trough cross-stratified (Atx) sets can be linked to
differences in dune crest-line sinuosities (Rubin
& Hunter, 1982). Vertical transitions from
straight-crested to sinuous-crested aeolian dunes
indicate increased bedform interactions in
maturing dune fields (Ewing & Kocurek, 2010;

Kocurek et al., 2010). The occurrence of inter-
dune elements (A2) interbedded with A1 is
attributed to the co-migration of aeolian bed-
forms and interdune corridors during occasional
periods of elevated water table (Kocurek, 1981;
Crabaugh & Kocurek, 1993). Overall, climbing
aeolian dune elements are associated with sedi-
ment availability conditions commonly linked to
early-stage development of a dune field (i.e. aeo-
lian construction, sensu Mountney, 2006) and/or
marginal physiographic location (Mountney &
Thompson, 2002).

Aeolian interdune element (A2)

Description. Elements of this type are charac-
terised by isolated metre-scale lenticular bodies
(Fig. 7) but may sporadically be observed as lat-
erally extensive kilometre-scale sheets. They

Fig. 4. Examples of aeolian lithofacies observed in the Temple Cap Formation and Page Sandstone. (A) Tabular
aeolian dune cross-stratification set (Axs) migrating over a wet interdune surface composed of fine-grained crinkly
laminated sandstone (Acr). Note the development of rhyzoliths at the contact between the two facies suggesting
static water table conditions over a significant amount of time. (B) Interfingering relationships between grainflow
deposits (Axs) and wind-ripple strata (Ap) at the toesets of an aeolian dune. (C) Localised undulating microbial
mat laminations recorded within crinkly laminated sandstone (Acr) suggesting periods of standing water within
interdune corridors. (D) Pinstripe laminations (Ap) recording the aggradation of a dry interdune floor through the
migration of windblown impact ripples. (E) Scoured blowout surface (Sc) followed by secondary filling of an aeo-
lian dune (Asc). (F) Exceptional preservation of downward climbing cross-stratified set (Acl) associated to the
migration of an incipient aeolian dune. Note preserved stoss-slope laminations and subsequent bedform crest-line
knickpoints (white arrows) migrating towards the right side of the photomosaic.
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Lithofacies observed in aeolian architectural elements
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Lithofacies observed in marginal aeolian architectural elements
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Jurassic coastal erg margin 15

Fig. 5. Examples of marginal aeolian lithofacies observed in the Temple Cap Formation, Carmel Formation and
Page Sandstone. (A) Plan-view perspective of deformed and brecciated aeolian cross-stratified sets (Ab) associated
with a regionally extensive deflationary super surface (J-1 Uncomformity). (B) Cross-section view of lithified aeo-
lian dune intraclasts within a large polygonal fracture fill (Ab) associated with long-term deflation to the water
table level. (C-E) Cross-section and plan views of oscillatory ripple laminated aeolian sandstone (Mwr). (F) Inter-
bedded sets of small aeolian dune cross-stratification sets (Axs) and tidally reworked aeolian material (Mxs). Note
the presence of brecciated aeolian sandstone (Ab) betraying the expression of a partial deflation.

comprise crinkly (Acr) and horizontally lami-
nated (Ap) aeolian sandstones that grade from
one facies to another. Crinkly laminated (Acr)
sandstone beds may display rhyzoliths on their
top surface (Fig. 4A) and undulating internal
fabrics (Fig. 4C). Horizontally laminated (Ap)
sandstone beds occasionally display pinstripe
cross-lamination sets (Fig. 4D). Aeolian inter-
dune elements are typically interbedded within
sets of climbing aeolian dune elements (A1;
Fig. 12A). Basal contacts with underlying aeo-
lian dune elements are usually flat and erosive,
while upper contacts can sporadically display
transitional upper contacts (i.e. ‘feathering’),
with overlying aeolian dune cross-stratification
toesets (Axs/Atxs; Fig. 4A and B).

Interpretation. Lenticular elements of this type
are interpreted as the record of aggrading sedi-
ments in restricted interdune corridors depos-
ited under variable water table dynamics while
their laterally extensive analogues are more
probably associated to deflationary stages and
aggrading continental sabkhas. Very fine-grained
windblown material is interpreted to have been
preferentially preserved through trapping pro-
cesses controlled by surface dampness condi-
tions at the time of deposition. Crinkly
lamination sets (Acr) are interpreted to be the
preserved product of adhesion structures
(Kocurek & Fielder, 1982), which are formed
onto dampened interdune surfaces where micro-
bial communities may sporadically develop
(McKay et al., 2016). Rhyzoliths are indicative
of static water table conditions at the sediment
surface (Loope, 1988; Cosgrove et al., 2022). Dry
interdune surfaces allowed the migration of
impact ripples and their preservation as hori-
zontally laminated sandstones (Ap;
Hunter, 1977). The differences in relationship
between dune cross-stratified toesets and under-
lying laminations reflect variable water table
dynamics during the migration of aeolian bed-
forms (Mountney & Thompson, 2002).

Compound transverse draa element (A3)
Description. Elements of this type are charac-
terised by large and regionally extensive units
(Fig. 7) concentrated in the continental-most
parts of the study area (Fig. 3). They range from
100 to 1000 m in length and from 10 to 50 m in
thickness. They are almost exclusively com-
posed of cosets of superimposed cross-stratified
aeolian sandstone beds (Asup) that differ from
other aeolian facies by the internal downlapping
architectures of their cross-stratified sets and
associated set bounding surfaces (Fig. 9). Spo-
radic occurrences of horizontally laminated
sandstones (Ap) are observed. Coset-bounding
surfaces are usually observed as oblique and ero-
sive contacts (Fig. 9).

Interpretation. Elements of this type are inter-
preted as the record of migrating large com-
pound draa  bedforms composed of
superimposed transverse dunes (Asup; Brook-
field, 1977; Rubin & Hunter, 1983; Mountney
et al., 1999). Their generation is associated with
very mature developmental stages of the dune
field, where large compound bedforms evolved
from simple dune trains (e.g. Mountney &
Howell, 2000; Kocurek & Day, 2018; Abrantes Jr
et al., 2020; Mesquita et al., 2021). Cross-cutting
coset-bounding surfaces are interpreted as draa
migration surfaces (Mountney, 2006) and were
generated by the migration and partial erosion
of succeeding draas. Sporadic preservation of
horizontal laminations (Ap) is attributed to the
migration of impact ripples at the plinths of
superimposed dunes.

