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Feature Squares excavated in 
2019 

Sediment description 

Operation 2 (Exc1) 
LCT I503, H503 Brown/grey/white. Frequent large concretions. 

Hard sediment, breaking when scraping. Low find 
density. Soft brown sediment between & 
underneath. 

JKR H503, I503, J503 Brown, very soft sediment without gravel, reddish 
when brushed. Occasional concretions. Upper c. 
5cm sterile, then lithics and dolostones. 
Concretions appearing underneath? 

BSS H503, I503, J503 

Operation 3 (Exc 1)Lower Section Excavation 
BK G489, H489 A layer of rocks is visible in the southern profile. 

Operation 3TR (Exc1) 
SRCL O483 Dark brown/brown. No concretions. Fine 

silty/sandy, loose, dusty sediment. Some red 
inclusions and gravel/pebbles. Modern (20th 
century) finds & dung/hair. Some small slabs and 
concretions going deeper. Soft layer with different 
colored patches underneath. 

FAK L482, L483, M482, 
M483 

Soft red and dark grey sediment with reduced 
amount of dolostone rubble, flake lying large rocks 
appear to be embedded in this feature. 

GM M482
Lower 
Rubble 

L480, L482 Loose light grey sediment with dominated by 
dolostone fragments 

Rubble L480, L481, L482, 
L483, L484, L485, 
L486, M482, M483, 
M484, M485 

Clearly disturbed grey sediment with large 
dolostone blocks and gravel 

MH L483, L484,  
SG L484, L485, L486, 

M484, M485, M486 
Patches of red and white sediment within a grey 
matrix.   



WTF L483, L484, L485, 
L486, M483, M484, 
M485, M486 

Below FAK brown/grey fine sediment. 

 

Operation 5 (Exc. 1) 
GS L507c, L508c, L508d, 

L509c, L509d, L510d 
Grey, no concretions. Dusty, sandy, hair, botanicals. 
Lots of artefacts.  

BWS L507c, L508c, L508d, 
L509c, L509d, L510d 

Brown, speckled=white inclusions, no concretions. 
Less hair/botanicals. Lots of vertical positioned 
artefacts. 

AS L507c, L508c, L508d, 
L509c, L509d, L510d 

Red/brown and darker. No concretions. Full of 
gravel. Lots of finds.  

DL L507c, L508c, L508d, 
L509c, L509d, L510d, 
L508c 

Brown, Dark lens, sandy, lots of charcoal. No 
concretions. High find density, including quartz 
lithics.  

AAS L507a, L507b, L507c, 
L508a, L508b, L508c, 
L508d, L509a, L509c, 
L509d, L510b, L510d 

Red-brown loose sand, gradually becoming more 
compacted as depth increases. 

CBS L507a, L507b, L507d, 
L508a, L508b, L508c, 
L509a, L509b, L510b, 
L510d 

Compacted beige grey sand with patches of darker, 
looser sediment and prevalent gravel inclusions. 

FBS L508c, L508d, L509c, 
L509d, L510d,  

Fine brown sand, excavation ended at the top of this 
feature 

TP L507am  Intrusive pit with dolostone fragments. 
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Roshan Burtha of the Zamani Project prepares photographs for the 3D model of the cave. 

 

We also hosted a visit to the site from attendees of the meeting of ASAPA in Kimberley on 
July 6 and a community event in collaboration with the Workshop Ko Kasi on August 10. 

 

 

Visit to the cave by participants in the 2019 meeting of ASAPA in Kimberley 



 

Participants in the Community Day Event at the cave 

 

Coarse fraction from flotation was sorted by employees of the Workshop Ko Kasi in a 
laboratory set up at the Workshop in Mothibistad 

All samples and artifacts curated at the McGregor Museum unless exported under permit for 
analysis. 

Excavation methods and supplies 

The spatial coordinates of all finds and samples are plotted with a total station.  All sediments 
are sieved through a Flote-Tech flotation machine which separates out a heavy fraction and 
botanical material.  Botanicals are dried and bagged for future study.  Heavy fraction is sorted 
to remove any archaeological or paleontological material.  Sediments are removed by bucket 
with bucket context recorded in the database.  A 50 g. sediment sample is removed from each 
bucket before sieving and saved for future research.  Large stones are kept separate from the 
sediment bucket and the weighed before examination to be sure they are not artifactual before 
discard.  The weight of the rock buckets is recorded in the database along with the weight of 
the sediment bucket before sieving.  A laboratory facility has been organized on site with 
capacity to run FTIR analysis on sediment and bone and limited capacity for preparing 
micromorphology thin section.  The lab is also equipped with a standard microscope and a 
dinolite digital microscope.   

Description of Excavation 

For description of the location of the different operations see previous reports. 

Operation 2 



The previous excavation (2017) in Operation 2 identified 4 features: GRS (gravel layer), SG 
(burrow), LCT (concreted layer), and JKR (loose brown-red sediment) in squares H503/4, 
I503/4, J503/4. The layers that were exposed in these squares at the start of the current season 
(2019) were JKR and LCT, with squares H503/4 and I503/4 having already been taken down 
5 centimetres in the JKR layer. The LCT feature was previously left in the southern section of 
H503 and I503 as a pedestal. 

The 2019 season for operation 2 began with an initial clean up and removal of dust that was 
lying on the surface of these 6 squares, exposing the above-mentioned features from 2017. 
The focus for 2019 was to remove the LCT and JKR in squares H503, I503, J503, so that we 
could expose a larger section of the potential floor feature to the south. The LCT pedestal was 
the first to be removed – this was a painful procedure that gave me serious PTSD. After days 
of chopping away at the LCT, I finally managed to get rid of it, exposing a more excavator-
friendly JKR. Unfortunately, this feature was heavily bioturbated – many burrows and 
microfauna remains – which made excavating and identifying the feature slightly tricky as 
the JKR and burrows are both loose sediments.  

In the south-west corner of square H503, a more compact and mottled reddish-black-white 
feature emerged (kind of like how the sun emerges to rise above the Kuruman Hills…totally 
not plagiarised). This feature was creatively named MJKR (mottled JKR), which I believe is 
the first evidence of an actual in situ or undisturbed deposit under the LCT. JKR and the new 
MJKR feature were removed, exposing a ‘bed’ of rocks (dolomite and limestone) and 
artefacts lying on a finer beige silty-sand deposit (named BSS). Once all the rocks and 
artefacts were exposed and photos were taken, we recorded each rock with an ID number and 
a north arrow (top surface) for magnetic susceptibility tests. Rocks that were suspiciously 
artefactual were recorded as normal, but the term ‘mag sus’ was recorded in the comment 
section. 

BSS had multiple bands of slightly more consolidated sediment. The artefacts are far from 
pretty, a mother would struggle to love them, but at least there were artefacts. Interestingly, 
the rocks and artefacts sitting on the BSS layer that protruded into the JKR/LCT had 
concretions on the top section, whereas artefacts that were excavated deeper in the BSS had 
no concretions. H503 seems to still be bioturbated in the BSS as there are darker loose 
sediments and micromammal bones. I feel like a mole hunter in these squares…the large 
burrow in the south still persists as do the million other ones. These burrows were small 
enough to include in the features being excavated. Squares H503 and I503 are 5cm into BSS, 
while BSS was just exposed in square J503. The image below illustrates squares H503, I503, 
and J503 as they were at the close of the 2019 season.       

Operation 3 

Operation 3 includes excavation along the southern profile of Beaumont’s excavation and an 
area to the south designated as Operation 3 Trench.  The layout of these component of the 
excavation are shown in the plan below. 



 

Plan of Operation 3 including the South Profile Upper Section in Dark Grey (not excavated in 
2019); South Profile Lower Section in Light Grey; and the Trench in Brown.   

 

The Figure below shows a south to north projection of all lithic artifacts recovered in 
Operation 3.  The color coding corresponds to stratigraphic features.  During the current 
season Paul Goldberg sampled the South Profile of Beaumont’s Excavation 1 for 
micromophology.  He also sampled the west profile of Excavation 2 in the early strata. 



 

Operation 3 South Profile 

The Figure below shows a projection of all lithic artifact recovered up to the end of the 2019 
excavation in the excavation of the south profile of Beaumonts Excavation 1 coded by 
stratigraphic feature.  Note that the area excavated in 2019 is lower than the excavation in the 
previous seasons.  This small area was excavated to clear a profile at the interface between 
the layer dominated by angular dolomite blocks that appears to correlate with Beaumonts St. 
8 and the overlying fine grain sediments.  In the course of this excavation both fauna and 
artifacts were recovered.  The macrofauna was directly lying on blocks of dolomite and was 
highly fragmented.  In G489 the macrofauna is often cemented to the rock, and in order to 
remove the specimens it was also necessary to remove large pieces of rock. Three fragments 
of bone are still in situ in G489 cemented to the rock, possibly to be removed next year. The 
sediment is loose and soft throughout, and the profile is crumbly. As shown in the image 
below lithics, including a handaxe, were found directly associated with the faunal remains.  
At the end of the season a micromporphology block (sample ID 8115) was collected from the 
cleaned profile. 



 

West to East Projection of lithics from Operation 3 excavations along the south profile of 
Beaumont’s Excavation 1.  Note the vertical position of the 2019 sample.  Also note that a 
single handaxe was recovered from the profile in 2018 (ID 4522). 



 

Fauna and handaxe in situ in Operation 3 (Square G489, Feature BK) 

 

 

 

 

 

 

 

 

 

 

 

 



Operation 3 Trench 

Excavations in the Trench expanded the excavated area to the west (Rows M and N) as 
shown in the figure below.  Excavation did not reach the same depth as reached in 2018 and 
no new features were identified.  

 

 

 

 

 

 

 

 



The images below are from a photogrammetric model created at the end of the 2019 
excavation in the Trench before sandbags were placed along the profiles.  Note in the view of 
the eastern profile the contact between the rubble and the underlying deposit is clearly 
visible.  Note that historic material continues below this interface but this could be the result 
of bioturbation. 

 

 

 



Operation 5 

Excavation of the LSA sequence of Operation 5 continued under the supervision of Sara 
Rhodes.  A complete description of this excavation is provided in the attached publication.  
The image below shows the area during the process of protecting the profile with sandbags at 
the end of the season. 

 

 

Spatial Context of Lithic Artifacts Recovered 

Operation 2 

X  Y  Z  ID  OP.  SQ  TYPE  FEAT  COMMENT  PRI
SM 

500.170  501.064  98.220  7907  2  H503  Lithic  BSS     0.4 

501.007  501.393  98.337  7971  2  I503  Lithic  BSS     0 

500.716  501.058  98.278  7966  2  I503  Lithic  BSS     0 

500.731  501.147  98.298  7967  2  I503  Lithic  BSS     0 

500.915  501.103  98.305  7968  2  I503  Lithic  BSS     0 

500.993  501.462  98.337  7970  2  I503  Lithic  BSS     0 

500.758  501.408  98.315  7972  2  I503  Lithic  BSS     0 

500.677  501.181  98.279  8032  2  I503  Lithic  BSS     0 

500.758  501.010  98.264  8033  2  I503  Lithic  BSS     0 

500.547  501.471  98.314  7998  2  I503  Lithic  BSS     0 

500.805  500.938  98.260  8034  2  I503  Lithic  BSS     0 

500.625  501.315  98.280  8000  2  I503  Lithic  BSS     0 

500.931  501.079  98.286  8002  2  I503  lithic  BSS  ?  0 



500.041  501.124  98.224  7769  2  H503  Lithic  BSS     0.4 

500.182  501.296  98.272  7770  2  H503  Lithic  BSS     0.4 

500.297  501.215  98.266  7771  2  H503  Lithic  BSS     0.4 

500.283  500.962  98.217  7772  2  H503  Lithic  BSS     0.4 

500.321  501.052  98.259  7773  2  H503  Lithic  BSS  Conjoined  0.4 

500.245  500.954  98.224  7773.1  2  H503  Lithic  BSS  Conjoined  0.4 

500.460  500.926  98.242  7814  2  H503  Lithic  BSS     0.4 

500.207  501.333  98.263  7817  2  H503  Lithic  BSS     0.4 

501.241  501.275  98.329  7712  2  J503  Lithic  BSS  Magsus, top  0.4 

501.244  501.272  98.280  7712.1  2  J503  Lithic  BSS  Magsus, 
bottom 

0.4 

501.258  501.237  98.305  7712.2  2  J503  Lithic  BSS  Magsus  0.4 

501.235  501.300  98.286  7712.3  2  J503  Lithic  BSS  Magsus  0.4 

501.363  501.313  98.320  7713  2  J503  Lithic  BSS     0.4 

500.657  500.984  98.313  7654.2  2  I503  Lithic  BSS  Magsus  0 

500.612  500.903  98.297  7654.3  2  I503  Lithic  BSS  Magsus  0 

500.736  500.946  98.348  7655  2  I503  Lithic  BSS  Magsus, top  0 

500.729  500.959  98.302  7655.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.714  501.012  98.316  7655.2  2  I503  Lithic  BSS  Magsus  0 

500.741  500.901  98.287  7655.3  2  I503  Lithic  BSS  Magsus  0 

500.835  500.994  98.368  7656  2  I503  Lithic  BSS  Magsus, top  0 

500.847  501.018  98.321  7656.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.880  500.945  98.313  7657.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.669  501.446  98.346  7659  2  I503  Lithic  BSS  Magsus, top  0 

500.671  501.459  98.320  7659.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.639  501.453  98.342  7659.2  2  I503  Lithic  BSS  Magsus  0 

500.705  501.473  98.327  7659.3  2  I503  Lithic  BSS  Magsus  0 

500.884  500.931  98.343  7657  2  I503  Lithic  BSS  Magsus, top  0 

500.193  501.295  98.293  7644  2  H503  Lithic  BSS  Magsus, top  0 

500.194  501.310  98.279  7644.1  2  H503  Lithic  BSS  Magsus, 
bottom 

0 

500.639  500.954  98.304  7654.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.638  500.949  98.319  7654  2  I503  Lithic  BSS  Magsus, top  0 

500.237  501.151  98.302  7651  2  H503  Lithic  BSS  Magsus, top  0 

500.246  501.164  98.261  7651.1  2  H503  Lithic  BSS  Magsus, 
bottom 

0 

501.078  501.101  98.311  7678.1  2  J503  Lithic  BSS  Magsus, 
bottom 

0 

501.039  501.081  98.351  7677  2  J503  Lithic  BSS  Magsus, top  0 

501.076  501.087  98.327  7678  2  J503  Lithic  BSS  Magsus, top  0 

500.966  501.118  98.308  7671.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

501.042  501.101  98.316  7677.1  2  J503  Lithic  BSS  Magsus, 
bottom 

0 

500.766  501.390  98.314  7663  2  I503  Lithic  BSS     0 



500.649  501.192  98.308  7664  2  I503  Lithic  BSS  Magsus, top  0 

500.651  501.209  98.300  7664.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.980  501.022  98.332  7669  2  I503  Lithic  BSS  Magsus, top  0 

500.980  501.022  98.310  7669.1  2  I503  Lithic  BSS  Magsus, 
bottom 

0 

500.959  501.037  98.326  7669.2  2  I503  Lithic  BSS  Magsus  0 

500.993  501.013  98.310  7669.3  2  I503  Lithic  BSS  Magsus  0 

500.946  501.112  98.391  7671  2  I503  Lithic  BSS  Magsus, top  0 

500.113  501.026  98.248  7630  2  H503  Lithic  BSS     0 

500.314  501.107  98.266  7631  2  H503  Lithic  BSS     0 

501.085  501.058  98.317  6882  2  J503  Lithic  JKR     0.4 

501.187  501.072  98.344  6837  2  J503  Lithic  JKR     0 

501.052  501.225  98.368  6836  2  J503  Lithic  JKR     0 

500.245  501.257  98.345  6217  2  H503  Lithic  JKR     0 

 

Operation 3 and 3TR 

X  Y  Z  ID  OP.  SQ.  TYPE  FEATURE  COMMENT  PRISM 

499.599  494.162  98.235  7418  3  G489  Lithic  BK  Handaxe  0 

499.664  494.206  98.153  7418.1  3  G489  Lithic  BK  Handaxe  0 

499.930  494.073  98.251  7046  3  G489  Lithic  BK  Handaxe  0 

500.468  494.510  98.007  6597  3  H489  Lithic  BK     0 

500.113  494.194  98.179  6200  3  H489  Lithic  BK     0 

500.105  494.139  98.194  6201  3  H489  Lithic  BK     0 

500.072  494.025  98.218  6202  3  H489  Lithic  BK     0 

500.070  494.006  98.203  6208  3  H489  Lithic  BK     0 

500.354  494.057  98.278  6050  3  H489  Lithic  BK     0 

500.331  494.071  98.252  6051  3  H489  Lithic  BK     0 

500.331  494.117  98.288  5979  3  H489  Lithic  BK     0 

500.398  494.119  98.260  6015  3  H489  Lithic  BK     0 

503.094  490.955  99.267  7495  3TR  M482  Lithic  FAK     0.4 

502.660  490.774  99.307  7451  3TR  M482  Lithic  FAK     0.4 

502.303  490.587  99.273  7448  3TR  L482  Lithic  FAK     0.4 

502.548  491.513  99.272  7395  3TR  M483  Lithic  FAK  Pot lid  0.4 

502.785  491.352  99.260  7394  3TR  M483  Lithic  FAK     0.4 

502.694  491.230  99.271  7396  3TR  M483  Lithic  FAK     0.4 

502.790  491.214  99.270  7393  3TR  M483  Lithic  FAK     0.4 

502.315  491.154  99.314  7360  3TR  L483  Lithic  FAK     0.4 

502.419  491.153  99.263  7382  3TR  L483  Lithic  FAK     0.4 

502.360  490.988  99.278  7404  3TR  L483  Lithic  FAK     0.4 

502.314  490.927  99.278  7430  3TR  L482  Lithic  FAK     0.4 

502.749  490.972  99.299  7433  3TR  M482  Lithic  FAK     0.4 

502.431  491.373  99.294  7334  3TR  L483  Lithic  FAK     0.4 

502.976  491.472  99.242  7335  3TR  M483  Lithic  FAK     0.4 

502.926  491.362  99.254  7336  3TR  M483  Lithic  FAK     0.4 

502.866  491.451  99.257  7337  3TR  M483  Lithic  FAK     0.4 



502.932  491.142  99.263  7341  3TR  M483  Lithic  FAK     0.4 

502.776  491.124  99.281  7342  3TR  M483  Lithic  FAK     0.4 

502.285  491.403  99.285  7348  3TR  L483  Lithic  FAK     0.4 

502.452  491.300  99.310  7350  3TR  L483  Lithic  FAK     0.4 

502.421  491.252  99.302  7351  3TR  L483  Lithic  FAK     0.4 

502.981  490.858  99.299  6065  3TR  M482  Lithic  FAK     0.4 

502.963  490.834  99.298  6022  3TR  M482  Lithic  FAK     0.4 

502.622  490.559  99.312  6062  3TR  M482  Lithic  FAK     0.4 

503.003  490.938  99.304  6066  3TR  M482  Lithic  FAK     0.4 

502.937  490.857  99.296  6064  3TR  M482  Lithic  FAK     0.4 

502.901  490.866  99.298  6071  3TR  M482  Lithic  FAK     0.4 

502.637  490.585  99.229  7919  3TR  M482  Lithic  GM     0.4 

503.058  490.979  99.228  7921  3TR  M482  Lithic  GM     0.4 

502.736  490.925  99.210  7920  3TR  M482  Lithic  GM     0.4 

502.766  491.009  99.223  7945  3TR  M482  Lithic  GM     0.4 

502.728  490.942  99.227  7891  3TR  M482  Lithic  GM     0.4 

502.767  491.006  99.229  7943  3TR  M482  Lithic  GM     0.4 

502.770  490.881  99.238  7890  3TR  M482  Lithic  GM     0.4 

502.976  491.030  99.237  7960  3TR  M482  Lithic  GM     0.4 

502.626  490.515  99.242  7961  3TR  M482  Lithic  GM     0.4 

503.061  490.565  99.226  7938  3TR  M482  Lithic  GM     0.4 

502.882  490.690  99.225  7940  3TR  M482  Lithic  GM     0.4 

502.802  490.727  99.216  7941  3TR  M482  Lithic  GM     0.4 

502.697  491.016  99.225  7942  3TR  M482  Lithic  GM     0.4 

502.908  490.758  99.224  7882  3TR  M482  Lithic  GM     0.4 

503.102  490.579  99.234  7883  3TR  M482  Lithic  GM     0.4 

503.082  490.719  99.213  7885  3TR  M482  Lithic  GM  engraved?  0.4 

503.075  490.838  99.232  7886  3TR  M482  Lithic  GM     0.4 

502.690  490.590  99.251  7887  3TR  M482  Lithic  GM     0.4 

502.556  490.621  99.247  7888  3TR  M482  Lithic  GM     0.4 

502.679  490.709  99.221  7889  3TR  M482  Lithic  GM     0.4 

503.044  490.916  99.225  7963  3TR  M482  Lithic  GM     0.4 

502.808  490.731  99.181  8037  3TR  M482  Lithic  GM     0.4 

502.574  490.815  99.220  7964  3TR  M482  Lithic  GM     0.4 

502.701  490.932  99.203  7980  3TR  M482  Lithic  GM     0.4 

502.769  490.976  99.216  7965  3TR  M482  Lithic  GM     0.4 

502.949  490.847  99.224  7979  3TR  M482  Lithic  GM  quartz crystal  0.4 

502.819  490.671  99.203  7978  3TR  M482  Lithic  GM     0.4 

503.025  490.913  99.207  8024  3TR  M482  Lithic  GM     0.4 

502.771  490.991  99.214  8028  3TR  M482  Lithic  GM     0.4 

502.579  490.606  99.193  8026  3TR  M482  Lithic  GM     0.4 

503.023  490.833  99.214  8007  3TR  M482  Lithic  GM     0.4 

503.026  490.875  99.203  8027  3TR  M482  Lithic  GM     0.4 

503.002  490.566  99.208  8003  3TR  M482  Lithic  GM     0.4 

502.984  490.658  99.200  8004  3TR  M482  Lithic  GM     0.4 

502.976  490.721  99.200  8006  3TR  M482  Lithic  GM     0.4 

503.101  490.805  99.217  8008  3TR  M482  Lithic  GM     0.4 



503.022  490.964  99.218  8009  3TR  M482  Lithic  GM     0.4 

502.923  490.684  99.183  8011  3TR  M482  Lithic  GM     0.4 

502.667  490.934  99.197  8012  3TR  M482  Lithic  GM     0.4 

502.787  490.661  99.199  8014  3TR  M482  Lithic  GM     0.4 

502.828  490.659  99.196  8005  3TR  M482  Lithic  GM     0.4 

502.647  490.920  99.185  8013  3TR  M482  Lithic  GM     0.4 

503.076  490.957  99.253  7799  3TR  M482  Lithic  GM     0.4 

503.095  490.924  99.246  7800  3TR  M482  Lithic  GM     0.4 

502.618  490.607  99.253  7801  3TR  M482  Lithic  GM     0.4 

502.963  491.033  99.269  7802  3TR  M482  Lithic  GM     0.4 

503.006  490.800  99.277  7705  3TR  M482  Lithic  GM     0.4 

502.809  490.796  99.284  7706  3TR  M482  Lithic  GM     0.4 

502.774  490.821  99.287  7708  3TR  M482  Lithic  GM     0.4 

502.727  490.800  99.283  7710  3TR  M482  Lithic  GM     0.4 

503.007  490.808  99.278  7707  3TR  M482  Lithic  GM     0.4 

502.567  490.802  99.283  7739  3TR  M482  Lithic  GM     0.4 

502.773  490.600  99.252  7731  3TR  M482  Lithic  GM     0.4 

502.846  490.694  99.269  7732  3TR  M482  Lithic  GM     0.4 

502.959  490.598  99.258  7733  3TR  M482  Lithic  GM     0.4 

502.833  490.715  99.271  7735  3TR  M482  Lithic  GM     0.4 

502.760  490.783  99.274  7736  3TR  M482  Lithic  GM     0.4 

502.756  490.727  99.257  7747  3TR  M482  Lithic  GM     0.4 

502.889  490.650  99.258  7748  3TR  M482  Lithic  GM     0.4 

502.753  490.831  99.266  7750  3TR  M482  Lithic  GM     0.4 

502.991  490.859  99.248  7737  3TR  M482  Lithic  GM     0.4 

502.390  490.472  99.301  7450  3TR  L482  Lithic  Lower 
Rubble 

   0.4 

502.207  489.786  99.229  6627  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.249  489.838  99.230  6636  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.172  489.710  99.237  6626  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.207  489.692  99.277  6589  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.167  489.715  99.267  6588  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.126  489.684  99.275  6516  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.422  489.760  99.279  6455  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.197  489.781  99.279  6454  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.147  489.747  99.287  6453  3TR  L480  Lithic  Lower 
Rubble 

   0.4 

502.248  491.264  99.264  7684  3TR  L483  Lithic  MH     0.4 

502.261  491.236  99.266  7685  3TR  L483  Lithic  MH     0.4 



502.134  491.288  99.274  7686  3TR  L483  Lithic  MH     0.4 

502.224  491.161  99.273  7687  3TR  L483  Lithic  MH     0.4 

502.246  491.227  99.262  7690  3TR  L483  Lithic  MH     0.4 

502.190  491.254  99.287  7525  3TR  L483  Lithic  MH     0.4 

502.247  491.371  99.281  7524  3TR  L483  Lithic  MH     0.4 

502.304  491.466  99.282  7526  3TR  L483  Lithic  MH     0.4 

502.029  491.559  99.304  7557  3TR  L483  Lithic  MH     0.4 

502.121  491.205  99.296  7554  3TR  L483  Lithic  MH     0.4 

502.103  491.352  99.301  7556  3TR  L483  Lithic  MH     0.4 

502.270  491.373  99.281  7558  3TR  L483  Lithic  MH     0.4 

502.244  491.307  99.285  7559  3TR  L483  Lithic  MH     0.4 

502.279  491.312  99.284  7560  3TR  L483  Lithic  MH     0.4 

502.351  491.330  99.293  7561  3TR  L483  Lithic  MH     0.4 

502.351  491.293  99.295  7562  3TR  L483  Lithic  MH     0.4 

502.475  491.459  99.275  7563  3TR  L483  Lithic  MH     0.4 

502.134  491.349  99.291  7555  3TR  L483  Lithic  MH     0.4 

502.347  491.342  99.308  7529  3TR  L483  Lithic  MH     0.4 

502.083  491.513  99.288  7530  3TR  L483  Lithic  MH     0.4 

502.229  491.266  99.286  7527  3TR  L483  Lithic  MH     0.4 

502.363  491.250  99.279  7564  3TR  L483  Lithic  MH     0.4 

502.185  491.154  99.258  7621  3TR  L483  Lithic  MH     0.4 

502.189  491.235  99.278  7609  3TR  L483  Lithic  MH     0.4 

502.137  491.335  99.279  7606  3TR  L483  Lithic  MH     0.4 

502.057  491.535  99.267  7607  3TR  L483  Lithic  MH     0.4 

502.082  491.505  99.269  7570  3TR  L483  Lithic  MH     0.4 

502.483  491.234  99.275  7571  3TR  L483  Lithic  MH     0.4 

502.206  491.372  99.284  7572  3TR  L483  Lithic  MH     0.4 

502.407  491.315  99.266  7573  3TR  L483  Lithic  MH     0.4 

502.186  491.196  99.283  7610  3TR  L483  Lithic  MH     0.4 

502.125  491.276  99.283  7608  3TR  L483  Lithic  MH     0.4 

502.202  491.294  99.286  7611  3TR  L483  Lithic  MH     0.4 

502.240  491.154  99.280  7612  3TR  L483  Lithic  MH     0.4 

502.346  491.331  99.278  7613  3TR  L483  Lithic  MH     0.4 

502.366  491.371  99.275  7615  3TR  L483  Lithic  MH     0.4 

502.417  491.487  99.274  7616  3TR  L483  Lithic  MH     0.4 

502.377  491.476  99.259  7617  3TR  L483  Lithic  MH     0.4 

502.147  491.304  99.275  7618  3TR  L483  Lithic  MH     0.4 

502.400  491.327  99.261  7620  3TR  L483  Lithic  MH     0.4 

502.043  491.478  99.256  7619  3TR  L483  Lithic  MH     0.4 

502.236  491.311  99.321  7363  3TR  L483  Lithic  MH     0.4 

502.143  491.217  99.300  7366  3TR  L483  Lithic  MH     0.4 

502.226  491.297  99.311  7367  3TR  L483  Lithic  MH     0.4 

502.239  491.336  99.296  7368  3TR  L483  Lithic  MH     0.4 

502.121  491.294  99.300  7371  3TR  L483  Lithic  MH     0.4 

502.121  491.217  99.306  7379  3TR  L483  Lithic  MH     0.4 

502.157  491.247  99.295  7370  3TR  L483  Lithic  MH     0.4 



502.227  491.711  99.273  6987  3TR  L484  Lithic  MH     0.4 

502.075  491.572  99.294  6986  3TR  L484  Lithic  MH     0.4 

502.064  491.622  99.306  6989  3TR  L484  Lithic  MH     0.4 

502.172  491.539  99.277  6988  3TR  L484  Lithic  MH     0.4 

502.318  491.396  99.301  6992  3TR  L484  Lithic  MH     0.4 

502.438  491.819  99.274  6991  3TR  L484  Lithic  MH     0.4 

502.420  491.733  99.269  6966  3TR  L484  Lithic  MH     0.4 

502.120  491.604  99.316  6906  3TR  L484  Lithic  MH     0.4 

502.136  491.564  99.312  6905  3TR  L484  Lithic  MH  Quartz  0.4 

502.382  492.073  99.270  6904  3TR  L484  Lithic  MH     0.4 

502.480  491.793  99.289  6903  3TR  L484  Lithic  MH     0.4 

502.350  492.068  99.269  6902  3TR  L484  Lithic  MH     0.4 

502.098  492.273  99.260  6901  3TR  L484  Lithic  MH     0.4 

502.146  491.614  99.313  6899  3TR  L484  Lithic  MH     0.4 

502.155  492.176  99.265  6898  3TR  L484  Lithic  MH     0.4 

502.190  491.699  99.321  6897  3TR  L484  Lithic  MH     0.4 

502.221  491.811  99.296  6896  3TR  L484  Lithic  MH     0.4 

502.314  491.813  99.281  6900  3TR  L484  Lithic  MH     0.4 

502.551  491.788  99.270  6907  3TR  L484  Lithic  MH     0.4 

502.233  491.865  99.298  6951  3TR  L484  Lithic  MH     0.4 

502.091  491.606  99.297  6958  3TR  L484  Lithic  MH     0.4 

502.192  491.720  99.284  6965  3TR  L484  Lithic  MH     0.4 

502.042  491.566  99.306  6964  3TR  L484  Lithic  MH     0.4 

502.252  491.368  99.306  6963  3TR  L484  Lithic  MH     0.4 

502.187  491.457  99.295  6962  3TR  L484  Lithic  MH     0.4 

502.065  491.481  99.322  6961  3TR  L484  Lithic  MH     0.4 

502.116  491.610  99.287  6960  3TR  L484  Lithic  MH     0.4 

502.081  491.519  99.322  6959  3TR  L484  Lithic  MH     0.4 

502.106  491.558  99.311  6957  3TR  L484  Lithic  MH     0.4 

502.151  491.483  99.303  6956  3TR  L484  Lithic  MH     0.4 

502.443  491.708  99.282  6955  3TR  L484  Lithic  MH     0.4 

502.078  492.075  99.268  6954  3TR  L484  Lithic  MH     0.4 

502.314  492.020  99.259  6953  3TR  L484  Lithic  MH     0.4 

502.302  491.772  99.277  6952  3TR  L484  Lithic  MH     0.4 

502.312  491.574  99.300  6914  3TR  L484  Lithic  MH     0.4 

502.386  491.616  99.301  6915  3TR  L484  Lithic  MH     0.4 

502.241  491.724  99.300  6913  3TR  L484  Lithic  MH     0.4 

502.217  491.748  99.303  6912  3TR  L484  Lithic  MH     0.4 

502.216  491.715  99.295  6911  3TR  L484  Lithic  MH     0.4 

502.214  491.485  99.325  6819  3TR  L484  Lithic  MH     0.4 

502.075  491.579  99.344  6814  3TR  L484  Lithic  MH     0.4 

502.115  491.759  99.342  6815  3TR  L484  Lithic  MH     0.4 

502.164  491.827  99.345  6816  3TR  L484  Lithic  MH     0.4 

502.196  491.660  99.336  6818  3TR  L484  Lithic  MH     0.4 

502.291  491.494  99.322  6823  3TR  L484  Lithic  MH     0.4 

502.289  491.914  99.296  6824  3TR  L484  Lithic  MH     0.4 



502.186  491.588  99.346  6817  3TR  L484  Lithic  MH     0.4 

502.069  491.642  99.314  6858  3TR  L484  Lithic  MH     0.4 

502.160  491.773  99.328  6852  3TR  L484  Lithic  MH     0.4 

502.217  491.694  99.331  6854  3TR  L484  Lithic  MH     0.4 

502.284  491.432  99.303  6855  3TR  L484  Lithic  MH     0.4 

502.312  491.378  99.326  6856  3TR  L484  Lithic  MH     0.4 

502.364  491.684  99.306  6850  3TR  L484  Lithic  MH     0.4 

502.083  491.660  99.311  6859  3TR  L484  Lithic  MH     0.4 

502.157  491.628  99.330  6846  3TR  L484  Lithic  MH     0.4 

502.331  491.463  99.304  6861  3TR  L484  Lithic  MH     0.4 

502.098  491.670  99.334  6851  3TR  L484  Lithic  MH     0.4 

502.129  491.717  99.335  6844  3TR  L484  Lithic  MH     0.4 

502.303  491.666  99.324  6847  3TR  L484  Lithic  MH     0.4 

502.167  491.757  99.327  6860  3TR  L484  Lithic  MH     0.4 

502.141  491.646  99.323  6848  3TR  L484  Lithic  MH     0.4 

502.376  491.509  99.339  6205  3TR  L484  Lithic  Rubble     0.4 

502.130  491.757  99.350  6204  3TR  L484  Lithic  Rubble     0.4 

502.219  491.815  99.335  6211  3TR  L484  Lithic  Rubble     0.4 

502.937  491.984  99.306  6187  3TR  M484  Lithic  Rubble     0.4 

502.793  491.819  99.311  6189  3TR  M484  Lithic  Rubble     0.4 

502.712  491.686  99.299  6191  3TR  M484  Lithic  Rubble     0.4 

502.538  491.795  99.310  6192  3TR  M484  Lithic  Rubble     0.4 

502.537  491.517  99.337  6194  3TR  M484  Lithic  Rubble     0.4 

502.495  492.100  99.321  6112  3TR  M485  Lithic  Rubble     0.4 

502.953  491.828  99.322  6174  3TR  M484  Lithic  Rubble     0.4 

502.670  491.713  99.322  6175  3TR  M484  Lithic  Rubble     0.4 

502.720  491.866  99.326  6176  3TR  M484  Lithic  Rubble     0.4 

502.688  491.967  99.308  6177  3TR  M484  Lithic  Rubble     0.4 

502.972  492.349  99.287  6076  3TR  M485  Lithic  Rubble     0.4 

502.555  491.678  99.365  6069  3TR  M484  Lithic  Rubble     0.4 

502.521  491.515  99.367  6070  3TR  M484  Lithic  Rubble     0.4 

502.703  492.066  99.333  6074  3TR  M485  Lithic  Rubble     0.4 

502.793  492.026  99.338  6073  3TR  M485  Lithic  Rubble     0.4 

502.547  492.392  99.292  6075  3TR  M485  Lithic  Rubble     0.4 

502.666  492.107  99.332  6072  3TR  M485  Lithic  Rubble     0.4 

502.814  491.758  99.352  6068  3TR  M484  Lithic  Rubble     0.4 

502.294  492.334  99.297  5883  3TR  L485  Lithic  Rubble     0.4 

502.040  492.189  99.322  5882  3TR  L485  Lithic  Rubble     0.4 

502.218  491.916  99.335  5871  3TR  L484  Lithic  Rubble     0.4 

502.159  491.874  99.342  5870  3TR  L484  Lithic  Rubble     0.4 

502.075  491.897  99.363  5868  3TR  L484  Lithic  Rubble     0.4 

501.953  492.149  99.376  5879  3TR  L485  Lithic  Rubble     0.4 

502.299  491.698  99.348  5872  3TR  L484  Lithic  Rubble     0.4 

502.461  492.212  99.338  5881  3TR  L485  Lithic  Rubble     0.4 

502.498  491.959  99.354  5873  3TR  L484  Lithic  Rubble     0.4 

502.288  492.137  99.299  5983  3TR  L485  Lithic  Rubble     0.4 



502.354  492.027  99.297  5990  3TR  L485  Lithic  Rubble     0.4 

502.723  491.585  99.389  5989  3TR  M484  Lithic  Rubble     0.4 

502.727  491.798  99.387  5988  3TR  M484  Lithic  Rubble     0.4 

502.863  491.694  99.365  5987  3TR  M484  Lithic  Rubble     0.4 

502.446  492.076  99.343  5984  3TR  L485  Lithic  Rubble     0.4 

502.259  492.120  99.320  5982  3TR  L485  Lithic  Rubble     0.4 

502.164  492.053  99.325  5980  3TR  L485  Lithic  Rubble     0.4 

502.985  491.867  99.367  5985  3TR  M484  Lithic  Rubble     0.4 

502.890  491.514  99.400  5939  3TR  M484  Lithic  Rubble     0.4 

502.705  491.657  99.411  5937  3TR  M484  Lithic  Rubble     0.4 

502.988  490.873  99.315  5936  3TR  M482  Lithic  Rubble     0.4 

502.355  492.098  99.337  5933  3TR  L485  Lithic  Rubble     0.4 

502.081  491.326  99.330  5736  3TR  L483  Lithic  Rubble     0.4 

501.997  491.420  99.350  5729  3TR  L483  Lithic  Rubble     0.4 

502.465  491.057  99.359  5702  3TR  L483  Lithic  Rubble     0.4 

502.042  491.335  99.356  5695  3TR  L483  Lithic  Rubble     0.4 

502.162  491.191  99.363  5696  3TR  L483  Lithic  Rubble     0.4 

502.209  491.187  99.361  5697  3TR  L483  Lithic  Rubble     0.4 

502.338  491.246  99.374  5698  3TR  L483  Lithic  Rubble     0.4 

502.359  491.144  99.373  5699  3TR  L483  Lithic  Rubble     0.4 

502.396  491.095  99.375  5701  3TR  L483  Lithic  Rubble     0.4 

502.462  491.334  99.320  5740  3TR  L483  Lithic  Rubble     0.4 

502.086  491.041  99.323  5737  3TR  L483  Lithic  Rubble     0.4 

502.402  491.190  99.354  5700  3TR  L483  Lithic  Rubble     0.4 

502.516  490.058  99.291  5780  3TR  L481  Lithic  Rubble     0.4 

502.447  491.694  99.348  5806  3TR  L484  Lithic  Rubble     0.4 

502.447  491.833  99.382  5805  3TR  L484  Lithic  Rubble     0.4 

502.448  490.047  99.293  5779  3TR  L481  Lithic  Rubble     0.4 

502.137  491.314  99.351  5707  3TR  L483  Lithic  Rubble     0.4 

502.461  491.148  99.349  5708  3TR  L483  Lithic  Rubble     0.4 

502.384  490.262  99.274  5778  3TR  L481  Lithic  Rubble     0.4 

502.808  490.789  99.339  5616  3TR  M482  Lithic  Rubble     0.4 

502.791  490.866  99.345  5615  3TR  M482  Lithic  Rubble     0.4 

502.077  489.492  99.378  5655  3TR  L480  Lithic  Rubble     0.4 

502.488  490.954  99.376  5644  3TR  L482  Lithic  Rubble     0.4 

502.304  490.476  99.330  5650  3TR  L482  Lithic  Rubble     0.4 

502.497  490.869  99.375  5645  3TR  L482  Lithic  Rubble     0.4 

502.313  490.602  99.343  5646  3TR  L482  Lithic  Rubble     0.4 

502.367  490.602  99.336  5647  3TR  L482  Lithic  Rubble     0.4 

502.117  489.965  99.298  5652  3TR  L480  Lithic  Rubble     0.4 

502.174  489.764  99.288  5653  3TR  L480  Lithic  Rubble     0.4 

502.173  489.736  99.303  5654  3TR  L480  Lithic  Rubble     0.4 

502.528  489.667  99.290  5657  3TR  L480  Lithic  Rubble     0.4 

502.197  490.613  99.331  5674  3TR  L482  Lithic  Rubble     0.4 

502.295  489.624  99.305  5656  3TR  L480  Lithic  Rubble     0.4 

502.072  490.730  99.326  5673  3TR  L482  Lithic  Rubble     0.4 



502.055  490.959  99.333  5672  3TR  L482  Lithic  Rubble     0.4 

502.381  490.937  99.367  5642  3TR  L482  Lithic  Rubble     0.4 

502.777  491.071  99.337  5401  3TR  M483  Lithic  Rubble     0.4 

502.688  491.076  99.352  5400  3TR  M483  Lithic  Rubble     0.4 

502.676  491.372  99.335  5399  3TR  M483  Lithic  Rubble     0.4 

502.627  491.124  99.339  5398  3TR  M483  Lithic  Rubble     0.4 

502.065  490.284  99.351  5403  3TR  L481  Lithic  Rubble     0.4 

502.379  490.348  99.353  5408  3TR  L481  Lithic  Rubble     0.4 

502.343  490.235  99.376  5407  3TR  L481  Lithic  Rubble     0.4 

502.344  490.092  99.366  5406  3TR  L481  Lithic  Rubble     0.4 

502.997  490.721  99.397  5544  3TR  M482  Lithic  Rubble     0.4 

502.164  489.750  99.318  5547  3TR  L480  Lithic  Rubble     0.4 

502.759  490.942  99.370  5543  3TR  M482  Lithic  Rubble     0.4 

502.572  490.867  99.382  5541  3TR  M482  Lithic  Rubble     0.4 

502.592  490.977  99.390  5540  3TR  M482  Lithic  Rubble     0.4 

502.537  491.004  99.399  5539  3TR  M482  Lithic  Rubble     0.4 

502.052  489.744  99.333  5546  3TR  L480  Lithic  Rubble     0.4 

502.472  489.893  99.321  5553  3TR  L480  Lithic  Rubble     0.4 

502.409  489.770  99.331  5551  3TR  L480  Lithic  Rubble     0.4 

502.369  489.844  99.336  5550  3TR  L480  Lithic  Rubble     0.4 

502.307  489.811  99.330  5549  3TR  L480  Lithic  Rubble     0.4 

502.189  489.875  99.320  5548  3TR  L480  Lithic  Rubble     0.4 

502.415  490.288  99.354  5437  3TR  L481  Lithic  Rubble     0.4 

502.385  490.172  99.358  5436  3TR  L481  Lithic  Rubble     0.4 

502.211  490.293  99.345  5435  3TR  L481  Lithic  Rubble     0.4 

502.654  491.168  99.328  5431  3TR  M483  Lithic  Rubble     0.4 

502.590  491.135  99.337  5429  3TR  M483  Lithic  Rubble     0.4 

502.384  490.030  99.345  5460  3TR  L481  Lithic  Rubble     0.4 

502.438  490.014  99.354  5459  3TR  L481  Lithic  Rubble     0.4 

502.464  490.294  99.317  5457  3TR  L481  Lithic  Rubble     0.4 

502.512  491.380  99.328  5452  3TR  M483  Lithic  Rubble     0.4 

502.718  491.180  99.316  5454  3TR  M483  Lithic  Rubble     0.4 

502.620  491.183  99.320  5453  3TR  M483  Lithic  Rubble     0.4 

502.810  491.179  99.313  5455  3TR  M483  Lithic  Rubble     0.4 

502.552  490.277  99.333  5458  3TR  L481  Lithic  Rubble  potlid  0.4 

502.449  489.765  99.328  5166  3TR  L480  Lithic  Rubble  chert flake 
fragment 

0.4 

502.362  489.772  99.331  5165  3TR  L480  Lithic  Rubble  burnt 
ironstone 

0.4 

502.052  491.284  99.376  5313  3TR  L483  Lithic  Rubble  dolomite 
fragment? 

