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Abstract

On-going exploration of conventional hydrocarbon plays is increasingly focused towards the development of geologically complex reservoirs
for which stratigraphic heterogeneity is difficult to predict. Many such current reservoirs, and an increasing proportion of likely future ones, are
characterized by sedimentary bodies that accumulated as mixed eolian-fluvial systems that competed and interacted synchronously. Well-
known reservoir examples include the Permian Unayzah Formation of Saudi Arabia, the Permian Rotliegend Group of the North Sea, the
Triassic Ormskirk Sandstone of the East Irish Sea, the Jurassic Norphlet Sandstone of the Gulf of Mexico, and the Cretaceous Agrio
Formation, Argentina. These mixed depositional systems typically exhibit highly variable lateral and vertical facies configurations that
preserve complex juxtapositions of architectural elements composed of stratal units with markedly variable reservoir properties. Such
stratigraphic partitioning is intrinsically difficult to predict from limited subsurface data. As such, there exists a requirement for more
sophisticated geological models to better account for reservoir architecture and connectivity. This work uses outcropping case-study examples
of eolian-fluvial interactions from the Triassic Sherwood Sandstone Group of the UK and the Permo-Pennsylvanian Cutler Group of southeast
Utah, USA, to develop a suite of predictive models that depict common styles of stratigraphic complexity within eolian-fluvial systems.
Studied successions accumulated in response to a variety of system interactions, deposits of which are preserved at a range of spatial scales
from 100-104 m: (i) short-lived and localized fluvial reworking of eolian dune deposits in response to flash flood events; (ii) eolian reworking
of fluvial deposits via winnowing; (iii) the fluvial exploitation and possible damming of open interdune corridors; (iv) the flooding of isolated
(spatially enclosed) interdune hollows in response to an elevated water table. Identified types of interactions are characterized within a spatial
scheme whereby occurrences can be used as a predictor of relative position within the larger-scale zone of transition between coeval eolian
dune-field and fluvial systems. Application of this spatial scheme allows for prediction of the type of eolian-fluvial interactions expected for a
range of paleogeographic settings, thereby serving as a tool for ranking exploration targets within larger prospect areas.
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Facies & Architectural Elements|
Facies
Fifteen different lithofacies types have been identified within the
lower Cutler beds succession. Each is briefly described in the
facies section; accompanying representative photographic
examples are shown.

%5and dune element

Farley Canyon|
The Organ Rock
Formation is exposed
at Farley Canyon and
has been interpreted
as a distal member ofa
distributive fluvial
system (Cain &
Mountney, 2009). As
such, there is a
reduction in the size
and frequency of
channelised fluvial
bodies in favour of
laterally extensive
pervasive sheetflood
deposits. Some of
these sheetfloods
show instances of
crude pedogensis
indicating generally
quiescent conditions
with minimal
) sedimentation taking
place.

Stacked eolian

Flooded interd:
looded interdune dune elements

Sand dune Gritstone barform|
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Architectural elements

Six different architectural elements are recognised within the lower
Cutler beds (eolian dune, interdune, fluvial channel, overbank,
marine granulestone barform & limestone sheet). Common styles
of interaction and relationships between elements are depicted in
five block models.
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Stacked overbank elements
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Granutestone barform overlain nd grading to imestone bench
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Shallow-marine barform
& limestone bench

Fluvial incursions are short-lived
and are commonly only erosively ¢
based in part

Overbank and
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Where discernable, overbank-element palaeocurrent|
orientations are highly variable

Sand dune and
interdune elements

Channel architecture internally
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dune-scale mesoforms;

in-channel migrati
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Palaeocurrent Measurements Intense rooting and

with
deflationary supersurface

Sinuous-crested
transverse eolian
dune bedforms  {J

Interdune elements vary
in downwind and lateral extent

Palaeocurrent data grouped for eolian, fluvial & marine
systems. Fluvial readings taken from primarily x-bedded
SST facies; eolian readings taken from grainflow and
grainfall facies. Shallow-marine readings taken from
granulestone lithofacies.
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(Introduction)

The preserved sedimentary expression within dryland environments was traditionally thought of as the
product of either extensive ephemeral fluvial sedimentation or by eolian sedimentation in the form of
varying styles of migrating duneforms. However, within the last couple of decades increasing evidence
has shown that few dryland environments remain solely within the remit of either eolian or fluvial
completely, commonly exhibiting a mix of both. This study details the four types of eolian-fluvial
interaction.

