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1.  Materials and Methods 

1a.   Chronology 
 
 
Luminescence dating 

 
 Luminescence methods provide estimates of the total radiation dose absorbed 

(De, units Gy) by the grains during burial (quartz grains in this case). Estimation of 

burial age (in units ka, thousands of years) is possible if the radiation dose rate (D’, 

units Gy/ka) is known. In the simplest case, where D’ is constant in time, Age = De/D’ 

(S1). 

 

Sampling and sample preparation for luminescence measurements 

 Carbonate-cemented sediment from within the skull was sampled for dating. 

The exposed face of the sediment (within the skull) was excavated to a depth of 20 

mm under red light conditions and three individual samples (H1, H2, H3) were 

collected from the central portion of the skull (~8 cm directly behind the nasal cavity). 

In the laboratory, sub-samples of H1, H2 and H3 were processed under subdued 

red/amber light. Each of these three samples was sieved to separate the 75-150 µm 

size fraction and immersed for two days in 1 M HCl to remove carbonate, followed by 

submersion for two days in H2O2 to remove any organic matter present.  Heavy 

minerals (density >2.72 g/cm3) were removed from the treated sample fraction by 

heavy liquid (sodium polytungstate) separation.  The <2.72 g/cm3 fractions were then 

etched with 48% HF for 60 minutes (followed by an HCl rinse) to remove any 

potassium feldspar present and to etch the outer (alpha-irradiated) surface of the 

quartz grains. The remaining quartz grains were then re-sieved to the original grain 

size range. After each stage of the separation procedure, samples were rinsed with 

distilled water.  The quartz separates were finally mounted as mono-layers onto 10 

mm diameter stainless steel discs using silicone oil adhesive (sample diameter ~3 

mm). 

 

Luminescence measurements (measuring De) 

 Optically stimulated luminescence measurements were made using an 

automated Risø TL/OSL DA-15 reader fitted with a blue (470 nm) diode array 

(sample stimulation power nominally 18 mW cm-2), and a calibrated 90Sr/90Y beta 



 4

source (S2). The ultra-violet (~380 nm) component of the emitted luminescence was 

measured using a photomultiplier (type 9235QA, series 101482) filtered with two 

Corning U-340 glass filters. Determination of equivalent doses was achieved using 

the Single-Aliquot Regenerative-dose (SAR) procedure (S3). Sample aliquots were 

preheated for 10 s at 260°C prior to the measurement of natural and regenerative dose 

points; a standard dose of 4.5 Gy followed by preheating at 220°C for 10 s (following 

(S4)) was used to monitor sensitivity changes. All OSL measurements were made at 

130°C. A mean ‘recycling ratio’ (over all aliquots) of 1.01 (s = 0.01) suggests the 

procedures employed (specifically the preheating conditions) were appropriate. The 

level of thermally transferred signal (assessed during the zero-dose cycle) was <1% of 

the natural signal (0.0078 ± 0.0009). No infra-red stimulated luminescence (880 nm 

stimulation, 1W cm-2, 50°C) was observed, either for the natural or regenerated 

signals of any aliquot. Dose response curves were fitted to exponential-plus-linear 

functions (Fig. S1a). The statistical uncertainties on each Lx/Tx measurement were 

based on counting statistics and were propagated through to an uncertainty on De (σDe) 

using a Monte Carlo procedure (each growth curve being sampled 1,000 times); a 

further systematic uncertainty of 3% was added in quadrature to each σDe value to 

account for calibration errors and machine reproducibility. The mean De for each 

sample is the error-weighted mean (weighted by 1/σDe
2) of all measured aliquots (n = 

21, 21, 19 for samples H1-3 respectively; Fig. S1b). Overdispersion of the De values 

(S5) for each of the three samples are acceptably low at 17.2%, 7.8% and 12.4% 

respectively. Dose recovery tests in which the natural signal was bleached with blue 

light at 130°C, followed by a laboratory dose of 50 Gy yielded a mean recovery dose 

of 50.4 ± 0.5 Gy. Analysis of the measurement-time dependence of the De values 

(S6), together with low over-dispersion and lack of significant skew in De results (S7), 

provides no indication of incomplete bleaching. 

 

Dose rate (D’) considerations 

 During burial, the large majority of the radiation dose-rate (D’) comprises β- 

and γ-radiation (plus a small component from cosmic radiation (S1)). The β and γ 

components of D’ (D’β and D’γ respectively) result from the radioactive decay series 

of 238U, 232Th and from 40K within the sediment. If these parent isotopes and their 

decay products are in effectively constant abundance throughout the burial period 

(referred to as ‘secular equilibrium’) then present-day measured radionuclide 
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concentrations can be converted directly to estimates of D’ (S8) which are appropriate 

for the entire burial period, i.e. D’ is constant with time. However, if there is initial 

disequilibrium in the decay series (the parent isotopes and decay products are not in 

equilibrium), or if spatial migration of radionuclides occurs after burial, this approach 

is not valid (S1) as D’ is time-dependent, evolving as the decay series return towards 

an equilibrium state.  

