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Quartz Optical Dating Report 
24th February 2015 

Hingel 
 

Abstract: Optically stimulated luminescence (OSL) dating at the single aliquot level was applied to coarse 
quartz grains extracted from three samples taken from the Genome Campus site, site code HINGEL 14, at 
Hinxton, Cambs. These samples displayed reasonable OSL characteristics and provided no indication of 
problems with saturation and limited evidence (smaples Shfd14111) for partial bleaching or post-depositional 

disturbance. Best estimate age for these samples ranged from 4.92  0.23 ka to 8.88  0.6 ka to 27.0  1.4 ka.  

 

1. Introduction 

Three samples from HINGEL 2014, Hinxton were submitted for luminescence dating by Oxford Archaeology. The 

samples were collected by Dr Samantha Stein and are assumed not to have been exposed to sunlight during sampling 

or transportation. All luminescence work was carried out at the Sheffield Luminescence Laboratory (SLL). Upon arrival 

at the sample was allocated a Sheffield lab number (Table 1), which are used throughout this report. This report 

provides a brief summary of the procedures employed and results obtained for the samples. 

Table 1. Sample descriptive data. 

 

Lab No.  Field Reference Latitude        
(  N) 

Longitude         
(  E) 

Altitude    
(m) 

Sampling Depth  
(m below present-day surface) 

SHFD14110 HINGEL 15450 52° 07’ 65" 0° 18' 88" 34 0.13 m 

SHFD14111 HINGEL 15451 52° 07’ 63" 0° 18' 89" 34 0.30 m 

SHFD14112 HINGEL 15452 52° 07’ 63" 0° 18' 89" 34 0.60 m 

      

 

In order to derive an optically stimulated luminescence (OSL) age both the palaeodose (De - the amount of absorbed 

dose since the sample was buried) and the dose rate (the estimated radiation flux for the sedimentary bodies) have to 

be determined. Aitken (1998) gives a detailed explanation of both these parameters. To calculate an age, the 

palaeodose (expressed in Grays) is divided by the annual dose rate (Grays/yr). An inherent assumption in these age 

calculations is that the sediment was fully reset or ‘bleached’ by exposure to sunlight during the last transport event or 

whilst in situ prior to burial and that no post-depositional sediment disturbance has occurred.  

As the OSL signal measured at the single aliquot level of measurement is an average of 2000 grains, the true 

distribution of De values may be masked. This is of particular significance in heterogeneously dosed samples (e.g. 

poorly reset/bleached) in which grains with a high De signal will dominate the signal at the expense of grains containing 

a true burial De.  
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2. Dose Rate Analysis 

Naturally occurring potassium (K), thorium (Th) and uranium (U) are the main contributors of dose to sedimentary 

quartz. The concentrations of these elements were determined by in the field using an EG&G Micronomad field 

gamma-spectrometer with a 3” sodium iodide scintillation crystal.  Measurement times were 45 minutes per sample. 

Elemental concentrations were converted to annual dose rates using data from Adamiec and Aitken (1998), Marsh et 

al. (2002), and Aitken (1998). Calculations took into account attenuation factors relating to sediment grain sizes used, 

density and palaeomoisture (Table 2). Attenuation of dose by moisture used present-day moisture values with a  5 % 

error to incorporate fluctuations through time (Table 2).  

 

Table 2. Summary of dosimetry related data. 

Lab Code 

 

U  

   (PPM) 

Th    

(PPM) 

K  

(%) 

Dcosmic+  

 (μGy/a-1) 

Moisture  

(%) 

Dose rate† 

 (μGy/a-1) 

Shfd14110 1.26 4.41 0.74 208  10 9.0 1425  55 

Shfd14111 1.55 5.61 0.98 205  10 10.6 1755  70 

Shfd14112 1.42 5.45 0.66 201  10 12.5 1395  58 

       
+ Cosmic dose is calculated as a linear decay curve at depths below 50 cm. Above this depth, errors in calculation may lead to an underestimation of 
the cosmic dose contribution. 
† Total dose is attenuated for grain size, density and moisture. 

 

The contribution to dose rates from cosmic sources was calculated using the expression published in Prescott and 

Hutton (1994; Table 2). The dose rates calculated are based on analyses of the sediment sampled at the present day. 