Dunefield arrangement N

In-phase duneform trains

Sinuous duneforms that maintain equidistant spacing between bedforms in
the train. As such, the interdune space is often open and continuous along its
length.

In this idealised example, in-phase configuration of the sinuous transverse
dunes allows fluvial incursions, as either a pervasive or channelised flow, to
occupy and flow along interdune corridors.

Out-of-phase duneform trains

Sinuous crested bedforms with an out-of-phase configuration. The
configuration generates areas in the dune train where interdunes narrow,
and dependant upon the dune wavelengths, become pinched. This
relationship creates natural bottle-necks to incursive fluvial flow.

blockage point

The idealised example here depicts the complete barring of fluvial flow where
two duneforms meet.

Xeric
environments
of the world
(highlighted
in yellow)

background

@ Rhizolith and associated concretion ¢ Obstacle / fall
Rip-up clast
“-Cross-strata

Eolian surface generation

[Jsand dunes

- Interdune bounding surface

len blocks / hollows [ Interdune
[ Photo background

Q Scale indicator

Examples of coeval dune- interdunes with

diagrammaticillustrations. Feathering denotes
coeval nature, most notable in '‘B" & ‘C’.
Conceptual model below indicates
relationship.

Sedimentary structures include desiccation cracks,
adhesion structures, root mottling & bioturbation

Feathering of dune &
interdune strata

Deflationary Supersurfaces

angles of climb (bypass).

Flooding Supersurfaces
Fluvial incursions result in the raising of the actit

supply. Duneforms begin to bypass.

Generated from periods of sediment supply restriction and/or
increase wind carrying capacity. Resulting in a net loss of
sediment from the dunefield with duneforms migrating at zero

sediment to wind entrainment - effectively reducing the sediment
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required for colonisation by vegetation.

Examples of regional correlatable eolian supersurfaces.
In both of the above examples rhizoliths eminate from the
supersurface and denote an unconformity; i.e. the time
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Interdune damming occurs where flood waters become blocked within the dunefield; a result of
three-dimensional, out-of-phase duneform configurations. The damming of the fluvial waters may
not be restricted to one interdune, but result from the destruction of some eolian dunes to form a wider
dammed area depending on the strength of the fluvial incursion.

Modern Examples

waters. A) Lake Eyre, South Australia, B) Sim|
Desert Conservation Park, South Australia, C)
Pathraoota
South Australi

Rock record example

Eyre, So

The photographic
example and
diagrammatic
interpretation depicts
two small sub-metre
thick lacustrine
deposits. Each shows
variable waterlevel
indicators through the
presence of multiple
desiccation cracks
emanating from
multiple horizons in
each element.

Desiccation
cracks

Australia.

of the dam
lake margins

Pond/lake deposits
surround
duneforms.
depicts a si
dam from

Google earth images of dune damming of fluvial

~N Northeast Lake

Note ‘A’ & ‘C’ show
dune damming
resulting from 5 m
multiple eolian
duneforms. Some

straight edges
resulting from the

interdune element.
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numerous
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“g . Water body margins are
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morphologies

water

body dammed by
duneforms

med
have LAY

ing
‘D’ . ‘U
ngle | | ongrelatively
one | waterbody are resulting
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Photographical examples of
the potential consistent facies
types present within ponded
interdune (dammed
interdune).

A) Planform example of
dessication cracks,
highlighted well by finer,
lighter sediment fill to the
cracks, B) silcrete layers
within an eolian interdune, C)
Interdune deposit with small
climbing ripples overlain by
dessication cracks, D)
Irregular shaped wave ripples,
likely resulting from wind
agitation, E) well-defined
rippleforms, F) smaller thin
example of silcrete lens.

