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Abstract

Eolian and fluvial processes operate coevally in most desert-margin settings to generate a range of styles of sedimentary interaction that are
documented from both modern arid systems and analogous ancient preserved outcrop and subsurface successions. Such styles of system
interaction give rise to considerable complexity in terms of sedimentology and preserved stratigraphy. The physical boundary between
geomorphic systems in hot deserts is dynamic such that facies belts undertake considerable lateral shift over time with the result that preserved
sequence architectures exhibit complexity arising from system interactions that operate at a range of spatial and temporal scales from local to
regional. An improved understanding of factors that govern these multiple scales of interaction is important for prediction of preserved
stratigraphic architecture and therefore for assessment of fluid-flow properties and for development of well placement strategy in mixed eolian-
fluvial reservoir prospects. A database has been developed to record the temporal and spatial scales over which eolian and fluvial events
operate and interact in a range of modern and ancient desert-margin settings. Data have been collated using high-resolution satellite imagery,
field observation and subsurface data. Ten distinct styles of eolian-fluvial interaction are recognized: fluvial incursions aligned parallel to the
trend of linear chains of eolian dune forms; fluvial incursions oriented perpendicular to the trend of eolian dunes; bifurcation of fluvial systems
around eolian dunes; through-going fluvial channel networks that cross entire eolian dune-fields; flooding of dune-fields due to regionally
elevated water-table levels associated with fluvial floods; fluvial incursions emanating from a single point source into dune-fields; incursions
emanating from multiple sheet sources; cessation of the encroachment of entire eolian dune-fields by fluvial systems; termination of fluvial
channel networks into playas within eolian dunefields; long-lived versus short-lived styles of fluvial incursion. The database of case-study
examples is employed to develop a series of quantitative facies models with which to account for dynamic spatial and temporal aspects of
eolian-fluvial system behavior. Models can be used to predict the arrangement of architectural elements that define gross-scale system
architecture in a variety of mixed eolian-fluvial reservoirs.
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Abstract

Aeolian and fluvial processes operate
coevally in most desert-margin settings to
generate a range of styles of sedimentary
interaction that are documented from both
modern arid systems and analogous
ancient preserved outcrop and subsurface
successions. Such styles of system
interaction give rise to considerable
complexity in terms of sedimentology and
preserved stratigraphy. The physical
boundary between geomorphic systems in
climatic deserts is dynamic such that facies
belts undertake considerable lateral shift
over time with the result that preserved
sequence architectures exhibit complexity

arising from system interactions that
operate at a range of spatial and temporal
scales from local to regional. An improved
understanding of factors that govern these
multiple scales of interaction is important for
prediction of preserved stratigraphic
architecture and therefore for assessment
of fluid-flow properties and for development
of well placement strategy in mixed aeolian-
fluvial reservoir prospects. A database has
been developed to record the temporal and
spatial scales over which aeolian and fluvial
events operate and interact in a range of
modern and ancient desert-margin settings.
Data have been collated using high-

resolution satellite imagery, field
observation and subsurface data. Ten
distinct styles of aeolian-fluvial interaction
are recognized: fluvial incursions aligned
parallel to the trend of linear chains of
aeolian dune forms; fluvial incursions
oriented perpendicular to the trend of
aeolian dunes; bifurcation of fluvial systems
around aeolian dunes; through-going fluvial
channel networks that cross entire aeolian
dune fields; flooding of dune fields due to
regionally elevated water-table levels
associated with fluvial floods; fluvial
incursions emanating from a single point
source into dune fields; incursions

emanating from multiple sheet sources;
cessation of the encroachment of entire
aeolian dune fields by fluvial systems;
termination of fluvial channel networks into
playas within aeolian dune fields; long-lived
versus short-lived styles of fluvial incursion.
The database of case-study examples is
employed to develop a series of quantitative
facies models with which to account for
dynamic spatial and temporal aspects of
aeolian-fluvial system behaviour. Models
can be used to predict the arrangement of
architectural elements that define gross-
scale system architecture in a variety of
mixed aeolian-fluvial reservoirs.