Amalgamated aeolian scour-and-fill complex
(A4)

Description. Elements of this type are charac-
terised by metre-thick, erosive, lensoidal bodies
concentrated along coset-bounding surfaces of
compound transverse draa elements (A3) and
are largely observed in the continental-most
parts of the system (Figs 3 and 7). Scour-filling
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Lithofacies observed in tidal architectural elements
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Fig. 6. Examples of supratidal and intertidal lithofacies observed in the Carmel Formation. (A, B) Thick evapo-
ritic bed composed of recrystallised anhydrite (Mgy) capping lagoonal marls deposits (Mma). (C) Plan-view of
supratidal microbial mat surface (Mmi) displaying undulating textures. (D) Deep and wide desiccation feature
occurring within terrigenous clay (Mred) revealing gradual opening and filling with sandy material from overlying
subaqueous dune cross-stratified sets (Mxs). (E) Cross-section view of supratidal microbial mat (Mmi). (F) Inter-
tidal heterolithic stratification (Mht) interbedded with lagoonal marl deposits (Mma). Note sporadic preservation
of peak-crested oscillatory ripple cross-laminations. (G) Heavily contorted aeolian dune unit (Aco) capping aeolian
cross-stratified sets (Axs). Note the sharp truncation surface interpreted as a deflationary super surface (SS).

cross-stratified aeolian sandstones (Asc; Fig. 4E)
comprise most of this element. Isolated scour-
filled lenses range typically from 5 to 20 m wide
although they can define amalgamated sheet-like
complexes (i.e. belts) of multiple cross-
stratification sets cross-cutting each other
(Fig. 9). Exceptional preservation of downward
climbing cross-stratified aeolian sandstones
(Acl) may occur in wind transport-parallel sec-
tions and commonly grade laterally from low-
angle stratifications and horizontal laminations
sets (Ap; Fig. 4F).

Interpretation. Elements of this type are inter-
preted as amalgamated scour-and-fill complexes
generated by bedform cannibalisation triggered
by localised autogenic mechanisms (Cardenas
et al., 2019). In such scenarios, local scour-
filling cross-stratified sets (Asc) record the
migration of dunes into topographical lows pre-
viously eroded as wind blowouts (e.g. Kocurek
& Day, 2018; Ferronatto et al., 2019; Roberts
et al., 2025). It is unlikely that this type of ele-
ment was formed by channelised subaqueous
processes, largely as preserved thicknesses of
scour-filling cross-stratification sets and scoured
depths are inconsistent with geometric parame-
ters of fluvial channels occurring in arid envi-
ronments (cf. Gibling, 2006; Priddy & Clarke,
2020). Lateral transitions from horizontal lami-
nations (Ap) to downward climbing cross-
stratified sets (Acl) are interpreted to record the
initiation stage of aeolian bedform development
within the topographical lows of blowout scours
or within the troughs of larger dunes (Phillips
et al., 2019). When preserved as extensive sheet-
like complexes, these elements are interpreted
as the sedimentary products of autogenic
aeolian processes linked to mature dune fields
undergoing negligible aggradation (Cardenas
et al., 2019).

Shallow-marine architectural elements

Tidally reworked aeolian dune element (M1)

Description. Elements of this type are charac-
terised by extensive tabular units, displaying
numerous lithofacies, linked to variable pro-
cesses, that were deposited in a composite sys-
tem of competing environments (Fig. 7). They
are commonly intercalated with climbing aeo-
lian dune elements (A1) and supratidal flat ele-
ments (M2; Fig. 12B). They range from 100 to
1000 m in length and from 1 to 10 m in thick-
ness and are mainly observed in marginal parts
of the study area (Fig. 3). They are composed of
cross-stratified to structureless subaqueous sand-
stone beds (Mxs), which are interbedded with
oscillatory rippled (Mwr) and brecciated (Ab)
sandstone beds. Subaqueous strata (Mxs) are
composed of well rounded and sorted material
reworked from aeolian units and are generally
defined by decimetre-thick sets with irregular
and generally erosive basal set bounding sur-
faces (Fig. 5F). When visible, cross-stratification
geometries are crude and present irregular lami-
nation surfaces, with occasional convolute lami-
nations. Cross-stratification sets are commonly
interbedded with plane beds of similar lithologi-
cal composition. Oscillatory ripple laminated
sandstone beds (Mwr) are typically composed of
sediment originating from aeolian cross-stratified
sandstone (Axs; Fig. 5C). When observed in plan
view, oscillatory ripple forms are characterised
by bifurcating crests and display interference
patterns (Fig. 5D and E). Brecciated aeolian
sandstones (Ab) are usually observed as metre-
scale polygonal fracture fill networks (see
Fig. 4B and C in Héme de Lacotte et al., 2026)
penetrating underlying heavily deformed aeolian
cross-stratification sets (Axs/Atxs; Fig. 5F). Aeo-
lian dune intraclasts, ranging from pebble to
boulder size, are observed sporadically within
the sandy matrix of fracture fills (Fig. 5A and B).
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Interpretation. Extensive units of mixed aeolian
and subaqueous facies are interpreted as coastal
dunes that were highly influenced by tidal and
wave dynamics and deposited under very high
water table conditions associated with rapid
subsidence rates. Cross-stratified to structureless
sandstones (Mxs) are attributed to variable sub-
aqueous transport styles during tidal breaching
and reworking of isolated barchans in back-
barrier settings (Fryberger et al., 1983, 1990;
Rodriguez-Lopez et al., 2012). Cross-stratified
sets and plane beds are associated with subaque-
ous dune migration and lower regime sediment
transport by laminar flow while structureless
deposits are deposited by non-Newtonian
sediment-saturated flows. Despite their aeolian
textural character, Mxs cross-stratification sets
cannot be assigned to subaerial dune migration
processes due to their relatively small preserved
thicknesses. Furthermore, the association of
cross-stratification sets, plane beds and struc-
tureless units translate the highly variable state
of current conditions, a character restricted to
subaqueous settings. Other observations suggest-
ing a lack of subaerial processes include (i)
numerous convolute lamination structures indi-
cating early dewatering-induced deformation of
sediments and (ii) absent reverse grading within
foreset grainflow deposits. Oscillatory rippled
aeolian sandstones (Mwr) are interpreted as the
product of wave reworking of aeolian dune sedi-
ments in shallow tidal ponds (e.g. Kocurek, 1981;
Blakey & Middleton, 1983; Chan, 1989). Brecci-
ated aeolian sandstones (Ab) were developed on
evaporitic crusts that were subject to surficial
groundwater salt precipitation, which ultimately
led to the formation of large polygonal fractures
gradually filled with subsequent windblown
sediment (sensu Kocurek & Hunter, 1986; Lok-
ier, 2012; Falkenberg et al., 2025). Coupled with
the development of subaqueous cross-strata
(Mxs), such surfaces are interpreted as aeolian
deflationary super surfaces (Fryberger
et al., 1988; Havholm & Kocurek, 1994).

Supratidal flat element (M2)

Description. Elements of this type are charac-
terised by tabular bodies and are mostly defined
by very fine-grained lithofacies (Fig. 7). They
range from 1 to 5 m in thickness and are usually
correlatable over several kilometres. They can be
interbedded with sub- to intertidal flat elements
(M3) and typically truncate marginal aeolian ele-
ments (A1, M1; Figs 3, 11A and 12B). They are

mostly observed in marginal sections of the
study area, although very rare occurrences have
been recorded in erg-centre regions (Fig. 3).
These elements are dominated by poorly strati-
fied red siltstone and mudstone (Mred), often
developing extreme desiccation cracks present-
ing metre-thick fan-like sandy in-fills towards
their top surfaces (Fig. 6D). Lens-shaped to later-
ally continuous beds of cyclically bedded crys-
tallised evaporite deposits (Mgy; Fig. 6A and B)
characterised by internal enterolithic folds are
observed with wavy to crinkly laminated sets of
dolomicritic mudstone and very fine-grained
sand couplets (Mmi; Fig. 6C and E). Occurrences
of extensive (ca. >100 m long) metre-thick con-
torted and bleached sandstone units (Aco) are
occasionally observed (Fig. 6G).

