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P R OJ E C T S U M M A R Y

H e a dl a n d  Ar c h a e ol o g y  ( U K)  Lt d  u n d ert o o k  a  g e o p h ysi c al  
( m a g n et o m et er) s ur v e y of a 9 0 h e ct ar e sit e i n Littl e Si n gl et o n, 
L a n c as hir e t o pr o vi d e f urt h er i nf or m ati o n o n t h e ar c h a e ol o gi c al 
p ot e nti al al o n g t h e pr o p os e d r o ut e of t h e A 5 8 5 I m pr o v e m e nt 
S c h e m e.  T his  i nt eri m  r e p ort  pr es e nts  t h e  r es ults  of  t h e  
A 5 8 5 s ur v e y u n d ert a k e n t o d at e, a n ar e a of 4 9 h e ct ar es. N o 
a n o m ali es of d e fi nit e or p ossi bl e ar c h a e ol o gi c al p ot e nti al h a v e 
b e e n i d e nti fi e d b y t h e s ur v e y. T h e s ur v e y h as m ai nl y i d e nti fi e d 
a n o m ali es c o nsist e nt wit h t h e a gri c ult ur al l a n ds c a p e s u c h as 
f or m er b o u n d ari es, fi el d dr ai ns a n d pl o u g hi n g, as w ell as ar e as 
of  m a g n eti c  dist ur b a n c e  t h at  c orr es p o n d  wit h  t h e  l o c ati o ns  
of f or m er p o n ds i d e nti fi e d o n hist ori c al m a ps.  O n t h e b asis of 
t h e g e o p h ysi c al s ur v e y u n d ert a k e n t o d at e, t h e ar c h a e ol o gi c al 
p ot e nti al  al o n g  t h e  r o ut e  is  ass ess e d  as  l o w  alt h o u g h  t h e  
s pr e a di n g  of  ‘ gr e e n  w ast e’  i n  s o m e  ar e as  h as  t h e  p ot e nti al  
t o  ‘ m as k’  ar c h a e ol o gi c al  a n o m ali es,  if  pr es e nt.  S ur v e y  of  t h e  
r e m ai ni n g  fi el ds  m a y  pr o vi d e  a d diti o n al  i nf or m ati o n  o n  t h e  
o v er all ar c h a e ol o gi c al p ot e nti al al o n g t h e r o ut e. All of t h e d at a 
will b e r e- e v al u at e d u p o n c o m pl eti o n of t h e s ur v e y.
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1  I N T R O D U C TI O N
H e a dl a n d Ar c h a e ol o g y ( U K) Lt d w as c o m missi o n e d b y Ar c a dis ( U K) 

(t h e  Cli e nt),  t o  u n d ert a k e  a  g e o p h ysi c al  ( m a g n et o m et er)  s ur v e y  

at  Littl e  Si n gl et o n,  L a n c as hir e,  al o n g  t h e  pr o p os e d  r o ut e  of  t h e  

A 5 8 5  I m pr o v e m e nt  S c h e m e.  T h e  s ur v e y  h as  b e e n  r e q u est e d  b y  

Hi g h w a ys E n gl a n d t o i nf or m o n t h e ar c h a e ol o gi c al p ot e nti al al o n g 

t h e r o ut e a n d t o assist i n d et er mi ni n g a p pr o pri at e l e v els of f urt h er 

ar c h a e ol o gi c al w or k ( e g tri al tr e n c hi n g) a n d miti g ati o n. T his i nt eri m 

r e p ort pr es e nts t h e r es ults of t h e s ur v e y u n d ert a k e n t o d at e. It is 

e x p e ct e d t h at a f ull r e p ort will b e pr o d u c e d o n c e a c c ess h as b e e n 

a gr e e d t o t h e r e m ai ni n g ( c urr e ntl y u ns ur v e y e d) ar e as.

T h e  w or k  w as  u n d ert a k e n  i n  a c c or d a n c e  wit h  a  S p e ci fi c ati o n  

f or G e o p h ysi c al S ur v e y ( T W A S 2 0 1 8) a n d i n li n e wit h c urr e nt b est 

pr a cti c e  ( C h art er e d  I nstit ut e  f or  Ar c h a e ol o gists  2 0 1 4,   E ur o p a e  

Ar c h a e ol o gi a C o nsili u m 2 0 1 5). 

T h e s ur v e y w as c arri e d o ut b et w e e n t h e 11t h J u n e a n d t h e 2 0t h 

J u n e 2 0 1 8. 

1. 1  SI T E L O C A TI O N, T O P O G R A P H Y A N D 
L A N D- U S E

T h e g e o p h ysi c al s ur v e y ar e a ( G S A) e n c o m p ass es t h e d e v el o p m e nt 

c o ns e nt or d er ( D C O) b o u n d ar y f or t h e i m pr o v e m e nt s c h e m e (s e e 

Ill us 1). T his c o m pris es c o m p o u n d ar e as as w ell as t h e l a n d t h at will 

b e t a k e n f or t h e r o a d i m pr o v e m e nts b ot h f or n e w c arri a g e w a y a n d 

i m pr o v e m e nts t o e xisti n g r o a d.  T h e n e w s e cti o n of r o a d e xt e n ds 

fr o m  i m m e di at el y  e ast  of  P o ult o n-l e- F yl d e  at  S ki p p o ol  s kirti n g  

ar o u n d  t h e  s o ut h er n  p eri p h er y  of  Littl e  Si n gl et o n  t o  r ej oi n  t h e  

e xisti n g c arri a g e w a y e ast of t h e vill a g e at Wi n d y H ar b o ur. 

T h e G S A c o v ers 9 0 h e ct ar es a cr oss 5 1 (s o m e p arti al) fi el ds ( F 1 – F 5 1) 

w hi c h w er e a mi xt ur e of p er m a n e nt p ast ur e a n d ar a bl e c ulti v ati o n. 

S o m e fi el ds h a d b e e n r e c e ntl y h ar v est e d or m o w n pri or t o s ur v e y 

(s e e Ill us 2 – 5). Of t h e fi el ds w h er e a c c ess w as a p pr o v e d f or t his p h as e 

of w or k o nl y Fi el d 3 1 w as u ns uit a bl e f or s ur v e y d u e t o hi g h gr ass.

