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CHAPTER TWO 

THE WIND, BEDFORMS AND CROSS-BEDDING 
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FIG. 2.2 Wind ripples on the beach at Bamburgh, 

Northumberland . Note low amplitude and straight 

crests. Wind from right to left. Diameter of lens 

cap = 50mm. 
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FIG.2.3 Heavy lines mark the crestlines. of-a typical arrange­

ment of wind'ripples. A, Band C mark the paths of 3 gr:ains 

saltating across the area. According to the ballistic theory 

for the origin of wind ripples, each jump in saltation should 

correspond to one ripple wavelength. Note how the grains are 

therefore forced to take different length jumps at different 

times and places, despite the constancy of the overall flow 

conditions. This situation cannot be explained by the ballist~ 

ic mechanism. _After Folk (1977a). 
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FIG 2.4 Rp/R v p where Rp = coefficient of rebmmd att­

ained by·~~ of the grains and R = mean rebound. 
Vertical bars show range of results obtained. 
After Ellwood et al. (1975). 

n 

FIG. 2.5 The number of saltating grains landing at points. 

on the surface downwind of a point source at o 

. assuming a characteristic path length~ with a fin­

ite standard deviation.· 



. 1.4 
FIG2.6 BEDFORM TYPES (after Wilson, 1970) 

Direction of net sand 
drift in all examples 

(all slipfaces hachured) 

(A) Gridiron: longitudinal elements in phase 

.. ·. . .. 

·· ... 
:·~· _, .: .. . 

~ . .. ·: .··· . 

. .·:•:. . 
··: 
'! . 

: .... 

(B) Fishs<::ale: longitudinal elements out of phase 

(C) Braided: transverse elements out of phase 



FIG 2.6 (contd.) 

,·, 
/.··. 

\ 
\ 

(D) Fishscale pattern tending to a two trend rhomboidal 
network. 

. . . ~ . . . f..· ... 
. (E) Fishscale pattern tending to a hexagonal network. 

(F) Oblique elements on a barchan. 



FIG. 2.7 Fairly straight-crested transverse dunes on 

sinuous transverse slipfaced draa with planar interdraa 

ares. Forward-pointing (linguoid ) parts of the draa 

tend to be ~artly slipfaceless. Note the si~e of the 

bedforms and the irregularity of the pattern. Location 

approx. 23°N, 54°E, eastern Rub' al Khali, Saudi Arabia. 

Reproduced from McKee (1979a, fig.l74A). Annotation is 

McKee's. 
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FIG 2. 8 

(A) 

(B) 

(C) 

(D) 

A B 
~ ~ Wind regime with 

1 
A & B equal in 

c sand carrying 
power, C subordinate. 
Fishscale network, probably 
of slipfaceless draa or 
with revers~l lips on dunes 
if c is effective. As-c-o 
draa develop slipfaces, 
dunes lose reversal lips. 
If A & B are nbt equal the 
pattern will lose symmetry 

{I 

correspondingly and one trend will become dominant. If 
points such as P are nodes and become emphasized the pat­
tern may take on a stellate form. 

. . . . 

.. 

/f"' 

'. 

\ 
~ 

If a ridge·is stable when it is either 
transverse or oblique to the wind a 
single symmetrical body can accommodate 
180°of wind direction as illustrated. 

Expressing the same poitit in·a 
different way, if tw~ winos ~iff~ 
ering in direction·by 4~ or less 
share ridges, the 8-mode ·wind regime 
illustrated in· (C), is th~ ·most 
complicated possible and is acc­
ommodated by just two symmetric-
al ridge tiends. 

If winds need only differ by 30° 
in direction to develop separate 
ridges 1 a 12-rnode wind regime is 
the most complicated possible 
and is accommodated by 3 symmet­
rical ridge trends. 



MIGRATING & CLIMBING SLIPFACED DRAA 

1st order bounding surfaces 

MIGRATING & CLIMBING SLIPFACELESS DRAA 

1st order bounding surfaces 

3rd order bounding surfaces 

~ 

angle· of climb 
of drcta 

FIG. 2.9 Sections parallel to sand drift of systematically behaving slipfaced and slipfaceless draa • 
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FIG. 2.10 Factors governing 1st order·set thickness 
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~-~at D m/year. 
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thickness 

~0 , draa wavelength 

Pres~~ved set thickness given by H'= ~o~b m. 
D 

Note that with a constant sand-drift rate, if the draa wave­
length & height are halved,the migration rate will double & 
the preserved set thickness reduced by a factor of four. 



· FIG. 2 .11 Factors governing 3rd order set thickness 
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Preserved third order set thickness is given by 

h =? }\cl.sinE. .A. D . "-clsin9, the approximation being 
~ . d + D 

good (within 1%) fo~ natural examples. 
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LINGUOID PATTERN 

Cross section: 

X 
. . . I .· 

X' 

X X' 
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linguoid element 
not preserved 

attachment 

Net sand 

Longitudinal 
separation line 

LUNATE 

Cross section: 
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X" 
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linguoid element 
not preserved 

.N.B. GEOMETRIES ARE HIGHLY IDEALISED 

X' 

FIG. 2.12 Preservation potential of linguoid and lunate elements in sinuous transverse 

bed~orm patterns. 

N, 
~ 



FIG. 2.13 

order surfaces 

convex up ·if. 
1 inguoid ;;ele­
ments lack ~ 
slipfaces 

Cross-bedding pattern for one order of sinuous transverse 

.-.bedform behaving entirely systematically. Angle of bedform . 

climb decreases down the diagram, though the rate of climb 

. rep~-~sented by sets at the base of the diagram: is probabiy···. 

greater than natural examples by a factor of at least two. 

If the bedforms represented are draa, side of cube =·sao to 

200bm; if dunes,. side of. cube ::1: 50 to 200m. 

·' 



FIG~ 2.14 Cross-bedding pattern for two superimposed orders 

of bedform, both sinuous transverse and behaving systerria.t;.ic~lly. 

Angle of first order bedform climb decreases doWn the diagram~ 

The scale of the diagram is not uniform -: to facilitate rep­

resentation there is some vertical exagerrat1on. Bedform sin-

uos it:.ies are varied across :~-.the diagram foi:- illust,rati ve pur-
~ 

poses. Note the similarity of lst and 3rd order surfaces in 

the_yz section. \,. 
KEY: 

= 1st order bounding surfaces 

= 3rd order bounding surfaces 
' ' ' = cross-laminae '·' .... '..:' 
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FIG. 2.15 Longitudinal and transverse vertical sections of a sel­

ection of modification surfaces. 