Interpretation. Elements of this type are inter-
preted as supratidal flat elements that are compa-
rable to modern coastal sabkha depositional
environments (e.g. Alsharhan & Kendall, 2003).
Supratidal flats may have developed locally as
disconnected ponds (Clement & Holland, 2016)
or more extensively as facies belts, both affected
by cyclic evaporitic precipitation and sediment
layering due to tidal periodicity. The recognition
of a process resulting in the deposition of red
mudstone beds (Mred) is challenging due to the
lack of preserved sedimentary structures. Never-
theless, settling of terrigenous clay and silty
material may have occurred in waning flows
originating from rare fluvial flooding reaching
the coastal plains during the development of the
Page erg (Jones & Blakey, 1997). Alternatively,
fine sediments could have been derived from
windblown material trapped onto dampened sur-
faces. Crystallised evaporite beds (Mgy) are gen-
erated through the interstitial precipitation of
gypsum and anhydrite within pore spaces that
were affected by groundwater capillary fringes
(Kinsman, 1969; Wood & Wolfe, 1969; Ken-
dall, 1978). Wavy to crinkly laminated dolomi-
critic mudstones (Mmi) are interpreted as tufted
microbial mats that were deposited at the transi-
tion between intertidal and supratidal zones
(Eriksson & Truswell, 1974; Suarez-Gonzalez
et al., 2019). Finally, contorted sandstone units
(Aco), observed with intense convolute lamina-
tion linked to soft sediment deformation of
water-saturated siliciclastic bodies, were possi-
bly derived from isolated aeolian bedforms
migrating over the supratidal plain (Andrea-
son, 1992) or accumulated coastal sand-sheets.
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Sub- to intertidal flat element (M3)

Description. Elements of this type are charac-
terised by extensive kilometre-scale units
(Fig. 7) typically interbedded with supratidal
(M2) and wave-dominated shoreface to foreshore
elements (M4). They are composed of hetero-
lithic flaser-bedded sandstone to lenticular-
bedded siltstones (Mht) and are typically
observed as relatively thin (1 to 3 m thick) and
well stratified units. These elements are charac-
terised by diverse ratios of sand and clay to silt
material (Fig. 6F) and present sporadic desicca-
tion cracks. Round-crested oscillatory to current
ripple forms of variable migration direction are
commonly associated with desiccated clay
drapes within their troughs. Rippled surfaces
may inconsistently present moderate bioturba-
tion (grade 3 sensu Taylor & Goldring, 1993) at
specific locations. Occurrences of both carbonate
clasts and matrix within this facies have been
documented by Héme de Lacotte et al. (2026).
Plane-bedded marl units (Mma), ranging from 1

Jurassic coastal erg margin 19

to 5m in thickness, are widely observed in
marine-dominated to marginal-erg regions of the
study area (Fig. 3). A vertical transition from
this element into supratidal elements (M2) is
commonly observed.

Interpretation. Elements of this type are inter-
preted as subtidal to intertidal flat facies belts
deposited through differing sedimentary pro-
cesses of fluctuating energy levels. Heterolithic
stratification sets (Mht) record the periodic
cyclicity of fluctuations in bed shear stress from
ebb-flow currents, active bedload transport and
slack tides with resultant clay settlement (Rein-
eck & Wunderlich, 1968). Longer periods of
aerial exposure during spring tides led to the
formation of desiccation cracks. Variability in
ripple morphologies is linked to the high auto-
cyclic nature of tidal flat environments (Chakra-
barti, 2005). Deposition of marl units (Mma) is
attributed to particles settlement and in-situ car-
bonate production in very calm and protected
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back-barrier lagoons (Riding & Wright, 1981;
Steel et al., 2012). While transitions between the
two facies were inherited from the irregular spa-
tial  distribution of the tidal flat sub-
environment, the vertical transitions of this ele-
ment into supratidal flat elements (M2) is inter-
preted as shallowing upward sequences.

Open-marine elements (M4)

Description. Elements of this type are charac-
terised by a combination of facies that describe
together sediment deposition in the distal-most
parts of the study area (Figs 3 and 7). Open-
marine elements are mostly composed of metre-
thick tabular cosets of cross-stratified oolitic
grainstones (Moxs) presenting mud drapes at the
toesets of each cross-stratification lamina (see
Fig. 11 in Héme de Lacotte et al., 2026). Oolitic
grainstones may occur sporadically as plane-
bedded sets with lenses of accumulated shelly
material. Units of stratified bioclastic wackes-
tone (Mca) are sporadically associated with this
element and may display vertical burrows and
trace fossils (Skolithos and Cruzania ichnofa-
cies). Low-angle (Mlxs) and hummocky cross-
stratified sandstones (Mhcs) are observed verti-
cally grading into each other (see Fig. 12 in
Héme de Lacotte et al., 2026) and are usually
interbedded with bioclastic wackestones (Mca)
and oolitic grainstones (Moxs).

Interpretation. Elements of this type are inter-
preted as open-marine facies belts. They are
characterised by a wide range of depositional
settings and processes in a part of the Carmel
Formation system dominated by wave action
(Fig. 3; Héme de Lacotte et al., 2026). This vari-
ability of observed sedimentary structures and
lithologies indicates the coexistence of multiple
subaqueous processes associated with variable
positions along the shelf. Bioclastic wackestones
(Mca) are associated with the deepest settings of
the system and are interpreted as facies depos-
ited in the offshore transition zone below the
fair-weather base. Cosets of cross-stratified
oolitic grainstone (Moxs) are linked to the migra-
tion of compound dunes under a tidally modu-
lated current (Gonzalez & Eberli, 1997; Olariu
et al., 2012). Wave-dominated shoreface to fore-
shore transitions were recorded during the
migration of barrier islands and are charac-
terised by hummocky cross-stratified sandstones
(Mhcs) vertically grading into low-angle cross-
stratified sandstones (Mlxs; McCubbin, 1982;
Dalrymple & Rivers, 2023).

SPATIO-TEMPORAL CHARACTER AND
EVOLUTION IN SEDIMENTARY
ARCHITECTURE

Temporal evolution

A stratigraphical framework across the Temple Cap
and Page erg margin is reconstructed here, based
upon the recognition of key stratigraphical surfaces
and their correlation across two transects oriented
roughly perpendicular to the Sundance Sea palaeo-
coastline (Fig. 8). The Temple Cap and Page suc-
cessions record the deposition of a full T-R
sequence with a preferential preservation of the
aeolian regressive system tracts. Vertical facies dis-
locations between aeolian and marine primary
depositional settings are used in marginal parts of
the system to define composite regressive (CR) and
maximum flooding (MF) surfaces. In central-erg
regions, deflationary super surfaces are used as
inland markers of these key stratigraphical surfaces
where both CR and MF surfaces often form com-
pound horizons (Blakey et al., 1996).