Aim and Objectives

This study comprises three parts. First, to
quantify the form of geomorphic relationships
between dune and interdune sub-
environments in both the central and marginal
parts of four modern dune fields using the Rub’
Al-Khali desert of SaudiArabia as an example,
with overall aim to document how and explain
why dune- and draa-scale aeolian bedforms
and their adjoining interdunes systematically
change form from central to marginal dune-
field areas in terms of their morphology,
geometry (scale), orientation and style of
bedform linkage (i.e. the extent to which
interconnected and amalgamated aeolian
bedform complexes are developed). Specific
objectives of this research are as follows: (i) to
assess the geomorphic complexity and

variety of dune types present in the Rub’ Al-
Khali desert; (i) to demonstrate and quantify
types of spatial variation in dune and
interdune type and geometry for a series of
major dune fields; (iii) to consider how a
series of external factors that collectively
define the sediment state of the system act to
dictate spatial changes in dune and interdune
morphology and geometry. Second, to
propose a generalized framework with which
to account for the diverse styles of interaction
known to exist between coevally active
aeolian-fluvial depositional systems, and to
discuss the significance of these interactions
for the geomorphological and
sedimentological evolution of mixed aeolian-
fluvial systems. Specific objectives of this

work are as follows: (i) to illustrate the
principal types of aeolian-fluvial interaction
documented from the world's major dryland
systems and to propose a framework for their
classification; (ii) to demonstrate how the
orientation of fluvial systems relative to the
trend of aeolian bed forms present at the
leading edge of dune fields controls the
nature of aeolian-fluvial system interaction;
(iii) to consider the role of open versus closed
interdune corridors in controlling the style and
distance of incursion of fluvial systems into
aeolian dune fields; (iv) to consider how
different styles of aeolian-fluvial interaction
give rise to complex geomorphic
arrangements of landforms and to consider
the implications of such arrangements for the

paleoenvironmental reconstruction of ancient
preserved counterparts. Third, to document
a case study from an ancient outcropping
succession to show the preserved
expression of aeolian-fluvial system
interactions. This research is significant
because the temporal and spatial scales over
which processes related to aeolian-fluvial
interactions occur are highly varied and
complex. Understanding the different
interaction styles between the two systems is
important in the development of generic
facies models to explain the rock record in
terms of geomorphic landscape evolution
and formative paleoenvironment, and for
predicting heterogeneity in preserved
subsurface reservoir successions.
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i: Locatlon of Study Area

Morphological and geometrical attributes relating
to 555 dunes and 1415 interdunes from the 4

selected study areas were collected through
Map of the Arabian Peninsula showing the location of the Rub’Al-Khali gxamination of satellite imagery provided by

are the focus of study. Google Earth Pro software and datasets.
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Example of dunes and interdunes of the Rub’ Al-Khali, together
with an example of the application of measures used in this study
to quantitatively define dune and interdune morphology and

geometry. Data were

tabulated in a relational database to

determine common trends that describe spatial change in

morphology across the dune field.

Introduction

Significant advances in our understanding of
the spatial arrangement of aeolian dune
patterns have been made possible through
the increasing availability of high-resolution
satellite imagery in recent years. Aeolian
dune-field patterns are a product of self-
organizing systems in which the
development of simple or complex
distributions of genetically related groups of
aeolian bedforms and their adjoining

lithofacies distributions in desert dune fields.
However, relatively few studies have
attempted to quantitatively document the
form of spatial variability of dune and
interdune morphology from the centres of
aeolian dune-field systems to their margins.

Dune fields are not necessarily continuously
covered with active aeolian sand dunes and
most additionally include other morphological
bodies of aeolian-derived or aeolian-related

interdunes is char: i by

and predictable changes in dune type, size,
morphology, orientation and spacing from
dune-field centre to dune-field margin
settings. Several previous studies have
documented spatial variation in bedform type
and associated spatial changes in aeolian

sediment deposits, including interdunes,
sand sheets (which lack distinctly
recognizable larger bedforms), areas of soil
cover, lacustrine systems (e.g. playa lakes),
and fluvial systems (typically ephemeral),
some developed between active aeolian
dunes. Thus, dunes in sand seas, including

those in the Rub’ Al-Khali, are commonly
separated from each other by geomorphic
elements whose well-defined shapes are, in
part, dictated by the shapes of adjoining dune
bedforms of different types The construction
of aeolian dune-field systems and the spatial
variation in the form of their internal
components (e.g. dunes and interdunes)
from central to marginal areas is governed by
numerous controlling parameters that dictate
sediment state. At a regional scale, the
sediment state of aeolian dune fields is
defined by separate components of sediment
supply, sediment availability and transport
capacity of the wind, and together these
factors govern where and when aeolian
system construction via the growth of dunes

occurs. At dune field margins, the physical
boundary between geomorphic systems in
hot desert is dynamic such that facies belts
undertake considerable lateral shift over time
with the result that preserved sequence
architectures exhibit complexity arising from
system that operate at a range of spatial and
temporal scales from local to regional.
Aeolian and fluvial processes operate
coevally in most desert margin settings to
generate a range of styles of sedimentary
interaction that are documented from both
modern and ancient arid to semi-arid
systems and analogous ancient preserved
outcrop successions.
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Example of compound linear dune ridges, each
separated by wide-and parallel interdune corridors.