 The 238U, 234U and 230Th of the sediment within the Hofmeyr skull was not 

found to be in secular equilibrium and this is related to the presence of carbonate, 

which made up 31 % (±3) by weight of the sampled sediment mass. The ‘carbonate’ 

described is likely to be a mixture of calcium carbonate from pedogenic sources and 

calcium phosphate leached from the skull. The difference in the effect of these two 

compounds on radiation transport is negligible and all calculations described assumed 

solely calcium carbonate was present. Carbonate can influence D’ in two contrasting 

ways: the filling of sediment pore spaces with carbonate reduces D’ due to the 

attenuation of both β- and γ-radiation during transport through the sediment; 

carbonate may however increase D’ due to its ability to incorporate excess mobile 

uranium from ground water. The bone of the skull was significantly decalcified 

during burial, which implies relatively moist, low pH conditions, favorable for the 

migration of 238U (and 235U) but not some daughter isotopes, notably 230Th (and 
231Pa). Mobile 238U (and 235U) is therefore likely to have been preferentially 

incorporated into secondary carbonate material relative to 230Th (and 231Pa), 

generating local radioactive disequilibrium within the skull. A further complication is 

that mobile U also adsorbs strongly on to bone material (S9) and the skull itself would 

therefore be expected to contribute a component of D’γ to the interior of the skull. In 

order to calculate D’ for quartz grains within the skull, the following must be known: 

(i) The concentration of radionuclides present in the skull sediment prior to carbonate 

formation (sediment assumed to be in secular equilibrium) and post carbonate 

formation (disequilibrium conditions); (ii) The date at which the carbonate formed; 

(iii) The effect on D’ of the U-bearing carbonate matrix; (iv) the influence on D’ of U 

adsorbed within the bone (skull) material. These points are addressed in the following 

sections. 

Throughout the entire burial period the concentrations of relatively immobile 
40K and 232Th (plus its decay products), were assumed to have been constant (S10) 

and prior to formation of the uranium-bearing carbonate, the U decay series was also 
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assumed to have been in secular equilibrium. To provide information on the input of 

radionuclides associated with carbonate formation it is necessary to distinguish 

between the ‘primary’ uranium and additional ‘secondary’ uranium present following 

carbonate formation. To quantify this mobilised uranium content of the sediment, sub-

samples of H1,H2,H3 were treated with ~10% HCl to dissolve the secondary 

carbonate (hence liberating the adsorbed uranium).  U and Th concentrations and 

isotope ratios were measured in both the acid-soluble (leach) and acid-insoluble 

(residue) fractions. This provides an estimate of the mobile U content of the sediment 

and also an opportunity to derive information on the formation age of the carbonate. 

Following initial settling, the leach fraction was isolated by centrifuging and the acid-

insoluble residue was fully dissolved with hydrofluoric and nitric acid treatments 

(S12).  Both the ‘leach’ and ‘residue’ fractions were spiked with known masses of 
236U and 229Th before purification of U and Th by ion exchange chromatography (S11, 

S13).  U and Th concentrations, together with 234U/238U and 232Th/230Th isotope ratios, 

were measured on a Nu Instruments multi-collector ICP-MS following techniques 

described in reference S11 (Table S1). 

 The resulting (230Th/238U) ratios for the three subsamples were found to be 

substantially lower than unity (0.23, 0.41 and  0.35 respectively) demonstrating 

significant U/Th disequilibrium due to the addition of the secondary carbonate. 

Analysis of leach-residue pairs for each sample yielded a negative slope on an 

isochron diagram, suggesting alpha-recoil exchange of nuclides between the grains of 

the sediment (S13) or laboratory fractionation of U from Th during the rather strong 

acid leaching.  Leach-residue pairs therefore provide no direct age information but do 

give an indication of the fraction of total U present in the secondary carbonate.  To 

derive age information, U and Th contents and isotope ratios for leach-residue pairs 

were appropriately weighted and recombined mathematically to give total values for 

each of the three sub-samples. The three subsamples, together with a typical 

continental detritus (with 232Th/238U, 230Th/238U and 234U/238U of 1.21 ± 0.64, 1.0 ± 

0.1 and 1.0 ± 0.1 respectively (following S14)) form an isochron (Fig. S2), providing 

an age and 95% confidence limit of 24.0 ± 5.2 ka for secondary carbonate formation 

(calculated using Isoplot (S15)). The uncertainty on the isochron date incorporates 

error due to scatter about a perfect fit, providing conservative errors estimates. 

