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decalcification of soil in the upper strata and evaporation of calcite rich soil 
water that had percolated through the soil into voids, forming calcite nodules. 
The middle deposits (36-44 cm) were darker in colour than the upper and 
lower soils, the texture of this soil was also different, being less plastic and 
sticky, these features suggesting there was a higher degree of organic matter 
present and less clay and silt content.  
 
The differential structures identified in the layers was indicative of the 
difference in the composition of the fine material in the monolith, with the 
lower layer having an angular structure; a vertic resulting  from a higher clay 
content (Brady and Weil 1990). In contrast, the well-developed blocky 
structure in the mid layer indicates increased organic matter (Oades 1984). 
 
 
Conclusions 
 
The macromorphological analysis of the monolith indicated that there were 
three clear deposition layers all with individual pedogenic characteristics. The 
three layers were all formed initially through alluvial deposition and then 
affected by further individual pedogenesis. 
 
The soil development of the layers indicates that the lower layer has 
undergone considerable gleying, the soil structure providing evidence of high 
clay content. The mid layer contains a higher level of organic matter due to 
the colour and composition. There was evidence in the upper layer of the 
inclusion of flint fragments, not originally deposited through alluvial processes 
and indicative of fragments newly broken. 
 
 
3.10 Soil Micromorphology Analysis 
C. Lang/QUEST 
 
Non-Technical Summary 
 
Micromorphological analysis was undertaken on two slides from monolith 
<13> collected at Meldreth. The aim of the analysis was to provide high 
resolution analysis of the pedological features and determine whether 
evidence of early soil development can be determined in the soil samples 
collected from the diffused boundaries in the soil stratigraphy identified during 
fieldwork and macromorphological analysis. 
 
The results of the micromorphology analysis indicate that the samples were 
derived from localised parent material and differentiation in the pedogenic 
processes between the regions in the samples is apparent. There has been a 
high level of bioturbation in Region 1 of sample Mel40. Additionally, there is 
evidence to indicate that Region 1 of Mel40 and Mel34 were from a similar 
sediment sources due to the size and composition of the coarse mineral and 
rock inclusions, while Mel Region 2 displayed higher levels of weathering. 
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Introduction 
 
Site context, aims and objectives 
 
This report summarises the findings arising out of the micromorphological 
analysis undertaken by Quaternary Scientific (QUEST), University of Reading 
on a monolith sample collected from Meldreth, Cambridgeshire. Quaternary 
Scientific were commissioned by Archaeological Solutions to undertake the 
works.  
 
Monolith <13> was sampled in the NE-SW profile of test pit 27 and comprise a 
lower fill (2005) which appear to have developed under wet conditions and 
contain Neolithic struck flint, while the upper deposit (2004) appears to 
represent a later possible plough soil (based on mixed artefactual remains 
from Neolithic to medieval). The aim of the analysis was to provide high 
resolution analysis of the pedological features and determine whether 
evidence of early soil development can be determined in the soil samples 
collected from the diffused boundaries in the soil stratigraphy identified during 
fieldwork and macromorphological analysis.  
 
 
Geoarchaeological and archaeological significance 
 
The application of micromorphological techniques to the Meldreth samples - 
the microscopic analysis of soil/sediment thin sections - can play a significant 
role in archaeological and palaeoenvironmental investigation particularly when 
carried out with a methodical approach to observations and their 
interpretation. 
 
Soil/sediment properties reflect the environment in which they have been 
formed, and so the recovery of known anthropic sediments from 
archaeological contexts has the potential to assist archaeologists to 
understand complex site formation processes related to past land use and the 
palaeo-environment. By applying micromorphological investigation to 
undisturbed soils it enables soil development properties to be examined: 
thickness, bedding, particle size, sorting, coarse to fine ratios, composition of 
the fine material, groundmass, colour, related distribution, microstructure, and 
distribution of inclusions, the shape of inclusions, and finally the inclusions to 
be identified and quantified. Additionally, these analyses can provide details of 
micro-artefacts, not seen by the naked eye during macromorphological 
analysis. 
 