This study interprets that early dune field
development and deposition of the Temple Cap
Formation was preferentially preserved in low
palaeotopographical zones of higher accommoda-
tion onto the irregular surface of the J-1 Uncon-
formity, with thicknesses reaching up to 35 m
(Section 7; Fig. 8B). The subsequent deflation of
the Temple Cap Formation dune field and the
shaping of its associated composite regressive
surface (CR1) are interpreted to have been trig-
gered by the initial relative sea-level rise linked
to the Judd Hollow Member transgressive tract.
The recorded thickness of the marine Judd Hol-
low Member dramatically decreases eastward to
the point where its associated maximum flooding
surface (MF1) is gradually condensed onto the
underlying CR1 in central-erg regions. Develop-
ment of a second and more widespread aeolian
sequence was preserved as the Thousand Pockets
and Leche-e members. This second erg expansion
was punctuated by localised to regional deflation-
ary stages occasionally associated with the depo-
sition of secondary marine units (i.e. the ‘upper’
Judd Hollow tongue and associated ‘S-rm’
surface, sensu Havholm et al., 1993). Sporadic
occurrences of secondary deflationary super sur-
faces and transgressive packages within regres-
sive system tracts may be interpreted as the
expression of a second-order allocyclic signal
causing higher frequency fluctuations of relative
sea-level or wind seasonality. The termination of
the Page erg defines the composite regressive
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Stratigraphical framework and element proportions across the transitional zone between the Middle Jurassic Temple Cap, Carmel formati &Page S
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surface CR2 onto which are unconformably
deposited marine to fluvial sediments of the Paria
River Member (i.e. informal ‘undivided upper’
Carmel Formation). This surface corresponds to
the ‘S-up’ super surface from Havholm
et al. (1993) and was described as a ‘minor
unconformity’ that increases in erosion towards
the Monument Upwarp in southeastern regions,
areas of geology not investigated in this study.
An erosional regime in the dune field during the
development of the CR2 surface is observed in
the eastern Kaiparowits Plateau, as shown by the
absence of the Leche-e Member in this region
(Fig. 12B; Havholm & Kocurek, 1994).

Spatial variations

Central-erg (type section: 16 — Ferry Swale &
Manson Mesa)

Following the development of regionally correla-
tive sheet-like interdune elements (A2) linked to

the Judd Hollow Member transgression (CR1 to
MF1), central-erg aeolian parasequences depos-
ited during the regressive system tract in the
Page Sandstone are dominated by extensive
large-scale compound transverse draa elements
(A3) representative of a mature dune field sys-
tem (Fig. 9). Although associated climbing dune
(A1) and interdune elements (A2) are sporadi-
cally observed, their scarcity in central-erg
regions has been associated to the latter rework-
ing of early dune field bedforms by larger draa
(Cardenas et al., 2019; Swanson et al.,, 2019),
which implies an incomplete stratigraphical
record in central-erg regions (i.e. Kocurek &
Day, 2018). Nevertheless, sets of simple climb-
ing dune elements (A1) are sporadically
recorded interbedded within compound draa
cosets (A3). Erg termination of the Page Sand-
stone in central-erg regions (CR2) is expressed
by the deposition of an erosive complex (i.e.
belt) of amalgamated aeolian scour-and-fill

© 2026 The Author(s). Sedimentology published by John Wiley & Sons Ltd on behalf of

International Association of Sedimentologists, Sedimentology

85U80|7 SUOWWIOD 3AIERID 3|qeoljdde auy Aq peusenoh aJe sajone O ‘88N 4O SajnJ 10} Arlq1T8UIUO /1M U (SUOIIPUOD-PUe-SWB}W0D A | 1M ATe.q 1 BuI|UO//SANY) SUORIPUOD PUe swiie | 81 88S *[9202/20/ST] Uo AriqiTauluo A8|iMm ‘AeAins [01Boj0so usiig Aq 920, PeS/TTTT OT/I0p/w00 48| imArelq|jeul uoj/sdny wioi) papeojumoq ‘0 ‘TE0ES9ET



22

V. J. P. Heme de Lacotte et al.

Central-erg outcrop panel Section 16: Ferry Swale & Manson Mesa

Architectural elements Legend

Climbing aeolian dune element Liggélglfe%vgg{@d coastal —— Foresets o
—— Interdune migration surface

. Aeolian interdune element Supratidal flat element -©@- Reactivation surface
Compound transverse draa Sub- to intertidal flat element ~@- Draa migration surface

2

element -@- Scour-&-fill surface
Amalgamated aeolian ; Localised deflati
scour-and-fill complex . Open-marine element < sﬂ[clg;z%rfa%ea onary

e Mﬂﬂ\f;eﬂ from
Hintze et al. (2000)

o oy : Upper Thousand Pockets Member
M————-———*‘—— Stratigraphical surfaces

D ~—W® . ! )
T PSR s Ay @® G te R rface 2
D Lower Thousand Pockets Member €2 Compsit Regrssive surface
Judd Hollow Member .

Em Nutahledeﬂatiunar{su er surfaces
sensuHavholm et al. (1993)

@F) Maximum Flooding surface 1
Composite Regressive surface 1
@ Jurassic Uncomformity J-1

«§
N=>

= e ————_—_— ey
= ///{///////7/%% = —

= =

s
L= T G o
”11114//;/////7// e —
==
= —— e =
=
T L

s

12vertical |
exageration

20m

Fig. 9. Outcrop panel displaying architectural elements geometries and relationships in central-erg regions of the
Temple Cap Formation and Page Sandstone (Section 16: Ferry Swale & Manson Mesa) with annotated bounding
surfaces and palaeocurrent measurements. Central-erg regions are dominated by compound transverse draa ele-
ments (A3) and climbing aeolian dune elements (A1). Note the amalgamated scour-and-fill complex (A4) associ-
ated with the termination of the Page erg defining the CR2 surface.

sediments (A4). Together, these elements indi- Medial-erg (type section: 14 — Judd Hollow)

cate an area of high sediment availability The sedimentary record of the Page Sandstone
enabling the development of complex superim- in medial-erg regions is broadly comparable to
posed bedforms and the cannibalisation of early central-erg ones, with the only significant differ-
dune field growth stages during regressive sys- ence being the occurrence of supratidal flat ele-
tem tracts. ments (M2) deposited during the Judd Hollow
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Fig. 10. Outcrop panel displaying architectural elements geometries and relationships in medial-erg regions of
the Temple Cap Formation and Page Sandstone (Section 14: Judd Hollow) with annotated bounding surfaces and
palaeocurrent measurements. Medial-erg regions are characterised by higher proportions of climbing aeolian dune
elements (A1) relative to draa elements (A3). Note the absence of scour-and-fill complexes.

transgression from the northeast (MF1; Fig. 8A).
Compound draa cosets (A3) that are stratigraphi-
cally equivalent to the ones described in central-
erg sections, are present in equal proportion to
climbing dune elements (A1; Fig. 10). Erg termi-
nation of the Page Sandstone (CR2) is here char-
acterised by the development of a deflationary
super surface, which is coupled with the preser-
vation of extensive sheet-like interdune ele-
ments (A2) linked to the aggradation of
windblown material. Preservation of these

deposits was enabled by rising water table
dynamics contemporaneous with the deflation
event. Together, these elements indicate an area
where, although marine sediments are absent,
transgressive system tracts can be expressed and
preserved as thicker aggrading continental sab-
kha (as opposed to central-erg regions where
transgressive deposits are generally lacking and
condense onto CR deflationary super surfaces).
Sediment availability was still sufficient to
enable compound aeolian bedform generation
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and preservation during the deposition of regres-
sive system tracts.

