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The 1980-1983 excavations of the Neolithic long cairn at Hazleton,
Gloucestershire (Saville 1984) and the excavation of two trenches through the
ramparts at the Seaford Head Iron Age Hillfort in 1983 (Bedwin, in prep.)
permitted both magnetic susceptibility and soil micromorphology studies to be

applied to the environmental study of these sites.

Magnetic susceptibility (X) measurements were made from samples of 100g air dried
soil @2mm) using a Bartington MS 1 magnetic susceptibility metre coupled to a MS
1 B sensor coil calibrated for 100g of soil. The results, presented in table 1,

were recorded in Si units x10°Y m3 kg-1.

Soils were described (Hodgson 1974) and analysed (Avery and Bascomb 1974) by
standard methods, whereas mammoth thin sections (prepared at I.N.A. P-G, Grignon,
France) were described utilising the new thin section handbook (Bullock et al in

press.). Details are given elsewhere (Macphail 1983, 1984a, 1984b).

The buried Neolithic silty clay argillic brown earths developed on Oolitic
limestone at Hazleton show anomalous (subsoil) enhancement in both samples 2 and
3 (Table 1), with the subsoil readings being higher than the A horizons. Modern

[ocal valley colluvium also reveals a higher readings than the buried A horizons.



Table 1

Hazleton and Seaford Head; Selected Analytical Data and Magnetic Susceptibility

(MS) (Si units 10-8 m3 Kg-1)

Site Horizon
Hazleton
2 bA
bAg
" bBtg
3 bAg
" bBtg

Colluvium Ap

" B].

pH

7.7
7.8
7.7
7.8

8.0

Org.C

(buried Neo soil and "modern"”

‘94

.92

.84

0.89

Clay

colluvium)

37
37

44

43
37

47

Silt

41

46

35

34

31

28

Sand

22

16

22

23

32

24

MS

50.40

30.02

78.12

27.72

75.60

168.54

110.88

Seaford Head (buried Iron Age soil, rampart components and modern colluvium)

buried soil bA

bB

Dump B

Clay-w-Flints upper

Clay-w—-Flints lower

Colluvium

7.7

6.7

8.0

.78

.94

2.28

38

43

49

53

37

36

26

28

24

21

24

20

1l

18

21
16
12
17 /21

14/19

10



At Seaford Head, a variety of clay soils all gave comparatively low readings.

The buried Iron Age soils (bA and bB horizons) which are believed to have a major
colluvial ploughwash component, again show anamolous enhancement. Soils
developed in the rampart, and "unweathered soil" in the rampart also exhibit low
enhancemeat, even though much of the bank comprises reddish paleo—argillic

(Avery 1980) superficial materials (Clay-with-Flints).

MAGNETIC SUSCEPTIBILITY - BACKGROUND

Magnetic measurement is familiar to archaeologists as a method of prospecting
using a variety of instruments to record variations in the magnetic field of
surface and buried features. Magnetic susceptibility (¥X,) has been used as a
prospecting tool (Tite and Mullins 1970, 1971, Mullins 1974, Aitken 1974,
Longworth and Tite 1977 and Clark 1983) however here we concentrate on this
technique as a method for palaeoenvironmental interpretation. This study is
partially derived from principles published by those mentioned above but also

from the work (published and unpublished) of Oldfield et al (1978, u.d.).

Magnetic susceptibility (X,) is a parameter which expresses the ratio between the
magnetisation induced in a sample and the magnetising field (a more detailed
defination is given in Thompson et al (1975) and Oldfield et. al. (1978).
Magnetic susceptibility enhancement is due to the conversion of iron oxides in
the soil from the weakly ferrimagnetic form, haematite (d Fep 03), to the
strongly magnetic form maghaemite (XFe203) which has a strong positively aligned
magnetic movement if placed in a field; moreover is capable of retaining magnetic
remanance when removed from that field (Oldfield unpub.). This enhancement may

be due to burning, or as we show here pedogenic processes.



"

DISCUSSION

At Hazelton, subsoils were heterogeneous, exhibiting a mixture of microfabrics,
relating to tree—throw and other physical disturbances of the soil (Macphail
1984b). One component comprised reddish (and probably ferruginous) weathered
clay from either the soil/limestone interface (Beta B horizon) or a
paleo—argillic phase. These subsoils also contained mixed-in A, Eb and Bt
horizon material, textural infills with included organic matter (dusty
argillans), and were overall moderately affected by hydromorphism. All these

factors may contribute towards magnetic susceptibility enhancement.

In the upper horizons of the buried soil, long burial had led to taphonomic
(burial related) processes leading to a change in redox, through the anaerobic
decomposition or organic matter (Duchaufour, 1982), with the result that soft
iron and manganese pans formed at both the junction of the buried soil with the
cairn, and at approximately 4-5cms depth (a phenomenom common to buried soils;
Evans, 1972; Limbrey, 1975). The soil thus experienced zones of both depletion
of, and impregnation by, iron minerals, presumably affecting local levels of
magnetic susceptibility. Thus bulk sampling of these buried A horizons not only
produce MS readings which "average out” this re-distribution of iromn, but also
which do not so much represent Neolithic MS, but post—burial affects. The
texteral infills, for example, are primarily comprised of the clay fraction which
produce erroneously high MS levels as it has been demonstrated that ferromagnetic

irons are concentrated in the clay fractions of the surface horizons (Oades and

Townsend 1963.

The subsoil may have been affected by natural MS enhancement as iron-rich clay is
translocated during early Holocene lessivage. In addition, the relic reddish
clay fabric probably derives from the long weathering of ferruginous mineral

material from the Jurassic limestone. In situ hydromorphism of these clay



fabrics may also have enhanced MS.

