
11th SEPTEMBER 2016

Brimham Rocks 
A short field guide 

O.J.W. Wakefield



Field Guide
11/09/16

Introduction

 Brimham Rocks
 Na�onal Trust Visitor Park - Brimham Rocks.  The site has spectacularly exposed rock pinnacles that 
allow a three-dimensional insight in to a complex ancient fluvio-deltaic system.  This part of the field 
trip will focus on iden�fying and interpre�ng a series of sedimentary structures and rela�ng them to a 
variety of deposi�onal bedforms.

Contains Ordnance Survey data © Crown copy right and Database rights 2012. Licence No. 100021290
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Brimham Rocks

Overview
Carboniferous rocks accumulated in a variety of deposi�onal environments including fluvial, deltaic, 
paralic, shallow- and deep-marine se�ngs (Stone et al., 2010).  The accommoda�on space available 
to deposit the sediment in the aforemen�oned environments varied due to complex interplays 
between ac�ve faul�ng, subsidence and eusta�c fluctua�ons in rela�ve sea level (Stone et al., 2010).

Brimham Grit
The Kinderscou�an (Bashkirian) Brimham Grit exposed in the Na�onal Trust Brimham Rocks Park is 
located east of Pateley Bridge at about ~275 m above OD.  The Brimham Grit is primarily characterised 
by coarse-grained, cross-bedded, feldspathic to subarkosic sandstones.  These cross-bedded 
sandstones commonly occur on a range of scales, stacked in complex ver�cal and lateral assemblages 
that were deposited in a fluvio-deltaic system.

Numerous works have looked at a variety of fluvial and deltaic Carboniferous se�ng within the 
Pennines (McCabe, 1977; Collinson, 1988; Gawthorpe et al., 1989; Mar�nsen et al., 1995; Hallsworth 
and Chisholm, 2008; Waters et al., 2008).  Indeed the rocks at Brimham Rocks were first described and 
the name 'Brimham Grit' was first used by Philips (1836) in his work “Illustra�ons of the Geology of 
Yorkshire, Part II”.  

Although the Brimham Grit and specifically the Brimham Grit exposed at Brimham Rocks are 
men�oned in numerous publica�ons (Mackintosh, 1865; Dakyns, 1893; Tonks, 1925; Hudson, 1937; 
Jones, 1942; Wilson, 1960; Wilson and Thompson, 1965) rela�vely li�le detailed work has been 
undertaken specifically on the Brimham Grit.  Only work by Reid (1996) has specifically sought to 
iden�fy the palaeo-deposi�onal se�ng for the Brimham Grit.  In this work Reid (1996) describes the 
parts of the Brimham Grit as “alluvial delta-front grit sequence”, which is in turn overlain by erosively 
based “major channel grit sequence” evolving upwards into “alluvial flood plain sequence” that 
encompassed a sequence of mul�-storey, mul�-lateral “fixed chute-like channel complexes”.  The 
palaeoflow direc�on for the fluvio-deltaic Brimham Grit is generally to the south (Reid, 1996).  

A more modern study by Roman Soltan (based at the Fluvial Research Group in Leeds University) has 
taken a very high-resolu�on facies and architectural element analysis of all the outcrop at Brimham 
Rocks.  Some of Roman’s ini�al work is included as part of this field guide and Roman Soltan and the 
FRG are thanked for allowing this. 

***Brimham Rocks has been designated as a Site of Special Scien�fic Interest (SSSI) as 
such hammering and sample loca�on is strictly prohibited***
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Brimham Rocks

Carpark

Road entrance to the park

Park Shop

Toilets

Loca�on 2A

Loca�on 2B

Loca�on 2C

Loca�on 2D

25k OS map and aerial photograph of Brimham Rocks.  Locali�es are highlighted on the aerial photograph.

Contains Ordnance Survey data © Crown copy right and Database rights 2012. Licence No. 100021290

UKP/Getmapping Licence UKP2006/01
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Brimham Rocks

Loca�on 2A - Bedform Dewatering

Dewatering structures isolated within a single cross-bedded set (photo and diagram below).  
Overlying sets remain undeformed.