0.4 

502.255  491.323  99.381  5314  3TR  L483  Lithic  Rubble  small chert 
flake 

0.4 

502.229  491.039  99.365  5316  3TR  L483  Lithic  Rubble  thick chert 
flake 

0.4 

502.311  492.048  99.381  5317  3TR  L485  Lithic  Rubble  burnt 
ironstone 

0.4 



502.359  492.194  99.380  5318  3TR  L485  Lithic  Rubble  ironstone 
flake 

0.4 

502.460  492.157  99.389  5335  3TR  L485  Lithic  Rubble  ironstone 
flake 

0.4 

502.163  491.306  99.389  5216  3TR  L483  Lithic  Rubble  bladelet core  0.4 

502.419  491.038  99.386  5214  3TR  L483  Lithic  Rubble  dolomite 
flake 

0.4 

502.294  490.989  99.372  5247  3TR  L483  Lithic  Rubble  retouched 
chert flake 

0.4 

502.131  491.371  99.379  5218  3TR  L483  Lithic  Rubble  chert backed 
bladelet‐ 
check in light 

0.4 

502.183  489.541  99.349  5279  3TR  L480  Lithic  Rubble  dolomite 
flake 

0.4 

502.120  492.255  99.373  5269  3TR  L485  Lithic  Rubble  small chert 
flake 

0.4 

502.369  491.024  99.383  5274  3TR  L483  Lithic  Rubble  chert flake  0.4 

502.453  491.040  99.362  5275  3TR  L483  Lithic  Rubble  small chert 
slab 

0.4 

502.437  491.481  99.364  5278  3TR  L483  Lithic  Rubble  small 
ironstone 
flake 

0.4 

502.231  491.251  99.374  5271  3TR  L483  Lithic  Rubble  dolomite 
flake 

0.4 

502.473  489.818  99.360  5280  3TR  L480  Lithic  Rubble  chert flake  0.4 

502.397  491.374  99.371  5277  3TR  L483  lithic  Rubble  dolomite 
flake frag 

0.4 

502.104  491.052  99.379  5211  3TR  L483  Lithic  Rubble  chert flake?  0.4 

502.236  491.042  99.386  5273  3TR  L483  Lithic  Rubble  very small 
flake 

0.4 

502.217  491.002  99.372  5212  3TR  L483  Lithic  Rubble  small flake 
fragment 

0.4 

502.274  491.079  99.379  5213  3TR  L483  Lithic  Rubble  ironstone 
slab 
fragment 

0.4 

502.107  492.043  99.399  5267  3TR  L485  Lithic  Rubble  burnt 
ironstone 

0.4 

502.458  491.030  99.419  5054  3TR  L482  Lithic  Rubble  small flake  0.4 

502.396  490.939  99.410  5053  3TR  L482  Lithic  Rubble  very small 
flake 

0.4 

502.385  490.821  99.398  5052  3TR  L482  Lithic  Rubble  blade 
fragment 

0.4 

502.331  490.994  99.417  5051  3TR  L482  Lithic  Rubble  potlid, burnt 
ironstone 

0.4 

502.315  489.867  99.400  5131  3TR  L480  Lithic  Rubble  burnt 
ironstone 

0.4 

502.318  490.908  99.393  5129  3TR  L482  Lithic  Rubble  small flake?  0.4 

502.173  490.612  99.381  5128  3TR  L482  Lithic  Rubble  bladelet frag    0.4 

502.438  491.050  99.403  5159  3TR  L483  Lithic  Rubble  chert 
bladelet 

0.4 



502.038  491.480  99.415  5157  3TR  L483  Lithic  Rubble  flake core  0.4 

502.432  489.718  99.356  5154  3TR  L480  Lithic  Rubble  very small 
flake 

0.4 

502.314  489.796  99.369  5153  3TR  L480  Lithic  Rubble  dolomite 
flake 

0.4 

502.313  489.930  99.353  5151  3TR  L480  Lithic  Rubble  chert 
bladelet core 

0.4 

502.456  489.933  99.375  5152  3TR  L480  Lithic  Rubble  ironstone 
flake frag 

0.4 

502.228  490.876  99.371  5095  3TR  L482  Lithic  Rubble  very small 
falke 

0.4 

502.405  490.870  99.390  5096  3TR  L482  Lithic  Rubble  small 
modified slab 

0.4 

502.384  490.972  99.409  5031  3TR  L482  Lithic  Rubble  bladelet core 
frag? 

0.4 

502.510  490.975  99.427  5032  3TR  L482  Lithic  Rubble  burnt 
ironstone  

0.4 

502.358  490.082  99.382  5030  3TR  L481  Lithic  Rubble  flake frag  0.4 

502.573  490.967  99.425  4885  3TR  M482  Lithic  Rubble     0.4 

502.628  490.613  99.403  4888  3TR  M482  Lithic  Rubble  flake frag  0.4 

502.991  490.624  99.440  4903  3TR  M482  Lithic  Rubble  flake frag  0.4 

502.893  490.949  99.410  4902  3TR  M482  Lithic  Rubble  dolomite 
flake 

0.4 

502.680  490.850  99.409  4901  3TR  M482  Lithic  Rubble  flake frag  0.4 

502.721  490.958  99.408  4896  3TR  M482  Lithic  Rubble  chert flake  0.4 

502.740  490.777  99.421  4894  3TR  M482  Lithic  Rubble  burnt frag  0.4 

503.026  490.691  99.413  4893  3TR  M482  Lithic  Rubble  dolomite 
core? 

0.4 

502.960  490.506  99.438  4892  3TR  M482  Lithic  Rubble     0.4 

502.867  490.461  99.429  4891  3TR  M482  Lithic  Rubble  flake frag  0.4 

502.808  490.583  99.428  4890  3TR  M482  Lithic  Rubble  dolomite 
flake? 

0.4 

502.720  490.570  99.411  4889  3TR  M482  Lithic  Rubble  flake frag  0.4 

502.802  491.138  99.356  4854  3TR  M483  Lithic  Rubble  flake frag  0.4 

502.573  491.112  99.370  4853  3TR  M483  Lithic  Rubble  flake frag  0.4 

502.686  491.221  99.352  4852  3TR  M483  Lithic  Rubble     0.4 

502.625  491.275  99.365  4851  3TR  M483  Lithic  Rubble  chert flake  0.4 

502.669  491.427  99.375  4850  3TR  M483  Lithic  Rubble  ?  0.4 

502.639  491.375  99.362  4849  3TR  M483  Lithic  Rubble  ?  0.4 

502.551  491.440  99.390  4848  3TR  M483  Lithic  Rubble  potlid  0.4 

502.651  490.594  99.408  4913  3TR  M482  Lithic  Rubble  burnt flake 
frag 

0.4 

502.345  491.998  99.444  4734  3TR  L484  Lithic  Rubble  Dolomite 
flake 

0.4 

502.093  491.987  99.438  4733  3TR  L484  Lithic  Rubble  Dolomite 
flake? 

0.4 

502.362  491.658  99.453  4735  3TR  L484  Lithic  Rubble  Small 
dolomite 
flake 

0.4 



502.366  491.480  99.451  4736  3TR  L483  Lithic  Rubble  Dolomite 
flake 

0.4 

502.418  491.514  99.446  4737  3TR  L483  Lithic  Rubble  Small chert 
flake 

0.4 

502.455  491.407  99.414  4738.1  3TR  L483  Lithic  Rubble     0.4 

502.469  491.470  99.445  4738  3TR  L483  Lithic  Rubble  Modified slab  0.4 

503.049  491.164  99.443  4754  3TR  M483  Lithic  Rubble  Chert flake  0.4 

502.409  489.799  99.418  4711  3TR  L480  Lithic  Rubble  Dolomite 
flake 

0.4 

502.380  491.083  99.429  4707  3TR  L483  Lithic  Rubble  Chert flake 
burnt ‐ 
removed for 
geology lab 

0.4 

502.411  491.399  99.448  4706  3TR  L483  Lithic  Rubble  Very small 
flake 

0.4 

502.157  491.372  99.437  4705  3TR  L483  Lithic  Rubble  Dolomite 
flake 

0.4 

502.137  492.216  99.440  4823  3TR  L485  Lithic  Rubble  Small flake  0.4 

502.980  491.115  99.379  4822  3TR  M483  Lithic  Rubble  Chert flake  0.4 

502.914  491.069  99.365  4821  3TR  M483  Lithic  Rubble  Burnt 
ironstone 

0.4 

502.592  491.474  99.421  4819  3TR  M483  Lithic  Rubble  Chert blade 
flagment 

0.4 

502.417  492.389  99.480  4824  3TR  L485  Lithic  Rubble  chert flake 
fragment 

0.4 

502.710  491.341  99.385  4802  3TR  M483  Lithic  Rubble  chert flake 
fragment 

0.4 

502.767  491.258  99.367  4830  3TR  M483  Lithic  Rubble  chert flake 
fragment 

0.4 

502.488  491.167  99.391  4829  3TR  M483  Lithic  Rubble  chert flake 
fragment 

0.4 

502.616  491.226  99.362  4828  3TR  M483  Lithic  Rubble  Dolomite 
flake 

0.4 

502.595  491.442  99.392  4827  3TR  M483  Lithic  Rubble  chert flake 
fragment 

0.4 

502.812  491.244  99.375  4775  3TR  M483  Lithic  Rubble  Flake 
fragment 

0.4 

502.879  491.405  99.363  4774  3TR  M483  Lithic  Rubble  Core  0.4 

502.689  491.386  99.390  4773  3TR  M483  Lithic  Rubble  chert flake 
fragment 

0.4 

502.944  491.048  99.382  4804  3TR  M483  Lithic  Rubble  Dolomite 
flake 

0.4 

502.198  491.751  99.423  4778  3TR  L484  Lithic  Rubble  Flake 
fragment 

0.4 

502.454  491.751  99.440  4757  3TR  L484  Lithic  Rubble  Dolomite 
flake 

0.4 

502.660  491.304  99.394  4755  3TR  M483  Lithic  Rubble  Flake 
fragment 

0.4 

502.571  491.139  99.397  4801  3TR  M483  Lithic  Rubble  Burnt 
dolomite 

0.4 



flake ‐ taken 
to geo lab 

502.488  491.880  99.439  4800  3TR  L484  Lithic  Rubble  Chert flake  0.4 

502.425  491.998  99.415  4799  3TR  L484  Lithic  Rubble  Dolomite 
flake 

0.4 

502.886  491.274  99.408  4776  3TR  M483  Lithic  Rubble  Chert 
endscraper 

0.4 

502.479  491.678  99.439  4783  3TR  L484  Lithic  Rubble  Chert flake  0.4 

502.830  491.275  99.376  4803  3TR  M483  Lithic  Rubble  Flake  0.4 

502.493  490.530  99.428  4634  3TR  L482  Lithic  Rubble  flake 
fragment 

0.4 

502.528  490.626  99.427  4635  3TR  L482  Lithic  Rubble  dolomite 
flake 

0.4 

502.460  490.956  99.428  4636  3TR  L482  Lithic  Rubble  burnt flake 
frag 

0.4 

502.263  490.937  99.422  4637  3TR  L482  Lithic  Rubble  dolomite 
flake 

0.4 

502.381  490.249  99.393  4629  3TR  L481  Lithic  Rubble  Ironstone 
flake 

0.4 

502.405  490.949  99.427  4652  3TR  L482  Lithic  Rubble  Dolomite 
flake ‐ 
photograph 

0.4 

502.404  490.163  99.409  4630  3TR  L481  Lithic  Rubble  modified slab  0.4 

502.563  491.896  99.409  4684  3TR  M484  Lithic  Rubble  Very small 
flake 

0.4 

502.513  490.960  99.435  4654  3TR  L482  Lithic  Rubble  Dolomite 
core 

0.4 

502.595  491.979  99.417  4683  3TR  M484  Lithic  Rubble  Dolomite 
flake 

0.4 

502.522  491.757  99.414  4685  3TR  M484  Lithic  Rubble  Chert core  0.4 

502.520  491.582  99.424  4686  3TR  M484  Lithic  Rubble  Dolomite 
flake 

0.4 

502.799  491.671  99.426  4687  3TR  M484  Lithic  Rubble  Flake  0.4 

502.447  491.065  99.421  4688  3TR  L483  Lithic  Rubble  Very small 
flake 

0.4 

502.495  491.036  99.443  4689  3TR  L483  Lithic  Rubble  Bladelet core  0.4 

502.109  490.357  99.374  4659  3TR  L481  Lithic  Rubble  Burnt 
ironstone 

0.4 

501.968  490.228  99.451  4658  3TR  L481  Lithic  Rubble  Dolomite 
core 

0.4 

502.658  491.942  99.434  4662  3TR  M484  Lithic  Rubble  Burnt flake  0.4 

502.763  491.781  99.443  4663  3TR  M484  Lithic  Rubble  Dolomite 
flake 

0.4 

502.880  491.809  99.419  4664  3TR  M484  Lithic  Rubble  Chert flake  0.4 

502.951  491.518  99.428  4665  3TR  M484  Lithic  Rubble  Chert core  0.4 

502.862  490.501  99.472  4602  3TR  M482  Lithic  Rubble  chert flake    0.4 

502.978  490.915  99.447  4601  3TR  M482  Lithic  Rubble  chert flake 
fragment 

0.4 

502.707  490.894  99.435  4600  3TR  M482  Lithic  Rubble  dolomite 
flake? 

0.4 



502.572  490.948  99.433  4599  3TR  M482  Lithic  Rubble  blade  0.4 

502.916  490.688  99.465  4595  3TR  M482  Lithic  Rubble  burnt, potlid  0.4 

502.592  490.445  99.478  4594  3TR  M482  Lithic  Rubble  flake  0.4 

502.317  489.568  99.490  4593  3TR  L480  Lithic  Rubble  blade  0.4 

502.429  490.584  99.466  4618  3TR  L482  Lithic  Rubble  flake  0.4 

502.378  490.553  99.455  4617  3TR  L482  Lithic  Rubble  core  0.4 

502.861  491.750  99.439  4615  3TR  M484  Lithic  Rubble  chert chunk  0.4 

502.772  491.725  99.445  4613  3TR  M484  Lithic  Rubble  chert core  0.4 

502.684  491.558  99.449  4612  3TR  M484  Lithic  Rubble  dolomite 
flake 

0.4 

502.909  490.458  99.447  4609  3TR  M482  Lithic  Rubble     0.4 

502.702  490.494  99.447  4608  3TR  M482  Lithic  Rubble  chert flake  0.4 

502.670  490.883  99.428  4607  3TR  M482  Lithic  Rubble  flake 
fragment 

0.4 

502.439  490.739  99.458  4616  3TR  L482  Lithic  Rubble  flake  0.4 

502.568  491.051  99.439  4575  3TR  M483  Lithic  Rubble  modified slab  0.4 

502.750  491.039  99.415  4576  3TR  M483  Lithic  Rubble  dolomite 
flake 

0.4 

502.287  490.291  99.458  4577  3TR  L481  Lithic  Rubble  retouched 
flake 

0.4 

502.778  491.301  99.376  4578  3TR  M483  Lithic  Rubble  fragment?  0.4 

502.660  491.454  99.421  4579  3TR  M483  Lithic  Rubble  flake 
fragment 

0.4 

502.793  491.213  99.399  4580  3TR  M483  Lithic  Rubble  quartz flake  0.4 

502.828  491.246  99.413  4581  3TR  M483  Lithic  Rubble  flake 
fragment 

0.4 

502.917  490.964  99.445  4588  3TR  M482  Lithic  Rubble  blade 
fragment 

0.4 

502.536  490.649  99.468  4585  3TR  M482  Lithic  Rubble  core?  0.4 

502.750  490.994  99.440  4587  3TR  M482  Lithic  Rubble  bladelet  0.4 

502.840  491.068  99.434  4569  3TR  M483  Lithic  Rubble  flake  0.4 

502.631  491.372  99.459  4570  3TR  M483  Lithic  Rubble  small flake  0.4 

502.952  491.315  99.459  4571  3TR  M483  Lithic  Rubble  core  0.4 

502.571  491.405  99.450  4572  3TR  M483  Lithic  Rubble  flake 
fragment 

0.4 

502.507  491.777  99.243  7880  3TR  L484  Lithic  SG     0.4 

502.241  491.860  99.237  7872  3TR  L484  Lithic  SG     0.4 

502.428  491.861  99.237  7876  3TR  L484  Lithic  SG     0.4 

502.448  491.882  99.238  7877  3TR  L484  Lithic  SG     0.4 

502.496  491.825  99.238  7878  3TR  L484  Lithic  SG     0.4 

502.145  491.605  99.220  7820  3TR  L484  Lithic  SG     0.4 

502.127  492.346  99.229  7755  3TR  L485  Lithic  SG     0.4 

502.099  492.419  99.232  7756  3TR  L485  Lithic  SG     0.4 

502.169  492.354  99.234  7757  3TR  L485  Lithic  SG     0.4 

502.393  492.317  99.245  7759  3TR  L485  Lithic  SG     0.4 

502.250  492.174  99.238  7761  3TR  L485  Lithic  SG     0.4 

502.268  492.065  99.247  7762  3TR  L485  Lithic  SG     0.4 

502.285  492.227  99.241  7760  3TR  L485  Lithic  SG     0.4 

502.184  491.633  99.234  7821  3TR  L484  Lithic  SG     0.4 

502.322  491.710  99.236  7822  3TR  L484  Lithic  SG     0.4 



502.240  491.833  99.267  7823  3TR  L484  Lithic  SG     0.4 

502.315  491.916  99.250  7824  3TR  L484  Lithic  SG     0.4 

502.446  491.901  99.234  7825  3TR  L484  Lithic  SG     0.4 

502.556  491.712  99.273  7827  3TR  L484  Lithic  SG     0.4 

502.648  492.605  99.230  7466  3TR  M486  Lithic  SG     0.4 

502.540  492.526  99.237  7467  3TR  M486  Lithic  SG     0.4 

502.514  492.827  99.232  7468  3TR  M486  Lithic  SG     0.4 

502.745  492.556  99.270  7304  3TR  M486  Lithic  SG     0.4 

502.902  492.461  99.261  7303  3TR  M486  Lithic  SG     0.4 

502.166  492.762  99.232  7293  3TR  L486  Lithic  SG     0.4 

502.715  492.598  99.268  7305  3TR  M486  Lithic  SG     0.4 

502.871  492.893  99.265  7306  3TR  M486  Lithic  SG     0.4 

502.553  492.917  99.265  7307  3TR  M486  Lithic  SG     0.4 

502.655  491.808  99.253  7309  3TR  M484  Lithic  SG     0.4 

502.514  491.837  99.252  7310  3TR  M484  Lithic  SG     0.4 

502.508  491.733  99.270  7311  3TR  M484  Lithic  SG     0.4 

502.400  492.822  99.242  7295  3TR  L486  Lithic  SG     0.4 

502.153  492.801  99.236  7294  3TR  L486  Lithic  SG     0.4 

503.036  491.615  99.227  7285  3TR  M484  Lithic  SG     0.4 

502.739  491.695  99.250  7287  3TR  M484  Lithic  SG     0.4 

502.211  492.963  99.247  7289  3TR  L486  Lithic  SG     0 

501.985  492.582  99.246  7290  3TR  L486  Lithic  SG     0.4 

502.126  492.462  99.244  7291  3TR  L486  Lithic  SG     0.4 

502.744  492.750  99.251  7346  3TR  M486  Lithic  SG  Quartz  0.4 

503.009  492.644  99.261  7345  3TR  M486  Lithic  SG     0.4 

502.587  492.728  99.235  7344  3TR  M486  Lithic  SG     0.4 

501.968  492.559  99.246  7313  3TR  L486  Lithic  SG     0.4 

502.175  492.785  99.248  7222  3TR  L486  Lithic  SG     0.4 

502.126  492.584  99.239  7223  3TR  L486  Lithic  SG     0.4 

502.162  492.587  99.238  7224  3TR  L486  Lithic  SG     0.4 

502.557  491.817  99.233  7226  3TR  M484  Lithic  SG     0.4 

502.449  492.695  99.260  7225  3TR  L486  Lithic  SG     0.4 

502.076  492.961  99.264  7191  3TR  L486  Lithic  SG     0.4 

502.430  492.885  99.271  7192  3TR  L486  Lithic  SG     0.4 

502.130  492.478  99.249  7193  3TR  L486  Lithic  SG     0.4 

502.118  492.465  99.245  7194  3TR  L486  Lithic  SG     0.4 

502.012  492.933  99.263  7195  3TR  L486  Lithic  SG     0.4 

502.412  492.937  99.279  7196  3TR  L486  Lithic  SG     0 

502.454  492.537  99.260  7198  3TR  L486  Lithic  SG     0.4 

502.989  491.660  99.271  7206  3TR  M484  Lithic  SG  Incised  0.4 

502.779  491.618  99.262  7201  3TR  M484  Lithic  SG     0.4 

502.287  492.501  99.233  7257  3TR  L486  Lithic  SG     0.4 

503.016  491.587  99.242  7258  3TR  M484  Lithic  SG     0.4 

502.911  491.528  99.241  7261  3TR  M484  Lithic  SG     0.4 

502.916  491.503  99.251  7262  3TR  M484  Lithic  SG     0.4 

502.863  491.475  99.262  7263  3TR  M484  Lithic  SG     0.4 

502.482  492.529  99.246  7264  3TR  L486  Lithic  SG     0.4 



502.308  492.471  99.247  7255  3TR  L486  Lithic  SG     0.4 

502.984  491.589  99.231  7266  3TR  M484  Lithic  SG     0.4 

503.076  491.719  99.223  7268  3TR  M484  Lithic  SG     0.4 

502.978  491.846  99.245  7271  3TR  M484  Lithic  SG     0.4 

502.880  491.789  99.244  7272  3TR  M484  Lithic  SG     0.4 

502.834  491.805  99.239  7273  3TR  M484  Lithic  SG  quartz  0.4 

502.735  491.804  99.242  7274  3TR  M484  Lithic  SG     0.4 

502.062  492.879  99.240  7251  3TR  L486  Lithic  SG     0.4 

502.962  491.581  99.251  7245  3TR  M484  Lithic  SG     0.4 

502.802  491.711  99.238  7247  3TR  M484  Lithic  SG     0.4 

502.818  491.554  99.255  7248  3TR  M484  Lithic  SG     0.4 

502.375  492.501  99.251  7256  3TR  L486  Lithic  SG     0.4 

502.026  492.753  99.235  7250  3TR  L486  Lithic  SG     0.4 

502.422  492.690  99.253  7252  3TR  L486  Lithic  SG     0.4 

502.049  492.608  99.246  7190  3TR  L486  Lithic  SG     0.4 

502.647  492.275  99.236  7173  3TR  M485  Lithic  SG     0.4 

502.722  492.456  99.243  7174  3TR  M485  Lithic  SG     0.4 

502.817  492.318  99.245  7175  3TR  M485  Lithic  SG     0.4 

502.838  492.330  99.238  7176  3TR  M485  Lithic  SG     0.4 

502.919  492.294  99.243  7177  3TR  M485  Lithic  SG     0.4 

503.007  492.368  99.259  7179  3TR  M485  Lithic  SG     0.4 

502.751  491.731  99.282  7183  3TR  M484  Lithic  SG     0.4 

502.731  491.658  99.277  7183.1  3TR  M484  Lithic  SG     0.4 

502.625  491.581  99.268  7184  3TR  M484  Lithic  SG     0.4 

502.604  491.553  99.279  7185  3TR  M484  Lithic  SG     0.4 

502.562  491.554  99.274  7186  3TR  M484  Lithic  SG     0.4 

502.610  491.594  99.280  7186.1  3TR  M484  Lithic  SG     0.4 

502.571  491.627  99.290  7187  3TR  M484  Lithic  SG     0.4 

502.972  492.331  99.265  7178  3TR  M485  Lithic  SG     0.4 

502.031  492.653  99.241  7189  3TR  L486  Lithic  SG     0.4 

502.785  492.388  99.259  7089  3TR  M485  Lithic  SG     0.4 

502.745  492.262  99.257  7091  3TR  M485  Lithic  SG     0.4 

502.617  492.378  99.244  7092  3TR  M485  Lithic  SG     0.4 

502.526  492.161  99.249  7093  3TR  M485  Lithic  SG     0.4 

502.976  492.134  99.260  7094  3TR  M485  Lithic  SG     0.4 

502.898  492.033  99.264  7095  3TR  M485  Lithic  SG     0.4 

502.777  492.201  99.246  7096  3TR  M485  Lithic  SG     0.4 

502.759  492.006  99.245  7097  3TR  M485  Lithic  SG     0.4 

502.690  492.116  99.248  7099  3TR  M485  Lithic  SG     0.4 

502.684  492.085  99.250  7098  3TR  M485  Lithic  SG     0.4 

502.904  492.369  99.265  7088  3TR  M485  Lithic  SG     0.4 

502.766  492.356  99.247  7090  3TR  M485  Lithic  SG     0.4 

503.873  491.268  99.014  7916  3TR  O483  Lithic  SRCL     0.4 

503.552  491.450  99.009  7947  3TR  O483  Lithic  SRCL     0.4 

503.579  491.361  99.010  7948  3TR  O483  Lithic  SRCL     0.4 

503.614  491.141  98.994  7949  3TR  O483  Lithic  SRCL  burnt?  0.4 



503.582  491.057  99.003  7950  3TR  O483  Lithic  SRCL     0.4 

503.690  491.191  99.005  7952  3TR  O483  Lithic  SRCL     0.4 

503.640  491.372  99.033  7845  3TR  O483  Lithic  SRCL     0.4 

503.586  491.269  99.043  7846  3TR  O483  Lithic  SRCL     0.4 

503.552  491.381  99.029  7861  3TR  O483  Lithic  SRCL     0.4 

503.525  491.413  99.021  7862  3TR  O483  Lithic  SRCL     0.4 

503.591  491.343  99.021  7865  3TR  O483  Lithic  SRCL     0.4 

503.639  491.398  99.033  7865.1  3TR  O483  Lithic  SRCL     0.4 

503.656  491.388  99.029  7867  3TR  O483  Lithic  SRCL     0.4 

503.667  491.248  99.024  7868  3TR  O483  Lithic  SRCL     0.4 

503.544  491.073  98.972  8053  3TR  O483  Lithic  SRCL     0.4 

503.575  491.070  98.960  8054  3TR  O483  Lithic  SRCL     0.4 

503.728  491.245  98.967  8056  3TR  O483  Lithic  SRCL     0.4 

503.790  491.227  98.961  8057  3TR  O483  Lithic  SRCL     0.4 

503.730  491.102  98.959  8058  3TR  O483  Lithic  SRCL     0.4 

503.691  491.401  98.979  8059  3TR  O483  Lithic  SRCL     0.4 

503.575  491.160  98.974  8052  3TR  O483  Lithic  SRCL     0.4 

503.585  491.228  98.983  8051  3TR  O483  Lithic  SRCL     0.4 

503.857  490.947  98.948  7989  3TR  O483  Lithic  SRCL  incised?  0.4 

503.616  491.270  98.993  7983  3TR  O483  Lithic  SRCL  incised slab  0.4 

503.702  491.233  99.004  7984  3TR  O483  Lithic  SRCL     0.4 

503.758  491.270  98.988  7985  3TR  O483  Lithic  SRCL     0.4 

503.706  491.209  98.996  7986  3TR  O483  Lithic  SRCL     0.4 

503.540  491.157  99.008  7988  3TR  O483  Lithic  SRCL     0.4 

503.815  491.296  98.996  7987  3TR  O483  Lithic  SRCL     0.4 

503.544  491.238  98.991  8019  3TR  O483  Lithic  SRCL     0.4 

503.673  491.189  98.980  8017  3TR  O483  Lithic  SRCL     0.4 

503.625  491.272  98.972  8030  3TR  O483  Lithic  SRCL     0.4 

503.873  490.995  98.955  8031  3TR  O483  Lithic  SRCL     0.4 

503.723  491.274  98.986  8016  3TR  O483  Lithic  SRCL     0.4 

503.602  491.369  98.990  8015  3TR  O483  Lithic  SRCL     0.4 

503.984  491.125  99.030  7787  3TR  O483  Lithic  SRCL     0.4 

503.961  491.208  99.035  7786  3TR  O483  Lithic  SRCL     0.4 

503.941  491.171  99.020  7810  3TR  O483  Lithic  SRCL     0.4 

503.681  491.241  99.046  7806  3TR  O483  Lithic  SRCL     0.4 

503.625  491.167  99.042  7807  3TR  O483  Lithic  SRCL     0.4 

503.798  491.156  99.091  7696  3TR  O483  Lithic  SRCL     0.4 

503.558  491.530  99.098  7697  3TR  O483  Lithic  SRCL     0.4 

503.618  491.149  99.083  7698  3TR  O483  Lithic  SRCL     0.4 

503.605  491.071  99.078  7703  3TR  O483  Lithic  SRCL     0.4 

503.940  491.264  99.047  7741  3TR  O483  Lithic  SRCL     0.4 

503.879  491.152  99.041  7742  3TR  O483  Lithic  SRCL     0.4 

503.840  491.073  99.070  7744  3TR  O483  Lithic  SRCL     0.4 

503.673  491.312  99.059  7743  3TR  O483  Lithic  SRCL     0.4 

503.652  491.427  99.059  7720  3TR  O483  Lithic  SRCL  Quartz  0.4 



503.778  491.134  99.061  7727  3TR  O483  Lithic  SRCL     0.4 

503.580  491.365  99.070  7722  3TR  O483  Lithic  SRCL     0.4 

503.597  491.109  99.075  7724  3TR  O483  Lithic  SRCL     0.4 

503.594  491.192  99.069  7723  3TR  O483  Lithic  SRCL     0.4 

503.751  491.378  99.115  7519  3TR  O483  Lithic  SRCL     0.4 

503.806  491.424  99.101  7516  3TR  O483  Lithic  SRCL     0.4 

503.925  491.495  99.164  7515  3TR  O483  Lithic  SRCL  quartz  0.4 

503.974  491.057  99.111  7552  3TR  O483  Lithic  SRCL     0.4 

503.514  491.345  99.078  7553  3TR  O483  Lithic  SRCL     0.4 

503.644  491.410  99.093  7533  3TR  O483  Lithic  SRCL  potlid, 
relabeled 
from Geology 

0.4 

503.945  491.270  99.121  7534  3TR  O483  Lithic  SRCL     0.4 

503.936  491.352  99.145  7455  3TR  O483  Lithic  SRCL     0.4 

503.955  491.383  99.146  7484  3TR  O483  Lithic  SRCL     0.4 

503.976  491.192  99.138  7486  3TR  O483  Lithic  SRCL  incised??????  0.4 

503.708  491.524  99.145  7489  3TR  O483  Lithic  SRCL     0.4 

503.714  491.251  99.089  7490  3TR  O483  Lithic  SRCL     0.4 

503.598  491.435  99.101  7491  3TR  O483  Lithic  SRCL     0.4 

503.520  491.164  99.099  7493  3TR  O483  Lithic  SRCL     0.4 

503.608  491.441  99.110  7472  3TR  O483  Lithic  SRCL     0.4 

503.957  491.336  99.159  7471  3TR  O483  Lithic  SRCL     0.4 

503.705  491.213  99.090  7600  3TR  O483  Lithic  SRCL     0.4 

503.683  491.363  99.066  7597  3TR  O483  Lithic  SRCL  incised??????  0.4 

503.962  491.456  99.124  7598  3TR  O483  Lithic  SRCL     0.4 

503.940  491.402  99.128  7575  3TR  O483  Lithic  SRCL     0.4 

503.608  491.331  99.072  7577  3TR  O483  Lithic  SRCL     0.4 

503.660  491.490  99.097  7624  3TR  O483  Lithic  SRCL     0.4 

503.560  491.155  99.081  7625  3TR  O483  Lithic  SRCL     0.4 

503.004  491.307  99.234  7150  3TR  M483  Lithic  WTF     0.4 

502.979  491.321  99.236  7151  3TR  M483  Lithic  WTF     0.4 

502.619  491.283  99.277  7103  3TR  M483  Lithic  WTF     0.4 

502.859  491.222  99.277  7006.1  3TR  M483  Lithic  WTF     0.4 

502.888  491.221  99.280  7006  3TR  M483  Lithic  WTF     0.4 

502.886  491.227  99.277  7005.1  3TR  M483  Lithic  WTF     0.4 

502.979  491.157  99.275  7003  3TR  M483  Lithic  WTF     0.4 

503.007  491.111  99.287  7002.1  3TR  M483  Lithic  WTF     0.4 

503.042  491.137  99.291  7002  3TR  M483  Lithic  WTF     0.4 

502.816  491.479  99.279  7000  3TR  M483  Lithic  WTF  potlid  0.4 

502.927  491.222  99.275  7005  3TR  M483  Lithic  WTF     0.4 

502.673  491.295  99.289  7014  3TR  M483  Lithic  WTF     0.4 

502.579  491.422  99.287  7102  3TR  M483  Lithic  WTF     0.4 

502.868  491.157  99.269  7109  3TR  M483  Lithic  WTF     0.4 

503.060  491.386  99.235  7116  3TR  M483  Lithic  WTF     0.4 

502.900  491.268  99.268  7112  3TR  M483  Lithic  WTF     0.4 

502.595  491.287  99.289  6997  3TR  M483  Lithic  WTF     0.4 

502.774  491.259  99.287  6995  3TR  M483  Lithic  WTF     0.4 



502.540  491.280  99.291  6994  3TR  M483  Lithic  WTF     0.4 

502.505  491.075  99.301  6993  3TR  M483  Lithic  WTF     0.4 

503.091  491.462  99.254  7116.1  3TR  M483  Lithic  WTF     0.4 

502.759  491.165  99.276  6996  3TR  M483  Lithic  WTF     0.4 

502.962  491.369  99.251  7029  3TR  M483  Lithic  WTF     0.4 

502.964  491.380  99.249  7021  3TR  M483  Lithic  WTF     0.4 

502.531  491.504  99.297  7017.1  3TR  M483  Lithic  WTF  incised  0.4 

502.589  491.465  99.285  7017  3TR  M483  Lithic  WTF  incised  0.4 

503.016  491.351  99.243  7024  3TR  M483  Lithic  WTF     0.4 

502.997  491.342  99.242  7020  3TR  M483  Lithic  WTF     0.4 

502.514  491.182  99.319  6767  3TR  M483  Lithic  WTF     0.4 

502.332  491.394  99.346  6770  3TR  L483  Lithic  WTF     0.4 

502.591  492.138  99.265  6631  3TR  M485  Lithic  WTF     0.4 

502.999  492.018  99.282  6632  3TR  M485  Lithic  WTF     0.4 

502.111  492.961  99.284  6634  3TR  L486  Lithic  WTF     0.4 

502.656  492.588  99.288  6691  3TR  M486  Lithic  WTF     0.4 

502.858  492.691  99.268  6690  3TR  M486  Lithic  WTF     0.4 

502.469  492.612  99.288  6663  3TR  L486  Lithic  WTF     0.4 

502.052  491.957  99.336  6590  3TR  L484  Lithic  WTF     0.4 

502.092  492.031  99.314  6514  3TR  L485  Lithic  WTF     0.4 

502.655  491.904  99.292  6450  3TR  M484  Lithic  WTF  Potlid?  0.4 

502.706  491.744  99.304  6452  3TR  M484  Lithic  WTF  Potlid?  0.4 

502.570  491.927  99.274  6451  3TR  M484  Lithic  WTF     0.4 

502.910  491.913  99.295  6447  3TR  M484  Lithic  WTF     0.4 

502.813  491.679  99.296  6448  3TR  M484  Lithic  WTF     0.4 

502.760  491.579  99.278  6449  3TR  M484  Lithic  WTF     0.4 

 

Operation 5 

X  Y  Z  ID  OP.  SQ.  TYPE  FEAT  COMMENT  PRISM 

502.438  503.992  99.351  5812  5  L509d  Lithic   AS     0 

502.393  504.121  99.336  5808  5  L509d  Lithic   AS     0 

502.280  504.018  99.347  5809  5  L509d  Lithic   AS     0 

502.391  503.788  99.143  7847  5  L508c  Lithic  AAS     0 

502.136  503.185  99.135  7503  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.199  503.129  99.123  7506  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.008  503.177  99.134  7500  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 



502.043  503.155  99.152  7501  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.159  503.120  99.123  7505  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.135  503.147  99.139  7504  5  L507a  Lithic  AAS  quartz, Eroding out 
of southern profile, 
multiple features 
possible 

0.4 

502.266  503.090  99.108  7507  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.348  503.127  99.121  7509  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.403  503.152  99.120  7510  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.425  503.214  99.140  7511  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.421  504.554  99.158  7512  5  L510d  Lithic  AAS     0.4 

502.026  503.134  99.156  7502  5  L507a  Lithic  AAS  Eroding out of 
southern profile, 
multiple features 
possible 