Lastly, the subsoil is characterised by textural infills originating from surface
soil disturbance by tillage (Macphail, 1984b). As ferromagnetic irouns are
conceuntrated in the clay fraction of surface horizons (Oades and Townsend, 1963;
Dearing, et al, 1981) this process may "physically” produce subsoil MS

enhancement .

However, the latter inference is complicated by the suggestion that the Neolithic
soils at Hazleton may have been depleted of organic matter and as a result had
low earthworm activity - thus possibly producing a rather low MS in any case.
Indeed the two major components of pedologic magnetic susceptibility enhancement
are high organic content and well aerated soils. Even though agricultural
tillage will aid aeration of soils, the depletion in organic material which
provides the ferrous iron (an obligatory precursor to the formation of the
ferrimagnetic iron oxides (Oades and Townsend 1963)) will result in low MS
levels. The resulting inference that colluvia resulting from early agriculture
may be characterised by low enhancement as a general prediction also derives from
the overall findings from Scotland (Romans and Robertson, 1983) where early
cultivated soils were found to contain little organic matter and were

characterised by low levels of biological activity as a result.

In contrast the high MS values of the modern colluvial soils at Hazleton in a
local dry valley can be safely ascribed to enhancement due to present day
agricultural practices, including burning and the artificial maintenance of high
biological levels, although these colluvial soils also contain numerous rounded
fragments of ferruginous subsoil material described from the Neolithic soil

cover.



At Seaford Head, overall MS is low, and typical of levels present in soils

developed in the chalk areas (Tite 1972, Fig 2, Aitken 1974 fig 6.8, Mullins
1974, fig 4/11 table 4/1). The 'Clay-with-Flints", deposits (Hodgson, Catt and
Weir 1967, Avery et al. 1959) themselves are reddened by pre-Holocene
weathering, as well as containing components from the Reading Beds (Eocene).
This apparently produced low enhancement despite the apparent high levels of
magnetite in the heavy mineral suite (Hodgson et al 1967) probably because
haematite is dominant (Avery, et al 1959). (Compare interpretation of red clay
fabrics at Hazleton). Little enhancement is exhibited by the modern A horizon

developed in this material.

The buried Iron Age soils examined in thin section also show low MS, even though
strong oxidisation of organic matter (including pollen - Scaife 1984) produced
many ferrugin ous organic matter pseudomorphs. In addition, the buried A horizon
may represent ploughwash colluvium - the buried A horizon being texturally
different from the buried B horizon (Macphail, 1984). The latter also contains
relatively more organic matter, suggesting it may have been an earlier soil
deposit. Ploughing affects on the upper horizon (bA) produced textural coatings
within the buried B horizon — possibly adding to subsoil enhancement. The MS
data therefore supports the contention that the bA and bB horizons represent
separate events — probably the bB horizon is a relict worm—-worked (stone—free) A
horizon affected by later cultivation (pottery and charcoal became included)

which became buried by a phase of ploughwash colluvium.

The buried A horizon again shows only minor biological reworking, perhaps again

reflecting low levels of organic matter.

Direct comparisons between Hazleton and Seaford Head cannot be drawn, as absolute



MS levels depend upon the geology from which the soils derive and determine the
concentration of iron oxides in the soil which is available for conversion to
strongly ferrimagnetic forms (Tite 1972). Moreover we are dealing with sites
separated temporally, and thus theoretically enduring different agricultural
regimes and thus coantrasting soil coaditions as a result. We suggest it is worth
examining the possibility that low organic levels and biological activity (Romans
and Robertson 1983) in the Neolithic may have produced low MS values in the
resulting colluvium. The evidence from Seaford Head indicates a similar
possiblity, although theoretically higher organic and biological activity (in
ferred from Reynolds pers comm) may have produced potentially greater MS
enhancement generally in the Iron Age, as reported from the Bourne Valley (Allen,

1983).

CONCLUSIONS Firstly, our findings are based on the assumption that MS ré?ings do
not relate to significant inclusions of pottery — as recorded during sample
preparation and micromorphological examination. In addition no attempt has been
made to evaluate the total iron content (Xn), and thus the potential magnetic
susceptibility of the soils, nor to avaluate the percentage conversions (c); that
is the ratio of the magnetic susceptibility (Xo) to the susceptibility (Xn)
recorded after heating the soil in controlled laboratory conditions (Longworth

and Tite 1977) to assertain total susceptibility values.

1. Soils on Limestone terrains produce higher MS values than those on the
superficial deposits on the Chalk, although the latter have long histories of
pre-Holocene weathering. Possibly the Oollitic Limestone is relatively more
ferruginous, whereas the Clay-with-Flints is, for example, dominated by
haematite. These results comply with Tite (1972), Aitken (1974) and Mullins

(1974).



2. The effects of long burial, through redox and localised hydromorphism is to
both deplete and concentrate iron in the upper soil horizons, probably producing
a variable pattern of MS, and superimposing MS values differing from the original

archaeological levels.

(Low MS values in A horizons affected by early cultivation may also possible

reflect the low levels of organic matter produced by this land use).

3. Complicated pedogenic histories in B horizons, such as the inclusion of
weathered red clay (lithorelicts), the incorporation of organic rich A horizon
soil, hydromorphism and clay illuviation may contribute towards anomalously high

subsoil MS readings.

4. Soils developed by ploughwash colluvium exhibit heightened MS,

differentiating different phases — although colluviation under modern cultivation

may produce much higher overall values.
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