Two prevailing interpreta�ons are commonly used to describe the observed dewatering structures; (i) 
Seismic induced dewatering, (ii) overburden pressured dewatering

Vegeta�on

Vegeta�on

Shadow

Bounding Surfaces

Deformed cross-strata

1 m
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Brimham Rocks

Loca�on 2A - Bedform Dewatering

Conceptual two-dimensional cross-sec�ons examples of seismic and overburden associated 
dewatering mechanisms.

In-channel bedform with an ac�ve slipface migrates and generates crossbedding as material casades 
down the bedforms front.

Seismic induced dewatering Overburden pressured dewatering

The resultant sedimentary expression varies li�le between the two different interpreted 
mechanisms.  Seismic induced dewatering would likely effect all ac�ve bedforms at the �me of the 
event.  Due to the absence of further examples an overburden mechanism is preferred.

Seismic event disrupts deposited sediment and 
causes movement. This movement causes 
slumping of some crossbedding. Water within 
porespace is pushed out under remobilisa�on of 
sediment.  

Waterlaiden bedforms migrate.  As subsequent 
bedforms migrate and climb over others the 
overburden pressure provided by the weight of 
the climbing bedform causes compac�on in the 
underlying.  This reduces porespace and forces 
water to escape.
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Brimham Rocks

Loca�on 2B - Channel Bounding Surface

Rare example at Brimham Rocks of a channel bounding surface.  The channel bounding surface is 
iden�fied by the trunca�on of the underlying crossbedding sets.

5 m

Note that some cross-beds appear to 
‘curve’ and this is likely related to the 
outcrop face being curved and cross 
cu�ng the various bedforms at a 
variety of changing angles.

Cross-bedding occurs on a variety of 
scales and each is linked to the size 
and type of bedform that created it 
and the amount of that migra�ng 
bedform which has subsequently 
been preserved.

From this outcrop example we can 
iden�fy larger ‘marcoforms’ where 
the cross-beds exceed 5 m in length.  
These cross-bed sets were likely 
created by in-channel migra�ng 
barforms.

Channel bounding surface

In the absence of addi�onal 
channel bounding surfaces this 

en�re succession is assumed 
part of a single channel-fill 

sequence

Fracture and joints

Set bounding surfaces

Vegeta�on

Path
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Brimham Rocks

Loca�on 2C - Idol Rock

Rela�vely famous example of some of the ‘balancing rock’ outcrops within the park and an excellent 
photo stop.

Idol Rock, pictured below, is a spectacular example of how much rock can be balanced on such a small 
pedestal, but how heavy is Idol Rock?... 

A variety of differently orientated photos of Idol Rock.  Note the size of the pedestal from all orienta�ons. 

Pedestal Approx. 6.5 m high
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Brimham Rocks

Loca�on 2C - Idol Rock cont’d

Applying a li�le bit of maths using some approximate measurements:

Ÿ For ease of calcula�ons if we assume Idol Rock has a simple cylindrical shape with a height of 6.5 m 
and a width of 4 m then it has an volume of ~81.7 m³ or 106.8 yd³.

Ÿ Sandstones weigh ,on average, ~2300 kgs per cubic metre = 3915.5 lbs per cubic yard.

Ÿ So Idol Rock weighs ~ 187867 kgs or 414175 lbs.

Ÿ Idol Rock sits on an pedestal with an area of  ~0.25 m² (2.7 �²).

Equivalent to 153 Vauxhall Astras stacked on an area of two dartboards....
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Brimham Rocks

Loca�on 2D - Lateral Accreta�on 

This outcrop exposes an example of lateral accre�ng cross-bed sets.  Rather than this being lateral 
accre�on from a pointbar in a meander loop, this examples of lateral accre�on is more likely belonging 
to an in-channel barform that had a component of lateral movement.