Dune and Interdune Morphology
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Satellite images from different locations across the Rub' Al-Khali desert depicting typical Plan view
variations in dune and interdune morphology. Note the contrast in dune form and size
between each image (all images have the same scale; see study area maps for 9 eorr 1 0 P 3 1
5 ge 9 Y p Schematic plan-view illustration of longitudinal dunes that undergo a downwind di in

Data and Methods

1) Aeolian dune field geomorphology: This study has
entailed work in four distinct geographic areas of the Al Rub’
Al-Khali, which collectively cover an area of 73,200 km’.
These areas were selected for study according to the
following specific criteria: (i) chosen locations document
spatial changes in the morphology of dunes and interdunes
from the central part of a dune field to its outer margin; (ii)
public-release satellite imagery used for examination of the
dune forms is available for these areas at a resolution that is
sufficiently high to enable detailed quantitative
measurements to be made regarding various morphologlcal

oriented mapping service.

interdunes from the 4 selected study areas were collected
through examination of satellite imagery provided by Google
Earth Pro software and datasets, a business- and scientific-

2) Aeolian-fluvial system interaction in modern dune-

(northwest China), Rigestan Desert (southwestern
Afghanistan),
(southeastern California), White Sands (New Mexico), Rub’

Sahara Desert (North Africa), Algodones

Al-Khali and An Nafud sand seas (SaudiArabia), and Wahiba

attributes of dunes and interdunes.

Mor

geometrical attributes relating to 555 dunes and 1415

and

field margins: This study has analysed the morphologlcal
expression and areal distribution of 130
fluvial-aeolian interaction that have been mapped usmg
high-resolution satellite imagery from 60 desert dune fields
around the world. Case study examples have been classified
to propose a framework of ten distinct types of system
i Studied desert systems include the Namib
Desert and Skeleton Coast (Namibia), Taklamakan Desert

Sands (Oman), Great Sandy, Great Victoria, and Simpson
Deserts (Australia).
3) Ancient preserved aeolian-fluvial system

interactions: Outcrop analysis: of the upper part of the
Wilmslow Sandstone and the lower part of the overlying
Helsby Sandstone formations of the Triassic Sherwood
Sandstone Group, Cheshire Basin, UK has revealed the
preserved stratigraphic expression of several types of
ancient fluvial-aeolian interactions.

linked mega-barchan dunes with int

2, showing a region dominated by complex giant barchan dunes with superimposed by

crescentic dune forms and parallel

example of compound linear dune ridges, each separated by wide and parallel interdune
corridors. (d) Image from Area 4, characterized by pyramidal dunes (star bedforms) with
distinctive star-like plan-form shapes and surrounded by extensive interdune areas.

). (@) Image from the northern part of Study Area 1 showing rows of laterally

tervening interdunes (sabkhas); (b) Image from Area

interdune corridors. (c) Image from Area 3, showing
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Dunes in the Rub’ Al-Khali desert exist in great
variety of morphologic types that change
systematically across the dune field. Variation in
dune form is the primary control on the morphology
of adjacent interdunes, especially in dune-field
centre regions where the shape and extent of each
interdune form is governed and defined by the
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Selected cross sections from the study areas with elevation data reflecting variation in dune and interdune morphology and spacing from the centre of a dune field to its margin.
The locations of the cross sections (A-D and E-H) are shown on the overview maps. Digital Elevation data from Google Earth Pro are accurate to +/- 10 m.

geometry and spacing of surrounding dune forms.
Spatial variation in the arrangement of dune
patterns in the Rub’ Al-Khali takes the form of
gradational transitions from complex to simple
bedform types, and a decrease in dune size and an
associated increase in interdune size from the
centre to the outer-margin areas of dune fields.

Such changes reflect the interaction between
sediment supply and transport capacity. The
availability of sand for dune construction has long
been recognized as a primary control on dune
morphology, whereby simple barchan dunes tend to
evolve in systems where sand supply is limited and
therefore are the main bedform type in marginal

areas of many dune fields including the eastern part
of the Rub’ Al-Khali studied here. By contrast, the
central and northern part of the studied dune field is
dominated by barchanoid dune types, whose
presence records a greater sand supply.

Morphological & Geometrical Relationships Between Dunes

University of Leeds, Leeds, United Kingdom

of data relating to primary
desert dune-field landform morphology has
enabled an improved understanding of the
sediment system state of the modern Rub’ Al-
Khali Desert sedimentary system. Observed
trends arise as a function of spatial changes in
the sediment state of the system whereby
sediment supply, the availability of that supply
for transport and the sediment transporting
capacity of the wind each combine to dictate
the geomorphology of dune and interdune
forms, which vary from thick accumulations of
sands in the form of coalesced compound and
complex barchanoid bedforms in dune-field
centre settings, to spatially discrete star dunes
and small, spatially isolated barchan dunes
separated by extensive water-table-controlled
interdune flats in dune-field margin settings.