~

Conceptual model of eolian dune damming

Dune lee slope collapse may be

precipitated by the presence of water
\

S
Sedimentary structures
present vary

D Eolian sand dunes u Eolian interdune

In this example dunes are

in an out-of-phase geometry

\
Dune morphology and
arrangement controls
potential to bar and collect
fluvial waters

Interdune péﬁd may be larger
than a single interdune

Z

(Interdune Guiding)

(Eolian Dune Breach\]
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Interdune guiding results from the incursion of the eolian dunefield by fluvial waters along open
interdune corridors. The size of the interdune and dune wavelengths can either limit the incursion into
small highly guided corridors or allow more freedom within relatively larger interdune expanses.
Interdune guiding as depicted in the modern examples (situated to the right of this text) force the
fluvial system to flow perpandicular to the prevailing eolian migration direction. As such, instances
whereby the fluvial drainage direction and wind direction are near perpendicular to each other
facilitates this interaction type. Dune guiding also commonly occurs with close association to
examples of eolian dune breach.

vial waters follow sinuous
pen corridors formed
!, by in-phase duneforms

Modern examples of eolian
dunefield configuration.
Each example is
accompanied by a
diagramatic representation
of the dune and interdune
morphologies. Note barchan
dunes of ‘B’ and their
arrangement generate no
continuous interdune
corridors, as such,
preventing this interaction
type.

A) Sinuous-crested highly
variable dunes, Taklamakan
Desert, China, B) Barchan
dunes,Lengois
Maranhenses, Brazil, C)
Regular spaced linear
dunes, Simpson Desert,
Australia.

\
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Google Earth images of dunefinterdune control on
fluvial waters (dune guiding). A) Northwest of Lake
Chad, Chad, B) Southwest Taklimakan Desert,
China, C & D) Central Tombouctou Region, Mali.
Note that dune guiding occurs with intermitte
examples of dune breach.

Conceptual model below details the dune guiding
effect that larger eolian duneforms or draaforms
may exert upon fluvial waters in instances where
smaller bedforms are breached and reworked.

Compound duneforms and draaform

Conceptual model of eolian dune guiding Eolian dune shape and wavelength
control the size and shape

Fluvial incursion may completely of the interdune

or partially fill interdune dependant
on discharge amount and

Fluvial incursions are
predominately short-lived
with rapid onsets

Fluvial drainage direction is broadly
perpandicular to eolian migration direction

In-phase, sinuous and straight
crested eolian duneforms generate
open interdune corridors

D Eolian sand dunes u Eolian interdune
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(Accessory Flooding\l

Interdune breach results from the cutting of
eolian dunes by fluvial incursions. Such
instances usually involve relatively large flood
events, whereby the fluvial incursion has the
energy to erode and remove barrier dunes. This
interaction is best facilitated where competing
system flow directions are opposed (180°) .

Examples of eolian dune breach by fluvial channel elements. Fluvial channel
penetration into the dunefield is restricted to the most energetic channel elements,
as a result they often contain features not normally observed in other smaller
channel-forms.

Photos: A) Large channel element with highly irregular erosive base cutting into
underlying sand dune element, B) Large channel fil succession with cyclic pulses
in energy regime denoted by coarser bands, note eolian sand inclusions, C)
Close-up example taken from photo 'B', D) Energetic fluvial channel fluvial that
includes large tree trunks.

Examples of eolian dune breach
as a result of fluvial channel
penetration. A) North Lake Eyre,
South Australia B) Namib
Desert, Namibia, C) Lake Harry,
South’ Australia, D) South
Taklimakan Desert, China.

Example from the Undivided Cutler
Group, Paradox Basin, SE Utah. In
this example eolian sand dune
elements are eroded to form two
discrete separate lenses. Beyond the
limits of the photo the upper and lower
sand dune elements meet, suggestive

of acoevalrelationship.