0.4 

502.424  504.484  99.156  7456  5  L509c  Lithic  AAS     0.4 

502.281  504.530  99.134  7457  5  L510d  Lithic  AAS     0.4 

502.350  504.671  99.161  7459  5  L510d  Lithic  AAS     0.4 

502.352  504.638  99.149  7473  5  L510d  Lithic  AAS     0.4 

502.388  504.609  99.158  7474  5  L510d  Lithic  AAS     0.4 

502.111  504.685  99.109  7475  5  L510b  Lithic  AAS     0.4 

502.263  503.793  99.146  7477  5  L508c  Lithic  AAS     0 

502.259  503.566  99.137  7582  5  L508b  Lithic  AAS     0 

502.299  503.376  99.147  7592  5  L507b  Lithic  AAS     0 

502.257  503.321  99.156  7593  5  L507b  Lithic  AAS     0 

502.145  503.275  99.162  7594  5  L507b  Lithic  AAS     0 

502.118  503.174  99.157  7595  5  L507b  Lithic  AAS     0 

501.943  503.165  99.119  7596  5  L507b  Lithic  AAS     0 

501.993  503.428  99.110  7589  5  L507b  Lithic  AAS     0 

502.177  503.905  99.101  7588  5  L508a  Lithic  AAS     0 

502.056  503.584  99.114  7579  5  L508b  Lithic  AAS     0 

502.053  503.406  99.126  7581  5  L508b  Lithic  AAS     0 



502.316  503.570  99.144  7584  5  L508d  Lithic  AAS     0 

502.472  503.656  99.193  7585  5  L508d  Lithic  AAS     0 

502.481  503.610  99.193  7586  5  L508d  Lithic  AAS     0 

502.253  503.924  99.128  7627  5  L508c  Lithic  AAS     0 

502.039  504.407  99.106  7386  5  L509a  Lithic  AAS     0 

502.000  504.349  99.096  7387  5  L509a  Lithic  AAS     0 

502.159  504.368  99.119  7388  5  L509a  Lithic  AAS     0 

502.125  504.235  99.121  7390  5  L509a  Lithic  AAS     0 

502.064  504.254  99.113  7391  5  L509a  Lithic  AAS     0 

502.422  504.449  99.155  7442  5  L509c  Lithic  AAS     0.4 

502.237  504.366  99.117  7400  5  L509a  Lithic  AAS     0 

502.132  504.412  99.109  7401  5  L509a  Lithic  AAS     0 

502.144  504.243  99.111  7402  5  L509a  Lithic  AAS     0 

502.204  504.370  99.133  7373  5  L509a  Lithic  AAS     0 

502.147  504.380  99.130  7374  5  L509a  Lithic  AAS     0 

502.126  504.297  99.125  7375  5  L509a  Lithic  AAS     0 

502.248  504.275  99.148  7377  5  L509a  Lithic  AAS     0 

502.237  504.228  99.131  7378  5  L509a  Lithic  AAS     0 

502.245  504.064  99.103  7423  5  L509d  Lithic  AAS     0 

502.391  504.264  99.164  7425  5  L509c  Lithic  AAS     0 

502.387  504.334  99.162  7426  5  L509c  Lithic  AAS     0 

502.306  504.425  99.161  7427  5  L509c  Lithic  AAS     0 

502.432  503.449  99.156  7434  5  L507c  Lithic  AAS     0 

502.451  503.433  99.158  7435  5  L507c  Lithic  AAS     0 

502.389  504.380  99.152  7439  5  L509c  Lithic  AAS     0 

502.423  504.355  99.146  7440  5  L509c  Lithic  AAS     0 

502.277  504.467  99.174  7428  5  L509c  Lithic  AAS     0 

502.420  504.191  99.137  7409  5  L509d  Lithic  AAS     0 

502.293  503.999  99.124  7412  5  L509d  Lithic  AAS     0 

502.318  504.046  99.126  7413  5  L509d  Lithic  AAS     0 

502.361  503.975  99.133  7415  5  L509d  Lithic  AAS     0 

502.368  504.040  99.140  7416  5  L509d  Lithic  AAS     0 

502.037  504.498  99.115  7297  5  L510b  Lithic  AAS     0 

502.049  504.546  99.122  7298  5  L510b  Lithic  AAS     0 

502.049  504.598  99.129  7299  5  L510b  Lithic  AAS     0 

502.156  503.673  99.120  7301  5  L508b  Lithic  AAS     0 

502.162  503.560  99.148  7282  5  L508b  Lithic  AAS     0 

502.041  504.571  99.138  7278  5  L510b  Lithic  AAS     0 

502.046  504.586  99.139  7279  5  L510b  Lithic  AAS     0 

502.075  503.677  99.139  7281  5  L508b  Lithic  AAS     0 

502.190  503.601  99.148  7283  5  L508b  Lithic  AAS     0 

502.068  504.367  99.130  7352  5  L509a  Lithic  AAS     0 

502.249  504.360  99.148  7353  5  L509a  Lithic  AAS     0 

502.226  504.397  99.147  7354  5  L509a  Lithic  AAS     0 

502.256  504.285  99.160  7355  5  L509a  Lithic  AAS     0 

501.527  504.612  99.355  7355.1  5  L509a  Lithic  AAS     0 

502.332  504.097  99.146  7327  5  L509d  Lithic  AAS     0 



502.127  503.415  99.146  7357  5  L507a  Lithic  AAS     0 

502.194  504.478  99.157  7316  5  L510b  Lithic  AAS     0 

502.037  504.539  99.107  7317  5  L510b  Lithic  AAS     0 

502.034  504.651  99.114  7320  5  L510b  Lithic  AAS     0 

502.029  504.684  99.114  7321  5  L510b  Lithic  AAS     0 

502.116  504.163  99.124  7323  5  L509d  Lithic  AAS     0 

502.177  504.150  99.131  7324  5  L509d  Lithic  AAS     0 

502.407  504.157  99.164  7329  5  L509d  Lithic  AAS     0 

502.463  504.076  99.187  7330  5  L509d  Lithic  AAS     0 

502.234  504.075  99.169  7227  5  L509d  Lithic  AAS     0 

502.235  503.452  99.175  7238  5  L507c  Lithic  AAS     0 

502.272  503.174  99.192  7215  5  L507c  Lithic  AAS     0 

502.258  504.077  99.171  7228  5  L509d  Lithic  AAS     0 

502.423  504.095  99.175  7229  5  L509d  Lithic  AAS     0 

502.351  503.856  99.178  7230  5  L508c  Lithic  AAS     0 

502.304  503.826  99.168  7231  5  L508c  Lithic  AAS     0 

502.252  503.686  99.172  7232  5  L508c  Lithic  AAS     0 

502.265  503.584  99.170  7234  5  L508d  Lithic  AAS     0 

502.234  503.413  99.179  7239  5  L507c  Lithic  AAS     0 

502.192  503.259  99.190  7208  5  L507c  Lithic  AAS     0 

502.207  503.282  99.190  7209  5  L507c  Lithic  AAS     0 

502.205  503.311  99.187  7210  5  L507c  Lithic  AAS     0 

502.247  503.320  99.190  7211  5  L507c  Lithic  AAS     0 

502.069  503.490  99.162  7237  5  L507c  Lithic  AAS     0 

502.406  503.243  99.190  7240  5  L507c  Lithic  AAS     0 

502.498  503.253  99.189  7242  5  L507c  Lithic  AAS  quartz  0 

502.500  503.411  99.194  7244  5  L507c  Lithic  AAS     0 

502.167  504.509  99.167  7137  5  L509c  Lithic  AAS     0 

502.431  504.321  99.183  7140  5  L509c  Lithic  AAS     0 

502.249  504.276  99.183  7141  5  L509c  Lithic  AAS     0 

502.450  503.968  99.219  7132  5  L508c  Lithic  AAS     0 

502.430  503.932  99.227  7131  5  L508c  Lithic  AAS     0 

502.431  504.234  99.189  7143  5  L509c  Lithic  AAS     0 

502.140  503.780  99.188  7123  5  L508c  Lithic  AAS     0 

502.394  503.881  99.224  7128  5  L508c  Lithic  AAS     0 

502.436  503.898  99.230  7130  5  L508c  Lithic  AAS     0 

502.431  503.932  99.215  7156  5  L508c  Lithic  AAS     0 

502.214  503.871  99.179  7157  5  L508c  Lithic  AAS     0 

502.067  503.367  99.178  7158  5  L507c  Lithic  AAS  quartz  0 

502.276  503.237  99.211  7162  5  L507c  Lithic  AAS     0 

502.430  503.366  99.210  7168  5  L507c  Lithic  AAS     0 

502.435  503.921  99.259  7060  5  L508c  Lithic  AAS     0 

502.328  503.457  99.219  7034  5  L507c  Lithic  AAS     0 

502.213  503.316  99.216  7033  5  L507c  Lithic  AAS     0 

502.277  503.778  99.229  7052  5  L508c  Lithic  AAS     0 

502.351  503.457  99.223  7035  5  L507c  Lithic  AAS     0 



502.265  503.818  99.230  7053  5  L508c  Lithic  AAS     0 

502.295  503.867  99.244  7055  5  L508c  Lithic  AAS     0 

502.311  503.826  99.248  7056  5  L508c  Lithic  AAS     0 

502.343  503.844  99.248  7057  5  L508c  Lithic  AAS     0 

502.258  503.745  99.225  7051  5  L508c  Lithic  AAS  Quartz  0 

502.427  503.964  99.239  7061  5  L508c  Lithic  AAS     0 

502.444  503.356  99.226  7040  5  L507c  Lithic  AAS     0 

502.407  503.433  99.226  7038  5  L507c  Lithic  AAS     0 

502.390  503.444  99.228  7037  5  L507c  Lithic  AAS     0 

502.237  504.583  99.160  7083  5  L510d  Lithic  AAS     0.4 

502.379  503.860  99.249  7059  5  L508c  Lithic  AAS  Quartz  0 

502.418  504.261  99.216  7078  5  L509c  Lithic  AAS     0 

502.447  504.245  99.216  7079  5  L509c  Lithic  AAS     0 

502.363  504.342  99.205  7080  5  L509c  Lithic  AAS     0 

502.393  504.401  99.209  7082  5  L509c  Lithic  AAS     0 

502.207  504.665  99.166  7084  5  L510d  Lithic  AAS     0.4 

502.293  504.617  99.161  7085  5  L510d  Lithic  AAS     0.4 

502.333  504.592  99.170  7086  5  L510d  Lithic  AAS     0.4 

502.408  504.335  99.204  7081  5  L509c  Lithic  AAS     0 

502.223  504.381  99.202  7067  5  L509c  Lithic  AAS     0 

502.469  503.896  99.273  7062  5  L508c  Lithic  AAS     0 

502.479  503.957  99.278  7063  5  L508c  Lithic  AAS     0 

502.458  503.844  99.267  7064  5  L508c  Lithic  AAS     0 

502.149  504.359  99.183  7066  5  L509c  Lithic  AAS     0 

502.212  504.271  99.191  7068  5  L509c  Lithic  AAS     0 

502.271  504.328  99.216  7069  5  L509c  Lithic  AAS     0 

502.290  504.366  99.209  7070  5  L509c  Lithic  AAS     0 

502.334  504.372  99.203  7071  5  L509c  Lithic  AAS     0 

502.222  504.521  99.187  6887  5  L510d  Lithic  AAS     0.4 

502.435  504.626  99.202  6893  5  L510d  Lithic  AAS     0.4 

502.356  504.691  99.192  6892  5  L510d  Lithic  AAS     0.4 

502.206  504.705  99.199  6886  5  L510d  Lithic  AAS     0.4 

502.176  504.625  99.189  6885  5  L510d  Lithic  AAS     0.4 

502.083  504.653  99.149  6884  5  L510d  Lithic  AAS     0.4 

502.085  504.709  99.189  6883  5  L510d  Lithic  AAS     0.4 

502.327  504.537  99.201  6889  5  L510d  Lithic  AAS     0.4 

502.258  504.038  99.239  6867  5  L509d  Lithic  AAS     0 

502.202  504.141  99.220  6863  5  L509d  Lithic  AAS     0 

502.329  504.035  99.241  6869  5  L509d  Lithic  AAS     0 

502.420  504.209  99.232  6880.1  5  L509d  Lithic  AAS     0 

502.374  504.251  99.219  6880  5  L509d  Lithic  AAS     0 

502.280  504.055  99.236  6868  5  L509d  Lithic  AAS     0 

502.373  504.148  99.228  6872  5  L509d  Lithic  AAS     0 

502.282  504.083  99.234  6870  5  L509d  Lithic  AAS     0 

502.436  504.050  99.235  6878  5  L509d  Lithic  AAS     0 

502.329  504.237  99.207  6949  5  L509d  Lithic  AAS     0 



502.381  504.066  99.215  6943  5  L509d  Lithic  AAS     0 

502.298  504.254  99.210  6942  5  L509d  Lithic  AAS     0 

502.313  504.011  99.207  6941  5  L509d  Lithic  AAS     0 

502.278  504.108  99.188  6940  5  L509d  Lithic  AAS     0 

502.417  504.217  99.203  6948  5  L509d  Lithic  AAS     0 

502.244  504.153  99.188  6938  5  L509d  Lithic  AAS     0 

502.441  504.662  99.200  6919  5  L510d  Lithic  AAS     0.4 

502.214  504.114  99.180  6936  5  L509d  Lithic  AAS     0 

502.152  504.199  99.167  6935  5  L509d  Lithic  AAS     0 

502.111  504.219  99.177  6934  5  L509d  Lithic  AAS     0 

502.444  503.283  99.227  6932  5  L507c  Lithic  AAS     0.4 

502.309  503.274  99.202  6930  5  L507c  Lithic  AAS     0.4 

502.334  503.445  99.216  6929  5  L507c  Lithic  AAS     0.4 

502.235  503.355  99.206  6927  5  L507c  Lithic  AAS  Quartz  0.4 

502.225  503.319  99.212  6925  5  L507c  Lithic  AAS     0.4 

502.258  504.188  99.184  6939  5  L509d  Lithic  AAS     0 

502.367  503.646  99.245  6780  5  L508d  Lithic  AAS     0 

502.144  503.610  98.408  6771  5  L508d  Lithic  AAS     0 

502.273  503.574  99.234  6774  5  L508d  Lithic  AAS  quartz  0 

502.339  503.604  99.246  6777  5  L508d  Lithic  AAS     0 

502.323  503.524  99.217  6840  5  L508d  Lithic  AAS     0 

502.289  503.601  99.218  6839  5  L508d  Lithic  AAS     0 

502.244  503.678  99.216  6838  5  L508d  Lithic  AAS     0 

502.324  504.650  99.200  6834  5  L510d  Lithic  AAS     0.4 

502.467  503.695  99.256  6781  5  L508d  Lithic  AAS     0 

502.344  504.066  99.255  6806  5  L509d  Lithic  AAS     0 

502.420  504.104  99.249  6807  5  L509d  Lithic  AAS     0 

502.419  504.274  99.245  6808  5  L509d  Lithic  AAS     0 

502.426  504.220  99.246  6811  5  L509d  Lithic  AAS     0 

502.441  504.239  99.250  6812  5  L509d  Lithic  AAS     0 

502.454  504.232  99.262  6813  5  L509d  Lithic  AAS     0 

502.198  504.651  99.195  6826  5  L510d  Lithic  AAS     0.4 

502.433  504.727  99.289  6795  5  L510d  Lithic  AAS     0.4 

502.234  504.665  99.218  6789  5  L510d  Lithic  AAS     0.4 

502.276  504.581  99.222  6790  5  L510d  Lithic  AAS     0.4 

502.182  504.528  99.213  6791  5  L510d  Lithic  AAS     0.4 

502.374  504.539  99.224  6792  5  L510d  Lithic  AAS  quartz  0.4 

502.244  504.521  99.217  6794  5  L510d  Lithic  AAS  quartz  0.4 

502.454  504.588  99.228  6793  5  L510d  Lithic  AAS     0.4 

502.335  503.670  99.220  6842  5  L508d  Lithic  AAS     0 

502.210  504.572  99.200  6831  5  L510d  Lithic  AAS     0.4 

502.449  504.623  99.261  7513  5  L510d  Lithic  AS     0.4 

502.272  504.246  99.283  6126  5  L509c  Lithic  AS     0 

502.278  504.275  99.276  6128  5  L509c  Lithic  AS     0 

502.315  504.279  99.278  6129  5  L509c  Lithic  AS     0 

502.256  504.335  99.279  6130  5  L509c  Lithic  AS     0 



502.244  504.341  99.278  6131  5  L509c  Lithic  AS     0 

502.389  504.338  99.319  6100  5  L509c  Lithic  AS     0 

502.418  504.322  99.316  6101  5  L509c  Lithic  AS     0 

502.433  504.313  99.316  6102  5  L509c  Lithic  AS     0 

502.461  504.372  99.318  6103  5  L509c  Lithic  AS     0 

502.339  504.379  99.311  6105  5  L509c  Lithic  AS     0 

502.475  504.504  99.307  6109  5  L509c  Lithic  AS     0 

502.359  504.370  99.316  6110  5  L509c  Lithic  AS     0 

502.298  503.341  99.270  6159  5  L507c  Lithic  AS     0 

502.327  503.364  99.276  6160  5  L507c  Lithic  AS     0 

502.429  503.468  99.290  6163  5  L507c  Lithic  AS     0 

502.373  503.381  99.289  6164  5  L507c  Lithic  AS     0 

502.420  503.386  99.289  6165  5  L507c  Lithic  AS     0 

502.535  503.386  99.293  6172  5  L507c  Lithic  AS     0 

502.404  503.255  99.263  6173  5  L507c  Lithic  AS     0 

502.409  504.439  99.285  6178  5  L509c  Lithic  AS     0 

502.254  504.481  99.277  6136  5  L509c  Lithic  AS     0 

502.283  504.482  99.279  6137  5  L509c  Lithic  AS     0 

502.331  504.434  99.278  6140  5  L509c  Lithic  AS     0 

502.320  504.491  99.287  6141  5  L509c  Lithic  AS     0 

502.361  504.483  99.281  6143  5  L509c  Lithic  AS     0 

502.372  504.449  99.279  6144  5  L509c  Lithic  AS     0 

502.304  504.285  99.279  6148  5  L509c  Lithic  AS     0 

502.356  504.307  99.282  6149  5  L509c  Lithic  AS     0 

502.362  504.328  99.280  6150  5  L509c  Lithic  AS     0 

502.447  504.350  99.292  6152  5  L509c  Lithic  AS     0 

502.443  504.303  99.290  6153  5  L509c  Lithic  AS     0 

502.290  503.410  99.264  6155  5  L507c  Lithic  AS     0 

502.309  503.430  99.272  6156  5  L507c  Lithic  AS     0 

502.354  503.415  99.284  6157  5  L507c  Lithic  AS     0 

502.398  504.463  99.366  6044  5  L509c  Lithic  AS     0 

502.409  504.482  99.366  6045  5  L509c  Lithic  AS     0 

502.443  504.370  99.349  6048  5  L509c  Lithic  AS     0 

502.256  504.079  99.297  6054  5  L509d  Lithic  AS     0 

502.285  504.093  99.309  6055  5  L509d  Lithic  AS     0 

502.271  504.179  99.305  6057  5  L509d  Lithic  AS     0 

502.414  504.090  99.298  6059  5  L509d  Lithic  AS     0 

502.479  504.047  99.305  6060  5  L509d  Lithic  AS     0 

502.288  504.145  99.295  6077  5  L509d  Lithic  AS     0 

502.315  504.190  99.295  6078  5  L509d  Lithic  AS     0 

502.332  504.106  99.295  6079  5  L509d  Lithic  AS     0 

502.337  504.077  99.291  6080  5  L509d  Lithic  AS     0 

502.436  504.094  99.293  6081  5  L509d  Lithic  AS     0 

502.265  504.071  99.289  6082  5  L509d  Lithic  AS     0 

502.250  504.042  99.288  6083  5  L509d  Lithic  AS     0 

502.428  503.972  99.288  6084  5  L509d  Lithic  AS     0 



502.358  504.164  99.297  6085  5  L509d  Lithic  AS     0 

502.267  504.396  99.304  6087  5  L509c  Lithic  AS     0 

502.275  504.453  99.309  6088  5  L509c  Lithic  AS     0 

502.277  504.475  99.311  6090  5  L509c  Lithic  AS     0 

502.337  504.479  99.308  6092  5  L509c  Lithic  AS     0 

502.388  504.440  99.309  6093  5  L509c  Lithic  AS     0 

502.357  504.418  99.312  6094  5  L509c  Lithic  AS     0 

502.289  504.339  99.307  6096  5  L509c  Lithic  AS     0 

502.359  504.317  99.312  6097  5  L509c  Lithic  AS     0 

502.370  504.282  99.304  6098  5  L509c  Lithic  AS     0 

502.480  503.853  99.338  5894  5  L508c  Lithic  AS     0 

502.275  503.533  99.276  5902  5  L508d  Lithic  AS     0 

502.391  503.909  99.321  5892  5  L508c  Lithic  AS     0 

502.398  503.823  99.326  5891  5  L508c  Lithic  AS     0 

502.266  503.751  99.304  5888  5  L508c  Lithic  AS     0 

502.425  503.632  99.300  5921  5  L508d  Lithic  AS     0 

502.344  503.660  99.288  5919  5  L508d  Lithic  AS     0 

502.271  503.745  99.301  5918  5  L508d  Lithic  AS     0 

502.415  503.585  99.304  5917  5  L508d  Lithic  AS     0 

502.364  503.724  99.299  5906  5  L508d  Lithic  AS     0 

502.345  503.524  99.282  5913  5  L508d  Lithic  AS  Quartz  0 

502.336  503.595  99.283  5912  5  L508d  Lithic  AS     0 

502.362  503.564  99.288  5911  5  L508d  Lithic  AS     0 

502.318  503.528  99.282  5910  5  L508d  Lithic  AS     0 

502.406  503.711  99.303  5907  5  L508d  Lithic  AS     0 

502.365  503.680  99.296  5905  5  L508d  Lithic  AS     0 

502.393  503.621  99.322  5848  5  L508d  Lithic  AS     0 

502.388  503.545  99.330  5847  5  L508d  Lithic  AS     0 

502.342  503.557  99.322  5853  5  L508d  Lithic  AS     0 

502.395  503.776  99.347  5861  5  L508C  Lithic  AS     0 

502.365  503.586  99.320  5854  5  L508d  Lithic  AS     0 

502.449  503.739  99.345  5866  5  L508C  Lithic  AS     0 

502.454  503.577  99.310  5926  5  L508d  Lithic  AS     0 

502.321  503.778  99.344  5860  5  L508C  Lithic  AS     0 

502.420  503.965  99.355  5859  5  L508C  Lithic  AS     0 

502.302  503.884  99.354  5857  5  L508C  Lithic  AS     0 

502.451  503.623  99.317  5856  5  L508d  Lithic  AS     0 

502.483  503.493  99.303  5972  5  L508d  Lithic  AS     0 

502.380  503.885  99.293  5992  5  L508c  Lithic  AS     0 

502.489  503.962  99.317  5996  5  L508c  Lithic  AS     0 

502.505  503.657  99.351  6010  5  L508d  Lithic  AS     0 

502.473  503.499  99.298  5971  5  L508d  Lithic  AS     0 

502.458  503.662  99.284  6007  5  L508d  Lithic  AS     0 

502.434  503.610  99.278  6006  5  L508d  Lithic  AS     0 

502.460  503.598  99.280  6005  5  L508d  Lithic  AS     0 

502.462  503.518  99.278  6004  5  L508d  Lithic  AS     0 



502.419  503.556  99.274  6002  5  L508d  Lithic  AS     0 

502.425  503.512  99.276  6001  5  L508d  Lithic  AS  Quartz  0 

502.331  503.581  99.279  6000  5  L508d  Lithic  AS     0 

502.329  503.621  99.281  5999  5  L508d  Lithic  AS     0 

502.485  503.971  99.304  5997  5  L508c  Lithic  AS     0 

502.491  503.517  99.321  5973  5  L508d  Lithic  AS     0 

502.475  503.948  99.316  5948  5  L508c  Lithic  AS     0 

502.476  503.903  99.311  5947  5  L508c  Lithic  AS     0 

502.489  503.836  99.352  5945  5  L508c  Lithic  AS     0 

502.399  503.931  99.308  5944  5  L508c  Lithic  AS     0 

502.333  503.985  99.314  5943  5  L508c  Lithic  AS     0 

502.359  503.918  99.309  5942  5  L508c  Lithic  AS     0 

502.347  503.900  99.305  5941  5  L508c  Lithic  AS     0 

502.470  503.671  99.303  5929  5  L508d  Lithic  AS  Quartz  0 

502.461  503.540  99.332  5928  5  L508d  Lithic  AS     0 

502.480  503.974  99.301  5998  5  L508c  Lithic  AS     0 

502.394  503.552  99.285  5964  5  L508d  Lithic  AS     0 

502.406  503.579  99.277  5963  5  L508d  Lithic  AS     0 

502.425  503.642  99.290  5961  5  L508d  Lithic  AS     0 

502.315  503.544  99.279  5957  5  L508d  Lithic  AS     0 

502.331  503.533  99.279  5956  5  L508d  Lithic  AS     0 

502.293  503.721  99.282  5955  5  L508d  Lithic  AS     0 

502.377  503.672  99.287  5954  5  L508d  Lithic  AS     0 

502.305  503.522  99.270  5952  5  L508d  Lithic  AS     0 

502.264  503.545  99.273  5951  5  L508d  Lithic  AS     0 

502.252  503.555  99.269  5950  5  L508d  Lithic  AS     0 

502.443  504.070  99.333  5824  5  L509d  Lithic  AS     0 

502.284  504.067  99.325  5823  5  L509d  Lithic  AS     0 

502.450  504.135  99.336  5825  5  L509d  Lithic  AS     0 

502.350  503.594  99.321  5840  5  L508d  Lithic  AS     0 

502.354  503.717  99.327  5844  5  L508d  Lithic  AS     0 

502.281  503.567  99.319  5839  5  L508d  Lithic  AS     0 

502.330  504.143  99.331  5827  5  L509d  Lithic  AS     0 

502.391  504.174  99.327  5833  5  L509d  Lithic  AS     0 

502.364  504.182  99.336  5829  5  L509d  Lithic  AS     0 

502.433  504.114  99.327  5834  5  L509d  Lithic  AS     0 

502.309  503.384  99.296  5772  5  L507c  Lithic  AS     0 

502.294  503.408  99.294  5771  5  L507c  Lithic  AS     0 

502.275  504.681  99.305  5767  5  L510d  Lithic  AS     0.4 

502.442  503.374  99.273  5821  5  L507c  Lithic  AS     0.4 

502.331  503.388  99.293  5725  5  L507c  Lithic  AS     0.4 

502.359  504.048  99.347  5792  5  L509d  Lithic  AS     0 

502.456  504.543  99.313  5766  5  L510d  Lithic  AS     0.4 

502.301  504.529  99.291  5763  5  L510d  Lithic  AS     0.4 

502.431  504.713  99.298  5765  5  L510d  Lithic  AS     0.4 

502.314  504.199  99.358  5784  5  L509d  Lithic  AS     0 



502.306  504.101  99.346  5782  5  L509d  Lithic  AS     0 

502.441  504.153  99.359  5789  5  L509d  Lithic  AS     0 

502.493  503.455  99.302  5794  5  L507c  Lithic  AS     0.4 

502.429  503.372  99.274  5795  5  L507c  Lithic  AS     0.4 

502.430  503.352  99.275  5796  5  L507c  Lithic  AS     0.4 

502.410  503.365  99.271  5797  5  L507c  Lithic  AS     0.4 

502.371  503.426  99.291  5798  5  L507c  Lithic  AS     0.4 

502.266  503.513  99.284  5801  5  L507c  Lithic  AS     0.4 

502.458  504.121  99.358  5788  5  L509d  Lithic  AS     0 

502.482  503.470  99.297  5816  5  L507c  Lithic  AS     0.4 

502.550  503.386  99.279  5817  5  L507c  Lithic  AS     0.4 

502.459  504.106  99.336  5819  5  L509d  Lithic  AS     0 

502.357  504.574  99.351  5717  5  L510d  Lithic  AS     0.4 

502.504  503.399  99.301  5776  5  L507c  Lithic  AS     0 

502.327  503.296  99.269  5718  5  L507c  Lithic  AS     0.4 

502.447  503.359  99.286  5719  5  L507c  Lithic  AS     0.4 

502.422  503.309  99.275  5752  5  L507c  Lithic  AS     0.4 

502.426  503.341  99.282  5754  5  L507c  Lithic  AS     0.4 

502.379  503.353  99.290  5755  5  L507c  Lithic  AS     0.4 

502.325  503.293  99.266  5756  5  L507c  Lithic  AS     0.4 

502.424  503.334  99.282  5753  5  L507c  Lithic  AS     0.4 

502.484  504.681  99.334  5744  5  L510d  Lithic  AS     0.4 

502.430  504.721  99.321  5745  5  L510d  Lithic  AS     0.4 

502.438  504.606  99.327  5746  5  L510d  Lithic  AS     0.4 

502.443  504.634  99.323  5747  5  L510d  Lithic  AS     0.4 

502.459  504.536  99.325  5749  5  L510d  Lithic  AS     0.4 

502.438  503.307  99.307  5679.1  5  L507c  Lithic  AS     0 

502.317  503.349  99.303  5682  5  L507c  Lithic  AS     0 

502.463  503.372  99.332  5679  5  L507c  Lithic  AS     0 

502.318  504.713  99.385  5663  5  L510d  Lithic  AS     0.4 

502.405  504.625  99.360  5666  5  L510d  Lithic  AS     0.4 

502.460  504.740  99.387  5640  5  L510d  Lithic  AS     0.4 

502.344  504.624  99.372  5636  5  L510d  Lithic  AS     0.4 

502.481  504.140  99.411  5735  5  L509d  Lithic  BWS     0 

502.474  503.823  99.376  5733  5  L508c  Lithic  BWS  quartz  0 

502.490  503.835  99.398  5732  5  L508c  Lithic  BWS     0 

502.469  503.902  99.368  5734  5  L508c  Lithic  BWS     0 

502.493  504.176  99.440  5750  5  L509d  Lithic  BWS     0 

502.308  503.850  99.359  5564  5  L508c  Lithic  BWS     0 

502.455  504.490  99.389  5611  5  L509c  Lithic  BWS     0 

502.287  503.813  99.355  5560  5  L508c  Lithic  BWS     0 

502.331  503.453  99.362  5593  5  L507c  Lithic  BWS     0 

502.491  504.489  99.394  5612  5  L509c  Lithic  BWS     0 

502.297  503.349  99.330  5603  5  L507c  Lithic  BWS  Quartz  0 

502.419  503.518  99.368  5598  5  L507c  Lithic  BWS     0 

502.328  504.431  99.367  5605  5  L509c  Lithic  BWS     0 



502.420  503.414  99.358  5596  5  L507c  Lithic  BWS     0 

502.303  504.465  99.381  5576  5  L509c  Lithic  BWS     0 

502.265  504.466  99.381  5575  5  L509c  Lithic  BWS     0 

502.331  504.336  99.368  5579  5  L509c  Lithic  BWS     0 

502.413  503.932  99.365  5570  5  L508c  Lithic  BWS  Quartz  0 

502.302  504.273  99.365  5580  5  L509c  Lithic  BWS     0 

502.361  504.350  99.361  5608  5  L509c  Lithic  BWS     0 

502.296  504.413  99.375  5578  5  L509c  Lithic  BWS     0 

502.466  504.270  99.392  5588  5  L509c  Lithic  BWS     0 

502.468  504.357  99.396  5586  5  L509c  Lithic  BWS     0 

502.439  504.336  99.389  5585  5  L509c  Lithic  BWS     0 

502.397  504.376  99.388  5584  5  L509c  Lithic  BWS     0 

502.368  504.508  99.378  5606  5  L509c  Lithic  BWS     0 

502.343  504.220  99.375  5583  5  L509c  Lithic  BWS     0 

502.322  504.241  99.371  5582  5  L509c  Lithic  BWS     0 

502.487  504.497  99.426  5589  5  L509c  Lithic  BWS     0 

502.311  503.411  99.347  5623  5  L507c  Lithic  BWS     0 

502.279  504.487  99.365  5604  5  L509c  Lithic  BWS     0 

502.343  503.390  99.342  5625  5  L507c  Lithic  BWS     0 

502.292  503.561  99.335  5633  5  L507c  Lithic  BWS     0 

502.309  503.583  99.338  5634  5  L507c  Lithic  BWS     0 

502.316  503.528  99.347  5632  5  L507c  Lithic  BWS     0 

502.294  503.510  99.340  5631  5  L507c  Lithic  BWS     0 

502.320  503.439  99.341  5628  5  L507c  Lithic  BWS     0 

502.280  504.470  99.410  5528  5  L509c  Lithic  BWS     0 

502.429  503.855  99.392  5523  5  L508c  Lithic  BWS     0 

502.478  503.444  99.406  5519  5  L507c  Lithic  BWS  quartz  0 

502.419  503.393  99.385  5520  5  L507c  Lithic  BWS     0 

502.435  503.460  99.400  5518  5  L507c  Lithic  BWS     0 

502.445  503.960  99.393  5525  5  L508c  Lithic  BWS     0 

502.299  504.025  99.375  5526  5  L508c  Lithic  BWS     0 

502.382  503.699  99.349  5393  5  L508d  Lithic  BWS     0.4 

502.294  504.650  99.405  5382  5  L510d  Lithic  BWS     0.4 

502.325  503.727  99.346  5391  5  L508d  Lithic  BWS     0.4 

502.479  504.743  99.438  5389  5  L510d  Lithic  BWS  Might be glass?  0.4 

502.331  503.682  99.347  5392  5  L508d  Lithic  BWS     0.4 

502.328  504.642  99.405  5410  5  L510d  Lithic  BWS     0.4 

502.273  503.954  99.422  5420  5  L508c  Lithic  BWS     0 

502.484  504.640  99.413  5413  5  L510d  Lithic  BWS     0.4 

502.371  504.561  99.391  5411  5  L510d  Lithic  BWS     0.4 

502.307  504.703  99.414  5409  5  L510d  Lithic  BWS     0.4 

502.431  503.456  99.387  5558  5  L507c  Lithic  BWS     0 

502.308  504.553  99.394  5381  5  L510d  Lithic  BWS     0.4 

502.470  504.590  99.402  5412  5  L510d  Lithic  BWS     0.4 

502.400  504.674  99.423  5361  5  L510d  Lithic  BWS     0.4 



502.367  504.381  99.429  5532  5  L509c  Lithic  BWS     0 

502.306  504.330  99.407  5533  5  L509c  Lithic  BWS     0 

502.297  504.280  99.407  5534  5  L509c  Lithic  BWS     0 

502.394  504.305  99.416  5535  5  L509c  Lithic  BWS     0 

502.455  504.317  99.421  5535.2  5  L509c  Lithic  BWS     0 

502.365  504.244  99.419  5535.3  5  L509c  Lithic  BWS     0 

502.339  504.335  99.418  5535.1  5  L509c  Lithic  BWS     0 

502.376  504.233  99.381  5369  5  L509d  Lithic  BWS     0.4 

502.353  503.625  99.358  5380  5  L508d  Lithic  BWS     0.4 

502.300  503.700  99.356  5378  5  L508d  Lithic  BWS     0.4 

502.379  503.730  99.377  5376  5  L508d  Lithic  BWS     0.4 

502.382  504.178  99.369  5371  5  L509d  Lithic  BWS     0.4 

502.345  503.448  99.391  5555  5  L507c  Lithic  BWS     0 

502.330  504.201  99.384  5366  5  L509d  Lithic  BWS     0.4 

502.421  504.165  99.371  5370  5  L509d  Lithic  BWS     0.4 

502.352  503.436  99.414  5488  5  L507c  Lithic  BWS     0 

502.348  503.471  99.414  5487  5  L507c  Lithic  BWS     0 

502.425  503.933  99.403  5482  5  L508c  Lithic  BWS     0 

502.388  503.823  99.426  5480  5  L508c  Lithic  BWS     0 

502.354  503.848  99.411  5479  5  L508c  Lithic  BWS     0 

502.341  503.776  99.411  5478  5  L508c  Lithic  BWS     0 

502.479  504.308  99.445  5472  5  L509c  Lithic  BWS     0 

502.454  504.373  99.455  5471  5  L509c  Lithic  BWS     0 

502.350  504.339  99.443  5466  5  L509c  Lithic  BWS     0 

502.386  503.440  99.394  5516  5  L507c  Lithic  BWS     0 

502.423  503.423  99.399  5513  5  L507c  Lithic  BWS     0 

502.456  503.455  99.411  5509  5  L507c  Lithic  BWS     0 

502.368  503.489  99.408  5507  5  L507c  Lithic  BWS     0 

502.307  503.455  99.400  5506  5  L507c  Lithic  BWS     0 

502.437  503.525  99.424  5493  5  L507c  lithic  BWS     0 

502.369  503.514  99.427  5447  5  L507c  Lithic  BWS     0 

502.447  503.975  99.423  5441  5  L508c  Lithic  BWS     0 

502.288  503.968  99.408  5440  5  L508c  Lithic  BWS     0 

502.326  503.505  99.425  5446  5  L507c  Lithic  BWS     0 

502.378  503.419  99.419  5451  5  L507c  lithic  BWS     0 

502.471  504.543  99.441  5191  5  L510d  Lithic  BWS  flake fragment  0.4 

502.304  504.132  99.410  5201  5  L509d  Lithic  BWS  small chert block  0 

502.299  503.656  99.404  5198  5  L508d  Lithic  BWS  small quartz crystal 
flake 

0.4 

502.461  504.066  99.424  5178  5  L509d  Lithic  BWS  small flake    0 

502.437  503.674  99.406  5170  5  L508d  Lithic  BWS  weathered flake  0.4 

502.315  504.187  99.381  5301  5  L509d  lithic  BWS  quartz crystal core  0 

502.299  504.116  99.379  5302  5  L509d  Lithic  BWS  small flake  0 

502.398  504.084  99.387  5304  5  L509d  Lithic  BWS  chert core  0 

502.442  504.141  99.388  5305  5  L509d  Lithic  BWS  ironstone flake  0 

502.479  504.692  99.429  5288  5  L510d  Lithic  BWS  small ironstone 
flake 

0.4 



502.387  503.577  99.380  5310  5  L508d  Lithic  BWS  ironstone flake, 
double patinated 

0 

502.367  503.595  99.377  5311  5  L508d  Lithic  BWS  very small flake  0 

502.300  504.156  99.363  5339  5  L509d  Lithic  BWS  chert flake  0 

502.436  504.107  99.381  5345  5  L509d  Lithic  BWS  chert flake 
fragment 

0 

502.470  504.550  99.416  5332  5  L510d  Lithic  BWS  ironstone flake  0.4 

502.412  504.714  99.405  5331  5  L510d  Lithic  BWS  small burnt 
ironstone block 

0.4 

502.292  504.674  99.392  5323  5  L510d  Lithic  BWS  small ironstone 
fragment 

0.4 

502.290  504.596  99.368  5324  5  L510d  Lithic  BWS  chert bladelet core  0.4 

502.303  504.559  99.378  5328  5  L510d  Lithic  BWS  ironstone slab  0.4 

502.386  504.672  99.408  5330  5  L510d  Lithic  BWS  ironstone flake  0.4 

502.320  504.068  99.407  5238  5  L509d  Lithic  BWS  small flake  0 

502.375  504.173  99.411  5241  5  L509d  Lithic  BWS  bladelet    0 

502.316  504.143  99.388  5255  5  L509d  Lithic  BWS  blade fragment  0 

502.412  504.175  99.415  5243  5  L509d  Lithic  BWS  retouched 
ironstone flake 

0 

502.372  504.596  99.427  5233  5  L510d  Lithic  BWS  retouched 
ironstone flake 

0 

502.367  503.577  99.392  5229  5  L508d  Lithic  BWS  small ironstone 
fragment 

0 

502.411  503.604  99.391  5226  5  L508d  Lithic  BWS  small ironstone 
slab fragment 