Marginal-erg (type sections 7 — Tenmile Flat
and 13 — the Cockscomb)

Sedimentary architectures assemblages in
marginal-erg regions are marked by substantial
increases in the proportions of shallow-marine
element with respect to aeolian deposits (Figs 11
and 12). Transgressive deposits associated with
the Judd Hollow Member are characterised by
laterally extensive units of supratidal flat ele-
ments (M2) and sub- to intertidal flat elements
(M3), which grade laterally into wave-dominated
shoreface to foreshore elements (M4) in laterally
adjacent open-marine-dominated regions (Sec-
tions 6 and 9; Figs 3 and 8). Dune field develop-
ment associated with the deposition of the
Thousand Pockets Member is composed largely
of simple climbing dune elements (A1) that
occasionally interfinger with restricted interdune
elements (A2). This seaward decrease in aeolian
bedform complexity translates spatial changes in
sediment availability linked to higher coastal
water table elevations. Sporadically, tidally
reworked coastal dune elements (M1) and, more
exceptionally, supratidal flat elements (M2) are
observed interbedded with climbing dune ele-
ments (A1). This relationship reflects the
increasing influence and proximity of shallow-
marine processes during the deposition of
regressive system tracts. Where preserved (Sec-
tion 13; Fig. 11), the sedimentary expression of
the Leche-e Member is dominated by compound
transverse draa elements (A3), which suggest a
significant palaeocoastline retreat at the apex of
the Page Sandstone erg. Considering that occur-
rences of such deposits are usually associated
with complex systems of compound dunes
recording multiple generations of construction
under distinct wind regimes (Kocurek &
Ewing, 2005), their preservation in such mar-
ginal regions may translate a greater expansion
of the Page erg during deposition of the Leche-e
Member compared to older units. Development

of the CR2 surface and associated termination of
the Page erg is expressed differently between
marginal sections. In section 13, the CR2 surface
is recorded as an irregular surface displaying
onlapping relationships of younger strata from
the Paria River Member of the Carmel Formation
(Fig. 11B; Bowler, 2026). This characteristic of
the CR2 surface is potentially inherited from
preceding aeolian bedforms palaeotopography of
the Leche-e Member. In this case, sporadic
reworking and rippling of the top of the Page
Sandstone is attributed to transgressive ravine-
ment processes from the following sequence.
Elsewhere, this surface is defined as a sharp and
flattened deflationary super surface (Fig. 12B).
Together, these elements indicate an area where
shallow-marine transgressive deposits are fully
expressed and preserved, and where aeolian
regressive deposits are highly reworked by tidal
Or wave processes.

The Temple Cap and Page system displays
typical changes in sedimentary architecture
(Figs 9 to 12) and stratigraphical arrangement
(Fig. 8) across a relatively short southeast to
northwest transect of approximately 85 km
(Fig. 3). These changes reflect a transition from
central-erg to marginal-erg regions and, ulti-
mately, to the contemporaneous paralic systems
of the Carmel Formation. Vertically, Temple Cap
and Page successions are defined by clear aeo-
lian sequences genetically linked to, and corre-
lated with, a dynamic T-R sequence framework
recorded in the Carmel Formation. Second-order
sequences of marine flooding and aeolian
encroachment phases are recorded within
regressive system tracts and may be related to
high-frequency climatic fluctuations as well as
autogenic masking mechanisms or along-shore
variability.

DISCUSSION

The sediment distribution and inherent stratal
arrangement associated with the development of

Fig. 11. Outcrop panel displaying architectural elements geometries and relationships in marginal-erg regions of
the Temple Cap Formation and Page Sandstone (Section 13: The Cockscomb) with annotated bounding surfaces
and palaeocurrent measurements. (A) Despite presenting similarities with medial-erg settings (e.g. correlative draa
elements present in the Leche-e Member), marginal-erg regions predominantly display climbing aeolian dune ele-
ments (A1) interbedded with tidally reworked coastal dune elements (M1) and marine elements (M2 to M4). (B)
Annotated photograph displaying the localised unconformable relationship between the aeolian Leche-e Membre
and the overlying fluvial deposits of the Paria River Member highlighting the uneven erosion and the time hiatus
locally characteristic of the CR2 surface development. Note the rippled surface linked to the reworking of underly-

ing aeolian dune material.
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Fig. 12. Outcrop panel displaying architectural elements geometries and relationships in marginal-erg regions of
the Temple Cap Formation and Page Sandstone (Section 7: Tenmile Flat) with annotated bounding surfaces and

palaeocurrent measurements.

aeolian-marine margins, as discussed by pre-
existing models (Blakey et al.,, 1996; Jordan &
Mountney, 2012; Rodriguez-Lépez et al., 2013;
Blanchard et al., 2016), have been attributed pre-
viously to alternating coastal-fed dune field
encroachments and shallow-marine dispersal of
aeolian deposits. When coupled together, these
successions may be used to define a sequential
T-R framework, with aeolian and marine strata
being preferentially deposited and preserved
during RST and TST, respectively. Numerous
studies have revealed differing styles of coastal
erg termination in response to transgressive
mechanisms (Eschner & Kocurek, 1986; Ahmed
Benan & Kocurek, 2000; Kocurek et al., 2019;
Paz et al., 2021) or sediment shutdown scenarios
(Cross et al., 2023). Although well-documented
case-specific models exist, spatial complexities
in sedimentary architectures and the expressions
of stratigraphical surface are yet to be
emphasised.

Middle Jurassic palaeogeography of the Utah-
Idaho Trough

This study proposes regional palaeogeographical
reconstructions depicting spatial arrangements
of contemporaneous marine and aeolian sys-
tems. These reconstructions demonstrate that
several erg development sequences were
recorded in the Temple Cap Formation and Page
Sandstone at different temporal scales. Transi-
tional zones between both depositional environ-
ments reveal changes in scales and facies
proportions linked to progressive shifts in domi-
nant autogenic surfaces processes, preservation
potential and overarching allogenic controls,
which jointly lead to complexities in strati-
graphical architectures. Basin-scale palaeogeo-
graphical analysis for key stratigraphical time
surfaces provides means of discussing the wider
environmental changes affecting the Temple Cap
and Page erg (and contemporaneous units).