Upper fluvial package is largely pervasive

(non-channelised flow)

Palaeosol development indicates
protracted times of quiescent conditions

D Sand dune
D Fluvial channel

. Fluvial overbank

. Conglomeratic Channel

D Palaeosol

bscured outcrop

Eolian sand dune locally removed
forming discontinuous lenses

Regionally correlatable

eolian sand dune unit

Presence of fluvial channel indicates periods of relatively
greater humidity locally or in upland source area

\\\

Signiﬁcant alluvial corridor
suggest multiple separate
flow events within the dunefield|

Conceptual model of eolian dune breach
Eolian dune breach often

accompanies components of
dune guiding

Y, D Eolian sand dunes u Eolian interdune

The dune breach may occur as a single
fluvial channel or larger channel
belt (see modern examples above)

Out-of-phase dune
trains create
isolated interdune

deposits

Dune breaching occurs at
opposing angle of flow between
the eolian and fluvial systems

(Conclusion)

2\

Overview

Accessory flooding, gh very similar in
expression to dune damming / ponding, is distinct in
that it occurs isolated from the direct effects of fluvial
incursions. Accessory flooding occurs where
isolated interdune depressions fall below the level
of the watertable; thus forming isolated ponds. The
watertable rise required to form this interaction is not
solely within the remit of fluvial incursions and could
relate to from; i) fluvial incursions, ii) intra-system
precipitation events, or, iii) proximity to larger
permanent waterbodies. Importantly as the flooding

J/

Accessory Flood types

The diagrammatic cross-sections detailed in this section
compare three types of accessory flood and an example of dune
breach. In each example the interdune flooding occurs in the
interdune situated on the leftside of the diagram which is
completely enclosed.

A) Precipitation event within the eolian system. Flood waters are
gathered within the localised interdune depressions. Such
examples are not frequent due to the general absence of
precipitation in arid and semi-arid settings. Accessory flooding

of the interdune occurs from a watertable source,
the deposits will be absent in fluvial facies types - a
key diagnostic feature in discriminating between
this interaction type and dune damming.

in such events would be short-lived.

B)Accessory flooding relating to the proximity to larger bodies of

water. This type of accessory flooding is the most likely to

Example facies Photo captions; A & B) wave ripples
- commonly resulting from wind agitation.

generate relatively persistent high watertable.

C) Accessory flooding relating to fluvial incursions. Such
accessory flooding would be most prevalent adjacent to the
flood incursion.

D) Example of dune breach for comparison. Note the removal of

the barrier duneform and the chance to preserve fluvial facies
types in the adjoining interdunes.

.

watertable rise. A) Lengdis Maranhenses, Brazil,
Mongolia.

flooding in relation to its proximity to the ocean.

Google Earth images of accessory flooding within dunefield as a result of
B) South Gobi Desert,

Note that the example from Lengbis Maranhenses experiences accessory

C model of y

e Completely enclosed isolated
Rising watertable reaches __— interdune
level above the interdune —
depression flooding
the enclosed

~ Fluvial incursion loses
water via transmission
to the sub-surface

Non-fluvial facies types
present in accessory
flood element

Preserved sedimentary expression
of the duneforms is indicative
of out-of-phase geometries

Rise in watertable linked to fluvial activity

D Eolian sand dunes u Eolian interdune
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Overview

Conceptual model of
an eolian dunefield
from the erg centre to Eolian Erg Centre
its margin. \

The conceptual model
depicts a dunefield
subject to varying
types of fluvial
incursions. Notice the
increasing duneform
wavelengths, and
subsequent interdune
geometries, and
variation in duneform
morphology.

Example
of expected
scale

Subsurface scale

S

Two higher resolution
intermediate-scale
models below depict
examples of the erg
(right to left); i) fluvial
incursion of dunefield,
and, ii) fluvial
influenced eolian erg
margin.

Predominately eolian strata
with limited evidence for rare
fluvial incursion

Numerous solitary fluvial
channels preserved in section

Localised fluvial runoff in intra-
dune-field setting

Dunes migrating SE
Fully enclosed \
(isolated) interdunes \
\

Tkm
-

/
/

Regionally extensive
deflationary supersurface

Smaller fluvial incursions
are more easily guided
by duneforms

Larger channels penetrate dunefield
along open interdune corridors

transverse out-of-phase dunes

Dune damming occurring at junction
between fluvial and eolian systems

Sinuous-crested

Extensive areas of calcrete
palaeosol development indicate areas
of little to no deposition
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Fluvial splays & floodouts
during periods of increased
runoff