0 

502.278  504.186  99.382  5254  5  L509d  Lithic  BWS  ironstone flake 
fragment 

0 

502.400  503.732  99.407  5222  5  L508d  Lithic  BWS  chert flake  0 

502.357  504.550  99.427  5234  5  L510d  Lithic  BWS  ironstone flake 
fragment 

0 

502.499  504.555  99.436  5237  5  L510d  Lithic  BWS  chert flake  0 

502.408  503.651  99.395  5224  5  L508d  Lithic  BWS  bladelet core  0 

502.288  504.556  99.406  5252  5  L510d  Lithic  BWS  flake fragment  0.4 

502.424  504.043  99.416  5204  5  L509d  Lithic  BWS  flake fragment  0 

502.289  504.729  99.428  5284  5  L510d  Lithic  BWS  ironstone flake  0.4 

502.412  504.216  99.425  5209  5  L509d  Lithic  BWS  quartz crystal flake  0 

502.430  504.168  99.403  5259  5  L509d  Lithic  BWS  small flake  0 

502.484  503.691  99.405  5264  5  L508d  Lithic  BWS  small ironstone 
flake 

0 

502.060  503.423  99.073  7899  5  L507a  Lithic  CBS     0 

502.028  503.374  99.094  7900  5  L507a  Lithic  CBS     0 

502.017  504.390  99.090  7895  5  L509a  Lithic  CBS     0 

502.062  503.348  99.096  7901  5  L507a  Lithic  CBS     0 

502.210  504.403  99.091  7898  5  L509a  Lithic  CBS     0 

502.031  503.304  99.089  7902  5  L507a  Lithic  CBS     0 

502.059  503.306  99.091  7903  5  L507a  Lithic  CBS     0 

502.226  503.416  99.087  7905  5  L507a  Lithic  CBS     0 

502.177  504.386  99.081  7897  5  L509a  Lithic  CBS     0 

502.054  503.437  99.058  7955  5  L507a  Lithic  CBS     0 



502.108  503.374  99.061  7956  5  L507a  Lithic  CBS     0 

502.079  503.340  99.064  7957  5  L507a  Lithic  CBS     0 

502.026  503.307  99.070  7958  5  L507a  Lithic  CBS     0 

502.011  503.338  99.063  7959  5  L507a  Lithic  CBS     0 

502.004  504.232  99.070  7926  5  L509a  Lithic  CBS     0 

502.055  504.181  99.044  7927  5  L509a  Lithic  CBS     0 

502.184  504.206  99.063  7928  5  L509a  Lithic  CBS     0 

502.023  503.951  99.043  7929  5  L508a  Lithic  CBS     0 

502.082  503.806  99.085  7932  5  L508a  Lithic  CBS     0 

502.053  503.849  99.074  7936  5  L508a  Lithic  CBS     0 

502.083  503.846  99.077  7931  5  L508a  Lithic  CBS     0 

501.976  504.530  99.074  7838  5  L510b  Lithic  CBS     0.4 

502.012  503.601  99.055  7829  5  L508b  Lithic  CBS     0 

502.038  503.641  99.055  7830  5  L508b  Lithic  CBS     0 

502.111  503.533  99.067  7832  5  L508b  Lithic  CBS     0 

502.162  503.642  99.068  7834  5  L508b  Lithic  CBS     0 

502.111  503.641  99.065  7835  5  L508b  Lithic  CBS     0 

501.964  504.511  99.070  7837  5  L510b  Lithic  CBS     0.4 

502.187  504.584  99.063  7840  5  L510b  Lithic  CBS     0.4 

502.208  504.610  99.067  7841  5  L510b  Lithic  CBS     0.4 

502.111  504.697  99.063  7842  5  L510b  Lithic  CBS     0.4 

502.129  504.692  99.068  7843  5  L510b  Lithic  CBS     0.4 

502.060  503.908  99.089  7852  5  L508a  Lithic  CBS     0 

502.092  503.749  99.089  7935  5  L508a  Lithic  CBS     0 

502.055  503.814  99.085  7853  5  L508a  Lithic  CBS     0 

502.082  503.847  99.081  7854  5  L508a  Lithic  CBS     0 

502.158  503.848  99.103  7856  5  L508a  Lithic  CBS     0 

502.140  503.772  99.112  7857  5  L508a  Lithic  CBS     0 

502.190  503.827  99.104  7858  5  L508a  Lithic  CBS     0 

502.195  503.776  99.108  7860  5  L508a  Lithic  CBS     0 

502.208  503.931  99.097  7851  5  L508a  Lithic  CBS     0 

502.196  503.894  99.100  7859  5  L508a  Lithic  CBS     0 

502.213  503.142  99.063  8062  5  L507b  Lithic  CBS     0 

502.230  503.036  99.053  8061  5  L507b  Lithic  CBS     0 

502.214  503.184  99.054  8063  5  L507b  Lithic  CBS     0 

502.140  503.310  99.058  8064  5  L507a  Lithic  CBS     0 

502.085  503.588  99.054  8065  5  L508b  Lithic  CBS     0 

502.016  503.800  99.034  8067  5  L508a  Lithic  CBS     0 

502.181  503.841  99.064  8068  5  L508a  Lithic  CBS     0 

502.124  503.887  99.057  8069  5  L508a  Lithic  CBS     0 

502.222  503.081  99.105  8046  5  L507b  Lithic  CBS     0 

502.058  503.213  99.066  8038  5  L507b  Lithic  CBS     0 

502.090  503.178  99.066  8039  5  L507b  Lithic  CBS     0 

502.141  503.181  99.066  8040  5  L507b  Lithic  CBS     0 

502.215  503.227  99.070  8041  5  L507b  Lithic  CBS  quartz   0 

502.109  503.155  99.068  8042  5  L507b  Lithic  CBS     0 



502.126  503.159  99.069  8043  5  L507b  Lithic  CBS     0 

502.226  503.123  99.110  8045  5  L507b  Lithic  CBS     0 

502.066  504.058  99.023  8071  5  L509b  Lithic  CBS     0 

502.236  503.156  99.112  8044  5  L507b  Lithic  CBS     0 

502.107  504.694  99.058  8099  5  L510b  Lithic  CBS     0.4 

502.138  503.971  99.052  8069.1  5  L508a  Lithic  CBS     0 

502.383  503.754  99.122  8091  5  L508c  Lithic  CBS     0 

502.305  503.743  99.115  8092  5  L508c  Lithic  CBS  2 pieces  0 

502.047  504.667  99.069  8096  5  L510b  Lithic  CBS     0 

502.417  503.965  99.116  8089  5  L508c  Lithic  CBS     0 

502.077  504.697  99.062  8098  5  L510b  Lithic  CBS     0.4 

502.410  503.904  99.116  8088  5  L508c  Lithic  CBS     0 

502.167  504.685  99.047  8100  5  L510b  Lithic  CBS     0.4 

502.277  504.651  99.076  8101  5  L510d  Lithic  CBS     0.4 

502.374  503.161  99.114  8102  5  L507d  Lithic  CBS     0.4 

501.978  503.890  99.018  8103  5  L508a  Lithic  CBS  relabeled from 
Geology 

0.4 

502.280  503.349  99.107  8107  5  L507c  Lithic  CBS     0.4 

501.985  504.292  98.997  8077  5  L509a  Lithic  CBS     0 

502.095  504.109  99.033  8071.1  5  L509b  Lithic  CBS     0 

502.132  504.109  99.033  8072  5  L509b  Lithic  CBS     0 

502.101  504.146  99.034  8073  5  L509b  Lithic  CBS     0 

502.201  504.165  99.043  8074  5  L509b  Lithic  CBS  relabeled from 
Geology 

0 

502.060  504.182  99.023  8075  5  L509a  Lithic  CBS  relabeled from 
ochre 

0 

501.990  504.226  99.002  8076  5  L509a  Lithic  CBS     0 

502.416  503.982  99.113  8090  5  L508c  Lithic  CBS     0 

501.972  504.377  99.003  8078  5  L509a  Lithic  CBS     0 

502.222  504.062  99.045  8070  5  L509b  Lithic  CBS     0 

502.110  504.392  99.032  8080  5  L509a  Lithic  CBS     0 

502.307  503.949  99.106  8084  5  L508c  Lithic  CBS     0 

502.333  503.908  99.107  8085  5  L508c  Lithic  CBS     0 

502.358  503.909  99.110  8086  5  L508c  Lithic  CBS     0 

502.350  503.935  99.108  8087  5  L508c  Lithic  CBS     0 

502.200  504.496  99.056  7997  5  L509a  Lithic  CBS     0 

502.044  504.487  99.070  7991  5  L509a  Lithic  CBS     0 

501.977  504.474  99.064  7992  5  L509a  Lithic  CBS     0 

501.999  504.384  99.065  7993  5  L509a  Lithic  CBS     0 

502.021  504.349  99.064  7994  5  L509a  Lithic  CBS     0 

501.994  504.331  99.054  7995  5  L509a  Lithic  CBS     0 

502.082  504.437  99.042  8020  5  L509a  Lithic  CBS     0 

501.999  504.369  99.047  8021  5  L509a  Lithic  CBS     0 

501.945  504.471  99.048  8022  5  L509a  Lithic  CBS     0 

501.966  504.415  99.050  8023  5  L509a  Lithic  CBS     0 

502.301  504.585  99.122  7780  5  L510d  Lithic  CBS     0.4 

502.413  504.555  99.125  7779  5  L510d  Lithic  CBS     0.4 



502.087  504.071  99.055  7792  5  L509b  Lithic  CBS     0 

502.196  504.077  99.076  7795  5  L509b  Lithic  CBS     0 

502.094  504.131  99.052  7793  5  L509b  Lithic  CBS     0 

502.060  503.983  99.062  7790  5  L509b  Lithic  CBS     0 

502.174  504.112  99.082  7766  5  L509b  Lithic  CBS     0 

502.228  503.987  99.081  7764  5  L509b  Lithic  CBS     0 

502.300  504.570  99.095  7812  5  L510d  Lithic  CBS     0.4 

501.993  503.966  99.014  7797  5  L509b  Lithic  CBS     0 

502.367  504.223  99.261  6759  5  L509d  Lithic  DL     0 

502.270  504.154  99.261  6733  5  L509d  Lithic  DL     0 

502.374  503.296  99.243  6723  5  L507c  Lithic  DL     0 

502.305  503.457  99.249  6718  5  L507c  Lithic  DL     0 

502.232  503.322  99.241  6719  5  L507c  Lithic  DL     0 

502.495  503.455  99.260  6725  5  L507c  Lithic  DL     0 

502.323  504.177  99.261  6739  5  L509d  Lithic  DL     0 

502.450  504.174  99.274  6757  5  L509d  Lithic  DL     0 

502.297  504.194  99.262  6736  5  L509d  Lithic  DL     0 

502.406  504.029  99.269  6748  5  L509d  Lithic  DL     0 

502.269  504.103  99.262  6738  5  L509d  Lithic  DL     0 

502.329  504.134  99.265  6742  5  L509d  Lithic  DL     0 

502.303  504.032  99.268  6743  5  L509d  Lithic  DL     0 

502.319  504.033  99.271  6744  5  L509d  Lithic  DL     0 

502.336  504.299  99.261  6650  5  L509c  Lithic  DL     0 

502.471  503.657  99.276  6615  5  L508d  Lithic  DL     0 

502.460  503.596  99.277  6617  5  L508d  Lithic  DL     0 

502.411  503.718  99.278  6619  5  L508d  Lithic  DL     0 

502.258  504.386  99.240  6647  5  L509c  Lithic  DL     0 

502.357  504.400  99.249  6641.1  5  L509c  Lithic  DL     0 

502.210  504.491  99.237  6637  5  L509c  Lithic  DL     0 

502.233  504.450  99.240  6638  5  L509c  Lithic  DL     0 

502.240  504.493  99.244  6639  5  L509c  Lithic  DL     0 

502.454  503.686  99.273  6621  5  L508d  Lithic  DL     0 

502.309  504.484  99.251  6640  5  L509c  Lithic  DL     0 

502.278  504.409  99.245  6641  5  L509c  Lithic  DL     0 

502.374  504.355  99.240  6696  5  L509c  Lithic  DL  Quartz  0 

502.293  503.421  99.267  6674  5  L507c  Lithic  DL     0 

502.240  503.445  99.257  6673  5  L507c  Lithic  DL  Quartz  0 

502.272  503.271  99.251  6672  5  L507c  Lithic  DL     0 

502.439  504.355  99.231  6697  5  L509c  Lithic  DL     0 

502.449  504.413  99.212  6698  5  L509c  Lithic  DL     0.4 

502.462  504.471  99.224  6699  5  L509c  Lithic  DL     0.4 

502.387  503.285  99.255  6685  5  L507c  Lithic  DL     0 

502.389  503.312  99.265  6684  5  L507c  Lithic  DL     0 

502.448  503.294  99.261  6687  5  L507c  Lithic  DL     0 

502.506  503.364  99.270  6688  5  L507c  Lithic  DL     0 

502.421  503.490  99.277  6682.1  5  L507c  Lithic  DL     0 



502.404  503.435  99.273  6682  5  L507c  Lithic  DL     0 

502.344  503.495  99.259  6681  5  L507c  Lithic  DL     0 

502.409  504.490  99.238  6666  5  L509c  Lithic  DL  Broken in three  0.4 

502.490  503.273  99.254  6688.1  5  L507c  Lithic  DL     0 

502.318  503.326  99.260  6679  5  L507c  Lithic  DL     0 

502.391  503.479  99.266  6681.1  5  L507c  Lithic  DL     0 

502.372  504.361  99.258  6656  5  L509c  Lithic  DL     0 

502.414  504.416  99.234  6668  5  L509c  Lithic  DL     0.4 

502.380  504.289  99.262  6655  5  L509c  Lithic  DL     0 

502.400  504.298  99.262  6654  5  L509c  Lithic  DL     0 

502.339  504.350  99.258  6652  5  L509c  Lithic  DL     0 

502.262  504.389  99.223  6665  5  L509c  Lithic  DL     0.4 

502.438  504.338  99.258  6660  5  L509c  Lithic  DL     0 

502.448  504.402  99.227  6667  5  L509c  Lithic  DL     0.4 

502.291  504.435  99.237  6664  5  L509c  Lithic  DL     0.4 

502.424  503.552  99.279  6561  5  L508d  Lithic  DL     0 

502.297  503.523  99.262  6552  5  L508d  Lithic  DL     0 

502.312  503.612  99.264  6553  5  L508d  Lithic  DL     0 

502.264  503.677  99.261  6548  5  L508d  Lithic  DL     0 

502.241  503.615  99.246  6549  5  L508d  Lithic  DL     0 

502.322  503.657  99.271  6550  5  L508d  Lithic  DL     0 

502.443  504.633  99.241  6595  5  L510d  Lithic  DL     0.4 

502.259  503.525  99.246  6598  5  L508d  Lithic  DL     0 

502.316  503.517  99.259  6599  5  L508d  Lithic  DL  Quartz?  0 

502.272  503.674  99.253  6601  5  L508d  Lithic  DL  Quartz  0 

502.239  503.726  99.263  6602  5  L508d  Lithic  DL     0 

502.355  503.527  99.264  6608  5  L508d  Lithic  DL  Quartz  0 

502.404  503.719  99.280  6612  5  L508d  Lithic  DL     0 

502.321  503.712  99.260  6602.1  5  L508d  Lithic  DL     0 

502.215  504.542  99.234  6574  5  L510d  Lithic  DL     0.4 

502.252  504.475  99.265  6575  5  L510d  Lithic  DL  Quartz  0.4 

502.241  504.463  99.254  6592  5  L510d  Lithic  DL     0.4 

502.246  504.699  99.230  6572  5  L510d  Lithic  DL     0.4 

502.281  504.470  99.260  6576  5  L510d  Lithic  DL     0.4 

502.317  504.705  99.245  6579  5  L510d  Lithic  DL     0.4 

502.366  504.729  99.257  6582  5  L510d  Lithic  DL     0.4 

502.307  504.713  99.249  6583  5  L510d  Lithic  DL     0.4 

502.257  504.627  99.242  6585  5  L510d  Lithic  DL     0.4 

502.223  504.531  99.238  6401  5  L510d  Lithic  DL     0.4 

502.275  504.661  99.257  6395  5  L510d  Lithic  DL     0.4 

502.276  504.572  99.250  6402  5  L510d  Lithic  DL     0.4 

502.400  504.636  99.264  6396  5  L510d  Lithic  DL     0.4 

502.370  504.534  99.256  6405  5  L510d  Lithic  DL     0.4 

502.228  504.652  99.249  6394  5  L510d  Lithic  DL     0.4 

502.251  504.667  99.258  6393  5  L510d  Lithic  DL     0.4 



502.369  504.615  99.253  6420  5  L510d  Lithic  DL     0.4 

502.343  503.728  99.284  6434  5  L508c  Lithic  DL     0 

502.270  503.712  99.270  6432  5  L508c  Lithic  DL     0 

502.318  503.752  99.280  6431  5  L508c  Lithic  DL     0 

502.301  503.848  99.273  6429  5  L508c  Lithic  DL     0 

502.290  503.933  99.270  6425  5  L508c  Lithic  DL     0 

502.275  503.917  99.266  6426  5  L508c  Lithic  DL     0 

502.209  504.639  99.233  6414  5  L510d  Lithic  DL     0.4 

502.383  504.597  99.263  6407  5  L510d  Lithic  DL     0.4 

502.354  504.613  99.255  6408  5  L510d  Lithic  DL     0.4 

502.306  504.591  99.252  6409  5  L510d  Lithic  DL     0.4 

502.307  504.614  99.263  6410  5  L510d  Lithic  DL     0.4 

502.292  504.603  99.254  6411  5  L510d  Lithic  DL     0.4 

502.239  503.971  99.260  6422  5  L508c  Lithic  DL  quartz  0 

502.400  504.663  99.265  6419  5  L510d  Lithic  DL     0.4 

502.377  504.527  99.251  6406  5  L510d  Lithic  DL     0.4 

502.400  503.510  99.257  6347  5  L508d  Lithic  DL     0.4 

502.480  503.439  99.262  6357  5  L507c  Lithic  DL     0.4 

502.476  503.468  99.266  6356  5  L507c  Lithic  DL     0.4 

502.459  503.423  99.264  6355  5  L507c  Lithic  DL     0.4 

502.435  503.466  99.260  6354  5  L507c  Lithic  DL     0.4 

502.460  503.642  99.265  6351  5  L508d  Lithic  DL     0.4 

502.387  503.919  99.275  6438  5  L508c  Lithic  DL     0 

502.459  503.560  99.267  6341  5  L508d  Lithic  DL     0.4 

502.275  503.639  99.264  6334  5  L508d  Lithic  DL     0.4 

502.308  503.672  99.267  6335  5  L508d  Lithic  DL     0.4 

502.333  503.722  99.266  6336  5  L508d  Lithic  DL     0.4 

502.343  503.710  99.272  6337  5  L508d  Lithic  DL     0.4 

502.460  503.674  99.266  6338  5  L508d  Lithic  DL     0.4 

502.467  503.617  99.268  6340  5  L508d  Lithic  DL     0.4 

502.381  503.550  99.258  6342  5  L508d  Lithic  DL     0.4 

502.337  503.527  99.256  6343  5  L508d  Lithic  DL     0.4 

502.312  503.484  99.253  6344  5  L508d  Lithic  DL     0.4 

502.294  503.606  99.250  6346  5  L508d  Lithic  DL     0.4 

502.430  503.667  99.263  6339  5  L508d  Lithic  DL     0.4 

502.376  504.531  99.268  6381  5  L510d  Lithic  DL     0 

502.267  504.525  99.267  6378  5  L510d  Lithic  DL     0 

502.374  504.513  99.266  6380  5  L510d  Lithic  DL     0 

502.292  504.571  99.269  6384  5  L510d  Lithic  DL     0 

502.232  504.596  99.258  6385  5  L510d  Lithic  DL     0 

502.274  504.605  99.273  6387  5  L510d  Lithic  DL     0 

502.234  504.526  99.258  6379  5  L510d  Lithic  DL     0 

502.450  503.357  99.253  6365  5  L507c  Lithic  DL     0.4 

502.442  503.395  99.250  6360  5  L507c  Lithic  DL  quartz  0.4 

502.395  503.402  99.259  6361  5  L507c  Lithic  DL     0.4 

502.323  503.316  99.243  6364  5  L507c  Lithic  DL     0.4 



502.322  503.273  99.233  6369  5  L507c  Lithic  DL     0.4 

502.454  503.290  99.232  6371  5  L507c  Lithic  DL     0.4 

502.361  503.978  99.277  6439  5  L508c  Lithic  DL     0 

502.411  503.927  99.273  6483  5  L508c  Lithic  DL     0 

502.353  503.894  99.275  6436  5  L508c  Lithic  DL     0 

502.429  503.561  99.275  6496  5  L508d  Lithic  DL     0 

502.421  503.506  99.272  6497  5  L508d  Lithic  DL     0 

502.288  504.603  99.252  6469  5  L510d  Lithic  DL     0.4 

502.428  504.501  99.251  6472  5  L510d  Lithic  DL     0.4 

502.470  504.657  99.271  6474  5  L510d  Lithic  DL     0.4 

502.464  503.813  99.282  6485  5  L508c  Lithic  DL     0 

502.306  503.745  99.271  6484  5  L508c  Lithic  DL     0 

502.312  503.930  99.269  6478  5  L508c  Lithic  DL     0 

502.339  503.821  99.274  6481  5  L508c  Lithic  DL     0 

502.456  503.942  99.276  6482  5  L508c  Lithic  DL     0 

502.304  503.656  99.270  6502  5  L508d  Lithic  DL     0 

502.252  504.427  99.250  6523  5  L509c  Lithic  DL     0.4 

502.215  504.449  99.247  6524  5  L509c  Lithic  DL     0.4 

502.427  504.291  99.247  6526  5  L509c  Lithic  DL     0.4 

502.322  504.280  99.258  6527  5  L509c  Lithic  DL     0.4 

502.327  504.706  99.260  6531  5  L510d  Lithic  DL     0.4 

502.390  504.716  99.255  6532  5  L510d  Lithic  DL     0.4 

502.391  504.677  99.251  6533  5  L510d  Lithic  DL  quartz  0.4 

502.464  504.461  99.251  6528  5  L509c  Lithic  DL     0.4 

502.402  503.544  99.276  6511  5  L508d  Lithic  DL     0 

502.468  503.671  99.281  6493  5  L508d  Lithic  DL     0 

502.352  503.567  99.268  6504  5  L508d  Lithic  DL     0 

502.476  503.579  99.279  6508  5  L508d  Lithic  DL     0 

502.450  504.484  99.252  6521  5  L509c  Lithic  DL     0.4 

502.410  503.552  99.276  6510  5  L508d  Lithic  DL     0 

502.355  503.591  99.269  6501  5  L508d  Lithic  DL     0 

502.381  504.408  99.256  6518  5  L509c  Lithic  DL     0.4 

502.193  504.610  99.223  6457  5  L510d  Lithic  DL     0.4 

502.493  503.737  99.315  6444  5  L508c  Lithic  DL     0 

502.438  503.876  99.277  6443  5  L508c  Lithic  DL     0 

502.433  503.929  99.283  6442  5  L508c  Lithic  DL     0 

502.182  504.635  99.214  6458  5  L510d  Lithic  DL  quartz  0.4 

502.167  504.711  99.238  6459  5  L510d  Lithic  DL     0.4 

502.251  504.695  99.243  6465  5  L510d  Lithic  DL     0.4 

502.255  504.704  99.242  6464  5  L510d  Lithic  DL     0.4 

502.214  504.698  99.242  6461  5  L510d  Lithic  DL     0.4 

502.433  504.265  99.262  6261  5  L509c  Lithic  DL     0.4 

502.226  504.198  99.256  6267  5  L509d  Lithic  DL  Quartz  0.4 

502.277  504.171  99.264  6275  5  L509d  Lithic  DL     0.4 

502.268  504.253  99.256  6259  5  L509c  Lithic  DL     0.4 

502.333  504.292  99.259  6260  5  L509c  Lithic  DL     0.4 



502.418  504.081  99.267  6290  5  L509d  Lithic  DL     0.4 

502.254  504.118  99.265  6273  5  L509d  Lithic  DL     0.4 

502.379  504.114  99.259  6286  5  L509d  Lithic  DL     0.4 

502.344  504.098  99.276  6283  5  L509d  Lithic  DL     0.4 

502.371  504.044  99.266  6292  5  L509d  Lithic  DL     0.4 

502.286  504.073  99.267  6294  5  L509d  Lithic  DL     0.4 

502.245  504.015  99.260  6295  5  L509d  Lithic  DL     0.4 

502.296  504.188  99.259  6276  5  L509d  Lithic  DL     0.4 

502.228  504.113  99.257  6272  5  L509d  Lithic  DL     0.4 

502.318  504.149  99.261  6277  5  L509d  Lithic  DL     0.4 

502.351  504.164  99.262  6278  5  L509d  Lithic  DL     0.4 

502.428  504.192  99.269  6280  5  L509d  Lithic  DL     0.4 

502.446  504.201  99.262  6281  5  L509d  Lithic  DL     0.4 

502.286  504.628  99.269  6231  5  L510d  Lithic  DL     0.4 

502.238  504.328  99.256  6247  5  L509c  Lithic  DL     0.4 

502.257  504.345  99.262  6246  5  L509c  Lithic  DL     0.4 

502.235  504.393  99.251  6244  5  L509c  Lithic  DL     0.4 

502.323  504.432  99.266  6243  5  L509c  Lithic  DL  Quartz  0.4 

502.363  504.487  99.260  6242  5  L509c  Lithic  DL     0.4 

502.442  504.570  99.275  6228  5  L510d  Lithic  DL     0.4 

502.264  504.689  99.262  6230  5  L510d  Lithic  DL     0.4 

502.371  504.515  99.260  6239  5  L510d  Lithic  DL     0.4 

502.279  504.556  99.264  6233  5  L510d  Lithic  DL     0.4 

502.253  504.582  99.264  6234  5  L510d  Lithic  DL     0.4 

502.310  504.530  99.264  6238  5  L510d  Lithic  DL     0.4 

502.280  504.650  99.265  6236  5  L510d  Lithic  DL     0.4 

502.467  504.725  99.293  6218  5  L510d  Lithic  DL     0.4 

502.378  504.605  99.271  6225  5  L510d  Lithic  DL     0.4 

502.243  504.261  99.258  6257  5  L509c  Lithic  DL     0.4 

502.344  504.342  99.260  6250  5  L509c  Lithic  DL     0.4 

502.464  504.370  99.270  6251  5  L509c  Lithic  DL     0.4 

502.318  504.278  99.256  6253  5  L509c  Lithic  DL     0.4 

502.334  504.666  99.269  6226  5  L510d  Lithic  DL     0.4 

502.321  504.265  99.258  6254  5  L509c  Lithic  DL     0.4 

502.375  504.710  99.274  6223  5  L510d  Lithic  DL  Quartz  0.4 

502.389  504.688  99.279  6222  5  L510d  Lithic  DL     0.4 

502.410  504.676  99.277  6221  5  L510d  Lithic  DL     0.4 

502.432  504.687  99.280  6220  5  L510d  Lithic  DL     0.4 

502.310  504.323  99.259  6249  5  L509c  Lithic  DL  Quartz  0.4 

502.452  503.946  99.269  6318  5  L508c  Lithic  DL     0.4 

502.350  503.936  99.266  6316  5  L508c  Lithic  DL     0.4 

502.388  503.943  99.272  6315  5  L508c  Lithic  DL     0.4 

502.369  503.964  99.274  6312  5  L508c  Lithic  DL     0.4 

502.333  503.993  99.258  6311  5  L508c  Lithic  DL     0.4 

502.284  503.947  99.268  6310  5  L508c  Lithic  DL     0.4 

502.284  503.914  99.271  6321  5  L508c  Lithic  DL     0.4 



502.420  504.207  99.268  6309  5  L509d  Lithic  DL     0.4 

502.419  504.192  99.268  6305  5  L509d  Lithic  DL     0.4 

502.337  504.150  99.262  6304  5  L509d  Lithic  DL     0.4 

502.316  504.010  99.276  6303  5  L509d  Lithic  DL     0.4 

502.390  504.133  99.258  6299  5  L509d  Lithic  DL     0.4 

502.305  503.746  99.264  6333  5  L508c  Lithic  DL     0.4 

502.266  503.888  99.264  6322  5  L508c  Lithic  DL  Quartz  0.4 

502.433  503.787  99.279  6331  5  L508c  Lithic  DL     0.4 

502.333  503.898  99.273  6323  5  L508c  Lithic  DL  Quartz  0.4 

502.312  503.825  99.268  6329  5  L508c  Lithic  DL     0.4 

502.329  503.864  99.265  6326  5  L508c  Lithic  DL     0.4 

502.374  503.897  99.273  6325  5  L508c  Lithic  DL     0.4 

502.380  503.926  99.272  6324  5  L508c  Lithic  DL     0.4 

502.484  504.476  99.376  6179  5  L509c  Lithic  FBS     0 

502.365  503.772  99.465  5056  5  L508c  Lithic  FBS  core frag?  0 

502.331  504.400  99.452  5079  5  L509c  Lithic  FBS  small cobble 
possibly worked 

0 

502.374  503.525  99.439  5077  5  L508d  Lithic  FBS  chert frag  0 

502.405  503.677  99.448  5070  5  L508d  Lithic  FBS  thin ironstone slab 
frag 

0 

502.396  504.202  99.458  5134  5  L509d  Lithic  FBS  burnt flake    0 

502.464  503.839  99.447  5150  5  L508c  Lithic  FBS  chert flake  0 

502.448  503.872  99.438  5147  5  L508c  Lithic  FBS  ironstone flake frag  0 

502.382  503.545  99.436  5100  5  L508d  Lithic  FBS  bladelet frag 
possibly backed 

0 

502.396  503.521  99.437  5099  5  L508d  Lithic  FBS  flake frag  0 

502.446  504.000  99.452  5093  5  L508c  Lithic  FBS  ironstone slab frag  0 

502.337  503.685  99.441  5123  5  L508d  Lithic  FBS  chert bladelet  0 

502.476  503.614  99.466  5007  5  L508d  Lithic  FBS  very small flake 
frag 

0 

502.510  504.434  99.493  5005  5  L509c  Lithic  FBS  bladelet frag 
possibly backed 

0 

502.418  504.432  99.486  5004  5  L509c  Lithic  FBS  ironstone flake frag  0 

502.419  504.427  99.476  5038  5  L509c  Lithic  FBS  flake frag  0 

502.302  504.473  99.462  5033  5  L509c  Lithic  FBS  ironstone flake  0 

502.390  503.573  99.461  5000  5  L508d  Lithic  FBS  ironstone flake  0 

502.357  504.238  99.482  4964  5  L509d  Lithic  FBS  ironstone flake  0 

502.435  504.485  99.477  4963  5  L509c  Lithic  FBS  chert flake 
fragment 

0.4 

502.432  504.345  99.502  4960  5  L509c  Lithic  FBS  chert bladelet  0 

502.384  504.369  99.499  4959  5  L509c  Lithic  FBS  flake  0 

502.467  504.427  99.497  4991  5  L509c  Lithic  FBS  chert flake  0 

502.302  504.467  99.490  4987  5  L509c  Lithic  FBS  burnt flake frag  0 

502.312  504.396  99.478  4986  5  L509c  Lithic  FBS  ?  0 

502.458  504.246  99.468  4977  5  L509d  Lithic  FBS  flake frag  0.4 

502.438  504.248  99.465  4976  5  L509d  Lithic  FBS  flake  0.4 

502.303  504.318  99.489  4985  5  L509c  Lithic  FBS  modified slab  0 

502.358  504.566  99.477  4925  5  L510d  Lithic  FBS  backed bladelet  0.4 

502.303  504.714  99.508  4923  5  L510d  Lithic  FBS  flake frag  0.4 



502.435  504.070  99.486  4918  5  L509d  Lithic  FBS  chert flake 
fragment 

0 

502.400  504.648  99.501  4926  5  L510d  Lithic  FBS  flake  0.4 

502.354  504.624  99.485  4944  5  L510d  Lithic  FBS     0 

502.431  503.701  99.482  4931  5  L508d  Lithic  FBS  bladelet  0 

502.489  504.650  99.495  4930  5  L510d  Lithic  FBS  flake  0.4 

502.409  504.724  99.493  4928  5  L510d  Lithic  FBS  quartz crystal flake  0.4 

502.418  503.675  99.485  4931.1  5  L508d  Lithic  FBS     0 

502.407  503.513  99.442  4833  5  L508d  Lithic  FBS  Retouched flake  0.4 

502.437  503.539  99.471  4832  5  L508d  Lithic  FBS  Quartz crystal  0.4 

502.456  503.523  99.444  4831  5  L508d  Lithic  FBS  Ironstone flake  0.4 

502.382  503.945  99.463  4839  5  L508c  Lithic  FBS  Blade  0.4 

502.365  503.892  99.460  4840  5  L508c  Lithic  FBS     0.4 

502.497  504.011  99.533  5613  5  L509d  Lithic  GS     0 

502.498  504.027  99.477  5678  5  L508c  Lithic  GS     0 

502.511  503.821  99.495  5677  5  L508c  Lithic  GS     0 

502.396  504.421  99.512  4881  5  L509c  Lithic  GS  flake frag  0.4 

502.472  504.394  99.519  4878  5  L509c  Lithic  GS  retouched flake  0.4 

502.433  504.326  99.497  4880  5  L509c  Lithic  GS  chert flake  0.4 

502.391  504.084  99.526  4859  5  L509d  Lithic  GS  chert flake  0 

502.416  504.344  99.506  4876  5  L509c  Lithic  GS  dolomite flake  0.4 

502.388  504.402  99.528  4872  5  L509c  Lithic  GS  chert flake  0 

502.408  504.423  99.551  4871  5  L509c  Lithic  GS  chert flake  0 

502.452  504.052  99.503  4869  5  L509d  Lithic  GS  weathered chert 
flake 

0 

502.452  504.360  99.539  4868  5  L509c  Lithic  GS  BIF flake  0.4 

502.461  504.343  99.510  4877  5  L509c  Lithic  GS  flake  0.4 

502.404  504.195  99.516  4864  5  L509d  Lithic  GS  BIF flake  0 

502.338  504.466  99.500  4875  5  L509c  Lithic  GS  retouched flake  0.4 

502.358  503.785  99.536  4725  5  L508c  Lithic  GS     0 

502.471  503.404  99.446  4722  5  L507c  Lithic  GS  Chert flake  0.4 

502.472  504.341  99.578  4718  5  L509c  Lithic  GS  Flake  0.4 

502.432  503.916  99.552  4716  5  L508c  Lithic  GS  Flake  0 

502.382  503.373  99.411  4750  5  L507c  Lithic  GS  Burnt frag  0 

502.327  504.450  99.540  4748  5  L509c  Lithic  GS  Bladelet core  0 

502.344  504.474  99.545  4747  5  L509c  Lithic  GS  Chert flake  0 

502.449  504.356  99.555  4746  5  L509c  Lithic  GS  Endscraper ‐ 
PHOTOGRAPH 

0 

502.480  504.178  99.545  4696  5  L509d  Lithic  GS  Chert flake?  0.4 

502.380  504.682  99.555  4695  5  L510d  Lithic  GS  Flake fragment  0.4 

502.472  503.414  99.468  4714  5  L507c  Lithic  GS  Flake  0 

502.410  503.409  99.468  4713  5  L507c  Lithic  GS  Bladelet  0 

502.373  504.467  99.599  4702  5  L509c  Lithic  GS  Chert flake  0 

502.418  503.457  99.492  4701  5  L507c  Lithic  GS  Small flake  0 

502.474  503.486  99.455  4715  5  L507c  Lithic  GS  Flake frag  0.4 

502.333  504.573  99.532  4815  5  L510d  Lithic  GS  Ironstone flake  0 

502.491  504.700  99.534  4825  5  L510d  Lithic  GS  Chert flake  0.4 

502.350  504.633  99.548  4805  5  L510d  Lithic  GS  Flake  0 

502.416  504.645  99.512  4842  5  L510d  Lithic  GS  Chert flake  0.4 

502.361  504.423  99.535  4762  5  L509c  Lithic  GS  Very small flake  0 



502.331  504.356  99.537  4761  5  L509c  Lithic  GS  Dolomite flake  0 

502.477  503.628  99.494  4798  5  L508d  Lithic  GS  Flake core  0 

502.387  503.955  99.487  4795  5  L508c  Lithic  GS  ?  0 

502.365  503.807  99.491  4793  5  L508c  Lithic  GS  Chert flake  0 

502.331  504.662  99.557  4785  5  L510d  Lithic  GS  Very small flake  0 

502.411  504.596  99.555  4784  5  L510d  Lithic  GS  Chert flake  0 

502.461  503.500  99.531  4642  5  L508d  Lithic  GS     0 

502.465  503.529  99.537  4641  5  L508d  Lithic  GS  flake fragment  0 

502.425  504.496  99.584  4643  5  L510d  Lithic  GS  flake fragment  0 

502.442  504.121  99.564  4646  5  L509d  Lithic  GS  Ironstone frag  0 

502.400  504.215  99.578  4624  5  L509d  Lithic  GS  Very small flake  0 

502.409  504.505  99.598  4627  5  L510d  Lithic  GS  Ironstone flake  0 

502.475  503.512  99.496  4674  5  L508d  Lithic  GS  Ironstone flake frag  0.4 

502.509  503.524  99.498  4674.1  5  L508d  Lithic  GS     0.4 

502.505  503.498  99.499  4675  5  L508d  Lithic  GS  Flake frag ‐ fine 
graned material 

0.4 

502.311  504.568  99.538  4676  5  L510d  Lithic  GS  Flake fragment  0 

502.387  504.030  99.529  4677  5  L509d  Lithic  GS  Flake fragment  0 

502.423  504.077  99.540  4678  5  L509d  Lithic  GS  Ironstone flake  0 

502.483  504.230  99.543  4679  5  L509d  Lithic  GS  Small flake  0.4 

502.373  504.048  99.518  4691  5  L509d  Lithic  GS  Small flake  0.4 

502.485  504.536  99.544  4682  5  L510d  Lithic  GS  Flake fragment  0.4 

502.367  504.534  99.539  4681  5  L510d  Lithic  GS  Ironstone flake?  0.4 

502.385  504.666  99.570  4666  5  L510d  Lithic  GS  Very small flake  0 

502.435  504.083  99.546  4671  5  L509d  Lithic  GS  Modified slab  0 

502.137  503.167  99.119  7778  5  L507a  Lithic  TP     0 

502.167  503.287  99.121  7777  5  L507a  Lithic  TP     0 

502.134  503.351  99.122  7776  5  L507a  Lithic  TP     0 

502.070  503.309  99.113  7774  5  L507a  Lithic  TP     0 

502.105  503.332  99.119  7775  5  L507a  Lithic  TP     0 

502.408  503.693  99.497  4810  5  L508d  Ochre  GS     0 

 

Spatial Context of Historical Artifacts Recovered 

X  Y  Z  ID  OP  SQ  FEATURE  COMMENT  PRISM 

502.693  490.601  99.226  7923  3  M482  GM     0.4 

502.433  492.006  99.343  5991  3  L485  Rubble  Newspaper  0.4 

502.716  492.023  99.248  7101  3  M485  SG  Glass  0.4 

502.977  491.245  99.285  6769  3  M483  WTF  Cigarette   0.4 

502.068  492.023  99.311  6515  3  L485  WTF     0.4 

503.111  490.837  99.224  8010  3  M482  GM  Historical bottle glass  0.4 

502.903  490.843  99.283  7738  3  M482  GM  Historical ceramic  0.4 

502.084  491.377  99.369  5703  3  L483  Rubble  Historical cloth  0.4 

502.406  489.605  99.297  5658  3  L480  Rubble  Historical matchstick  0.4 

502.707  490.866  99.391  5542  3  M482  Rubble  Historical worked glass  0.4 

502.131  489.517  99.375  5155  3  L480  Rubble  Historical string  0.4 

502.427  491.946  99.411  4782  3  L484  Rubble  Historical Newspaper  0.4 

502.092  490.356  99.363  4628  3  L481  Rubble  Historical pay slip  0.4 

502.968  491.735  99.249  7246  3  M484  SG  Historical cigarette  0.4 



503.589  491.291  99.061  7782  3  O483  SRCL  Historical green glass ‐ 
worked? 

