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Geology in the Field - Fieldwork near the Potteries XVIII:

THE NORTH STAFFORDSHIRE DYKE SWARM — DARWIN'S DYKES

Tuesday evening September 8th 1987 meeting at 5.30 pm at SJ 842400 at the bends in the
Trentham-Stableford Road in the Hanchurch Hills.

Locality la,b,c The Hanchurch Hills c.SJ 841400 near the road between Hanchurch and
Stableford. The Darwin locality according to Garner 1844. However, the dykes were dis-
covered here independently by an amateur, J. Kirkby, in the early 1840s. The dykes are
exposed both to the north and south of the lane according to geological 1:10,000 maps.
To the south (la) a dyke may be located in the roadbank and traced by fragments south-
wards (1b). To the north of the lane (lc) sites of Kirkby's trenches may possibly be
located. Darwin's locality is likely to be beneath or alongside the carriageway at 1(a).
The ks et cboscaned s Olivane” dedbase ( Hamplim o Kakpy i914) Nephelome basdmide (Scoh (930, Scotf (925
Locality 2 The quarry in Church Wood Butterton SJ 834419. The first recorded exposure of
a ’ dyke here was c.1851 when W. Warington Smyth and E.W. Binney surveyed
the area. The quarry is described by Gibson (1905), Scott in Gibson (1925), Cope (1966)
who reports two olivine dolerite dykes with an isotopic age date of 52.4 = 1.4 my (from
J.A. Miller). Thompson (1975) provides worksheets for school and college parties.
Permission to visit must be obtained from Mr C.F. Matthews, Lymes Farm, Butterton,
0782-617489. Flex (4i0) descnised nephelins. nasinde froe B qraann .

Locality 3 The fields for 325m SSE of Church Wood Quarry. The geological survey map
showed a single outcrop of dyke rock but the area has been resurveyed most successfully
by vertical magnetic gradiometer by Sowerbutts (1987). This technique, allied to an
isometric computer plotting of the results, shows up the nature of the dykes most clearly

and leads to much discussion of their mode of emplacement.

Locality 4 An outcrop of dyke rock on the Trentham-Whitmore road reported in Kirkby (1984)
at SJ 8§§§15.

Locality 5 Former outcrops to the southwest of Butterton Lodge on both sides of the lane
at SJ 8§1527. This is where Darwin found the dykes according to Gibson (1905) and Cope

(1966)  (but neither citing documentary evidence). The use of Gibson's field sketches
(1898) may allow us to relocate the outcrops. Olivim delent (Rett w Gibsom (90} 2ud nephelue basswk
(Featt (9(0) dte dedcilocd from hise,

Locality 6 Lymes Farm SJ 828431. Former outcrops in the foundations of one of Mr Matthew's
bammns.

Locality 7 A former outcrop 60 yds WNW of the bridge carrying the A53 over the M6 motorway
at SJ 856535.

Locality 8 the Lymes Road borehole, formerly referred to as the Seabridge borehole (see
the original borehole log with 8 dykes, the chemical analyses in Scott in Gibson 1925 and
Scott 1926). See also the interpretations of Cope (1966 figs. 2 and 4) compared with

Exley (1970), and the ogl Board mapping of the Great Row Seam underground (Hodgkinson 1986).
M fhe sy el uedy Ko mePscope ! MD thie | h'mbu.“jchq n etine basanibe’, wrinanidle ,

coll reco
Locality 9 Former outcrops at the former Keele University Sewage Farm bacterial bed at
S RZZZ%I (50 Cone 1966 np 26-277. Conmare the nature and disnosition of the dykes across

