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			Abstract

			The arable soils from Bronze Age settlement of Gwithian in Cornwall (UK) were analysed using micromorphology to recognise manuring practices over time. The analysis was conducted to determine whether the Gwithian farmers used fertilizers during Bronze Age? If they have used fertilizers, the aim of this research is also to identify which material were used. Moreover, it also aims to investigate if the sandy horizons at Gwithian (context 602 in layer 4) were stabilised by adding the midden material. Lastly, the research also describes if the context 606 was used for agricultural activity or was it a neglected area? The results of this study identify five phases of occupations where manures were used. The occurrence of rubified fine mineral, ash particles, decomposed wood, charred wood fragment with original tissue structure, shells and identifications of phytoliths from phase I and phase II of Early Bronze Age (c 1800 Cal BC) suggest that this material derived from manure heap, indicating accumulation of household waste dominated by fire residues. The occurrence of phytoliths indicates to herbivore dung component. 

			The identifications of planar voids and the sandy grain aggregates surrounded by dusty clay coatings may indicate to practice of tillage and ploughing activities during these phases. The Early/Middle Bronze Age (phase III – context 606=6) is characterised by wind-blown sandy horizons and anthropogenic evidence were not identified from the field evidence [1]. Thin section analysis also did not show any traces of wood, burnt wood, and the pottery. However, soil aggregates surrounded by fine material may indicate that arable soils were raised by manuring practice. Moreover, few traces of yellowish porous material are also identified, which is interpreted as bone. The phase IV is ascribed to Middle Bronze Age (c 1500-1200 cal. BC). The results from this phase demonstrate that arable soils are characterised by blown sands, shells, ashes from hearth, and bones. The findings of bones, decomposed wood, charred wood, ashes from grasses and woods, rubified iron nodules, burnt carbonate, bones and evidence of animal dung demonstrate that farmers brought midden material to sandy horizons (602 =4) of this site. They used midden material not only to stabilise them, but also for increasing the fertility of soils. The Middle/Late Bronze Age (c 1300-900 cal. BC) is assigned to phase V of this site. The results of this analysis show that the midden material was continuously used as fertilizers during this phase. The noteworthy amount of burnt material (e.g. burnt wood, burnt carbonates, rubified iron nodule, few ashes) demonstrate that burning practice was common, and agricultural soils were raised by ashes. This study indicate that Bronze Age farmers have used fertilizers to increase the agricultural production.
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			Introduction

			The Human populations were increased tremendously due to the mid Holocene climatic amelioration [1,2]. The early agricultural societies faced severe challenges to provide adequate food supply for the growing populations. Therefore, the prehistoric farmers overcome from this challenge either by increasing arable production by the expansion of arable land, or by intensifying production on land already under cultivation [3], or by crop rotations, or by using several types of fertilizers [4-8]. The usage of fertilizers is not only improving crop yields, about also helps preventing soil deterioration [9]. Furthermore, the manuring and fallowing practices are labour intensive, which also influenced daily lives of prehistoric farmers. Therefore, the study of usages of fertilizers in prehistory has been the 

subject of many archaeological investigations during the last decades concentrating on antiquity, natures and intensity of 
manuring in prehistoric farming’s [10-17]. Various scientific techniques are employed to investigate these arable soils for analysing the nature of fertilizers. These techniques includes: micromorphology, soil lipid analysis [17], phosphate analysis [12], the stable isotope analysis [15,18], etc. 

			The main aim of this paper is to identify the arable soils at the Bronze Gwithian settlement using micromorphology. It also aims to identify distinct types of cultural material added in the arable soils. Further, it also aims to make distinction between animal dung and domesticated waste and how these manuring practices change through time during the Bronze Age? It also aims to detect the evidences of tillage and ploughing within arable soils. Moreover, it also aims to test hypothesis if the sand horizon 602 (layer4) is a blown sand and that has been stabilized through the addition of midden material? Moreover, it also aims to investigate if the context 606 was used for agricultural activity or was it a neglected area? Initially, this paper discussed various methods used by ancient farmers to increase the soil fertility. Later, the methodology and results of this research are discussed. 

			Soil Selection

			The nature and intensity of early agriculture in Europe is highly debatable. It is argued that the Neolithic agriculture was initiated within small farms in temporary clearing by swidden or slash and burn systems [19-21]. Moreover, the soil nutrients were maintained either by the selection of soil type (preferred ancient soils) and large-scale shifting agriculture or crop rotation or practice of intentional manuring [4,22,23]. Shifting model was very popular for Neolithic farming [22]. However, the archaeobotanical results from Neolithic sites in western loess belt (especially in Germany), the alpine Foreland from (c. 5500-2200 BC) and the Hungarian Plains suggests a sedentary model. Cultivation plots tends to be permanent, and which were used for extended period such as decades or centuries [24], thus ruling out concept of shifting agriculture. The arable soil fertility was maintained by choosing fertile soil. 

			Therefore, soil selection might be an important aspect for high crop yields. In Britain, Neolithic farmers chose the lighter soil such as those of chalk, the oolite and carboniferous limestone. They have also selected glacial-fluvial gravels, river terraces, blown sands (e.g., Pitnacree in the Perthshire in UK), the raised beaches around the northern coast of Britain, and in north east Scotland of the lighter soils [25] for agricultural farming. Sandy ridges within peat areas were chosen by the Neolithic and Bronze Age farmers in the Drenthe region [26], and Wetlands of west Friesland [27] in Netherlands (e.g., Bornwird – a late Neolithic site) [28]. Moreover, the sandy areas within the midden were the choice of Neolithic, Bronze Age and Iron Age farmers in Northern Isles of Scotland and England. However, heavy soils or soils with impeded drainage were also used for agricultural practice during the Neolithic period, in the case of Anglesey in Britain [29]. The preference of prehistoric farmers for light soils relates to properties for soil themselves such as their case of tillage of pasture, rather than characteristics of natural vegetations [25]. Here, it can be argued that the soil selection for prehistoric farmers were not a matter of choice, however it was a matter of availability of soil types in the locality. They increased the fertility of arable soil by using several types of fertilizers. In prehistoric agricultural system, the fertility of arable soils was also sustained by adding domestic waste, bracken, sea-weed, animal manure, human manure, turf based plaggen material, shell sand and usage of mud etc. The next section describes these materials used for prehistoric manuring.

			Domestic Waste

			Domestic wastes (e.g., pottery, animal’s bones, fish bones, ashes, midden material, shell sand, plant remains, animal dung, etc.) ware predominately used in prehistoric farming as a fertilizer as early as the Neolithic. Domestic wastes were recorded from the Neolithic arable soils at Bornwird in northern Netherlands [28], arable Neolithic soils in Hazleton North long cairn in Gloucestershire in UK [30], Neolithic arable soil sealed below a borrow at Strathallan [31], Neolithic soils at Tofts Ness, Sanday, Ornkey, Old Scatness [4,5], and anthropic sediments associated with Neolithic village at Skara Brae in Ornkey [14]. The records of domestic waste are also reported from Bronze Age Sandy ridges in West-Friesland in the Netherlands [32], Rantum and Archsum-Melenknof at the Island of Sylt [33], a buried Bonze Age soils at Zura [34], and early and middle Bronze age soils at Skaill at Deerness [35].