 
Methods 
 
The undisturbed sediment samples were sampled from monoliths <13> 
collected at Meldreth, Cambridgeshire, these were subsampled for 
micromorphological investigation after macromorphological analysis had been 
undertaken by Lang Archaeology.  
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The sedimentary block has been air dried for several days, then impregnated 
with transparent and uncoloured polyester resin. The sample is immediately 
placed in a vacuum chamber for 6hrs to allow the resin to impregnate the 
block entirely. The samples is then left at room temperature for 12hrs and 
placed in an oven set at 30°C to completely cure the resin. The block is then 
sliced and mounted on a 2mm thick glass slide to be ground using a Brot until 
the sample is only one millimetre thick. The sample is mounted onto a 3mm 
thick frosted slide and lapped until it reaches a thickness of 30µm. if needed, 
the slide can be hand finished with lapping paper. The slide is then covered 
slipped with a borosilicate glass cover.  
 
By following procedures laid out in the International Handbook for Thin 
Section Description (Bullock et al. 1985) and Guidelines to Analysis and 
Description of Soil Regolith Thin Sections (Stoops 2003) soil properties were 
recorded semi-quantitatively and adapted specifically for the Meldreth 
samples. The thin sections were analysed using an Olympus polarizing 
microscope at a range of magnifications (x10- x400) and under Plane 
Polarized Light (PPL), Crossed Polarized Light (XPL) and where applicable 
Oblique Incident Light (OIL). Each light source allowed identification of 
specific microscopic features, such as, mineral and organic components, 
pedology and feature classification. All features observed were recorded on 
an Excel spread sheet with the limit of the coarse to fine material being 20µm 
(c/f20µm).  
 

Results and Interpretation 
 
The following sections show characterisation and interpretations of two 
micromorphological thin sections from <13> Meldreth (Mel34 and Mel40; 
Table16), with a summary of the frequency and type of pedofeatures in each 
thin section recorded in a supplementary table (Table 18). 
 

  
A 

 

B 
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Table 16: Annotated thin sections of the samples from the Meldreth soil thin sections. A. Scan 
of the soil thin section Mel34; B. Scan of the sample Mel40 displaying the upper Region 1 and 
the lower Region 2 the lower region displays a visible redoximorphic area due to localised 
waterlogging. 
 
The coarse mineral and rock materials observed in the soil thin sections from 
Meldreth are mainly small (20-500 µm) partially weathered subangular and 
sub rounded quartz (~30%), weathered subrounded and rounded calcite 
(10%) and unweathered angular flint (~10%). It was observed that Region 2 of 
sample Mel40 had smaller flint and calcite inclusions in the groundmass when 
compared to upper Region 1 (Mel40 Region 1: 20-1200 µm; Mel40 Region 2: 
20-500 µm). The composition of the quartz and calcite inclusion in the 
groundmass were derived from the localised geology in the area comprising of 
West Melbury Marly Chalk Formation, with localised Alluvium – Clay, Silt, 
Sand and Gravel 1 . 
 
The samples exhibited the same coarse to fine (c/f) of 1:4 throughout and an 
enaulic related distribution; identified by the association between the coarse 
and fine material. The limpidity of the groundmass under PPL illumination was 
similar in both samples and displayed a speckled appearance. This is due to 
the presence of fine calcites and clays making up the fine matrix (Stoops 
2003). The b-fabric had a speckled/crystalitic appearance in both samples and 
sample regions (Mel34 and Mel40) as a result of the clay colloids/calcite 
(Durand et al. 2018; Stoops 2003). 
 
Weathered and partially weathered calcitic worm castes (20-500 µm) were 
identified throughout the samples (~5%) with Region 1 of sample Mel40 
containing the highest level (~20%) (Table 17). Shell fragments (20-900 µm) 
and mollusc shell was also identified within all regions of the samples (~20%) 
(Table 17). Increased levels of amorphous organic matter were evident in 
sample Mel34 and Region 1 of sample Mel40. Mel40 Region 2 displayed 
areas of redoximorphic inclusions.  
 
The microstructure in sample Mel34 was subangular blocky, with strong 
development in sample Mel34. Sample Mel40 had developed a crumb 
microstructure in Region 1 (20% of the sample region); see Table 16, while 
Region 2 moderately developed subangular blocky. The peds in sample 
Mel34 and Region 2 of Mel40 were separated by partially accommodated 
interpedal channel voids and displayed unaccommodated intra pedal 
chambers and vughs. Region 1 of sample Mel40, where the crumb 
microstructure had developed, displayed unaccommodated interpedal 
channels and unaccommodated intra pedal vughs. The boundary between the 
crumb microstructure and the sub-angular microstructure in sample Mel40 
was diffused. 
 
