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Summary
Three thin section studies and two bulk analyses of late Saxon ramparts at Oxford Castle found that probable turfs were employed in its construction. These turves record a likely land use of animal stocking outside the Saxon town, a pattern also found at London.
Introduction
Two 0.50m- and 0.55m-long monoliths (9015 and 9016 respectively) from Area B, Oxford Castle were received. These monoliths were taken through layered late Saxon ramparts in Area B, Oxford Castle, and some layers were believed to include turf.  The chief aim of the soil study was to attempt to characterise the rampart make-up sampled by monoliths 9015 and 9016, including the identification of any turf.
Methods
The monoliths were first assessed (Goldberg and Macphail 2006; Hodgson 1997), and then layers of interest were subsampled for three soil micromorphology thin sections and two bulk samples for correlated chemical and magnetic susceptibility analyses (Tables 1–3).
Chemistry and magnetic susceptibility

Analysis was undertaken on the fine earth fraction (ie <2 mm) of the samples. LOI (loss-on-ignition) was determined by ignition at 375oC for 16 hours (Ball 1964), previous experimental studies having shown that there is normally no significant breakdown of carbonate at this temperature; particle size was determined using the pipette method on <2.00 mm mineral (peroxide-treated) soil (Avery and Bascomb 1974); and phosphate-P (total phosphate) was measured following oxidation with NaOBr using 1N H2SO4 as the extractant (Dick and Tabatabai 1977). In addition to χ (low frequency mass-specific magnetic susceptibility), determinations were made of χmax (maximum potential magnetic susceptibility) by subjecting a sample to optimum conditions for susceptibility enhancement in the laboratory. χconv (fractional conversion), which is expressed as a percentage, is a measure of the extent to which the potential susceptibility has been achieved in the original sample, viz: (χ/χmax) x 100.0 (Scollar et al. 1990; Tite 1972). In many respects this is a better indicator of magnetic susceptibility enhancement than raw χ data, particularly in cases where soils have widely differing χmax values (Crowther 2003; Crowther and Barker 1995). χconv values of ≥ 5.00% are often taken as being indicative of some degree of susceptibility enhancement. A Bartington MS2 meter was used for magnetic susceptibility measurements. χmax was achieved by heating samples at 650°C in reducing, followed by oxidising conditions. The method used broadly follows that of Tite and Mullins (1971), except that household flour was mixed with the soils and lids placed on the crucibles to create the reducing environment (after Graham and Scollar 1976; Crowther and Barker 1995). 
Soil micromorphology

The three thin section subsamples (M9105A, 9105B and 9016) were impregnated with a clear polyester resin-acetone mixture; samples were then topped up with resin, ahead of curing and slabbing for 75 x 50mm-size thin section manufacture by Spectrum Petrographics, Vancouver, Washington, USA (Goldberg and Macphail 2006; Murphy 1986). Thin sections (Figs 1–2) were further polished with 1000 grit papers and analysed using a petrological microscope under plane polarised light (PPL), crossed polarised light (XPL), oblique incident light (OIL) and using fluorescent microscopy (blue light – BL), at magnifications ranging from x1 to x200/400. Thin sections were described, ascribed soil microfabric types (MFTs) and microfacies types (MFTs)(see Tables 2 and 3), and counted according to established methods (Bullock et al. 1985; Courty 2001; Courty et al. 1989; Goldberg and Macphail 2006; Macphail and Cruise 2001; Stoops 2003).
Results
Chemistry and magnetic susceptibility

The analytical results are presented in Table 1. These reveal the two samples (9102 and 9100) to be largely minerogenic (LOI, 4.43 and 4.78%, respectively). It is likely that an appreciable amount of organic matter has been lost through natural post-depositional decomposition processes and that the original organic matter content would have been higher (and hence more consistent with turves). The phosphate-P concentrations are reasonably high, with sample 9100 (2.30mg g‑1) in particular showing likely signs of enrichment, possibly through manuring or inputs of manure. Neither of the samples shows signs of magnetic susceptibility enhancement as might be associated with burning – i.e. χconv values (maximum, 1.84% in 9102) are well below the 5% threshold that is often indicative of burning under UK conditions (Crowther 2003). However, one interesting point to emerge from the susceptibility data is that both samples have quite high χmax values, which are indicative of Fe-rich soils/sediments. This is especially the case for sample 9100 (5920 x 10‑8 SI).       
Soil micromorphology