			The cases-studies regarding prehistoric manuring practices from Northern Isles of Scotland and England demonstrate that midden heaps were not only ploughed insitu, but it was also intentionally disbursed over the fields during Neolithic, Bronze and Iron Age. The examples of the Neolithic midden cultivations in UK are from Pool, Sanday, Orkney [36], Tofts Ness or Old Scatness, Shetland, Skara Brae [14], Noltland, Westray [37], and Hazleton North, Gloucestershire [38]. It is suggested that the Neolithic farmers did not only cultivated earlier midden, probably created during the Mesolithic period, but they have also used those from their own creations [39]. The examples are from Northton, Harris, in the Outer Hebrides [39] and a Mesolithic midden located near Prestatyn, on the north coast of Wales, also appears to have been cultivated in the Neolithic. 

			The Bronze Age and Iron Age farmers (from Old Scatness in Shetland and on several sites in the Western Isles) also continued to cultivate the midden for manuring practices. The examples are from Cill Donain, South Uist [40], Baleshare, North Uist, Hornish Point, South Uist [41] and Hallshill in Northumberland, England [42]. The intensive cultivation of middens in UK during Neolithic, Bronze and Iron age at Old Scatness, Shetland. The domestic waste and cultivation of middens in prehistory were not only used as manure, but it was also used to stabilise the sandy soils. 

			Animal and Human Manure 

			It has been claimed that animal manures were probably not widely used as fertilizers in Britain until the Iron Age, when domestic livestock were kept more intensively, and dung would have been easier to collect [43]. However, the stable isotope analysis of charred cereals and pulses from 13 Neolithic sites (dating ca. 5900–2400cal B.C.) across Europe (from Greece, Germany, Bulgaria, Hungary, Denmark, and UK) demonstrate that early farmers used livestock manure and water management to enhance crop yields. More examples for the usage of animal dung as fertilizer are from a waterlogged Neolithic ﬁeld in Weier, Switzerland [44], from the Neolithic Céide Fields, Belderrig, and Rathlackan fields in County Mayo, Republic of Ireland the Bronze Age arable soils at Toft ness in UK, a middle Bronze Age barrow in Germany on the Island of Sylt (Blume and Kalk, 1986), Bronze Age soils from Drenth region in Netherlands [45], bovine manure in the Bronze Age soil at Belderrig in Ireland, and from a Bronze Age agricultural soil in West Jutland, Denmark [46].

			Lipid analysis from archaeological sites were used to distinguish between animal manure and human manure (night soils). The lipid analysis shows that large quantity of nightsoils are recognised from Bronze Age soils at Tofts Ness, Sanday, Ornkey in UK [47]. This may refer to large scale usage of human manure in prehistoric farming in UK. However, the evidence of usage of human manure in prehistoric farming are rare. 

			Bracken 

			Bracken is rarely used as a compost in early prehistoric farming. The early usage of bracken is reported from Neolithic soils excavated between two stone circles at Machrie Moor and the investigator of this site describes that bracken was first brought to the site and later it was ploughed. Whittington informed about practices of Bracken and club moss as fertilizers at Bronze Age structure within an enclosure at Cùl à Bhaile, Jura in Western Isles.

			Sea Weeds 

			Sea weeds contains nitrogen and potassium [48], which enhances fertility and aggregate stability of soils. They become valuable fertilizers for sandy soils because of their properties. Haggarty [49] described addition of algal spores within Neolithic soils at Machrie Moor. He interpreted this as use of sea weed for manuring. A Late Bronze Age buried soils at Gwithian also demonstrate the evidence of sea weed [10]. 

			Shell Sand and Mud

			The nutrients value of arable soils was maintained by additions of shell sand mud sands. Bakels [10] reported the practice of mud from the Middle and Late Bronze Age fields near the town of Haarlem in the Netherlands. The arable soils are dark-brown in colour and formed a marked contrast with the yellow of the subsoil and layer of the drift sand. Based on the soil colour, Bakles suggested that the Bronze Age farmers may have irrigated their crops in summers and may manured their sandy field with mud from the nearby swamp [10]. Such practices were common in Netherlands until recently [50]. The practice of addition of shell sand to acid soils was not common until early first millennium AD in Ireland and the late 14th century in UK [51]. To my knowledge, shell sand was not used as manure in British prehistory. 

			The Site of Gwithian: Archaeology and Geology
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			The archaeological site of Gwithian (50°14.068’ N and 5° 23.904’ W) is located on the western side of St. Ives in Cornwall

			(Figure1). The stretch of coast between St. Ives Head and Trevose Head is relatively straight, with high cliﬀs and rocky headlands and a high proportion of coastal sand dunes. The geology of this region is comprised of sandstones, shales, conglomerates, (Old Red Sandstone) slates and limestones, which are assigned to Devonian (345–395 Ma BP) in age [52]. It is dominated by (section between St Ives and Newquay) the Porthtowan formation, which consists of slates interbedded with sandstones and siltstones. The outcrops at Black Cliﬀ near Hayle, and again north-east past Godrevy Point, and between Porthtowan and Perranporth are characterised by this formation. It is interesting to notice that Cornwall were not glaciated during Pleistocene (between 2 million and 10,000-year-old). Therefore, the landscape of this region is dominated by Pleistocene periglacial deposits, which are categorised into raised beach deposits, and head deposits. The raised beach sediments (near Godrevy on the eastern side of St Ives Bay) are assigned to Godrevy Formation, which were deposited during the high sea level phase of the Ipswichian interglacial [52]. The main constituents of head deposits in this region are unconsolidated and poorly sorted sediments, originated by freeze-thaw and slumping/soliﬂuction during glacial periods between 75ka BP and 25ka BP [53]. Periglacial deposits are variable in nature, being composed of varying proportions of sands, gravels, boulders and muds. The study area has a substantial proportion of hindshore and sand dunes. These dunes, such as at Phillack to Gwithian Towans, Godrevy Towans, Penhale and Holywell, develop to some considerable distance inland above beaches develop in sediment-rich areas under strong onshore winds. 

			 The main geographical characteristics of the study area are wind-borne sand and the fluctuations of the shore-line around an ancient estuary [53], which played significant role for the cultural development in the study area. These were mainly in a sloping meadow to the north of the Red River, about 800m inland from the modern coastline. Initially, Mesolithic flits were discovered over a wide area [54], however the full archaeological potential of the Gwithian site came into existence after the excavations led by Professor Charles Thomas from the late 1940’s to the 1960’s. Later, an interdisciplinary research project was also started at Gwithian in 2005-2007, under the supervision of professor Charles Thomas, for the complete assessment of the results of two major unpublished excavations which took place in West Cornwall during the 1940’s and 1960’s. 

			The special alkaline qualities of the sand have ensured the survival of a rich range of organic (except for pollen) materials and the survival of former land surfaces comprising well stratified sequences from the prehistoric and post-Roman periods. Five phases of Bronze Age (from c. 1800 to c. 900 cal. BC) occupations were recognised from the section of GMXVII at Gwithian, each separated by win blown sand (Table 1). In addition to the settlement, the evidence for prehistoric cultivation with the stone walled fields, surviving imprints of ard marks and spade marks within fields, alongside structures and burials dating to the 2nd millennium BC are also reported, which provides a unique story for the British Bronze Age. Moreover, records of a Roman homestead were also reported from area near to Godrevy Headland. A sand dune nearby Bronze Age site provides remains of a post-Roman settlement with industrial and agricultural activity, which was dated from 5th to 8th centuries AD. The results of this excavation have never been published, however a recent un published report provides a comprehensive summary of the work [1]. 