Concentrations of 40K within the sediment were measured using Inductively-Coupled 

Plasma Mass-spectrometry. 
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Beta-dose rate 

 Beta-particles have a range on the order of millimeters in sedimentary 

materials and hence the β-dose rate is calculated specifically for each of the three 

samples (as it is produced ‘locally’ on the spatial scale of the sampled volume). Dβ’ 

was calculated following the standard treatment (S8) using the measured radionuclide 

concentrations given in Table S1 (which implicitly assumes a spatially homogeneous 

infinite-matrix radiation field). In this case, to a very good approximation, 
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0βD is the β-dose rate of the sediment with empty pore spaces, b is the mean 

attenuation of β-rays across the 75-150 µm quartz grains (b values were obtained from 

Monte Carlo modelling, following (S16)); f is the mass ratio of interstitial material to 

sediment (fc=0.31±0.03, fw=0.05±0.02) (subscripts c and w refer to carbonate and 

water respectively); κ is the ratio of mean ‘mass stopping power’ of the interstitial 

material (water, w, and carbonate, c) to that of sediment and accounts for the 

attenuation of β-rays during transport through the interstitial material (b and κ were 

calculated for each radionuclide decay group following (S17), where nuclides in the 

uranium series with half-lives greater than 10 ka, and their decay products, were 

treated as individual decay groups; Table S2). The remaining sediment was modelled 

as typical dry sediment (S18), with a mean bulk density of 2.00 g cm-3. During the 

burial period, D’β evolves in time (for each sample) due to the arrival of carbonate, 

which both dilutes the radioisotopes present (described by the product fcκc) and also 

increases Dβ0’ due to the in-growth of U daughter isotopes. In this way, time series for 

Dβ’ can be produced for each of the three samples (Fig. S3). 

 

Gamma-dose rate 

 Gamma-rays naturally present in sediment have a range of tens of cm. This 

leads to two important consequences for the present work: γ-dose will be, to a good 

approximation, common to all samples within the skull; further, the sphere of material 

which contributes to the γ-dose within the skull incorporates sediment within the 

skull, the skull itself and, to a lesser extent, the sediment outside of the skull. The 

concentration of γ-emitting radionuclides within the skull sediment was taken as the 

average over the three samples of the radionuclide values given in Table S1 (for pre- 
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and post-carbonate formation respectively). No extra-cranial sediment from the burial 

location was available and the corresponding γ contribution from outside the skull 

(~10% of D’) was modelled using an infinite sediment matrix (density 2.00g cm-3; 

including soluble contributions). As noted above, bone is a strong adsorber of mobile 

(soluble) uranium and the subsequent decay of this incorporated U (Ubone) provides an 

additional source of γ-rays which must be quantified. Data from Computer 

Tomography scans (Fig. S4) provided information on the spatial dimensions of the 

skull and these data were used to drive the MCNP4C Monte Carlo three-dimensional 

electron/photon transport code (S19). This model provided estimates of the integrated 

(time-dependent) energy deposition within the skull geometry from all γ-radiation 

sources, including the skull (the attenuation of γ-rays by carbonate and water for all 

decay groups was explicitly represented). Dose rate estimates were made following 

normalisation by the activity of the parent radioisotopes (S20), which changes as a 

function of time due to carbonate formation and subsequent in-growth of U daughter 

isotopes. Owing to the small relative volume occupied by the bone of the skull, the γ-

dose contribution from the bone to the centre of the skull was not significant (for 

example, the estimate of sediment depositional age was affected by <2 % as the Ubone 

concentration was varied from 1 to 100 ppm, when modelling both extremes as both 

early or late uptake). Measurement of the bone composition was not possible, 

although this is shown to be of little consequence due to the position in the skull from 

which the samples were taken. An assumed Ubone concentration of  20 ppm (S9) 

(modelled as ‘early uptake’) was used for all subsequent calculations (the modelled 

skull contained no Th or K). Throughout the model run, the instantaneous dose rate 

was re-calculated for each of the radionuclide decay groups every 100 yrs, across all 

regions in the model geometry. The time-evolution of the γ-dose rate (which is 

common to each of the three samples) is shown graphically in Fig. S3. 