Early dune field development phase and
transgression initiation — CR1 (ca. 170 ma)
Following a depositional hiatus characterised by
the J-1 Unconformity, the uneven preservation

of aeolian strata from the Temple Cap Formation
is considered to reflect the influence of palaeoto-
pographical variability onto its stratigraphical
record. These deposits were bordered by the
supratidal deposits of the Manganese Wash
Member towards Saint George (Sprinkel
et al., 2011) and the Gypsum Spring Formation
in Wyoming and Idaho (Clement & Hol-
land, 2016). Stratigraphical and palynological
investigations coupled with *°Ar/*°Ar (sanidine)
and U-Pb (zircon) radiochronological analyses
of ash layers (Kowallis et al., 2001; Dickinson
et al., 2010; Sprinkel et al., 2024) suggest that
the transgression of the primordial Sundance
Sea was initiated from two opposite sources.
Marine sediment distribution was then mainly
controlled by the presence of physical barriers,
such as topographical palaeohighs which pre-
vented marine flooding from propagating into
the Utah-Idaho Trough (e.g. Ancestral Uinta
Mountains). Fluvial sediments from the Rone
Bailey Member in the region of Moab are inter-
preted as runoffs from Uncompahgre remnants
and other local unnamed highs.

The CR1 surface is linked to the process caus-
ing the widespread deflation of the isolated
coastal dune fields defining the Temple Cap For-
mation. Figure 13A illustrates the facies distri-
bution associated with this key time surface and
thus depicts the maximum preserved extent of
the Temple Cap Formation erg based on exposed
sediments (maximum deposited erg extent
remains unknown due to later erosion during
deflation).

Maximal marine transgression and tidal
embayment — MF1 (ca. 167.7 ma)

Regional flooding of the Sundance Sea during
Bajocian times was recorded by multiple marine
deposits ranging from offshore sediments of the
Arapien Formation (Picard & Uygur, 1982) in
western Utah, carbonate ramp successions of the
Twin Creek Limestone (Sprinkel, 1982) in Wyo-
ming and the Co-op Creek Member in south-
western Utah, and coastal to supratidal
sediments of the Judd Hollow Member in central
Utah (Héme de Lacotte et al., 2026). Although
sporadic occurrences of tidally-reworked aeolian

© 2026 The Author(s). Sedimentology published by John Wiley & Sons Ltd on behalf of

International Association of Sedimentologists, Sedimentology

85U80|7 SUOWWIOD 3AIERID 3|qeoljdde auy Aq peusenoh aJe sajone O ‘88N 4O SajnJ 10} Arlq1T8UIUO /1M U (SUOIIPUOD-PUe-SWB}W0D A | 1M ATe.q 1 BuI|UO//SANY) SUORIPUOD PUe swiie | 81 88S *[9202/20/ST] Uo AriqiTauluo A8|iMm ‘AeAins [01Boj0so usiig Aq 920, PeS/TTTT OT/I0p/w00 48| imArelq|jeul uoj/sdny wioi) papeojumoq ‘0 ‘TE0ES9ET



28 V. ]. P. Heme de Lacotte et al.

-115° 1140 1130 12

ELKO OROGENIC
138

GYPSUM SPRING
MEORMATION

ELKO OROGENIC
BELT

UNKANMED HIGH UNNAMED HIGH

RONE Baiter
HeusER

J-1 UNCOMFORMITY

20M1 sAs

BEFIANCE upLI
DEFIANCE UpLIFT

a1

370

THOUSAND POCK
& LECHE-E MEMB:

/r\;!ﬂ n=80
. 'sﬂum a
- gMesquite
j’ n=1154
i aum RO o A
" ™ (/3 mw o 07

Palaeocurrent direction per locality

Aeolian dune cross-stratification

- Tidal bar cross-stratification

% Tidal ripple cross-lamination

Totaltidalbar ~ Totalaeoliandune [ SanRafael Group outcrop belt

Depositional environments

Ed

D Deflated (i.e. by-pass) surfaces . Shoreface to offshore |:| Marginal-erg
. Ephemeral fluvial systems : Inter- to subtidal D Central-erg

"""" I+ . Palaeotopographical highs |:| Supratidal

ETS
ERS

T T
-114° -113° 1120

T
A11e

1100 1090

© 2026 The Author(s). Sedimentology published by John Wiley & Sons Ltd on behalf of
International Association of Sedimentologists, Sedimentology

85U80|7 SUOWWIOD 3AIERID 3|qeoljdde auy Aq peusenoh aJe sajone O ‘88N 4O SajnJ 10} Arlq1T8UIUO /1M U (SUOIIPUOD-PUe-SWB}W0D A | 1M ATe.q 1 BuI|UO//SANY) SUORIPUOD PUe swiie | 81 88S *[9202/20/ST] Uo AriqiTauluo A8|iMm ‘AeAins [01Boj0so usiig Aq 920, PeS/TTTT OT/I0p/w00 48| imArelq|jeul uoj/sdny wioi) papeojumoq ‘0 ‘TE0ES9ET



Jurassic coastal erg margin 29

Fig. 13. Palaeogeographical reconstruction maps of the Utah-Idaho Trough for three key sequence-stratigraphical
surfaces CR1 (A), MF1 (B) and CR2 (C). (D) Map displaying palaeocurrent data from preserved aeolian (yellow)
and tidal (blues) dune foreset azimuths at different localities across the studied area (outcrop belt extent derived

from Hintze et al., 2000).

strata were present in southern Utah, most of
the Page erg was undergoing a regional defla-
tionary stage or bedform by-pass triggered by
low sediment availability conditions preventing
dune field climb. High elevations of the inland
water table leading to coastal sabkha aggradation
are thought to be directly linked to the relative
sea-level dynamics of the Sundance Sea
(Kocurek et al.,, 2001). Fluvial runoff from the
various palaeotopographical highs is recorded in
the region of Moab and Bluff (e.g. Dewey Bridge
Member). The MF1 surface is linked to the
regional flooding of the Sundance Sea.
Figure 13B illustrates the facies distribution
associated with this key time surface and
depicts the maximum flooding extent of the
Judd Hollow Member and contemporaneous
lithostratigraphical units based on exposed
sediments.

Aridity maximum and erg development apex
— CR2 (ca. 166 ma)

Regional retreat of the Sundance Sea was associ-
ated with the deposition of regressive supratidal
sediments in regions of high accommodation
conditions (e.g. Green River region) and the pro-
gradation of ephemeral fluvial systems near
topographical highs (e.g. Kanab region).
Together, these deposits define the Crystal Creek
Member of the Carmel Formation. Concomi-
tantly to this regression, aeolian depositional
sequences of the Thousand Pockets and Leche-e
members were developing under a southward-
dominant palaeowind regime across a broad
region in southern Utah and northern Arizona
(Fig. 13D). Although unknown amounts of strata
of the Page Sandstone were unevenly eroded
away by the widespread deflationary event
linked to the CR2 surface (‘S-up’, sensu Hav-
holm et al., 1993), the observed extent of aeolian
deposits may be used to define a maximum pre-
served erg development area (i.e. apex). It is evi-
dent that the final deflation of the Page erg was
initiated in part by the onset of a second T-R
sequence with the regional flooding indicated by
sediments of the Paria River Member and the
development of contemporaneous fluvial

systems (cf. Bowler, 2026). However, the uneven
erosion of the Page Sandstone sequences cannot
be explained solely by changes in levels of the
water table and associated sediment availability.
Instead, development of the CR2 could result in
part from localised changes in base levels due to
bulging in the Monument Upwarp area on
which the Page dune field was flanked.
Figure 13C illustrates the facies distribution
associated with this key time surface and
depicts the joint maximum regressive extent of
the Crystal Creek Member and the erg apex of
the Page Sandstone (Thousand Pockets and
Leche-e members combined).