Eolian Erg Margin

Solitary non-climbing
barchan dunes
|
|

Fluvial'sheetflood
deposits with rare minor
fluvial channels

\ At the erg margins preservation
~ favours fluvial sedimentation

Unconfined fluvial sheetflood deposits with
\\ localised evidence for eolian reworking
\
Increased frequency of damp & wet
eolian interdunes in marginal dune-field areas

Sheet-lik

Intermediate-scale model: fluvial i ion of

Eolian dune orientation acts
as a barrier to fluvial inundation

Ponding of fluvial e
channel by eolian dune
Larger fluvial channels able to break yd
through dune corridors

Relict abandoned
channel morphologies

\S

Palaeosol preservation is low, due to
susceptibility of reworking by

controlled primarily by
overbank deposition and channel avulsion

Terminal floodouts common in medial
fluvial plain areas; loss of water via

Intermediate-scale model: fluvial influenced eolian erg margin
Dune morphology varies commonly from
erg centre to margin. In this example
Amalgamated interdunes become
laterallysemi-continuous

ion &

-~ Vegetation development
favours areas of higher
moisture content

- Larger trunk channels maintain
discharge for longer periods

"

Episodic avulsion of the channel

belts leads to complex stacked
fluvial architectures

Smaller splay channel linked
to larger parent fluvial channel

calcrete-rich palaeosoi
marked by rhizoliths
and root mottling S/

Preserved

/

Restrictions of sediment supply
locally causes migratory but

non-climbing dune

eolian transport

Fluvial overbank deposition
between eolian dunes
- Overbank interdune
(Langford & Chan, 1988)

Wet interdunes with
desiccation cracks &

isolated barchan duneforms _ bioturbation

Calcrete palaeosol
horizons preserved
in subsurface

Végetated interdune flats subject
to calcrete palaeosol development

Older eolian dune sequence
recording previous episode of

Solitary cﬁanne\
erg development

with extensive

overbank sheet Minor isolated splay

channels preserved in section
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(Introduction)

Geological setting

The Sherwood Sandstone Group is late Permian to Mid-
Triassic (Ladinian) in age. The Early Triassic in Britain was
characterised by rifting and extension, related to the break-
up of Pangea, with thick accumulations of arenaceous
sediments developing in a series of actively subsiding
linked half-graben which fringed the local palaeo-high of
the Pennines. Locally, preserved sediments reach over
1000 m in some depocentres, with younger units
overlapping inter-basinal highs. Regional-scale
depositional models suggest a southerly source in the
Variscan foldbelt some few hundreds of kilometres to the
south, with northwards draining rivers bifurcated by the
Pennine High, diverting sediment westwards towards the
Cheshire Basin, Lancashire and Cumbria, and eastwards
tothe Needwood Bain and East-Midlands Shelf.
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The Sherwood Sandstone is a critical geological unin

in Britain. It is the 2 most important groundwater
aquifer in England, and is a reservoir to hydrocarbon
fields both onshore and offshore. Its close spatial
relationship with the Coal Measures and proximity to
major urban areas including Birmingham and
Manchester has led to localised contamination. As

such, an understanding of petroph | properties
f the gr relevantto man: N

Lithostratigraphy Challenge

The classification of the Sherwood Sandstone is
largely based on lithostratigraphy, due to an
absence of age-diagnostic fossils. Historically,
this succession has been split by using gross
differences in composition and character (e.g.
pebble content, degree of cementation).
However, whilst this approach is successful in
areas of lithological variability and good outcrop
exposure, and can to some extent be confirmed
by borehole cores and logs, it is difficult to apply
where variations are more subtle, or outcrop and
cores are notavailable.

The Sherwood Sandstone Group exhibits
considerable facies variation to the west of the
Pennines (Cheshire and East Irish Sea basins).
In many areas, the group can be divided into a
tripartite succession comprising a lower fluviatile
unit, @ middle unit that is predominantly eolian
(becoming more so in distal areas), and an upper
unit of mixed eolian and fluvial facies which have
a complex spatial relationship. In this
succession, major erosive bounding surfaces
may represent significant time-gaps. Whilst this
subdivision is possible across much of central
and north-west England, correlations in the
north-east (East Midlands Shelf and Cleveland
Basin) are difficult to establish and the group
remains undivided in the east.