9096 (M9015B) is composed of an oolitic limestone gravel-rich, iron-stained sandy loam, with three broad layers (turf lines?) of slightly differing character (Figs 1, 3–4). Deposits are highly heterogeneous, as well as affected by inwashed dusty clay, and ferruginous iron and amorphous iron impregnation. Some iron-depletion features also occur. Much relict burrowing and rooting is in evidence, and earthworm activity is also suggested by the presence of their biogenic calcite granules (Armour-Chelu and Andrews 1994). Rare fine charcoal and iron-stained inwash features suggest soil from activity surfaces, whilst some traces of iron-poor subsoil clayey sands are present.

Despite the obscuring effect of compaction, gleying (iron depletion and impregnation), three possible turves/layers of mixed turf and gravelly subsoil are present in Context 9096 (cf Crowther et al. 1996; Macphail 1987). A possible impact on these turves appears to be animal liquid waste inputs (see below); these features relict of the turf soils, predates dusty clay inwash related to dumping of turves (Romans and Robertson 1983).

9100 (M9015A) is a massive iron-stained sandy loam with compact relict subangular blocky structures and weak horizontal fissuring. It is characterised by much amorphous iron that sometimes includes embedded silt, and which forms coarse infills and subhorizontal layers, and characterises many thin and broad burrow fills. Such material is believed to be iron-replaced amorphous dung/burrowed dung (as recognised from soil micromorphological studies of reference dung and microprobe and pollen analysis of iron-replaced dung in the Folly Lane turf mound (Courty et al. 1994; Macphail et al. 1999; Murphy and Fryer 1999; Wiltshire 1999). An iron-stained silt laminated crust fragment is also present. Earthworm granules, land snail fragments and burrowing all testify to a topsoil origin. 

This context is composed of probable once-humic turf/turves, with structure, burrowing, earthworm granule and landsnail evidence of once being topsoils. The large amounts of iron-impregnated amorphous features indicative of dung inputs are consistent with phosphate-P enrichment, while the high χmax reflects the marked ferruginisation of the deposits (sample 9100, Table 1).

9102 (M9016) is probably composed of two layers: an uppermost compact silty clay (SMT 3a) with weakly horizontal iron streaking and textural pedofeatures, over heterogeneous once humic loamy sand with iron-replaced traces of dung(?) and related amorphous iron inwash features (Figs 7–10). The lower layer is also characterised by burrowing and earthworm granules. Very broad vertical burrows affecting the soil as a whole are infilled with calcareous soil (SMT 4a) and one example contains a coarse earthworm granule.

Context 9102 is composed of two layers (possibly including the very base of context 9109?). The lower part (MFT B1) is a probable compact turf layer, which records biological working, earthworm granules and likely relict iron-replaced dung and amorphous dung inwash (as context 9100) (Fig. 10). This presence of turf, dung residues and iron impregnation is consistent with bulk analyses (9102, Table 1), given the marked oxidation of organic matter and its iron-replacement. This turf is buried by a layer/dump of silty clay with horizontally oriented textural pedofeatures (pans and intercalations) with streaks of relict organic matter (MFT C1) (Figs 7–9). This is not a turf (no burrows or earthworm granules), but has all the compact and pedofeature characteristics that are found in trackway deposits (cf Macphail and Crowther in Cooke et al. 2008; Macphail 2003; Macphail and Crowther 2006), and is probably a dump of this material.
Discussion
Local soils