the Seabridge Fault according to the interpretations of Cope (1949, 1966) and lxley «19701).
Cope drimbed clivime Ao ler wue e nepheline.
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144 IGNEOUS ROCKS OF BUTTERTON NEIGHBOURHBOOD. VOL. LX, v \ -
e
o 5 E
TABLE I. CHEMICAL COMPOSITION OF THE BUTTERTON AND OTHER ROCKS. E’ E" o S
1. 2. 3 s R 6. 7. 5 3 B e
SiOy 4415 45.00  30.40  43.94  44.69  44.47  44.37 ) iz &
O, 1.56 2.59 2.18 2.43 .46 2.73 1.37 3 @§ l E g:’
ALO, 14.60 9.90 8.65 14.03 14.17 7.59 14.19 " 20 o
Fe 04 2.29 $.73 10.36 1.93 3.38 6.25 3.12 e B
FeO 9.19 13.51 8.09 11.65 10.86 9.57 7.28 " 3
MnoO 0.2t 0.20 o.28 0.32 0.31 0.49 0.24 - =
MgO 12.0% 10.91 9.53 10.46 6.41 11.93 7.84 A ;
Ca0 9.42 6.55 10.49 8.99 10.28 10.24 12.68 v g)
K0 1.5% 1.85 1.%3 0.33 1.01 1.46 1.92 ‘! 3
Na;O j.1x 1.37 1.73 2.68 3.64 4.27 3.86 N a o
H,0 + 1.12 1.0 2.86 2.31 1.53 0.73 1.23 .1' : 2
H O — 0.30 0.38 0.29 o.8s 1.0% 0.48 0.24 @N:} g. E
P40, 0.18 0.20 0.16 0.20 .45 0.54 0.83 M Y Og
COy 0.19 0.95 4.00 0.16  nt. f{d. tr. at. {d. \ﬁ\-‘ § 59
r’é ’ ] L] [
99.90 100.43 I00.4$ 100.32 100.31 100.7§ 100.17 @/ 1 ;g '-“\ A E_E
TABLE II. THE NORMS OF THE ROCKS THE ANALYSES OF WHICH ARE GIVEN ;! : i
IN TABLE L g:‘ g‘”
1. 3. 3. 4. 5. 6. 7. =] E‘.g..
Orthoclase 9.63 9.43 9.60 1.72 11.83 8.90 11.24 " g
Albite 6.41 12.02 10.9$ 20,92 8.50 5.76 3.71 o g
Anorthite 21.56 16,64 12.26 2%.78 16.63 — 16.03 B " E_
Nepheline 11.00 - 2.76 1.7 12.38 13.63 15.80 gt e~
Diopside 20.28 12.82 34 -0% 15.86 27.07 37.84 34.30 ‘3’ " Q
Hypecsthene - 26.70 - — — — —_— » :‘= féz
Acmite — = - — - 4.62 — i S
Olivine 24.13 8.72 9.19  26.09 16.85 15.69 7.79 ;" »
Magnetite 3.32 8.33 16.27 3.11 4.94 6.73 4 .46 » "y
Nmenite j.I0 §.01 4.76 4.85 .77 5.17 4.61 . §:
Apatite -35 .33 -36 .35 z.u3 1.34 *.04 :"; Q
t. Nepbaline basanite (crinanite)!, Hanchurch Woods, Staffs. 111, 6. 3. . Lockuiry () i 3
2. te,* Seabtidge, Stafls. [1I(IV 1. v 5 . » B 1
3. Limburgite (vesicular), ge, Staffs, T } i%&ll%Cw@%\*“vw '::: . 3:
4. te,?2 Slac nan N age, Jura, [T, 5. 4. 8. ;:'! P
s. Crinanite,3 Howford Bridge, Mauchline, Ayvshice, II1, 6. 3. 4. . E
6. Piarite-theralite 4 Lugar, Ayrshire. [V. 2.2, 2. 3. " F
7. Essexite S Craighead, Lanarkshice., 1I1.6. 3. 4. '-:g o
P S
& £
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the Lymes Farm borehole (LF) and Pie
Rough borehole (PR), showing a possible
interpretation of the structure, and beha-
viour of the Butterton Dyke (thick broken

line).

Key to lettering: KB, Keele Beds; NB,
Newcastle Beds; EM, Etruria Marl; GR,

Great Row; SF, Seabridge Fault.
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ol I  MAGNETIC MAPPING OF THE BUTTER TN DYKE ~ W Tc

ST T8y 384 52° 59'N.
Moy, H " SOWERBUTTS
Otor j Fig. 4. Map showing the +10nT/0.5m (+20nT m™") magnetic ] ..
Chureh . N contour to illustrate the detailed nature of the igneous intrusions. ( Jt. %tlﬂ Soc koned,
R Places are marked where the orientation of the dykes appears to 144 (957 ﬂ"ﬂ ~33 ]

change. X-X marks the line of the magnetic profile shown in Fig. 5.

Hanchurch | 52° 58 300"
34
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N
Dyhe
-—
0 500
m "'Z-"?:.’:ﬂ
Fig. 1. Location map showing known exposures of the Butterton 250
Dyke and the area where the magnetic survey was made.
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Fig. 3._Magnetic profiles obtained above the northern end of
Church Wood Quarry (Grid Ref. S184; 834420) and section showing
the position of two dykes (hatched) observed in the quarry face.

et iz

. | & 4
The total magnetic field measurements show one broad anomaly 100~ s ,‘,, /i J / ’,\'fﬂ’;:j:" ;
whereas the profile of vertical magnetic gradient shows separate :‘!‘[i}';ﬁ,:.;f?
v A v
anomalies over each dyke. ’ ] Dyke A X .,,,;;,n;
P
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Fig. 5. Vertical magnetic gradient profiles for the line X-X shown \”
in Fig. 4. The top profile is the measured vertical gradient and the )
bottom profile gives values computed for the two-dyke model ¢
shown in section below. In the model Dykes A and B are 2 m wide,
2 and l m below the surface, with magnetizations of 20 Am ™' and
8 Am™' respectively.
o @)
o} M ETRES 3

Fig. 2. Contour map and isometric plot showing the results of a vertical magnetic gradient survey made over part o
the Butterton Dyke The contour interval used is 10nT/0 Sm (20nT m Y, positive values are contoured as solid

lines and negative values as dashed hines
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Ficung 1 - Geological sketch-map of the area between Keele, Newcastle, and Butterton, Staffordshire,
to sthow the course purtued by the Butterton Dyke.
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Loty 8
Ficunt 1 - Section af the Lymes Farm borehole, Lymes Road near Keele, Staflordshire, showing the
mam coals and igneous intrusions intercepted