Shadow

Smaller stacked sets of cross-bedding

Laterally accre�ng 
cross-beds

Larger set of cross-bedding 

1 m

Field Guide
11/09/16



N
or

th

P
re

se
n

ce
 o

f 
fo

ss
ili

se
d

 C
a

la
m

it
ie

s 
an

d
 

Le
p

id
o

d
en

d
ro

n
  r

em
n

an
ts

 s
u

gg
es

ts
 t

h
e 

lik
el

y 
es

ta
b

lis
h

m
en

t 
o

f 
ve

ge
ta

ti
o

n
 a

lo
n

g 
th

e 
b

an
ks

 a
n

d
 in

 f
lo

o
d

p
la

in
 a

re
as

, 
p

ro
vi

d
in

g 
a 

d
eg

re
e 

o
f 

ch
an

n
el

 b
an

k 
st

ab
ili

ty

A
b

an
d

o
n

ed
 c

h
an

n
el

 
m

ar
gi

n
s 

w
it

h
 la

te
ra

l a
n

d
 

ve
rt

ic
al

 a
m

al
ga

m
at

ed
 

ch
an

n
el

-f
ill

Tr
an

si
en

t 
is

la
n

d
s 

h
ig

h
ly

 s
u

sc
ep

ti
b

le
 t

o
 

er
o

si
o

n
 a

n
d

 r
ew

o
rk

in
g 

fa
ci

lit
at

ed
 b

y 
la

ck
 

o
f 

co
h

es
iv

e,
 a

rg
ill

ac
eo

u
s 

se
d

im
en

ts

Sm
al

l-
 t

o
 m

ed
iu

m
-s

ca
le

 t
ro

u
gh

- 
cr

o
ss

-b
ed

d
in

g 
fo

rm
s 

in
te

rn
al

 s
tr

u
ct

u
re

 o
f 

tr
an

si
en

t 
ch

an
n

el
 b

ar
s 

(D
o

w
n

st
re

am
-a

cc
re

ti
o

n
 (

D
A

),
 m

ac
ro

fo
rm

);
 h

ig
h

ly
 

su
sc

ep
ti

b
le

 t
o

 e
ro

si
o

n
 a

n
d

 r
ew

o
rk

in
g 

fa
ci

lit
at

ed
 

b
y 

la
ck

 o
f 

co
h

es
iv

e,
 a

rg
ill

ac
eo

u
s 

se
d

im
en

ts

B
as

al
 s

ec
ti

o
n

 o
f 

th
e 

su
cc

es
si

o
n

 is
 

d
o

m
in

at
ed

 b
y 

a 
so

u
th

er
ly

 p
al

ae
o

fl
o

w
 

an
d

 b
o

th
 d

o
w

n
st

re
am

 a
n

d
 la

te
ra

l 
ac

cr
et

io
n

 o
f 

m
ig

ra
ti

n
g 

b
ar

 f
o

rm
s

3
0
 -

 5
0
 m

1 - 2 m

Si
n

u
o

u
sl

y-
cr

es
te

d
 3

D
 m

es
o

fo
rm

 
fo

rm
in

g 
al

o
n

g 
th

e 
cr

es
t/

fr
o

n
t 

o
f 

a 
m

ig
ra

ti
n

g 
ch

an
n

el
 b

ar
 (

m
eg

af
o

rm
)

Lo
w

- 
to

 h
ig

h
-a

n
gl

ed
 f

o
re

se
ts

 in
d

ic
at

e 
va

ry
in

g 
p

al
ae

o
fl

o
w

 a
n

d
 s

ed
im

en
t 

in
p

u
t,

 g
en

er
at

in
g 

co
m

p
o

u
n

d
 c

o
se

ts
 o

f 
sm

al
l-

sc
al

e 
tr

o
u

gh
 

cr
o

ss
-b

ed
d

in
g

A
rr

o
w

s 
in

d
ic

at
e 

a 
p

re
d

o
m

in
an

tl
y

so
u

th
er

ly
 p

al
ae

o
fl

o
w

D
e

p
o

si
ti

o
n

al
 M

o
d

e
l:

 P
re

-f
lo

o
d

 e
ve

n
t

0
2

5
5

0

01
0

2
0

3
0

4
0

M
e

tr
e

s
Metres

B
ri

m
h

a
m

 R
o

c
k
s

In
fo

rm
a�

o
n

 c
o

u
rt

e
sy

 o
f 

th
e

 F
lu

vi
al

 R
e

se
ar

ch
 G

ro
u

p
h

�
p

:/
/f

rg
.l

e
e

d
s.

ac
.u

k/

Field Guide
11/09/16



B
ri

m
h

a
m

 R
o

c
k
s

D
e
p

o
s
it

io
n

a
l 
M

o
d

e
l:

 P
o

s
t-

fl
o

o
d

 e
v
e
n

t

0
2

5
5

0

01
0

2
0

3
0

4
0

M
e

tr
e

s

Metres

N
or

th

U
n

co
n

fi
n

ed
 f

lo
w

 w
it

h
 h

ig
h

 
se

d
im

en
t 

co
m

p
o

n
en

t 
ge

n
er

at
es

 d
is

ti
n

ct
 

la
rg

e-
sc

al
e 

p
la

n
ar

- 
cr

o
ss

-b
ed

d
in

g 
(S

B
),

 d
u

n
e 

m
ig

ra
ti

o
n

 a
n

d
 c

h
an

n
el

-
fi

ll 
d

ep
o

si
ts

 w
it

h
in

 t
h

e 
p

ri
m

ar
y 

ch
an

n
el

 in
fl

u
en

ce
d

 b
y 

fl
o

o
d

 e
ve

n
ts

Sm
al

l-
 t

o
 m

ed
iu

m
-s

ca
le

 t
ro

u
gh

- 
cr

o
ss

-b
ed

d
in

g 
su

b
je

ct
ed

 t
o

 e
ro

si
o

n
 

an
d

 r
e-

w
o

rk
in

g 
d

u
ri

n
g 

fl
o

o
d

 e
ve

n
ts

A
b

an
d

o
n

ed
 c

h
an

n
el

 d
u

e 
to

 t
h

e 
m

ig
ra

ti
o

n
 o

f 
a 

tr
an

si
en

t 
b

ar
 

d
u

ri
n

g 
a 

fl
o

o
d

 e
ve

n
t.