This assumption is only valid if no movement and/or reprecipitation of the key elements has taken place since sediment 

burial and the adjacent sediments to those sampled had similar dose rates. Further analysis would have to be 

undertaken to establish whether the latter is true and if radioactive disequilibrium is present in the dose rate.  

 

3. Palaeodose Determination 

The sample was prepared under subdued red lighting following the procedure to extract and clean quartz outlined in 

Bateman and Catt (1996). Aliquots were taken from prepared sample material isolated to a size range of 125-180 m 

for samples Shfd14110 and 14112, and 90-180 m for sample Shfd14111. The samples underwent measurement at 

the single aliquot level using a Risø DA18 luminescence reader with radiation doses administered using a calibrated 
90strontium beta source. For measurement purposes, quartz grains were mounted as a monolayer on 9.6 mm diameter 

stainless steel discs using silkospray. An array of blue/green LEDs provided the stimulation and luminescence 

detection was through a Hoya U-340 filter. Samples were analysed using the single aliquot regenerative (SAR) 

approach (Murray & Wintle, 2000), in which an interpolative growth curve is constructed using data derived from 

repeated measurements of a single grain which has been given various laboratory irradiations (Figure 1). Five 

regeneration points were used to characterise growth curves, with the first three bracketing the natural dose (so that 

D1 < D2 ≈ De < D3), a zero point (D4), and D5 identical to D1 (Figure 1b). The “recycling ratio” produced by D1/D5 was 

used to assess the efficacy of the test dose normalisation, with aliquots producing values >10 % outside unity being 

rejected (Murray and Wintle, 2000).  
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The most appropriate preheat temperature was selected using a dose recovery preheat plateau test conducted on the 

sample (Figure 2). Results of this resulted in the selection of a preheat temperature of 220°C for 10 seconds. This was 

applied to prior to OSL measurement to remove any unstable signal generated by laboratory irradiation. 

      
 

 

The function of the curve fitted to SAR regeneration points is generally most accurately described by the sum of 

several exponential functions (Bailey et al., 1997; Bulur et al., 2000). However, a single saturating exponential function 

is commonly fitted to OSL growth curves for age calculation purposes, of the form given below (where I is the OSL 

intensity due to dose D, I0 is the saturation intensity and D0 the dose level that is characteristic of the dose response 

curve). 

I / I0 = (1 – exp-D/Do)   

Adequate description of growth curves with a single saturating exponential function of this form provides confidence 

they are first-order, i.e. they relate only to the fast component signal desired in OSL (Wintle & Murray, 2006). Use of 

this function also provides a simple means of assessing whether an aliquot is in saturation, i.e. unable to retain any 

more charge. If the De value interpolated is more than twice its D0 component, the aliquot should be considered 

(a) (b) 

Figure 1 Examples of single aliquot OSL data for sample SHFD14112: (a) OSL decay of naturally acquired signal. The red lines indicate the 
integration limits for signal measurement, and the green lines background measurement once the signal has been zeroed; (b) Growth 
curve of SHFD14112 generated using SAR OSL. The luminescence response (Lx) to a series of known doses (D1-5) is normalised by test
dose response (Tx) and plotted against dose. The red line represents interpolation of the natural dose (De). 

Figure 2 Results of dose recovery test on Shfd14110 used to determine appropriate preheat for SAR protocol.  
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saturated and the De value treated as a minimum (Wintle & Murray, 2006). At doses well below saturation, the OSL 

growth curve is known to be linear (Murray & Olley, 2002). As two of the three samples had low De values an early 

background subtraction was applied to the measured SAR data. 

4. Sample behaviour 

Samples reasonable excellent luminescence characteristics. Samples exhibited an OSL signal dominated by a fast 

component (Fig. 1a) which grew well with laboratory dose (Fig. 1b). Measurements of palaeodose were obtained from 

26 aliquots, in order to provide an indication of the reproducibility of the palaeodose measurements and to assess 

sample bleaching behaviour (see section 5). Growth curves were fitted with a single saturating exponential curve. Of 

the 26 aliquots measured for each sample, many were excluded from initial age calculation due to their recycling value 

(the ratio of first and last dose point) being greater than  10 % outside unity. No aliquots were observed to be in 

saturation. Calculation of the IR depletion ratio (Duller, 2003) revealed that feldspar contamination was not a problem.  

