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1.0 Introduction 
 

Two samples of material stated to be from Charing, Kent were received in CMC's Stirling 

laboratory on the 23
rd

 May 2017. The samples were received with a request to look at 

them to ascertain if the chalk sample was similar to that calcined in the Roman Kiln for 

the production of lime for mortar production. To assist with this a sample of clinker 

adhering to the wall of the kiln was also supplied, as it was considered that this was likely 

to be typical of the lime produced at this kiln. 

This report details observations from a macroscopic and microscopic examination of the 

samples along with the results from analysis carried out on the two samples received. The 

report concludes with an interpretation of the results offering comment on the likelihood 

of the chalk from Charing, as represented by the sample, being the material used by the 

Romans in the production of lime at this location. 

2.0 Samples 
 

Two samples were received in CMC’s Stirling laboratory on the 23
rd

 May 2017, with the 

samples submitted by Nigel Copsey of The Earth, Stone & Lime Company.  On receipt in 

the laboratory the sample details were entered into the sample register and the unique 

sample reference SR2478 allocated, with the laboratory and Client sample references 

reproduced below: 

 CMC Sample Ref.  Client Sample No.    Location/Comment  

  SR2478 - A       TQ 950503     Chalk from Charing Kent,   

  SR2478 - B       TQ 950503   Clinker from the wall of the Roman Kiln. 

3.0 Methods of Examination and Analysis 
 

Following an initial examination of the samples received, they were prepared and 

submitted to the following laboratory programme for examination and analysis: 

Both samples were initially submitted to a detailed examination with the aid of a stereo-

binocular microscope, at magnifications up to x 20 to assist in assessing their as-received 

condition. During this examination, small sub-samples were exposed to a range of 

indicator solutions and reagents to assist in assessing their composition. 

Following the initial examination a sub-sample was prepared from each sample for 

analysis by X-ray Powder Diffraction (XRD). This form of analysis was employed to aid 

identification of the crystalline components present in the materials under examination.  

A petrographic thin section was also prepared from a piece sawn from both samples. With 

these submitted to a microscopic examination with an Olympus BH2 polarised light 

microscope to assist in clarifying the form of the rock from which each had originated.  

A further sub-sample was prepared and powdered in a gyro-mill until they were finer than 

32µm. The powdered materials were analysed by X-Ray Fluorescence Spectrometry to 

permit their chemical composition to be determined.  
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4.0 Macroscopic Examination  
 

Observations from the examination of the samples are presented in the following sections 

of this report, with a summary of the properties of the samples, as received, given below: 

CMC               Client     Mass Received  Size of Intact    Colour
1
 Sample 

Sample Ref   Ref     (grams)      Piece (mm)   Munsell Chart 

SR2478 - A Chalk  112.5   58.6 x 51.0 x 30.5    "White" 

SR2478 - B Clinker  101.3   77.5 x 54.2 x 57.8     2.5Y 7/4 "Pale Yellow" to  

                   "10YR 7/3 2VERY Pale Brown" 

Observations from a visual examination of the samples as received are presented below: 

4.1 Sample SR2478 - A: Chalk 

This sample consisted of a single piece of chalk, which had a measured bulk density of 

1860kg/m³ and a hardness typical of calcite at 2.5 to 3. 

   

Plates No. 1 & 2: The left plate shows the sample of the chalk sample as received with 

the plate on the right showing a sawn surface through the full thickness of the sample, 

this is where a slice was removed for the preparation of a petrographic thin section. 

The Chalk in the sample is moderately hard to soft, white, locally powdery and from a 

non-clastic rock. From an examination of the hand specimen the sample was uniform 

throughout its thickness and was of pure chalk i.e. formed from lime mud (biomicrite). 

4.2 Sample SR2478 - B: Clinker 

This sample consisted of a single piece of material, which on examination appears 

variable both in colour and hardness, which ranges from soft to moderately hard (typically 

3 to 4 with Quartz)  rains >7). The hand specimen has the appearance of a calcined 

limestone, with sand rich areas along with small pockets having a texture typical of burnt 

clay. 

                                                           
1 The colour was assessed by comparison against the Munsell Soil Colour Charts. 
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Plates No. 3 & 4: The left plate shows the condition of the sample of clinker as-received, 

with the right plate showing a magnified view of a freshly sawn surface through the 

thickness of the plate, from where a slice for thin section preparation was removed.  

5.0 Microscopic Examination 
 

Petrographic thin sections were prepared from slices sawn from both samples A and B, 

with the slices aligned to permit the maximum area possible on the slides. 