0.4 

503.557  491.495  99.065  7781  3  O483  SRCL  Historical woven string  0.4 

503.599  491.095  99.068  7745  3  O483  SRCL  Historical newspaper  0.4 

503.650  491.318  99.063  7721  3  O483  SRCL  Historical newspaper  0.4 

502.367  492.922  99.298  6635  3  L486  WTF  Historical cigarette  0.4 

502.804  491.984  99.274  6633  3  M485  WTF  Historical kebab stick  0.4 

502.113  504.451  99.074  7976  5  L509a  CBS  Stone bead?  0 

502.493  503.703  99.448  5102  5  L508d  FBS  Historic string  0 

502.471  504.245  99.547  4697  5  L509d  GS  Historical Porcelain base ‐ 
possibly retouched 

0.4 

502.354  503.892  99.518  4763  5  L508c  GS  Teacup handle  0 

502.430  504.527  99.582  4638  5  L510d  GS  Historical ceramic  0 

502.456  504.599  99.573  4644  5  L510d  GS  Historical glass  0 

502.360  504.665  99.570  4645  5  L510d  GS  Historical window glass  0 

502.453  504.173  99.585  4625  5  L509d  GS  Historical window glass  0 

502.503  504.159  99.587  4626  5  L509d  GS  Historical painted 
porcelain 

0 

502.432  504.697  99.574  4656  5  L510d  GS  Historical glass, possibly 
worked 

0 

502.391  504.169  99.555  4670  5  L509d  GS  Glass flake, very small  0 

 

Spatial Context of Faunal Samples Recovered 

X  Y  Z  ID  O
P 

SQ  TYPE  FEAT  COMMENT  PRISM 

500.612  501.412  98.289  7999  2  I503  Macrofauna  BSS  tooth  0 

501.391  501.232  98.345  7682  2  J503  Macrofauna  BSS     0 

500.755  501.189  98.311  7218  2  I503  Macrofauna  JKR     0 

500.349  501.050  98.337  6538  2  H503  Macrofauna  JKR     0 

500.817  500.880  98.449  6014  2  I503  Macrofauna  LCT     0 

499.957  493.919  98.167  7974  3  G489  Macrofauna  BK     0 

499.875  494.169  98.229  7549.1  3  G489  Macrofauna  BK     0 

499.812  494.116  98.223  7547.1  3  G489  Macrofauna  BK     0 

499.852  494.209  98.226  7548  3  G489  Macrofauna  BK     0 

499.921  494.231  98.226  7549  3  G489  Macrofauna  BK     0 

499.515  494.203  98.253  7550  3  G489  Macrofauna  BK  Left in situ in 
cave 

0 

499.979  494.007  98.237  7546  3  G489  Macrofauna  BK     0 

499.875  494.050  98.227  7545  3  G489  Macrofauna  BK     0 

499.852  494.175  98.226  7547  3  G489  Macrofauna  BK     0 

499.612  493.964  98.217  7541  3  G489  Macrofauna  BK  Left in situ in 
cave 

0 

499.499  494.163  98.304  7541.1  3  G489  Macrofauna  BK  Left in situ in 
cave 

0 

499.537  494.073  98.262  7542  3  G489  Macrofauna  BK  Left in situ in 
cave 

0 

499.709  493.915  98.198  7543  3  G489  Macrofauna  BK     0 

499.903  494.002  98.238  7544  3  G489  Macrofauna  BK     0 

499.822  494.018  98.228  7544.1  3  G489  Macrofauna  BK     0 



499.701  493.980  98.231  7420  3  G489  Macrofauna  BK     0 

499.716  493.937  98.194  7436  3  G489  Macrofauna  BK     0 

499.691  493.912  98.242  7437  3  G489  Macrofauna  BK     0 

499.671  493.930  98.246  7180  3  G489  Macrofauna  BK     0 

499.758  493.985  98.245  7181  3  G489  Macrofauna  BK     0 

499.727  494.094  98.234  7182  3  G489  Macrofauna  BK     0 

499.786  494.088  98.225  7048  3  G489  Macrofauna  BK     0 

499.652  494.056  98.250  7047  3  G489  Macrofauna  BK     0 

500.248  493.964  98.184  6215  3  H489  Macrofauna  BK     0 

500.275  493.952  98.203  6216  3  H489  Macrofauna  BK     0 

500.150  494.022  98.166  6209  3  H489  Macrofauna  BK     0 

500.117  493.965  98.175  6214  3  H489  Macrofauna  BK     0 

500.138  494.116  98.151  6210  3  H489  Macrofauna  BK     0 

500.300  494.133  98.190  6198  3  H489  Macrofauna  BK     0 

500.136  495.003  98.415  6197  3  H489  Macrofauna  BK     0 

499.992  494.895  98.414  6119  3  H489  Macrofauna  BK     0 

499.940  494.814  98.375  6120  3  H489  Macrofauna  BK     0 

500.126  494.005  98.240  6121  3  H489  Macrofauna  BK     0 

500.186  493.972  98.243  6052  3  H489  Macrofauna  BK     0 

500.088  493.959  98.246  6053  3  H489  Macrofauna  BK     0 

500.397  494.142  98.250  6028  3  H489  Macrofauna  BK     0 

500.475  494.041  98.239  6025  3  H489  Macrofauna  BK     0 

500.051  494.952  98.418  6027  3  H489  Macrofauna  BK     0 

500.231  494.115  98.256  6029  3  H489  Macrofauna  BK     0 

500.242  493.945  98.283  6030  3  H489  Macrofauna  BK     0 

499.878  494.793  98.423  6031  3  H489  Macrofauna  BK     0 

499.809  494.882  98.444  6032  3  H489  Macrofauna  BK     0 

500.146  494.147  98.233  6033  3  H489  Macrofauna  BK     0 

500.042  493.965  98.256  6034  3  H489  Macrofauna  BK     0 

500.486  494.096  98.227  6026  3  H489  Macrofauna  BK     0 

500.156  494.175  98.239  5977  3  H489  Macrofauna  BK     0 

500.282  494.104  98.252  6016  3  H489  Macrofauna  BK     0 

500.208  493.990  98.272  6017  3  H489  Macrofauna  BK     0 

502.864  490.845  99.296  7452  3  M482  Macrofauna  FAK     0.4 

502.956  491.096  99.255  7392  3  M483  Macrofauna  FAK  Worked?  0.4 

502.115  491.036  99.312  7383  3  L483  Macrofauna  FAK     0.4 

502.293  491.189  99.310  7361  3  L483  Macrofauna  FAK     0.4 

502.663  490.491  99.306  7431  3  M482  Macrofauna  FAK     0.4 

502.528  490.872  99.351  7432  3  M482  Macrofauna  FAK     0.4 

502.899  491.276  99.263  7338  3  M483  Macrofauna  FAK     0.4 

502.905  491.175  99.259  7340  3  M483  Macrofauna  FAK  Tooth  0.4 

502.749  491.163  99.278  7343  3  M483  Macrofauna  FAK     0.4 

502.428  491.409  99.302  7349  3  L483  Macrofauna  FAK     0.4 

503.046  490.855  99.294  6067.1  3  M482  Macrofauna  FAK     0.4 

503.011  490.900  99.295  6067  3  M482  Macrofauna  FAK     0.4 

502.660  490.710  99.220  7922  3  M482  Macrofauna  GM     0.4 

502.756  490.939  99.212  7946  3  M482  Macrofauna  GM     0.4 

502.645  490.563  99.211  7962  3  M482  Macrofauna  GM     0.4 

502.587  491.007  99.232  7924  3  M482  Macrofauna  GM     0.4 

502.721  491.021  99.231  7944  3  M482  Macrofauna  GM  tooth  0.4 



502.788  490.601  99.231  7884  3  M482  Macrofauna  GM     0.4 

503.069  491.019  99.223  7981  3  M482  Macrofauna  GM     0.4 

502.866  490.580  99.204  8029  3  M482  Macrofauna  GM  tooth  0.4 

502.682  490.591  99.188  8025  3  M482  Macrofauna  GM     0.4 

502.862  490.864  99.261  7798  3  M482  Macrofauna  GM     0.4 

502.839  490.922  99.301  7709  3  M482  Macrofauna  GM     0.4 

502.902  490.675  99.265  7734  3  M482  Macrofauna  GM     0.4 

502.629  490.938  99.269  7740  3  M482  Macrofauna  GM     0.4 

502.924  490.829  99.259  7746  3  M482  Macrofauna  GM     0.4 

502.841  490.906  99.279  7749  3  M482  Macrofauna  GM  Tooth  0.4 

502.083  490.452  99.304  7447  3  L482  Macrofauna  Lower 
Rubble 

whole tooth  0.4 

502.280  489.851  99.260  6517  3  L480  Macrofauna  Lower 
Rubble 

   0.4 

502.447  491.303  99.263  7691  3  L483  Macrofauna  MH  Tooth  0.4 

502.176  491.316  99.270  7683  3  L483  Macrofauna  MH  Tooth  0.4 

502.129  491.236  99.275  7692  3  L483  Macrofauna  MH     0.4 

502.244  491.182  99.276  7689  3  L483  Macrofauna  MH     0.4 

502.321  491.350  99.301  7531  3  L483  Macrofauna  MH     0.4 

502.149  491.028  99.246  7445  3  L483  Macrofauna  MH     0.4 

502.374  490.878  99.288  7446  3  L482  Macrofauna  MH     0.4 

502.084  491.309  99.298  7601  3  L483  Macrofauna  MH     0.4 

502.116  491.293  99.286  7602  3  L483  Macrofauna  MH  tooth  0.4 

502.135  491.182  99.276  7603  3  L483  Macrofauna  MH     0.4 

502.187  491.223  99.284  7604  3  L483  Macrofauna  MH     0.4 

502.435  491.422  99.266  7605  3  L483  Macrofauna  MH     0.4 

502.188  491.346  99.290  7566  3  L483  Macrofauna  MH     0.4 

502.395  491.352  99.290  7567  3  L483  Macrofauna  MH     0.4 

502.480  491.296  99.274  7568  3  L483  Macrofauna  MH     0.4 

502.191  491.217  99.294  7574  3  L483  Macrofauna  MH  tooth  0.4 

502.159  491.341  99.293  7565  3  L483  Macrofauna  MH     0.4 

502.136  491.328  99.304  7362  3  L483  Macrofauna  MH     0.4 

502.239  491.342  99.317  7364  3  L483  Macrofauna  MH     0.4 

502.300  491.333  99.315  7365  3  L483  Macrofauna  MH     0.4 

502.090  491.271  99.309  7369  3  L483  Macrofauna  MH  Tortoise  0.4 

502.420  491.297  99.292  7380  3  L483  Macrofauna  MH  Tooth  0.4 

502.246  491.954  99.271  6980  3  L484  Macrofauna  MH     0.4 

502.453  491.979  99.261  6982  3  L484  Macrofauna  MH     0.4 

502.232  492.063  99.267  6981  3  L484  Macrofauna  MH     0.4 

502.291  491.445  99.294  6990  3  L484  Macrofauna  MH     0.4 

502.279  491.774  99.284  6974  3  L484  Macrofauna  MH     0.4 

502.373  491.885  99.259  6979  3  L484  Macrofauna  MH     0.4 

502.375  491.754  99.269  6973  3  L484  Macrofauna  MH     0.4 

502.066  491.595  99.314  6972  3  L484  Macrofauna  MH     0.4 

502.352  491.967  99.273  6976  3  L484  Macrofauna  MH     0.4 

502.281  491.501  99.294  6977  3  L484  Macrofauna  MH     0.4 

502.306  491.504  99.297  6978  3  L484  Macrofauna  MH     0.4 

502.311  491.431  99.298  6975  3  L484  Macrofauna  MH     0.4 

502.464  491.740  99.293  6909  3  L484  Macrofauna  MH     0.4 

502.215  491.523  99.294  6968  3  L484  Macrofauna  MH     0.4 



502.055  491.471  99.317  6967  3  L484  Macrofauna  MH     0.4 

502.491  491.637  99.300  6910  3  L484  Macrofauna  MH     0.4 

502.207  491.719  99.306  6908  3  L484  Macrofauna  MH     0.4 

502.213  491.771  99.347  6820  3  L484  Macrofauna  MH     0.4 

502.386  491.658  99.316  6821  3  L484  Macrofauna  MH     0.4 

502.439  491.679  99.307  6822  3  L484  Macrofauna  MH     0.4 

502.144  491.667  99.331  6853  3  L484  Macrofauna  MH     0.4 

502.237  491.734  99.321  6845  3  L484  Macrofauna  MH     0.4 

502.245  491.791  99.309  6849  3  L484  Macrofauna  MH     0.4 

502.282  491.729  99.333  6206  3  L484  Macrofauna  Rubble  Tooth  0.4 

502.966  491.656  99.305  6188  3  M484  Macrofauna  Rubble     0.4 

502.778  491.768  99.325  6190  3  M484  Macrofauna  Rubble     0.4 

502.623  491.505  99.325  6193  3  M484  Macrofauna  Rubble     0.4 

501.967  492.110  99.378  5880  3  L485  Macrofauna  Rubble     0.4 

502.182  492.098  99.363  5878  3  L485  Macrofauna  Rubble     0.4 

502.406  491.543  99.345  5875  3  L484  Macrofauna  Rubble     0.4 

502.384  491.864  99.329  5874  3  L484  Macrofauna  Rubble     0.4 

503.031  491.564  99.368  5986  3  M484  Macrofauna  Rubble  Gnawed  0.4 

502.255  492.011  99.324  5981  3  L485  Macrofauna  Rubble     0.4 

502.382  492.117  99.301  6013  3  L485  Macrofauna  Rubble     0.4 

502.321  492.069  99.313  6012  3  L485  Macrofauna  Rubble     0.4 

502.802  491.619  99.405  5938  3  M484  Macrofauna  Rubble     0.4 

502.437  492.452  99.295  5935  3  L485  Macrofauna  Rubble     0.4 

502.213  492.177  99.336  5932  3  L485  Macrofauna  Rubble     0.4 

502.035  492.272  99.312  5931  3  L485  Macrofauna  Rubble     0.4 

502.435  490.417  99.296  5730  3  L481  Macrofauna  Rubble     0.4 

502.512  490.344  99.267  5781  3  L481  Macrofauna  Rubble  Tortoise shell  0.4 

502.079  491.972  99.387  5802  3  L484  Macrofauna  Rubble     0.4 

502.210  491.849  99.394  5803  3  L484  Macrofauna  Rubble     0.4 

502.353  491.892  99.374  5804  3  L484  Macrofauna  Rubble     0.4 

502.279  491.167  99.362  5709  3  L483  Macrofauna  Rubble     0.4 

502.266  491.097  99.341  5709.1  3  L483  Macrofauna  Rubble     0.4 

503.024  490.945  99.344  5617  3  M482  Macrofauna  Rubble     0.4 

502.153  490.556  99.336  5649  3  L482  Macrofauna  Rubble     0.4 

502.088  490.536  99.328  5675  3  L482  Macrofauna  Rubble     0.4 

502.285  490.375  99.369  5404  3  L481  Macrofauna  Rubble     0.4 

502.263  490.022  99.373  5405  3  L481  Macrofauna  Rubble     0.4 

502.431  489.829  99.329  5552  3  L480  Macrofauna  Rubble     0.4 

502.156  490.147  99.354  5434  3  L481  Macrofauna  Rubble     0.4 

502.368  491.253  99.365  5315  3  L483  Macrofauna  Rubble     0.4 

502.245  492.047  99.388  5336  3  L485  Macrofauna  Rubble     0.4 

502.319  492.120  99.393  5319  3  L485  Macrofauna  Rubble  tooth  0.4 

502.074  491.157  99.384  5246  3  L483  Macrofauna  Rubble  ? Look at it 
more 

0.4 

502.424  491.376  99.389  5221  3  L483  Macrofauna  Rubble  Gnawed/dig
ested 

0.4 

502.217  491.394  99.368  5220  3  L483  Macrofauna  Rubble  Tooth  0.4 

502.168  491.436  99.381  5219  3  L483  Macrofauna  Rubble  Tortoise shell  0.4 

502.479  489.868  99.341  5281  3  L480  Macrofauna  Rubble  tooth  0.4 

502.155  490.759  99.377  5130  3  L482  Macrofauna  Rubble     0.4 



502.136  491.464  99.386  5158  3  L483  Macrofauna  Rubble     0.4 

502.950  490.526  99.427  4906  3  M482  Macrofauna  Rubble     0.4 

502.862  490.493  99.429  4905  3  M482  Macrofauna  Rubble     0.4 

502.686  490.983  99.402  4912  3  M482  Macrofauna  Rubble     0.4 

502.415  491.165  99.407  4739  3  L483  Macrofauna  Rubble     0.4 

502.025  489.551  99.414  4712  3  L480  Macrofauna  Rubble     0.4 

502.411  491.465  99.459  4710  3  L483  Macrofauna  Rubble     0.4 

502.327  491.388  99.448  4709  3  L483  Macrofauna  Rubble     0.4 

502.550  491.445  99.405  4818  3  M483  Macrofauna  Rubble     0.4 

502.358  491.553  99.463  4760  3  L484  Macrofauna  Rubble     0.4 

502.256  491.752  99.428  4756  3  L484  Macrofauna  Rubble     0.4 

502.344  491.725  99.438  4781  3  L484  Macrofauna  Rubble     0.4 

502.105  490.633  99.422  4631  3  L482  Macrofauna  Rubble     0.4 

502.306  490.530  99.446  4633  3  L482  Macrofauna  Rubble     0.4 

502.870  490.564  99.465  4605  3  M482  Macrofauna  Rubble     0.4 

502.168  489.677  99.452  4591  3  L480  Macrofauna  Rubble     0.4 

502.637  491.960  99.474  4597  3  M484  Macrofauna  Rubble     0.4 

502.618  490.774  99.442  4603  3  M482  Macrofauna  Rubble     0.4 

502.871  491.991  99.473  4598  3  M484  Macrofauna  Rubble     0.4 

502.660  490.505  99.457  4604  3  M482  Macrofauna  Rubble     0.4 

502.879  491.787  99.449  4614  3  M484  Macrofauna  Rubble     0.4 

502.585  490.882  99.428  4610  3  M482  Macrofauna  Rubble     0.4 

502.740  491.044  99.440  4582  3  M483  Macrofauna  Rubble     0.4 

502.037  490.246  99.457  4574  3  L481  Macrofauna  Rubble     0.4 

502.275  491.920  99.251  7873  3  L484  Macrofauna  SG     0.4 

502.394  491.737  99.239  7874  3  L484  Macrofauna  SG     0.4 

502.566  491.838  99.243  7879  3  L484  Macrofauna  SG     0.4 

502.250  492.191  99.239  7789  3  L485  Macrofauna  SG     0.4 

502.166  492.271  99.239  7754  3  L485  Macrofauna  SG     0.4 

502.394  491.822  99.230  7819  3  L484  Macrofauna  SG     0.4 

502.546  491.608  99.266  7828  3  L484  Macrofauna  SG     0.4 

502.182  492.200  99.244  7752  3  L485  Macrofauna  SG     0.4 

502.128  492.199  99.246  7753  3  L485  Macrofauna  SG     0.4 

502.955  492.789  99.242  7462  3  M486  Macrofauna  SG     0.4 

502.518  492.699  99.248  7463  3  M486  Macrofauna  SG     0.4 

502.958  491.592  99.231  7296  3  M484  Macrofauna  SG     0.4 

502.681  491.695  99.258  7308  3  M484  Macrofauna  SG  Tortoise w/ 
scute 

0.4 

503.050  492.494  99.260  7302  3  M486  Macrofauna  SG     0.4 

502.555  491.739  99.277  7288  3  M484  Macrofauna  SG     0.4 

502.443  492.577  99.244  7314  3  L486  Macrofauna  SG  Tooth  0.4 

502.422  492.698  99.240  7315  3  L486  Macrofauna  SG     0.4 

502.555  491.731  99.274  7220  3  M484  Macrofauna  SG     0.4 

502.509  491.587  99.284  7221  3  M484  Macrofauna  SG     0.4 

502.990  491.881  99.246  7275.1  3  M484  Macrofauna  SG     0.4 

502.522  491.595  99.291  7203  3  M484  Macrofauna  SG     0.4 

502.256  492.477  99.256  7197  3  L486  Macrofauna  SG     0.4 

502.413  492.896  99.271  7199  3  L486  Macrofauna  SG     0.4 

502.488  492.907  99.282  7200  3  L486  Macrofauna  SG     0.4 

502.542  491.655  99.295  7204  3  M484  Macrofauna  SG     0.4 



502.935  491.565  99.243  7260  3  M484  Macrofauna  SG     0.4 

503.043  491.861  99.235  7275  3  M484  Macrofauna  SG     0.4 

502.844  491.533  99.261  7249  3  M484  Macrofauna  SG     0.4 

502.013  492.737  99.257  7188  3  L486  Macrofauna  SG     0.4 

502.875  491.505  99.257  7249.1  3  M484  Macrofauna  SG     0.4 

502.717  492.129  99.245  7100  3  M485  Macrofauna  SG     0.4 

503.863  491.213  99.009  7917  3  O483  Macrofauna  SRCL     0.4 

503.688  491.209  99.012  7951  3  O483  Macrofauna  SRCL     0.4 

503.529  491.438  99.026  7863  3  O483  Macrofauna  SRCL     0.4 

503.627  491.428  99.034  7866  3  O483  Macrofauna  SRCL     0.4 

503.719  491.265  98.965  8055  3  O483  Macrofauna  SRCL     0.4 

503.599  491.277  98.976  8050  3  O483  Macrofauna  SRCL     0.4 

503.606  491.281  98.968  8060  3  O483  Macrofauna  SRCL     0.4 

503.671  491.277  99.058  7784  3  O483  Macrofauna  SRCL     0.4 

503.948  491.117  99.018  7811  3  O483  Macrofauna  SRCL     0.4 

503.673  491.307  99.071  7699  3  O483  Macrofauna  SRCL     0.4 

503.795  491.223  99.083  7700  3  O483  Macrofauna  SRCL     0.4 

503.817  491.200  99.074  7725  3  O483  Macrofauna  SRCL     0.4 

503.602  491.059  99.090  7521  3  O483  Macrofauna  SRCL     0.4 

503.772  491.369  99.101  7551  3  O483  Macrofauna  SRCL     0.4 

503.876  491.484  99.135  7538  3  O483  Macrofauna  SRCL     0.4 

503.916  491.367  99.145  7485  3  O483  Macrofauna  SRCL     0.4 

503.901  491.475  99.160  7488  3  O483  Macrofauna  SRCL     0.4 

503.960  491.126  99.147  7469  3  O483  Macrofauna  SRCL     0.4 

503.894  491.251  99.110  7599  3  O483  Macrofauna  SRCL  tooth  0.4 

503.806  491.222  99.097  7622  3  O483  Macrofauna  SRCL     0.4 

503.907  491.145  99.116  7629  3  O483  Macrofauna  SRCL     0.4 

502.968  491.417  99.244  7148  3  M483  Macrofauna  WTF  Tooth frag  0.4 

503.022  491.349  99.232  7152  3  M483  Macrofauna  WTF     0.4 

503.029  491.186  99.268  7004  3  M483  Macrofauna  WTF     0.4 

502.881  491.280  99.268  7008  3  M483  Macrofauna  WTF     0.4 

502.869  491.256  99.271  7007  3  M483  Macrofauna  WTF     0.4 

502.532  491.367  99.298  7104  3  M483  Macrofauna  WTF     0.4 

502.625  491.367  99.287  7105  3  M483  Macrofauna  WTF     0.4 

502.695  491.416  99.272  7106  3  M483  Macrofauna  WTF     0.4 

502.786  491.409  99.269  7107  3  M483  Macrofauna  WTF     0.4 

502.848  491.360  99.268  7108  3  M483  Macrofauna  WTF     0.4 

502.972  491.191  99.263  7111  3  M483  Macrofauna  WTF     0.4 

502.834  491.144  99.272  7015  3  M483  Macrofauna  WTF     0.4 

502.635  491.320  99.293  7013.1  3  M483  Macrofauna  WTF     0.4 

502.666  491.307  99.288  7013  3  M483  Macrofauna  WTF     0.4 

502.812  491.324  99.284  7012  3  M483  Macrofauna  WTF     0.4 

502.605  491.458  99.299  6998  3  M483  Macrofauna  WTF     0.4 

502.905  491.107  99.275  7110  3  M483  Macrofauna  WTF     0.4 

502.941  491.339  99.245  7117  3  M483  Macrofauna  WTF     0.4 

502.979  491.296  99.251  7030  3  M483  Macrofauna  WTF     0.4 

503.063  491.307  99.251  7028  3  M483  Macrofauna  WTF     0.4 

502.704  491.371  99.283  7027  3  M483  Macrofauna  WTF     0.4 

502.971  491.395  99.248  7025  3  M483  Macrofauna  WTF     0.4 

503.003  491.212  99.266  7023  3  M483  Macrofauna  WTF     0.4 



502.813  491.512  99.283  6768  3  M483  Macrofauna  WTF     0.4 

502.710  492.270  99.271  6629  3  M485  Macrofauna  WTF     0.4 

502.245  492.102  99.273  6513  3  L485  Macrofauna  WTF     0.4 

503.071  491.950  99.293  6446  3  M484  Macrofauna  WTF     0.4 

502.464  504.163  99.343  5813  5  L509d  Macrofauna   AS     0 

501.999  503.176  99.129  7499  5  L507a/
c 

Macrofauna  AAS  Eroding out 
of southern 
profile, 
multiple 
features 
possible 