Observations from this modern dune-field
system have enabled the spatial rate of
change of morphology of aeolian sub-
environments to be characterized and
described through a series of empirical
relationships.

Results of this study have implications for
developing an improved understanding of the
likely controls on the detailed sedimentary
architecture of preserved aeolian successions
by enabling the proposition and development
of a range of dynamic facies models for
aeolian systems. This has wider applied
implications and significance: for example, the
morphological changes in the distribution of
aeolian bedforms and interdunes across
dune-field systems provides important
information with which to improve our
understanding of the likely arrangement of
architectural elements in ancient aeolian
preserved successions, several of which form
important reservoirs for hydrocarbons. This
work is therefore an important step in the
development of improved models for the
characterization of stratigraphic complexity
and heterogeneity in aeolian reservoirs.

Morphological & Geometrical Relationships Between Interdunes

@ Maximum dune wavelength versus Minimum dune
wavelength
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crestline sinuosity. Note the change in dune geomorphology in the direction of transport toward the
dune-field margin, and the increase in the amount of inter-connectivity of the interdune flats (grey).
1: an area of enclosed interdune flats surrounded by wind-rippled dune flank and slipface facies of
high-sinuosity linear dunes (improved likelihood of inter-connectivity of dune slipface architectural
elements). 2: an area of open interdune corridors separating low-sinuosity linear bedforms
(reduced likelihood of inter-connectivity of dune slipface architectural elements).
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Temporal and Spatial Variations in Original Dune and Interdune Morphology Act as a Primary Control on Resultant Preserved Set Architecture.
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Dune bedform wavelength is a simple measure of
bedform size, herein defined as the extent of a dune
bedform in an orientation perpendicular to its crestline.
In this study both maximum and minimum dune
wavelengths are recorded for individual dune
segments as a measure of size. The difference
between maximum and minimum wavelength for a
single dune segment is also a measure of along-crest
crest variability, with similar values representing

relatively straight-crested bedforms and values with
greater differences reflecting increasing bedform
crestline sinuosity. A strong positive correlation exists
between maximum and minimum dune wavelength (a).
Dune spacing is the distance between successive
dunes in a train (measured between successive
bedform crests), and includes both the wavelength of a
dune bedform plus the width of the adjoining interdune.
Wavelength and amplitude of along-crest plan-form

sinuosities are together a simple measure of bedform
crestline sinuosity. For each of the 4 study areas, overa
distance of 300 km, mean amplitude of along-crest
sinuosity decreases from 2.5 km at the centre of dune
field to less than 0.5 km at the outer margin where the
dunes become smaller (b). Mean wavelength of along-
crest sinuosity decreases from 5 km at the dunefield
centre to 0.2 km at the dune-field margin (c).

Interdune length (km)
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0
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Interdunes have a tendency to become longer and
wider with increasing distance from a fixed point in the
dune-field centre towards the eastern dune-field
margin (d and e), though considerable variability exists.
For the data from Area 3, as interdune lengths become
very large (>40 km) their widths stabilize at 1.5-3.5 km
in the dune-field margin areas (e). In these marginal
areas, interdunes become the dominant landform type
and they effectively partition the dune field with the

dune bedforms being subordinate and in some cases
spatially isolated landforms. The spatially isolated
interdune depressions present between bedforms in
the central dune-field region are elevated up to 25 m
above the regional level and this demonstrates that
bedforms in these central regions are climbing over
one another to generate an accumulation.
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Types of Fluvial Activity in Aeolian Dune Fields = Depositional Processes at Dune-Field Margins Classification Scheme for Fluvial-Aeolian 'Ancient Examples: Triassic Wilmslow & Helsby formations, Cheshire Basin, UK

Fluvial systems are present at range of downstream changes one of four types: flash floods, novel classification scheme for Smaller, non-climbing barchan dunes at lateral Extensive areas of Fluvial splays and Large alluvial fans Playa deposits Highlands; major  Inter-channel-belt regions dominated by

a variety of scales in desert- in channel morphology and single peak events, multiple the description of types of | aeoliandune-field margin palaeosol development  floodouts during periods of at mountain front sediment source  non-confined fluvial sheet-like bodies, System Inte ractlon
increased runoff wind-blown (loessite) sheets, isolated