The rampart deposits derive ultimately from soils formed on the Summertown-Radley gravel terrace, and best match soils within the Sutton 1 soil association (Typical argillic brown earths) that are formed on river terrace gravel and which are locally calcareous (Jarvis et al. 1983), presumably because of the included oolitic limestone clasts and fossils present (Figs 1, 3–4). Clayey sand characterises the brown (10YR5/3 – monolith description) soil that is mixed with shell and common gravel size limestone in context 9096 and indicate much subsoil and parent material has been dumped alongside turf.
Late Saxon land use as interpreted from rampart soils

Turves and the use of topsoils are clearly apparent in the thin sections studied. The presence of topsoils is indicated by relict levels of organic matter (%LOI) and ferruginised traces of this, broad and thin burrowing, ubiquitous biogenic calcite spheroids mainly of earthworm origin (Armour-Chelu and Andrews 1994; Canti 1998) and fragments of land snails (Figs 5–6). Inclusions of probable ferruginised dung fragments occur, and in many places voids and channels are infilled and coated with amorphous iron, which is atypical of natural argillic brown earth topsoils, but which is recorded in sites where domestic animals have been concentrated (Courty et al. 1994; Healy and Harding forthcoming; Macphail et al. 1999; Murphy and Fryer 1999; Wiltshire 1999) (Fig. 10). Ferruginisation of dung traces is due to poor drainage and oxidation-reduction activity, and this process at Oxford Castle has produced very high χmax measurements (see above; Crowther 2003), with enrichment of phosphate-P corroborating this input of manure (Table 1). It is also interesting to note that the upper 10–20mm of context 9100 has a compact and layered microfabric that is anomalous for natural soils, but which does occur in trackways because of trampling, the streaks of oxidising organic matter possibly being relict of trampled-in dung (Figs 7–9).

As only trace amounts of coarse charcoal and no magnetic susceptibility or soil micromorphological evidence of burning were noted, the late Saxon landscape appears to have been little impacted upon by domestic or industrial activity. On the other hand, there seems to be a clear signal for animal management. This is a pattern of land use also recorded on the peripheries of late Saxon/early medieval London, for example at No. 1, Poultry and at the London Guildhall (Macphail et al. 2007; Macphail et al. 2004; Macphail and Linderholm in press). At Deansway, Worcester, the late 9th century burh rampart buries grassland pasture soils (Greig 2004; Macphail 2004). Thus, it does not seem unusual for an area outside a late Saxon town to have provided turf for rampart construction that had been manured by stock held and pastured here.
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Table 1: Chemical and magnetic susceptibility data 

	
	
	
	
	
	

	Sample
	LOI (%)
	Phosphate-P (mg g-1)
	χ
(10-8 SI)
	χmax
(10-8 SI)
	χconv
(%)

	
	
	
	
	
	

	
	
	
	
	
	

	9102
	4.43
	1.53
	69.3
	3770
	1.84

	9100
	4.78
	2.30
	17.1
	5920
	0.289

	
	
	
	
	
	


Table 2: Soil micromorphology
	
	Thin section
	
	
	
	
	
	Oolitic Lstn.
	
	Bio CaCO3
	Bio CaCO3

	Monolith
	Sub-sample
	Depth 
	Context
	Microfacies
	SMT
	Voids
	Gravel
	Charcoal
	granules
	‘roots'
	

	
	
	
	
	
	
	
	
	
	
	
	

	9016
	M9016
	330-410mm
	9102
	C1 over B1
	3a over
	30%, 40%
	fff
	a*
	a
	
	

	
	
	
	
	
	1a, 1b, 4a
	
	
	
	
	
	

	9015
	M9015A
	190-270mm
	9100
	B1
	1a, 1b
	25%
	f
	a*
	a
	a*
	

	9015
	M9015B
	370-450mm
	9096
	A1
	1a, 1b, 2a
	35%
	fff
	a
	a*
	a*
	

	
	
	
	
	
	
	
	
	
	
	
	

	Table 1, cont:
	
	
	
	
	
	
	
	
	
	