			Table 1: Showing, layers, context numbers, field descriptions of layers, locations of micromorphological samples, cultural periods, chronology, and occupational areas mentioned in this texts.

			
				
					
					
					
					
					
					
					
				
				
					
							
							601 (=3)

						
							
							Buried Bronze Age plough soil with ard marks at the base (10 YR 4/3)

						
							
							G1, G2

						
							
							Middle/Late Bronze Age

						
							
							c 1300-900 cal. BC

						
							
							Phase 5

						
							
							settlements and fields

						
					

					
							
							602 (=4)

						
							
							Wind-blown pale brown sand (10 YR 6/3); 3 distinct layers. ard marks at the base cut into layer 605, below.

						
							
							G3, G4, G9

						
							
							Middle Bronze Age

						
							
							c 1500-1200 cal. BC

						
							
							Phase 4

						
							
							fields, traces of midden used as fertilizers

						
					

					
							
							605b (=5)

						
							
							Buried Bronze Age plough soil withs ard mark at the base and the surface. This context probably represents 2 layers, Sandy loam horizons (10 YR 5/3)

						
							
							G4, G5, G6

						
							
							Middle Bronze Age

						
							
							c 1500-1200 cal. BC

						
							
							Phase 3

						
							
							stone and post built structure associated with terraces and several phases of ploughed field

						
					

					
							
							606 (=6)

						
							
							Light yellowish-brown sand (10YR 5/4)/ single banded horizon of wind-blown sand

						
							
							G6, G7

						
							
							Early to Middle Bronze Age

						
							
							C 1800-1500 BC

						
							
							Phase 2 to Phase 3

						
							
							neglected area with some ard marks

						
					

					
							
							608 (=7a)

						
							
							Yellowish brown sand, ard marks on top of this horizon

						
							
							G7, G10

						
							
							Early Bronze Age

						
							
							c. 1800 cal. BC

						
							
							Second Sub phase of Early Bronze Age

						
							
							homestead and farming

						
					

				
			

			Recently, a multi-proxy analysis was also conducted on sediments from coring and test pits around the settlement sites in Gwithian. The aim of this analysis was to investigate when sand dunes initially developed in the red river. This study provides a detailed summary of environmental conditions, human influence for changing the landscape, and chronology for environmental and cultural changes during the Neolithic period. 

			Research Methods 

			Thin section micromorphology is applied to identify the material used to increase the soil fertility for arable soils, and to identify the geogenic, biogenic and anthropogenic process though which these soils were formed. Dr. Erika Guttmann Bond, my mentor for this research, participated in the field work, which was started in 2005-2007. Dr. Guttmann collected 15 undisturbed soil samples using Kubina tins from GMXVII site of Gwithian (Figure 2) (Table 1). Further, thin sections slides were manufactures by drying, impregnated with resins under the reduced conditions. Dr. Guttman has provided me 15 slides to conduct this research. 

			A polarising microscope was used to study the thin sections and interpreted using the international system for thin section description provided by Bullock et al. (1985) and Stoops et al. (2003). A variety of magnifications (x10 - x400) and light sources (plane polarised, cross polarised and oblique incident light) were used. The interpretations are also based on Fitzpatrick & Courty et al. [55,56]; quantifications were made by consulting an abundance chart [57].

			Results and Interpretations

			[image: ]

			Table 2: Summary thin section micromorphology description from Bronze Age site of Gwithian, Cornwall, UK.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							Date/ Cultural Period

						
							
							
							
							
							
							Fine Fabric (Oil)

						
							
							
							
							
							
							
							
							
							
							
							
							
							Micros-tructure

						
							
					

					
							
							Context and Sample

						
							
							
							Quartz

						
							
							Lithic Clasts

						
							
							Shell

						
							
							Bone

						
							
							
							Char Coal (Peat/Truf)

						
							
							Charcoal Wood

						
							
							Redfibrous material

						
							
							Diatoms

						
							
							Phytoliths

						
							
							Fungal Spores

						
							
							Porous Excrement

						
							
							Dense Excrement

						
							
							Fehypocoatings & Segs

						
							
							Bright Orange Nodules

						
							
							Amorphous Organo-min

						
							
							
							Related Distribution

						
					

					
							
							601(=3), G1

						
							
							Middle/Late Bronze Age

						
							
							.

						
							
							.

						
							
							..

						
							
							++

						
							
							Pale Brown

						
							
							...

						
							
							++

						
							
							.

						
							
							++

						
							
							+

						
							
							++

						
							
							..

						
							
							..

						
							
							…

						
							
							++

						
							
							++

						
							
							Bridges grain, feww single grain

						
							
							Chitonic Gefuric, rare enaulic

						
					

					
							
							601a(=3), G2

						
							
							Middle/Late Bronze Age

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							Yellowyish, Brown (PPL)

						
							
							...

						
							
							++

						
							
							..

						
							
							+++

						
							
							++

						
							
							+++

						
							
							+++

						
							
							...

						
							
							..

						
							
							++

						
							
							++

						
							
							single grain

						
							
							Gefuric Chitonic and rare enaulic

						
					

					
							
							601b(=3), G2

						
							
							Middle/Late Bronze Age

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							Yellowyish, Brown (PPL, Reddish brown)

						
							
							...

						
							
							++

						
							
							..

						
							
							++

						
							
							++

						
							
							+++

						
							
							++

						
							
							..

						
							
							..

						
							
							++

						
							
							++

						
							
							intergrain, single grain, rare bridges grain

						
							
							Gefuric, Chitonic

						
					

					
							
							602a(=4) G3

						
							
							Middle Bronze Age

						
							
							..

						
							
							.

						
							
							…

						
							
							+

						
							
							Yellowysh in PPl, and reddissh Brown in XPL

						
							
							++

						
							
							++

						
							
							+

						
							
							+

						
							
							++

						
							
							++

						
							
							++

						
							
							+

						
							
							++

						
							
							++

						
							
							++

						
							
							single grain

						
							
							Monic

						
					

					
							
							602b(=4) G3

						
							
							Middle Bronze Age

						
							
							..

						
							
							.

						
							
							…

						
							
							+

						
							
							Yellowish Brown, Brown XPL

						
							
							+

						
							
							++

						
							
							+

						
							
							+

						
							
							++

						
							
							++

						
							
							+

						
							
							++

						
							
							+

						
							
							++

						
							
							+

						
							
							single grain, rare bridged grain

						
							
							Chitonic, Gefuric, Monic

						
					

					
							
							605a(4) G4

						
							
							Middle Bronze Age

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							Dark brown in XPL,Yellow in PPl

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							++

						
							
							++

						
							
							
							+

						
							
							++

						
							
							+

						
							
							++

						
							
							single grain and Bridged grain

						
							
							Gefuric, monic

						
					

					
							
							602a(=4) G9

						
							
							Middle Bronze Age

						
							
							..