 

Age calculation 

 For age calculation, the total dose-rate (D’) was averaged over the inner 

portion of the skull interior (in a sphere which contained the sampling location but not 

closer than 1.5cm of the inner surface of the skull). This is appropriate as no 

significant spatial variation in dose rate occurs within the interior of the skull for 

distances greater than ~1cm from the bone; statistical variation in modelled dose rate 

is present, however, due to the Monte Carlo procedure (as observed in Fig. S4) and it 
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is this variation which is smoothed-out in the averaging process. As D’ within the 

skull is a function of burial time (D’(t)), the simple case where Age=De/D’ is no 

longer valid. Instead, the relationship is re-arranged and expressed in integral form 

(Eq. 2): the depositional age of the sample is defined as the time interval required for 

the measured integrated dose (De) to have been absorbed, hence 

 

( ) e

Age
DdttD =′∫

0
                                                                                                    (2) 

 
 The numerical integration of D’(t) is shown graphically in Fig.S5, which 

shows modelled cumulative dose versus burial time for each of the samples. The 

intersection of the measured De with the cumulative dose indicates the time required 

for the natural dose to have been absorbed, i.e. the depositional age of the sample. The 

estimated ages for each of the three samples (H1-3) are 40.9 ± 4 .2, 33.0 ± 2.5, 34.7 ± 

3.4 ka respectively, which combine as 36.2 ± 3.3 ka (1σ) for the depositional age of 

the sampled sediment. 

 

Statistical uncertainty in D’ and age estimation 

 Uncertainties on each of the sample ages were calculated using a Monte Carlo 

sampling procedure, which included all non-systematic (random) and systematic 

errors. The dose distribution model was recalculated 10,000 times after randomly 

varying all realised errors as Gaussian distributions (with the 1σ errors on each value 

providing the standard deviation for each Gaussian). This number of iterations 

produced estimates of the final error on each sample age which remained constant 

(within 1%) as the iterations proceeded. The final age uncertainty in each case 

includes uncertainties on De values (which includes errors due to counting statistics, 

curve fitting/interpolation, source calibration, machine reproducibility); all isotope 

concentrations; radioisotope half-lives; dose-rate conversion factors; the date of 

carbonate formation; mass of carbonate; U concentration in the bone of the skull; 

cosmic dose contribution; attenuation/absorption factors, water content and the Monte 

Carlo modelling of dose deposition. 

 Two sources of uncertainty in the gamma dose-rate were introduced from the 

radiation transport modelling: (i) a systematic source of uncertainty, likely to be of the 

order of 10% of the energy deposition, due to uncertainty of the spatial geometry of 
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the model, the energy release during radioactive decay, the potential inaccuracy of the 

parent radionuclide concentrations in sediment outside the skull, and the 

composition/density of the material treated in the model; and (ii) a non-systematic 

(random) variation implicit in the Monte Carlo approach to modelling and limited to 

less than 1%. All of these uncertainties are included in the final age uncertainties. 

 The cosmic dose rate (D’c) depends largely on burial depth, which in the 

present case is unknown. The assumed value of 0.18 ± 0.02 Gy/ka covers burial 

depths between 0.5-2 m, which is appropriate for the channel form. D’c constitutes 

<10% of D’ and systematic errors in the calculated ages are expected to be 

correspondingly small (for example, had the skull actually been buried at 5 m, rather 

than ~1 m, the difference in final age estimate would be <3%). 

 The final age estimate (36.2 ± 3.3 ka) is a separate Monte-Carlo-based 

convolution of the three individual dates for samples H1, H2 and H3. 
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1b.  Morphometric analyses 

1b.1.  3-D geometric morphometric analysis.  

 The three-dimensional coordinates of 19 osteometric landmarks (Table S4) 

were collected using the Microscribe 3DX for recent human samples representing 

four geographic regions, a South African Khoe-San sample, a small North African 

Epipalaeolithic (Mesolithic) sample, and for Neandertal, Eurasian Upper Palaeolithic 

and early "anatomically modern" human fossil specimens (Table S5).   

 The landmark coordinate configurations for each specimen were superimposed 

using generalized Procrustes analysis, which translates, rotates and scales the 

specimen configurations to unit centroid size using a least squares criterion, with the 

software package Morpheus (S23).  This procedure permits the analysis of ‘shape’ 

separately from ‘size’, although size-related allometric shape may remain. In terms of 

centroid size, Hofmeyr is larger than the means of all recent human samples except 

the North African Epipalaeolithic (Fig. S6), but is significantly different only from the 

Khoe-San mean.  A principal components analysis was conducted on the 

superimposed coordinates to achieve data reduction, then a canonical variates analysis 