(A) Crest rounding by vortices induced upstream 

longitudinal section 

(B) Increase in crest height caused by change in flow pattern 

· (C) Wind reversal 

(D) Change from a slipfaceless to slipfaced draa 

I 
.3 

3 

I 
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FIG. 2.16 

CAPTION OVERLEAF 



FIG. 2.16 Cross-bedding pattern envisaged for two super­

imposed orders of bedform with partly random behaviour~ 

The bedform si"uos i ties and the state of the draa lee-
'· 

sides are varied across the diagram to illustrate the 

possible scope of these features. Such frequent altern~t­

~ ions are not to be expected within individual formations. 

Net sand drift is in th~ positive x direction, as indic-

ated by the large arrow. Note the difficulty of disting­

uishing the various orders of bounding surface, especially· 

in the xz and yz planes. 

KEY 

= 1st order bounding surfaces 

= 2nd order bounding surfaces 

= 3rd order bounding surfaces 

------- -· selected 4th order bounding surfaces 

-· selected cross-laminae 
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FIG 2.17 BEDFORM SHAPES AND POTENTIAL PALAEOCURRENT AZIMUTHS 

(A) 

(B) 

(C) .. 

wind · 

.~ direction . 

\~ff\·1 
~I!~ 

::... . . 

Lunate fishscale pattern. 
After Wilson (1970). 

Oblique pattern. After 
Wilson (1970) .. (This pat­
tern could probably ex-
ist as an oblique trend 

without the SE'ly wind.) 

. . '. 

. ·. r_''.:~ . . 

. . ~-.. . . .... . 
.. . '·:.-: .. ·. \ 

. ··:. i' . . . .. .. 

... ' . 
. ·· . ';; : ~ . . . _:.· ':• 

'.' 

Lunate pattern. 

Potential palaeocurrent az- • 
imuths deduced from slip­
face orientations. 

PotentiaL palaeocurient ~z­
imuths deduced ·from .slip­
face orientations. 

Potential palaeocurrent az.:. 
imuths deduced from slip­
face orientations. 



CHAPTER THREE 

THE LAMINATION AND GRAIN CHARACTERISTICS 

OF'AEOLIAN SANDS 

28 



FIG. 3.1 Wind-ripple lamination in the Yellow 

Sands at Bowburn Quarry (see Ch.S). Note the 

thinness and parallelism of the laminae and 

their alternating grain size. Lens cap is 50mm 

in diameter. 
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FIG. 3.2 Sandflow lamination in the Yellow Sands 

at Sherburn Hill sand pit (see Ch . S). Note the 

homogeneity of the laminae, their evenness and the 

very thin finer-grained bounding laminae. The 

thicker bounding laminae may be accumulations of 

grainfall or wind-ripple lamination. 
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FIG. 3.3 Sand-sheet lamination at the base of the 

Yellow Sands, North Hylton (see Ch.S). The lamin­

ation is fine but slightly uneven, with wisps and 

lenses of coarse sand. Trowel (0.29m long) rests 

on the surface of the Carboniferous. 

31 



32 

CHAPTER FOUR 

THE LOWER PERMIAN SETTING IN BRITAIN 
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FIG. 4.2 Late Permian continent reconstruction of Scotese et al (1979). Dark stipple = mountains,medium 
stipple= other land, light stipple= shelf seas, blank= deep ocean. UK is at 20°N, l5°E. 
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N 
UPPER. PE.RMIA.N NORTH ( Scmt:SE. tr~, 1973) 

" ? TRIAS NORTH" ( St~~?TTON, 1556) 

,FIG. 4. 3 Palaeowind directions from British Lower Permian 

aeolian sandstones. 

1. = Corrie Sandstone, Arran, from Piper (1970) 
. . . 

2 = Locharbriggs Sandstone, from Brookfield (1979) 

3 = Yellow Sands resultant, this thesis 

4 = Penrith sandstone, from Waugh (1970) 

· 5 = Vale. of Clwyd, from Shotton (1956) 

·6 = Rotliegendes gas wells, from Glennie (1972) 

7 = Bridgnorth sandstone, from Shotton· (1956) 

8 = Dawlish Sandstone, from Laming (1969) 



CHAPTER FIVE 

. THE YELLOW SANDS - INTRODUCTION 

AND SEDI~..ENTAP-l STRUCTURES 
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FIG. 5.1 Approximate boundary between the sand and "br.eccia" facies 

~f th~ Basal Permian in County Durham. After Smith and.Francis 

(1967 I Pl. XV). 
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FIG. 5.2a 

FIG. 5.2b Palaeogeogra phy of t h e Rotliegendes. Bot h maps 
on t h is page from Ziegler (1981). 
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FIG. 5.5 Specim~n of the pebbly layer at 33,1 in 

the Cullercoats section (Encl. 1). Fine pebbles of 

quartz evenly spread i n the fine sand. Scale (mm) 

at bottom right. 
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FIG. 5.6 The base of the Yellow Sands at Tynemouth, 

with Westphalian sandstones and shales below. The 

unconformity (dotted) is offset by a small fault. 

The Westphalian rocks are variously coloured red, 

yellow and grey. Hammer (arrowed) for scale. 
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FIG. 5.7 The unconformable contact of the Yellow 

Sands and Westphalian sandstones at North Hylton 

{Encl. 2). The hammer {0.36m long) rests on yellow 

and red Carboniferous sandstones. The Yellow Sands 
~ 

above the unconformity~a sand-sheet lamination as 

far as the end of the hammer handle, with wind­

ripple lamination above. 
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FIG. 5.5 The only example of surface deformation 

seen in the Yellow Sands (just above lens cap). Dip 

of cross bedding is ~30°tO the left. Lamination is 

thin sandflow with wind ripples. The deformation 

consists of a small overthrust directed downdip. 

Lens cap is SOmm in diameter. McCall's Quarry, 

40,7 on Enclosure 3. 

r 
I 
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FIG. 5.9 The top of the Yellow Sands at McCall's 

Quarry between 150 and 180m on Enclosure 3. Shows 

the pavement excavated on the top surface and the 

slope on the top. Author for scale. 
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FIG. 5.10 Photograph of the pavement on top of the 

Yellow Sands at McCall's Quarry. Shows several 

" specimens of Lingula crederi (arrowed). Lens cap 

diameter = SOmm. 
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FIG. 5.11 Details as above except that the fossils 

are believed to be casts of Permophorus costatus. 
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FIG. 5.12 The north face of Hetton Downs Quarry, 

in 1971. Far more structure was visible then than 

now, though cross bedding cannot be detected in the 

upper part of the face. From a transparency kindly 

loaned by Dr. D.B.Smith. 
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FIG. 5.13 The top surface of the Yellow Sands,with 

overlying Marl Slate,at the extreme Wend of theN 

face of Hetton Downs Quarry. Shows anastomosing 

cylindrical ridges which_protrude into the Marl 

Slate. Bedding plane dips lO-l5°tO the left. 