Location map Aeolian Facies Aeolian-fluvial interaction

margin settings. For both floodouts at channel termini. peak events and seasonal interaction between fluvial d lexes. colonisation b
exogenous and endogenous Although most (but not all) floods. In dryland settings systems and adjoining aeolian V;’;;gz;";f;z;]‘;“;’:;z:ﬂ,‘éjg;’;: Through-going fluvial channel Cessation of the encroachment of entire aeolian  Playa deposits [@] Fluvial incursions from single [&@) Sheet-like fluvial — ~To —
dryland rivers, a diverse range fluvial systems in desert dune- there also exist a relatively dune systems and their networks that cross entire aeolian dune fields by fluvial systems point sources into aeolian dune system emanating

dune fields fields from multiple sources

of fluvial system types are field margin settings are small number of large and marginal areas into which flood Terminal fluvial system; channels end in terminal
known fromarange of settings. ephemeral, they play a permanent river courses (e.g. events episodically extend. lobes within the distal reaches of the system
Where such fluvial systems significant role in landscape the Nile) and such rivers exert Ten distinct styles of
pass into aeolian dune fields a evolution and dictate regional their own set of controls on interaction are recorded and
variety of types of system geomorphology. Floods neighbouring aeolian illustrated by a set of case- Interdune pond; elevated water table in
interaction occur. Rivers in associated with dryland rivers environments across which study examples from around Sccsedlpieunsiioiow)
such settings undertake a can generally be assigned to they flow. This study presentsa the world.
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Many ephemeral fluvial or alluvial systems emerge from steep-
gradient mountain catchments onto low-gradient basin plains.

Preferred flow pathways are commonly hindered by the
presence of aeolian sand dunes constructed on the basin floor
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A Quantitative Approach to the Characterization of Sedimentary Architecture in Mixed Aeolian-Fluvial Reservoir Successions

M o h a m m ed AI -M as ra hy1 a n d N i g e I M o u n t n ey1 1. Fluvial Research Group, School of Earth and Environment, University of Leeds, Leeds, United Kingdom.

Mixed Aeolian-Fluvial Reservoirs Implications for Aeolian Reservoir Prediction and Modelling

Mixed aeolian and fluvial systems exhibit a range of styles of sedimentary ~ Sherwood Sandstone Group of the East Irish Sea, and part of the Jurassic  « Reservoir anisotropy in aeolian successions profoundly affects reservoir important step in the development of generic quantitative models with which to land geomorphology and preserved stratigraphy. Development of a series of component lithofacies, ultimately control the path of fluid migration during oil and geometry and the relationship of sedimentary bodies of fluvial and aeolian origin

interaction in many modern arid climatic settings and preserved sedimentary ~ Norphlet Sandstone of the Gulf of Mexico. However, quantitative stratigraphic performance throughout the producing life of a field. Although aeolian reservoirs are account for aeolian and mixed aeolian-fluvial reservoir architectural variability qualitative and quantitative predictive models with which to account for the gas emplacement and subsequent extraction. This architecture is, in turn, the (Newell, 2001). The presence of stratigraphic complexity and heterogeneity at a C I =
architectures interpreted to record the stratigraphic response to such types of ~ prediction of the three-dimensional form of heterogeneities arising from internally complex, they are predictable and can be managed efficiently once their where changes are considered to occur spatially across a play, or within a single distribution of facies and architectural elements in aeolian and mixed fluvial- product of the depositional and diagenetic processes that created the sediment scale below seismic resolution, coupled with stratigraphic architectures Onc US I OnS
interaction are well documented from numerous outcropping ancient aeolian and fluvial interaction is notoriously difficult: (i) interactions observed three-dimensional internal architecture has been accurately characterized and field. Each development project should be carefully characterized prior to initiating aeolian reservoir successions is important for the development predictive body. If the an understanding of the origin of the reservoir is developed, reservoir characterized by notable lateral facies changes, means that prediction of 3D

successions. From an applied perspective, mixed aeolian and fluvial in one-dimensional core and well-log data typically do not yield information modelled. Temporal and spatial variations in original dune and interdune morphology amore extensive drilling program. Aeolian and fluvial processes exert an important sequence stratigraphic models. This study has utilized modern outcrop analogue architecture, and hence fluid flow paths, become predictable (North and Prosser, stratigraphic architecture in subsurface reservoirs is challenging (e.g., Sweet,

successions are known to form several major reservoirs for hydrocarbons, regarding the likely lateral extent of sand-bodies; (ii) stratigraphic act as a primary control on resultant preserved set architecture. This study has control on landform development and therefore ultimately on accumulated and data for the development of a suite of models designed to develop a bridging link 1993). In arid regions, it is common for fluvial and aeolian processes and resultant 1999). Therefore, studying appropriate outcrops and modern analogues is

including the Permian Unayzah Formation of Saudi Arabia, the Permian  heterogeneities of these types typically occur on a scale below seismic quantified how aeolian dune, interdune and dryland fluvial morphological preserved sedimentary architecture; such processes rarely operate ind dently data provit by sedimer jical studies and its appropriate applicatio strata to occur inter-mixed, with the result that overall preserved successions imperative to provide insight into reservoir heterogeneity and potential variability in