Calcite coatings (~30%) were identified on the walls of the channels voids, 
with calcite inclusions (5%) exhibited in Region 2 of sample Mel40 these had 

 
1 Carol Lang, "Meldreth" [PDF map], Scale 1:, DiGMapGB-50,  [geospatial data], Updated: 
October 2020, British Geological Survey (BGS), UK, Using: EDINA Geology Digimap Service, 
<http://digimap.edina.ac.uk/>, Created: September 2015 
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developed on the walls of the channel voids, and within the intra pedal 
chambers and vughs. 
 
A B 

  
  

C D 

  
 
Table 17: A. Groundmass of sample Mel34 containing shell (Shl) and chamber voids (V)’ 
(PPL); B. difference in the colour of the groundmass in sample Mel40 Region 1, darker brown 
indicating amorphous organic matter, shell (Shl) evident and also calcite coatings (CalC) on 
void walls, (XPL); C. Calcitic worm castes evident in the groundmass, (XPL); D. Calcitic 
inclusions in the channel void from sample Mel34 (XPL). 
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Discussion 
 
Micromorphological investigation determined that the composition of the 
coarse rock and mineral inclusions in sample Mel34 and Mel40 were derive 
from the localised geology; predominantly comprised of quartz and calcite. 
The microstructure in both samples (Mel34 and Region 2 Mel40) displayed a 
sub-angular blocky appearance, with stronger development being identified in 
sample Mel34. Sample Mel40 also displayed a crumb microstructure in the 
upper Region 1. The strongly developed crumb microstructure in Region 1 of 
sample Mel40 indicates that there has been an increased level of bioturbation, 
this being borne out by an increased level of calcitic worm caste identified. 
Additionally, the development of the crumb microstructure through 
bioturbation is supported by the presence of amorphous organic matter 
present within the crumb peds. The increased level of amorphous organic 
matter was not being identified in the lower Region 2 of this sample or the 
upper Mel 34. This would point to a build-up of organic matter in this area, 
there was, however, no evidence indicative of rooting or plant fragments 
suggesting advance organic matter degradation. This may suggest that the 
addition of organic matter had occurred, either from the anthropogenic means 
of from the burial of plant matter as the upper deposition of sediments (Mel34) 
was deposited. 
 
Calcite infillings had formed within the chambers and vughs in both samples 
and sample Regions, while a crystalitic b-fabric was identified. These 
pedofeature and characteristics occur through the percolation of calcite rich 
soil water evaporating in the soil profile and forming calcretions on the walls of 
voids and within micropores in groundmass (Durand et al. 2018). Evidence of 
these processes was also identified on the walls of the channels voids, with 
the development of calcitic coatings. The dissolved carbonates that are 
derived from weathered calcite precipitated in soil water as a result of 
decreases in soil water pH either from changes to the pH of precipitation or 
the addition of organic matter to the soil (Chesworth et al., 2008; Haynes and 
Naidu 1998; Martínez Cortizas et al. 2003). The formation of Fe aggregation 
in the samples, particularly in Mel40 Region 2, suggests there has been 
localised waterlogging of the soils, the presence of water providing reduction 
and oxidisation conditions required for the precipitation, translocations and 
dissolution of Fe from a low to high areas of concentration (Lindbo et al. 
2010). The infrequent presence of these features is indicative that 
waterlogging occurred in pockets in the soil and not throughout the thin 
section sample location.  
 
The diffused boundaries identified between the upper Region 1 and the lower 
Region 2 of sample Mel40 indicates that there has been some mixing of the 
groundmass. The high level of calcitic worm castes identified in Region 1 of 
the sample and the mollusc shell indicates that bioturbation was the reason 
for the mixing of the deposition layers. Initially, both the upper and lower 
deposits would have had an abrupt boundary. Moreover, the composition of 
the deposits in Sample Mel34 and Mel40 Region 1 when compared to Mel40 
Region 2 are indicative of different formations processes. The differentiation in 
the size of the coarse rock and mineral material particularly the size of the 
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calcite inclusions would indicate that there has been difference in pedogenic 
processes. Additionally, the flint fragments in Sample Mel34 and Sample 
Mel40 Region 1 were considerably larger than in Mel 40 Region 2. This 
evidence demonstrating that, although the composition of the coarse material 
in sample Mel40 Region 2 was similar to Mel34 and Mel40 Region 1, the 
morphology was indicative of a distinction the level of weathering. 
 