The samples were prepared for thin sectioning by initially drying the slices to a constant 

weight at 60°C prior to impregnating the dried sub-samples with an epoxy resin 

containing a fluorescent blue dye.  

The thin sections were prepared by polishing one side the impregnated sample and 

mounting them onto glass slides (50mm x 75mm). The mounted samples were then 

ground and polished to give a thickness of approximately 30microns. The microscopic 

examination of the thin sections was undertaken using an Olympus BH2 Polarised light 

microscope, fitted with a Digital Camera, to permit the recording of images of areas of 

note for record purposes.  

The presence of dyed epoxy resin enables detailed analysis of void distribution in plane 

polarised light as well as permitting an assessment of microporosity and a clear indication 

of any crack patterns present. In addition this permits the identification of 

mineral/crystalline components present and if appropriate a visual assessment of the 

proportion of the components present can be determined by modal analysis. 

The observations from the examination of the samples are presented below: 

5.1 Sample SR2478 - A: Chalk 

This sample was noted to be a microporous biomicritic rock (chalk) containing 

indeterminate fossil debris, at low proportions.  

The fossil debris observed include foraminifera (Planktonic), spines and thin bivalve 

fragments. Coccolithophores and other sub-microscopic components will be also present, 

but as these are below the resolution of the optical microscope the rock is assumed to be 

typical of the chalk from this region.  

See the following photomicrographs, which are included to show the fabric and 

composition of the chalk sample received and permit comparison with the clinker sample.  
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. Photomicrographs: 

 

 

 

Plate No. 5: 

 

A view in plane polarised light 

(ppl) showing a typical area of the 

chalk. 

 

Fine fossil debris can be seen 

distributed throughout the 

otherwise homogenous fabric of 

the muddy limestone (chalk). 

 

Porosity is highlighted by the blue 

dyed resin. 

 

Magnification x 1.6. 

 

Plate No. 6: 

 

Another view in ppl.  

 

This plate shows the presence of 

Foraminifera, bivalve fragments 

and a section of a spine. 

 

Porosity is highlighted by the blue 

dyed resin.  

 

Magnification x 5. 

 

Plate No. 7: 

 

A magnified view of an area 

showing more clearly the fossil 

debris observed distributed 

throughout the chalk. 

 

Foraminifera are arrowed in plate, 

with a spine fragment in the lower 

right. 

  

Porosity is highlighted by the blue 

dyed resin.  

 

Magnification x 10. 

 

LS 
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5.2 Sample SR2478 - B: Clinker 

The clinker sample appears to be the product of calcining an Oolitic Limestone which also 

contained an abundance of sand grains along with clay or shale lenses or inclusions. The 

lime in the sample examined is fully hydrated and carbonated with the fabric of the clinker 

mostly of calcite (Calcium carbonate) with minor altered reaction components also 

present.  

From the thin section examination it was indicated that there was an abundance of sand 

grains distributed throughout, but these were locally observed in clusters, commonly 

associated with clay rich zones. 

The presence of small partially burnt wood fragments would infer that wood was most 

likely used as the fuel in the kiln. 

Some of the clinker grains had the appearance of partially hydrated or partially formed 

Belite and although there was no evidence of Alite in the section examined, it is possible 

that this may be present, along with other calcium aluminate silicates and calcium 

silicates, within the darker zones of burnt material.  Locally some of the sand grains 

showed the presence of reaction rims, with a number of the grains displaying indistinct 

features, particularly within the burnt zones, around and within clay inclusions, and these 

are possibly "hydraulic" or "pozzolanic" in form, and it will be necessary to employ other 

analytical techniques to clarify this further. The formation of these components will have 

been a function of the temperatures reached within the kiln, which is indicated to have 

been raised above the calcination temperature (i.e. 450 to 900°C) and locally to a level 

sufficient for the formation of hydraulic components, with this indicated to have been, at 

least within 'Hot Spots' within the mass, sufficient to attain sintering temperature (the 

range at which solid state reactions occur, i.e. 950 to 1250°C), but below the clinkering 

temperature (i.e. >1300°C), other than in very localised locations.  

The following photomicrographs show the observations from the examination of the clinker 

sample examined: 

Photomicrographs: 

 

 

Plate No. 8: 

 

A view in plane polarised light (ppl) 

showing a typical area with the clinker 

sample. 

 

The left side of the plate is mostly of 

calcium carbonate, with sparse sand 

grains distributed throughout. 