 

5. Sedimentary bleaching behaviour and sample saturation 

The effects of incomplete bleaching of the sediment during the last period of transport or exposure in situ can be 

profound. Typically, poorly bleached sediments retain a significant level of residual signal from previous phases of 

sedimentary cycling, leading to inherent inaccuracies in the calculation of a palaeodose value. By plotting the replicate 

De data for the sample as a probability density function (Figure 3) some assessment of whether older or younger 

material has been included in the sample measurements can be made. In principle a well-bleached sample that has 

not been subjected to post-depositional disturbance should have replicate De data which is normally distributed and 

highly reproducible (see Bateman et al., 2003, Figure 3; Bateman et al., 2007a). Where post-depositional disturbance 

or incomplete bleaching prior to sample burial has occurred skewing of this distribution may occur and/or replicate 

reproducibility may be lower (Bateman et al., 2007a; Bateman et al., 2007b). In the case of poorly bleached material 

skewing should be evident with a high De tail (e.g. Olley et al., 2004). High De tails may also be indicative of saturated 

samples and interpolation of the De values from the upper, low gradient part of the growth curve (Murray & Funder, 

2003). It should be pointed out that by making OSL measurement of samples on a 9.6 mm diameter aliquot with 

approx. 2000 grains any heterogeneity in De that individual grains have may be masked. This could be overcome by 

analysis at a smaller aliquot size or at the single grain level or measurement of smaller aliquots. 

As Figure 3 demonstrates (See also Appendix 1), the De data distribution of samples Shfd14110 (5 outliers) and 

Shfd14112 (1 outlier) are broadly normally distributed once outliers are excluded. Outliers are defined as those aliquots 

with De values falling outside two standard deviations of the mean. Though it does have normal distribution, the peak 

of data for sample Shfd14112 is bimodal. Dispersion values (OD) on sample Shfd14111 were wide and the De 

replicates scattered. Therefore, for age calculation purposes Finite Mixture Model (FMM) of Galbraith and Green 

(1990) was applied. This model attempts to extract the different multiple components contained within the De 

distributions. Normally for partially bleached sample the lowest component is likely to be the true burial age although 

where disturbance or bioturbation has taken place the dominant peak may be more reliable (Bateman et al., 2007a). 

FMM from samples Shfd14111 displayed a total of 3 peaks in the data.  These and the resultant ages they produce by 

are displayed in Table 3 along with the proportion of data in each component. Caution should e taken with this sample 

and other site information used to evaluate the age alternatives. 
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Table 3. Summary of OSL results 

 

Lab Code 
 

Field Ref. Sampling 
Depth  

(m) 

De (Gy) OD* 
 (%) 

Dose rate 
(μGy/a-1) 

Age (ka) 

Shfd14110 HINGEL 15450 0.13 7.01  0.18 11 1425  55 4.92  0.23 
Shfd14111 HINGEL 15451 0.30 6.25  0.27 (23%) 38 1755  70 3.57  0.21 

   15.59  0.86 (25%)   8.88  0.6 

   21.28  0.73 (52%)   12.12  0.64 

Shfd14112 HINGEL 15452 0.60 37.7  1.07 13 1395  58 27.0  1.4 

* OD (overdispersion) is a function which indicates the level of data falling outside the normal distribution that would be expected for well bleached, 
undisturbed sediment 

Figure 3 Combined probability density functions of De values from the single aliquot measurements showing degree of inter-aliquot variability for all
samples.  Also plotted are individual aliquot De values (blue diamonds) and the unweighted mean De values (red squares). 

Shfd14110 Shfd14111 

Shfd14112 
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6. Age Calculation and Conclusions 

Ages are quoted in years from the present day (2014) and are presented with one sigma confidence intervals 

which incorporate systematic uncertainties with the dosimetry data, uncertainties with the palaeomoisture 

content and errors associated with the De determination. Table 3 shows the final OSL age estimates. Aliquot-

specific data for each sample is included in Appendix 1. The data presented shows that the palaeodose of the 

sample is highly reproducible, unsaturated, and provides no evidence of partial bleaching or post-depositional 

disturbance. The best estimates for the sample ages range from 27.03  1.37 to 4.920  0.23 ka although the 

age of sample Shfd14111 will need careful interpretation alongside archaeological and stratigraphical data. 