T h e i m pr o v e m e nt s c h e m e cr oss es a pr e d o mi n a ntl y fl at l a n ds c a p e 

b et w e e n 1 0 m A b o v e Or d n a n c e D at u m ( A O D) a n d 2 0 m A O D. At t h e 

w est er n e n d of t h e s c h e m e at S ki p p o ol J u n cti o n t h e l a n d is at 1 2 

m etr es A O D risi n g t o 1 6 m A O D at t h e cr ossi n g of G arst a n g R o a d 

E ast a n d 1 8 m A O D at L o d g e L a n e, n ort h of Littl e Si n gl et o n b ef or e 

gr a d u all y f alli n g t o 9 m etr es A O D at Wi n d y H ar b o ur at t h e e ast er n 

e n d of t h e s c h e m e (Ill us 6).

1. 2  G E O L O G Y A N D S OI L S
T h e  b e dr o c k  g e ol o g y  c o m pris es  Si n gl et o n  M u dst o n e  M e m b er  

( m u dst o n e), w hi c h is o v erl ai n b y di a mi ct o n o v er m ost of t h e r o ut e. 

I n  t h e  s o ut h  a n d  e ast  of  t h e  s ur v e y  c orri d or  Ti d al  Fl at  D e p osits  

c o m prisi n g cl a y a n d silt ar e pr es e nt. F urt h er s o ut h al o n g t h e r o ut e 

p e at a n d s m all p o c k ets of Gl a ci o fl u vi al D e p osits (s a n d a n d gr a v el) 

ar e r e c or d e d ( N E R C 2 0 1 8 – s e e Ill us 7).

O v er t h e m aj orit y of t h e D C O, t h e s oils ar e cl assi fi e d i n t h e S oils c a p e 

8 ass o ci ati o n, c h ar a ct eris e d as sli g htl y a ci d l o a ms a n d cl a y s oils wit h 

i m p e d e d dr ai n a g e. T o t h e s o ut h of t h e D C O t h e s oils ar e cl assi fi e d 

i n  t h e  S oils c a p e  2 1  ass o ci ati o n,  c h ar a ct eris e d  as  l o a ms  a n d  cl a ys  

of c o ast al fl ats wit h n at ur all y hi g h gr o u n d w at er. T h e w est of t h e 

D C O  c o nt ai ns  s oils  of  S oils c a p e  1 8  w hi c h  ar e  cl assi fi e d  as  sl o wl y  

p er m e a bl e s e as o n all y w et sli g htl y a ci d b ut b as e-ri c h l o a ms a n d cl a ys 

( Cr a n fi el d U ni v ersit y 2 0 1 8).
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2  A R C H A E O L O GI C A L 
B A C K G R O U N D

A C ult ur al  H erit a g e  D es k- B as e d  Ass ess m e nt  ( Ar c a dis  2 0 1 8)  of  a  1  

kil o m etr e st u d y ar e a ar o u n d t h e D C O h as i d e nti fi e d t h at t h er e ar e n o 

d esi g n at e d h erit a g e ass ets wit hi n t h e D C O b ut 5 1 n o n- d esi g n at e d 

ass ets. B as e d o n t h es e fi g ur es t h e ass ess m e nt c o n cl u d e d t h at t h er e 

w as a m e di u m t o l o w p ot e nti al f or pr e hist ori c r e m ai ns t o b e f o u n d 

wit hi n t h e G S A, as w ell as a m e di u m p ot e nti al f or R o m a n r e m ai ns. 

H o w e v er, n o n e of t h e f o c us p oi nts of t h es e p ot e nti al r e m ai ns ar e 

l o c at e d  wit hi n  t h e  D C O.  F or  b ot h  m e di e v al  a n d  p ost- m e di e v al  

r e m ai ns, t h e p ot e nti al w as ass ess e d as m e di u m, wit h a n e xt e nsi v e 

a gri c ult ur al r es o ur c e fr o m b ot h p eri o ds a n d s o m e p ost- m e di e v al 

i n d ustri al e vi d e n c e wit hi n t h e D C O.

O v er all, t h e ar c h a e ol o gi c al p ot e nti al of t h e i m pr o v e m e nt s c h e m e 

w as d e e m e d t o b e m e di u m, f or c urr e ntl y u n k n o w n ar c h a e ol o gi c al 

r e m ai ns t o b e pr es e nt.

3  AI M S, M E T H O D O L O G Y A N D 
P R E S E N T A TI O N

T h e g e n er al ai m of t h e g e o p h ysi c al s ur v e y w as t o pr o vi d e s u ffi ci e nt 

i nf or m ati o n t o est a blis h t h e pr es e n c e/ a bs e n c e, c h ar a ct er a n d e xt e nt 

of a n y ar c h a e ol o gi c al r e m ai ns wit hi n t h e D C O. T his will t h er ef or e 

e n a bl e a n ass ess m e nt t o b e m a d e of t h e i m p a ct of t h e pr o p os e d 

i m pr o v e m e nt s c h e m e o n a n y s u b-s urf a c e ar c h a e ol o gi c al r e m ai ns, 

if pr es e nt.

T h e  s p e ci fi c  ar c h a e ol o gi c al  o bj e cti v es  of  t h e  g e o p h ysi c al  s ur v e y  

w er e:

 › t o  pr o vi d e  i nf or m ati o n  a b o ut  t h e  n at ur e  a n d  p ossi bl e  

i nt er pr et ati o n of a n y m a g n eti c a n o m ali es i d e nti fi e d;

 › t o  t h er ef or e  m o d el  t h e  pr es e n c e/ a bs e n c e  a n d  e xt e nt  of  a n y  

b uri e d ar c h a e ol o gi c al f e at ur es; a n d

 › t o pr e p ar e a r e p ort s u m m arisi n g t h e r es ults of t h e s ur v e y. 