 
Conclusions 
 
The undisturbed soil samples collected from the investigation at Meldreth, 
Cambridgeshire indicated that the soil/sediments in the samples were derived 
from localised parent material. It is evident that there is differentiation in the 
pedogenic processes between the regions in the samples.  
 
It is apparent from the micromorphological investigation that there has been a 
high level of bioturbation in Region 1 of sample Mel40. The evidence of 
bioturbation initially identified during macromorphological analysis was 
confirmed to be mollusc and earthworm activity in the soil. The increased 
levels of bioturbation were enhanced by the higher levels of amorphous 
organic matter in the upper Region 1 of sample Mel40, prior to deposition of 
Mel34 sediment. 
 
Additionally, there is evidence to indicate that Region 1 of Mel40 and Mel34 
were from a similar sediment sources due to the size and composition of the 
coarse mineral and rock inclusions, while Mel Region 2 displayed higher 
levels of weathering. 
 
Micromorphological analysis has provided high resolution data on the 
pedogenic formation of the soil thin sections from Meldreth. Investigation has 
identified soil formation processes indicating there has been differentiation soil 
pedogenesis through weathering and bioturbation. 
 



 

Table 18: Supplementary table with a summary of the main micromorphological observations and the frequency of the features from the thin sections 
subsampled from monolith sample <13> collected at Meldreth, Cambridgeshire. 
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Mel34  Enaulic 1:4 ***** *** * * Speckled Crystalitic SA-B Channels, 
Chambers, 

Vughs 

Strong **** *  ***** 

Mel40 1 Enaulic 1:4 **** *** ** *** Speckled Crystalitic Crumb Channels, 
Vughs 

Strong *** *** * **** 

 2 Enaulic 1:4 **** *** ** *** Speckled Crystalitic SA-B Channels, 
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All measurements indicated are semi quantitative  

Key: Peds: SA-B-Sub-angular blocky; Frequency: *Low (<2%); **Moderate (5-10%); *** High (10-20%); **** Very High (>20%) 



4 DISCUSSION 
 
4.1  Overview of the recorded archaeology 
 
The excavation revealed a large hollow, with its long axis aligned north to 
south. It is likely that this is the result of fluvial action in a periglacial 
environment. It is notable that its orientation is similar to that of the drainage 
channel that lies to the north of the excavation site and leads to the river Cam.  
 
Hollow F2003 contained two fills. Dateable artefactual evidence from basal Fill 
L2005 is from the Neolithic period. This included both struck flint and pottery. 
However, sherds of medieval pottery were also present within this fill. As a 
feature of possible late glacial origin, the accumulation of Fill L2005 is likely to 
have originated earlier than the Neolithic period but this material represents 
the first identifiable human activity associated with F2003. More mixed dating 
evidence was recovered from upper Fill L2004. The majority of this consisted 
of medieval pottery but also included 18 sherds of Roman pottery, 14 very 
small fragments of Roman CBM, and four iron nails of Roman to post-
medieval date. Some early Neolithic struck flint and pottery was also present 
in this deposit.  
 
Ditch F2006 was identified in the north-western corner of the excavated area. 
It extended beyond the limits of excavation, but its observable eastern edge 
indicated that it was aligned north-north-west to south-south-east. This 
alignment places it an oblique angle to the adjacent Whitecroft Road which 
suggests that it is unlikely to represent a former roadside ditch. It is possible 
that an earlier iteration of the road was positioned on a slightly different 
alignment, but this has certainly not been the case since at least the late 19th 
century. No finds were recovered, and no enlightening stratigraphic 
relationships were observed between Ditch F2006 and the dateable fills of 
Hollow F2003, meaning that there is no basis upon which to assign it a date. 
 