 C
h

an
n

el
 

av
u

ls
io

n
 f

ac
ili

ta
te

s 
th

e 
re

w
o

rk
in

g 
o

f 
in

-c
h

an
n

el
 a

n
d

 
n

o
n

-c
h

an
n

el
is

ed
 s

ed
im

en
ts

U
p

p
er

 s
ec

ti
o

n
 o

f 
th

e 
su

cc
es

si
o

n
 is

 
d

o
m

in
at

ed
 b

y 
a 

w
es

te
rl

y 
p

al
ae

o
fl

o
w

 a
n

d
 

b
o

th
 t

h
e 

d
ep

o
si

ti
o

n
 o

f 
su

b
st

an
ti

al
 s

an
d

-
b

o
d

ie
s 

to
ge

th
er

 w
it

h
 d

o
w

n
st

re
am

 a
n

d
 

la
te

ra
l a

cc
re

ti
o

n
 o

f 
m

ig
ra

ti
n

g 
b

ar
fo

rm
s

Ep
is

o
d

ic
 d

ec
re

as
e 

in
 c

h
an

n
el

 
d

ep
th

 c
au

se
d

 b
y 

re
d

u
ce

d
 w

at
er

 
le

ve
ls

 f
ac

ili
ta

te
s 

fo
rm

at
io

n
 o

f 
p

ro
gr

ad
in

g 
ch

an
n

el
 b

ar
s

Sm
al

l�
sc

al
e 

�<
0

.2
0

 m
 t

h
ic

k 
se

ts
� 

su
b

�
h

o
ri

zo
n

ta
l t

ro
u

gh
 c

ro
ss

�b
ed

d
in

g 
�3

�D
 

m
es

o
fo

rm
� 

er
o

d
in

g 
in

to
 a

n
d

 c
lim

b
in

g 
o

ve
r 

u
n

d
er

ly
in

g 
p

la
n

ar
 b

ed
d

in
g 

to
 f

o
rm

 
ch

an
n

el
 b

as
e,

 s
u

b
�c

ri
ti

ca
l c

lim
b

in
g 

an
d

 
n

et
 w

es
te

rl
y 

sa
n

d
 d

u
n

e 
m

ig
ra

ti
o

n
; l

o
w

 
an

gl
e 

fo
re

se
ts

 a
ls

o
 im

p
ly

 f
as

t 
p

al
ae

o
fl

o
w

Su
b

�h
o

ri
zo

n
ta

l 3
rd

�o
rd

er
 b

o
u

n
d

in
g 

su
rf

ac
e 

d
ef

in
in

g 
er

o
si

o
n

al
 b

o
u

n
d

ar
y 

� 
sh

if
t 

in
 p

al
ae

o
fl

o
w

 
d

ir
ec

ti
o

n
 a

n
d

 d
ir

ec
ti

o
n

 o
f 

d
o

w
n

st
re

am
�a

cc
re

ti
o

n

Fi
n

el
y 

la
m

in
at

ed
 h

o
ri

zo
n

ta
l p

la
n

ar
 

b
ed

d
in

g 
- 

in
d

ic
at

in
g 

“u
p

p
er

 p
la

n
e 

b
ed

 
re

gi
m

e”
; r

el
at

iv
el

y 
sh

al
lo

w
 c

h
an

n
el

 
an

d
 f

as
t 

p
la

n
ar

 p
al

ae
o

fl
o

w
; b

ed
d

in
g 

tr
u

n
ca

te
d

 b
y 

ea
st

er
ly

 d
ip

p
in

g 
ch

an
n

el
 

b
as

e 
- 

5
th

-o
rd

er
 b

o
u

n
d

in
g 

su
rf

ac
e 

Lo
w

� 
to

 m
ed

iu
m

�a
n

gl
e�

in
cl

in
ed

 f
o

re
se

ts
 

fo
rm

in
g 

ve
ry

�l
ar

ge
�s

ca
le

 p
la

n
ar

 c
ro

ss
�

b
ed

d
in

g,
 in

d
ic

at
in

g 
su

b
�c

ri
ti

ca
l c

lim
b

in
g 

an
d

 
w

es
te

rl
y 

d
u

n
e 

m
ig

ra
ti

o
n

. B
ed

fo
rm

 im
p

lie
s 

h
ig

h
 

le
ve

l o
f 

se
d

im
en

t 
in

p
u

t 
an

d
 p

al
ae

o
fl

o
w

 w
it

h
in

 a
 

d
ee

p
 u

n
re

st
ri

ct
ed

 c
h

an
n

el
 w

it
h

 o
b

liq
u

e 
d

o
w

n
st

re
am

�a
cc

re
ti

o
n

 �
“a

lt
er

n
at

e 
b

ar
”�

 

3
0
 -

 5
0
 m

5 - 6 m

?

In
fo

rm
a�

o
n

 c
o

u
rt

e
sy

 o
f 

th
e

 F
lu

vi
al

 R
e

se
ar

ch
 G

ro
u

p
h

�
p

:/
/f

rg
.l

e
e

d
s.

ac
.u

k/

Field Guide
11/09/16



References
Collinson, J.D. (1988) Controls on Namurain sedimenta�on in the Central Province basins of the northern 
England. In: (Eds. Besly, B.M. and Kelling, G.) Sedimenta�on in a synorogenic basin complex; the Upper 
Carboniferous of Northwest Europe, Blackie, Glasgow. 85-101