3. 1  M A G N E T O M E T E R S U R V E Y
M a g n eti c  s ur v e y  m et h o ds  r el y  o n  t h e  a bilit y  of  a  v ari et y  of  

i nstr u m e nts t o m e as ur e v er y s m all m a g n eti c fi el ds ass o ci at e d wit h 

b uri e d ar c h a e ol o gi c al r e m ai ns. A f e at ur e s u c h as a dit c h, pit or kil n 

c a n  a ct  li k e  a  s m all  m a g n et,  or  s eri es  of  m a g n ets,  t h at  pr o d u c e  

dist orti o ns  ( a n o m ali es)  i n  t h e  e art h’s  m a g n eti c  fi el d.  I n  m a p pi n g  

t h es e sli g ht v ari ati o ns, d et ail e d pl a ns of sit es c a n b e o bt ai n e d as 

b uri e d  f e at ur es  oft e n  pr o d u c e  r e as o n a bl y  c h ar a ct eristi c  a n o m al y  

s h a p es a n d str e n gt hs ( G a ff n e y & G at er 2 0 0 3). F urt h er i nf or m ati o n 

o n s oil m a g n etis m a n d t h e i nt er pr et ati o n of m a g n eti c a n o m ali es is 

pr o vi d e d i n A p p e n di x 1. 

T h e s ur v e y w as u n d ert a k e n usi n g f o ur B arti n gt o n Gr a d 6 0 1 s e ns ors 

m o u nt e d at 1 m i nt er v als ( 1 m tr a v ers e i nt er v al) o nt o a ri gi d c arr yi n g 

fr a m e. T h e s yst e m w as pr o gr a m m e d t o t a k e r e a di n gs at a fr e q u e n c y 

of  1 0 H z  ( all o wi n g  f or  a  1 0 – 1 5 c m  s a m pl e  i nt er v al)  o n  r o a mi n g  

tr a v ers es  (s w at hs)  4 m  a p art.  T h es e  r e a di n gs  w er e  st or e d  o n  a n  

e xt er n al w e at h er pr o of l a pt o p a n d l at er d o w nl o a d e d f or pr o c essi n g 

a n d  i nt er pr et ati o n.  T h e  s yst e m  w as  li n k e d  t o  a  Tri m bl e  R 8s  R e al  

Ti m e  Ki n eti c  ( R T K)  di ff er e nti al  Gl o b al  P ositi o ni n g  S yst e m  ( d G P S)  

o ut p utti n g i n N M E A m o d e t o e ns ur e a hi g h p ositi o n al a c c ur a c y f or 

e a c h d at a p oi nt.  

M L Gr a d 6 0 1  a n d  M ulti Gr a d 6 0 1  ( G e o m ar  S oft w ar e  I n c.)  s oft w ar e  

w as  us e d  t o  c oll e ct  a n d  e x p ort  t h e  d at a.  T err as ur v e y or  V 3. 0. 3 2. 4  

( D W C o ns ulti n g) s oft w ar e w as us e d t o pr o c ess a n d pr es e nt t h e d at a. 

3. 2  R E P O R TI N G
A g e n er al sit e l o c ati o n pl a n is s h o w n i n Ill us 1 at a s c al e of 1: 1 5, 0 0 0. 

Ill us 2 – 5 ar e sit e c o n diti o n p h ot o gr a p hs. Ill us 6 is a 1: 1 5, 0 0 0 s ur v e y 

l o c ati o n  pl a n  s h o wi n g  t h e  dir e cti o n  of  s ur v e y  as  G P S  s w at hs  as  

w ell as s e ct or b o u n d ari es. Ill us 7 s h o ws t h e s u p er fi ci al g e ol o gi c al 

d e p osits ( N E R C 2 0 1 8) a n d p h ot o gr a p h l o c ati o ns, als o at a s c al e of 

1: 1 5, 0 0 0. T h e pr o c ess e d gr e ys c al e d at a a n d a n o v er all i nt er pr et ati o n 

pl ot ar e als o pr es e nt e d at 1: 1 5, 0 0 0 i n Ill us 8 a n d 9. L ar g e-s c al e, f ull y 

pr o c ess e d ( gr e ys c al e) d at a, mi ni m all y pr o c ess e d d at a ( X Y tr a c e pl ot) 

a n d a c c o m p a n yi n g i nt er pr et ati v e pl ots ar e pr es e nt e d at a s c al e of 

1: 2, 5 0 0 i n Ill us 1 0 – 2 7 i n cl usi v e.

T e c h ni c al i nf or m ati o n o n t h e e q ui p m e nt us e d, d at a pr o c essi n g a n d 

m a g n eti c s ur v e y m et h o d ol o g y is gi v e n i n A p p e n di x 1. A p p e n di x 2 

d et ails t h e s ur v e y l o c ati o n i nf or m ati o n a n d A p p e n di x 3 d es cri b es 

t h e c o m p ositi o n a n d l o c ati o n of t h e sit e ar c hi v e. D at a pr o c essi n g 

d et ails  ar e  pr es e nt e d  i n  A p p e n di x  4.  A  c o p y  of  t h e  O A SI S  e ntr y  

( O nli n e  A c c ess  t o  t h e  I n d e x  of  Ar c h a e ol o gi c al  I n v esti g ati o ns)  is  

r e pr o d u c e d i n A p p e n di x 5.

T h e  s ur v e y  m et h o d ol o g y,  r e p ort  a n d  a n y  r e c o m m e n d ati o ns  

c o m pl y wit h t h e S p e ci fi c ati o n f or G e o p h ysi c al S ur v e y ( T W A S 2 0 1 8), 

g ui d eli n es o utli n e d b y E ur o p a e Ar c h a e ol o gi a C o nsili u m ( E A C 2 0 1 5) 

a n d  b y  t h e  C h art er e d  I nstit ut e  f or  Ar c h a e ol o gists  ( CIf A  2 0 1 4).  All  

ill ustr ati o ns fr o m Or d n a n c e S ur v e y m a p pi n g ar e r e pr o d u c e d wit h 

t h e p er missi o n of t h e c o ntr oll er of H er M aj est y’s St ati o n er y O ffi c e 

( © Cr o w n c o p yri g ht).