To the east of the Pennines, the apparent lack of local and regional-scale
i i iability in a i ion that reaches over
600 m in thickness is difficult to explain given the obvious variability at the
outcrop-scale, where a degree of emergence (overbank and the development
of rare vertisols) is evident at outcrop. The relationship between basins to the
east and west of the Pennines hinges on a key region between the Needwood
Basin and East Midlands Shelf. Bedrock exposure is poor, and there is an
absence of borehole core material to analyse, precluding a fuller
understanding of this relationship.

Adding detail to models
Analysis of outcrop sections from the East Midlands Shelf show a
variable facies and element constituent at the sub-seismic (up to ~5
m) scale. This is not observed on down-hole or traditional lithological
logs, and facies analysis is much improved by integrating borehole
descriptions with log. One important marker horizon that can be
identified from geophysical logs to the west of the Pennines is a
prominent log shift within the lower part of the Sherwood Sandstone.
This is characterised by an upward decrease in both sonic and
gamma responses, and although identified regionally and offshore
into the East Irish Sea Basin (e.g., Colter & Barr, 1975), the interval
has not been described from cores onshore. However, it is likely that
the interval represents an upward-drying event, with facies becoming
less clay-prone.
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Thinsection captions: A) Cross
beds, mud laminations and soft
sediment deformation. Differential
compaction. B) Cross beds,
framework grain dissolution. C) Rare
eolian grain with quartz overgrowth,
framework grain dissolution and
patchy fluorite cement. D) Baryte
replacement of carbonate,
framework grain dissolution. E)
Deformed muscovite, framework

grain dissolution.

S

(Architectural Panel\]

UNIVERSITY OF LEEDS

ERG ERG

Code Lithology

Spb  Sand, medium- to coarse
grained, with abundant pebbles
(>20% by vol.)

weakly (A)
Sp  Sand, medium- to coarse
grained, sometimes pebbly

St Sand, medium- to coarse
grained, sometimes pebbly

S| Sand, fine - to grained,

Sedimentary structure
Normally graded - sometimes

Planar crossbeds arranged in
single or multiple sets (B)

Trough crossbeds arranged in
single or multiple sets (B)

Interpretation
Channel lag deposits

Migration of single / multiple 2D
bedforms

Migration of single / multiple 3D
bedforms

Low-angle
isolated pebbles ©

=<15°  Migration of humpback duneforms (cf.

Kostaschuk and Villard, 1996)

Sh1 Sand, medium- to coarse-  Horizontal

grained, isolated pebbles

Sh2  Sand, very-fine- to fi di

parting ineation (D)

Upper flow regime)

grained

Sr Sand, fine- ¢ di grained

Hori ination, rare
instance of cm scale bedding
E)

Settling from suspension

Ripple !

Sm  Sand, fine- to coarse-grained,
isolated pebbles

FI Sty sand (very fine) rare
instances of mud crude

Structureless - Massive (F)

Fine lamination, of

tion (G) Migration of rippleforms

Gravity flow deposit

ften contains  Non-channelised flow and settling
H from i

(H)

Name Des ion

Lateral Lensoidal shaped with a

accretion lateral extent of 10-18m
element and thicknesses 1-2m.
Channel Erosively based ‘u’

shaped element. Lateral
extents ofupto 20 mand
thicknesses upto 3m.

Downstream Lensoidal shaped, <2.6

accreting  m thick with lateral

element extentsupto40m.

Chute Smaller erosively based

channel channel feature; 1.2-2.6
m wide with a thickness
~0.5m.

Sandy Discontinuous tabular

floodplain  shape, thicknesses up to

3mand lateral extents of
upto20m.