						
							
							..

						
							
							..

						
							
							+

						
							
							Reddish brown [PPl, brownish reddish XPL, Yellowish Oil

						
							
							..

						
							
							++

						
							
							..

						
							
							++

						
							
							++

						
							
							..

						
							
							
							+++

						
							
							++

						
							
							++

						
							
							++

						
							
							single grain, rare bridged grain

						
							
							Monic rare, gefuric

						
					

					
							
							605b(=5)G5

						
							
							Middle Bronze Age

						
							
							..

						
							
							..

						
							
							…

						
							
							++

						
							
							Reddish brown PPL, brownish reddish XPL, Yellowish OIL

						
							
							+

						
							
							++

						
							
							++

						
							
							++

						
							
							+

						
							
							..

						
							
							..

						
							
							..

						
							
							..

						
							
							..

						
							
							..

						
							
							Single grain and bridged garin

						
							
							Monic rare, gefuric

						
					

					
							
							605b,606 (=5,6)G6

						
							
							Early to middle Bronze Age

						
							
							..

						
							
							..

						
							
							
							
							Yellowish Brown, Brown XPL

						
							
							++

						
							
							+

						
							
							+

						
							
							+

						
							
							++

						
							
							+

						
							
							++

						
							
							+

						
							
							+

						
							
							+

						
							
							+

						
							
							Single grain

						
							
							Monic

						
					

					
							
							606(=6)G7

						
							
							Early to middle Bronze Age

						
							
							..

						
							
							..

						
							
							…

						
							
							
							Yellowish Brown, Brown XPL

						
							
							
							
							++

						
							
							
							+

						
							
							+

						
							
							++

						
							
							++

						
							
							++

						
							
							++

						
							
							++

						
							
							Single grain, rare bridged grain

						
							
							Monic

						
					

					
							
							608(=7a)G7

						
							
							Early Bronze Age

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							Yellowish Brown, Brown XPL

						
							
							++

						
							
							++

						
							
							++

						
							
							++

						
							
							+

						
							
							+

						
							
							..

						
							
							++

						
							
							++

						
							
							++

						
							
							..

						
							
							single grain, rare bridged grain

						
							
							Monic rare, gefuric

						
					

					
							
							608,609 (7a,b)G10

						
							
							Early Bronze Age

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							Reddish brown PPL, brownish reddish XPL, Brown in OIL

						
							
							...

						
							
							..

						
							
							..

						
							
							++

						
							
							++

						
							
							..

						
							
							+

						
							
							++

						
							
							++

						
							
							++

						
							
							++

						
							
							single grain, rare bridged grain

						
							
							Monic rare, gefuric

						
					

					
							
							610,(=7b), G8

						
							
							Early Bronze Age

						
							
							..

						
							
							..

						
							
							.

						
							
							++

						
							
							Yellow brown, Orange, brown in Oil

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							++

						
							
							..

						
							
							+

						
							
							...

						
							
							…

						
							
							…

						
							
							++

						
							
							Intergrain, subangular blocky,spongy

						
							
							Enaulic, close porfyric

						
					

					
							
							609,(=7b), G8

						
							
							Early Bronze Age

						
							
							..

						
							
							.

						
							
							..

						
							
							++

						
							
							Reddish Yellow in PPL and brown in OIL,

						
							
							..

						
							
							..

						
							
							..

						
							
							++

						
							
							+

						
							
							..

						
							
							+++

						
							
							...

						
							
							…

						
							
							…

						
							
							++

						
							
							Bridged grain structure, intergrain microstructure

						
							
							chitonic, Gefuric,rare enaulic

						
					

				
			

			Key: + Very Rare (< 0.5%), ++ Rare (0.5–2%), +++Very Few (2–5%), • Few (5–15%), •• Frequent (15–30%), ••• Common (30–50%), •••• Dominant/Very Dominant.

			The layers, context numbers, field descriptions of layers, locations of micromorphological samples, cultural periods, chronology, and occupational areas mentioned in this text are described in Figure 2 & Table 1. The summary of thin section analysis is described in Table 2.

			Thin section G8 is taken from the interface of context number 609 and 610 which is equivalent to layer 8 and layer 7b (Figure 2). These layers belong to phase 1 of early Bronze Age occupations and it is dated as c 1800 cal. BC. The layers 7 and 8 are characterised by occupation area, which shows evidences of Bronze Age settlement and field area. Evidence of plough marks are reported from the layer 8 of this site [1]. 

			The results of thin section (G8) analysis (610=layer 8) shows that the microstructure is in the combination of sub angular blocky structure, fissure structure, and intergrain micro aggregate structure. The sub angular blocky structure is formed because of wetting and drying or freezing and thawing or faunal activity [55]. The related distribution is enaulic, chitonic and close porphyric. The pedal structure is mostly prism, sub angular blocky peds. The peds are moderately developed and accommodated. The prismatic structure is found, which show that soils are formed due to the ploughing practices [58].

			The distribution pattern is characterized by mostly by channels, vughs, compound and packing voids, and rarely cracks. Horizontal planar voids and channel space are moderately high (20 % of slide area). The presence of planar voids and channel structures is interpreted as indication of ploughing [59-61]. However, channel formation is also ascribed to the movement of soil animals such as earth worms or the growth and infiltration of roots. Moreover, phases of wetting and drying are considered the primary factors leading to the development of planar voids in temperate soils, particularly those containing significant amounts of expandable clay minerals [62]. Vughs may also results from several different mechanism including faunal activity, differential solution of mineral grains, irregular packing voids having a wide range in particle size distribution [63], incomplete infilling of packing voids by translocated clay from upper horizons or deformation of other voids by faunal, freeze/thaw or shrink, swell pressures. Genies of complex and compound packing voids is less easy to formulate, although one or a combination of packing, faunal (e.g., earth worm) movement or excretion and shrinking/swelling due to changes in moisture regime may be responsible in some examples [63]. 

			Bones fragments are noticed, which has porous structure. It is yellowish in PPL and black in XPL. Populations of fine material is also identified, which is yellow in (PPL) and black in XPL, indicating phosphatic origin of fine material. This evidence suggests that the yellow material in PPL (black in XPL) is comprised either of decayed plant material or herbivorous dung. The course organic material is made of fragments of charred materials (300µm) and woody charcoal. Iron segregation and accumulation of iron on mineral and soil are also noticed. Rubified iron nodules (1200mm), rubified fibrous organic material (orange in OIL) surrounded by fine organic material, and few burnt woods are also noticed. Some elongated grass charcoal fragments are also identified, which are black in PPL and XPL. This charred material also contained ash particles, which are grey in PPL and dark grey in XPL. This indicates that fire activity was taken place in the area or they were intentionally added in soils by the farmers. 

			The intimate mixing of clays, silts, and organics is noticed, which suggests biological activity was once important, resulting in homogenization of the soil matrix. However, as excremental features are also noticed. The presence of typic iron nodules, sometimes within aggregates, and the zones of iron and clay depletion around the edges of macro voids are also noted. Thin clay coatings were identified in the soil voids. The presence of clays coating and darkened by organic material are interpreted for tillage activity [64,65]. Such features should be interpreted carefully because they might be resulted due to natural processes [66,67].