T h e ill ustr ati o ns i n t his r e p ort h a v e b e e n pr o d u c e d f oll o wi n g 

a n al ysis of t h e d at a i n ‘r a w’ a n d pr o c ess e d f or m ats a n d o v er 

a r a n g e of di ff er e nt dis pl a y l e v els. All ill ustr ati o ns ar e pr es e nt e d 

t o m ost s uit a bl y dis pl a y a n d i nt er pr et t h e d at a fr o m t his sit e 

b as e d o n t h e e x p eri e n c e a n d k n o wl e d g e of m a n a g e m e nt a n d 

r e p orti n g st a ff. 

4  R E S U L T S A N D DI S C U S SI O N
T h e  gr o u n d  c o n diti o ns  w er e  g e n er all y  g o o d  (Ill us  2 – 5)  a n d  

c o ntri b ut e d t o a hi g h st a n d ar d of d at a q u alit y t hr o u g h o ut. 

G e n er all y, t h er e ar e c h a n g es i n t h e m a g n eti c b a c k gr o u n d, d u e t o t h e 

v ari ati o n of t h e s u p er fi ci al d e p osits a n d t h e s oils fr o m w hi c h t h e y 

ar e m ostl y d eri v e d. A g ai nst t his b a c k gr o u n d, n u m er o us li n e ar a n d 

dis cr et e  a n o m ali es  h a v e  b e e n  i d e nti fi e d  a n d  t h es e  ar e  dis c uss e d  

b el o w a n d cr oss-r ef er e n c e d t o s p e ci fi c e x a m pl es o n t h e i nt er pr eti v e 

ill ustr ati o ns, w h er e a p pr o pri at e.
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F err o us a n o m ali es 
F err o us a n o m ali es, c h ar a ct eris e d as i n di vi d u al ‘s pi k es’, ar e t y pi c all y 

c a us e d  b y  f err o us  ( m a g n eti c)  m at eri al,  eit h er  o n  t h e  gr o u n d  

s urf a c e or i n t h e pl o u g h-s oil. Littl e i m p ort a n c e is n or m all y gi v e n 

t o s u c h a n o m ali es, u nl ess t h er e is a n y s u p p orti n g e vi d e n c e f or a n 

ar c h a e ol o gi c al i nt er pr et ati o n, as m o d er n f err o us d e bris is c o m m o n 

o n m ost sit es, oft e n b ei n g pr es e nt as a c o ns e q u e n c e of m a n uri n g 

or ti p pi n g/i n filli n g. T h er e is n o o b vi o us cl ust eri n g t o t h es e f err o us 

a n o m ali es w hi c h mi g ht i n di c at e a n ar c h a e ol o gi c al ori gi n. F ar m or e 

pr o b a bl e is t h at t h e ‘s pi k e’ r es p o ns es ar e li k el y c a us e d b y t h e r a n d o m 

distri b uti o n of f err o us d e bris i n t h e u p p er s oil h ori z o ns.

S e v er al hi g h m a g nit u d e di p ol ar li n e ar a n o m ali es w er e i d e nti fi e d a n d 

i nt er pr et e d as b uri e d s er vi c e pi p es. S P 1 a n d S P 2 i n F 1 4 a n d S P 3 i n F 1 2 

( S e ct or 1, Ill us 1 0 – 1 2), S P 4 a n d S P 5 i n F 3 0 a n d F 4 8 r es p e cti v el y ( S e ct or 

2, Ill us 1 3 – 1 5), S P 6 r u n ni n g t hr o u g h F 1, F 7 a n d F 2 9 ( S e ct ors 3 – 4, Ill us 

1 6 – 2 1) a n d S P 7 a n d S P 8 i n F 3 8 ( S e ct or 4, Ill us 1 9 – 2 1). 

T w o ar e as of m a g n eti c dist ur b a n c e ( P 1 i n t h e e ast of F 1 a n d P 2 i n t h e 

n ort h- w est of F 7 ( S e ct or 3, Ill us 1 6 – 1 8), l o c at e f or m er p o n ds r e c or d e d 

o n e arl y e diti o n O S m a ps, o n e of w hi c h ( P 1) is still p arti all y e xt a nt. 

T h e  d at a  t hr o u g h o ut  m ost  of  F 3 0  ( S e ct or  2,  Ill us  1 3 – 1 5)  a n d  t h e  

n ort h- e ast  of  F 2 9  ( S e ct or  4,  Ill us  1 9 – 2 1)  is  d o mi n at e d  b y  hi g h  

m a g nit u d e m a g n eti c dist ur b a n c e t hr o u g h o ut. Dist ur b a n c e of t his 

m a g nit u d e a n d distri b uti o n is c h ar a ct eristi c of t h e r e c e nt s pr e a di n g 

of or g a ni c w ast e ( or ‘ gr e e n w ast e’) as s oil c o n diti o n er. T h e e x a ct 

c a us e of t h e r es p o ns e is n ot f ull y u n d erst o o d b ut is t h o u g ht t o b e 

c a us e d b y t h e pr es e n c e of m a g n eti c c o m p o u n ds i n t h e s oil cr e at e d 

d uri n g  d e c o m p ositi o n  pr o c ess es,  a n d  als o  b y  fr e q u e nt  f err o us  

c o nt a mi n a nts wit hi n t h e w ast e m at eri al. A g ai nst t his b a c k gr o u n d, 

2

3 4

ILL U S 2 F14 looking east ILL U S 3 F30 looking north ILL U S 4 F1 looking north- west
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o nl y e xtr e m el y hi g h m a g nit u d e a n o m ali es c a n b e i d e nti fi e d. A n y 

l o w  m a g nit u d e  a n o m ali es  of  ar c h a e ol o gi c al  p ot e nti al,  if  pr es e nt,  

wit hi n  t h es e  a ff e ct e d  ar e as  w o ul d  pr o b a bl y  b e  ‘ m as k e d’  b y  t h e  

m u c h str o n g er r e a di n gs d u e t o t h e gr e e n w ast e. 

Ot h er ar e as of m a g n eti c dist ur b a n c e ar o u n d t h e p eri m et er of fi el ds 

is d u e t o f err o us m at eri al pr es e nt wit hi n t h e fi el d b o u n d ari es or t h e 

pr o xi mit y of t h e r o a ds, h o us es a n d ot h er m o d er n i nfr astr u ct ur e.