 

The right side of the plate shows a 

higher concentration of quartz sand 

grains, along with burnt material, 

Black in plate. 

 

Porosity is highlighted by the blue 

dyed resin. Magnification x 1.6. 
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Plate No. 10: 

 

A view in ppl, of a highly porous area 

where a clay inclusion appears to have 

been present surrounded by calcite, dark 

area right of centre. 

A rectangular, partly burnt, piece of 

wood can be seen left of centre. 

Most of the quartz grains are unaltered in 

this view. The clay inclusion has the 

appearance of being raised to sintering 

temperature, with some amorphous 

material and possibly crystalline clinker 

components present.  

Porosity is highlighted by the blue dyed 

resin. Magnification x 1.6. 

 
Plate No. 11: 

 

A view in plane polarised light (ppl), of a 

calcite rich area, where quartz grains are 

again apparent, but these are sparse in 

occurrence.  

Some relic features of the original 

limestone fabric can still be seen within 

the clinker particle. 

The fossil seen lower centre (arrowed) has 

the texture typical of a pelmatozoan 

stereome, its retention along with other 

fossil fragments infer that this piece of the 

clinker lump had not reached sufficient 

temperature for complete calcination to 

have occurred.   

 

Porosity is highlighted by the blue dyed 

resin. Magnification x 5. 
 

Plate No. 9: 

 

Another view in ppl, of a sand rich area 

of the clinker, where a high proportion 

of the sand grains are of quartz (white in 

plate) and these are unaltered. There are, 

however, a proportion of reaction 

products also apparent (mostly black to 

dark brown) which show some evidence 

of alteration. Also note the patchy 

appearance of the fabric, with darker 

(brown) zones, which display a 'globular' 

appearance within which pseudo Belite 

grains, and other indeterminate clinker 

components occur. 

Porosity is highlighted by the blue dyed 

resin. Magnification x 1.6. 

 

V 

P 

P 

P 
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The formation of these hydraulic components observed will have contributed to the 

properties of the lime produced from the calcining of the limestone used as feedstock and 

have imparted the hardness and strength indicated in the sample of clinker received. 

6.0 Analysis by X-Ray Diffraction 
 

To assist in the identification of the mineral composition of both samples and to assess if 

they were mineralogically similar, a sub-sample from each was submitted to analysis by 

X-ray Powder Diffraction (XRD). The results of which should confirm if the Chalk 

sample contained the components, albeit in low proportions, that could produce a lime of 

the type indicated to have been formed. The lime production being represented by the 

clinker sample received.  

To achieve this, a sub-sample was obtained from each sample with these crushed in an 

impact mortar and ground in an agate mortar and pestle, until the entire sample passed a 

63µm sieve. The powdered samples were back-packed into proprietary sample holders for 

presentation in the X-Ray Diffractometer. 

The prepared samples were analysed in a Philips X-ray Diffractometer fitted with a single 

crystal monochromator, set to run over the range 3° to 60° 2θ in steps of 0.1° 2θ at a rate 

of 1° 2θ/minute using CuKα radiation.  The results are shown in the following figures 

which are appended to this report, in the form of labelled X-ray diffractograms: 

    Figure No. 1 – SR2478-A - Chalk, 

    Figure No. 2 – SR2478-B - Clinker. 

The most abundant mineral components identified are indicated on the diffractograms 

using the following short-hand notation: 

 

 

A 

Plate No. 12: 

 

A magnified view in plane polarised light 

(ppl), of a calcite rich area, with a few sand 

grains present, where the grains show the 

presence of reaction rims. 

The voids present are also rimmed, with 

this indicated to be with redeposited 

calcite, inferring that the clinker had been 

affected, to some extent, by water 

percolation or water vapour diffusion , 

with leaching and redeposition of calcite. 

Note abundance of fine shrinkage cracks, a 

common feature in lime paste following 

hydration.  

 

Porosity is highlighted by the blue dyed 

resin. Magnification x 5. 
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Chalk Sample: 

cc =  Calcite (CaCO3) Calcium Carbonate, dominant component of the Chalk, which  

      will include the Coccolith Biomicritic matrix and the foraminifera, and any 

      other shell fragments present.  

 qz =  Quartz (SiO2) present in trace proportions only, and may be present within the  

       fossil debris or as finely disseminated quartz grains (silt/clay size) distributed  

       throughout the rock. 