Rot roup o he southern d entral North ea he riass resolutio d dus s hte ques n expre ed in ri of style in n ases p ict d di = in i i il n ction of reservoi o he inte B rvo n r exhib complexity C h 0 ers d the fluid flo ogi el (e.g., Herrise 993; Mountney et a 998; North

term shifts in the positions and form of such boundaries are controlled by the
competition between fluvial flash-flood events and on-going aeolian dune
construction. Medium- and long-term changes in boundary position and form are
governed by changes to climate and tectonic basin evolution, respectively.

Aeolian and fluvial processes in desert-margin settings rarely operate
independently: they are usually dynamically linked and exhibit a range of styles of

ncursions oriented parallel to trend of aeolian dune forms

ursions oriented perpendicular to trend of aeolian dune forms Bifurcation of fluvial flow between isolated aeolian dune forms

Through-going fluvial channel networks that cross entire dune fields

Aeolian dune-field flooding associated with elevated water-table level

Channels pass

Isolated wet nterdune ponds do not 4 8 - "
Acolian sand accumulates in Fluvial reworking of the toes of downstream into Ponded flood Damp interdune flats in areas Smalier dines that are/commoniy[of aid tletert] Floodsventstesuinocakzed poncing| Lateral facies zonation from the cenire. tain Common of damy sedimentary interaction documented from modern arid systems. Interactions
e DO Fluvial flow direction inactive channels 2colan dunes i he dune-field torminal splay lobes and o3 SR2Y sl beyond limit of fiuvial incursion: morphological type on down-wind side of fluvial elong interdune corridors during mejor flood o the margin of the damp or wet extrabasinal origin where they form in SR TR L DT betw li d fluvial syst important and wid. d i d
aovancing oo of aeolan dunos A T D ol e el 0 erminal splay lobes an water deposils local elevation of water table in channol fainway: restrited aeolian sediment supply ovntswhen channl bl capacty s By prbms b e (oes) desccatin racks,botubaten etween aeolian and fluvial systems are important and widespread in modern
ereby reworking some asolian low pathways are diverted or switch, possibly in Aeolian sand filin Fluvial flow diregtion B ALl & limits bedform construction exceeded; deposition of thin mud bods from ke o i vertebrate trackways, wave-fippe strata, ite i i
rial T ) e channels B rrow STeetlke bodes; response to flooding e ey et sia i ime o feodin il By e R T deserts, as revealed by global satellite imagery. A diverse range of styles of
Sumping/avalanching of thus, preserved channel elements pinch-out laferally channels o ot Dunes on this side of wetting upward cycles n vertical fromipcolbncytilocalBae fenk] system interaction gives rise to considerable complexity in terms of
o own e e Jownstream of large Interdune pond; fluvial channel fairway evaporite deposits, calcisols and rhizoiths . . A
N ‘Secondary dunes may become established et anec e resaed enerey elevated water \ack appreciable geomorphology, sedimentology and preserved stratigraphy. Ten distinct styles of
L ved in/thi e rosk table in enclosed interdune flats ically-s i ian il i T i p i
undercutting at dune toe secton; nterngering of A tEble lcndoed Vetticaly-stacked fluvial-aeolian interaction are recognized: fluvial incursions aligned parallel to

trend of linear chains of aeolian dune forms; fluvial incursions oriented
perpendicular trend of aeolian dunes; bifurcation of fluvial systems around the

adjacent aeolian dune direction
elements

amalgamated fluvial
channel elements.
testifies to long-lived

where the wind has reworked ephemeral
fluvial deposits into small dunes
Dry or damp
interdunes.

and interdune ‘W

strata R Supersurface PRAGaacin I noses of aeolian dunes; through-going fluvial channel networks that cross entire
supersurocs TN in position by seciian aeolian dune fields; flooding of dune fields due to regionally elevated water-table
upersurtace penlbyy

levels associated with fluvial floods; fluvial incursions emanating from a single
T a——— point source into dune fields; incursions emanating from multiple sheet sources;
composed of flood-related cessation of the encroachment of entire aeolian dune fields by fluvial systems;

deposits are confined (o the.