(CVA) and Mahalanobis D2 were undertaken using the first 21  principal components 

as variables, which accounts for 85.85 % of the variance. The CVA uses group 

information and maximizes the separation between groups. In the CVA, axis 1 (36.8% 

of total variance) separates the sub-Saharan African samples from the others, axes 2 

and 3 (23.6% and 14.6% of total variance respectively) depict aspects of recent 

human variation, with the former separating Western Eurasia from all others, and the 

latter separating Oceania and Western Eurasia from the others, and axis 4 (9.7% of 

total variance) tends to differentiate the Upper Palaeolithic (and Neandertal) 

specimens from recent homologues.  Mahalanobis D2, adjusted for unequal sample 

sizes (S24), is used to estimate the morphological distances among samples. This 

method is appropriate for the goal of this analysis because it represents the 

morphological variation among groups scaled by the pooled within-group variation, 

and accounts for covariation among landmark coordinates, which is pervasive among 

biological datasets (S25, S26). Posterior and typicality probabilities are reported for 

Hofmeyr (Table S6) (S27). Hofmeyr shows very low posterior and typicality 

probabilities for all recent humans, but much higher probabilities for the UP sample 

(posterior 0.76, typicality 0.43). The UP specimens show similarly low posterior 

probabilities for all recent human groups, with the sole exception of Abri Pataud 
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(highest posterior probability for Asians, 0.45). 

 To further illustrate the relationships among the samples included in this 

analysis, the Mahalanobis squared distances (Table S6) were used to calculate a 

minimum spanning tree and an Unweighted Pair Group Method by Averaging 

(UPGMA) cluster phenogram. Finally, a cross-validation classification was 

undertaken to test the ability of our data to successfully discriminate among groups.   
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1b.2.  Linear morphometric analysis.  

 The comparative crania (all adult males) are represented by four groups that 

differ geographically and chronologically: Late Pleistocene Eurasia (n = 5), recent 

Khoe-San (n = 16), recent sub-Saharan African  (n = 247) and recent European (n = 

24).  The African data were obtained from the literature (S27-S31) or collected by 

F.E. Grine, and the European cranial measurements were collected by F.E. Grine at 

the American Museum of Natural History (New York).  

 The Khoe-San sample corresponds to a 17th – 19th century population of mixed 

economy and heritage from Riet River, South Africa. The recent sub-Saharan African 

Bantu-speaking sample derives from West Africa (n = 119), Central Africa (n = 51), 

East Africa (n =  46), and South Africa (n = 31). The recent European crania are from 

Germany (n = 13) and the Czech Republic (n = 11).  

 The Late Pleistocene Eurasian specimens (n = 5) derive from Upper 

Paleolithic contexts at the sites of Cro-Magnon (no. CRM 1), Grotte des Enfants (no. 

2), Dolni Vestonice (nos. III and IX) and Oberkassel (no. MD 9). Measurements for 

these specimens were taken on casts by F.E. Grine and/or recorded from the literature. 

 Eight linear measurements, recorded for each specimen, were subjected to 

multivariate analysis.  Five of the measurements represent the cranial vault, while the 

remaining three are facial variables (Table S7).   

 Multivariate statistics were performed with SPSS (version 11.5), and the 

graphs were created with SYSTAT (version 8.0). Factor analysis was chosen for this 

study, as it is an appropriate technique for comparing archaeological specimens with 

groups of different size. In particular, it also has the advantage of being able to 

identify common complex underlying patterns of variation that can then be visualized 

in multivariate space (S32). Varimax rotation was used on all factors, because it 

minimizes on each factor the number of variables that have high loadings (or 

correlation coefficients that are used to express the weight assigned to each factor) 

without changing distances between individual specimens.  

Correlation matrices of the factor analysis showed that all variables had a 

correlation above 0.3 and with more than one variable. The strength of the linear 

associations among the variables were assessed through their communalities (squared 

multiple correlation coefficient between one variable and all other variables) as all 

were above the minimal value of 0.3. 
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 Among the four factors that were obtained (expressing 77% of the total 

variance), the first two were selected because they accounted for most of the total 

variance (50%), and the most highly significant population differentiation, as revealed 

by analyses of variance of the regression factor scores (especially those for factor 2).  

 The Proximity matrix of squared Euclidean distances derived from the 

regression factor scores between Hofmeyr and the means of the four comparative 

groups (Table S8) shows Hofmeyr to be closest to the Eurasian Upper Palaeolithic 

sample.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 15

2.  Supporting Tables 

Table S1.  Absorbed dose (De), elemental concentration and isotope ratios for each of the three samples (H1, H2, H3).  

 

Sample De (Gy) Soluble U 
(ppm) 

Insoluble U 
(ppm) 

Th (ppm) 
(Sol.+Insol.) 