Compass is 100 x 65mm. 
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FIG. 5./~ View of the west face of Sherburn Hill 

Sand Pit. The top of the face corresponds closely 

to the top of the Yellow Sands. Distance from the 

top of the face to the floor of the quarry ~3om. 

50 



FIG. 5 .IS View of Crime Rigg Quarry from the road­

side at NZ349418. Main face is "-'25m high. The sky­

line in the centre is the crest of the west face 

of Sherburn Hill sand pit. 
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FIG. 5.17 Gentle deformation at the top of the w 

face of Sherburn Hill Sand Pit ( 68,32 on Encl. 5). 

The top of the face corresponds to the top of the 

Yellow Sands. It is underlain by -2m of flat-.lying 

wind-ripple laminated sand. The surface visible is 

oriented approximately E-W, being the wall of a 

gully in the main (N-S) face. 
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FIG. 5 .l8 Lower surface of a specimen SOmm thick 

of the top surface of the Yellow Sands from a loose 

block below Sherburn Hill W face. Shows mottling due 

to bioturbation. Lighter areas contain a high pro­

portion of dolomite silt. Scale (mm) at lower right. 



FIG. S.lq The northern end of Bowburn Quarry, 

showing Yellow Sands, Marl Slate and Lower 

Magnesian Limestone. Note the flat top of the 

Yellow Sands. The Yellow Sands face is 70m long 

by Bm high at maximum . Further excavations took 

place before Enclosure 7 was drawn. 
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FIG. 5.~ The north-western corner of Bowburn 

Quarry, Yellow Sands visible at right. The 

trackway lies along the top surface of the Sands 

and pa r allels the slope (to the NW) of that sur­

face. Inverted hard hat (arrowed) and vehicle 

tracks give scale. 
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FIG. 5.21 Moulds believed to be of Perrnophorus 

costatus on the top surface of the Yellow Sands. 

Loose block, NW end of Bowburn Quarry. 
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FIG. 5.22 Deformation in Bowburn Quarry (112,11 on 

Encl. 7). The Marl Slate lies just above the top of 

the photograph, which covers an area roughly 1.5 x 

2.0m. 
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FIG. 5.23 Deformation in Bowburn -Quarry at 222,11 

on Enclosure 7. The deformation appears to have 

sheared against the overlying planar-bedded zone, 

which shows sand- sheet lamination. Lamination of 

deformed sand is a mixture of sandflow and wind­

ripple types. 
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FIG.5.24 Loose block in the NW face of Bowburn 

Quarry. Top of block is top of Yellow Sands. 30-

40rnm of structureless sand overlies wind-ripple 

laminae deformed at the left hand end of the 

block. Length of trowel blade visible is 0.14m. 
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FIG.5.25 Part of the main face of Bowburn Quarry, 

around 1S0-170m on Enclosure 7. The top of the 

face corresponds to the top of the formation. The 

photograph shows a transverse cut through a trough­

shaped set. Both the normal yellow colour and the 

lenses of red sand are visible. Author for scale. 
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FIG. 5.27 The top of the Yellow Sands above face 

H at Quarrington Hill Quarry. The chisel end of 

the hammer-head is level with the base of the 

Marl Slate, which is mostly obscured by talus. 

Below this is ~o.2m of sand showing a poorly 
cnoss 

defined ?aqueous small-scale1lamination, directed 

roughly southwards. This rests on wind- ripple 

laminated sand of the planar-bedded zone. Hammer­

head is O.l4m long. 
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FIG. 5.28 Lower Magnesian Limestone (top) rest­

ing on very thin Marl Slate above planar-bedded 

and cross-bedded aeolian Yellow Sands. East end 

of face E at Quarrington Hill Quarry. Hammer is 

0.36m long. 
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FIG. 5.29 Interbedding of sandstone and clayey 

Marl Slate, west end of face A, Quarrington Hill 

Quarry. Yellow Sands are continuous but structure­

less in the lower part of the picture. The sand­

stones visible within the Marl Slate are flat­

topped and based, and also apparently structure-

less. 
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FIG. 5.30 Contorted Yellow Sands at 116,6 in 

Ferryhill railway cutting. This is the largest 

magnitude distortion exposed in the formation. 

Hammer is 0.36m long. 
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FIG. 5.31 The High Moorsley exposure (NZ 334457). 

Shows Marl Slate resting on a slightly irregular 

surface of cemented and structureless Yellow Sands. 

The dotted line drawn across the rock marks the 

boundary between structureless and wind-ripple 

laminated sand. 0.63rn of tape is visible. 
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FIG. 5.32 The underside of a specimen taken from 

the boundary between structureless and laminated 

sand at High Moorsley. Shows a well-defined, 

inclined burrow,walled by dolomitic sand, pro­

truding into laminated sand. Scale (rnrn) at lower 

right. 

68., 



N 

I 
/ 

-E 

' 

Vector mean 

-. -~ -· 
.. : . .' .• L . .;_ - 10 readings 

FIG.5.33 Rose diagram of cross-bedding azimuths for the 

Yellow Sands. Composite of all exposures (239 measurements). 



McCall's Quarry. 

n = 20 

0.uarrington Hill Quarry 

Sherburn Hill Sand Pit 
Bowburn Quarry 

N 

w-j-. E 

5 

Ferryhill Railway Cutting 

n = 20 

FIG.~.34 Cross-beddin9 azimuths for 

individual localities 

5 readings 

d 
~--~-~--~·~"w!..-~----- ---- ~----~----·---



'60 

.so 
Ul 

+I 
~ 
Q) 

E 
Q) 40 
1-1 
::l 
()} 

10 
Q) 

E 30 

4-l 
0 

1-1 
(!) 2.0 

~ 
::l z 

10 I 
0 

0 6 .10 15 2.0 25 30 

Dip in degrees 

FIG.S. 35 Histogram showing frequency of magnitude of dip. 

(n = 242) 

w 

s 

FIG.5.36 ·tress-bedding dips plotted bi azimuth and 

.ma gni tude . 

·71 



I 

l 

DURBAN 

~ :-v: TL' · .. . .,.... ... ,. . 
---~ 

:·t·~~ 

~ 
~ 

···i~~':-:.-..__:_ 
,.........._ ~..:.......'-...:.::. 

SOU'rHERN NOR'.i'H S:t;A. 