Channel
Chute channel

Sandy

[ ] vateral accreting barforms

Downstream accreting barforms

Ripples
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Pebbles concentrated on inclined
beds in repeated cyclic pattern

Overbank deposits delimitated
by bounding surfaces

Some channel-fills appear massive;

Extensive overbank deposition -
though devoid of mud materal

Small chute channel
formed from erosive flow over
the top of other bedforms

Rare example of channel-fill
showing complete ‘typical’

possibly suggestive of rapid deposition

Channelform amidst
numerous barforms

fill succession

Multiple stacked lateral accretion
elements could be indicative of

Matrix-supported conglomerates (Gmg)
Planar crossbedded SST (Sp)

Trough crossbedded SST (St)
Horizontally bedded SST (Sh1)
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Horizontally laminated SST (Sh2)
Low-angle crossbedded SST (S1)
Laminated Mudstone (FI) ~ °"
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The boreholes detailed
here show the general bulk
facies assemblages of the
Sherwood Sandstone
Group. Note the absence of
eolian facies types from the
boreholes taken from
central and eastern
England (see map in intro
section).

Whilst prevailing climatic

conditions were conducive

to eolian dunefield
development across both
the east and west of
England during the early
Triassic the lack of any
observed instances in the
east is suggestive of a
sediment supply or
carrying capacity limitation
tothe wind conditions.

Log legend
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Low-angle planar SDST
SDST - massive
Horizonta-laminated SDST

Upper plain beds (SDST)
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(Conclusion)

Analysis of one particularly well-exposed and accessible sandstone section at
Styrrup Quarry (north Nottinghamshire) has allowed the sedimentology and

internal geometries of the lower part of the Sherwood Sandstone Group to be
placed in a modern context. The quarry section comprises a section 140 m long and
up to 8 m high, allowing elements both broadly parallel and perpendicular to

depositional flow to be examined.

Description
The sandstone at Styrrup Quarry preserves four main
fluvial pulses comprising five discrete facies elements.
Downstream accreting barforms comprise the
majority of the section, and are up to at least 40 m wide,
with a preserved thickness of up to 2.6 m. The
relationship of surfaces within the downstream
elements suggests smaller parasitic bedforms infront
of, or on, the larger bedforms. Lateral accretion
bedforms may be associated with some downstream
influence, or be related to deposition in the falling
stage, triggering lateral bedform development.
Channel elements are also preserved, with horizontal
lamination indicating upper flow regime conditions in
some examples. A notable feature at Styrrup Quarry is
a preserved, low-sinuosity chute channel, cut into a
major downstream accretion element. Such features
have not been identified previously. Preserved
overbank deposits are common, but are sand, rather
than mud-prone. Lateral extents vary up to 20 m, with
thicknesses up to 3 m. Preserved mud in the systemis

restricted to mudstone intraclasts, which range up to
J

\.cobble size.

Dominant palaeoflow

was to the southeast
Downstream =—=sN
accreting barforms = =

Smaller mesoforms
also present

Preserved
expression is
dominated by vertically

and laterally stacked

barform elements channel barforms

may have been
partially emergent

Barform bounding surfaces
commonly contain a pebble lag

Some bars had a
component of lateral accretion

Depositional Model,
The facies elements support the previous
general interpretations of a low-to moderate-

Overbank areas preservation
potential was likely low

No eolian facies Plant sinuosity braided fluvial system. It is likely that
present in overbank | colonisation | Nis system did not reach equilibrium, and a
areas not observed variable rate of discharge is indicated by
numerous reactivation surfaces and chute

channel development, although variability is

thought to have been limited, allowing for

continuous river flow. This point is interesting

when considering the distance from source

(500 - 600 km to the south), suggesting a

significant input of water into the basin.

Perennial conditions are also supported by the

absence of eolian deposits preserved at Styrrup
\ Quarry. )

Relevance

This greater understanding provides data at the sub-seismic scale
pertaining to internal sandbody heterogeneities which can be
upscaled and used to parameterise fluid flow and transport models.
The facies of the Sherwood Sandstone are known to exert a strong
influence on secondary diagenetic processes (cementation,
deformation including fractures), that may result in the development
of reservoir compartmentilisation. These improved models are
relevant to hydrocarbon exploration and production activities
targeting either the Sherwood Sandstone (e.g. Morecombe Bay,
southern North Sea), or traps associated with dryland fluvial
systems. This work is also important to the development of
hydrogeological flow models for water resource management and

at Styrrup

Channel belt
bounding surface

contaminant transport studies in redbed fluvial systems.
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