Prof Mark D. Bateman 
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Appendix 1 

 
Single aliquot data and plots for HINGEL 14, Hinxton, Cambs. 

 
Sample specific data including:- 

 list of De values derived from individual aliquots 

 calculated statics for De distribution (Skewness, kurtosis and sorting)  

 calculated means based on a range of statistical models 

 histogram plot of distribution of De within a sample  

 probability density plot (curve) with ranked De data (black points) and probability mean (uppermost red 
point). 
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Field Code: Hingel 15450 Site:
Lab Code: Shfd14110 Hinxton Cambs
Aliquot Size: small aliquots

Aliquot Palaeodose (Gy) error
1 3.576 0.173
2 4.863 0.215
3 6.080 0.284
4 6.667 0.300
5 4.809 0.191
6 7.813 0.362
7 4.358 0.172
8 6.971 0.315
9 7.145 0.304

10 9.917 0.584
11 8.988 0.460
12 5.972 0.297
13 7.323 0.194
14 7.731 0.203
15 6.554 0.173
16 7.546 0.192
17 6.074 0.214
18 7.460 0.200
19 5.784 0.148
20 9.039 0.244
21 7.345 0.181
22 7.626 0.190
23 7.398 0.186
24 7.156 0.181
25 6.078 0.168
26 7.583 0.196

De (Gy) error De Distrib All Data Minus Outliers
Minimum 3.58 0.17 Skewness -0.16 0.26
Maximum 9.92 0.58 Kurtosis 0.37 0.15
N 26 Median 7.15 7.32

Sorting 0.17 0.13
Unweighted 

All Data Minus Outliers
Mean (Gy) 6.84 7.16

SD 1.45 0.89 Central Age Model
SE 0.28 0.17 All Data Minus Outliers
N 26 21 Mean (Gy 6.68 7.11

SD 0.30 0.19
Weighted OD (all da 21.99% 11.37%

All Data Minus Outliers N 26 21
Mean (Gy) 6.51 7.03

SD 1.33 0.80 Single Population?
SE 0.26 0.17 at 0.05 no no
N 26 21 at 0.01 no no

at 0.001 no no
Probability 

All Data Minus Outliers Common Age Model
Mean (Gy) 7.01 7.13 All Data Minus Outliers

SD 0.91 0.66 Mean (Gy 6.90 7.16
SE 0.18 0.14 SD 0.07 0.08
N 26 21 N 26 21
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Field Code: Hingel 15451 Site:
Lab Code: Shfd14111 Hinxton Cambs
Aliquot Size: small aliquots

Aliquot Palaeodose (Gy) error
1 6.611 0.195
2 6.431 0.193
3 7.604 0.237
4 6.284 0.217
5 5.219 0.171
6 5.628 0.168
7 18.899 0.507
8 21.926 0.622
9 24.075 0.673

10 20.991 0.576
11 22.750 0.650
12 22.311 0.632
13 22.115 0.629
14 19.012 0.523
15 16.180 0.437
16 13.921 0.444
17 23.077 0.656
18 16.786 0.467
19 18.350 0.484
20 14.908 0.424
21 23.353 0.650
22 15.777 0.430
23 14.107 0.371
24 21.758 0.602
25 18.520 0.506
26 24.259 0.710

De (Gy) error De Distrib All Data Minus Outliers
Minimum 5.22 0.17 Skewness -0.50 -0.02
Maximum 24.26 0.71 Kurtosis -0.95 0.14
N 26 Median 18.44 18.90

Sorting 0.41 0.29
Unweighted 

All Data Minus Outliers
Mean (Gy) 16.57 17.99

SD 6.49 5.44 Central Age Model
SE 1.27 1.07 All Data Minus Outliers
N 26 23 Mean (Gy 14.91 16.91