A gri c ult ur al a n o m ali es 
Li n e ar tr e n d a n o m ali es h a v e b e e n i d e nti fi e d t hr o u g h o ut t h e D C O, 

t h e b est e x a m pl e b ei n g t h e li n e ar a n o m ali es r u n ni n g n ort h- w est t o 

s o ut h- e ast i n F 4 ( S e ct or 5, Ill us 2 2 – 2 4). T h es e a n o m ali es ar e all eit h er 

p ar all el or at ri g ht a n gl es t o c urr e nt fi el d b o u n d ari es a n d ar e c a us e d 

b y r e c e nt pl o u g hi n g.

Li n e ar tr e n d a n o m ali es i d e nti fi e d i n F 3 a n d F 4 ( S e ct or 5, Ill us 2 2 – 2 4) 

a n d F 5 1 ( S e ct or 6, Ill us 2 5 – 2 7) ar e c h ar a ct eristi c of fi el d dr ai ns. T h e y 

ar e r u n ni n g s o ut h- w est t o n ort h- e ast i n F 3, F 4 a n d F 5 1. I n t h e l att er, 

n ort h- w est t o s o ut h- e ast ori e nt at e d dr ai ns w er e f o u n d as w ell.

F or m er fi el d b o u n d ari es, r e c or d e d o n hist ori c m a p pi n g, ar e i d e nti fi e d 

i n F 1 4 ( F B 1, S e ct or 1, Ill us 1 0 – 1 2), F B 2 i n F 7/ 2 9 ( S e ct ors 3 – 4, Ill us 1 6 – 2 1) 

a n d F B 3, F B 4 a n d F B 5 i n F 3 8 ( S e ct or 4, Ill us 1 9 – 2 1) as li n e ar a n o m ali es.

G e ol o gi c al a n o m ali es 
N u m er o us  s m all  is ol at e d  a n o m ali es  ( dis cr et e  ar e as  of  m a g n eti c  

e n h a n c e m e nt)  ar e  i d e nti fi e d  t hr o u g h o ut  t h e  D C O.  T h es e  ar e  

i nt er pr et e d as g e ol o gi c al i n ori gi n a n d ar e d u e t o v ari ati o n i n t h e 

c o m p ositi o n of t h e s u p er fi ci al d e p osits a n d t h e s oils fr o m w hi c h 

t h e y d eri v e.

S e v er al l o w m a g nit u d e tr e n ds i n t h e d at a, s u c h as t h e o n es f o u n d i n 

F 4 ( S e ct or 5, Ill us 2 2 – 2 4) ar e als o i nt er pr et e d as b ei n g g e ol o gi c al i n 

ori gi n als o b ei n g d u e t o l o c alis e d v ari ati o ns i n t h e s oils.

A n o m ali es of u n c ert ai n ori gi n
S e v er al li n e ar tr e n ds i n t h e d at a, ar e i d e nti fi e d at s e v er al l o c ati o ns 

al o n g t h e c orri d or, s u c h as U A 1 a n d U A 2 i n F 3 8 ( S e ct or 4, Ill us 1 9 –

2 1) a n d U A 3 i n F 5 1 ( S e ct or 6, Ill us 2 5 – 2 7). T h eir li n e arit y pr e cl u d es 

a g e ol o gi c al i nt er pr et ati o n, t h e y ar e ali g n e d o bli q u e t o t h e e xt a nt 

fi el d b o u n d ari es a n d d o n ot c orr es p o n d t o a n y r e c or d e d f e at ur es o n 

hist ori c al m a ps. T h e l a c k of a n ar c h a e ol o gi c al c o nt e xt s u g g ests t h at 

a m o d er n or a gri c ult ur al ori gi n is m ost li k el y.

5  C O N C L U SI O N
T h e  g e o p h ysi c al  s ur v e y  h as  s u c c essf ull y  e v al u at e d  p art  of  t h e  

pr o p os e d  r o ut e  of  t h e  A 5 8 5  I m pr o v e m e nt  S c h e m e  a n d  h as  

i d e nti fi e d  n o  a n o m ali es  of  li k el y  ar c h a e ol o gi c al  ori gi n.  All  t h e  

a n o m ali es  ar e  c a us e d  b y  r e c e nt  a gri c ult ur al  pr a cti c e  ( pl o u g hi n g,  

dr ai n a g e,  h e d g e  b o u n d ar y  r e m o v al  a n d  t h e  s pr e a di n g  of  gr e e n  

ILL U S 5 F33 looking east
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w ast e)  or  r e c e nt  a cti vit y  (s m all  s c al e  mi n er al  e xtr a cti o n,  m o d er n  

s er vi c e pi p es or dr ai ns). O n t h e b asis of t h e s ur v e y c arri e d o ut t o d at e 

t h e ar c h a e ol o gi c al p ot e nti al of t h e ar e as c o v er e d is c o nsi d er e d t o 

b e l o w. H o w e v er, t h e p ot e nti al m as ki n g e ff e ct of t h e gr e e n w ast e 

m e a ns t h at t h e pr es e n c e of ar c h a e ol o gi c al f e at ur es i n t h es e ar e as 

c a n n ot b e dis c o u nt e d. 

6  R E F E R E N C E S
Ar c a dis  2 0 1 8  A 5 8 5  Wi n d y  H ar b o ur  t o  S ki p p o ol  I m pr o v e m e nt  S c h e m e  

A p p e n di x 7. 1: C ult ur al H erit a g e D es k- B as e d Ass ess m e nt

C h art er e d  I nstit ut e  f or  Ar c h a e ol o gists  ( CIf A)  2 0 1 4  St a n d ar d  a n d  

g ui d a n c e  f or  ar c h a e ol o gi c al  g e o p h ysi c al  s ur v e y   ( R e a di n g) 

h t t p: // w w w. a r c h a e ol o gi s t s. n e t / si t e s / d ef a ul t /fil e s /

CIf A S % 2 6 G G e o p h ysi cs _ 2. p df  a c c ess e d 9 A u g ust 2 0 1 8 

Cr a n fi el d U ni v ersit y 2 0 1 8  Cr a n fi el d S oil a n d A grif o o d I nstit ut e S oils c a p es   

htt p:// w w w.l a n dis. or g. u k /s oils c a p es/  a c c ess e d 9 A u g ust 2 0 1 8