Palaeoclimatic setting

Lower to Middle Jurassic aeolian successions of
the Colorado Plateau are generally associated to
significant wind seasonality linked to mon-
soonal atmospheric circulations across the west-
ern Pangea margin, in palaeolatitudes ranging
from 20° to 25°N (Loope et al., 2001). Alternat-
ing dominant northwesterly winds and second-
ary northeasterly trade winds have been
interpreted from aeolian strata of the Navajo
Sandstone underlying the Temple Cap Forma-
tion (Parrish & Peterson, 1988; Peterson, 1988).
Aeolian palaeocurrent data of the Temple Cap
and Page erg collected in this study collectively
suggest that northwesterly trending wind condi-
tions continued throughout the deposition of
these units (Fig. 13D). Spatial analysis of mea-
sured palaeocurrent data reveals significant vari-
ability in the mean directions of bedform foreset
azimuths at each locality, which can be linked
to bedform complexity and/or measurement
bias.

Although a significant part of the Temple Cap
and Page erg is composed of recycled material
from the underlying Navajo Sandstone (Dickin-
son & Gehrels, 2009), southward sediment trans-
port from the Sundance Seaway shoreline must
have provided significant amounts of detrital
products to the system (Peterson, 1988).
Shallow-marine sediments of the contemporane-
ous Carmel Formation were deposited in a
dynamic setting of alternating shoreline
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progradation  and  retrogradation  (Blakey
et al., 1996; Héme de Lacotte et al., 2026). This
implies that dune field development phases of
the Temple Cap and Page system, and the pres-
ervation of their associated aeolian sequences,
were most likely controlled by periodic
shutdowns and reactivations of coastal sediment
sources.

Spatial complexity of coastal erg margins

Changes in aeolian architectures across the erg
margin of the Page Sandstone are indicative of a
coastal dune field experiencing a periodicity in
development stages and a seaward sediment def-
icit along its extent. As depicted in Fig. 14,
mature coastal ergs may be subdivided into
three arbitrary sub-depositional belts indicative
of a regressive system tract: (i) central-erg; (ii)
medial-erg; (iii) marginal-erg. Due to their high
sediment availability, central-erg regions
(Fig. 14C) present sedimentary architectures
characteristic of a well-developed field of

compound transverse draas (A3). Unless devel-
oped in a basin undergoing sufficient and con-
stant accommodation creation for steady
bedforms to climb (i.e. rapidly subsiding basin
sensu Cosgrove et al.,, 2022), sediments from
early dune field growth phases in central-erg
regions will tend to be remobilised by such large
bedforms (Swanson et al., 2019). Medial-erg
regions (Fig. 14B) demonstrate the architectural
characteristics of a wet aeolian system (sensu
Kocurek & Havholm, 1993) with a higher pro-
portion of simple climbing transverse dune (A1)
and interdune elements (A2). Medial-erg deposi-
tional belts are indeed more affected by near-
surface water table conditions due to their rela-
tive proximity with the marine realm (Kocurek
et al., 2001). Relatively high moisture conditions
will tend to reduce the sediment availability
required for compound bedform generation
(Mountney, 2012) as well as the preservation
potential of each of the dune sets. Marginal-erg
regions (Fig. 14A) are defined by complex archi-
tectural arrangements symptomatic of a mixed
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depositional belt affected by constant sediment
reworking due to the interplay between tide,
wave and aeolian processes (i.e. Rodriguez-L-
6pez et al., 2012). Complex plan view distribu-
tions and strong autogenic overprints in
marginal-erg regions will tend to generate unpre-
dictable stratigraphical successions (Zuchuat
et al., 2019a; Héme de Lacotte et al., 2026). They
are generally composed of climbing aeolian
dune cosets (A1) regularly reworked into sub-
aqueous deposits (M1) and interbedded with
supratidal flats (M2) and sub- to intertidal flat
elements (M3).

In a transgressive setting, flooded coastal ergs
may undergo aeolian deflationary stages across
their extent. Resulting composite regressive sur-
faces (CR) may be expressed and recorded differ-
ently between each depositional belts: (i) scour-
and-fill belts; (ii) deflationary super surfaces and
aggrading sabkha; (iii) transgressive ravinement
surfaces and tidal embayment. Together, these
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depositional belts are indicative of a transgres-
sive system tract (Fig. 15). Despite dramatic
decreases in aeolian sediment availability due to
rising sea-level and associated water table
dynamics, self-sustained active dune fields may
subsist in the continental-most regions of the
erg. Subsisting dune fields in central-erg regions
(Fig. 15C) are dominantly recorded as belts (i.e.
complexes) of self-reworking scour-and-fill ele-
ments (A4) which have the potential to erase
significant amounts of aeolian stratigraphical
record (Cardenas et al., 2019). The base of these
units defines an erosive scour-and-fill surface
(CRggs). Architectural expression of deflated sab-
khas in medial-erg regions (Fig. 15B) and their
associated deflationary super surface (CRyss)
depends on water table dynamics at the time of
the deflation (Havholm & Kocurek, 1994). Rising
water tables will lead to the preservation of
sheet-like aggrading interdune elements (A2)
while stationary water tables will generate

defl d 3ol
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transition.
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extensive super surfaces sporadically associated
with polygonal fractured evaporitic crusts
depending on surface moisture conditions
(Kocurek & Hunter, 1986). Falling water table
stages will tend to enable the erosion of underly-
ing aeolian strata. Only rising dynamics will
lead to the deposition and preservation of sedi-
ments as depicted by Fig. 15B. Both CRyg and
CRg4ss are comparable to subaerial unconfor-
mities (SU) in Embry (2010)’s model. Tidal
embayments in marginal-erg regions (Fig. 15A)
form in a depositional belt where most of the
sediment deposition occurs in transgressive set-
tings due to accommodation creation by relative
sea-level rise. In such settings, the landward
migration of shallow-marine processes leads to
the erosion of previously deposited RST strata
and the generation of a transgressive ravinement
surface (CRy) which expression may vary spa-
tially (Kirkham, 1997; Zuchuat et al., 2019b).
Sedimentary architectures arrangements in tidal
embayment regions are characterised by retro-
grading packages of supratidal flat (M2), inter- to
subtidal flat (M3) and shoreface to foreshore ele-
ments (M4).

In coastal settings, periodic phases of dune
field growth and deflation are primarily caused
by changes in sediment availability, although
local variations in palaeogeography may influ-
ence their preservation potential. Inland rises of
water table levels, triggered by marine transgres-
sions will tend to reduce sediment mobility on
the depositional surface and can ultimately lead
to the development of deflationary super sur-
faces. Overarching allogenic controls onto their
development and the associated termination of
aeolian sequences may be linked to orbitally
induced shifts in climatic belts (Jordan &
Mountney, 2012; Rodriguez-Lépez et al.,, 2012;
Button et al., 2026; Cousins et al., 2026) or tec-
tonically driven shifts in basin subsidence (Cos-
grove et al., 2023). We propose that the timing
between the development of such surfaces and
the deposition of transgressive system tracts is
not simultaneous for scenarios where dune
fields are sourced from a coastal system. We

suggest instead that a spatio-temporal lag exists,
whereby stages of rising sea-level and changes
in the associated water table affect the inland
aeolian sediment availability prior to the start of
shoreline retrogradation and subsequent deposi-
tion of transgressive units (Fig. 16). Despite this
diachrony, transgressive ravinement surfaces
(CRys), aeolian deflationary super surfaces
(CRgss) and aeolian scour-and-fill complex basal
surfaces (CRgs) are all direct or indirect expres-
sions of marine transgression onto coastal ergs.
Together, these surfaces define composite
regressive surfaces (CR) that may be used for
correlations between depositional belts of differ-
ing nature, regardless of their triggering
mechanism.