			Thin section G8 (context 609-layer 7b) analysis indicates microstructure has mostly bridged grain structure and rare occurrence of pellicular and areas of porphyric at the base of thin section, with mostly gefuric (also monic) related distributions. This means that it is sandy and freely drained and has also clay- and silt-sized material to make the soil cohesive. The fine fabric is reddish brown in PPL, brownish reddish in XPL and brown in OIL, resulted due to fire activity. Moreover, this fine fabric also contained small particles which is grey in PPL and dark grey in XPL, indicating a high component of ash [68-70]. Some areas of fine material with yellowish brown in PPL and black in XPL is also recognised, resulting either from decayed plant matter or herbivore dung. 

			The pedofeatures are identified in the form of iron accumulation on the sand grains. Iron nodules of 30 mm are also noticed. Rubified iron fibrous nodule surrounded by organic material is also identified. The edges of fine fabric are round; it means that compacted earth worm excrement. Link capping of fine fabric of grains are also identified. Mostly discontinuous fine fabric is noticed on the grains. Decalcification of shell is also noticed. The striking colour suggests that the earliest soil was composed almost entirely of organic material. The particle- size distribution of this layer was distinctly finer than that of the later soils and was like the silt-size material that made up the sample G7. Inclusion of organic material in excremental pedofeature is also identified, which indicate to tillage activity, however such pedo-features are also developed due to bioturbation as well. 

			Thin section G10 was taken from the interface of layer 7A (context 608) and layer 7 B (context 609). This sample belonged to second sub phase of early Bronze Age (Figure 2) (Table 1). Thin section analysis indicates main difference between context 608 and 609, which is described through sample G10.

			At context 608, mineral grains are single grain structure and they are coated with fine fabric and few clay coatings around the grains; whereas grains and aggregates are surrounded by clay mineral in context 609 of sample G10. The microstructure is mostly single grain structure and occasionally very rare bridged grain structure in context 608; where as it is mostly bridged grain structure and inter grain channel structure in context 609. The related distribution is monic and very rare gefuric in context 608. But, the percentage of gefuric related distribution in context 609 is very high.

			The porosity is characterized by simple packing voids in context 608 and compound packing voids, complex packing voids and channels are main characteristic in context 609. Occasionally, vughs, chambers vesicles and planar voids are also identified. The planar voids are interpreted as the indication ploughing; however, these structures may be replaced by channels in the spring. Rare occurrence of bones is also noticed. The fine fabric is low birefringence. It is reddish brown in PPL, red in XPL, and brown in OIL, resulted due to fire activity. These fine fabrics also contained abundant particles that are grey in PPL and XPL, interpreted as ash residue. Thin monomorphic organic material coating around the sand grains are identified. 

			Many evidences of charred wood with plant tissues (e.g., s1000mm in size) are identified, which indicates usages of domestic waste as manure, originated from fire activity. Moreover, fragments of amorphous uncarbonized material with quartz grains, rich in organic matter, is also identified, which interpreted as residues of midden material. Similar evidences of midden material were also evidenced from prehistoric arable soils from Kailyard areas, Papa Sour, Shetland Isles [71]. Phytoliths are also identified, which indicates for usages of herbivores dung as fertilizers. The diatoms probably derive from grasses, which might have brought from middens and used for fuel. Dusty clays are also identified, which indicates for ploughing signature. 

			The Pedofeatures are characterized by red typic nodule of 200mm, accumulation of iron on grains, decalcification of shell, very rare depletion of iron and almost all the grains have continuous clay coatings. Several types of excremental fillings are also identified. Such excremental features sounded by fine organic material are formed due to tillage activity [72]. Clayey silt or silty clay pedofeature and layered coating around packing voids are also identified. Area of compound layered textural coating, including micro laminated clay, silt and limited clay are identified. Such clayey pedofeatures are formed due to tillage activities [64,65]. 

			Sample G7 belonged to the second sub phase of Early Bronze Age horizon. This sample is taken from the interface of context 608 (layer 7A) and 606 (Layer 6). Layer 7 was identified as a cultivation horizon during fieldwork in 2005 at site GMXVII, which was located down slope from GM/XV (Figure 2). Mostly single grain structure is noticed in 606; whereas very rare pellicular and much bridged grain structure is also noticed in 608. There is rare fine fabric in context 606 of G7. The related distribution is monic in both contexts (606 and 608). Gefuric related distribution is identified from context number 608. The grains are rounded sub rounded in size. The fine fabric is yellowish brown in PPL, brownish yellow in XPL, and yellowish in brown in OIL and low birefringence. Coarse organic is comprised of very rare charred wood. The main constituents of fine organic material are few glassy yellow materials and phytoliths with inclusion of silt, which indicate practice of dung as fertilizers. Iron depletion must have taken place before deposition as the acidification process required to form them would not have occurred in the calcareous depositional environment. Phytoliths are also noticed, suggesting a grass based organic input. Pedofeatures are characterized by iron accumulation and depletion on the grains, decalcification of shell on the corner of the shell grains and sometime in the centre of the shell, continuous fine material coating on the mineral grains is context 608, whereas context 606 has rare discontinuous fine fabric and clay coating on grains. 

			Traces of limpified clay within planar voids are also noticed, which indicate tillage activity. Rubified iron nodules with fibrous organic material (orange in OIL) are also identified, which describe usage of fire activity. The size of rubified iron nodules are ranging between 3mm to 900mm. Accumulation of yellowish material is noticed on the grains. It is yellowish brown in PPL and black in XPL. Organic fine material is also noticed, the bulk of which can be described as amorphous at this magnification; some cell residues are easily recognizable. The yellowish fine material indicates phosphatic nature of soils. Nearly colourless zones are little decomposed, intense yellowish to reddish brown zones are moderately, and low chrome bright to mahogany brown and opaque zones highly decomposed. Depletion coating is also identified where iron has been removed from a zone around a channel. Yellowish brown needle like cell structure is identified. Comminution by oribatid mites has been transformed the organ residue (needles) directly into cell fragments, the yellowish-brown material are residues of cell content. 

			Sample G6 was taken from interface of layer 6 and layer 5 (605b) (Figure 2). Layer 6 belongs to phase early to middle Bronze Age. It is represented by a single banded horizon with few ard-marks and the field report indicates that it is described as a layer of clean wind-blown sand. Field observation suggested that Bronze Age neglected this area for farming (Table 1) [1]. Layer 6 belongs to Phase III of Middle Bronze Age, dated as c 1500-1200 cal. BC. Thin-section analysis shows that there is no major difference between these two layers. The microstructure is mostly single grain structure. The distribution pattern is comprised 80% simple packing voids and 10% channels and chambers. The related distribution is monic. The grains are sub rounded and angular in size, with sub rounded shell fragments. The fine fabric is yellowish brown in PPL, black in XPL, yellowish brown in OIL and it has also low birefringence, which is interpreted as organic/anthropogenic origin of soils. Few traces of porous material are identified, which is interpreted as bone. There was no signature of wood material, no charcoal and no charred material. The fine material is comprised of very rare fungal sclerotia. Pedofeatures made of few iron nodules (100mm) accumulation of iron on grains, very rare occasional discontinuous fine fabric on grains, no clay coating on grains. 