E ur o p a e  Ar c h a e ol o gi a  C o nsili u m  2 0 1 5  E A C G ui d eli n es f or t h e us e of 

G e o p h ysi cs i n Ar c h a e ol o g y   Ar c h a e oli n g u a 2 0 1 5

G a ff n e y,  C  &  G at er,  J  ( 2 0 0 3)  R e v e ali n g t h e B uri e d P ast: G e o p h ysi cs f or 

Ar c h a e ol o gists   Str o u d 

N at ur al E n vir o n m e nt R es e ar c h C o u n cil ( N E R C) 2 0 1 8  Britis h G e ol o gi c al 

S ur v e y   htt p:// w w w. b gs. a c. u k /  a c c ess e d 9 A u g ust 2 0 1 8 

http://www.archaeologists.net/sites/default/files/CIfAS%26GGeophysics_2.pdf
http://www.archaeologists.net/sites/default/files/CIfAS%26GGeophysics_2.pdf
http://www.landis.org.uk/soilscapes/
http://www.bgs.ac.uk/
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I L L U S 6 Survey location sho wing GPS s waths and sector boundaries (1:15,000)
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I L L U S 1 0 Processed greyscale magneto meter data; Sector 1 (1:2,500)
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I L L U S 1 1 XY trace plot of mini mally processed magneto meter data; Sector 1 (1:2,500)
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I L L U S 1 2 Interpretation of magneto meter data; Sector 1 (1:2,500)
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I L L U S 1 9 Processed greyscale magneto meter data; Sector 4 (1:2,500)
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I L L U S 2 0 XY trace plot of mini mally processed magneto meter data; Sector 4 (1:2,500)
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I L L U S 2 1 Interpretation of magneto meter data; Sector 4 (1:2,500) 
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I L L U S 2 2 Processed greyscale magneto meter data; Sector 5 (1:2,500)
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I L L U S 2 3 XY trace plot of mini mally processed magneto meter data; Sector 5 (1:2,500)
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I L L U S 2 4 Interpretation of magneto meter data; Sector 5 (1:2,500) 
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7  A P P E N DI C E S

A P P E N DI X  1 M A G N E T O M E T E R S U R V E Y

M a g n eti c s us c e pti bilit y a n d s oil m a g n etis m
Ir o n m a k es u p a b o ut 6 % of t h e e art h’s cr ust a n d is m ostl y pr es e nt 

i n s oils a n d r o c k s as mi n er als s u c h as m a g h a e mit e a n d h a e m atit e. 

T h es e mi n er als h a v e a w e a k, m e as ur a bl e m a g n eti c pr o p ert y t er m e d 

m a g n eti c  s us c e pti bilit y.  H u m a n  a cti viti es  c a n  r e distri b ut e  t h es e  

mi n er als a n d c h a n g e ( e n h a n c e) ot h ers i nt o m or e m a g n eti c f or ms 

s o  t h at  b y  m e as uri n g  t h e  m a g n eti c  s us c e pti bilit y  of  t h e  t o ps oil,  

ar e as  w h er e  h u m a n  o c c u p ati o n  or  s ettl e m e nt  h as  o c c urr e d  c a n  

b e  i d e nti fi e d  b y  virt u e  of  t h e  att e n d a nt  i n cr e as e  ( e n h a n c e m e nt)  

i n m a g n eti c s us c e pti bilit y. If t h e e n h a n c e d m at eri al s u bs e q u e ntl y 

c o m es  t o  fill  f e at ur es,  s u c h  as  dit c h es  or  pits,  l o c alis e d  is ol at e d  

a n d li n e ar m a g n eti c a n o m ali es c a n r es ult w h os e pr es e n c e c a n b e 

d et e ct e d b y a m a g n et o m et er ( fl u x g at e gr a di o m et er). 

I n g e n er al, it is t h e c o ntr ast b et w e e n t h e m a g n eti c s us c e pti bilit y of 

d e p osits filli n g c ut f e at ur es, s u c h as dit c h es or pits, a n d t h e m a g n eti c 

s us c e pti bilit y of t o ps oils, s u bs oils a n d r o c k s i nt o w hi c h t h es e f e at ur es 

h a v e  b e e n  c ut,  w hi c h  c a us es  t h e  m ost  r e c o g nis a bl e  r es p o ns es.  

T his is pri m aril y b e c a us e t h er e is a t e n d e n c y f or m a g n eti c f err o us 

c o m p o u n ds t o b e c o m e c o n c e ntr at e d i n t h e t o ps oil, t h er e b y m a ki n g 

it m or e m a g n eti c t h a n t h e s u bs oil or t h e b e dr o c k. Li n e ar f e at ur es c ut 

i nt o t h e s u bs oil or g e ol o g y, s u c h as dit c h es, t h at h a v e b e e n silt e d u p 

or h a v e b e e n b a c k fill e d wit h t o ps oil will t h er ef or e us u all y pr o d u c e 

a p ositi v e m a g n eti c r es p o ns e r el ati v e t o t h e b a c k gr o u n d s oil l e v els. 

Dis cr et e f e at ur e, s u c h as pits, c a n als o b e d et e ct e d. 

T h e m a g n eti c s us c e pti bilit y of a s oil c a n als o b e e n h a n c e d b y t h e 

a p pli c ati o n of h e at. T his e ff e ct c a n l e a d t o t h e d et e cti o n of f e at ur es 

s u c h as h e art hs, kil ns or ar e as of b ur ni n g.

Ty p es of m a g n eti c a n o m al y
I n  t h e  m aj orit y  of  i nst a n c es  a n o m ali es  ar e  t er m e d  ‘ p ositi v e’.  T his  

m e a ns  t h at  t h e y  h a v e  a  p ositi v e  m a g n eti c  v al u e  r el ati v e  t o  t h e  

m a g n eti c b a c k gr o u n d o n a n y gi v e n sit e. H o w e v er s o m e f e at ur es 

c a n m a nif est t h e ms el v es as ‘ n e g ati v e’ a n o m ali es t h at, c o n v ers el y, 

m e a ns t h at t h e r es p o ns e is n e g ati v e r el ati v e t o t h e m e a n m a g n eti c 

b a c k gr o u n d.