Intraformational heterogeneities are increas-
ingly predominant towards the margins of
coastal erg systems through spatial variations in
sedimentary architectures. Ultimately, facies
changes across such transitions may result in
the formation of lateral stratigraphical seals
through the accumulation of baffles generated by
the sedimentary interactions discussed in this
study.

CONCLUSIONS

Intrinsic interactions between contemporaneous
aeolian and shallow-marine systems may be
expressed differentially across the margins of
coastal dune fields. Seaward changes in surface
processes and allogenic controls tend to promote
complex spatial variations in sedimentary archi-
tectures and subsequent reservoir heterogene-
ities. This new analysis investigates the spatial
variability in depositional products of an
ancient aeolian—marine margin and its temporal
evolution by accounting for the compound influ-
ences of relative sea-level and water table fluctu-
ations and their differential expressions across
transitional depositional environments of such
kind.

In coastal settings, aeolian sequences are
developed as regressive system tracts when

Fig. 16. Generic model for the generation of composite regressive surface (CR) across coastal erg transitions. (T1)
Dune field development stages promoted by high sediment availability conditions and low relative water table
levels, predominantly recorded during regressive phases. (T2) Aeolian deflation to the water table level generating
a deflationary super surface (CRygs) across the dune field, although a scour-and-fill surface (CRgs) may concomi-
tantly develop in central regions through bedform self-reworking processes. (T3) Shallow-marine transgressive sys-
tem tract deposition and associated generation of a transgressive ravinement surface (CRys) in marginal-erg

regions.

© 2026 The Author(s). Sedimentology published by John Wiley & Sons Ltd on behalf of

International Association of Sedimentologists, Sedimentology

85U80|7 SUOWWIOD 3AIERID 3|qeoljdde auy Aq peusenoh aJe sajone O ‘88N 4O SajnJ 10} Arlq1T8UIUO /1M U (SUOIIPUOD-PUe-SWB}W0D A | 1M ATe.q 1 BuI|UO//SANY) SUORIPUOD PUe swiie | 81 88S *[9202/20/ST] Uo AriqiTauluo A8|iMm ‘AeAins [01Boj0so usiig Aq 920, PeS/TTTT OT/I0p/w00 48| imArelq|jeul uoj/sdny wioi) papeojumoq ‘0 ‘TE0ES9ET



MARGINAL-ERG MEDIAL-ERG CENTRAL-ERG
Sifﬂd Sediment accumulation surface mlﬂﬂ
RWT1 B D bbbt CEETTEETEPN DU, |
Sequence boundary

Dune field development

||CRdss|I
Y
RWTZT L 2 S R o STSERNUNN
T S S e R
Sequence boundary
Dune field deflation to water table: CRdss & Crsfs generation
o,
RSLT RREE] T /
RWT, i ----------------- r—y—t >
Sequence boundary

Shoreline retrogradation: CRtrs generation

Architectural elements

Aeolain
sediment availability

Aeolian
Sediment availability

Aeolian
sediment availability

RSL&RWT

RSL&RWT

RSL&RWT

Jurassic coastal erg margin

RST TST
—— —

+]_—e
0

Time
+
0
P

Time
+
0 *

Time
:
0 \_/

Time

+

Time

Time

Legend

Climbing aeolian dune element Ligﬁélgl?n‘q’g%‘ed coastal
Aeolian interdune element Supratidal flat element

gfemmpeurzjtndtransverse draa Sub- to intertidal flat element

Amalgamated aeolian
scour-and-fill complex

Open-marine element

RWT Relative water table
RSL Relative sea level

Transgressive ravinement surface
Scour-and-fill surface

Deflationary super surface
I

Composite
Regressive Surface

© 2026 The Author(s). Sedimentology published by John Wiley & Sons Ltd on behalf of

International Association of Sedimentologists, Sedimentology

33

95U8D17 SUOWLLIOD) aAIERID 9|qedl|dde au Aq peusenofale sapie VO ‘8sn Jo sajni 10} ArIqiauluo A3]1A UO (SUONIPUOD-pUe-SWLB)W0Y A3 1 ATe1q 1 Buluo//sdny) SUONIPUOD PUe SWiB | 8y ass *[920z/20/ST] uo Akl auljuo Ae|iM ‘Aenins [eaiBojoes usiilig Aq 9ZT0. Pes/TTTT OT/I0p/W0d A8 1M Afelqijuluo//sdny Wolj pepeojumod ‘0 ‘TE0ESIET



34 V. ]. P. Héme de Lacotte et al.

sourced from contemporaneous marine realms.
Coastal aeolian systems can be subdivided into
depositional belts characterised by specific pro-
portions of preserved sedimentary architectures:
(i) central-erg, (ii) medial-erg and (iii) marginal-
erg. Central-erg regions are dominated by the
migration and climb of compound aeolian bed-
forms characteristic of high sediment availability
conditions. Seaward declines in sediment avail-
ability translate into decreasing aeolian bedform
complexity and crest-line sinuosity. Medial-erg
regions are dominated by the migration of sim-
ple transverse dunes trains preserved in the
form of climbing aeolian dune and interdune
elements. Marginal-erg regions are the scene of
complex process interplays between aeolian sed-
iment drift, localised evaporitic precipitation
and tidal currents. Their sedimentary record is
characterised by discontinuous and heteroge-
neous coastal dune elements interbedded with
supratidal strata deposited under periods of par-
tial deflation.

The onset of transgressive system tracts gen-
erates diastemic transgressive ravinement sur-
faces onto which are deposited shallow-marine
packages reworking parts of preceding erg-
building sequences. In this scenario, reduced
inland aeolian sediment availability results in
the development of regional deflationary super
surfaces and the preservation of aggrading
sheet-like interdune elements (i.e. continental
sabkhas) controlled by rates of relative water
table rise. Amalgamated aeolian scour-and-fill
complexes may be preserved in central-most
regions of the erg where favourable sediment
availability and accommodation conditions are
sustained.

Spatial distributions of architectural elements
recognised in the aeolian sequences of the
Temple Cap Formation and the Page Sandstone
are indicative of a coastal erg margin experienc-
ing seaward changes in boundary conditions
and surface processes ultimately leading to
increasing stratigraphical heterogeneities
towards their marine end-member. This study
presents a novel model for the generation of
aeolian sequences in response to relative sea-
level fluctuations independently of their over-
arching allogenic controls. Accounting for the
complex stratigraphical arrangements of such
transitional systems and their spatial variability
in architectural elements distribution can
improve the characterisation of heterogeneities
and compartmentalisation in equivalent subsur-
face reservoirs.
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