Marl Slate. 
' 

0 -lm of fossiliferous, 
bioturbated or 
structureless,dolom­
itic sand above 0 -2m 
of flat-lying, wind­
ripple laminated sand. 
Cross-bedded sand be-

.neath with limited 
·local contortions. 

... 
~··.: 
. . : 

,•. 

.. 
... 

·&'f·· . . . . . . 
. . 

' .. 

~ ...... 

~ . . . 
I o' '' o' 

Kupfe:rscheifer. 
Homogenized, generally 
structureless white 
or grey sand with 
some deformation 
20m. 

Interbedded aeolian 
& fluvial sand. 
200 -300m. 

POLAND 

.e . e 

··.~.·:. 

:3Y•. 

. .. 

~ 
~ 
~ 

Kupferscheifer. 
Flat-laminated, deformed, 
or structureless white or 
grey sand. Occasional 
fossils at top. 0.2 - 20m. 

Aeoliah sand (240m); 
above fluvial sand & 
conglomerate (60m) • 

FIG .• 5.37 Comparative sequences a.t· the· top of the Rotl;,iegendes. Inf.ormation from· Nemec & Porebski 

{1977) and Glennie (1972). 

'lit 
., . I 

!. ....... , . 
)...> 

.:·. 



CHAP!'ER SIX 

THE DEPOSITION OF THE YELLOW SANDS 



FIG. b .1 

/ 
240" 

Reconstructed shape of the preserved leeside of a Yellow 

Sands dune assuming the presence of only 1 dune set .. This 

pattern encompasses 98% of the data but assumes perfectly 

deterministic bedform behaviour and uniform shape. 

Reconstructed shape of the preserved leeside of Yellow 

Sands dunes assuming the presence of two dune sets. Othei 

comments as above. 
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Fig. 6.3 (Opposite) 

Reconstructions of the Yellow Sands bedforms 

INITIATION: Sand sheets accumulate and isolated barchans migrate across 

a pebbly or rocky desert floor. Sand deposited by the sheets and 

barchans forms the nuclei of longitudinal draa. 

AGGRADATION: The draa . grow vertically and laterally by the ace-

umulation of sand from climbing sinuous transverse dunes migrating 

along their lengt~. 

STABILITY: As the draa reach equilibrium, the population of dunes 

is reduced by the spread of gently rolling sand-sheets. Vertical 

growth of the draa effectively ceases. 

(Diagram drawn by Sue Freeman, Exploration Division Drawing Office, 
BP, London. ) 



CHAPrER SEVEN 

THE LAMINATION, GRAIN CHARACTERISTICS AND PEI'ROLOGY 

OF THE YELLOW SANDS 
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YELLOW SANDS GRAIN SIZE DATA 

Abbreviations used: 

Bbn = Bowburri Quarry 

Ccts = Cullercoats shore section 

F = Ferryhill railway cutting 

HD = Hetton Downs Quarry 

HD' = the old pit at Hetton Downs 

McC =McCall's Quarry 

TABLE 7.1 

QH,G = face G at Quarrington Hill Quarry 

QH,D = faceD at Quarrington Hill~uarr~ 

ShH,N north face of Sherburn Hill Sand Pit 

ShH,W = west face of Sherburn Hill Sand Pit 

Lamination types: 

1 = sand-sheet 

2 = wind-ripple 

3 = sand flow 

s ·- apparently structureless 

Dip azimuths are measured in degrees clockwise from true 

north. 

statistical Measures: 

M = graphic mean size in phi units 

s = inclusive graphic standard deviation in phi units 

Sk = inclusive graphic skewness 

:K = graphic kurtosis (all after Folk, 1974) 

"Section ref" in.dicates the grid reference of the sample 

locality on the quarry face diagrams. 

An asterisk (*) denotes samples sieved at half ¢ intervals. 
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7'1 

·Summary of statistics: TABLE 7.1 (contd) 

Sand-sheet samples (n = 3) 

M ~ 1.92¢, s = 1.24¢, Sk = -0.01, K = 0.62 

Sandflow samples (n = 18) 

M = 1.56 + 0.66¢, s = 0.48 + 0.11¢, Sk = 0.23 + 0.36 

K = 1.31 + 0.45 

Wind-ripple samples (n = 21) 

M = 1.90 + 0.26¢, s = 0.81 + 0.21¢, Sk = 0.13 + 0.16 

K = 0.88 + 0.13 

st~'.lctureless samples (n = Ll) 

M == 2 • 1 7¢ I s ::: 0 . 51¢ I Sk = 0 . 04 I K = 1. 0 5 

Weighted by lamination, averages for the whole formation 

are: 

M = 1.80¢1 s = 0.74¢1 Sk = 0.16, K = 1.01 



·specimen no. Locality Section ref. Lam type & dip M s Sk K 

19/10-2 ( 30) ShH,W 08,05 1, flat 2.06¢ 1.19¢ -0.22 0.60 

. 2 3/14-- 6 < 31 ) ShH,N 1, flat 1.89 1.29 0"·01 0.63 

23//4-7(35) ShH,N 1, flat 1.81 .1.25 0.18 0.63 

10/11-3 ( 5) Bbn 52,06 3, 26/320 o. 2 1 0.43 0. 32 2.07 

10/11-4(6) Bbn 52,07 3, 26/32·0· 1.85 . 0.46 0.07 .1.20 

18/6-1 (17) Bbn· 170,05 3 0.53 0.65 0.53 1.29 

. 18/10-3 (18) ShH,W 166,18 3, 22/250 1.23 0.41 0.05 0.89 

14,/9-1 ( 2 4) . ShH,W 181,27 3, 24/270 2.44 0. 4 2 0.25 0.94 

23//L1-5 (26) ShH,W 82,15· 3, :?.2/330 1.50 0.37 o.oo 1.12 

14/9-2 ( 37) ShH,W 180,28 3, 24/260 1.22 0.44 0.06 0.90 

15/10-2 (39) Bbn 40,07 3 0.51 0.50 0.49 2.27 

... 11/1.2-•A * Ccts 28,07 3 0.70 0.41 0.40 1.83 

11/12-H* HD 3 1.80 0.29 0.12 1.36 

11/12-C* HD 3 1.88 0.51 -0.02 1.18 ~ 
tD 
t-t 

29/10-2 (12) HD 3 1.33 0.39 0.45 2.00 I:Ij 

.23//4-1(2) ShH,W 50,18 3, 32/170 2.07 0.70 -0.22 . 1.01 :-.! 
1-' 

23//4-3(3) ShH,W 92,15 3, 24/300 2.17 0.66 0.34 1.01 n 
0 23//4-2(4} ShH,W 76,18 3 2.26 0.50 0.02 0.95 ::s 
rt 
0.. -

co 
o. 