0.4 

502.190  503.312  99.131  7590  5  L507b  Macrofauna  AAS     0 

502.228  503.359  99.151  7591  5  L507b  Macrofauna  AAS     0 

502.355  504.120  99.128  7408  5  L509d  Macrofauna  AAS     0 

502.133  504.159  99.101  7421  5  L509d  Macrofauna  AAS     0 

502.344  504.064  99.129  7414  5  L509d  Macrofauna  AAS     0 

502.413  504.073  99.146  7417  5  L509d  Macrofauna  AAS     0 

502.083  504.548  99.137  7277  5  L510b  Macrofauna  AAS     0 

502.301  503.230  99.194  7216  5  L507c  Macrofauna  AAS     0 

502.289  503.306  99.193  7212  5  L507c  Macrofauna  AAS     0 

502.487  503.240  99.187  7243  5  L507c  Macrofauna  AAS     0 

502.261  504.327  99.190  7134  5  L509c  Macrofauna  AAS     0 

502.239  504.516  99.171  7138  5  L509c  Macrofauna  AAS     0 

502.288  504.248  99.171  7142  5  L509c  Macrofauna  AAS     0 

502.317  503.787  99.239  7125  5  L508c  Macrofauna  AAS     0 

502.389  503.310  99.213  7166  5  L507c  Macrofauna  AAS     0 

502.425  503.958  99.220  7155  5  L508c  Macrofauna  AAS     0 

502.230  503.237  99.212  7161  5  L507c  Macrofauna  AAS     0 

502.266  503.208  99.209  7163  5  L507c  Macrofauna  AAS     0 

502.375  503.332  99.208  7165  5  L507c  Macrofauna  AAS     0 

502.415  503.304  99.215  7167  5  L507c  Macrofauna  AAS     0 

502.130  503.295  99.211  7032  5  L507c  Macrofauna  AAS     0 

502.373  503.468  99.223  7036  5  L507c  Macrofauna  AAS     0 

502.246  503.908  99.238  7054  5  L508c  Macrofauna  AAS     0 

502.284  503.941  99.235  7058  5  L508c  Macrofauna  AAS     0 

502.482  503.447  99.241  7043.1  5  L507c  Macrofauna  AAS     0 

502.415  503.468  99.229  7043  5  L507c  Macrofauna  AAS     0 

502.445  503.408  99.230  7042  5  L507c  Macrofauna  AAS     0 

502.424  503.329  99.227  7041  5  L507c  Macrofauna  AAS     0 

502.412  503.403  99.228  7039  5  L507c  Macrofauna  AAS     0 

502.316  504.435  99.222  7075  5  L509c  Macrofauna  AAS     0 

502.214  504.448  99.202  7073  5  L509c  Macrofauna  AAS     0 

502.242  504.461  99.205  7074  5  L509c  Macrofauna  AAS     0 

502.469  503.763  99.282  7065  5  L508c  Macrofauna  AAS     0 

502.394  504.705  99.216  6894  5  L510d  Macrofauna  AAS     0.4 

502.290  504.215  99.217  6866  5  L509d  Macrofauna  AAS     0 

502.383  504.050  99.240  6874  5  L509d  Macrofauna  AAS     0 

502.449  504.056  99.235  6945  5  L509d  Macrofauna  AAS     0 

502.407  504.038  99.228  6944  5  L509d  Macrofauna  AAS     0 

502.152  503.414  99.189  6920  5  L507c  Macrofauna  AAS     0.4 



502.138  503.288  99.216  6924  5  L507c  Macrofauna  AAS     0.4 

502.218  504.141  99.180  6937  5  L509d  Macrofauna  AAS     0 

502.172  503.341  99.208  6922  5  L507c  Macrofauna  AAS     0.4 

502.173  503.314  99.213  6923  5  L507c  Macrofauna  AAS     0.4 

502.244  503.245  99.213  6926  5  L507c  Macrofauna  AAS     0.4 

502.237  503.618  99.230  6773  5  L508d  Macrofauna  AAS     0 

502.265  503.547  99.232  6775  5  L508d  Macrofauna  AAS     0 

502.340  503.566  99.248  6776  5  L508d  Macrofauna  AAS     0 

502.365  503.595  99.253  6778  5  L508d  Macrofauna  AAS     0 

502.445  504.176  99.251  6809  5  L509d  Macrofauna  AAS     0 

502.389  503.593  99.248  6779  5  L508d  Macrofauna  AAS     0 

502.184  504.527  99.204  6828  5  L510d  Macrofauna  AAS     0.4 

502.244  504.484  99.210  6829  5  L510d  Macrofauna  AAS     0.4 

502.266  504.511  99.216  6830  5  L510d  Macrofauna  AAS     0.4 

502.469  503.532  99.253  6783  5  L508d  Macrofauna  AAS     0 

502.261  504.695  99.212  6788  5  L510d  Macrofauna  AAS     0.4 

502.299  504.087  99.251  6804  5  L509d  Macrofauna  AAS     0 

502.366  504.280  99.240  6798  5  L509d  Macrofauna  AAS     0 

502.340  503.588  99.228  6841  5  L508d  Macrofauna  AAS     0 

502.515  503.573  99.376  7441  5  L508d  Macrofauna  AS     0 

502.253  504.295  99.278  6127  5  L509c  Macrofauna  AS     0 

502.508  503.371  99.281  6169  5  L507c  Macrofauna  AS     0 

502.339  503.251  99.250  6170  5  L507c  Macrofauna  AS     0 

502.450  503.466  99.293  6167  5  L507c  Macrofauna  AS     0 

502.326  504.478  99.285  6139  5  L509c  Macrofauna  AS     0 

502.267  503.427  99.264  6154  5  L507c  Macrofauna  AS     0 

502.356  504.335  99.279  6145  5  L509c  Macrofauna  AS     0 

502.376  504.467  99.363  6043  5  L509c  Macrofauna  AS     0 

502.367  504.417  99.349  6046  5  L509c  Macrofauna  AS     0 

502.395  504.418  99.349  6046.1  5  L509c  Macrofauna  AS     0 

502.339  504.425  99.345  6046.2  5  L509c  Macrofauna  AS     0 

502.358  504.376  99.344  6047  5  L509c  Macrofauna  AS     0 

502.357  504.339  99.314  6099  5  L509c  Macrofauna  AS     0 

502.281  504.293  99.334  6036  5  L509c  Macrofauna  AS     0 

502.299  504.371  99.310  6095  5  L509c  Macrofauna  AS     0 

502.473  503.933  99.349  5900  5  L508c  Macrofauna  AS     0 

502.302  503.885  99.320  5885  5  L508c  Macrofauna  AS     0 

502.301  503.925  99.321  5884  5  L508c  Macrofauna  AS     0 

502.463  503.640  99.301  5924  5  L508d  Macrofauna  AS     0 

502.432  503.805  99.344  5862  5  L508C  Macrofauna  AS     0 

502.429  503.800  99.346  5863  5  L508C  Macrofauna  AS     0 

502.401  503.635  99.319  5855  5  L508d  Macrofauna  AS     0 

502.310  503.777  99.295  5993  5  L508c  Macrofauna  AS     0 

502.339  503.603  99.282  5976  5  L508d  Macrofauna  AS  Given to 
Frankie 

0 

502.488  503.513  99.335  5974  5  L508d  Macrofauna  AS     0 

502.467  503.658  99.295  5967  5  L508d  Macrofauna  AS     0 

502.318  503.656  99.280  6008  5  L508d  Macrofauna  AS     0 

502.408  503.679  99.326  5850  5  L508d  Macrofauna  AS     0 

502.372  503.757  99.297  5994  5  L508c  Macrofauna  AS     0 



502.467  503.697  99.288  6009  5  L508d  Macrofauna  AS     0 

502.287  503.627  99.282  5930  5  L508d  Macrofauna  AS     0 

502.448  503.640  99.294  5966  5  L508d  Macrofauna  AS     0 

502.287  503.715  99.280  5959  5  L508d  Macrofauna  AS     0 

502.441  503.557  99.312  5927  5  L508d  Macrofauna  AS  Tortoise   0 

502.406  503.654  99.288  5960  5  L508d  Macrofauna  AS     0 

502.312  503.682  99.321  5842  5  L508d  Macrofauna  AS  Given to 
Frankie 

0 

502.469  504.166  99.334  5836  5  L509d  Macrofauna  AS     0 

502.274  504.196  99.328  5828  5  L509d  Macrofauna  AS     0 

502.293  504.695  99.306  5770  5  L510d  Macrofauna  AS     0.4 

502.303  503.454  99.293  5758  5  L507c  Macrofauna  AS     0.4 

502.285  504.690  99.315  5742  5  L510d  Macrofauna  AS     0.4 

502.424  503.441  99.302  5760  5  L507c  Macrofauna  AS     0.4 

502.366  503.464  99.321  5721  5  L507c  Macrofauna  AS     0.4 

502.290  504.031  99.351  5786  5  L509d  Macrofauna  AS     0 

502.328  504.168  99.359  5783  5  L509d  Macrofauna  AS     0 

502.345  503.365  99.275  5799  5  L507c  Macrofauna  AS     0.4 

502.342  503.422  99.302  5777  5  L507c  Macrofauna  AS     0 

502.375  504.550  99.354  5716  5  L510d  Macrofauna  AS     0.4 

502.330  504.712  99.335  5711  5  L510d  Macrofauna  AS     0.4 

502.377  504.569  99.354  5713  5  L510d  Macrofauna  AS     0.4 

502.376  504.675  99.340  5714  5  L510d  Macrofauna  AS     0.4 

502.363  503.505  99.326  5722  5  L507c  Macrofauna  AS     0.4 

502.293  503.438  99.293  5757  5  L507c  Macrofauna  AS     0.4 

502.469  503.357  99.322  5688  5  L507c  Macrofauna  AS     0 

502.287  504.704  99.384  5664  5  L510d  Macrofauna  AS     0.4 

502.296  504.596  99.360  5661  5  L510d  Macrofauna  AS     0.4 

502.488  504.593  99.368  5669  5  L510d  Macrofauna  AS     0.4 

502.508  503.563  99.366  6011  5  L508d  Macrofauna  BWS     0 

502.489  504.217  99.424  5751  5  L509d  Macrofauna  BWS     0 

502.291  503.866  99.357  5563  5  L508c  Macrofauna  BWS     0 

502.290  503.906  99.358  5567  5  L508c  Macrofauna  BWS     0 

502.313  503.937  99.359  5569  5  L508c  Macrofauna  BWS     0 

502.352  503.904  99.360  5567.1  5  L508c  Macrofauna  BWS     0 

502.345  503.918  99.362  5568  5  L508c  Macrofauna  BWS     0 

502.317  503.420  99.355  5592  5  L507c  Macrofauna  BWS     0 

502.294  503.389  99.344  5602  5  L507c  Macrofauna  BWS     0 

502.392  503.428  99.363  5595  5  L507c  Macrofauna  BWS     0 

502.338  504.465  99.388  5577  5  L509c  Macrofauna  BWS  Tooth  0 

502.464  504.322  99.379  5609  5  L509c  Macrofauna  BWS     0 

502.298  503.385  99.330  5626  5  L507c  Macrofauna  BWS     0 

502.287  503.465  99.339  5630  5  L507c  Macrofauna  BWS     0 

502.365  503.768  99.408  5521  5  L508c  Macrofauna  BWS     0 

502.342  504.429  99.436  5530  5  L509c  Macrofauna  BWS     0 

502.495  504.560  99.417  5387  5  L510d  Macrofauna  BWS     0.4 

502.355  504.646  99.421  5385  5  L510d  Macrofauna  BWS     0.4 

502.333  504.614  99.408  5384  5  L510d  Macrofauna  BWS  Worked?  0.4 

502.299  503.867  99.429  5422  5  L508c  Macrofauna  BWS     0 

502.415  504.634  99.403  5417  5  L510d  Macrofauna  BWS  tooth  0.4 



502.409  504.637  99.402  5416  5  L510d  Macrofauna  BWS  Worked?  0.4 

502.426  504.618  99.407  5415  5  L510d  Macrofauna  BWS  Tooth  0.4 

502.420  504.589  99.405  5414  5  L510d  Macrofauna  BWS     0.4 

502.405  503.464  99.401  5517  5  L507c  Macrofauna  BWS     0 

502.403  504.561  99.418  5363  5  L510d  Macrofauna  BWS     0.4 

502.355  504.664  99.416  5358  5  L510d  Macrofauna  BWS     0.4 

502.410  504.245  99.415  5536  5  L509c  Macrofauna  BWS     0 

502.358  503.647  99.369  5379  5  L508d  Macrofauna  BWS     0.4 

502.314  503.940  99.430  5421  5  L508c  Macrofauna  BWS     0 

502.429  504.478  99.461  5475  5  L509c  Macrofauna  BWS     0 

502.305  503.477  99.413  5486  5  L507c  Macrofauna  BWS     0 

502.483  503.473  99.432  5491  5  L507c  Macrofauna  BWS     0 

502.480  504.289  99.448  5474  5  L509c  Macrofauna  BWS     0 

502.466  504.280  99.447  5473  5  L509c  Macrofauna  BWS     0 

502.370  504.415  99.456  5465  5  L509c  Macrofauna  BWS  Worked   0 

502.381  504.452  99.450  5464  5  L509c  Macrofauna  BWS  Given to 
Frankie 

0 

502.295  503.786  99.406  5477  5  L508c  Macrofauna  BWS  tooth  0 

502.341  503.424  99.394  5515  5  L507c  Macrofauna  BWS     0 

502.458  503.514  99.424  5511  5  L507c  Macrofauna  BWS  bone flake  0 

502.376  503.864  99.400  5500  5  L508c  Macrofauna  BWS  Tooth marks  0 

502.339  503.884  99.396  5498  5  L508c  Macrofauna  BWS     0 

502.477  503.514  99.434  5494  5  L507c  Macrofauna  BWS     0 

502.400  503.504  99.428  5492  5  L507c  Macrofauna  BWS     0 

502.366  504.330  99.451  5467  5  L509c  Macrofauna  BWS     0 

502.306  503.834  99.417  5445  5  L508c  Macrofauna  BWS     0 

502.307  503.795  99.423  5443  5  L508c  Macrofauna  BWS  Complete 
phalanx 

0 

502.430  503.871  99.426  5442  5  L508c  Macrofauna  BWS     0 

502.428  503.460  99.426  5448.1  5  L507c  Macrofauna  BWS     0 

502.410  503.525  99.429  5448  5  L507c  Macrofauna  BWS     0 

502.361  503.648  99.398  5196  5  L508d  Macrofauna  BWS  cut mark  0.4 

502.382  503.731  99.411  5171.1  5  L508d  Macrofauna  BWS     0.4 

502.339  504.697  99.446  5185  5  L510d  Macrofauna  BWS     0.4 

502.297  504.660  99.436  5184  5  L510d  Macrofauna  BWS     0.4 

502.380  504.065  99.420  5181  5  L509d  Macrofauna  BWS     0 

502.418  503.669  99.407  5171  5  L508d  Macrofauna  BWS     0.4 

502.395  504.095  99.426  5177  5  L509d  Macrofauna  BWS     0 

502.488  503.571  99.387  5309  5  L508d  Macrofauna  BWS     0 

502.380  503.659  99.384  5308  5  L508d  Macrofauna  BWS     0 

502.465  503.733  99.378  5312  5  L508d  Macrofauna  BWS     0.4 

502.470  503.691  99.392  5300  5  L508d  Macrofauna  BWS  tooth  0 

502.416  503.591  99.385  5320  5  L508d  Macrofauna  BWS  tooth  0 

502.449  504.649  99.419  5333  5  L510d  Macrofauna  BWS     0.4 

502.397  504.578  99.399  5334  5  L510d  Macrofauna  BWS  Given to 
Frankie 

0.4 

502.319  504.570  99.397  5296  5  L510d  Macrofauna  BWS  worked?  0.4 

502.425  503.603  99.383  5321  5  L508d  Macrofauna  BWS     0 

502.288  504.569  99.369  5326  5  L510d  Macrofauna  BWS     0.4 

502.491  503.582  99.398  5228  5  L508d  Macrofauna  BWS     0 



502.478  503.612  99.399  5227.1  5  L508d  Macrofauna  BWS     0 

502.439  503.599  99.395  5227  5  L508d  Macrofauna  BWS     0 

502.278  504.682  99.445  5232  5  L510d  Macrofauna  BWS     0 

502.381  503.658  99.396  5223  5  L508d  Macrofauna  BWS     0 

502.394  504.538  99.434  5235  5  L510d  Macrofauna  BWS     0 

502.456  504.291  99.440  5208.1  5  L509c  Macrofauna  BWS     0 

502.380  504.206  99.420  5206  5  L509d  Macrofauna  BWS  complete 
phalanx 

0 

502.431  503.704  99.400  5262  5  L508d  Macrofauna  BWS  Tortoise shell  0 

502.459  504.237  99.437  5208  5  L509c  Macrofauna  BWS  Worked  0 

502.364  503.607  99.387  5265  5  L508d  Macrofauna  BWS  tooth  0 

502.116  504.243  99.090  7894  5  L509a  Macrofauna  CBS     0 

501.980  504.452  99.081  7896  5  L509a  Macrofauna  CBS     0 

502.189  503.292  99.094  7904  5  L507a  Macrofauna  CBS     0 

502.064  503.622  99.060  7833  5  L508b  Macrofauna  CBS     0 

502.355  503.692  99.126  8093  5  L508c  Macrofauna  CBS     0 

502.282  503.875  99.106  8094  5  L508c  Macrofauna  CBS     0 

502.067  503.834  99.041  8104  5  L508a  Macrofauna  CBS     0.4 

501.992  504.707  99.076  8097  5  L510b  Macrofauna  CBS     0 

502.129  503.986  99.067  7791  5  L509b  Macrofauna  CBS     0 

502.151  504.128  99.064  7794  5  L509b  Macrofauna  CBS     0 

502.175  503.987  99.076  7796  5  L509b  Macrofauna  CBS     0 

502.457  504.602  99.132  7767  5  L510d  Macrofauna  CBS     0.4 

502.247  504.038  99.258  6730.1  5  L509d  Macrofauna  DL     0 

502.333  504.202  99.266  6740  5  L509d  Macrofauna  DL     0 

502.228  504.094  99.256  6730  5  L509d  Macrofauna  DL     0 

502.325  503.301  99.242  6722  5  L507c  Macrofauna  DL     0 

502.432  503.262  99.243  6726  5  L507c  Macrofauna  DL     0 

502.170  503.308  99.234  6721  5  L507c  Macrofauna  DL     0 

502.302  504.155  99.263  6737  5  L509d  Macrofauna  DL     0 

502.471  504.105  99.275  6751  5  L509d  Macrofauna  DL     0 

502.459  504.098  99.271  6752  5  L509d  Macrofauna  DL     0 

502.405  504.108  99.266  6753  5  L509d  Macrofauna  DL     0 

502.413  504.166  99.271  6754  5  L509d  Macrofauna  DL     0 

502.333  504.233  99.260  6741  5  L509d  Macrofauna  DL     0 

502.330  504.047  99.271  6745  5  L509d  Macrofauna  DL     0 

502.364  504.062  99.270  6746  5  L509d  Macrofauna  DL     0 

502.293  504.355  99.247  6646  5  L509c  Macrofauna  DL  Tooth  0 

502.357  504.399  99.246  6644  5  L509c  Macrofauna  DL     0 

502.289  504.281  99.256  6649  5  L509c  Macrofauna  DL     0 

502.372  503.642  99.259  6625  5  L508d  Macrofauna  DL     0 

502.349  503.539  99.260  6623  5  L508d  Macrofauna  DL     0 

502.451  503.537  99.272  6622  5  L508d  Macrofauna  DL  Tortoise  0 

502.221  503.322  99.255  6671  5  L507c  Macrofauna  DL     0 

502.322  504.377  99.240  6695  5  L509c  Macrofauna  DL     0 

502.399  503.415  99.275  6680  5  L507c  Macrofauna  DL     0 

502.360  503.374  99.267  6689  5  L507c  Macrofauna  DL     0 

502.345  503.410  99.274  6678  5  L507c  Macrofauna  DL  Worked??  0 

502.336  503.433  99.271  6677  5  L507c  Macrofauna  DL     0 

502.311  503.421  99.269  6676  5  L507c  Macrofauna  DL     0 



502.431  504.315  99.264  6658  5  L509c  Macrofauna  DL     0 

502.356  504.306  99.260  6653  5  L509c  Macrofauna  DL     0 

502.313  503.350  99.258  6686  5  L507c  Macrofauna  DL     0 

502.458  503.577  99.281  6564  5  L508d  Macrofauna  DL     0 

502.387  503.536  99.270  6557  5  L508d  Macrofauna  DL     0 

502.373  503.510  99.270  6558  5  L508d  Macrofauna  DL     0 

502.428  503.546  99.280  6559  5  L508d  Macrofauna  DL     0 

502.452  503.518  99.281  6560  5  L508d  Macrofauna  DL     0 

502.420  503.612  99.277  6563  5  L508d  Macrofauna  DL     0 

502.404  503.603  99.277  6562  5  L508d  Macrofauna  DL     0 

502.299  503.753  99.266  6613.1  5  L508c  Macrofauna  DL     0 

502.340  504.700  99.231  6596  5  L510d  Macrofauna  DL     0.4 

502.429  504.510  99.251  6593  5  L510d  Macrofauna  DL     0.4 

502.335  503.626  99.264  6603  5  L508d  Macrofauna  DL     0 

502.402  503.512  99.272  6609  5  L508d  Macrofauna  DL     0 

502.380  503.639  99.269  6610  5  L508d  Macrofauna  DL  Tortoise  0 

502.241  503.757  99.262  6613  5  L508c  Macrofauna  DL     0 

502.356  504.660  99.242  6580  5  L510d  Macrofauna  DL     0.4 

502.225  504.581  99.232  6573  5  L510d  Macrofauna  DL     0.4 

502.291  504.690  99.231  6577  5  L510d  Macrofauna  DL     0.4 

502.310  504.682  99.236  6578  5  L510d  Macrofauna  DL     0.4 

502.364  504.687  99.240  6578.1  5  L510d  Macrofauna  DL     0.4 

502.345  504.522  99.256  6584  5  L510d  Macrofauna  DL     0.4 

502.299  504.572  99.254  6403  5  L510d  Macrofauna  DL     0.4 

502.225  504.514  99.238  6400  5  L510d  Macrofauna  DL     0.4 

502.357  504.696  99.266  6390  5  L510d  Macrofauna  DL     0.4 

502.255  503.838  99.256  6428  5  L508c  Macrofauna  DL     0 

502.325  503.879  99.277  6435  5  L508c  Macrofauna  DL     0 

502.299  503.700  99.265  6350  5  L508d  Macrofauna  DL     0.4 

502.288  503.753  99.267  6433  5  L508c  Macrofauna  DL     0 

502.218  504.701  99.253  6416  5  L510d  Macrofauna  DL     0.4 

502.281  504.681  99.249  6418  5  L510d  Macrofauna  DL     0.4 

502.309  504.638  99.252  6412  5  L510d  Macrofauna  DL     0.4 

502.355  503.441  99.254  6353  5  L507c  Macrofauna  DL     0.4 

502.410  503.415  99.269  6375  5  L507c  Macrofauna  DL     0.4 

502.403  503.271  99.233  6373  5  L507c  Macrofauna  DL     0.4 

502.453  503.327  99.250  6372  5  L507c  Macrofauna  DL     0.4 

502.243  504.621  99.267  6386  5  L510d  Macrofauna  DL     0 

502.500  503.420  99.250  6359  5  L507c  Macrofauna  DL     0.4 

502.215  503.351  99.239  6366  5  L507c  Macrofauna  DL     0.4 

502.333  503.735  99.273  6486  5  L508c  Macrofauna  DL     0 

502.403  503.735  99.283  6487  5  L508c  Macrofauna  DL     0 

502.263  503.711  99.269  6476  5  L508c  Macrofauna  DL     0 

502.411  504.651  99.257  6471  5  L510d  Macrofauna  DL     0.4 

502.285  503.889  99.264  6475.1  5  L508c  Macrofauna  DL     0 

502.325  503.875  99.272  6477  5  L508c  Macrofauna  DL     0 

502.324  503.842  99.269  6475  5  L508c  Macrofauna  DL     0 

502.308  504.678  99.246  6530  5  L510d  Macrofauna  DL     0.4 

502.385  503.539  99.273  6500  5  L508d  Macrofauna  DL     0 

502.312  504.497  99.257  6522  5  L509c  Macrofauna  DL     0.4 



502.301  504.281  99.259  6525  5  L509c  Macrofauna  DL     0.4 

502.453  504.420  99.254  6520  5  L509c  Macrofauna  DL     0.4 

502.224  504.706  99.261  6529  5  L510d  Macrofauna  DL     0.4 

502.381  504.542  99.245  6537  5  L510d  Macrofauna  DL  2 pieces  0.4 

502.329  503.546  99.260  6505  5  L508d  Macrofauna  DL     0 

502.420  503.607  99.276  6509  5  L508d  Macrofauna  DL     0 

502.401  503.973  99.280  6441.1  5  L508c  Macrofauna  DL     0 

502.411  503.919  99.280  6441  5  L508c  Macrofauna  DL     0 

502.232  504.610  99.238  6456  5  L510d  Macrofauna  DL     0.4 

502.254  504.664  99.237  6460  5  L510d  Macrofauna  DL     0.4 

502.213  504.697  99.241  6463  5  L510d  Macrofauna  DL     0.4 

502.252  504.214  99.264  6266  5  L509d  Macrofauna  DL     0.4 

502.226  504.216  99.252  6265  5  L509d  Macrofauna  DL     0.4 

502.301  504.249  99.259  6262  5  L509c  Macrofauna  DL     0.4 

502.210  504.071  99.249  6296.1  5  L509d  Macrofauna  DL     0.4 

502.432  504.100  99.265  6289  5  L509d  Macrofauna  DL  Tooth  0.4 

502.436  504.158  99.267  6282  5  L509d  Macrofauna  DL     0.4 

502.227  504.006  99.254  6296  5  L509d  Macrofauna  DL     0.4 

502.246  504.179  99.255  6269  5  L509d  Macrofauna  DL     0.4 

502.261  504.220  99.262  6270  5  L509d  Macrofauna  DL     0.4 

502.222  504.175  99.254  6268  5  L509d  Macrofauna  DL     0.4 

502.290  504.514  99.261  6237  5  L510d  Macrofauna  DL     0.4 

502.312  504.236  99.260  6255  5  L509c  Macrofauna  DL     0.4 

502.387  504.712  99.282  6219  5  L510d  Macrofauna  DL     0.4 

502.294  504.220  99.267  6308  5  L509d  Macrofauna  DL     0.4 

502.476  503.951  99.276  6320  5  L508c  Macrofauna  DL     0.4 

502.454  504.072  99.275  6302  5  L509d  Macrofauna  DL     0.4 

502.471  504.088  99.273  6301  5  L509d  Macrofauna  DL     0.4 

502.429  504.029  99.269  6300  5  L509d  Macrofauna  DL     0.4 

502.271  504.048  99.271  6298  5  L509d  Macrofauna  DL     0.4 

502.381  503.796  99.279  6332  5  L508c  Macrofauna  DL     0.4 

502.471  503.994  99.277  6319  5  L508c  Macrofauna  DL     0.4 

502.353  503.816  99.273  6328  5  L508c  Macrofauna  DL     0.4 

502.345  503.840  99.273  6327  5  L508c  Macrofauna  DL     0.4 

502.338  503.952  99.457  5060  5  L508c  Macrofauna  FBS     0 

502.336  503.783  99.449  5085  5  L508c  Macrofauna  FBS     0 

502.352  503.810  99.460  5057  5  L508c  Macrofauna  FBS     0 

502.351  503.928  99.455  5059  5  L508c  Macrofauna  FBS     0 

502.360  503.885  99.452  5058  5  L508c  Macrofauna  FBS     0 

502.302  503.807  99.436  5139  5  L508c  Macrofauna  FBS     0 

502.332  503.750  99.437  5137  5  L508c  Macrofauna  FBS     0 

502.413  503.975  99.439  5149  5  L508c  Macrofauna  FBS     0 

502.352  503.525  99.439  5098  5  L508d  Macrofauna  FBS     0 

502.350  503.631  99.446  5097  5  L508d  Macrofauna  FBS     0 

502.350  503.900  99.443  5108  5  L508c  Macrofauna  FBS     0 

502.482  503.719  99.462  5009  5  L508d  Macrofauna  FBS     0.4 

502.389  504.369  99.461  5039  5  L509c  Macrofauna  FBS     0 

502.354  504.299  99.458  5035  5  L509c  Macrofauna  FBS     0 

502.337  504.329  99.460  5034  5  L509c  Macrofauna  FBS     0 

502.467  503.712  99.458  5028  5  L508d  Macrofauna  FBS     0 



502.357  503.648  99.451  5027  5  L508d  Macrofauna  FBS     0 

502.376  504.201  99.478  4966  5  L509d  Macrofauna  FBS     0 

502.339  504.117  99.472  4965  5  L509d  Macrofauna  FBS     0 

502.343  503.533  99.455  4983  5  L508d  Macrofauna  FBS     0 

502.419  504.333  99.490  4989  5  L509c  Macrofauna  FBS     0 

502.386  504.379  99.498  4988  5  L509c  Macrofauna  FBS     0 

502.463  503.635  99.467  4984  5  L508d  Macrofauna  FBS     0 

502.367  503.634  99.469  4981  5  L508d  Macrofauna  FBS     0 

502.326  503.666  99.469  4980  5  L508d  Macrofauna  FBS     0 

502.458  504.215  99.497  4920  5  L509d  Macrofauna  FBS     0 

502.427  504.677  99.499  4927  5  L510d  Macrofauna  FBS     0.4 

502.369  503.796  99.474  4943  5  L508d  Macrofauna  FBS     0 

502.419  504.605  99.487  4929  5  L510d  Macrofauna  FBS     0.4 

502.357  503.827  99.464  4837  5  L508c  Macrofauna  FBS     0.4 

502.433  503.948  99.464  4838  5  L508c  Macrofauna  FBS     0.4 

502.421  503.628  99.477  4834  5  L508d  Macrofauna  FBS     0.4 

502.456  504.282  99.510  4879  5  L509c  Macrofauna  GS     0.4 

502.430  504.177  99.508  4870  5  L509d  Macrofauna  GS     0 

502.433  504.424  99.522  4915  5  L509c  Macrofauna  GS     0 

502.396  503.377  99.408  4731  5  L507c  Macrofauna  GS     0.4 

502.519  503.893  99.580  4717  5  L508c  Macrofauna  GS     0 

502.359  503.431  99.432  4740  5  L507c  Macrofauna  GS     0 

502.446  503.393  99.427  4741  5  L507c  Macrofauna  GS     0 

502.383  503.476  99.424  4743  5  L507c  Macrofauna  GS     0.4 

502.511  504.521  99.547  4809  5  L510d  Macrofauna  GS     0.4 

502.319  504.556  99.524  4814  5  L510d  Macrofauna  GS     0 

502.373  503.947  99.498  4772  5  L508c  Macrofauna  GS     0 

502.363  503.849  99.507  4771  5  L508c  Macrofauna  GS     0 

502.352  503.611  99.500  4769  5  L508d  Macrofauna  GS     0 

502.385  503.691  99.506  4796  5  L508d  Macrofauna  GS     0 

502.509  503.650  99.506  4792  5  L508d  Macrofauna  GS     0 

502.494  504.597  99.559  4788  5  L510d  Macrofauna  GS     0 

502.377  504.673  99.557  4787  5  L510d  Macrofauna  GS     0 

502.495  504.638  99.586  4639  5  L510d  Macrofauna  GS     0 

502.487  504.230  99.557  4647  5  L509d  Macrofauna  GS     0.4 

502.374  503.634  99.524  4648  5  L508d  Macrofauna  GS     0 

502.480  504.085  99.576  4640  5  L509d  Macrofauna  GS     0 

502.365  503.595  99.513  4680  5  L508d  Macrofauna  GS     0 

502.421  504.208  99.537  4692  5  L509d  Macrofauna  GS  Given to 
Frankie 

0.4 

502.492  504.202  99.541  4693  5  L509d  Macrofauna  GS     0.4 

502.375  503.605  99.521  4668  5  L508d  Macrofauna  GS     0 

500.452  501.144  98.269  7816  2  H503  Microfauna  BSS  Bird beak  0.4 

500.445  501.122  98.344  6539  2  H503  Microfauna  JKR     0 

500.335  501.166  98.345  6540  2  H503  Microfauna  JKR     0 

500.319  501.164  98.341  6541  2  H503  Microfauna  JKR     0 

500.175  501.156  98.324  6542  2  H503  Microfauna  JKR     0 

500.078  501.165  98.322  6543  2  H503  Microfauna  JKR     0 

500.292  501.263  98.330  6544  2  H503  Microfauna  JKR     0 

502.598  491.174  99.298  7397  3  M483  OES  FAK     0.4 



502.746  491.294  99.274  7339  3  M483  OES  FAK     0.4 

502.263  491.331  99.327  7347  3  L483  OES  FAK     0.4 

502.471  491.335  99.319  7333  3  L483  OES  FAK     0.4 

502.813  490.886  99.336  6021  3  M482  OES  FAK     0.4 

502.787  491.034  99.309  6063  3  M482  OES  FAK     0.4 

503.090  490.679  99.237  7939  3  M482  OES  GM     0.4 

502.659  491.012  99.204  7982  3  M482  OES  GM     0.4 

502.561  490.595  99.214  7977  3  M482  OES  GM     0.4 

502.888  490.729  99.280  7704  3  M482  OES  GM     0.4 

502.175  491.282  99.272  7688  3  L483  OES  MH     0.4 

502.216  491.261  99.289  7528  3  L483  OES  MH     0.4 

502.504  491.338  99.281  7532  3  L483  OES  MH     0.4 

502.213  491.153  99.289  7569  3  L483  OES  MH     0.4 

502.089  491.206  99.309  7381  3  L483  OES  MH     0.4 

502.079  491.640  99.362  6825  3  L484  OES  MH     0.4 

502.158  491.641  99.318  6857  3  L484  OES  MH     0.4 

502.104  491.780  99.364  5869  3  L484  OES  Rubble     0.4 

502.410  492.175  99.341  5934  3  L485  OES  Rubble     0.4 

502.323  491.368  99.344  5731  3  L483  OES  Rubble     0.4 

502.457  491.244  99.345  5739  3  L483  OES  Rubble     0.4 

502.468  491.555  99.391  5807  3  L484  OES  Rubble     0.4 

502.667  490.857  99.354  5614  3  M482  OES  Rubble     0.4 

502.421  490.494  99.323  5648  3  L482  OES  Rubble     0.4 

502.547  491.167  99.357  5397  3  M483  OES  Rubble     0.4 

502.791  491.037  99.336  5433  3  M483  OES  Rubble     0.4 

502.612  491.167  99.339  5430  3  M483  OES  Rubble     0.4 

502.528  491.116  99.356  5428  3  M483  OES  Rubble  incised   0.4 

502.344  491.197  99.390  5215  3  L483  OES  Rubble     0.4 

502.091  491.398  99.369  5217  3  L483  OES  Rubble  Incised?  0.4 

502.629  491.114  99.360  4857  3  M483  OES  Rubble     0.4 

502.890  491.453  99.347  4858  3  M483  OES  Rubble     0.4 

502.213  491.298  99.439  4708  3  L483  OES  Rubble     0.4 

502.366  491.709  99.439  4758  3  L484  OES  Rubble     0.4 

502.597  491.088  99.422  4777  3  M483  OES  Rubble     0.4 

502.111  491.563  99.448  4780  3  L484  OES  Rubble     0.4 

502.897  490.509  99.498  4596  3  M482  OES  Rubble     0.4 

502.169  489.530  99.486  4592  3  L480  OES  Rubble  string of 
beads 

0.4 

502.683  490.638  99.467  4589  3  M482  OES  Rubble     0.4 

502.915  491.361  99.454  4573  3  M483  OES  Rubble     0.4 

502.564  491.847  99.225  7826  3  L484  OES  SG     0.4 

502.163  492.072  99.251  7751  3  L485  OES  SG     0.4 

502.922  492.849  99.247  7465  3  M486  OES  SG     0.4 

502.781  491.743  99.247  7286  3  M484  OES  SG  Incised?  0.4 

502.674  491.519  99.279  7202  3  M484  OES  SG     0.4 

502.517  491.662  99.288  7205  3  M484  OES  SG     0.4 

503.037  491.433  99.237  7259  3  M484  OES  SG     0.4 

503.019  491.636  99.249  7267  3  M484  OES  SG     0.4 



503.002  491.796  99.240  7270  3  M484  OES  SG  Incised?  0.4 

503.556  491.376  99.023  7914  3  O483  OES  SRCL     0.4 

503.689  491.232  99.015  7915  3  O483  OES  SRCL     0.4 

503.906  491.031  98.993  7954  3  O483  OES  SRCL     0.4 

503.713  491.212  99.019  7953  3  O483  OES  SRCL     0.4 

503.715  491.258  99.037  7869  3  O483  OES  SRCL     0.4 

503.615  491.296  99.027  7864  3  O483  OES  SRCL     0.4 

503.534  491.187  99.015  8018  3  O483  OES  SRCL     0.4 

503.854  491.069  99.021  7809  3  O483  OES  SRCL     0.4 

503.770  491.112  99.086  7701  3  O483  OES  SRCL     0.4 

503.676  491.366  99.101  7520  3  O483  OES  SRCL     0.4 

503.739  491.377  99.116  7518  3  O483  OES  SRCL     0.4 

503.755  491.231  99.103  7517  3  O483  OES  SRCL     0.4 

503.929  491.494  99.166  7496  3  O483  OES  SRCL     0.4 

503.874  491.476  99.143  7497  3  O483  OES  SRCL     0.4 

503.889  491.447  99.147  7498  3  O483  OES  SRCL     0.4 

503.957  491.204  99.123  7514  3  O483  OES  SRCL     0.4 

503.950  491.142  99.114  7535  3  O483  OES  SRCL     0.4 

503.934  491.398  99.142  7537  3  O483  OES  SRCL     0.4 

503.706  491.358  99.074  7623  3  O483  OES  SRCL     0.4 

503.952  491.238  99.133  7487  3  O483  OES  SRCL     0.4 

503.549  491.165  99.098  7492  3  O483  OES  SRCL     0.4 

503.908  491.324  99.142  7494  3  O483  OES  SRCL     0.4 

503.869  491.312  99.119  7576  3  O483  OES  SRCL     0.4 

503.524  491.111  99.086  7626  3  O483  OES  SRCL     0.4 

502.532  491.380  99.285  7145  3  M483  OES  WTF     0.4 

502.794  491.430  99.264  7146  3  M483  OES  WTF     0.4 

502.870  491.373  99.256  7147  3  M483  OES  WTF     0.4 

503.089  491.390  99.238  7149  3  M483  OES  WTF     0.4 

502.981  491.371  99.250  7010  3  M483  OES  WTF     0.4 

502.915  491.109  99.280  7001  3  M483  OES  WTF     0.4 

502.927  491.371  99.262  7009  3  M483  OES  WTF     0.4 

502.954  491.365  99.253  7011  3  M483  OES  WTF     0.4 

502.998  491.367  99.246  7115  3  M483  OES  WTF     0.4 

502.586  491.388  99.292  6999  3  M483  OES  WTF     0.4 

503.005  491.242  99.258  7019  3  M483  OES  WTF     0.4 

502.961  491.411  99.248  7022  3  M483  OES  WTF     0.4 

502.768  491.425  99.275  7018  3  M483  OES  WTF     0.4 

502.849  491.286  99.274  7016  3  M483  OES  WTF     0.4 

502.428  504.037  99.342  5810  5  L509d  OES   AS     0 

502.316  503.101  99.113  7508  5  L507a  OES  AAS  Eroding out 
of southern 
profile, 
multiple 
features 
possible 

0.4 

502.318  504.633  99.149  7458  5  L510d  OES  AAS     0.4 



502.123  503.789  99.106  7587  5  L508a  OES  AAS     0 

502.175  503.897  99.100  7628  5  L508a  OES  AAS     0 

502.006  504.433  99.099  7385  5  L509a  OES  AAS     0 

502.170  504.258  99.124  7389  5  L509a  OES  AAS     0 

502.066  504.398  99.110  7399  5  L509a  OES  AAS     0 

502.120  504.422  99.129  7372  5  L509a  OES  AAS     0 

502.015  503.452  99.123  7359  5  L507a  OES  AAS     0 

502.086  504.287  99.118  7376  5  L509a  OES  AAS     0 

502.241  504.120  99.106  7422  5  L509d  OES  AAS     0 

502.118  504.245  99.148  7356  5  L509a  OES  AAS     0 

502.122  504.000  99.107  7411  5  L509d  OES  AAS     0 

502.047  503.468  99.125  7358  5  L507a  OES  AAS     0 

502.010  504.545  99.109  7318  5  L510b  OES  AAS     0 

502.108  504.554  99.116  7319  5  L510b  OES  AAS     0 

502.157  504.041  99.130  7322  5  L509d  OES  AAS     0 

502.215  504.013  99.132  7326  5  L509d  OES  AAS     0 

502.170  503.994  99.133  7325  5  L509d  OES  AAS     0 

502.239  503.237  99.187  7214  5  L507c  OES  AAS     0 

502.451  503.853  99.200  7233  5  L508c  OES  AAS     0 

502.185  503.227  99.187  7207  5  L507c  OES  AAS     0 

502.238  503.278  99.190  7213  5  L507c  OES  AAS     0 

502.416  503.257  99.188  7241  5  L507c  OES  AAS     0 

502.262  504.354  99.187  7135  5  L509c  OES  AAS     0 

502.257  504.421  99.175  7136  5  L509c  OES  AAS     0 

502.430  504.357  99.187  7139  5  L509c  OES  AAS     0 

502.216  504.280  99.176  7144  5  L509c  OES  AAS     0 

502.459  503.817  99.256  7154  5  L508c  OES  AAS     0 

502.295  503.801  99.228  7124  5  L508c  OES  AAS     0 

502.424  503.866  99.228  7129  5  L508c  OES  AAS     0 

502.265  503.380  99.195  7159  5  L507c  OES  AAS     0 

502.172  503.206  99.190  7160  5  L507c  OES  AAS     0 

502.469  503.276  99.215  7169  5  L507c  OES  AAS     0 

502.361  503.409  99.195  7164  5  L507c  OES  AAS     0 

502.360  504.305  99.205  7076  5  L509c  OES  AAS     0 

502.385  504.280  99.211  7077  5  L509c  OES  AAS     0 

502.304  504.669  99.167  7087  5  L510d  OES  AAS     0.4 

502.241  504.426  99.212  7072  5  L509c  OES  AAS     0 

502.392  504.625  99.196  6891  5  L510d  OES  AAS     0.4 

502.255  504.657  99.192  6890  5  L510d  OES  AAS     0.4 

502.334  504.571  99.203  6888  5  L510d  OES  AAS     0.4 

502.206  504.172  99.212  6865  5  L509d  OES  AAS     0 

502.165  504.153  99.207  6864  5  L509d  OES  AAS     0 

502.424  504.108  99.239  6876  5  L509d  OES  AAS     0 

502.438  504.181  99.237  6877  5  L509d  OES  AAS     0 

502.380  504.086  99.232  6875  5  L509d  OES  AAS     0 

502.393  504.131  99.236  6873  5  L509d  OES  AAS     0 



502.296  504.109  99.228  6871  5  L509d  OES  AAS     0 

502.435  504.082  99.224  6946  5  L509d  OES  AAS     0 

502.438  504.198  99.206  6947  5  L509d  OES  AAS     0 

502.210  503.404  99.206  6921  5  L507c  OES  AAS     0.4 

502.214  504.531  99.180  6918  5  L510d  OES  AAS     0.4 

502.237  504.683  99.190  6917  5  L510d  OES  AAS     0.4 

502.189  504.645  99.183  6916  5  L510d  OES  AAS  Preform 
bead 

0.4 

502.341  503.269  99.198  6931  5  L507c  OES  AAS     0.4 

502.268  503.395  99.202  6928  5  L507c  OES  AAS     0.4 

502.200  503.636  99.222  6772  5  L508d  OES  AAS     0 

502.355  504.711  99.211  6835  5  L510d  OES  AAS     0.4 

502.330  504.527  99.219  6833  5  L510d  OES  AAS     0.4 

502.455  504.165  99.249  6810  5  L509d  OES  AAS     0 

502.294  504.052  99.251  6803  5  L509d  OES  AAS     0 

502.162  504.584  99.191  6827  5  L510d  OES  AAS     0.4 

502.422  503.580  99.250  6782  5  L508d  OES  AAS     0 

502.433  503.531  99.257  6784  5  L508d  OES  AAS     0 

502.171  504.712  99.201  6785  5  L510d  OES  AAS     0.4 

502.206  504.713  99.209  6786  5  L510d  OES  AAS     0.4 

502.214  504.616  99.199  6787  5  L510d  OES  AAS     0.4 

502.320  504.155  99.244  6805  5  L509d  OES  AAS     0 

502.210  504.231  99.229  6799  5  L509d  OES  AAS     0 

502.240  504.197  99.237  6800  5  L509d  OES  AAS     0 

502.223  504.160  99.235  6801  5  L509d  OES  AAS     0 

502.253  504.057  99.242  6802  5  L509d  OES  AAS     0 

502.345  503.603  99.229  6843  5  L508d  OES  AAS     0 

502.632  503.283  99.202  6377  5  M507a  OES  AS  From AS to 
BL, Eroded 
from the 
wall, incised 