Loechty 6

1. lymes Farm: In the 1945 Geological Survey revision the author mapped the dyke
on surace features and occasional soil-fragments from near the Butterton Park
Lodge gates almost to Lymes Farm on the north side of Lymes Road  Since the
auterop of the dvke, over this part of its length, was gradually departing from it
usual north-north-westerly trend it was deemed madvisable o extend the outerop
farther without positive evidence of the occurrence of igneous ruck. Such evidence
materialized in 1964, when a small temporary pit close to the farm buildings exposed
+ width of several feet of severely weathered dolerite, together with traces of the

idish-brown sand: of the Keele Beds to the north and south. This exposure
not only confirmed the course of the dyke as mapped, but extended the outcrop to
2 small extent in a north-westerly direction. It did not, however, afford any clear
evidence of the width of the dvke or of its inclination

LTy 8
. Birmingham-Preston Motorway (Af6): During the construction of the Hanford-Kevle

section of the Birmingham-Preston motoyway in 196+, 2 width of just over 1+ [t of
decomposed dolerite was exposed on the northem cdge of the excavated area at a
point o vds. west-north-west of the bridge now carrying the Newcastle-Market
Drayton road over the motorway. The dyke, here cutting through solt mudstancs
of the Etruria Marl Group, showed an easterly contact which appeared 1o be
striking approximately N 20°W. On the west side the dyvke was terminated by a
fault, cutting it at an oblique angle, which appeared to be a branch of a more
powerful fault occurring immediately to the west. The exposure was not sufliciently
good for determining the inclination of the dyke.

Lotiul Y 2.
" age Works, University of Keele: In 1964, the dvke was ¢learly expased, for a

matter of days, on the north side of a circular excavation for 2 new bacterial bed, in
Springpool Wood about 830 yds. south-south-east of Keele Hall, and almost a mile
north-north-west of Darwin’s locality.

The height of the exposure was 6 ft., of which the topmost foot consisted of
disturbed soil and drift. The dyke, 3 ft. 6 ins. in width, and both contacts with
brown and mottled mudstones of the Newcastle Beds were clearly displayed. The
intrusion (Plate 1) showed a broad middle zone of fresh blue-hearted dolerite with
marked jointing parallel and perpendicular to the contacts. On cach side of this a
narrow contact-zone consisted of highly decomposed dolerite converted for the
most part into a brown clay. The normally weathered yellowish-grey clay
mudstones of the Newcastle Beds assumed a brown and mottled coloration in

proximity to the dyke.

As far as could be ascertained from this single vertical exposure (the floor of the
exeavation was covered with slumped clay and water), together with a small amount
of excavation of the westerly contact for the purpose, the dyke is running in a
direction N1o-W-N1o°W, Owing to an increasing thicknese of drift in other

shallow excavations immediately to the south, it was not possible to see the igneous
rock again in tiat direction, sor was it exposed in the bed ar banks of the stream to
the west and south of this exposure.

The exposure is illustrated by Plate 1, the directian of the face being W.5,W .-
N b, It will be noticed that in the higher part the dyke shows an casterly hade of
about 10° but that within the few feet to the base of the expasure the intrusion has
become nearly vertical. On a later page (p. 33) it will be shown that the dyke
probably has a general westerly hade in this vicinity and the mecasured ecasterly
inclination at the surface may be due to superficial movements.

THE PETROGRAPHY OF THE DYKE ROCK

Se\u?g WoRKS ‘?“‘—’fﬁ 9
A Dluc_hearted block of rock extracted from the middle relatively un-

weathered zone of the dyke, temporarily exposed at the sewage works in the
University grounds at Keele, yielded thin-sections which showed the rock to be
surprisingly fresh, in view of the narrowness of the intrusion and the shallowness
of cover

The rock is a fine-grained olivine-dolerite. It shows numerous phenocrysts, up
ter 1.g mm across, originally of olivine but almost all now entirely converted into
serpentine. There is very little iron oxide within the serpentine pseudomorphs, but
the ariginal idiomorphic outlines of the olivine crvstals have been markedly ac-
centuaterd by the growth of peripheral magnetite

The ground-mass of the rock consists of a felt of hypidiomorphic granular
pinkish pale-brown augite, probably titanaugite, laths of plagioclase felspars of two
distinctly diffecent dimensions but none of it phenoerystic, and grains of magnetite
andd ilmenite; the last-named mineral also ;ppcan.usrmll skeletal or sub-arborescent
growths, the habit being similar to that of the ilmenite in a tholeiite described from
a dyke in the Carboniferous Limestone of North Derbyshire.

The bulk amounts of the minerals in the dolerite, in decreasing order, are
augite, olivine (serpentine), paigioclau felspar, and iron oxides. There are minor
amounts of a chlorophacite, and very minor blebs of what may originally have been
sparsely developed interstit ial glass, but no evidence was found for nepheline which
Flete suggested may be present in the dyke rock from the Church Woad quarry near
Butterton.s
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Fig. 3: Plan of Silverdale New Mine showing major faults, colliery workings and depths below O.D. in the Great Row seam.
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