Fill of fluvial channels.
‘composed predominanty of
fuvially reworked acolian Fiuvial channel may have a
sand flat or erosional base with high

Zons of mud-dominted strata in
ef, fll of massive

p 3 % trackways, evaporite wet interdunes adjacent to the bases of large trough-shaped termination of fluvial channel networks into playas within aeolian dune fields; long-
(Stchsioss Band) ocoes > 7 deposits, desiccation main fluvial channel fairway; sets in systems where the. A A Py A L A "
Chot or oasis; vegetation, Bttt \ cracks all common i repeated localized ponding of Periae e e lived versus short-lived styles of fluvial incursion. Recognition of these interaction
pant oot stuctures, vace chann, derons sncase e ooy Supersurface e and developed in front of types forms the basis for a classification scheme that can be applied to desert
S eyt stperetas) fossis, svapore ‘Older flvial channel slements within the: accumulation of e aeoln dune-field systems generall
Intrdune deposisthicken and thin i sratgraphic racords previous opisode of accumulation deposiion etc. in the stratigraphy wet aeolian system Water-table controlled chott e i g B . . .
I e L) of the same style depicted in higher parts o0 lacked vertcaly, o casis in interdune hollow Regular (e.g. seasonal) flood events Elevated reglonal water-table level SR ” Across desert margins where fluvial and aeolian systems interact, the location of
inosponso o changos indune sizo and o Jsens offuvil deposia in o P Hng o Bt s . - ) . ' . et deobblaois il leads o flooding of wet interdunes  elongated lonsesin assemblages of surface landforms may change gradationally or abruptly. The
orphology fune interior testifies to the long- Al in some places fluvial channel luch of the fil comprises aeolian sand biown g ’ i i i i i i
oo esE lived fixed position of the dune- P el erosional ases and basallag o s into dry channels; in-fl via aeolian processes Small dunes occupying s repestad i clastng CET)CEiErT varied range 9f temporal and spa(llal scales over which aeolian-fluvial processes
Presarved flvalchannel elements have become nartow at poins whero roon Bone oo erg margi ofthe Permian (mosty inraformational origi with e oo et Thick wet Iterdune deposit may are known to interact means that simple generalized models for the classification
‘two dune spurs come close 2 prevented fluvial incursion into edar Mesa Sandstone n some detritus locally reworked from " fluvial incursion along the » record the long-lived presence of a w " ” " . A N _ N
lira) exents thatar reaer nan i s o tcoce the central dune-feld region s e s (2008) ine marin of cunos s locks of ‘ | ooy ) large and repeatedly flooded interdune of styles of interaction must be applied with caution when interpreting ancient
semi-consoldated sand); ther clasts ) " e in @ " - ¥
S . a0 - ST S o - D, ey P preserved successions, especially those known only from the subsurface. By
0 = R ofthe agacertdures o localzed ponds it o g s u desertsytem s adjacent 02 ofchammel bodies iciated by seolan dunes ditted by dune o Long ived, through-going vl channol  ¢or1S0r ocazed rowering of o I A systom subject 0 a disinct wet ] understanding the nature and surface expression of various types of aeolian and
el et incorporation of aeolian-deriv g luvial channel elements are significantly £ i position of interdune corridors g i fai typically established whe vial detrt i H comelry of preserved interdune lenses. H a1 Y Py . " . M
B oa e e e ot “hnd Into fuvia deposit . wider than the aciive channols, Latoral . Slong which food waters pase Mciclster clmeskew orll . s deinane coorcs merge from. channels . reflects the shape and size of the orginal . fluvial interaction, and by considering their resultant sedimentological expression,
aeolian dunes further downstream typical scale ot S‘:C*‘"Q‘:‘ﬁ '“““"‘a‘:'a‘ and typical scale L) '“‘9’;“0" °""“e"’“"e transverse and linear forms. typical scale ‘mountain catchments and pass directly typical scale Iiierdunethatiwas flooce ielatalal] typical scale prediction can be made regarding how the of preserved deposits of such
mult-sotrey channe belts aranged info a . corrdors over fime R o) 5 into desert dune fields o migration of that nterdune during and between ] ! : - ! u - 8 .
o | cuser’ arfiecturs deperdent on s eiors b o flood episodes and the longevity of the o interactions might be predicted in the ancient stratigraphic record and
changes In position of dune-field margin flood episodes f g , 5
over time (may be fixed or highly mobile) assessment can be made of the spatial scale over which such interactions are
likely to occur.
Given the economic importance and complex stratigraphical and
sedimentological nature of aeolian and fluvial successions, it has become
Cessation of encroachment of aeolian dune fields by fluvial systems Termination of fluvial channel networks in aeolian dune fields Long-term versus short-term styles of fluvial-aeolian interaction essential to develop both qualitative and quantitative models with which to
e Fluvial channel terminates at point where account for dynamic spatial and temporal aspects of aeolian-fluvial system
‘Smaller, non-climbing barchan dunes at lateral i : Fluvial flow direction Erosion of aeolian dune sand from Fluvial flow directi Occasional flooding of open interdune. interdune corridor narrows and closes where rectonically uplifted highlands serve i fil i i ing-|
acolian dune-field margin Vertical and lateral B ond ras narrow neck area and deposilon of Regular flood evernts flush asolian el flow digetion comdors daring maior Tood everis when o XD two adjacent dunes overlap Fluvialflow directon Large allval fans at fecioricentpand s hienc behaviour at the dune-field & basin scales. This modelling-based approach and
VD ocru e ines caractenizo oy Flovia flow direct stacking of flvial PR’ M it processelb O L S the bankfullcapacily of the channel is armaged perpendicular to the direction o flvial S, . o DD associated classification framework is the overarching theme of this wider
in i ¥ lvialflow directon B o aeants interdu © deliver acolian sand furiher I Lhe.diaction istal aeolian (accumulating) dune complexes migrating overmnon A S . L e
araiof asolen dime et ey e Rl dameren 2 e e R o v s STy oA dounsiream frrenowed acolian e S ) and ccumuaing ncenial partof bsi Pt research project and it has potential applications in the development of predictive
et 7 oo oy tne colan dune n«:m. marges ocal vt of 9 e Inea distance that the fluvial system can B e a e e e models with which to account for reservoir heterogeneity in aeolian reservoirs
bioturbation, calcisols Indicales a dune. teld open nterdune