0.4 

502.286  504.355  99.283  6133  5  L509c  OES  AS     0 

502.457  504.312  99.314  6106  5  L509c  OES  AS     0 

502.388  504.498  99.297  6107  5  L509c  OES  AS     0 

502.407  504.506  99.294  6108  5  L509c  OES  AS     0 

502.271  504.425  99.271  6134  5  L509c  OES  AS     0 

502.232  504.346  99.272  6132  5  L509c  OES  AS     0 

502.466  503.433  99.293  6166  5  L507c  OES  AS     0 

502.214  503.328  99.255  6171  5  L507c  OES  AS     0 

502.376  504.420  99.281  6147  5  L509c  OES  AS     0 

502.274  504.455  99.278  6135  5  L509c  OES  AS     0 

502.311  504.465  99.282  6138  5  L509c  OES  AS     0 

502.335  504.432  99.277  6142  5  L509c  OES  AS     0 

502.342  504.389  99.278  6146  5  L509c  OES  AS     0 

502.419  504.321  99.288  6151  5  L509c  OES  AS     0 

502.411  504.145  99.303  6061  5  L509d  OES  AS     0 

502.326  504.446  99.359  6041  5  L509c  OES  AS     0 

502.324  504.261  99.342  6038  5  L509c  OES  AS     0 

502.332  504.303  99.346  6037  5  L509c  OES  AS     0 



502.309  504.126  99.311  6056  5  L509d  OES  AS     0 

502.303  504.191  99.307  6058  5  L509d  OES  AS     0 

502.377  504.327  99.351  6039  5  L509c  OES  AS     0 

502.309  504.424  99.320  6091  5  L509c  OES  AS     0 

502.444  503.928  99.329  5897  5  L508c  OES  AS     0 

502.344  503.837  99.320  5887  5  L508c  OES  AS     0 

502.391  503.787  99.323  5890  5  L508c  OES  AS     0 

502.380  503.542  99.292  5914  5  L508d  OES  AS     0 

502.460  503.652  99.301  5923  5  L508d  OES  AS     0 

502.406  503.632  99.296  5920  5  L508d  OES  AS     0 

502.385  503.534  99.289  5915  5  L508d  OES  AS     0 

502.351  503.593  99.306  5903  5  L508d  OES  AS     0 

502.345  503.935  99.352  5858  5  L508C  OES  AS     0 

502.422  503.542  99.312  5916  5  L508d  OES  AS     0 

502.485  503.514  99.299  5969  5  L508d  OES  AS     0 

502.420  503.643  99.319  5849  5  L508d  OES  AS     0 

502.356  503.550  99.326  5846  5  L508d  OES  AS     0 

502.422  503.926  99.290  5995  5  L508c  OES  AS     0 

502.496  503.521  99.335  5975  5  L508d  OES  AS     0 

502.446  503.520  99.277  6003  5  L508d  OES  AS     0 

502.355  503.571  99.322  5845  5  L508d  OES  AS     0 

502.465  503.874  99.309  5946  5  L508c  OES  AS     0 

502.278  503.920  99.311  5940  5  L508c  OES  AS     0 

502.480  503.539  99.297  5968  5  L508d  OES  AS     0 

502.432  503.537  99.284  5965  5  L508d  OES  AS     0 

502.431  503.614  99.289  5962  5  L508d  OES  AS     0 

502.301  503.723  99.286  5953  5  L508d  OES  AS     0 

502.451  504.138  99.328  5835  5  L509d  OES  AS     0 

502.337  503.684  99.326  5843  5  L508d  OES  AS     0 

502.304  504.068  99.326  5831  5  L509d  OES  AS     0 

502.385  504.185  99.336  5830  5  L509d  OES  AS     0 

502.330  504.551  99.299  5769  5  L510d  OES  AS     0.4 

502.410  504.528  99.297  5768  5  L510d  OES  AS     0.4 

502.341  503.437  99.303  5773  5  L507c  OES  AS     0 

502.340  503.475  99.311  5759  5  L507c  OES  AS     0.4 

502.470  503.423  99.293  5761  5  L507c  OES  AS     0.4 

502.387  504.005  99.356  5785  5  L509d  OES  AS     0 

502.398  503.485  99.321  5723  5  L507c  OES  AS     0.4 

502.289  504.190  99.354  5791  5  L509d  OES  AS     0 

502.461  504.149  99.363  5787  5  L509d  OES  AS     0 

502.440  504.234  99.379  5790  5  L509d  OES  AS     0 

502.367  503.418  99.279  5814  5  L507c  OES  AS     0.4 

502.338  504.644  99.353  5715  5  L510d  OES  AS     0.4 

502.357  504.634  99.347  5712  5  L510d  OES  AS     0.4 

502.444  504.567  99.327  5748  5  L510d  OES  AS     0.4 

502.450  503.459  99.351  5686  5  L507c  OES  AS     0 

502.322  503.491  99.338  5684  5  L507c  OES  AS     0 

502.397  503.324  99.311  5680  5  L507c  OES  AS     0 

502.471  504.595  99.366  5667  5  L510d  OES  AS     0.4 

502.391  504.579  99.358  5665  5  L510d  OES  AS     0.4 



502.486  504.637  99.378  5668  5  L510d  OES  AS     0.4 

502.405  504.617  99.374  5637  5  L510d  OES  AS     0.4 

502.385  504.739  99.387  5638  5  L510d  OES  AS     0.4 

502.276  504.574  99.360  5635  5  L510d  OES  AS     0.4 

502.308  503.875  99.357  5566  5  L508c  OES  BWS     0 

502.338  503.841  99.363  5565  5  L508c  OES  BWS     0 

502.318  503.770  99.366  5561  5  L508c  OES  BWS     0 

502.308  503.539  99.356  5600  5  L507c  OES  BWS     0 

502.343  503.508  99.357  5599  5  L507c  OES  BWS     0 

502.403  503.495  99.362  5597  5  L507c  OES  BWS     0 

502.420  503.990  99.365  5572  5  L508c  OES  BWS     0 

502.467  504.340  99.379  5610  5  L509c  OES  BWS     0 

502.288  503.458  99.355  5591  5  L507c  OES  BWS     0 

502.422  504.294  99.381  5590  5  L509c  OES  BWS     0 

502.344  504.299  99.379  5581  5  L509c  OES  BWS     0 

502.323  503.403  99.352  5622  5  L507c  OES  BWS     0 

502.306  503.397  99.340  5624  5  L507c  OES  BWS     0 

502.285  503.393  99.328  5627  5  L507c  OES  BWS     0 

502.282  503.435  99.336  5629  5  L507c  OES  BWS     0 

502.348  503.808  99.397  5522  5  L508c  OES  BWS     0 

502.410  503.948  99.381  5524  5  L508c  OES  BWS     0 

502.354  503.933  99.383  5527  5  L508c  OES  BWS     0 

502.368  503.554  99.383  5396  5  L508d  OES  BWS     0.4 

502.457  503.682  99.362  5395  5  L508d  OES  BWS     0.4 

502.489  504.679  99.422  5388  5  L510d  OES  BWS     0.4 

502.405  504.671  99.415  5386  5  L510d  OES  BWS  incised   0.4 

502.442  503.914  99.439  5426  5  L508c  OES  BWS     0 

502.321  503.877  99.432  5424  5  L508c  OES  BWS     0 

502.390  503.882  99.433  5423  5  L508c  OES  BWS     0 

502.462  504.702  99.418  5418  5  L510d  OES  BWS     0.4 

502.460  503.449  99.393  5559  5  L507c  OES  BWS     0 

502.353  504.680  99.428  5359  5  L510d  OES  BWS     0.4 

502.285  504.597  99.388  5383  5  L510d  OES  BWS     0.4 

502.346  504.405  99.435  5531  5  L509c  OES  BWS     0 

502.369  503.749  99.381  5377  5  L508d  OES  BWS     0.4 

502.482  503.710  99.373  5375  5  L508d  OES  BWS     0.4 

502.365  504.187  99.374  5373  5  L509d  OES  BWS  Incised  0.4 

502.391  504.204  99.378  5372  5  L509d  OES  BWS     0.4 

502.369  504.066  99.368  5364  5  L509d  OES  BWS     0.4 

502.298  504.235  99.374  5368  5  L509d  OES  BWS     0.4 

502.378  504.149  99.379  5365  5  L509d  OES  BWS     0.4 

502.307  503.516  99.421  5485  5  L507c  OES  BWS     0 

502.443  503.995  99.401  5483  5  L508c  OES  BWS     0 

502.384  504.285  99.447  5470  5  L509c  OES  BWS     0 

502.299  503.788  99.434  5419  5  L508c  OES  BWS     0 

502.368  504.311  99.449  5468  5  L509c  OES  BWS     0 

502.393  503.928  99.391  5503  5  L508c  OES  BWS     0 

502.507  503.464  99.422  5512  5  L507c  OES  BWS     0 

502.456  503.482  99.420  5510  5  L507c  OES  BWS     0 

502.326  503.509  99.417  5505  5  L507c  OES  BWS     0 



502.383  504.303  99.448  5469  5  L509c  OES  BWS     0 

502.349  503.806  99.423  5444  5  L508c  OES  BWS     0 

502.338  503.473  99.421  5450  5  L507c  OES  BWS     0 

502.374  504.156  99.421  5202  5  L509d  OES  BWS     0 

502.292  504.532  99.424  5183  5  L510d  OES  BWS     0.4 

502.464  504.194  99.438  5179  5  L509d  OES  BWS     0 

502.392  504.176  99.426  5176  5  L509d  OES  BWS     0 

502.442  503.727  99.402  5173  5  L508d  OES  BWS     0.4 

502.423  503.730  99.405  5172  5  L508d  OES  BWS     0.4 

502.329  504.188  99.381  5303  5  L509d  OES  BWS     0 

502.387  503.761  99.418  5297  5  L508d  OES  BWS     0 

502.386  504.132  99.371  5343  5  L509d  OES  BWS     0 

502.339  504.190  99.375  5342  5  L509d  OES  BWS     0 

502.420  503.561  99.372  5347  5  L508d  OES  BWS     0 

502.495  503.581  99.373  5348  5  L508d  OES  BWS     0 

502.365  504.072  99.397  5257  5  L509d  OES  BWS     0 

502.396  504.119  99.411  5242  5  L509d  OES  BWS     0 

502.465  504.205  99.421  5244  5  L509d  OES  BWS     0 

502.326  503.654  99.387  5298  5  L508d  OES  BWS     0 

502.430  504.677  99.441  5249  5  L510d  OES  BWS     0.4 

502.289  504.515  99.427  5230  5  L510d  OES  BWS     0 

502.303  504.559  99.428  5231  5  L510d  OES  BWS     0 

502.432  503.665  99.404  5225  5  L508d  OES  BWS     0 

502.401  504.614  99.436  5236  5  L510d  OES  BWS     0 

502.399  504.144  99.403  5258  5  L509d  OES  BWS     0 

502.456  504.034  99.420  5205  5  L509d  OES  BWS     0 

502.356  504.589  99.411  5285  5  L510d  OES  BWS     0.4 

502.342  504.661  99.421  5286  5  L510d  OES  BWS     0.4 

502.356  503.717  99.401  5261  5  L508d  OES  BWS     0 

502.476  504.189  99.429  5210  5  L509d  OES  BWS     0 

502.457  504.196  99.408  5260  5  L509d  OES  BWS     0 

502.453  503.711  99.403  5263  5  L508d  OES  BWS     0 

502.336  503.599  99.384  5266  5  L508d  OES  BWS     0 

502.127  504.343  99.095  7892  5  L509a  OES  CBS     0 

502.101  503.471  99.075  7906  5  L507a  OES  CBS     0 

502.100  503.766  99.092  7934  5  L508a  OES  CBS     0 

502.077  503.877  99.077  7930  5  L508a  OES  CBS     0 

502.040  503.515  99.069  7831  5  L508b  OES  CBS     0 

502.151  504.555  99.059  7839  5  L510b  OES  CBS     0.4 

502.222  503.570  99.077  7836  5  L508b  OES  CBS     0 

502.173  503.986  99.039  8105  5  L508a  OES  CBS     0.4 

502.105  504.116  99.024  8106  5  L509b  OES  CBS     0.4 

502.136  503.778  99.099  7933  5  L508a  OES  CBS     0 

502.040  504.178  99.018  8081  5  L509a  OES  CBS     0 

502.122  504.102  99.033  8082  5  L509b  OES  CBS     0 

502.177  504.119  99.037  8083  5  L509b  OES  CBS     0 

502.131  504.359  99.050  7996  5  L509a  OES  CBS     0 

501.960  504.387  99.003  8079  5  L509a  OES  CBS     0 

502.304  504.700  99.137  7768  5  L510d  OES  CBS     0.4 

502.274  504.028  99.266  6731  5  L509d  OES  DL     0 



502.268  504.139  99.261  6734  5  L509d  OES  DL     0 

502.283  504.050  99.267  6732  5  L509d  OES  DL     0 

502.260  503.379  99.242  6717  5  L507c  OES  DL     0 

502.262  503.405  99.242  6716  5  L507c  OES  DL     0 

502.230  503.437  99.239  6715  5  L507c  OES  DL     0 

502.246  503.474  99.238  6714  5  L507c  OES  DL     0 

502.323  503.461  99.250  6720  5  L507c  OES  DL     0 

502.289  503.303  99.239  6724  5  L507c  OES  DL     0 

502.488  503.371  99.257  6727  5  L507c  OES  DL     0 

502.521  503.432  99.267  6728  5  L507c  OES  DL     0 

502.466  504.079  99.271  6750  5  L509d  OES  DL     0 

502.376  504.129  99.267  6749  5  L509d  OES  DL     0 

502.428  504.177  99.272  6755  5  L509d  OES  DL     0 

502.450  504.153  99.274  6756  5  L509d  OES  DL     0 

502.360  504.030  99.270  6747  5  L509d  OES  DL     0 

502.360  504.409  99.247  6645  5  L509c  OES  DL     0 

502.329  504.371  99.253  6643  5  L509c  OES  DL     0 

502.433  503.654  99.274  6616  5  L508d  OES  DL     0 

502.240  504.281  99.257  6648  5  L509c  OES  DL     0 

502.337  503.528  99.260  6624  5  L508d  OES  DL     0 

502.355  504.316  99.259  6651  5  L509c  OES  DL     0 

502.397  503.656  99.264  6620  5  L508d  OES  DL     0 

502.416  504.293  99.265  6659  5  L509c  OES  DL     0 

502.440  504.384  99.232  6669  5  L509c  OES  DL     0.4 

502.284  504.459  99.239  6694  5  L509c  OES  DL     0 

502.439  503.447  99.278  6683  5  L507c  OES  DL     0 

502.304  503.409  99.268  6675  5  L507c  OES  DL     0 

502.440  504.372  99.254  6661  5  L509c  OES  DL     0 

502.413  503.719  99.283  6570  5  L508d  OES  DL     0 

502.349  503.648  99.272  6554  5  L508d  OES  DL     0 

502.356  503.546  99.270  6556  5  L508d  OES  DL     0 

502.252  503.535  99.254  6551  5  L508d  OES  DL     0 

502.424  503.712  99.285  6565  5  L508d  OES  DL     0 

502.392  503.697  99.281  6566  5  L508d  OES  DL     0 

502.379  503.593  99.273  6568  5  L508d  OES  DL     0 

502.322  503.543  99.258  6606  5  L508d  OES  DL     0 

502.458  504.569  99.241  6594  5  L510d  OES  DL     0.4 

502.360  503.635  99.267  6604  5  L508d  OES  DL     0 

502.362  503.629  99.267  6607  5  L508d  OES  DL  Bead  0 

502.381  503.691  99.271  6611  5  L508d  OES  DL     0 

502.341  503.556  99.263  6605  5  L508d  OES  DL     0 

502.340  504.716  99.254  6581  5  L510d  OES  DL     0.4 

502.260  504.527  99.246  6591  5  L510d  OES  DL     0.4 

502.356  504.574  99.258  6404  5  L510d  OES  DL     0.4 

502.271  504.715  99.262  6391  5  L510d  OES  DL     0.4 

502.230  504.700  99.258  6392  5  L510d  OES  DL     0.4 

502.460  504.607  99.275  6389  5  L510d  OES  DL     0.4 

502.314  503.810  99.275  6430  5  L508c  OES  DL     0 



502.303  503.909  99.270  6427  5  L508c  OES  DL     0 

502.297  503.967  99.270  6424  5  L508c  OES  DL     0 

502.269  503.972  99.265  6423  5  L508c  OES  DL     0 

502.264  504.611  99.251  6413  5  L510d  OES  DL     0.4 

502.211  504.678  99.244  6415  5  L510d  OES  DL     0.4 

502.261  504.698  99.253  6417  5  L510d  OES  DL     0.4 

502.347  503.915  99.278  6437  5  L508c  OES  DL     0 

502.339  503.584  99.264  6349  5  L508d  OES  DL     0.4 

502.323  503.618  99.255  6348  5  L508d  OES  DL     0.4 

502.276  503.490  99.248  6345  5  L508d  OES  DL     0.4 

502.422  504.580  99.278  6388  5  L510d  OES  DL     0 

502.352  503.371  99.255  6362  5  L507c  OES  DL     0.4 

502.529  503.379  99.254  6374  5  L507c  OES  DL     0.4 

502.270  503.324  99.247  6367  5  L507c  OES  DL     0.4 

502.302  503.302  99.239  6368  5  L507c  OES  DL     0.4 

502.272  503.290  99.239  6370  5  L507c  OES  DL     0.4 

502.382  503.352  99.254  6363  5  L507c  OES  DL     0.4 

502.268  503.679  99.268  6489  5  L508d  OES  DL     0 

502.281  503.690  99.267  6490  5  L508d  OES  DL     0 

502.379  503.712  99.282  6491  5  L508d  OES  DL     0 

502.355  504.690  99.260  6467  5  L510d  OES  DL     0.4 

502.441  503.626  99.284  6495  5  L508d  OES  DL     0 

502.284  503.520  99.259  6498  5  L508d  OES  DL     0 

502.334  503.494  99.264  6499  5  L508d  OES  DL     0 

502.376  503.694  99.281  6492  5  L508d  OES  DL     0 

502.327  504.610  99.253  6468  5  L510d  OES  DL     0.4 

502.373  504.584  99.248  6470  5  L510d  OES  DL     0.4 

502.460  504.596  99.259  6473  5  L510d  OES  DL     0.4 

502.396  504.367  99.252  6519  5  L509c  OES  DL     0.4 

502.365  504.674  99.249  6534  5  L510d  OES  DL     0.4 

502.330  503.616  99.267  6503  5  L508d  OES  DL     0 

502.297  503.528  99.259  6506  5  L508d  OES  DL     0 

502.330  503.553  99.260  6507  5  L508d  OES  DL     0 

502.386  503.572  99.275  6512  5  L508d  OES  DL     0 

502.398  503.978  99.283  6440  5  L508c  OES  DL     0 

502.362  504.671  99.261  6466  5  L510d  OES  DL     0.4 

502.308  504.091  99.264  6285  5  L509d  OES  DL     0.4 

502.405  504.091  99.264  6287  5  L509d  OES  DL     0.4 

502.409  504.119  99.259  6288  5  L509d  OES  DL     0.4 

502.387  504.072  99.261  6291  5  L509d  OES  DL     0.4 

502.313  504.048  99.267  6293  5  L509d  OES  DL     0.4 

502.225  504.150  99.261  6271  5  L509d  OES  DL     0.4 

502.281  504.264  99.258  6258  5  L509c  OES  DL     0.4 

502.332  504.089  99.277  6284  5  L509d  OES  DL     0.4 

502.384  504.160  99.265  6279  5  L509d  OES  DL     0.4 

502.239  504.095  99.263  6274  5  L509d  OES  DL     0.4 



502.253  504.384  99.261  6245  5  L509c  OES  DL     0.4 

502.271  504.453  99.267  6240  5  L509c  OES  DL     0.4 

502.343  504.549  99.265  6229  5  L510d  OES  DL     0.4 

502.321  504.476  99.267  6241  5  L509c  OES  DL     0.4 

502.257  504.286  99.258  6256  5  L509c  OES  DL     0.4 

502.301  504.330  99.260  6248  5  L509c  OES  DL     0.4 

502.418  504.647  99.280  6224  5  L510d  OES  DL     0.4 

502.228  504.060  99.245  6297  5  L509d  OES  DL     0.4 

502.449  503.971  99.272  6317  5  L508c  OES  DL     0.4 

502.406  503.949  99.272  6314  5  L508c  OES  DL     0.4 

502.419  503.979  99.271  6313  5  L508c  OES  DL     0.4 

502.394  504.015  99.270  6307  5  L509d  OES  DL     0.4 

502.436  504.168  99.262  6306  5  L509d  OES  DL     0.4 

502.308  503.866  99.273  6330  5  L508c  OES  DL     0.4 

502.316  503.848  99.446  5088  5  L508c  OES  FBS     0 

502.372  503.884  99.450  5089  5  L508c  OES  FBS     0 

502.361  503.787  99.448  5086  5  L508c  OES  FBS     0 

502.402  503.881  99.454  5062  5  L508c  OES  FBS     0 

502.298  504.417  99.449  5078  5  L509c  OES  FBS     0 

502.301  503.862  99.429  5140  5  L508c  OES  FBS     0 

502.401  504.008  99.442  5148  5  L508c  OES  FBS     0 

502.435  503.970  99.447  5092  5  L508c  OES  FBS     0 

502.336  504.053  99.454  5115  5  L509d  OES  FBS     0 

502.365  503.713  99.442  5124  5  L508d  OES  FBS     0 

502.433  504.236  99.463  5121  5  L509d  OES  FBS     0 

502.369  504.218  99.464  5119  5  L509d  OES  FBS     0 

502.324  504.211  99.462  5118  5  L509d  OES  FBS     0 

502.335  504.098  99.460  5116  5  L509d  OES  FBS     0 

502.323  504.034  99.454  5114  5  L509d  OES  FBS     0 

502.306  504.139  99.466  5113  5  L509d  OES  FBS     0 

502.346  503.987  99.449  5109  5  L508c  OES  FBS     0 

502.332  503.818  99.466  5019  5  L508c  OES  FBS     0 

502.368  503.964  99.464  5017  5  L508c  OES  FBS     0 

502.429  503.994  99.463  5016  5  L508c  OES  FBS     0 

502.462  503.535  99.448  5022  5  L508d  OES  FBS     0 

502.493  503.657  99.467  5008  5  L508d  OES  FBS     0 

502.467  504.342  99.466  5040  5  L509c  OES  FBS     0 

502.386  504.496  99.469  5036  5  L509c  OES  FBS     0 

502.432  503.595  99.453  5023  5  L508d  OES  FBS     0 

502.380  503.607  99.462  4998  5  L508d  OES  FBS     0 

502.343  504.482  99.492  4957  5  L509c  OES  FBS     0 

502.470  504.328  99.508  4962  5  L509c  OES  FBS     0 

502.383  504.457  99.497  4958  5  L509c  OES  FBS     0 

502.324  503.677  99.474  4954  5  L508d  OES  FBS     0 

502.319  503.648  99.474  4953  5  L508d  OES  FBS     0 

502.400  504.124  99.476  4951  5  L509d  OES  FBS     0 



502.360  504.193  99.483  4949  5  L509d  OES  FBS     0 

502.422  504.301  99.494  4990  5  L509c  OES  FBS     0 

502.313  503.636  99.468  4982  5  L508d  OES  FBS     0 

502.356  504.637  99.491  4924  5  L510d  OES  FBS     0.4 

502.284  504.694  99.495  4922  5  L510d  OES  FBS     0.4 

502.267  504.659  99.495  4921  5  L510d  OES  FBS     0.4 

502.414  504.157  99.493  4919  5  L509d  OES  FBS     0 

502.453  504.638  99.503  4911  5  L510d  OES  FBS  Incised  0 

502.379  503.680  99.480  4941  5  L508d  OES  FBS     0 

502.422  503.729  99.478  4942  5  L508d  OES  FBS     0 

502.372  504.106  99.481  4940  5  L509d  OES  FBS     0 

502.343  504.163  99.485  4937  5  L509d  OES  FBS     0 

502.389  503.735  99.483  4932  5  L508d  OES  FBS     0 

502.320  503.809  99.477  4934  5  L508d  OES  FBS  incised?  0 

502.423  503.895  99.464  4841  5  L508c  OES  FBS     0.4 

502.408  503.731  99.476  4836  5  L508d  OES  FBS     0.4 

502.387  504.313  99.496  4882  5  L509c  OES  GS     0.4 

502.287  504.708  99.515  4860  5  L510d  OES  GS     0.4 

502.353  504.502  99.502  4874  5  L509c  OES  GS     0.4 

502.302  504.491  99.493  4873  5  L509c  OES  GS  incised?  0.4 

502.419  504.364  99.528  4867  5  L509c  OES  GS     0.4 

502.475  504.396  99.544  4866  5  L509c  OES  GS     0.4 

502.329  504.202  99.504  4863  5  L509d  OES  GS     0 

502.366  504.040  99.513  4862  5  L509d  OES  GS     0 

502.314  504.479  99.563  4732  5  L509c  OES  GS     0 

502.354  503.465  99.421  4730  5  L507c  OES  GS     0.4 

502.388  503.434  99.428  4729  5  L507c  OES  GS     0.4 

502.490  503.415  99.427  4727  5  L507c  OES  GS     0.4 

502.434  503.390  99.424  4726  5  L507c  OES  GS     0.4 

502.380  503.857  99.536  4724  5  L508c  OES  GS     0 

502.391  503.426  99.462  4721  5  L507c  OES  GS     0 

502.326  504.379  99.566  4720  5  L509c  OES  GS     0 

502.414  504.348  99.583  4719  5  L509c  OES  GS     0 

502.405  503.802  99.526  4745  5  L508c  OES  GS     0 

502.355  503.776  99.526  4744  5  L508c  OES  GS  Bead 
preform 

0 

502.460  503.410  99.429  4742  5  L507c  OES  GS     0 

502.462  503.399  99.425  4751  5  L507c  OES  GS     0 

502.370  503.448  99.474  4703  5  L507c  OES  GS     0 

502.307  504.725  99.551  4817  5  L510d  OES  GS     0 

502.397  504.688  99.552  4816  5  L510d  OES  GS     0 

502.298  504.556  99.495  4826  5  L510d  OES  GS     0.4 

502.480  503.679  99.494  4811  5  L508d  OES  GS     0 

502.391  504.726  99.555  4808  5  L510d  OES  GS     0.4 

502.480  504.592  99.553  4807  5  L510d  OES  GS     0 

502.494  504.593  99.510  4844  5  L510d  OES  GS     0.4 



502.340  504.579  99.501  4843  5  L510d  OES  GS     0.4 

502.348  503.557  99.502  4770  5  L508d  OES  GS     0 

502.395  503.661  99.511  4768  5  L508d  OES  GS     0 

502.452  503.964  99.519  4766  5  L508c  OES  GS     0 

502.420  503.948  99.518  4765  5  L508c  OES  GS     0 

502.370  503.619  99.493  4797  5  L508d  OES  GS     0 

502.409  503.863  99.488  4794  5  L508c  OES  GS     0 

502.461  504.592  99.560  4786  5  L510d  OES  GS     0 

502.376  503.609  99.525  4649  5  L508d  OES  GS     0 

502.395  504.072  99.565  4623  5  L509d  OES  GS     0 

502.428  503.440  99.502  4690  5  L507c  OES  GS  Preform 
bead 

0 

502.324  504.592  99.559  4655  5  L510d  OES  GS     0 

502.493  504.699  99.557  4669  5  L510d  OES  GS     0.4 

496.727  472.342  99.954  7483  3     Other  walkw
ay 

Pellets from 
walkway 

1.58 

502.757  479.394  100.015  7481        Other  walkw
ay 

Pellets from 
walkway 

1.58 

 

Spatial Context of Botanical Samples Recovered 

X  Y  Z  ID  OP.  SQ  FEAT  COMMENT  PRISM 

502.577  490.948  99.364  6020  3  M482  FAK  Charcoal  0.4 

502.321  491.403  99.279  7614  3  L483  MH  charcoal  0.4 

502.280  492.266  99.401  5270  3  L485  Rubble     0.4 

503.696  491.093  99.037  7785  3  O483  SRCL  Charcoal  0.4 

503.649  491.251  99.065  7702  3  O483  SRCL  Charcoal  0.4 

503.942  491.085  99.100  7536  3  O483  SRCL  charcoal  0.4 

502.994  491.350  99.244  7113  3  M483  WTF  Charcoal  0.4 

502.896  491.426  99.263  7114  3  M483  WTF  Charcoal  0.4 

502.926  491.345  99.260  7026  3  M483  WTF  Charcoal  0.4 

502.365  504.035  99.335  5811  5  L509d   AS  Charcoal  0 

502.106  503.705  99.141  7284  5  L508b  AAS  Charcoal  0 

502.333  503.315  99.183  7217  5  L507c  AAS  Charcoal  0 

502.341  503.879  99.214  7127  5  L508c  AAS  Charcoal  0 

502.473  504.191  99.258  6879  5  L509d  AAS  Charcoal  0 

502.239  504.713  99.199  6832  5  L510d  AAS  Charcoal  0.4 

502.362  503.388  99.285  6162  5  L507c  AS  Charcoal  0 

502.408  503.345  99.277  6168  5  L507c  AS  Charcoal  0 

502.418  504.327  99.352  6049  5  L509c  AS  Charcoal  0 

502.349  504.358  99.343  6040  5  L509c  AS  Charcoal  0 

502.353  504.452  99.362  6042  5  L509c  AS  Charcoal  0 

502.441  503.951  99.325  5896  5  L508c  AS  Charcoal  0 

502.449  503.906  99.338  5898  5  L508c  AS  Charcoal  0 

502.480  503.960  99.351  5901  5  L508c  AS  Charcoal  0 

502.462  503.898  99.340  5899  5  L508c  AS  Charcoal  0 

502.426  503.887  99.329  5893  5  L508c  AS  Charcoal  0 



502.380  503.667  99.296  5908  5  L508d  AS     0 

502.327  503.799  99.318  5889  5  L508c  AS  Charcoal  0 

502.452  503.620  99.300  5925  5  L508d  AS     0 

502.377  503.847  99.350  5864  5  L508C  AS  Charcoal  0 

502.398  503.902  99.352  5865  5  L508C  AS  Charcoal  0 

502.450  503.676  99.322  5851  5  L508d  AS     0 

502.324  503.649  99.283  5958  5  L508d  AS     0 

502.331  503.668  99.323  5841  5  L508d  AS  Charcoal  0 

502.292  503.551  99.322  5852  5  L508d  AS     0 

502.310  504.096  99.321  5832  5  L509d  AS  Charcoal  0 

502.339  503.475  99.313  5775  5  L507c  AS  Charcoal  0 

502.309  503.440  99.295  5720  5  L507c  AS  Charcoal  0.4 

502.343  504.124  99.343  5818  5  L509d  AS  Charcoal  0 

502.362  504.676  99.317  5743  5  L510d  AS  Charcoal  0.4 

502.315  503.442  99.325  5683  5  L507c  AS  Charcoal  0 

502.417  503.400  99.329  5687  5  L507c  AS  Charcoal  0 

502.409  503.366  99.319  5681  5  L507c  AS  Charcoal  0 

502.332  503.495  99.338  5685  5  L507c  AS  Charcoal  0 

502.281  504.649  99.367  5662  5  L510d  AS  Charcoal  0.4 

502.338  504.545  99.357  5671  5  L510d  AS  Charcoal  0.4 

502.376  504.637  99.381  5639  5  L510d  AS  Charcoal  0.4 

502.364  504.729  99.394  5641  5  L510d  AS  Charcoal  0.4 

502.342  503.778  99.368  5562  5  L508c  BWS  Charcoal  0 

502.362  503.432  99.364  5594  5  L507c  BWS  Charcoal  0 

502.380  503.372  99.351  5601  5  L507c  BWS  Charcoal  0 

502.319  504.386  99.357  5607  5  L509c  BWS  Charcoal  0 

502.431  503.867  99.361  5573  5  L508c  BWS  Charcoal  0 

502.381  503.985  99.362  5571  5  L508c  BWS  Charcoal  0 

502.451  504.249  99.380  5587  5  L509c  BWS  Charcoal  0 

502.424  504.482  99.438  5529  5  L509c  BWS  Charcoal  0 

502.334  503.439  99.388  5556  5  L507c  BWS  Charcoal  0 

502.468  503.697  99.362  5394  5  L508d  BWS  Charcoal  0.4 

502.341  503.885  99.438  5425  5  L508c  BWS  Charcoal  0 

502.428  503.443  99.386  5557  5  L507c  BWS  Charcoal  0 

502.482  504.319  99.414  5537  5  L509c  BWS  Charcoal  0 

502.487  504.332  99.416  5538  5  L509c  BWS  Charcoal  0 

502.479  503.737  99.386  5374  5  L508d  BWS  Charcoal  0.4 

502.298  503.411  99.376  5554  5  L507c  BWS  Charcoal  0 

502.288  504.205  99.368  5367  5  L509d  BWS  Charcoal  0.4 

502.410  503.848  99.417  5484  5  L508c  BWS  Charcoal  0 

502.332  503.812  99.409  5481  5  L508c  BWS  Charcoal  0 

502.318  504.298  99.433  5463  5  L509c  BWS  Charcoal  0 

502.325  503.819  99.430  5427  5  L508c  BWS  Charcoal  0 

502.488  503.525  99.422  5514  5  L507c  BWS  Charcoal  0 

502.434  503.445  99.407  5508  5  L507c  BWS  Charcoal  0 

502.404  503.387  99.395  5489  5  L507c  BWS  Charcoal  0 



502.341  503.884  99.396  5504  5  L508c  BWS  Charcoal  0 

502.483  503.403  99.426  5490  5  L507c  BWS  Charcoal  0 

502.348  503.846  99.399  5502  5  L508c  BWS  Charcoal  0 

502.443  503.859  99.413  5501  5  L508c  BWS  Charcoal  0 

502.314  503.980  99.385  5497  5  L508c  BWS  Charcoal  0 

502.359  503.790  99.413  5496  5  L508c  BWS  Charcoal  0 

502.484  503.499  99.439  5449  5  L507c  BWS  Charcoal  0 

502.390  504.737  99.456  5192  5  L510d  BWS  Charcoal  0.4 

502.494  503.771  99.416  5193  5  L508d  BWS  Charcoal  0.4 

502.494  504.541  99.445  5190  5  L510d  BWS  Charcoal  0.4 

502.375  503.721  99.401  5197  5  L508d  BWS  Charcoal  0.4 

502.348  504.055  99.417  5200  5  L509d  BWS  Charcoal  0 

502.328  504.051  99.412  5199  5  L509d  BWS  Charcoal  0 

502.386  504.740  99.449  5187  5  L510d  BWS  Charcoal  0.4 

502.396  504.140  99.427  5182  5  L509d  BWS  Charcoal  0 

502.317  504.054  99.418  5175  5  L509d  BWS  Charcoal  0 

502.289  504.180  99.414  5174  5  L509d  BWS  Charcoal  0 

502.414  504.557  99.442  5188  5  L510d  BWS  Charcoal  0.4 

502.375  504.053  99.380  5306  5  L509d  BWS  charcoal  0 

502.356  504.537  99.407  5290  5  L510d  BWS  Charcoal  0.4 

502.380  504.680  99.426  5292  5  L510d  BWS  Charcoal  0.4 

502.293  504.209  99.372  5340  5  L509d  BWS  Charcoal  0 

502.302  504.192  99.373  5341  5  L509d  BWS  Charcoal  0 

502.356  504.035  99.366  5344  5  L509d  BWS  Charcoal  0 

502.384  504.702  99.428  5293  5  L510d  BWS  Charcoal  0.4 

502.413  504.647  99.421  5294  5  L510d  BWS  Charcoal  0.4 

502.416  503.671  99.373  5346  5  L508d  BWS  charcoal  0 

502.413  504.649  99.422  5291  5  L510d  BWS  Charcoal  0.4 

502.396  504.177  99.423  5203  5  L509d  BWS  Charcoal  0 

502.435  503.589  99.380  5322  5  L508d  BWS  Charcoal  0 

502.287  504.557  99.372  5325  5  L510d  BWS  Charcoal  0.4 

502.366  504.611  99.395  5327  5  L510d  BWS  Charcoal  0.4 

502.338  504.539  99.397  5329  5  L510d  BWS  Charcoal  0.4 

502.345  504.148  99.406  5245  5  L509d  BWS  Charcoal  0 

502.310  504.193  99.406  5239  5  L509d  BWS  Charcoal  0 

502.349  504.183  99.407  5240  5  L509d  BWS  Charcoal  0 

502.432  504.640  99.440  5248  5  L510d  BWS  Charcoal  0.4 

502.326  504.683  99.439  5250  5  L510d  BWS  Charcoal  0.4 

502.492  504.615  99.439  5251  5  L510d  BWS  Charcoal  0.4 

502.317  504.700  99.442  5253  5  L510d  BWS  Charcoal  0.4 

502.331  504.082  99.395  5256  5  L509d  BWS  Charcoal  0 

502.431  504.743  99.429  5287  5  L510d  BWS  Charcoal  0.4 

502.299  504.611  99.405  5283  5  L510d  BWS  Charcoal  0.4 

502.278  504.174  99.257  6735  5  L509d  DL  Charcoal  0 

502.367  503.626  99.274  6555  5  L508d  DL  Charcoal  0 

502.252  503.682  99.248  6600  5  L508d  DL  Charcoal  0 



502.181  504.677  99.215  6571  5  L510d  DL     0.4 

502.248  503.433  99.241  6376  5  L507c  DL  Charcoal  0.4 

502.354  504.638  99.244  6535  5  L510d  DL  Charcoal  0.4 

502.463  504.403  99.469  5082  5  L509c  FBS  Charcoal  0 

502.364  503.773  99.451  5087  5  L508c  FBS  Charcoal  0 

502.306  504.365  99.449  5083  5  L509c  FBS  Charcoal  0 

502.304  503.797  99.456  5055  5  L508c  FBS  Charcoal  0 

502.410  503.850  99.457  5061  5  L508c  FBS  Charcoal  0 

502.401  503.881  99.449  5090  5  L508c  FBS  Charcoal  0 

502.435  503.698  99.452  5071  5  L508d  FBS  Charcoal  0 

502.423  504.306  99.453  5080  5  L509c  FBS  Wood  0 

502.330  503.574  99.450  5076  5  L508d  FBS  Charcoal  0 

502.364  503.623  99.448  5074  5  L508d  FBS  Wood  0 

502.414  503.642  99.451  5072  5  L508d  FBS  Charcoal  0 

502.413  504.314  99.452  5081  5  L509c  FBS  Charcoal  0 

502.338  503.712  99.450  5069  5  L508d  FBS  Charcoal  0 

502.452  503.971  99.460  5068  5  L508c  FBS  Charcoal  0 

502.429  503.985  99.458  5067  5  L508c  FBS  Charcoal  0 

502.345  503.989  99.466  5066  5  L508c  FBS  Charcoal  0 

502.373  503.961  99.461  5065  5  L508c  FBS  Charcoal  0 

502.426  503.882  99.455  5064  5  L508c  FBS  Charcoal  0 

502.405  503.908  99.459  5063  5  L508c  FBS  Charcoal  0 

502.383  503.657  99.450  5073  5  L508d  FBS  Charcoal  0 

502.321  503.777  99.434  5138  5  L508c  FBS  Charcoal  0 

502.403  503.649  99.438  5126  5  L508d  FBS  Charcoal  0 

502.320  503.883  99.434  5142  5  L508c  FBS  Charcoal  0 

502.362  503.833  99.440  5141  5  L508c  FBS  Charcoal  0 

502.377  503.879  99.439  5146  5  L508c  FBS  Charcoal  0 

502.358  503.863  99.441  5145  5  L508c  FBS  Charcoal  0 

502.337  503.896  99.436  5144  5  L508c  FBS  Charcoal  0 

502.307  503.922  99.436  5143  5  L508c  FBS  Charcoal  0 

502.368  503.813  99.447  5104  5  L508c  FBS  Charcoal  0 

502.331  503.754  99.447  5103  5  L508c  FBS  Charcoal  0 

502.352  503.865  99.444  5107  5  L508c  FBS  Charcoal  0 

502.447  504.165  99.462  5122  5  L509d  FBS  Charcoal  0 

502.327  503.816  99.441  5105  5  L508c  FBS  Charcoal  0 

502.382  503.975  99.448  5112  5  L508c  FBS  Charcoal  0 

502.360  503.978  99.449  5111  5  L508c  FBS  Charcoal  0 

502.352  503.968  99.449  5110  5  L508c  FBS  Charcoal  0 

502.422  503.902  99.451  5091  5  L508c  FBS  Charcoal  0 

502.336  504.080  99.457  5117  5  L509d  FBS  Charcoal  0 

502.331  503.904  99.468  5011  5  L508c  FBS  Charcoal  0 

502.345  504.442  99.477  5002  5  L509c  FBS  Charcoal  0 

502.438  503.851  99.466  5015  5  L508c  FBS  Charcoal  0 

502.344  503.782  99.466  5014  5  L508c  FBS  Charcoal  0 

502.362  503.537  99.448  5021  5  L508d  FBS  Charcoal  0 



502.350  503.871  99.467  5012  5  L508c  FBS  Charcoal  0 

502.329  503.957  99.467  5010  5  L508c  FBS  Charcoal  0 

502.404  504.347  99.483  5006  5  L509c  FBS  Charcoal  0 

502.360  503.861  99.469  5013  5  L508c  FBS  Charcoal  0 

502.397  504.467  99.472  5037  5  L509c  FBS  Charcoal  0 

502.360  503.715  99.454  5029  5  L508d  FBS  Charcoal  0 

502.366  503.632  99.452  5026  5  L508d  FBS  Charcoal  0 

502.480  503.638  99.461  5025  5  L508d  FBS  Charcoal  0 

502.480  503.606  99.463  5024  5  L508d  FBS  Charcoal  0 

502.372  504.343  99.479  5003  5  L509c  FBS  Charcoal  0 

502.408  503.575  99.460  4999  5  L508d  FBS  Charcoal  0 

502.424  504.413  99.499  4995  5  L509c  FBS  Charcoal  0 

502.406  504.415  99.495  4993  5  L509c  FBS  Charcoal  0 

502.379  504.176  99.479  4967  5  L509d  FBS  Charcoal  0 

502.435  504.380  99.502  4961  5  L509c  FBS  Charcoal  0 

502.411  504.146  99.475  4971  5  L509d  FBS  Charcoal  0 

502.406  504.162  99.478  4972  5  L509d  FBS  Charcoal  0 

502.393  503.633  99.472  4955  5  L508d  FBS  Charcoal  0 

502.409  504.023  99.472  4952  5  L509d  FBS  Charcoal  0 

502.441  504.180  99.480  4950  5  L509d  FBS  Charcoal  0 

502.347  504.177  99.480  4948  5  L509d  FBS  Charcoal  0 

502.428  504.390  99.499  4994  5  L509c  FBS  Charcoal  0 

502.436  504.339  99.493  4992  5  L509c  FBS  Charcoal  0 

502.397  504.196  99.478  4969  5  L509d  FBS  Charcoal  0 

502.399  504.186  99.478  4968  5  L509d  FBS  Charcoal  0 

502.391  503.732  99.468  4979  5  L508d  FBS  Charcoal  0 

502.331  503.725  99.471  4978  5  L508d  FBS  Charcoal  0 

502.427  504.180  99.477  4975  5  L509d  FBS  Charcoal  0 

502.418  504.169  99.477  4974  5  L509d  FBS  Charcoal  0 

502.404  504.172  99.476  4973  5  L509d  FBS  Charcoal  0 

502.424  504.032  99.494  4908  5  L509d  FBS  Charcoal  0 

502.343  504.229  99.495  4916  5  L509d  FBS  Charcoal  0 

502.384  504.117  99.485  4917  5  L509d  FBS  Charcoal  0 

502.454  504.150  99.501  4910  5  L509d  FBS  Charcoal  0 

502.406  504.090  99.494  4909  5  L509d  FBS  Charcoal  0 

502.400  504.154  99.476  4970  5  L509d  FBS  Charcoal  0 

502.355  504.047  99.477  4939  5  L509d  FBS  Charcoal  0 

502.380  504.125  99.480  4938  5  L509d  FBS  Charcoal  0 

502.465  503.736  99.479  4935  5  L508d  FBS  Charcoal  0 

502.347  504.204  99.486  4936  5  L509d  FBS  Charcoal  0 

502.346  503.546  99.460  4835  5  L508d  FBS  Charcoal  0.4 

502.447  503.689  99.494  4812  5  L508d  GS  Charcoal  0 

 

Spatial Context of Geological Samples Recovered 

X  Y  Z  ID  OP.  SQ  TYPE  FEAT  COMM.  PRIS 



500.207  501.335  98.236  7908  2  H503  Geology  BSS  heated?  0.4 

500.713  500.906  98.278  8035  2  I503  Geology  BSS     0 

500.323  501.019  98.235  7815  2  H503  Geology  BSS     0.4 

500.551  501.101  98.321  7653  2  I503  Geology  BSS  Potlid  0 

501.085  500.981  98.316  7675  2  J503  Geology  BSS  Potlid  0 

499.825  493.919  98.182  7975  3  G489  Geology  BK     0 

499.909  494.078  98.235  7539  3  G489  Geology  BK     0 

499.732  494.038  98.209  7540  3  G489  Geology  BK     0 

499.741  494.006  98.214  7419  3  G489  Geology  BK     0 

499.988  494.121  98.250  7045  3  G489  Geology  BK     0 

500.136  494.287  98.025  6587  3  H489  Geology  BK     0.4 

500.146  494.356  98.035  6586  3  H489  Geology  BK     0.4 

500.102  493.943  98.205  6264  3  H489  Geology  BK     0 

500.199  493.960  98.229  6263  3  H489  Geology  BK     0 

500.035  494.178  98.285  6199  3  H489  Geology  BK     0 

500.386  493.974  98.250  6117  3  H489  Geology  BK     0 

500.139  494.790  98.392  6116  3  H489  Geology  BK     0 

500.172  493.938  98.270  6118  3  H489  Geology  BK     0 

500.495  494.066  98.251  6114  3  H489  Geology  BK     0 

500.468  493.997  98.244  6115  3  H489  Geology  BK     0 

500.338  494.003  98.317  5978  3  H489  Geology  BK     0 

502.761  491.030  99.282  7398  3  M483  Geology  FAK     0.4 

502.393  490.866  99.337  7429  3  L482  Geology  FAK  Speleot
hem 

0.4 

502.831  490.547  99.223  7937  3  M482  Geology  GM     0.4 

502.394  490.549  99.289  7449  3  L482  Geology  Lower 
Rubble 

Speleot
hem 

0.4 

502.124  491.326  99.345  5727  3  L483  Geology  Rubble     0.4 

502.005  491.443  99.358  5728  3  L483  Geology  Rubble     0.4 

502.087  491.123  99.313  5726  3  L483  Geology  Rubble     0.4 

502.100  491.439  99.339  5738  3  L483  Geology  Rubble  Speleot
hem 

0.4 

502.231  490.531  99.326  5651  3  L482  Geology  Rubble  Speleot
hem 

0.4 

502.474  490.987  99.391  5643  3  L482  Geology  Rubble     0.4 

502.952  491.235  99.317  5402  3  M483  Geology  Rubble  Speleot
hem 

0.4 

502.772  491.141  99.327  5432  3  M483  Geology  Rubble     0.4 

502.521  491.095  99.353  5456  3  M483  Geology  Rubble     0.4 

502.235  491.126  99.368  5272  3  L483  geology  Rubble     0.4 

502.461  491.344  99.348  5276  3  L483  geology  Rubble     0.4 

502.045  492.416  99.376  5268  3  L485  geology  Rubble     0.4 

502.444  489.957  99.340  5282  3  L480  Geology  Rubble  Speleot
hem 

0.4 

502.429  489.894  99.375  5132  3  L480  Geology  Rubble  Given to 
Frankie 

0.4 

502.325  489.744  99.393  5133  3  L480  Geology  Rubble  was 
labeled 
Lithic 

0.4 

502.093  491.259  99.413  5156  3  L483  geology  Rubble  gravel  0.4 



502.633  490.755  99.411  4887  3  M482  geology  Rubble  gravel  0.4 

502.855  490.560  99.397  4904  3  M482  geology  Rubble  gravel  0.4 

502.534  490.994  99.444  4900  3  M482  geology  Rubble     0.4 

502.579  490.855  99.408  4886  3  M482  geology  Rubble  gravel  0.4 

503.037  490.883  99.411  4898  3  M482  geology  Rubble  gravel  0.4 

502.293  490.080  99.412  4897  3  L481  geology  Rubble  gravel  0.4 

502.748  490.881  99.429  4895  3  M482  geology  Rubble  gravel  0.4 

502.921  491.122  99.364  4856  3  M483  geology  Rubble  gravel  0.4 

502.793  491.455  99.377  4855  3  M483  geology  Rubble  gravel  0.4 

502.587  491.207  99.402  4820  3  M483  Geology  Rubble  Gravel  0.4 

502.326  491.620  99.445  4759  3  L484  Geology  Rubble     0.4 

502.219  491.713  99.427  4779  3  L484  Geology  Rubble     0.4 

502.453  490.920  99.422  4653  3  L482  Geology  Rubble     0.4 

502.272  490.647  99.423  4632  3  L482  Geology  Rubble  was 
labeled 
Lithic 

0.4 

502.176  490.645  99.412  4650  3  L482  Geology  Rubble  Speloth
em 
laying 
flat, 
pointing 
upwards 

0.4 

502.292  490.879  99.412  4651  3  L482  Geology  Rubble  Gravel  0.4 

502.291  490.290  99.385  4660  3  L481  Geology  Rubble     0.4 

502.411  490.353  99.395  4661  3  L481  Geology  Rubble     0.4 

502.580  490.878  99.441  4586  3  M482  Geology  Rubble     0.4 

502.427  491.712  99.259  7875  3  L484  Geology  SG     0.4 

502.501  491.728  99.263  7881  3  L484  Geology  SG     0.4 

502.337  492.369  99.224  7758  3  L485  Geology  SG  was 
labeled 
Lithic 

0.4 

502.464  492.068  99.240  7763  3  L485  Geology  SG  was 
labeled 
Lithic 

0.4 

502.579  492.652  99.249  7464  3  M486  Geology  SG  Quartz  0.4 

502.209  492.739  99.233  7292  3  L486  Geology  SG  Incised?  0.4 

503.897  491.013  98.994  7918  3  O483  Geology  SRCL  was 
labeled 
Lithic 

0.4 

503.867  491.200  99.012  7871  3  O483  Geology  SRCL  Speleot
hem 

0.4 

503.759  491.132  99.004  7870  3  O483  Geology  SRCL     0.4 

503.552  491.337  98.981  8049  3  O483  Geology  SRCL  Potlid  0.4 

503.864  491.044  98.969  7990  3  O483  Geology  SRCL     0.4 

503.679  491.324  99.055  7783  3  O483  Geology  SRCL  was 
labeled 
Lithic 

0.4 

503.760  491.173  99.026  7808  3  O483  Geology  SRCL  Look 
closely ‐ 
bone?! 