			Sample G5 is a sandy loam and it was taken from context 605b (layer 5) and it belong to phase III of middle Bronze Age, dated as c 1500-1200 Cal BC. Thin section analysis shows single grain microstructure and occasionally bridged grain structure. The single grain structure usually inherited from the parent material; removal of fine material from vertical leaching or lateral differential emotional, and the genesis bridged grain structure is because of deposition of concentration of silt and/or organic matter around sand grains. The distribution pattern is mostly marked by simple packing voids and very rarely by complex packing voids. The related distribution has mostly monic and occasionally gefuric. The porosity is made up of 40% simple packing voids and very rare occasional channel. The grains population is mostly angular, and sub rounded, and it has 15-20% quartz, 10% shell, and very rare population of mica and feldspar. Organic material is yellowish brown in PPL, greyish in XPL, and brown in oil. Few traces of bones are identified. 

			Wood material, ashes, or charred wood are rarely found this section. Very rare fungal sclerotia is noticed and yellow material is also noticed which is interpreted as organic material. The main characteristics of pedofeatures are made of iron nodules (400mm). The iron nodule is reddish brown in PPL, brownish red in XPL. Very rare depletion and accumulation of iron on grains is noticed. Very rare discontinuous fine fabric is also observed from this thin section. Decalcification of shell is also an important pedofeature. Some soil aggregates contain excremental and textural pedofeatures, characterised by presence of black carbon particles, indications of practice of organic material as manure [73], however these pedofeatures also created by biological and natural soil activities.

			[image: ]

			Sample G4 was collected from interface of layer 4 (605a) and 5 (605b). It belongs to Middle Bronze Age and phase III, whereas layer 5 belong to Middle Bronze Age and phase IV. No significance differences between these two layers are identified and they are described in same context. The microstructure is single grain structure and very rare bridged grain structure. The related distribution is gefuric and monic. The porosity is described as simple packing voids and vughs and occasionally complex packing voids are also noticed. The minerals are sub rounded, rounded and angular. The mineral population is comprised of 15% quartz, 2% lithic clasts, 10% shell fragments, 15% minerals including feldspar, v. rare chlorite, and rare earth worm granules are also observed. There are two population of fine fabric is noticed. The first population of fine fabric is brownish yellow in PPL, reddish brown in XPL, black in OIL. The second population fine fabric is constituted of yellowish brown in PPL, black in XPL, yellowish brown in OIL, indicating presence of decomposed organic material. Yellowish glassy feature is also identified, which is interpreted as decomposed bone. The main component of coarse organic material is wood material (600mm), and charred wood (1000mm) with tissue structure, and charred plant fragments. Few diatoms and phytoliths are also identified. The diatoms probably derive from grasses taken from the uplands for fuel. The fine fabric has very rare fungal sclerotia and very rare phytoliths. The main constituents of pedofeatures are iron nodules (bright red in PPL) segregation and strongly impregnated typic nodules, 2mm wood or charcoal, very rare mineral grains coated with discontinuous fine fabric, indicated to fire activity. Accumulation and depletion of iron is also observed. Decalcification of shell is observed from the centre and from corners. Excremental and textural pedofeatures surrounded by organic material are also recognised, which point to practice of organic material as a manure (Figure 3). 

			The context for sample G9 was mainly from 605a and from stratigraphic point of view; it is described as a mixture of layer 4 (605a) and layer 5 (605b). It belongs to Middle Bronze Age, dated as c 1500 – 1200 cal. BC of Phase 3 and Phase 4. Thin section description shows that there is no major difference between these two layers in this sample. Single grain microstructure is noticed and very rare, occasionally, bridged grain structure is noticed on layer 5 (605b). The related distribution is mostly monic, occasionally chitonic and very rarely gefuric is also observed on layer 5. The porosity is characterized by mostly single packing voids and rare channel structure is also noticed. The mineral grains are rounded, and sub rounded in shape and comprised of 35% quartz, 10% shell fragments, 10-15% rare minerals including mica, feldspar, chlorite, 2-5% lithic clasts and very rare bone. Earth worm and slug granules are also noticed. The colour of fine fabric is yellowish brown in PPL, reddish brown in XPL, and brownish red in OIL. The fine fabric is also low birefringence. The course organic material is comprised of 200mm charred wood, charcoal and 1.5mm charred plant fragments. The fine organic is made of very rare fungal sclerotia. 

			The pedofeature is marked by inclusion of fine material in the typic nodules, accumulation of iron on the grains, very rare discontinuous coating of fine fabric on mineral grains, very rare iron nodules. The iron nodules are strongly impregnated and pure typic. The organic material is yellow in PPL, black in XPL, which is interpreted as decomposed material. The phase III (e.g., G4, G5 and G6) and phase IV (G3, G4 and G9) shows occurrence of excremental and textural pedofeatures surrounded by organic material, which is reddish brown in PPL, gives indication of practice of organic material as fertilizers. The abundance occurrence of midden material from these contexts indicates that farmers of this phase used middens materials not only as fertilizers, but they also used to stabilize sandy horizons. Sample G3 was taken from the interfaces of layer 3 (602a) and layer 4 (602b). Layer 4 belongs to Middle Bronze Age, dated as c 1500 – 1200 Cal BC Phase 4, whereas layer 3 belongs to Phase 5 of Middle to Late Bronze Age, dated as c 1300 - 900 cal. BC. These two different contexts are described separately. 

			Sample G3 602a the micro structure is mostly single grain structure, and very occasionally micro aggregates microstructure is also identified. The related distribution is monic. The porosity is characterized by 40% of simple packing voids, 5% vughs, and occasionally channels micro structure. The voids are 50-60% of total slide. The grains are rounded, and sub rounded in shape and the total population of grains is comprised of 15% quartz, 10% shell fragments, very rare stone fragments. The fine fabric is fibrous reddish brown, very occasional yellowish brown, in PPL, dull grey in XPL, might have originated due to fire activity. But there are some fragments of yellow material which may be interpreted as organic material. The pedofeatures is characterized by a population of nodules which are 20mm in size and they are yellow in PPL, yellowish brown in XPL, and brownish yellow in OIL. There is discontinuous coating of fine fabric on grains. The fine fabric is yellow in PPL, yellowish brown in XPL, and brownish yellow in OIL. The edge depletion of shell fragments is also noticed. Iron accumulation is also noticed in some shell fragments. 

			Sample G3 602b the related distribution is largely monic and occasionally combinations of gefuric chitonic are also noticed. The micro structure is mostly single grain structure, occasional bridged grain structure and pellicular grain structure. The porosity is made 20-30% of complex packing voids, 10-15% compound packing voids, 2-5% channels, and 5-10 vughs. The mineral grains are angular and sub angular in shape. The population of mineral grains is comprised of 25% quartz, 0.5-2% chitonic, 5% calcite, 5% lithic clasts and 15% of shell fragments. The fine fabric is yellowish brown in PPL, reddish brown in XPL and yellowish brown in OIL. It is also very low birefringence. The course organic material is made of small fragments of charred material, and bone fragments. The fine fabric is comprised of fungal sclerotia on bone and it is in yellowish orange colour in PPL which is interpreted as organic material. In pedofeatures, activity of earth worm on granules, depletion of calcium, very rare fine material discontinuous coating on grains, very rare iron nodules of 200mm, loose discontinuous excremental infilling and 405mm of bone with fungal attack is noticed. The phase III (e.g., G4, G5 and G6) and phase IV (G3, G4 and G9) shows abundant occurrence of excremental and textural pedofeatures surrounded by organic material, which is reddish brown in PPL, gives indication of practice of organic material as fertilizers. The abundance of organic/midden material in context 602 (4) prove our hypothesis that the sandy soil of this context was stabilised by midden material. 