·-----· -----· ~ ------



Spec;::imen no. Locality . Section ref Lam type & dip M s Sk K 

06/5-5 (9) QH,G 3 2.12¢ '0. 54¢ -0.05 0.90 

29/10-4(23) HD 174,08 3, 22/290 1.63 o. 35 0.24 2.09 

5/11-7 ( 25) HD' 3, 26/240 2.29 o. 56 -0.07 0.98 

19/10-3(38) ShH,W 13,02 3, 20/320 1.68 0.52 1.49 1.54 

.· 2 3//4-4 (1) ShH,W 112,15 2, 26/210 1.75 . o. 99 0.16 0. 72 

13/10-6(8) HD 33,07 2, 14/270 1.53 0.88 0.02 0. 84• 

5/11-1(11) HD 245,12 2, 26/230 2.26 0.70 0.01 0.93 

13/10-7(14) HD 94,03 2, 10/280 1.92 0.64 o. 29 1.17 

12/10-4 (15) F. 115,05 2, 16/200 1.84 0.90 0.61 0.69 

·. 2 3/7- 2 ( 16 ) ·.McC 105,15 2, 28/210 1.97 0.96 -0.05 0.85 

21/7-:-2 ( 20;). QH,D 2, 18/290 1.7~ 1.20 0.22 0.69 

13/10-8(21) HD 178,03 2, flat 1. 6~· 1.01 -0.04 0.97 

. 2 9/10-1 ( 2 2) . HD 94,03 2, 10/280 2.06 0. 57 0.15 0.96 
1-3 

29/10-3 (27) HD 174,08 2, 18/250 2.10 0.63 0.17 0.81 ;J::I 
to 
t"t 

12/10-2 (28) F 03',03 .2, 20/290 2.29 0.56 0.06 0.75 l:'j 

18/10- 2 ( 2 9 ) 170,28 2, 18/270 2.42 0.53 0.08 0.88 
~ 

ShH,W . 
1-' 

18/10-1(36) ShH,W 172,21 2, 16/200 1.7" 0.89 0.15 o. 78 -() 
11/12-B* HD 2 1.48 0.88 0.02 0.94 0 

!:' 
rt 
a. -

. oo· 
~ 



Specimen no. Locality Section ref Lam type & dip 

HLH2* HD 2 

11/12-D* HD 2 

11/12-E* HD 2 

11/12-F* HD 2 

11/12-G* HD 2 

5/11-2 (13) HD' 2 

13/10-3 (19) HD 04,14 s 
13/10-5 (33) HD 08,12 s 
"14/9- 3 ( 34) ShH,W 182,29 s 

5/11-4(32)* HD' S, ?reworked 

4/7-6(10) SE475068 2 
nr Leeds 

M s 

1.6!.¢' 1. 20¢ 

1.61. 0.86 

1.88 0.59 

1. 9=1 .· 0.63 

2.07 0. 56 

1.78 0.59 

2.31 0. 44 :< 

2.49 0.45 

1.8l 0.63 

1.95 o. 52 

2.09 0.93 

Sk 

0.26 

-'-0.14 

q.o6 

0.13 

0.25 

0.13 

0.06 

. -0.04 

0.09 

0.06 

0.25 

K 

0.87 

0.84 

1.00 

1.08 

1.05 

0.98 

0.97 

l.Q4 

1.19 

0.99 

o. 76 

;; 
ttl 
t'"l 
I:Ij 

~ . 
...... 

(') 

0 ::s 
rt 
a. 

C1J 
J...> 
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FIG. 7.17 Split cores of the Yellow Sands -

Carboniferous unconformity {dotted) in N.C.B. 

boreholes DSB, Dl and D2 {L to R) • The 

Carboniferous rocks are broken and fissured, 

and those in D2 consist of fractured Carbon­

iferous siltstone with Yellow Sands filling 

a fissure. Note the grey colour of the Yellow 

Sands. Core Dl is stained red. Scale is O.lSm 

long. 
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FIG. 7.19 sandstone rock fragment breaking down, 

generating pigment. Note the concentration of 

pigment in hollows on other grains, the lack of 

cement and loose packing. Pore spaces filled 

with resin. Plane polarised light, scale bar = 
100~. Specimen from 105,16 (Encl. 3), McCall's 

Quarry. 
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FIG. 7.20 Degrading sandstone rock fragment with 

a rim of dolomite, in calcite- cemented sand. Note 

how the rock fragment has preferentially attracted 

the dolomite. Dept of Geological Sciences, 

University of Durham, specimen no. 22236, locality 

unknown. Crossed polars, scale bar = 1oogu . 

... 
. ----·· 
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FIG. 7.21 Possible basic igneous rock fragment 

in Yellow Sands from 76,16 Sherburn Hill, west 

face. Consists of a network of partially 

dissolved feldspar (type indeterminate), with 

interstitial rust-coloured opaques. Pore space 

filled with blue resin. Scale bar = 100~. 
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FIG. 7.22 Specimen from Ferryhill railway cutting 

showing a partially dissolved K-feldspar grain 

with associated authigenic kaolinite. Also note 

quartz overgrowths and poikilotopic calcite 

cement. Plane polarised light. Pore space 

impregnated with blue resin. Specimen taken from 

120,02 (Encl. 2), Ferryhill railway cutting. 

Scale bar = 100~. 
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FIG. 7.23 Wind-ripple lamination. Note the 

bimodality and good packing (cf FIG. 7 . 24). 

Fine laminae partially cemented by calcite. 

From ·a loose block, McCall's Quarry. Pore 

space impregnated with resin. Plane polarised 

light. Scale bar = 1000~. 
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FIG. 7.24 Thin section view of sandflow lamin­

ation, specimen from Sherburn Hill Sand Pit. Note 

the contrast in packing and sorting with FIG.7.23. 

Pore space impregnated with resin. Plane polarised 

light. Scale bar = 1000~. 
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FIG. 7.25 Secondary porosity from grain dis­

solution. Pore space filled with blue resin. 

Plane polarised light. Scale bar = 1000~. 

Specimen from Sherburn Hill Sand Pit. 

10b 



FIG. 7.26 Specimen from Hetton Downs Quarry, 

showing lamellar pores between calcite cement 

and clastic grains, and further secondary 

porosity from the dissolution of dolomite. 

Patch of radiating barytes cement visible at 

right. Plane polarised light. Scale bar = 500~. 
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FIG. 7.27 Specimen from face Gat Quarrington 

Hill Quarry, showing the two separate remnant 

patches of calcite (arrowed) in the same 

optical orientation, presumahly part of a 

former, much larger crystal. Crossed polars. 