SD 1.48 1.37
Weighted OD (all da 50.36% 38.66%

All Data Minus Outliers N 26 23
Mean (Gy) 9.97 12.69

SD 6.02 6.29 Single Population?
SE 1.18 1.31 at 0.05 no no
N 26 23 at 0.01 no no

at 0.001 no no
Probability 

All Data Minus Outliers Common Age Model
Mean (Gy) 16.37 18.58 All Data Minus Outliers

SD 6.77 5.24 Mean (Gy 15.53 17.17
SE 1.33 1.09 SD 0.11 0.12
N 26 23 N 26 23

Finite Mixture Modelling

ComponenMean De (Gy Error Proportion
1 6.253 0.27 23%
2 15.59 0.86 25%
3 21.2838 0.73 25%
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Field Code: Hingel 15452 Site:
Lab Code: Shfd14112 Hinxton Cambs
Aliquot Size: small aliquots

Aliquot Palaeodose (Gy) error
1 47.209 2.565
2 32.406 1.275
3 34.300 1.145
4 33.786 1.226
5 34.687 1.451
6 31.452 1.107
7 35.095 1.189
8 29.967 0.941
9 45.747 1.580

10 42.352 1.492
11 30.744 1.037
12 37.231 1.222
13 41.088 1.620
14 41.256 1.210
15 42.822 1.414
16 37.765 1.275
17 40.489 1.288
18 45.161 1.705
19 49.983 1.966
20 45.632 1.447
21 40.452 1.508
22 41.084 1.496
23 45.825 1.809
24 47.196 1.745
25 41.878 1.521
26 35.186 1.113

De (Gy) error De Distrib All Data Minus Outliers
Minimum 29.97 0.94 Skewness -0.15 -0.35
Maximum 49.98 1.97 Kurtosis -1.10 -1.23
N 26 Median 40.79 40.49

Sorting 0.12 0.12
Unweighted 

All Data Minus Outliers
Mean (Gy) 39.65 39.23

SD 5.74 5.45 Central Age Model
SE 1.13 1.07 All Data Minus Outliers
N 26 25 Mean (Gy 39.21 38.83

SD 1.11 1.08
Weighted OD (all da 13.99% 13.41%

All Data Minus Outliers N 26 25
Mean (Gy) 37.70 37.48

SD 5.46 5.25 Single Population?
SE 1.07 1.05 at 0.05 no no
N 26 25 at 0.01 no no

at 0.001 no no
Probability 

All Data Minus Outliers Common Age Model
Mean (Gy) 39.52 39.25 All Data Minus Outliers

SD 5.11 4.95 Mean (Gy 38.89 38.58
SE 1.00 0.99 SD 0.28 0.28
N 26 25 N 26 25

0

1

2

3

4

5

6

26
.1

38
66

33
.2

92
01

40
.4

45
36

47
.5

98
71

Fr
eq

ue
nc

y

Palaeodose (Gy)

0.00

0.15

0.30

0.45

0 20 40 60

P

Palaeodose (Gy)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0 20 40 60

P

Palaeodose (Gy)

Distribution minus selected 
aliquots

 



Late Upper Palaeolithic 
hollow 16041
Late Upper Palaeolithic 
hollow 16041

Ornance Survey. © Crown copyright 2016. All rights reserved. Licence number 0100031673

Figure 1: Site location (black) with previous excavation areas (dark grey) showing position of Hollow 16041
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Figure 2a: Plan of Hollow 16041 showing excavated grid squares and alpha-numeric numbering system. Lowest deposit: 15452
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Figure 2b: Plan of Hollow 16041 showing excavated grid squares and alpha-numeric numbering system. Middle/main deposit: 15451
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Figure 2c: Plan of Hollow 16041 showing excavated grid squares and alpha-numeric numbering system. Upper/colluvium deposit: 15450
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Figure 3: Plot showing distribution of all flints within grid squares
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Plate 2:   Excavation of the Palaeolithic flint scatter, facing north with Genome Campus building in background and 
showing adjacent Early Neolithic scatter in the foreground

Plate 1:  Overhead view of the chequer board excavation of the Late Upper Palaeolithic flint scatter within hollow 16041 
(right) with adjacent Early Neolithic scatter to the south (left)
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Plate 4:  One of the excavated long blades from the Upper Palaeolithic assemblage

Plate 3:  In-situ struck flint within hollow 16041
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