K (%) 
(Sol.+Insol.) (232Th/238U) (230Th/238U) (234U/238U) Age (ka) 

H1 50.3 ± 4.0 2.541 ± 0.003 0.799 ± 0.001 2.063 ± 0.007 0.410 ± 0.014 0.2023 ± 0.0027 0.2252 ± 0.0038 1.6579 ± 0.0013 40.9 ± 4.2 

H2 49.5 ± 1.8 1.263 ± 0.001 1.744 ± 0.002 5.791 ± 0.122 0.550 ± 0.021 0.631 ± 0.022 0.408 ± 0.020 1.3037 ± 0.0013 33.0 ± 2.5 

H3 51.1 ± 2.8 6.211 ± 0.070 1.253 ± 0.002 1.978 ± 0.007 0.435 ± 0.024 0.0866 ± 0.0016 0.3540 ± 0.0016 1.9546 ± 0.0013 34.7 ± 3.4 

Assumed 
detritus      1.2 ± 0.6 1.0 ± 0.1 1.0 ± 0.1  

 

The concentrations are expressed in terms of the bulk sample. The De values are the error-weighted average (‘Central age model’)  
of the measured aliquots (S5). ‘Sol.’ and ‘Insol.’ refer to the acid soluble (leach) and acid insoluble (residue) fractions respectively.  
All errors shown are 2σ. The assumed detritus values follow those in (S14).
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Table S2. Calculated mean beta-radiation attenuation factors (b) and mass stopping 
       power ratios (κ) of each nuclide group. 
 

Nuclides b κw (β) κc (β) 

238U → 234Pa 0.93 1.19 1.00 

234U 0.11 1.25 1.01 

230Th → 206Pb 0.90 1.19 1.00 

235U → 231Th 0.32 1.22 1.01 

231Pa → 207Pb 0.88 1.20 1.01 

elemental Th 0.87 1.19 1.00 

elemental K 0.97 1.20 1.01 

elemental U 0.91 1.19 1.00 

 

Data are for 75-150µm quartz grains, obtained using MCNP4C Monte Carlo 
modelling, following the approach of Mejdahl (S22). Subscripts W and C of κ refer to 
transport through water and carbonate respectively. Note that the stopping power of 
calcium phosphate and calcium carbonate is not significantly different. 
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Table S3.  Cranial and dental measurements for Hofmeyr, recent sub-Saharan African and Eurasian Upper Paleolithic samples. 

________________________________________________________________________________________________________ 
 
      n        mean  sd     mean ± 2 sd      n        mean  sd     mean ± 2 sd 
Maximum Cranial Length (GOL)      Buccolingual Diameter of M2   
Hofmeyr    194.0    Hofmeyr    14.6 
SAB       571 186.3 6.79 173 - 200 SAB    303 11.9 0.69 10.5 - 13.3 
Khoe-San       53 177.0 5.00 167 - 187 Khoe-San    118 11.0 0.76   9.5 - 12.5 
Teita      34 183.9 5.09 174 - 194 Early UP     20 12.3 0.95 10.4 - 14.2 
UP        32 192.9 8.11 177 - 209 Late UP     15 11.4 0.75   9.9 - 12.9 
 
Maximum Cranial Breadth  (XCB)     Malar Height   (WMH) 
Hofmeyr      147.0    Hofmeyr      25.5     
SAB      560 134.2 5.64 123 - 146 Zulu      55 20.7 1.98    17 - 25  
Khoe-San       50 134.7 4.42 126 - 144 Khoe-San      41 20.9 2.47    16 - 26 
Teita      34 129.9 4.26 121 - 138 Teita     34 22.2 2.56    17 - 27 
UP        31 140.7 7.97 125 - 157 UP     13 23.5 3.34    17 - 30 
 
Bifrontal Breadth   (FMB)     Glabella Projection   (GLS)   
Hofmeyr    111.0    Hofmeyr         5.0     
Zulu      55 102.0 3.47  95 - 109 Zulu       55      2.2 0.83   0.5 - 3.8  
Khoe-San     41   97.3 4.51  88 - 106 Khoe-San      41   2.4  0.94   0.5 - 4.3 
Teita       34 100.1 3.59  93 - 107 Teita       34   1.5 0.75   0.0 - 3.0  
UP       26 105.8 7.26  91 - 120 UP       12   4.8 1.95   0.9 - 8.7 
 
Upper Facial Height  (NPH)      Nasal Breadth   (NLB) 
Hofmeyr     77.0    Hofmeyr      31.0   
SAB    490  66.6 7.64  51 - 82  SAB    582  27.6 2.60    22 - 33  
Khoe-San     39  60.5 5.12  50 - 71  Khoe-San    48  25.0 3.41    18 - 32 
Teita      34  66.0 3.94  58 - 74  Teita      34  27.9 1.80    24 - 32 
UP      20  67.8 4.85  58 - 78  UP      24  25.9 2.04    22 - 30 
_______________________________________________________________________________________________________ 
Legend for Table S3 is on page 17. 
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Legend for Table S3. 
 