Scale bar = 100)!. 
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FIG. 7.28 Pigmenting phases in a specimen from 

the W face of Sherburn Hill Sand Pit. Pigment 

in hollows (type iii) and some coats on grains 

(type ii) are readily apparent, granules of ex­

pyrite (type iv) less so. Plane polarised light. 

Scale bar = SOOr. 



FIG. 7.29 The Yellow Sands in N.C.B. borehole 

D8B. The rock is wind- ripple laminated, with 

the fine laminae visible. Cement is calcite 

and much greyish-brown pigment is present. The 

coarse grains are coated with a l-2~thick 

layer of radially arranged, colourless kaolinite. 

Plane polarised light . Scale bar = 1000/A. 
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FIG. 7.30 Microscope view of a hand specimen of 

Yellow Sands from Hetton Downs Quarry. Shows the 

yellow stain on all grains (pigment type ii), 

coloured clay coats forming rings around contacts 

(type ii), concentration of pigment in hollows 

(type iii), and brown granules of oxidised pyrite 

(type iv). Field of view 3mm wide. Blurring is 

unavoidable, due to optics and a 5 minute exposure 

time. 
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a 

FIG. 7.31 Microscope view of a hand specimen of 

Yellow Sands from N.C.B. borehole D8B. White areas 

(A) are grain- coating authigenic kaolinite, grey 

areas (B) are apparently clean quartz surfaces. 

Authigenic pyrite (C) also visible. The field of 

view is 3mm wide, and consists of several coarse 

grains showing large areas of grey quartz surface 

set in a groundmass of fine sand mostly coated in 

white kaolinite. 
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FIG. 7.32 Subsurface specimen from N.C.B. borehole 

B9A. SEM view showing a grain partially coated in 

clay, probably kaolinite, with a granular texture. 

11~ 



FIG. 7.33 Enlargement of the centre of FIG. 7.32, 

showing the texture of the clay, ana its exclusion 

from the area of a former grain contact (right). 
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FIG. 7.34 Subsurface specimen from N.C.B. borehole 

D4. SEM view of a well rounded grain with a coating 

of authigenic kaolinite, absent from grain contacts. 
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FIG. 7.35 Clods of rusty brown material on a grain 

from Sherburn Hill Sand Pit. The clods are made up 

of 20~ diameter granules which were originally 

pyrite framboids. Note also the liberal dusting of 

pigment over the rest of the grain surface. The 

whole surface of the grain is stained yellow. 
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FIG. 7.36 View of a grain from the Sherburn Hill 

Sand Pit. Shows a collar of ?clay (a meniscus?) 

around a former grain contact, and oxidised and 

dissolved remnants of pyrite framboids. 
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FIG. 7.37 Specimen from N.C.B. borehole B9A 

showing rhombs of authigenic dolomite bearing 

the same clay coats (pigment type ii) as the 

clastic grains. 
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FIG. 7.38 Specimen from N.C.B. borehole B9A. Shows 

dolomite (A), pyrite as a partial grain coat and in 

hollows (B) , and clay coats (C) • Though the resolution 

and focus are appalling it is just possible to see 

that the dolomite probably has a clay coat, whereas 

the pyrite does not. 
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TABLE 7. 3 YELLOW SANDS XRF RESULTS 

Locality 

1 NCB Dl 

2 NCB Dl 

3 NCB Dl 

4 NCB D8B 

5 NCB D8B 

6. NCB D4 

7 NCB D4 

8 NCB B9A 

9 NCB B9A 

10 ShE yello·w 

11 ShH yellow 

12 ShH white 

13 ShH white 

Fe203 

3.68 

0.71 

1.61 

0.77 

o. 85 . 

1.90 

.1.75 

. 1. 76 

2.40. 

1.33 

0.42 

0.47 

. 0.17 

14 Bbn yellow 2.49 

15 Bbn yellow 2.87 

16 Bbn red 1.90 

17 HD .Yellow· 2.49 

s 

1.08 

0.00 

0.72 

0.00 

0.00 

0.99 

0.86 

0. 39 

0.84 

0.04 

0.15 

o.oo 
0.09 

0.03 

o.oo 
0.01 

.0.03 

Al2o3 . 

5.03 

4.17 

5.76 

7.13 

4.74 

3.44 

7.11 

4.28 

4.50 

4.87 

2.62 

5~73 

3.33 

4.72 

4.27 

1.50 

4.72 

K20 

1.16 

2.14 

2.28 

1. 90 . 

1. 79 

1. 31 

2.67 

2.05 

2.18 

2. 2.6 . 

1.28 

1.90 

1.58 

2.25 

1-.93 

0.59 

2.25 

MgO 

9.00 

1.56 

1.02 

2.07 

2.40 

0.21 

0. 51 

4.62 

7.46 

0.22 

0.05 

0. 31 

0.08 

0.12 

1.60 

0.16 

0.12 

120 . 

CaO 

16.15 

2.28 

1.47 

2.96 

3.67 

0. 30 

o. 76 

7.06 

12.24 

0. 2 3 

0.02 

1. 31 

0.02 

0.04 

18.07 

0.13 

0.04 

. All figures are percentages, whole rock measurements. 

NCB Dl = National Coal Board offshore bore··at NZ 530521 

NCB D8B = II II II II II II NZ 4975.26 

NCB D4 = 

NCB B9A = 

II 

II 

II II 

II II 

ShH = Sherburn Hill Sand Pit 

Bbn = Bowburn Quarry 

HD = Hetton Downs Quarry 

II II II 

II II II 



FIG. 7.39 Abundant authigenic dolomite coating 

grains and filling some spores. Pore space 

impregnated with resin. A lfl coating of ?authi­

genic kaolinite on parts of some grains is just 

resolvable under high power. Note also secondary 

porosity (arrowed). Specimen from N.C.B. 

borehole Dl. Plane polarised light. Scale bar = 
lOOp.. 
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FIG. 7.40 Authigenic dolomite largely free of clay 

and showing some signs of etching. Specimen from 

N.C.B. borehole B9A. 
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FIG. 7.41 Early dolomite crystal (A) enclosed in 

a late-formed quartz overgrowth with a subsequent 

calcite cement. Quarrington Hill Quarry. Crossed 

polars. Scale bar = lOOfL· 
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FIG. 7.42 Specimen from McCall's Quarry showing 

nodular calcite cement (large area free of resin). 

pigment as grain coats, in hollows and as inde­

pendent phases, and also colouring some dolomite 

crystals (arrowed). Scale bar= 500~ 
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FIG. 7.43 Abundant poikilotopic calcite crystals 

forming a lamination-controlled nodular cement at 

Cullercoats. The lamination is a mixture of wind­

ripple and sandflow types, the coarser grained 

laminae are preferentiallycemented. 
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FIG. 7.44 Masses of poikilotopic calcite cementing 

the upper parts of coarse-grained sandflows. New 

excavation, N end of Bowburn Quarry. Trowel (arrowed) 

gives scale. 