Clinker Sample: 

cc =  Calcite (CaCO3) Calcium Carbonate, carbonated lime component, also the 

      dominant component of any residual limestone used in the feed stock, 

al =  Alite (Ca3SiO5) tri-Calcium Silicate, hydraulic component in some hydraulic lime 

      binders and in Portland type cements, 

be =  Belite (Ca2SiO4) di-Calcium Silicate, hydraulic component in hydraulic lime, 

br =  Brownmillerite (Ca2(Al,Fe)2O5) Calcium Aluminium Iron Oxide, hydraulic component, 

ma =  Mayenite (Ca12Al14O33) Calcium Aluminium Oxide, hydraulic clinker component, 

wo =  Wolastonite (CaSiO3), High temperature component in the clinker, 

mo =  Monocarbonate (Ca4Al2O6C311H2O), carbonated hydraulic component of the lime,  

 qz =  Quartz (SiO2) component of the sand grains.  

 It was also noted that there was a low proportion of amorphous material also present in the 

sample, which produced the shift in the baseline between 25 and 35° 2θ.  This may infer 

the presence of amorphous hydraulic components, or organic material, the latter from the 

wood fuel, etc. 

The results of the analysis by XRD were further processed by Rietveld Refinement to 

permit semi-quantitative analysis, with the results determined reproduced below to permit 

comparison between the chalk and the clinker samples: 

Mineral/Crystalline component      Chalk       Clinker 

   Calcite       98.8    69.3 

   Quartz         1.2    10.7  

   Monocarbonate         -     16.7 

   Belite - C2S          -       1.1  

   Alite - C3S          -       1.5  

   C3A           -       0.2 

   C4AF           -       0.5 

From the above it can be seen that the components necessary for the production of the 

clinker, as represented by the sample submitted, were not present in the chalk sample 

supplied. Therefore, it is unlikely that this Chalk was used as the feedstock for the 

production of lime in this kiln.  

Given the presence of silicates and aluminates in the clinker it would have been necessary 

for sand and clay to have been introduced into the kiln along with the chalk. However, it is 

also possible that the feed stock was an Oolitic limestone that contained sand rich zones 

and clay lenses or inclusions. 
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7.0 Chemistry by XRF Analysis 
 

As a further check on the properties of each sample the chemical composition of each was 

determined by X-Ray Fluorescence Spectrometry (XRF) with the results obtained 

produced below: 

Sample Ref.  

No. 

SR2478 A     

Chalk 

SR2478 B    

Clinker 

Major Oxide % by Mass of Sample 

CaO 54.31 42.27 

SiO2 1.26 25.98 

Al2O3 0.39 1.57 

Fe2O3 0.18 2.10 

MgO 0.07 0.51 

MnO 0.03 0.12 

TiO2 - 0.10 

K2O 0.09 0.09 

Na2O 0.05 0.05 

P2O5 0.09 0.10 

SO3 0.05 0.10 

Cl
-
 0.02 0.03 

Loss on 

ignition 

43.10 26.97 

Total 99.64 99.99 

Again the chemistry shows that the components required to give the chemical composition 

of the clinker are not present in the chalk, on its own. If the clinker were derived from this 

chalk, as the main feed stock it would have been necessary for other components to have 

been added at the same time. Those necessary to produce the clinker sample submitted are 

unlikely to have been derived from the wood used as fuel. 

8.0 Discussion  
 

On the basis of the examination and analyses carried out on the samples submitted it is 

concluded that the chalk sample received, provided that it is typical of the chalk deposits 

local to the Roman Kiln at Charing, Kent, was not the feedstock employed in lime 

production.   

The Clinker contains hydraulic components and retains relic features of the rock used in 

the feed stock and therefore it is more likely that the feedstock was won from an oolitic 

limestone, which may have locally contained siliciclastic material, including quartz sand 

grains, with silt and clay bearing horizons. Alternatively, the siliciclastic material was 

added to the kiln along with the oolitic limestone.  

Either of these is possible, but it is from the observations and analysis, the chalk provided 

does not represent the source material for the clinker sample received. 
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9.0 Quality Statement 
 

We confirm that in the preparation of this report we have exercised reasonable skill and 

care.  

The observations and analysis results reported and comments offered relate only to the 

two samples received from Nigel Copsey of the Earth, Stone & Lime Company, which 

were stated to be from the Roman Kiln, Charing, Kent, received on the 23
rd

 May 2017. 
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Figure No. 1 – SR2478-A - Chalk. 
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Figure No. 2 – SR2478-B - Clinker. 

Amorphous Bulge - Non-crystalline material 