 
4.2 The fills of Hollow F2003 
 
The basal fill of Hollow F2003 was observed, during excavation, to be L2005. 
This was a maximum of 0.12m deep and was only present in the deeper parts 
of the hollow. Soil macromorphological analysis has, however, identified a 
distinction between the upper parts of L2005 and its lower 4cm. These lower 
portions have been assigned the context number L2010. L2010 appears to 
have undergone significant gleying and had a higher clay content whereas 
L2005 contained a higher proportion of organic material. 
 
The silt and clay content of both L2010 and L2005 indicate that they were 
deposited under alluvial conditions and the presence of fine gravel within 
L2005 suggests that this was fairly slow-moving water. This would be 
consistent with the results of environmental sample analysis which 
demonstrated that L2005 (including L2010) contained a mollusc assemblage 
indicating that F2003, at its time of deposition, was a water filled depression, 
containing abundant weed and a muddy substrate, with damp grassland, 
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waste ground and scrub-type habitats at its margins. Micromorphological 
analysis has demonstrated that the material at the base of the deposit (L2010), 
was the product of different formation processes to the overlying layers. This 
lower deposit shows evidence for localised waterlogging through the presence 
of Fe aggregation. This suggests that waterlogging occurred only in pockets in 
the soil and not throughout, at least at the location from which the sample, and 
the thin section derived from it, was taken. The molluscs from the lower part of 
the deposit, however, indicate more permanent aquatic conditions during the 
early silting of the feature, but it is possible that conditions fluctuated during 
what could have been an extended period of time. The material overlying this 
has higher levels of bioturbation from earthworms and molluscs, as well as 
having higher levels of amorphous organic material. This may represent plant 
material buried by the overlying material which was, nevertheless, very similar 
in structure to the material below.  
 
Upper fill L2004 was described during excvavation as a mid grey brown clayey 
silt with moderate small sub-angular and sub-rounded flint inclusions. 
Macromorphological analysis has revised this description to a silty clay but 
confirms that, like L2005 (and L2010), it is an alluvial deposit. Environmental 
sampling has identified a variety of mollusc species in this deposit, including 
those associated with grassland. It is possible that some of these are derived 
from habitats in the surrounding area but its perhaps more likely that, at this 
time, F2003 existed as a damp depression during the drier months of the year 
perhaps becoming water-filled during the wetter seasons.  
 
 
4.3 Human activity in association with Hollow F2003 
 
Man-made objects present in basal fill L2005 consisted of struck flint and small 
fragments of early Neolithic pottery. Four sherds of medieval pottery were also 
recovered. It appears likely that these were intrusive. 
 
It is possible that the Neolithic material was incorporated into L2005 through 
overland flow carrying material distributed as occupational detritus in the area 
surrounding Hollow F2003 into the feature. It is, however, equally feasible that 
such material was deliberately deposited into feature. It is possible that, as in 
later prehistoric periods, that there was some kind of symbolic motivation 
behind the deposition of objects into watery contexts. Indeed Davis et al. 
(2007) discuss the possible ritual deposition of Neolithic stone axes in a 
wetland context in Cumbria, but there is insufficient evidence to reach such a 
conclusion with regard to the objects recovered from L2005.  
 
The material evidence is suggestive of human occupation within the vicinity of 
Hollow F2003. It is possible that this occupation took the form of settlement in 
close proximity but the environmental conditions that appear to have been 
prevalent, consisting of a pond surrounded by damp grassland, are likely to 
have attracted game and waterfowl that would could have been hunted or 
trapped. A small, simple leaf-shape arrowhead, recovered from L2005, might 
be indicative of such activity. Similarly, debitage, cores and evidence for blade 
production, alongside the small fragments of pottery that were recovered, 
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could represent activity occurring within the temporary camps of 
hunting/trapping parties.  
 
The density of carbonised remains of common medieval cereal crops, 
including free-threshing type wheat, hulled barley and oat, as well as pulses, 
in L2004 is suggestive of domestic occupation in the vicinity during the 
medieval period. The medieval pottery assemblage can also be considered to 
indicate the presence of this type of occupation in the surrounding area. This 
is not particularly surprising, medieval activity is well-attested in Meldreth. The 
medieval moated manorial complex of Flambard’s Manor is located c.300m to 
the east of the current site and the medieval core of Meldreth, focussed on the 
12th century Holy Trinity Church, lies c.950m to the north. 
The small quantity of possible Roman CBM and the 18 sherds of Roman 
pottery also attest to Roman occupation in the surrounding area. Extensive 
Iron Age to Roman enclosure systems have been identified locally and the 
Avenell Way, an ancient trackway possibly utilised during the Romano-British 
period, passes c.75m to the south of the site. 
 