12b 



~rG. 7.~5 PoiKilotop1c calcite cement showi ng a 

poss i bly displacive texture. Dept of Geological 

Sciences, University of Durham, specimen no. 22236. 

Crossed polars. Scale bar = 500~. 
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FIG. 7.46 Aggressive and displacive finely crystal­

line calcite cement in a specimen from Ferryhill 

railway cutting. Crossed polars. Scale bar = SOO;U. 
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FIG. 7.47 Upturned or cleavage plates, a texture 

thought to be indicative of aeolian abrasion, on 

a grain from Sherburn Hill Sand Pit. 
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FIG. 7.48 A typical view of a grain surface on an 

untreated Yellow Sand specimen. Nondescript, 

hummocky surface with a liberal sprinkling of dust 

particles of unknown composition. Yellow sand, 

Sherburn Hill. 
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FIG. 7.49 Spherules of barytes on top surface of 

the Yellow Sands at Sherburn Hill Sand Pit. 

Spherules appear to be displacive towards the 

clastic grains, and occur only on the top surface. 

Remainder of rock is highly dolomitic. Crossed 

polars. Scale bar = 1000~. 
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FIG. 7.50 Kaolinite, calcite and quartz overgrowths, 

120,02 (Encl. 2), Ferryhill railway cutting. The 

kaolinite may have originally been pore filling and 

does not appear to be associated with a feldspar 

grain. Part of it is porous and impregnated with 

resin, part has been infused by the later calcite 

(arrowed). Apologies for the print - it's an 

appalling reproduction. Crossed polars. Scale bar = 

5~. 
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CHAPTER EIGHT 

' THE BRIDGNORTH SANDSTONE 
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FIG. 8.3 Blackstone Rock (SO 793740). The main face 

of the crag is 25m high. It is entirely made up of 

sandflows : note their parallellism, thickness and 

continuity. 
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FIG. 8.4 Backfilled burrow in Preston Brockhurst 

road cut (Encl. 14), 0.32rn long and 15-20rnrn wide 

in sand-sheet deposits. The top of the burrow is 

level with the top of the tape, and lies at a 

bounding surface. It may therefore be partially 

eroded. 0.4rn of tape visible. 
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FIG. 8.5 Other possible burrows (arrowed) in 

Preston Brockhurst road cut (Encl. 14). These 

are preferentially cemented and show no back­

fill, unlike that in FIG. 8.4. Photograph 

covers a 2.5m height of face. 
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HUE CHROMA 

/4 /6 

lOR 3 - 2 

2.5YR 5 2 8 

4 5 13. 

3 - 5 
Jj::l 

:::> 
5YR ..:I. 5 2 1 

·~ 4 1 6 
:> 

lO:Y"R . 7 1. -

i 

TABLE 8.1 Bridgnorth Sandstone Munsell colour deter­

minations. 

(n = 46) 
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FIG. 8.6 Photomicrograph of the Bridgnorth 

Sandstone from Wordsley (SO 895871). Way up 

shown by fine grains in the basal lamina of 

a sandflow falling through the pores between 

the coarser grains below (A). Note also 

secondary porosity (B), and authigenic 

kaolinite (C). Scale bar= 1000~. 
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FIG. 8.13 Microscope view of a hand specimen of 

Bridgnorth Sandstone from wordsley (SO 895871). 

Shows rounded and frosted grains, the pervasive 

red stain and collars of pigment around contacts 

(A), (?meniscus). Field of view is 3mm wide. 
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FIG. 8.14 Bridgnorth Sandstone grain showing a 

suggestion of upturned or cleavage plates over 

its entire surface. Queen's Parlour, Bridgnorth 

(Encl. 10). 
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FIG. 8.15 Typical Bridgnorth Sandstone grain surface 

texture, possibly upturned or cleavage plates. 

Queen's Parlour, Bridgnorth (Encl. 10). 
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FIG. 8.16 Classic infiltrated meniscus bridging 

clays (arrowed) . Note the ragged, anhedral nature 

of the material making up the meniscus. The 

grains also carry a small amount of authigenic 

boxwork illite. Bridgnorth Sandstone, A442 south 

cut, Quatford. (Encl. 12). 
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A 

FIG. 8.17 Meniscus bridging clays in thin section, 

specimen from Eyton (SJ 569060). Menisci (A) and 

other thick accumulations of pigment (B) arrowed. 

Scale bar = 1000~. 
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FIG. 8.18 Pigment draping a relatively impermeable 

fine-grained lamina in wind- ripple laminated sand, 

thus indicating the way up of the specimen. Bridgnorth 

Sandstone, near Adeney (SJ 695178). Scale bar= 500~. 
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FIG. 8.19 Geopetally arranged pigment (arrowed) 

concentrated just above the basal lamina of a 

sandflow. Bridgnorth Sandstone, Holy Austin Rock 

(Encl. 14). Scale bar = 500~. 
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FIG. 8.20 Collapsed pellicle, presumably from a 

dissolved feldspar or rock fragment. Boxwork illite 

also visible. Bridgnorth Sandstone, A442, 

Dudmaston (Encl. 13). 
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FIG. 8.21 Well developed boxwork illite, branching 

into a fibrous habit and blocking a pore throat. 

Bridgnorth Sandstone, A442, Dudmaston. 
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FIG. 8.22 Authigenic feldspar formed on a previously 

partially dissolved feldspar grain. Small feldspar 

crystals are also visible on quartz surfaces, 

apparently independent of any seed crystal. 

Bridgnorth Sandstone, Queen's Parlour, Bridgnorth 

(Encl. 10). 
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FIG. 8.23 Well developed feldspar overgrowths on 

apparently fresh grains. Bridgnorth Sandstone, 

Queen•s Parlour, Bridgnorth (Encl. 10). 
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FIG. 8.24 Slightly ragged authigenic pore-filling 

kaolinite. Bridgnorth Sandstone, A442 south cut, 

Quatford (Encl. 12). 
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FIG. 9.2 Halfwaywell Quarry (NY 533352), the only 

active quarry in the Penrith Sandstone. The quarry 

is excavated in a single, well- cemented, trough­

shaped set directed towards 310: 
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FIG. 9.3 Cowraik Quarry (NY542310) near Penrith. 