			Sample G2 was taken from the meeting point of context no 601 (layer 3) and 602a (layer 4). These contexts are also described separately. Layer 3 belongs to Phase 5 of Middle to Late Bronze Age, dated as c 1300 - 900 cal. BC. 

			Sample G2 (601=layer 3) the microstructure is mostly inter-grain micro-aggregate and very rare bridged grain structure. The related distribution is chitonic, enaulic and gefuric. The porosity is characterized by 20% complex packing voids, 40% simple packing voids, < 5% channels. The mineral grains are rounded, sub rounded, platy and tabular. The mineral population is comprised of 15% quartz, 10% shell, and very rare %2 of minerals such as schist, sand stone, schist, very rare stone fragments. Two main populations of fine fabric are identified. The first population of fine fabric is brownish reddish in PPL, reddish brown in XPL, and brownish yellow in OIL. The second population is yellowish brown in PPL, black in XPL, and brownish yellow in OIL. The fine material is low birefringence. It is interpreted as decomposed plant material. The course organic material is made of decomposed wood and charred wood (700µm and 2000µm) with original structure. Pedofeature is characterized by iron accumulation on calcium carbonate, depletion calcium on the shell fragments, 1000µm mm very red typic nodules, very irregular clay and fine material coating on grains, dense incomplete excremental feature and the iron accumulation on the edges of sell fragments. 

			 The microstructure for context 602a is mostly single grain, and the related distribution is monic. The voids are characterized by 90% of complex packing voids, very rare simple packing voids and very rare channels. It has mainly shell fragments and very less fine material. The rest of thin-section descriptions of context 602 are like context 601. 

			Sample G1 was taken context no 601 (Layer 3) and it belongs to to Phase 5 of Middle to Late Bronze Age, dated as c 1300 - 900 Cal BC. The micro structure is mostly bridged grain structure, single grain structure and occasionally inter-grains micro aggregate structure. The Related distribution is chitonic gefuric very less enaulic. The porosity is characterized by 40% complex packing voids, 29-30% channels, 30-40% chamber from voids or complex. Genies of complex and compound packing voids is less easy to formulate, although one or a combination of packing, faunal (e.g. earth worm) movement or excretion and shrinking/swelling due to changes in moisture regime may be responsible in some examples. Channel formation is normally ascribed to the movement of soil animals such as earth worms or the growth and infiltration of roots. Associated chambers are thought to develop by faunal activity. 

			The mineral grains are angular to rounded, platy and tabular form, and the mineral population is comprised of 10-15% quartz, 15% substance including plagioclase, calcite, fragments of mica and schist, sand stone, spartic lime stone, 5% shell fragments, and lithic clasts 10-15% stone fragments up to 4-5mm. Fine Fabric is brownish yellow, (PPL), black in XPL, and yellowish brown (OIL). Coarse organic is comprised of 5mm charred wood with its original structure, reddish brownish fibrous fragments of organic material (abundantly occurred in slide), 5.7 mm original wood, earth worm deposits, made channel-blocky voids, channel voids, yellow organic material interpreted as decayed plant material. The Fine organic material is characterized by very rare fungal sclerotia. 

			Pedofeatures is characterized by earth worm activity which makes channel blocky voids and sub-angular blocky structure, earth worm granules, phytoliths, there is white substance around the grain which is interpreted as depletion of calcium, decalcification of shell. Fine Fabric is continuous, internal and external hypo coating, rounded organic material, occasional discontinuous clay coating (not pure clay), link capping of grains. The colour of nodule is yellowish brown (PPL) and brownish yellow (PPL). Depletion coating: iron has been removed from a zone, very bright typic nodule interpreted as fire activity. The red typic nodule is very red in (PPL) and red in OIL. Pseudomorphic feature is interpreted from weathered material of plant fragments. Elongated thinner particle of black material, black in PPL and XPL, which is interpreted as grass charcoal. The percentage of charred wood is very high, which indicates that the Late Bronze Age farmer has used ash for manuring. 

			Midden material is commonly identified from the phase IV and V (Middle/Late Bronze Age), it indicates that the prehistoric farms brought organic material from a wastage heap. 

			Discussions and Conclusion

			Micromorphological analysis of Gwithian demonstrate that the main components of Bronze Age fertilisers are domestic waste (e.g., bone, shell sand, animal dung, and ashes from wood, and grasses). Thin section description and interpretation of early Bronze Age phase I (layer 8 & 7 = G7, G8 & G10) shows presence of rubified fine mineral together with decomposed wood, burnt wood, ashes, animal dung, shells and bones suggesting that the arable soils were maintained by household waste dominated by fire residue. This interpretation is supported by silt sized grain, which are grey in PPL and XPL, interpreted as ash particles. 

			The results also show bioturbation (mixing by soil biota) has also taken place in these samples. The presence of planar voids and channel structures is interpreted as indication of ploughing. This fact is also supported by the presence of clays coatings darkened by organic material, which is interpreted for tillage activity. Occurrence of phytoliths suggests a significant herbivore dung component. The distribution pattern shows that the soils were very much disturbed by soil animals such as earth worms. Earthworm/slug granules are found, but the presence of channels and chambers and excremental micro aggregates in the other contexts show that bioturbation (mixing by soil biota) has also taken place in these samples. 

			Second phase of early Bronze (Layer 6 = sample G6) is represented by banded horizon which is comprised of clean windblown sand. Thin section analysis of second phase of early Bronze Age represents single grain micro structure which is occurred in coarse sandy soils and some strongly leached horizons. Single grain structure is inherited from the parent’s material removal of fine particles of vertical leaching or later differential corrosion. The soils have simple packing voids which are resulted from the random packing of mineral grains and thus often show relict sedimentary feature of soil parent material. The course organic material is rarely found from this horizon. There are rare traces of bone, decomposed wood, and charred wood. The fine material has low birefringence. Rare clay coating on the grains are also identified. Presence of very rare discontinuous fine organic material coatings on grains are also noticed. The presence of very fine organic material around sand grains and occurrence of clay coating may indicate that organic material was used from manuring. 

			The III phases also belong to Early/Middle Bronze Age (layer 5, Sample G5), which are represented by banded horizon. It is comprised of clean windblown sand. Coarse organic material is absent from this horizon. No traces of bone, charred-wood is recorded from this phase. Field observation suggested that Bronze Age farmers neglected this area for farming [1]. However, soil aggregates surrounded by fine material may indicate that arable soils were raised by manuring practice. Moreover, few traces of porous material are also identified, which is interpreted as bone. These evidences demonstrate that humans were present during this phase. 