W h er e it is n ot p ossi bl e t o gi v e a pr o b a bl e c a us e of a n o bs er v e d 

a n o m al y a ‘?’ is a p p e n d e d.

It s h o ul d b e n ot e d t h at a n o m ali es i nt er pr et e d as m o d er n i n ori gi n 

mi g ht b e c a us e d b y f e at ur es t h at ar e pr es e nt i n t h e t o ps oil or u p p er 

l a y ers of t h e s u bs oil. R e m o v al of s oil t o a n ar c h a e ol o gi c al or n at ur al 

l a y er c a n t h er ef or e r e m o v e t h e f e at ur e c a usi n g t h e a n o m al y.

T h e t y p es of r es p o ns e m e nti o n e d a b o v e c a n b e di vi d e d i nt o fi v e 

m ai n c at e g ori es t h at ar e us e d i n t h e gr a p hi c al i nt er pr et ati o n of t h e 

m a g n eti c d at a:

Is ol at e d di p ol ar a n o m ali es (ir o n s pi k es) T h es e r es p o ns es ar e t y pi c all y 

c a us e d b y f err o us m at eri al eit h er o n t h e s urf a c e or i n t h e t o ps oil. 

T h e y c a us e a r a pi d v ari ati o n i n t h e m a g n eti c r es p o ns e gi vi n g 

a  c h ar a ct eristi c  ‘s pi k y’  tr a c e.  Alt h o u g h  f err o us  ar c h a e ol o gi c al  

art ef a cts  c o ul d  pr o d u c e  t his  t y p e  of  r es p o ns e,  u nl ess  t h er e  is  

s u p p orti n g e vi d e n c e f or a n ar c h a e ol o gi c al i nt er pr et ati o n, littl e 

e m p h asis is n or m all y gi v e n t o s u c h a n o m ali es, as m o d er n f err o us 

o bj e cts  ar e  c o m m o n  o n  r ur al  sit es,  oft e n  b ei n g  pr es e nt  as  a  

c o ns e q u e n c e of m a n uri n g.

Ar e as of m a g n etic dist ur b a nc e  T h es e r es p o ns es c a n h a v e s e v er al 

c a us es oft e n b ei n g ass o ci at e d wit h b ur nt m at eri al, s u c h as sl a g 

w ast e or bri c k r u b bl e or ot h er str o n gl y m a g n etis e d/ fir e d m at eri al. 

F err o us str u ct ur es s u c h as p yl o ns, m es h or b ar b e d wir e f e n ci n g 

a n d b uri e d pi p es c a n als o c a us e t h e s a m e dist ur b e d r es p o ns e. A 

m o d er n ori gi n is us u all y ass u m e d u nl ess t h er e is ot h er s u p p orti n g 

i nf or m ati o n.

Li n e ar tr e n d T his is us u all y a w e a k or br o a d li n e ar a n o m al y of 

u n k n o w n c a us e or d at e. T h es e a n o m ali es ar e oft e n c a us e d b y 

a gri c ult ur al  a cti vit y,  eit h er  pl o u g hi n g  or  l a n d  dr ai ns  b ei n g  a  

c o m m o n c a us e.

Ar e as of m a g n etic e n h a nc e m e nt/ p ositi v e is ol at e d a n o m ali es  Ar e as of 

e n h a n c e d r es p o ns e ar e c h ar a ct eris e d b y a g e n er al i n cr e as e i n 

t h e m a g n eti c b a c k gr o u n d o v er a l o c alis e d ar e a w hilst dis cr et e 

a n o m ali es  ar e  m a nif est  b y  a n  i n cr e as e d  r es p o ns e  (s o m eti m es  

o nl y  visi bl e  o n  a n  X Y  tr a c e  pl ot)  o n  t w o  or  t hr e e  s u c c essi v e  

tr a v ers es. I n n eit h er i nst a n c e is t h er e t h e i nt e ns e di p ol ar r es p o ns e 

c h ar a ct eristi c  e x hi bit e d  b y  a n  ar e a  of  m a g n eti c  dist ur b a n c e  

or of a n ‘ir o n s pi k e’ a n o m al y (s e e a b o v e). T h es e a n o m ali es c a n 

b e  c a us e d  b y  i n fill e d  dis cr et e  ar c h a e ol o gi c al  f e at ur es  s u c h  

as  pits  or  p ost- h ol es  or  b y  kil ns.  T h e y  c a n  als o  b e  c a us e d  b y  

p e d ol o gi c al v ari ati o ns or b y n at ur al i n fill e d f e at ur es o n c ert ai n 

g e ol o gi es. F err o us m at eri al i n t h e s u bs oil c a n als o gi v e a si mil ar 

r es p o ns e. It c a n oft e n t h er ef or e b e v er y di ffi c ult t o est a blis h a n 

a nt hr o p o g e ni c  ori gi n  wit h o ut  i ntr usi v e  i n v esti g ati o n  or  ot h er  

s u p p orti n g i nf or m ati o n.

Li n e ar a n d c ur vili n e ar a n o m ali es  S u c h  a n o m ali es  h a v e  a  v ari et y  

of ori gi ns. T h e y m a y b e c a us e d b y a gri c ult ur al pr a cti c e (r e c e nt 

pl o u g hi n g tr e n ds, e arli er ri d g e a n d f urr o w r e gi m es or l a n d dr ai ns), 

n at ur al g e o m or p h ol o gi c al f e at ur es s u c h as p al a e o c h a n n els or b y 

i n fill e d ar c h a e ol o gi c al dit c h es.
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A P P E N DI X  2 S U R V E Y L O C A TI O N 
I N F O R M A TI O N

A n i niti al s ur v e y b as e st ati o n w as est a blis h e d usi n g a Tri m bl e V R S 

di ff er e nti al  Gl o b al  P ositi o ni n g  S yst e m  ( d G P S).  T h e  m a g n et o m et er  

d at a  w as  g e or ef er e n c e d  usi n g  a  Tri m bl e  R T K  di ff er e nti al  Gl o b al  

P ositi o ni n g S yst e m ( Tri m bl e R 8s m o d el).