Measurement codes are those used by Howells (S33). Hofmeyr values recorded prior 
to post-recovery damage. SAB, South African Bantu-speaking males; Teita, East 
African Teita males; Khoe-San, South African Khoe-San males; UP, Upper 
Paleolithic sample consists of male and female crania from Eurasia and North Africa 
dated to between 35 - 12 kyr. Hofmeyr measurements recorded prior to post-recovery 
damage are from (S34).  South African Bantu-speaking male data from (S35); East 
African male Teita and South African male Khoe-San data from (S33). Upper 
Paleolithic sample data from published values for individual specimens in (S36-S48). 
Buccolingual crown diameters for South African Bantu-speaking males from (S49), 
for Khoe-San males from (S50), and for Early and Late Upper Paleolithic samples 
from (S51).  
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Table S4. Cranial coordinates employed in the 3-D geometric morphometric analysis.  

_____________________________________________________________________ 
         
  1.   asterion  
  2.   lambda 
  3.   stylomastoid foramen  
  4.   lateral origin of the petrotympanic crest 
  5.   most medial point of the petrotympanic crest at the level of the carotid canal 
  6.   porion 
  7.   auriculare 
  8.   parietal notch 
  9.   mastoidale  
10.   deepest point of the lateral margin of the articular eminence 
11.   suture between the temporal and zygomatic bones on the inferior aspect of the 
        zygomatic process 
12.   suture between the temporal and zygomatic bones on the superior aspect of the 
        zygomatic process  
13.   frontomalare posterior 
14.   most inferior point on the entoglenoid process, 
15.   point of contact between the petrous and the root of the pterygoid process of the  
        sphenoid (on the sphenoid), 
16.   suture between palatine pyramidal process and pterygoid plate of the sphenoid 
17.   bregma 
18.   glabella 
19.   nasion 
_____________________________________________________________________ 
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Table S5.  Fossil and modern human samples employed in the 3-D geometric 
       morphometric analysis. 
_____________________________________________________________________ 
 
Fossil humans 
  
  Neandertal 

   La Chapelle-aux-Saints    
   Gibraltar 1   
   
  Early Anatomically Modern Human    
               Skhul 5  
    
  Eurasian Upper Paleolithic   
   Abri Pataud     
   Chancelade (cast)    
   Cro Magnon 1     
   Mladeč 2     
 
Recent humans 
 
  North African Epipalaeolithic   
   (n = 6) (Afalou, Algeria; Taforalt, Morocco)  
 
  sub-Saharan African     
   (n = 38) (Mali; Kenya) 
 
  South African Khoe-San  
   (n = 29) 
 
  Oceania       
   (n = 85) (Australia; Melanesia; Andaman Islands) 
 
  Wester Eurasian      
   (n = 64) (Austria; Greece; Italy; Germany; Syria; Sinai)   
 
  East Asia/New World       
   (n = 65) (North China; Thailand; Greenland) 
_____________________________________________________________________ 
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Table S6. Mahalanobis D2 (corrected for unequal sample sizes) from the 3-D geometric morphometric dataset. 
 
 Neandertal African Skhul 5 E. Asia Oceania Epipaleolithic W. Eurasia Hofmeyr KhoeSan Up.Paleolithic 
Neandertal 0          
African 77.7209 0         
Skhul 5 54.9934 28.123 0        
E. Asia 72.1858 12.7947 21.3026 0       
Oceania 70.2115 9.5105 24.8801 7.3484 0      
Epipaleolithic 69.3757 11.1051 20.7967 14.2338 9.1507 0     
W. Eurasia 77.2819 13.6335 28.3845 10.1141 10.5086 12.5867 0    
Hofmeyr 86.9581 33.6417 51.8132 35.7286 25.3329 30.2357 27.9074 0   
Khoe-San 84.9268 10.5798 48.8495 27.6462 18.8863 25.569 20.0297 32.8022 0  
Up.Paleolithic 63.6053 25.6581 28.2329 14.1238 23.6921 22.9868 18.9858 20.3813 29.9511 0 
   

Hofmeyr 
Posterior 

Probability 
0.00 0.00 0.00 0.00 0.18 0.01 0.05 -- 0.00 0.76 

Hofmeyr 
Typicality 
Probablity 

0.00 0.03 0.00 0.02 0.19 0.07 0.11 -- 0.04 0.43 
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Table S7.  Linear cranial measurements employed in the factor analysis. 
_______________________________________________________________________________ 
 
Code        Measurement Description       Equivalent Code 
              (S52) (S33)  
 
mcl maximum vault length (glabella - opisthocranion)           1 GOL 
mcb maximum vault breadth  (euryon – euryon)            8 XCB 
fsc frontal sagittal chord  (nasion – bregma)          29 FRC 
mfb minimum frontal breadth  (between frontotemporalia)        9 WFB 
bzb bizygomatic breadth  (zygion – zygion)          45  ZYB 
orh orbital height  (perpendicular to orbital breadth)         52 OBH 
nh nasal height  (nasion – nariale)           55 NLH 
ufh upper facial height  (nasion – prosthion)          48 NPH 
_______________________________________________________________________________ 
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Table S8.  Proximity matrix of squared Euclidean distances derived from the    
       regression factor scores between Hofmeyr and the means of the four  
       comparative groups. 
 