Dakyns, J.R. (1893) A Sketch of the Geology of Nidderdale and Washburn north of Blubberhouses. Proceedings 
of the Yorkshire Geological and Polytechnic Society, 12, 294-299

Gawthorpe, R.L., Gu�eridge, P., Leeder, M.R. (1989) Late Devonian and Dinan�an basin evolu�on in northern 
England and North Wales. In: (Ed. Arthurton, R.S., Gu�eridge, P., Nolan, S.C.) The Role of Tectonics in Devonian 
and Carboniferous Sedimenta�on in the Bri�sh Isles, Yorkshire Geological Society Occasional Publica�ons, 6, 1-
23

Hallsworth, C.R., Chisholm, J.I. (2008) Provenance of late Carboniferous sandstones in the Pennine Basin (UK) 
from combined heavy mineral, garnet geochemistry and palaeocurrent studies. Sedimentary Geology, 203, 
196-212

Hudson, R.G.S. (1937) The Carboniferous Rocks. In: “The Geology of the Country around Harrogate”. 
Proceedings of the Geologists' Associa�on, 49, 306-330

Jones, T.W. (1942) The geology of the Beamsley An�cline. Proceedings of the Leeds Philosophical Society, 4, 
146-166

Mackintosh, D. (1865) Marine Denuda�on illustrated by the Brimham Rocks. Geological Magazine, 2, 154-158

Mar�nsen, O.J., Collinson, J.D., Holdsworth, B.K. (1995) Millstone Grit cyclicity revisited, II: sequence 
stra�graphy and sedimentary responses to changes of rela�ve sea-level. In: (Eds. Plint, G.) A Tribute to the 
Research and Teaching of Harold G. Reading, Interna�onal Associa�on of Sedimentologists Special Publica�on, 
22, 305-327

McCabe, P.J. (1997) Deep distributary channels and giant bedforms in the Upper Carboniferous of the Central 
Pennines, northern England. Sedimentary Geology, 24, 271-290

Phillips, J. (1836) Illustra�ons of the Geology of Yorkshire, Part II. The Mountain Limestone District. Murray, 
London, 253 pp

Stone, P., Millward, D., Young, B., Merri�, J.W., Clarke, S.M., McCormac, M., Lawrence, D.J.D. (2010) Bri�sh 
th

Regional Geology: Northern England (5  Edi�on). Bri�sh Geological Survey, No�ngham, 294 pp

Tonks, L.H. (1925) The Millstone Grit and Yoredale Rocks of Nidderdale. Proceedings of the Yorkshire Geological 
Society, 20, 226-256

Waters, C.N., Chisholm, J.I., Benfield, A.C., O'Beirne, A.M. (2008) Regional Evolu�on of a Fluvio-deltaic Cyclic 
Succession in the Marsdenian (late Namurian Stage, Pennsylvanian) of the Central Pennine Basin, UK. 
Proceedings of the Yorkshire Geological Society, 57, 1-26

Waters, C.N., Haslam, R.B., Cózar, P., Somerville, I.D., Millward, D., Woods, M. (2017) Mississippian reef 
development in the Cracoe Limestone Forma�on of the southern Askrigg Block, North Yorkshire, UK. 
Proceedings of the Yorkshire Geological Society, 61, 179-196

Wilson, A.A. (1960) The Millstone Grit series of Colsterdale and neighbourhood, Yorkshire. Proceedings of the 
Yorkshire Geological Society, 32, 429-452

Wilson, A.A., Thompson, A.T. (1965) The Carboniferous sec�on in the Kirkby Malzeard area, Yorkshire.  
Proceedings of the Yorkshire Geological Society, 35, 203-227

Field Guide
11/09/16


	1: Cover Sheet
	2: pg1
	3: pg 9b
	4: pg 9
	5: pg 10
	6: pg 11
	7: pg 12
	8: pg 13
	9: pg 14
	10: pg 15
	11: pg 16
	12: pg 17
	13: pg 18
	14: Refs