T e m p or ar y si g ht m ar k ers w er e l ai d o ut usi n g a Tri m bl e V R S di ff er e nti al 

Gl o b al P ositi o ni n g S yst e m ( Tri m bl e R 8s m o d el) t o g ui d e t h e o p er at or 

a n d e ns ur e f ull c o v er a g e. T h e a c c ur a c y of t his d G P S e q ui p m e nt is 

b ett er t h a n 0. 0 1 m. 

T h e s ur v e y d at a w er e t h e n s u p er-i m p os e d o nt o a b as e m a p pr o vi d e d 

b y t h e cli e nt t o pr o d u c e t h e dis pl a y e d bl o c k l o c ati o ns. H o w e v er, 

it s h o ul d b e n ot e d t h at Or d n a n c e S ur v e y p ositi o n al a c c ur a c y f or 

di git al m a p d at a h as a n err or of 0. 5 m f or ur b a n a n d fl o o d pl ai n ar e as, 

1. 0 m f or r ur al ar e as a n d 2. 5 m f or m o u nt ai n a n d m o orl a n d ar e as. T his 

p ot e nti al err or m ust b e c o nsi d er e d if c o or di n at es ar e m e as ur e d o ff 

h ar d c o pi es of t h e m a p pi n g r at h er t h a n usi n g t h e di git al c o or di n at es. 

H e a dl a n d Ar c h a e ol o g y c a n n ot a c c e pt r es p o nsi bilit y f or err ors 

of f a ct or o pi ni o n r es ulti n g fr o m d at a s u p pli e d b y a t hir d p art y.

A P P E N DI X  3 G E O P H Y SI C A L S U R V E Y 
A R C HI V E

T h e g e o p h ysi c al ar c hi v e c o m pris es a n ar c hi v e dis k c o nt ai ni n g t h e 

r a w d at a i n X Y Z f or m at, a r ast er i m a g e of e a c h gr e ys c al e pl ot wit h 

ass o ci at e w orl d fil e, a n d a P D F of t h e r e p ort.

T h e  pr oj e ct  will  b e  ar c hi v e d  i n- h o us e  i n  a c c or d a n c e  wit h  r e c e nt  

g o o d  pr a cti c e  g ui d eli n es  ( htt p:// g ui d es. ar c h a e ol o g y d at as er vi c e.

a c. u k / g 2 g p/ G e o p h ysi cs _ 3 ). T h e d at a will b e st or e d i n a n i n d e x e d 

ar c hi v e a n d mi gr at e d t o n e w f or m ats w h e n n e c ess ar y. 

A P P E N DI X  4 D A T A P R O C E S SI N G
T h e gr a di o m et er d at a h as b e e n pr es e nt e d i n t his r e p ort i n pr o c ess e d 

gr e ys c al e a n d mi ni m all y pr o c ess e d X Y tr a c e pl ot f or m at. 

D at a c oll e ct e d usi n g R T K G P S- b as e d m et h o ds c a n n ot b e pr o d u c e d 

wit h o ut mi ni m al pr o c essi n g of t h e d at a. T h e mi ni m all y pr o c ess e d 

d at a  h as  b e e n  i nt er p ol at e d  t o  pr oj e ct  t h e  d at a  o nt o  a  r e g ul ar  

gri d  a n d  d e-stri p e d  t o  c orr e ct  f or  sli g ht  v ari ati o ns  i n  i nstr u m e nt  

c ali br ati o n drift a n d a n y ot h er arti fi ci al d at a. 

A  hi g h  p ass  filt er  h as  b e e n  a p pli e d  t o  t h e  gr e ys c al e  pl ots  t o  

r e m o v e  l o w  fr e q u e n c y  a n o m ali es  (r el ati n g  t o  s ur v e y  tr a c k s  a n d  

m o d er n a gri c ult ur al f e at ur es) i n or d er t o m a xi mis e t h e cl arit y a n d 

i nt er pr et a bilit y of t h e ar c h a e ol o gi c al a n o m ali es. 

T h e d at a h as als o b e e n cli p p e d t o r e m o v e e xtr e m e v al u es a n d t o 

i m pr o v e d at a c o ntr ast.

http://guides.archaeologydataservice.ac.uk/g2gp/Geophysics_3
http://guides.archaeologydataservice.ac.uk/g2gp/Geophysics_3
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A P P E N DI X  5 O A SI S D A T A C O L L E C TI O N F O R M: E N G L A N D

O A SI S I D: h e a dl a n d 5- 3 2 5 6 0 5
Pr oj e ct d et ails

Pr oj e ct n a m e A 5 8 5 Wi n d y H ar b o ur t o S ki p p o ol I m pr o v e m e nt S c h e m e

S h ort d es cri pti o n of t h e pr oj e ct H e a dl a n d Ar c h a e ol o g y ( U K) Lt d u n d ert o o k a g e o p h ysi c al ( m a g n et o m et er) s ur v e y of a 9 0 h e ct ar e sit e i n Littl e 
Si n gl et o n, L a n c as hir e t o pr o vi d e f urt h er i nf or m ati o n o n t h e ar c h a e ol o gi c al p ot e nti al al o n g t h e pr o p os e d r o ut e of t h e 
A 5 8 5 I m pr o v e m e nt S c h e m e. T his i nt eri m r e p ort pr es e nts t h e r es ults of t h e A 5 8 5 s ur v e y u n d ert a k e n t o d at e, a n ar e a 
of 4 9 h e ct ar es. N o a n o m ali es of d e fi nit e or p ossi bl e ar c h a e ol o gi c al p ot e nti al h a v e b e e n i d e nti fi e d b y t h e s ur v e y. T h e 
s ur v e y h as m ai nl y i d e nti fi e d a n o m ali es c o nsist e nt wit h t h e a gri c ult ur al l a n ds c a p e s u c h as f or m er b o u n d ari es, fi el d 
dr ai ns a n d pl o u g hi n g, as w ell as ar e as of m a g n eti c dist ur b a n c e t h at c orr es p o n d wit h t h e l o c ati o ns of f or m er p o n ds 
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