	
	Thin section
	
	
	Landsnail
	Fe-Amorph
	Crust
	Textural
	Amorph Fe
	Amorph Fe
	Broad
	Thin

	Monolith
	Sub-sample
	Depth 
	Context
	shell
	dung?
	fragment
	coatings
	coatings/infills
	Impregn.
	burrows
	burrows

	
	
	
	
	
	
	
	
	
	
	
	

	9016
	M9016
	330-410mm
	9102
	
	aa
	(aaaa)
	(aaa)
	aaaa
	aaaa
	aaaa
	aaaa

	
	
	
	
	
	
	
	
	
	
	
	

	9015
	M9015A
	190-270mm
	9100
	a*
	aaa
	a-1
	
	aaaaa
	aaaaa
	aaaa
	aaaa

	9015
	M9015B
	370-450mm
	9096
	
	
	
	aaaa
	aaaaa
	aaaaa
	aaaa
	a

	
	
	
	
	
	
	
	
	
	
	
	


* - very few 0-5%, f - few 5-15%, ff - frequent 15-30%, fff - common 30-50%, ffff - dominant 50-70%,  fffff - very dominant >70%
a - rare <2% (a*1%; a-1, single occurrence), aa - occasional 2-5%, aaa - many 5-10%, aaaa - abundant 10-20%, aaaaa - very abundant >20%

Table 3: Soil micromorphology (descriptions and preliminary interpretations) 

	Microfacies type (MFT)/Soil microfabric type (SMT)
	Sample No.
	Depth (relative depth)

Soil Micromorphology (SM) 


	Preliminary Interpretation and Comments

	MFT C1/SMT 3a,

Over

MFT B1/SMT 1a, 1b and 4a
	M9016
	330-410mm

SM: Heterogeneous with dominant SMT 3a at 330-340(350) mm, and common SMT 1a and 1b, with frequent SMT 4a at 340(350)-410mm;  Microstructure: massive with subangular blocky, 30% and 40% voids, channels, vughs, poorly accommodated planar voids; Coarse Mineral: poorly sorted as M9015B, with both commonly iron-stained Oolitic limestone (6mm) and ironstone (2mm+); C:F SMT 3a 50:50, C:F SMT 4a 70:30; Coarse Organic and Anthropogenic: rare trace of biogenic granules, with example of large (1mm) one in SMT 4a; rare trace of charcoal; occasional patches of possible ferruginised dung; Fine Fabric: SMT 3a (compacted/trampled?): dusty and speckled brown, with reddish patches (PPL), moderate interference colours (close porphyric, grano- and poorly unistriate b-fabric, XPL), greyish orange and reddish brown; traces of humic staining, with occasional to concentrations of amorphous OM; SMT 4a: dusty and cloudy greyish brown (PPL), moderate interference colours (close porphyric, crystallitic b-fabric, XPL), greyish yellow (OIL); many charred and amorphous fine OM; Pedofeatures: Textural: abundant intercalations and panning in SMT 3a; Amorphous: as M9015B; Fabric: as M9015A.
	9102

Probably two layers of: compact silty clay (SMT 3a) with weakly horizontal iron streaking and textural pedofeatures, over heterogeneous once humic loamy sand with iron-replaced traces of dung? and related amorphous iron inwash features, with burrowing and earthworm granules. Very broad vertical burrows of calcareous soil (SMT 4a) and example of coarse earthworm granule.

Probably compact turf layer, showing biological working, earthworm granules and relict iron-replaced dung and amorphous dung inwash, buried by a dump of silty clay with horizontally oriented textural pedofeatures (pans and intercalations) with streaks of relict organic matter – of possible trackway origin.  Presence of turf, dung residues and iron impregnation consistent with bulk analyses 9102, Table 1.