			Phase IV belongs to Middle Bronze Age and represented by blown sand. Context number 602 and no 605a (G3, G9) and context no 605a (G4) belong to this horizon. The thin section analysis of G4 shows that the midden materials (e.g., charred/uncharred wood, ashes from wood and grasses, bone, phytoliths, and animal dung) are noticed from sandy horizons of 602 (4), which indicates that the sand horizons were not only stabilised by midden material, but it was also used as a manure. Thin section analysis proves our hypothesis. Moreover, this hypothesis is also supported by occurrence of very few slightly weathered quartzes grains and the occurrence of iron depleted sandstone with stone rims. Iron depletion must have taken place before deposition as the acidification process required to form them would not have occurred in the calcareous depositional environment. Phytoliths are clear, suggesting an organic input. Evidence of burning is evident from the occurrence of small oxidized stones, fine charcoals, big fragments of charred wood and rubified iron nodules. These are prominent features within the thin sections and give the impression that burning was in abundance. Ash particles were also identified, formed in settlement hearths because of burning manure with fine pale grey material evident in all the thin sections, together with very few linear patterns of oxidized stone. The ubiquitous occurrence of small bone fragments in the fossil soil horizons further testifies to the application of domestic waste material during these phases.

			The soil sequences of Phase IV at Gwithian sand horizon (layer4=G4) are very similar to the sequences of buried soil and blown sands recorded on number of prehistoric sites in the northern and western Isles of Scotland. Earlier, it was thought that the sandy soils were created by sandy storms. However, Fowler [74] hypothesized that the sand horizon 602 (layer4=Phase IV) is a blown sand and that has been stabilized through the addition of midden material. Moreover, thin section analysis on sites in western Isles has demonstrated that many natural soils were made by human activities. These activities are created by dumping midden materials onto shifting sands. The cases-studies regarding prehistoric manuring practices from Northern Isles of Scotland and England demonstrate that midden heaps were not only ploughed insitu, but it was also intentionally disbursed over the sandy fields during Neolithic, Bronze and Iron Age. The examples of the Neolithic midden cultivations in UK are from Pool, Sanday, Orkney, Tofts Ness or Old Scatness, Shetland, Skara Brae, Noltland, Westray, and Hazleton North, Gloucestershire. It is suggested that the Neolithic farmers did not only cultivated earlier midden, probably created during the Mesolithic period, but they have also those from their own creations. The examples are from Northton, Harris, in the Outer Hebrides and a Mesolithic midden located near Prestatyn, on the north coast of Wales, also appears to have been cultivated in the Neolithic. 

			The Bronze Age and Iron Age farmers (from Old Scatness in Shetland and on several sites in the Western Isles) also stabilized sandy soil using midden material. The examples usage of domestic as manure are also from Cill Donain, South Uist, Baleshare, North Uist, Hornish Point, South Uist, few Iron Age sites in Shetland and Hallshill in Northumberland, England. The intensive cultivation of middens is reported from UK during Neolithic, Bronze and Iron age at Old Scatness, Shetland. The domestic waste and cultivation of middens in prehistory were not only used as manure, but it was also used to stabilise the sandy soils. 

			Middle/Late Bronze Age is corresponded to phase V which is equivalent to layer 3 (601=G2 & G2). Field observations shows that ard marks were recorded overlying and below later midden and they are also noticed at the surface of the phase 4 horizons. Presence of dusty clays also prove the ploughing activity. The soils were fertilized through bone, and animal dungs and ashes. The evidence charred wood and rubified iron nodule may indicate that ashes were the main component of manuring practices. Presence of phytoliths also gives an indication of organic use as fertilizers.

			Shell fragments are abundantly found in all five phases of Bronze age. They are occurred with bones; charred wood gives an indication that shell might be used as fertilizers. It is matter of debate, if shell fragments are naturally part of soil aggregates or the farmers has intentionally added them in arable soils to increase the soil fertility. The practice of addition of shell fragments in arable soil was not common until early first millennium AD in Ireland and the late 14th century in UK. If the interpretations about the intentional addition of shell fragments within arable soils is correct, it can be suggested that the Bronze Age Gwithian farmers might be the first who used shell fragments as fertilizers in Britain. Domestic waste was important constituents for manuring practices in Gwithian during the Bronze Age [75-79]. The intensified arable production evident in the Bronze Age may have been necessary to feed a growing population, or a surplus may have been grown for trade.

			Future Work

			Thin section analysis demonstrates that bones, ashes, phytoliths and pottery are rarely recorded from the Middle Bronze Age horizons (606) at Gwithian. The absence of organic material can be interpreted through the fact these archaeological materials might went through diagenetic process that alter the chemical signature of ash, bone, and phytoliths in variety of environment [80]. It will be interesting to study whether the bone concentrations are in primary milieu or in the secondary burial context by differential dissolutions. Fourier Infrared (FTIR) spectroscopy should be used to map the distribution patterns of archaeologically derived authigenic minerals in the archaeological sediments at different stratigraphical levels, to describe the areas in which ash mineral (calcite) is preserved, as well as zones in which apatitic bone mineral (dahllite) is conserved. Furthermore, this future study will help to identify the chemical “reaction rim” form on rocks buried in archaeological sediments by examining the various stages of dissolution and re-precipitations. The temporal and spatial distribution patterns of authigenic (insitu) minerals will be compared. In addition, the resulted diagenetic conditions will be compared with sites associated with prehistoric farming. These studies will be useful to investigate whether the humans were absent on site as they never visited it or as the minerals related to archaeology are precipitated because of dissolution processes. 

			Ashes are main constituents of prehistoric manuring practices. FTIR and Raman spectroscopy should also be applied to investigate the multifaceted chemical changes that ash undergoes in variety of environments related to prehistoric farming. Raman spectroscopy should be used for the identification of elements related to iron, manganese, and aluminium oxides, as well as organic residues, which provide important fingerprints for both high-temperature and diagenetic processes occurred within prehistoric hearths. Moreover, multi-element analysis by ICP-MS should also be employed to identify the former fertilizations practices and the land use, which is more useful than traditional phosphate analysis. 
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Figure 3: Micromorphological features from Bronze Age site of Guithian in Comnwall, UK
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Decomposed wood with original tissue structure.
Rubified fabric with fine organic material indicative of fuel residue, with channel structure.

Grains aggregates with thin clay coatings.

Decomposed wooden material with bones

Decomposed wood/foot lying horizontally on floor.

Bumt wood material with original tissue structure, tree trunk with its rings and ash particles.

Sand grain aggregates surrounded by clays, fine organic material and tiny fragments of charred wood

Intergrain microaggregate soil structure and bone fragment, with tissue structures

Planar voids with small particles of fine organic material

Bumt wood with original tissue structure.

Quartz sand grains surrounded by fine yellowish organic material, interpreted as animal dung

An example of iron depletion

Elongated iron nodules with rubified sandy aggregates,

An exampssle of bridged grain structure.

Excremental and textural pedofeatures, besides being characterised by intensive homogenisation through biological activity and by

the presence of black carbon particles
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Figure 2: Describing the layers, context numbers and locations of micromorphology samples described in this text (after Nowakowski et
al., 2007)
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Figure 1: Location of Gwithian in Comwall in UK (after Nowakoski, 2005)