 
 Hofmeyr Recent 

Africa 
Recent Khoe-

San 
Recent 

Europe 
UP 

Eurasia 
Hofmeyr 0.000     
Recent Africa 4.089 0.000    
Recent Khoe-San 3.153 0.349 0.000   
Recent Europe 4.434 0.283 1.172 0.000  
UP Eurasia 2.075 9.851 7.226 11.410 0.000 
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3.  Supporting Figures  

3a.  Supporting figure captions 

 

Figure S1.   Example OSL dose response data and summary of De values obtained for 

each sample using the Single-Aliquot Regenerative-dose method (S3). a) Sensitivity 

corrected (Lx/Tx) dose response data are shown for a single aliquot of sample H1, with 

the interpolated natural signal value and corresponding De value also indicated. The 

dose response is clearly defined to three times the De value, indicating dates in excess 

of 100 kyr would have been possible for this sample. b) De values obtained for each 

measured aliquot of each sample (ranked vertically for display purposes). 1σ errors 

shown on each De value include random and systematic uncertainties. 

 

Figure S2.  Rosholt-type isochron figures for the total sediment (i.e. summed leach 

and residue data) from inside the Hofmeyr skull.  On each panel, the open circles are 

the three measured samples (Table S1) and the filled circle a typical continental 

composition (after S14).  Error bars are within symbols when not shown.  Solid lines 

represent isochrons, and dotted lines are equilines for reference. The age of cement 

formation, calculated using the four data points above, is 24.0 ± 5.2 ka (95% 

confidence).  Most of the age information comes from the high 238U/232Th datapoint in 

the top right of both panels.  The degree of scatter about a single line in the upper 

panel indicates some spatial variability in the composition of the detrital component.  

If each of the two other measured datapoints are used to correct the high 238U/232Th 

data point for detrital contamination separately, ages of 24.79 ± 0.09 ka and 19.75 ± 

0.11 ka are calculated.  Introducing a typical crustal detritus value to the isochron 

provides some assessment of the likely range of variation in this detrital 

contamination and provides a conservative assessment for the uncertainty on the 

timing of cement formation.  All ages and uncertainties were calculated using the 

Isoplot software package (S15) using half lives from (S21). 

 

Figure S3.  The modelled time evolution of the instantaneous dose-rate (D’) for each 

sample. D’ at each time is the mean of all error-analysis Monte Carlo runs and time 

progresses from right-to-left during burial. Prior to carbonate formation D’ is 

effectively constant (secular equilibrium). The change in D’ due to carbonate 

formation does not occur sharply at a single point in time, but rather is smoothed-out 
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over time by the Monte Carlo error analysis, as the uncertainty in the U/Th date is 

realised. D’ evolves in time following carbonate formation as 238U decay products 

accumulate (U-series disequilibrium). The error bars indicate, for each data series, the 

mean uncertainty over the full time range shown. The common gamma-dose indicated 

does not include the cosmic dose rate. 

 
Figure S4.  Rendered CT scan of the Hofmeyr skull showing modelled dose rate 

distribution within the skull at the time of sampling. The β-dose component of D’ 

(which is unique to each sample) is taken, in this case, from sample H1. The position 

of four horizontal slices through the modelled skull are indicated by dashed lines. 

 

Figure S5.   Cumulative dose versus burial time for each of the three samples. The 

mean De value for each sample is projected on to the corresponding cumulative dose 

curve, with the intersection on the time axis being the estimated sample age. The error 

bar indicates the mean uncertainty on the cumulative dose of the three samples 

(H1,H2,H3) at their point of intersection with De. Gaussian curves represent the 

distribution of ages obtained from Monte Carlo error estimation. 
 

Figure S6.   Distribution of centroid size values for the samples used in the 3-D 

geometric morphometric analysis. Hofmeyr (HOF) falls within, but in the upper part 

of the modern human range. Sample abbreviations: AFR (sub-Saharan Africa), EAS 

(East Asia/New World), EMH (Early Modern Human = Skhul), EUP (Eurasian Upper 

Paleolithic), NAE (North African Epipaleolithic), NDT (Neandertal), OCE (Oceania), 

SAN (South African Khoe-San), WEU (Western Eurasia). 
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Figure S2. 
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Figure S4. 
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Figure S6. 
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