	MFT B1/SMT 1a, 1a
	M9015A
	190-270mm

SM: Heterogeneous with mainly common SMT 1a and common 1b; Microstructure: massive with compact medium subangular blocky, with weak horizontal fissuring; 25% voids, channels and vughs; Coarse Mineral: as below (9015B), but moderately sorted with only few limestone gravel including 15mm size rounded clasts; Coarse Organic and Anthropogenic: rare trace of biogenic calcite – some coarse (2.5mm) root pseudomorphs, root traces and rare mainly earthworm granules; example of surface crust fragment (5mm wide, 2.5 mm thick, with laminated silts and fine sand), rare trace of landsnail fragment; many possible, now-iron-replaced, amorphous dung fragments and infillings and laminae; Fine Fabric: SMT 1a and 1b, as M9015B; Pedofeatures: as M9015B below, but with abundant thin (0.5-0.75mm) humic soil (SMT 1b) infilled burrows.
	9100

Massive with compact relict subangular blocky iron-stained sandy loam, with weak horizontal fissuring; includes much amorphous iron, which sometimes includes embedded silt, and which forms coarse infills and subhorizontal layers, and forms many thin and broad burrow infills (iron-replaced amorphous dung/burrowed dung); an iron-stained silt laminated crust fragment is present. Earthworm granules and landsnail fragments are present. Very strong overall ferruginisation.

Probable once-humic turf/turves, with structure, burrowing, earthworm granule and landsnail evidence of being topsoils, and iron-impregnated amorphous features indicative of dung inputs (all consistent with bulk data – sample 9100, Table 1)

	MFT A1/SMT 1a, 1a and 2a
	M9015B
	370-450mm

SM: Very heterogeneous common SMT 1a, common 1b and few 2a;  Microstructure: massive with three x 25mm thick layers (turves?); 35% voids, coarse chambers, channels and open vughs; Coarse Mineral: C:F (Coarse:Fine limit at 10 µm), 60:40, very poorly sorted coarse silt to medium sand-size rounded quartz (with mica), with common subrounded Oolitic limestone gravel (max 13mm) – often iron-stained; very few shell (fossil) fragments; Coarse Organic and Anthropogenic: rare fine charcoal, trace of biogenic calcite spheroids (mainly earthworm granules) and traces of root pseudomorphs; Fine Fabric: SMT 1a: speckled darkish yellowish brown (PPL), moderately low interference colours (close porphyric, speckled b-fabric, XPL), pale orange (OIL); many fine organic matter and occasional charcoal; SMT 1b: as SMT 1a, blackish brown (PPL iron impregnated), very low interference colours/isotic (close porphyric, speckled b-fabric, XPL), orange (OIL); many fine OM and rare charcoal; SMT 2a: very pale yellowish brown (PPL – gleyed), low interference colours (open porphyric, speckled and grano-striate b-fabric, XPL), grey (OIL); Pedofeatures: Textural: very complicated set of textural features, some obscured by iron staining; some dusty clay as post-depositional inwash (many pale dusty clay in upper turf); abundant poorly birefringent reddish brown clay; Crystalline: rare secondary CaCO3 infills – relict root pseudomorphs; Depletion: occasional patchy depletion features, possibly associated with originally poorly humic subsoil SMT 2a material; Amorphous: very abundant blackish (orange under OIL) and pale orange to reddish orange infills and coatings, some containing traces of amorphous organic matter; abundant iron impregnations throughout; eg of 4mm wide ferruginised burrow hypocoating; Fabric: abundant mainly broad (1-2mm) burrows.
	9096

Oolitic limestone gravel-rich, iron-stained sandy loam, with three broad layers (turves?) of slightly differing character. Deposits are highly heterogeneous, as well as affected by inwashed dusty clay, ferruginous iron and amorphous iron; iron-depletion features also occur.  Much relict burrowing and rooting is in evidence, earthworm activity also suggested by presence of their biogenic calcite granules. Rare fine charcoal and iron-stained inwash features suggest soil from activity surfaces – only traces of iron-poor subsoil clayey sands are present.

Despite the obscuring effect of gleying (iron depletion and impregnation), three possible turves/layers of mixed turf and gravelly subsoil are present from occupation soils, the major impact on these turves appears to be possible animal liquid waste inputs – these features predate dusty clay inwash related to dumping of turves.
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