The main face of silicified sandstone is ~lorn 

high and here consists of a single set. 
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FIG. q .~ One-sided parting lineation in wind­

ripple laminae at Locharbriggs North Quarry (NX 

990810) • The similarity of form to wind ripples 

is striking (cf. FIG. 2.2) and it is possible 

that the stair-step fracturing mimics at least 

the orientation of the original ripples, if not 

their wavelength. Trowel is 0.29m long. 
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FIG. 9.5 Two-sided parting lineation, in wind­

ripple laminae, on a loose block at Halfwaywell 

Quarry. The feature consists of a preferential 

orientation of step-like fractures across a 

single lamina. 
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HUE CHROMA 

/4 /6 /8 

lOR 5 - 1 -
4 - 3 -
3 - 1 1 

2. SYR 6 3 2 -
1'4 

5 3 9 -
::> 
...:1 4 3 7 -
~ 3 - 6 -
::> 

' 
SYR · 7 - 1 -

6 - - -
5 4 7 -
4 - 4 ·-
3 1 1 ·-

· TABLE 9.1 Penri th Sandstone Munsell Soil Colour 

determinations, made on hand specimens in the lab­

oratory. n = 57. 
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FIG. 9.6 View of part of a grain surface lying 

within the plane of the thin section. Shows the 

thin red stain which covers most grains and is 

common to other red aeolian sandstones in the 

U.K. No positive clues to its identity can be 

gained in thin section. Note also dolomoulds 

(arrowed) and quartz overgrowths. Penrith 

Sandstone, Bowscar Quarry. Scale bar = 100~. 
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FIG. 9.7 Boxwork illite, absent from the scars of 

grain contacts and apparently lying under quartz 

overgrowths. Penrith Sandstone, Hilton Beck. 
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FIG. 9.8 Quartz overgrowths showing dolornoulds as 

rhornb and parallelepiped cavities 10-lS~across. 

Penrith Sandstone, Bowscar Quarry. 
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% pigmenting clays 

FIG. 9.9 Per cent pigmenting clays v. per cent au.thi­

genic quartz in the Penrith Sandstone, measured by point 

counting of_thin sections. The inverse relationship of 

the two qua-nti ties is well displayed.· n = · 34 · 

-~- = specimens from north of Cliburn (i.e. silicified) 

· x = specimens from south of Cliburn (i.e. non-silicified) 
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FIG •. 10.1. The relationship between erg and first or.der · 

set thickness for different patterns of erg growth. Left­

hand sides of diagrams show ergs aggrading with fixed 

margins, right-hand sides show ergs expanding laterally 

.with aggradation. Patterns drawn rest on the a~sumption 

that all parts of the ergs are traversed by the same 

number of draa. Further explanation in text. 
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FIG. 10 .3 The Woburn Sands in Arnold's Quarry at 

SP 930242. The lamination is much disturbed by 

bioturbation. Dark grains are either phosphate 

or phosphate-coated. 
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FIG. 10. '4 The Woburn Sands at 9 Acre Quarry (SP 

938277) near Leighton Buzzard. Shows a thick 

avalanche-laminated set resting on medium scale 

cross-bedded sand and overlain by flat-bedded 

sand. Top of face to floor of quarry is ~9m. 
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FIG. 10 .5 Woburn Sands in Arnold's Quarry (SP 

939288) near Leighton Buzzard. Set is of 

avalanche laminae, showing poorer distinction 

than many aeolian samples. Note the abundant 

fine and very fine pebbles at the base of the 

set. lm length of tape visible. 
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FIG.lO.b Close-up of FIG. 10.5 (mid-left) showing 

details of the lamination. Compare with FIG. 3.2. 
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FIG. A.1 Map showing the outcrop of the rocks listed in the Appendix. 
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FIG. A.2 The Yesnaby Sandstone in a sea cliff at 

Yesnaby, on the west coast of Orkney Mainland. ~20m 

of cliff visible showing a succession of 2-4m sets 

stacked apparently horizontally. Part of author at 

extrem~top left for scale. 
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FIG. A.3 Sea cliffs at Yesnaby (view to the left 

of FIG. A.2). Cliffs are ~2om high, of Yesnaby 

Sandstone. The headland in the distance at top 

centre is Qui Ayre, the upper part of which . 

contains the non-aeolian, highest beds of the 

formation. 
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FIG. A .4 The Hopeman Sandstone at NJ 168704. The· 

whole cliff, some 35m high, is occupied by a single 

set, with neither top nor base visible. Large-scale 

contortion of the bedding is visible towards the 

top of the cliff. The set probably records a slip­

faced draa. 
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FIG. A.S Different view of the same cliff as 

shown in FIG. A.4. The wave-cut platform (250-

300rn from the camera} reveals the broad, sweep­

ing curvature of the draa leeside which the set 

records. The rocks in the immediate foreground 

belong to the same set which is directed west­

wards. 
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FIG. A • 6 Zig-zag folding of sandflow laminae in 

the Hopeman Sandstone at NJ 180708. Hammer is 0.36 

metres long. 
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FIG. A.7 Laminated blocks of aeolian sand within 

a structureless matrix. Believed to be the result 

of liquefaction of incoherent and partially cohe­

rent sand. Hopeman Sandstone at NJ 157703. Hammer 

is 0.36m long. 
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FIG. A.S Possible trace fossils in the Hopeman 

Sandstone. Photograph is of the underside of in 

situ bedding planes at the foot of the cliff in 

FIG. A.4. Circular protruberances are a cement­

ation feature, the linear markings (arrowed) may 

be biogenic. Slab bearing traces is ~lm across. 
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FIG. A.9 Inclined ?burrows in wind- ripple lamin­

ated Hopeman Sandstone at NJ. l74707. The features 

show a broad consistency in size and an unerring 

consistency in inclination. 
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FIG. A .10 The south face of Corncockle Quarry 

(NY 086870). Note the inaccessibility of the 

rocks and that the visible area. of the face is 

made up of a single SW directed set. Face is 

25m high. 
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FIG. A .11 The Frodsham Member at the foot of 

Grinshill Hill (SJ 523327). The rock here has a 

colour of 2.5YR4/6 (red), and shows large-scale 

cross-bedding directed westwards. The set is 

visible to a thickness of 9m. Left hand face is 

~am high. 

188 



Sections 

-----

ooooooooooo 

.2..50-

KEY TO ENCLOSURES 

Bounding surfaces, coded by colour 
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Reworked sand atthe top of the formation 
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Deformed cross laminae 
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