targeted for the production of hydrocarbons. Results from this project are being
used to generate a range of synthetic three-dimensional stratigraphic
architectural models (e.g. Mountney, 2012) with which to illustrate the range of
I . ¥ 2 possible sedimentological complexity likely to be present in preserved dune-field-

perodically R — o X \ margin successions (Al-Masrahy and Mountney, 2013 and 2015). Appreciation of
e ) 7 7 this complexity has significant applied implications because interdune and dune-

rasnss foct S == ks 5 2 plinth elements typically act as principal and subordinate baffles to flow,
respectively, in aeolian hydrocarbon reservoirs, whereas dune lee-slope
elements typically represent effective net reservoir. Results from this study are
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dune-field centre
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channel elements decreases
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Single-thread fluvial channels pass long-term position of Eross-strata that dip in Tuvial system has / / heterogeneity in aeolian and mixed fluvial-aeolian successions, from which
Interdunes that are not subject to fluvial to the dune-field zlong open ) the fateral dune-field Style of stacking of fuvial ot dirachion per L o redictions are made regarding reservoir heterogeneity and flow behaviour.
incursion may accumulate damp-surface 2 interdune corridors S o e margin CEEC T D Localized erosion from toe of advancing lived position in this ephemeral, medial channel P! 9 9 9 Yy .
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istance of fluvial incursion r me fleld, 9 " fluvial pre distal reaches of the system.
along inercune cordors s contrlled despit tho crestines of the indiates a fxed margin Principalsand transport vl procosses y eferences
Climbing damp and wet intercune by the magnitude of the flood and the dunes being close o parallel to Increased\ncidence of fluval channels posiion directon along crest o inear N Repeated flooding 1 ) o vty e v el A, S o fcn s 115170
strata form elongate lenses within ength of the open corridor:in ths 3 the direction of fluvial incursion directly abhye supersurface; reflects B diorms; delivery of aeolian “ Where fluvial systems rework aeolian sand, maintains an open corridor 2 gt - e = s
june-field margin areas; Thickness, ‘example the cormidors are closed s ability of f\wial systems to pass Increased occurrence of sand into the fluvial channel . the resultant fluvial deposits wil take on into the dune-field interior; coe sy Pros e oy 3 o1 o
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Increased incidence of single-thread typical scale corridor that is open to the outer dune- typical scale This model is analogous to typleal scale Fixed discharge but narrower interdune channel I i i i, T . S G Sy sl itn
fluvial channel slements associated with 3 field margin the moden scenario at the northern ., results in faster flow and deeper water: fluvial |, 10-20 m thick aeolian sequences accumulate g e e K o N, 45 59.36,55.25
fluvial incursions across desert plain ST —rom marginofthe main Namib Send Sea —rSon incision into the floor of the interdune by the fluvial ——— during episodes of relative climatic aridity. R |
S e gt oo e Kiseb Rk curals e channel as the velocily ncreases. ———

of climbing associated with next major
phase of aeolian system accumulation
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