Quite how F2003 was utilised during the Roman and medieval periods 
remains open to speculation. These assemblages are mostly associated with 
upper fill L2004, evidence from which suggests that it is representative of only 
seasonal waterlogging or ponding. It is possible that the hunting or trapping of 
wildfowl, and possibly game, still occurred in these periods but the presence 
of hunting camps is unlikely by this time. This occupational detritus might 
therefore derive from refuse deposits or from episodes of manuring 
subsequently be removed from there, perhaps through agricultural processes 
or perhaps through natural processes.  
 
 
4.4 Hollow F2003 in wider context 
 
Early Holocene or periglacial hollows, similar to F2003, appear to be fairly 
common in the chalk landscapes of southern Cambridgeshire (Revell 2019, 
45).  Several examples have been recorded in nearby Melbourn (e.g. Graham 
2019; Ladd 2018, Ladd 2017; Ladd 2016). Amongst the best known such 
features are those recorded at the Hinxton Genome Complex. These have 
been found to contain significant quantities of struck flint dating from the 
Mesolithic, Neolithic, Bronze Age and Iron Age periods as well as nationally 
significant assemblages of late glacial upper Palaeolithic date (Bishop 2016). 
 
Revell (2019, 45) notes that hollows of this type can often contain traces of 
activity from a number of distinct archaeological periods. This is certainly the 
case with regards Hollow F2003.Occasionally some may preserve clear 
evidence of more coherent activity in one or more particular periods (ibid.). 
The identification of almost solely early Neolithic activity in association with 
basal fill L2005 would appear to conform to this pattern, although the 
accumulation of this deposit must have begun earlier than the early Neolithic. 
At Linton Road, Great Abington a hollow of this type was found to contain 
finds of Mesolithic, Neolithic, Bronze Age, late Iron Age to early Roman, and 
post-medieval date. These artefacts were recovered primarily from the upper 
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fill and were considered to indicate that the feature was ‘open’ for a long 
period of time, or that the upper fill accumulated over a prolonged period 
(Revell 2019, 45). A similar interpretation might be applied to L2004, the 
upper fill of F2003, which contained Roman and medieval artefactual 
evidence. At Great Abington, however, it was suggested that later ploughing 
of the site could have caused at least some degree of post-depositional 
mixing (Revell 2019, 45). It cannot be entirely ruled out that the same did not 
occur at the current site.  
 
 
5 CONCLUSIONS 
 
Excavation at Whitecroft Road revealed a large hollow of probable late glacial 
origin, similar to features recorded elsewhere on the chalklands of southern 
Cambridgeshire. Analysis of its fills indicates that they are of alluvial origin and 
derived from the local parent material but displayed different pedogenic 
characteristics when subject to micromorphological analysis. Artefactual 
evidence recovered from the basal fill, L2005, indicates that human activity 
occurred in the vicinity of the hollow during the early Neolithic period. It is 
possible to speculate that the hollow, and the environmental conditions that 
prevailed there, provided certain resources, perhaps such as game, wildfowl 
and even reeds, that were attractive to the local Neolithic population. The area 
surrounding the hollow may have been subject to occasional visits by hunting or 
trapping parties, groups bringing livestock to the hollow for water, or by people 
gathering reeds and other plant material. Alternatively, more permanent 
settlement could have been present in the surrounding area. 
 
More mixed dating evidence was recovered from upper fill L2004. The presence 
of carbonised cereal remains of species typical of medieval assemblages, as 
well as medieval pottery, indicates that the site lay in proximity to domestic 
activity of some kind. The known history and archaeology of Meldreth 
demonstrates that this is almost certainly the case. The Roman artefacts 
recovered from L2004 also suggest that occupation of this date occurred in 
proximity to the site.   
 
It is possible that fluctuations in water levels, periods of high precipitation, and 
seasonal flooding, caused nearby objects to wash into the hollow and deposited 
within upper fill L2004. Some deliberate discard must be considered amongst 
the agencies that led to the deposition of this material and later ploughing may 
have contributed to the mixing of the dateable evidence within this deposit.  
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