0.4 



503.716  491.112  99.071  7726  3  O483  Geology  SRCL     0.4 

503.977  491.252  99.165  7470  3  O483  Geology  SRCL  quartz/g
lass? 
was 
labeled 
Lithic 

0.4 

503.551  491.300  99.071  7578  3  O483  Geology  SRCL     0.4 

502.815  492.398  99.278  6628  3  M485  Geology  WTF     0.4 

502.575  492.203  99.271  6630  3  M485  Geology  WTF     0.4 

502.488  491.598  99.314  6692  3  L484  Geology  WTF     0.4 

502.345  504.614  99.153  7460  5  L510d  Geology  AAS  Bone 
artz 

0.4 

502.269  503.865  99.144  7478  5  L508c  Geology  AAS     0 

502.250  503.665  99.133  7583  5  L508d  Geology  AAS  was 
labeled 
Lithic 

0 

502.153  503.482  99.126  7580  5  L508b  Geology  AAS  was 
labeled 
Lithic 

0 

502.415  504.255  99.143  7438  5  L509c  Geology  AAS     0 

502.326  504.178  99.126  7407.1  5  L509d  Geology  AAS     0 

502.208  504.069  99.114  7410  5  L509d  Geology  AAS     0 

502.251  504.070  99.116  7407  5  L509d  Geology  AAS     0 

502.353  504.032  99.160  7328  5  L509d  Geology  AAS     0 

502.076  503.449  99.170  7235  5  L507c  Geology  AAS     0 

502.093  503.460  99.171  7236  5  L507c  Geology  AAS     0 

502.220  503.768  99.224  7050  5  L508c  Geology  AAS     0 

502.528  503.336  99.224  7044  5  L507c  Geology  AAS     0 

502.359  503.438  99.237  6933.1  5  L507c  Geology  AAS     0.4 

502.340  503.320  99.214  6933  5  L507c  Geology  AAS     0.4 

502.461  504.277  99.316  6104  5  L509c  Geology  AS     0 

502.350  503.279  99.260  6161  5  L507c  Geology  AS  Slab  0 

502.356  503.352  99.280  6161.1  5  L507c  Geology  AS  Slab  0 

502.267  503.382  99.277  6158.1  5  L507c  Geology  AS  Slab  0 

502.251  503.286  99.267  6158  5  L507c  Geology  AS  Slab  0 

502.270  504.438  99.308  6089  5  L509c  Geology  AS     0 

502.487  503.826  99.344  5895  5  L508c  Geology  AS     0 

502.285  503.841  99.318  5886  5  L508c  Geology  AS     0 

502.441  503.665  99.298  5922  5  L508d  Geology  AS     0 

502.351  503.636  99.283  5909  5  L508d  Geology  AS     0 

502.333  503.672  99.293  5904  5  L508d  Geology  AS     0 

502.458  503.500  99.290  5970  5  L508d  Geology  AS     0 

502.385  504.147  99.333  5826  5  L509d  Geology  AS     0 

502.442  503.435  99.310  5724  5  L507c  Geology  AS     0.4 

502.331  503.485  99.291  5762  5  L507c  Geology  AS     0.4 

502.464  504.651  99.295  5764  5  L510d  Geology  AS     0.4 

502.501  503.475  99.341  5793  5  L507c  Geology  AS     0.4 

502.276  503.427  99.273  5800  5  L507c  Geology  AS     0.4 

502.461  503.373  99.271  5815  5  L507c  Geology  AS     0.4 

502.387  503.476  99.284  5820  5  L507c  Geology  AS     0.4 



502.369  503.448  99.311  5774  5  L507c  Geology  AS     0 

502.398  504.715  99.374  5670  5  L510d  Geology  AS  Speleot
hem 

0.4 

502.499  504.181  99.399  7133  5  L509d  Geology  BWS     0 

502.414  504.031  99.367  5574  5  L508c  Geology  BWS     0 

502.394  504.710  99.421  5362  5  L510d  Geology  BWS     0.4 

502.284  504.678  99.414  5360  5  L510d  Geology  BWS     0.4 

502.287  503.939  99.398  5476  5  L508c  Geology  BWS     0 

502.351  503.905  99.397  5499  5  L508c  Geology  BWS     0 

502.462  503.351  99.387  5495  5  L507c  Geology  BWS     0 

502.505  503.710  99.409  5194  5  L508d  Geology  BWS     0.4 

502.422  503.668  99.401  5195  5  L508d  geology  BWS  gravel  0.4 

502.445  504.730  99.457  5189  5  L510d  geology  BWS  Speleot
hem 

0.4 

502.416  504.660  99.453  5186  5  L510d  geology  BWS     0.4 

502.334  504.054  99.420  5180  5  L509d  geology  BWS     0 

502.508  504.698  99.437  5289  5  L510d  Geology  BWS     0.4 

502.338  503.669  99.388  5299  5  L508d  geology  BWS  gravel  0 

502.442  504.081  99.420  5207  5  L509d  Geology  BWS  was 
labeled 
Lithic 

0 

502.084  504.318  99.089  7893  5  L509a  Geology  CBS     0 

502.203  504.484  99.074  7925  5  L509a  Geology  CBS  quartz 
crystal 

0 

502.188  503.856  99.104  7855  5  L508a  Geology  CBS  was 
labeled 
Lithic 

0 

502.159  503.563  99.053  8066  5  L508b  Geology  CBS     0 

502.152  504.573  99.059  8095  5  L510b  Geology  CBS  was 
labeled 
Lithic 

0 

502.076  504.009  99.070  7765  5  L509b  Geology  CBS     0 

502.275  504.712  99.170  7476  5  L510d  Geology  DL  quartz, 
was 
labeled 
Lithic 

0.4 

502.416  504.193  99.269  6758.1  5  L509d  Geology  DL     0 

502.364  504.241  99.258  6758  5  L509d  Geology  DL     0 

502.326  504.412  99.244  6642  5  L509c  Geology  DL     0 

502.454  503.680  99.275  6614  5  L508d  Geology  DL     0 

502.248  504.255  99.260  6693  5  L509c  Geology  DL     0 

502.409  504.372  99.255  6657  5  L509c  Geology  DL     0 

502.439  503.702  99.282  6569  5  L508d  Geology  DL     0 

502.238  503.684  99.251  6547  5  L508d  Geology  DL     0 

502.413  504.647  99.259  6421  5  L510d  Geology  DL     0.4 

502.275  503.440  99.251  6352  5  L507c  Geology  DL     0.4 

502.417  504.549  99.271  6382  5  L510d  Geology  DL  Gravel  0 

502.312  504.580  99.271  6383  5  L510d  Geology  DL     0 



502.372  503.589  99.277  6494  5  L508d  Geology  DL     0 

502.443  503.754  99.284  6488  5  L508c  Geology  DL     0 

502.414  503.655  99.277  6494.1  5  L508d  Geology  DL     0 

502.357  503.940  99.265  6479  5  L508c  Geology  DL     0 

502.398  503.868  99.267  6480  5  L508c  Geology  DL     0 

502.366  504.625  99.240  6536  5  L510d  Geology  DL     0.4 

502.215  504.703  99.243  6462  5  L510d  Geology  DL     0.4 

502.281  504.585  99.272  6232  5  L510d  Geology  DL     0.4 

502.256  504.611  99.266  6235  5  L510d  Geology  DL     0.4 

502.429  504.318  99.263  6252  5  L509c  Geology  DL     0.4 

502.333  504.597  99.275  6227  5  L510d  Geology  DL     0.4 

502.368  504.140  99.449  5135  5  L509d  Geology  FBS  Speleot
hem 

0 

502.448  503.590  99.445  5075  5  L508d  Geology  FBS  was 
labeled 
Lithic 

0 

502.393  503.739  99.446  5125  5  L508d  Geology  FBS  Speleot
hem 

0 

502.325  503.549  99.441  5101  5  L508d  Geology  FBS  Speleot
hem 

0 

502.490  503.687  99.447  5127  5  L508d  geology  FBS     0 

502.344  504.166  99.459  5120  5  L509d  Geology  FBS  Speleot
hem 

0 

502.326  503.856  99.442  5106  5  L508c  geology  FBS     0 

502.324  503.870  99.469  5018  5  L508c  geology  FBS     0 

502.342  504.009  99.469  5020  5  L508c  geology  FBS     0 

502.338  503.557  99.456  5001  5  L508d  Geology  FBS  Speleot
hem 

0 

502.462  503.733  99.458  4956  5  L508d  geology  FBS  gravel  0.4 

502.419  504.578  99.486  4946  5  L510d  geology  FBS  gravel  0 

502.407  504.597  99.486  4945  5  L510d  geology  FBS     0 

502.388  503.735  99.484  4933  5  L508d  Geology  FBS  gravel  0 

502.493  504.322  99.579  4728  5  L509c  Geology  GS  Gravel  0 

502.450  504.555  99.543  4806  5  L510d  Geology  GS     0 

502.360  503.922  99.516  4764  5  L508c  Geology  GS  Banded 
ironston
e 

0 

502.354  504.690  99.557  4789  5  L510d  Geology  GS     0 

502.392  503.679  99.506  4790  5  L508d  Geology  GS  Flowsto
ne? OES 
attache
d  

0 

502.477  503.657  99.507  4791  5  L508d  Geology  GS     0 

502.497  503.659  99.526  4667  5  L508d  Geology  GS  Broken 
quartz 
pebble 

0 



502.803  490.927  99.369  6122  3  M482  IR  FAK  Purple 
rock 

0.4 

502.728  490.914  99.324  6123  3  M482  IR  FAK  Red 
sedimen
t  

0.4 

502.800  490.474  99.385  5545  3  M482  IR  Rubble     0.4 

502.294  503.235  99.175  7480  5  L507a  IR  AAS  Given to 
Frankie 

0 

502.308  503.741  99.233  7126  5  L508c  IR  AAS     0 

502.312  504.129  99.382  5307  5  L509d  IR  BWS     0 

502.309  504.584  99.407  5295  5  L510d  IR  BWS     0.4 

499.744  494.575  97.755  5049        IR     PG509  0 

500.455  494.558  97.884  5050        IR     PG510  0 

499.639  494.577  97.709  5048        IR     PG508  0 

499.829  494.568  97.657  5047        IR     PG507  0 

499.832  494.583  97.566  5046        IR     PG506  0 

499.602  494.580  97.561  5045        IR     PG505  0 

499.840  494.585  97.496  5044        IR     PG504  0 

499.761  494.594  97.450  5043        IR     PG503  0 

499.621  494.490  97.239  5042        IR     PG502  0 

499.510  494.479  97.162  5041        IR     PG501  0 

501.769  498.474  96.664  7269  1     Micromorp
hology 

      0 

501.769  498.453  96.695  7269.1  1     Micromorp
hology 

      0 

501.802  498.470  96.595  7269.2  1     Micromorp
hology 

      0 

500.412  499.985  97.151  7640  1     Micromorp
hology 

   WW19‐
41, 
north 
profile, 
bottom 
of 
stratum 
11 

0 

500.383  500.000  97.119  7640.1  1     Micromorp
hology 

   WW19‐
41, 
north 
profile, 
bottom 
of 
stratum 
12 

0 



500.396  499.987  97.187  7640.2  1     Micromorp
hology 

   WW19‐
41, 
north 
profile, 
bottom 
of 
stratum 
13 

0 

500.430  499.992  97.185  7640.3  1     Micromorp
hology 

   WW19‐
41, 
north 
profile, 
bottom 
of 
stratum 
14 

0 

500.426  499.993  97.126  7640.4  1     Micromorp
hology 

   WW19‐
41, 
north 
profile, 
bottom 
of 
stratum 
15 

0 

500.458  501.043  98.363  7523  2  H503  Micromorp
hology 

JKR     0 

500.418  501.008  98.350  7523.1  2  H503  Micromorp
hology 

JKR     0 

500.428  501.064  98.346  7523.2  2  H503  Micromorp
hology 

JKR     0 

500.489  501.069  98.356  7523.3  2  H503  Micromorp
hology 

JKR     0 

500.488  500.998  98.359  7523.4  2  H503  Micromorp
hology 

JKR     0 

500.145  501.354  98.359  6213  2  H503  Micromorp
hology 

JKR     0 

500.521  501.113  98.475  6182.2  2  I503  Micromorp
hology 

LCT     0 

500.517  501.069  98.453  6182.1  2  I503  Micromorp
hology 

LCT     0 

500.579  501.132  98.481  6182.3  2  I503  Micromorp
hology 

LCT     0 

500.585  501.079  98.473  6182.4  2  I503  Micromorp
hology 

LCT     0 

500.553  501.110  98.362  6182.5  2  I503  Micromorp
hology 

LCT     0 

500.522  501.081  98.365  6182.6  2  I503  Micromorp
hology 

LCT     0 

500.509  501.150  98.359  6182.7  2  I503  Micromorp
hology 

LCT     0 



500.575  501.178  98.362  6182.8  2  I503  Micromorp
hology 

LCT     0 

500.585  501.090  98.369  6182.9  2  I503  Micromorp
hology 

LCT     0 

500.559  501.095  98.475  6182  2  I503  Micromorp
hology 

LCT     0 

491.806  483.489  100.48
0 

6709.2  4     Micromorp
hology 

   WW19‐
24 
Bottom; 
top not 
taken 
because 
block 
was 
remove
d 

0 

493.621  484.480  99.189  6711.1  4     Micromorp
hology 

   WW19‐
23 
Bottom; 
ADD 10 
TO Z 

0 

491.800  483.501  100.33
2 

6709.3  4     Micromorp
hology 

   WW19‐
24 
Bottom; 
top not 
taken 
because 
block 
was 
remove
d 

0 

491.813  483.424  100.33
1 

6709.4  4     Micromorp
hology 

   WW19‐
24 
Bottom; 
top not 
taken 
because 
block 
was 
remove
d 

0 

493.675  483.920  99.033  6710  4     Micromorp
hology 

   WW19‐
21 Top 

0 

493.664  484.527  99.467  6711  4     Micromorp
hology 

   WW19‐
23 Top 

0 

491.806  483.460  100.39
6 

6709  4     Micromorp
hology 

   WW19‐
24 
Bottom; 
top not 
taken 
because 

0 



block 
was 
remove
d 

493.660  482.955  99.591  6712  4     Micromorp
hology 

   WW19‐
25 Top 

0 

493.662  482.976  99.473  6712.1  4     Micromorp
hology 

   WW19‐
25 
Bottom 

0 

493.695  482.484  98.990  6713  4     Micromorp
hology 

   WW19‐
22 Top 

0 

493.690  482.466  98.850  6713.1  4     Micromorp
hology 

   WW19‐
22 
Bottom 

0 

493.722  483.906  98.825  6710.1  4     Micromorp
hology 

   WW19‐
21 
Bottom 

0 

491.795  483.424  100.47
9 

6709.1  4     Micromorp
hology 

   WW19‐
24 
Bottom; 
top not 
taken 
because 
block 
was 
remove
d 

0 

493.699  488.307  98.644  5689  4     Micromorp
hology 

   PG520  0.4 

493.767  488.398  98.831  5690.1  4     Micromorp
hology 

   PG521  1 

493.665  488.361  98.916  5690  4     Micromorp
hology 

   PG521  0.1 

493.714  488.375  98.733  5689.1  4     Micromorp
hology 

   PG520  0.4 

493.719  488.379  99.230  5692.1  4     Micromorp
hology 

   PG523  1 

493.771  488.384  99.313  5692  4     Micromorp
hology 

   PG523  1 

493.761  488.591  99.024  5691.1  4     Micromorp
hology 

   PG522  1 

493.767  488.600  99.098  5691  4     Micromorp
hology 

   PG522  1 

502.378  504.518  99.139  8111.8  5  L509c  Micromorp
hology 

AAS     0.4 

502.357  504.436  99.135  8111.9  5  L509c  Micromorp
hology 

AAS     0.4 

502.309  504.523  99.127  8111.7  5  L509c  Micromorp
hology 

AAS     0.4 

502.313  504.434  99.128  8111.6  5  L509c  Micromorp
hology 

AAS     0.4 



502.342  504.482  99.127  8111.5  5  L509c  Micromorp
hology 

AAS     0.4 

502.384  504.538  99.167  8111.3  5  L509c  Micromorp
hology 

AAS     0.4 

502.319  504.532  99.158  8111.2  5  L509c  Micromorp
hology 

AAS     0.4 

502.318  504.455  99.160  8111.1  5  L509c  Micromorp
hology 

AAS     0.4 

502.356  504.492  99.183  8111  5  L509c  Micromorp
hology 

AAS     0.4 

502.376  504.458  99.168  8111.4  5  L509c  Micromorp
hology 

AAS     0.4 

502.369  504.458  99.274  7119  5  L509c  Micromorp
hology 

AS     0 

502.344  504.436  99.267  7119.1  5  L509c  Micromorp
hology 

AS     0 

502.348  504.482  99.271  7119.2  5  L509c  Micromorp
hology 

AS     0 

502.388  504.484  99.271  7119.3  5  L509c  Micromorp
hology 

AS     0 

502.385  504.439  99.268  7119.4  5  L509c  Micromorp
hology 

AS     0.4 

502.371  504.467  99.172  7119.5  5  L509c  Micromorp
hology 

AS     0 

502.333  504.410  99.183  7119.6  5  L509c  Micromorp
hology 

AS     0 

502.320  504.514  99.181  7119.7  5  L509c  Micromorp
hology 

AS     0 

502.415  504.518  99.186  7119.8  5  L509c  Micromorp
hology 

AS     0 

502.416  504.433  99.185  7119.9  5  L509c  Micromorp
hology 

AS     0 

502.419  504.387  99.376  5619.6  5  L509c  Micromorp
hology 

BWS  Bottom  0 

502.395  504.459  99.455  5619.2  5  L509c  Micromorp
hology 

BWS  Top  0 

502.460  504.463  99.463  5619.3  5  L509c  Micromorp
hology 

BWS  Top  0 

502.452  504.439  99.389  5619.5  5  L509c  Micromorp
hology 

BWS  Bottom  0 

502.400  504.490  99.384  5619.7  5  L509c  Micromorp
hology 

BWS  Bottom  0 

502.491  504.470  99.394  5619.8  5  L509c  Micromorp
hology 

BWS  Bottom  0 

502.487  504.402  99.392  5619.9  5  L509c  Micromorp
hology 

BWS  Bottom  0 

502.470  504.406  99.461  5619.4  5  L509c  Micromorp
hology 

BWS  Top  0 

502.440  504.431  99.465  5619  5  L509c  Micromorp
hology 

BWS  Top  0 



502.410  504.395  99.450  5619.1  5  L509c  Micromorp
hology 

BWS  Top  0 

502.425  503.774  99.280  7118.4  5  L508c  Micromorp
hology 

DL  Top; 
features 
DL and 
AAS 

0.4 

502.415  503.843  99.281  7118.3  5  L508c  Micromorp
hology 

DL  Top; 
features 
DL and 
AAS 

0.4 

502.352  503.838  99.273  7118.2  5  L508c  Micromorp
hology 

DL  Top; 
features 
DL and 
AAS 

0.4 

502.362  503.766  99.287  7118.1  5  L508c  Micromorp
hology 

DL  Top; 
features 
DL and 
AAS 

0.4 

502.381  503.802  99.292  7118  5  L508c  Micromorp
hology 

DL  Top; 
features 
DL and 
AAS 

0.4 

502.424  503.795  99.472  5620  5  L508c  Micromorp
hology 

FBS/BW
S 

Top  0 

502.464  503.759  99.369  5620.9  5  L508c  Micromorp
hology 

FBS/BW
S 

Bottom  0 

502.368  503.831  99.351  5620.7  5  L508c  Micromorp
hology 

FBS/BW
S 

Bottom  0 

502.369  503.756  99.367  5620.6  5  L508c  Micromorp
hology 

FBS/BW
S 

Bottom  0 

502.452  503.843  99.366  5620.8  5  L508c  Micromorp
hology 

FBS/BW
S 

Bottom  0 

502.401  503.765  99.466  5620.1  5  L508c  Micromorp
hology 

FBS/BW
S 

Top  0 

502.400  503.812  99.465  5620.2  5  L508c  Micromorp
hology 

FBS/BW
S 

Top  0 

502.445  503.818  99.468  5620.3  5  L508c  Micromorp
hology 

FBS/BW
S 

Top  0 

502.445  503.772  99.476  5620.4  5  L508c  Micromorp
hology 

FBS/BW
S 

Top  0 

502.408  503.795  99.356  5620.5  5  L508c  Micromorp
hology 

FBS/BW
S 

Bottom  0 

502.627  503.483  99.475  8110.3  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.538  503.532  99.536  8110.2  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0 

502.517  503.449  99.497  8110.1  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0 

502.544  503.483  99.527  8110  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0 



502.565  503.429  99.473  8110.4  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.567  503.454  99.209  8110.5  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.593  503.424  99.232  8110.9  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.628  503.469  99.256  8110.8  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.538  503.489  99.224  8110.7  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.531  503.410  99.200  8110.6  5  M507a  Micromorp
hology 

GS  GS to 
AAS 

0.4 

502.495  503.829  99.574  4883.3  5  L508d  Micromorp
hology 

GS  Top  0 

502.457  503.761  99.487  4883.9  5  L508d  Micromorp
hology 

GS  Bottom  0 

502.471  504.404  99.532  4884.9  5  L509c  Micromorp
hology 

GS  Bottom  0 

502.488  504.437  99.524  4884.8  5  L509c  Micromorp
hology 

GS  Bottom  0 

502.440  504.452  99.517  4884.7  5  L509c  Micromorp
hology 

GS  Bottom  0 

502.424  504.402  99.521  4884.6  5  L509c  Micromorp
hology 

GS  Bottom  0 

502.462  504.413  99.528  4884.5  5  L509c  Micromorp
hology 

GS  Bottom  0 

502.429  504.436  99.615  4884.4  5  L509c  Micromorp
hology 

GS  Top  0 

502.426  504.471  99.619  4884.3  5  L509c  Micromorp
hology 

GS  Top  0 

502.402  504.478  99.609  4884.2  5  L509c  Micromorp
hology 

GS  Top  0 

502.420  504.455  99.616  4884  5  L509c  Micromorp
hology 

GS  Top  0 

502.451  503.811  99.485  4883.8  5  L508d  Micromorp
hology 

GS  Bottom  0 

502.412  503.819  99.478  4883.7  5  L508d  Micromorp
hology 

GS  Bottom  0 

502.416  503.764  99.485  4883.6  5  L508d  Micromorp
hology 

GS  Bottom  0 

502.518  503.776  99.575  4883.4  5  L508d  Micromorp
hology 

GS  Top  0 

502.437  503.821  99.572  4883.2  5  L508d  Micromorp
hology 

GS  Top  0 

502.436  503.774  99.574  4883.1  5  L508d  Micromorp
hology 

GS  Top  0 

502.469  503.797  99.574  4883  5  L508d  Micromorp
hology 

GS  Top  0 

502.396  504.440  99.609  4884.1  5  L509c  Micromorp
hology 

GS  Top  0 



502.432  503.789  99.483  4883.5  5  L508d  Micromorp
hology 

GS  Bottom  0 

      8115        Micromorp
hology 

   South 
profile, 
Stratum 
8, 
position 
see 
photos 
21 
August 
2019 

  

502.345  493.501  98.708  5357.1        Micromorp
hology 

   Pg519  0 

502.346  493.522  98.766  5357        Micromorp
hology 

   Pg519  0 

499.730  494.283  98.128  5353        Micromorp
hology 

   Pg515  0 

500.144  494.534  97.450  5350.1        Micromorp
hology 

   Pg512  0 

500.372  494.521  97.733  5351        Micromorp
hology 

   Pg513  0 

500.383  494.519  97.659  5351.1        Micromorp
hology 

   Pg513  0 

499.591  494.585  97.641  5352        Micromorp
hology 

   Pg514  0 

499.740  494.336  98.032  5353.1        Micromorp
hology 

   Pg515  0 

499.617  493.707  98.634  5354        Micromorp
hology 

   Pg516  0 

499.634  493.710  98.512  5354.1        Micromorp
hology 

   Pg516  0 

499.592  494.582  97.543  5352.1        Micromorp
hology 

   Pg514  0 

502.529  493.547  98.620  5356        Micromorp
hology 

   Pg518  0 

502.530  493.546  98.491  5356.1        Micromorp
hology 

   Pg518  0 

499.650  494.597  97.386  5349.1        Micromorp
hology 

   Pg511  0 

500.149  494.537  97.557  5350        Micromorp
hology 

   Pg512  0 

500.582  494.588  97.884  5355.1        Micromorp
hology 

   Pg517  0 

500.576  494.578  97.944  5355        Micromorp
hology 

   Pg517  0 

499.653  494.578  97.488  5349        Micromorp
hology 

   Pg511  0 

 

Spatial Context of Sediment Isotope Samples 



X  Y  Z  ID  PRISM 

499.834  499.978  97.047  4657.4  0 

499.797  499.914  97.583  4657  0 

499.739  499.995  97.433  4657.1  0 

499.740  499.997  97.347  4657.2  0 

499.789  500.002  97.234  4657.3  0 

499.635  499.914  96.620  4657.7  0 

499.681  499.936  96.664  4657.6  0 

499.672  499.947  96.945  4657.5  0 

491.519  480.804  100.748  4845.1  0.4 

491.496  480.815  100.789  4845  0.4 

491.572  480.860  100.653  4845.3  0.4 

491.607  480.815  100.442  4845.7  0.4 

491.592  480.810  100.498  4845.6  0.4 

491.577  480.819  100.536  4845.5  0.4 

491.578  480.854  100.597  4845.4  0.4 

491.560  480.835  100.702  4845.2  0.4 

499.924  499.970  96.545  4657.8  0 

499.840  499.993  96.440  4657.9  0 

498.826  512.853  99.592  4723  0.4 
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excavations at Wonderwerk Cave 

Sara E. Rhodes a,b,j,*, Paul Goldberg c,d, Michaela Ecker e, Liora Kolska Horwitz f, 
Elisabetta Boaretto g, Michael Chazan h,i 

a Archaeology Center, University of Toronto, Toronto, Canada 
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A B S T R A C T   

In 2018, we initiated renewed excavation of the Later Stone Age (LSA) deposits at Wonderwerk Cave. Here we 
describe the goals and initial results of the first two seasons of excavation, including the first micromorphological 
description of these deposits. We employed a small-scale excavation technique to emphasize precision recording 
and limit the destruction of sensitive deposits. Our preliminary results indicate that meaningful patterns in 
material culture records and paleoecological proxy materials can be derived from such investigations. 

Bioturbation of the LSA deposits is widespread in our micromorphological samples, suggesting that some post- 
depositional movement of the sediment occurred but did not impact overall stratigraphic integrity. This is 
supported by the radiocarbon chronology (derived from various material records), which indicates that this 
movement had a limited effect on the material record. 

Three technocomplexes (the Kuruman/Oakhurst, Wilton, and Historic) were identified in the new Wonder-
werk lithic material record, alongside increasing evidence for a period of intensified use and/or occupation of the 
site during the Wilton – a pattern previously identified by the F. Thackeray’s and A. Thackeray’s 1970s exca-
vations. New radiocarbon ages support previous determinations placing the timing of this intensification at ca. 
6200 years cal BP. 

Faunal and ostrich eggshell records also support previous findings, confirming an anthropogenic origin for the 
faunal remains and suggesting that different pathways of OES bead production were employed at the site at 
different times. The presence of herbivore dung and associated spherulites in a micromorphology thin section 
provides a new potential line of evidence to support the Thackeray’s tentative suggestion for sheep herding at the 
site ca. 2000 years BP. While this evidence is far from conclusive, it suggests that the Wonderwerk Cave LSA 
record may have a role to play in resolving the timing of the adoption of sheep by hunter-gatherers on the Ghaap 
Plateau. 

Our work on the LSA at Wonderwerk Cave serves as a touchstone within the more regionally focused Northern 
Cape Archaeology and Ecology Project (NCAEP) – an international and interdisciplinary research project 
studying the LSA paleoenvironment of the South African arid interior. Ultimately, NCAEP is designed to produce 
a multi-proxy diachronic climatic record of the Northern Cape firmly situated within new and existing radio-
carbon chronologies.  
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1. Introduction 

Since its beginnings in the 1920s, Later Stone Age (LSA) research in 
southern Africa has developed from an initial focus on the culture his-
tory of the subcontinent to include significant exploration of 
ecologically-oriented research questions (Mitchell, 2005). Additionally, 
a robust body of research into the social organization and cosmology of 
the hunter-gatherer groups that occupied the subcontinent during this 
time-period was driven by the growth of ethnographically informed 
studies of hunter-gather rock art (Wadley, 1987). More recently, LSA 
researchers have called for increased scientific inventiveness and rigor 
within the field, both to exploit the (often) excellent preservation of the 
LSA organic material record and to spark greater interest in the time 
period among students and researchers in the paleosciences (Lombard 
et al., 2012; Wadley, 2014; Forssman, 2020). The Northern Cape 
Archaeology and Ecology Project (NCAEP), in response to this call, is 
designed to examine the relationship between culture history and 
ecology throughout the Later Stone Age of the Ghaap Plateau through 
rigorous high precision excavations of LSA cave and rock shelter sites 
across different biomes and ecological settings. 

A key approach towards better utilizing the potential of the LSA 
archaeological record involves developing more well-supported ways of 
relating our excavated evidence to our hypotheses (Mitchell, 2005; 64). 
Increasing the temporal and spatial resolution of various material re-
cords on multiple scales (intra-site, local, regional) is key to correctly 
identifying correlated and/or causal relationships in the patterning of 
our datasets. This is particularly true at sites where a multiproxy envi-
ronmental record is directly associated with a stratified archaeological 
sequence. The proliferation of microarchaeological methods – including 
microstratigraphy/micromorphology, sediment elemental analyses, 
stable isotopes, paleogenomics, pollen and phytolith analyses, as well as 
AMS radiocarbon dating – add to the value of such contexts, particularly 
when organic materials are preserved (Weiner, 2010; Diefendorf et al., 
2011; Thomsen and Willerslev, 2015; Meignen et al., 2017; Sifogeorgaki 
et al., 2020). In particular, high precision spatial control during exca-
vation allows the integration of multiple datasets at multiple scales, and 
when coupled with an understanding of site formation processes can 
provide a measure of the integrity of stratigraphic contexts. Under such 
conditions, these multiproxy sites are particularly valuable for ecologi-
cally oriented research. 

However, the paucity of long-duration terrestrial paleoecological 
archives from the interior of southern Africa, exacerbated by a lack of 
overall research focus in this region (compared to, for example., the 
coastal belt) has limited the opportunity to apply such methods. 
Furthermore, this affects our ability to reconstruct high precision 
regional vegetation and climatic patterns through time for this region 
(Ecker et al., 2017, 2018; Scott et al., this volume). Wonderwerk Cave, 
located 45 km south of Kuruman, in the South African Northern Cape is 
an exception to this pattern. The site, located in the central interior, is 
ideal for such a research program as it preserves a stratified archaeo-
logical record spanning ~2 million years associated with multiple 
well-preserved biogenic and geogenic sources of paleoecological data. 
Much of the recent research at Wonderwerk Cave has focused on the 
Pleistocene component (see overviews in Horwitz and Chazan, 2015; 
Chazan et al., 2017), while the Later Stone Age component has not been 
the focus of fieldwork since the late 1970’s (see Section 2 for more de-
tails). More recent analyses of finds recovered from these excavations 
have yielded important and interesting insights into the paleoecology of 
the LSA period (e.g. Brook et al., 2010; Brook et al., 2015; Lee-Thorp and 
Ecker, 2015; Scott and Thackeray, 2015; Thackeray, 2015b; Bamford, 
2016; Ecker et al., 2018; House et al., this volume). However, these 
studies are inherently limited by the low-resolution nature of the pro-
venience data collection methods common at the time of excavation. 
Furthermore, obtaining a high resolution record of lithic, faunal, and 
botanical materials, as well as refining the dating of the LSA deposits, 
was considered a necessity to resolve certain questions raised by the 

previous excavations. This is particularly true for those surrounding site 
formation processes and the timing and nature of environmental 
changes around the site (Thackeray, 1981, 2015; Humphreys and 
Thackeray, 1983; Thackeray, 1984). Therefore, in 2018 we initiated a 
new program studying the LSA deposits at Wonderwerk Cave using high 
precision methods to excavate a small section of profile left by the 
1970’s excavation. The profile was chosen in an area that was at risk of 
collapse to further prepare the site for long-term conservation. The goals 
of our renewed investigation include:  

1) Assessing the site formation processes affecting the Wonderwerk 
Cave LSA deposits - biotic and abiotic (i.e. Goldberg et al., 2015)  

2) Further refining our existing radiocarbon chronology (i.e. Ecker 
et al., 2017) 

3) Ensuring better preservation and recovery of fragile and/or frag-
mented organic remains (Avery, 2007; House et al., this volume; 
Marin-Monfort et al., 2021)  

4) Increasing the precision of provenience data for all artifacts. 

In this article, we present the preliminary results of this excavation, 
which demonstrates a secure correlation of the depositional units 
identified in the new excavation with the strata descriptions of previous 
studies (Humphreys and Thackeray, 1983; Beaumont and Vogel, 2006). 
The micromorphological analysis of the sedimentary sequence comple-
ments the results of faunal analysis, new AMS-radiocarbon dating 
sequence, and the 3D mapping of artifacts to provide a preliminary 
understanding of the site formation processes. Taken together, these 
lines of research provide the framework for ongoing multiproxy 
microarchaeological research on the ecological context of LSA occupa-
tion of Wonderwerk Cave. This re-excavation is also the first component 
of a broader program of LSA research, the Northern Cape Archaeology 
and Ecology Project (NCAEP). The overall goal of NCAEP is to produce a 
detailed multi-proxy diachronic climatic record of the Ghaap Plateau 
firmly situated within new and existing radiocarbon chronologies and 
based on high precision excavations of LSA cave and rock shelter sites 
across different ecological settings. 

2. Site description 

Wonderwerk Cave is a large (ca. 140 m long) dolostone cave located 
in the semi-arid savannah of the Northern Cape of South Africa (Fig. 1). 
The site contains deposits spanning the Early Stone Age (ESA) through to 
the recent Holocene, which include the occupation of the cave by a local 
farmer and his livestock in the early 1900s (Beaumont and Vogel, 2006; 
Horwitz and Chazan, 2015). Terminal Pleistocene and Holocene 

Fig. 1. Map of the Northern Cape and relevant sites including Kathu Pan (KP), 
Wonderwerk Cave (WW), Equus Cave (EC), Little Witkrans (LW), Limerock 1 
and 2 (LR), Dikbosch rockshelter (DB), Florisbad (FL), and Bundu farm (BF). 
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deposits from the site were first excavated and described by Malan and 
Cooke (1941) and Malan and Wells (1943). In 1978, Peter Beaumont 
initiated excavation of the undisturbed LSA deposits in Excavation 1, 
which is located just behind the large stalagmite near the cave mouth 
(Fig. 2), and was joined by Anne and Francis Thackeray who would 
expand his exploration. From 1980 onwards, Beaumont would continue 
to excavate at the site with a focus on the ESA deposits (Beaumont and 
Vogel, 2006; Horwitz and Chazan, 2015). Many of the finds from the 
Beaumont excavations of the LSA remain unanalyzed and there are little 
in the way of surviving field notes or section drawings. 

The A. and F. Thackeray excavations have been published in detail 
with the lithic assemblage serving as the basis of a PhD thesis by A. 
Thackeray (Thackeray, 1981; republished in Humphreys and Thackeray, 
1983) and the fauna serving as the basis of a PhD thesis by F. Thackeray 
(Thackeray, 1984; Thackeray, 2015b). These theses serve as the basis for 
the material record correlations presented here. The Wonderwerk Cave 
LSA archaeological record became very well-known following the dis-
covery of a series of incised stone slabs during the Thackeray excava-
tions (Thackeray, 1981; Chazan, 2020). At that time, an incised 
dolomite slab depicting the unfinished image of a large mammal 
recovered from deposits dated to 10,200±90 BP represented the oldest 
known art mobilier from sub-Saharan Africa (Thackeray et al., 1981). 
The rich assemblage of rock art on the walls of the cave is attributed to 
the LSA as well, but at present there is no reliable method to correlate 
this parietal art with the sequence of occupation (Morris, 2016). 

3. Methods 

3.1. Excavation 

The current LSA excavation area is designated Operation 5 and in-
cludes the eastern profile exposed by Beaumont and the Thackerays in 
1979 (Figs. 2 and 3). Working from a previously exposed profile pro-
vided the opportunity to follow the natural lithostratigraphic layers 
when excavating, rather than adhering to an arbitrary depth cut off or 
bucket weight. An excavation area of 2 × 1 m was divided into fourteen 
¼-meter excavation units (L507a-d; L508a-d; L509a-d; and L510b and 
L510d) to provide high-precision documentation of the spatial distri-
bution of artifacts and ecofacts. Three-dimensional provenience data 
was recorded for all materials >1 cm in maximum size using a Leica 
TCR805 total station during the 2018 season and a GeoAllen total 

station during the 2019 season. 
All excavated sediment was water screened using a Flote-Tech floa-

tation machine (manufactured by R. Dausman; Hunter and Gassner, 
1998) that is engine driven and utilizes low-velocity water movement to 
separate botanical remains from the rest of the sedimentary matrix and 
produce both heavy and fine fractions. The resulting fractions were air 
dried and sorted by hand by a team of trained local assistants. The sorted 
material was then checked by excavation team members, entered into 
the master database, and curated at the McGregor Museum in Kimber-
ley, South Africa. 

Over the course of 12 weeks between June 2018 and August 2019, 
we excavated a total of 102 buckets of sediment. We documented the 
weight and provenience of each bucket of sediment, as well as the 
weight of all large rocks removed during excavation, in order to track 
the total amount of sediment excavated. Unfortunately, we failed to 
record these measures for one layer (FBS) during fieldwork. More than 
284 kg of sediment was removed and floated during our two excavation 
seasons. A total of 3368 artifacts and ecofacts were recovered and piece 
plotted. 

3.2. Micromorphology 

Micromorphological block samples were collected in continuous 
columns while excavating the LSA deposits. These samples were 
pedestalled during excavation or carved out of the exposed profile, and 
then wrapped in plaster of Paris. The blocks were then shipped to 
Spectrum Petrographics (Vancouver, WA) to be imbedded with epoxy 
and cut into 50 × 75 mm thin sections. The thin sections were then 
scanned with a flat-bed scanner (Arpin et al., 2002) and examined with 
stereo and petrographic microscopes under plane-polarized, cross--
polarized, and oblique incident light (PPL, XPL, and OIL respectively) at 
6x to 200x magnification. Micromorphological nomenclature follows 
Courty et al. (1989) and Stoops et al. (2003). 

3.3. Radiocarbon dating 

Five animal bones, all of which exhibit cut-marks or other anthro-
pogenic markings, were selected for radiocarbon dating at the D-REAMS 
radiocarbon dating laboratory Weizmann Institute of Science (Israel). 
These specimens complement the existing radiocarbon chronology 
which is composed of 39 dates on a variety of materials recovered during 

Fig. 2. 3-D reconstruction of Wonderwerk Cave entrance and the excavation 1 area. Our most recent LSA excavation (Operation 5) is indicated in yellow. Previously 
excavated areas are indicated in blue (Malan and Wells, 1943), dark brown (Malan, 1948), light brown (Beaumont, 1978), pink (Beaumont 1979–1992) and red 
(Thackeray, 1979). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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past excavations (Lee-Thorp and Ecker, 2015; Ecker et al., 2017). 
Initially the bones were prescreened to check for the state of preserva-
tion and the presence of collagen following the preparation procedure in 
(Boaretto et al., 2009). Fourier Transform Infrared Spectroscopy (FTIR) 
was applied on untreated bone powder and acid insoluble fraction to 
determine the presence of collagen. FTIR spectra obtained were 
compared with the reference of standards library of the Kimmel Center 
for Archaeological Science, Weizmann Institute (http://www.weizma 
nn.ac.il/kimmel-arch/infrared-spectra-library). Splitting Factor (SF) is 
calculated from the FTIR spectra, which, relates the crystallinity of 
carbonate apatite crystals with the diagenesis of the bone mineral 
(Weiner and Bar-Yosef, 1990). 

Percentage of collagen was estimated by the weight of the acid 
insoluble fraction divided by the weight of bone powder before acid 
dissolution. FTIR spectra of acid insoluble fraction were used to quali-
tatively estimate the preservation of bone collagen and screen for 
possible contaminants. Samples with spectra indicating well-preserved 
collagen were selected for radiocarbon dating. Bone collagen was 
separated and purified for radiocarbon dating using Acid-Base-Acid 
procedure, followed by gelatinization and ultrafiltration (Boaretto 
et al., 2009). For each sample around 500–800 mg of bone powder was 
treated with 0.5 N HCl until the mineral was completely dissolved (ca. 1 
h) and then rinsed with nanopure water several times until reaching 
neutral pH. Then the samples were treated with 0.1 N NaOH treatment 
for 30 min and rinsed with nanopure water until pH = 7. A final acid 
treatment of 0.5 N HCl for 5 min was followed by rinsing with nanopure 
water until pH = 3. Suspensions were gelatinized at 70 ◦C for 20 h, and 
then passed through filters (Ezee-filter™) and ultrafilters (Vivaspin™ 

15, 30kD MWCO), both filters being pre-cleaned by established pro-
cedures (Brock et al., 2007). The extracted gelatin sample was tested 
with FTIR for purity determination (Yizhaq et al., 2005). 

Purified gelatin samples were lyophilized for 24 h and around 3 mg 
were combusted to CO2, their carbon and nitrogen stable isotopes 
measured with an EA-IRMS system, composed of an elemental analyzer 
(EA, ’vario ISOTOPE SELECT′ by Elementar) coupled to an isotope ratio 
mass spectrometer (IRMS, ’isoprime presicION′ by Elementar). Ratio of 
carbon to nitrogen is presented as weight ratio C/N. Carbon isotope 
ratios are compared with Pee Dee Belemnite (PDB) carbonate standards, 
presented as δ13C, and nitrogen isotope ratios are compared to atmo-
sphere nitrogen (Air) presented as δ15N. The produced CO2 was reduced 
to graphite on Fe powder as catalyst, with H2 gas at 560 ◦C for 10 h. 
Graphite samples were measured by accelerator mass spectrometry 
(AMS) at the D-REAMS radiocarbon laboratory (Regev et al., 2017) and 
reported as radiocarbon years (14C Date, years BP) according to Stuiver 
and Polach (1977). The calibrated ranges were determined using the 
OxCal 4.4.2 with the calibration curve ShCAL 20 (Hogg et al., 2020). 

3.4. Lithic and faunal material analysis 

Examination and documentation of the lithic and faunal remains 
including ostrich eggshell (OES) was conducted in the field laboratory 
by M.C. and S.R., respectively. All measurements were taken with digital 
calipers. For the lithic assemblage, the raw material type, tool type (i.e., 
core, flake, blade, slab, etc.), presence of retouch, and length were 
recorded on all lithic specimens >1 cm in maximum length. For fauna, 
we undertook preliminary identification of the skeletal elements 

Fig. 3. Stratigraphic profile of the Operation 5 excavation area annotated with layer names and locations of micromorphological blocks removed and discussed in the 
text, and stratigraphic drawing of the western profile (reproduced from Humphreys and Thackeray, 1983: Fig. 11b). 
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represented and recorded the maximum length and breadth measure-
ments of all diagnostic and adiagnostic remains. 

Thermal modification (i.e. burning) was identified visually based on 
the colour of the bone surface (black, white, or blue-grey) and various 
characteristics in the patterning of discolouration (e.g. a non-dendritic 
pattern without sharply delineated edges occurring commonly on the 
ends of long bones and fragments) (Fernández-Jalvo and Andrews, 
2016). The presence of other taphonomic modifications visually iden-
tifiable on the bone surface including root etching, polishing, weath-
ering and cracking, and gnawing by carnivores were also recorded 
following published standards (Behrensmeyer, 1978; Brain, 1983; Beh-
rensmeyer and Hill, 1988; Madgwick, 2014; Fernández-Jalvo and 
Andrews, 2016). Data are presented as counts of the number of speci-
mens (NSP). For each ostrich eggshell fragment, the maximum length 
and breadth, overall shape of the fragment (hexagon, polygon, square 
etc.), as well as the presence soil corrosion due to high soil acidity or 
microbial action (Fernández-Jalvo and Andrews, 2016) was docu-
mented on a scale from light to heavy. When appropriate, the stage of 
bead production reflected in the completeness of the piece (following 
Orton, 2008) was also documented. The presence of flask mouths and a 
description of decorative incisions were also noted. 

4. Results 

4.1. Excavation 

We defined 8 separate lithostratigraphic layers based on sediment 
color and texture, which we describe in detail below, from the topmost 
(youngest) layer down, with correlations to the strata described by the 
Thackerays. With the exception of the uppermost stratum - which we 
were not able to match to the Thackerays’ various St. 1 and 2 sub-
divisions - the correlation between the new excavation lithostratigraphic 
layers and the Thackerays’ descriptions are excellent. 

Grey Sand (GS): A dusty, grey sandy layer devoid of concretions filled 
with botanical remains, small gravel, and animal hair. Artifacts are 
dense and clearly post-depositionally disturbed. This layer corresponds 
to the Thackerays’ St. 1a, b, which they describe as surface dust, rubble, 
and sheep and cattle dung (Humphreys and Thackeray, 1983: 41). We 
could not discern evidence of an unconsolidated sheep and cattle dung 
horizon (St. 1c) or evidence of a beige daga floor identified by the 
Thackerays’ in St. 2a, that most likely post-dates the use of the cave by 
the landowner between 1909 and 1911 (Humphreys and Thackeray, 
1983: 41). In earlier excavations by Malan, the daga floor was also not 
observed but they identified dung in the two topmost layers (1a-c and 
2b: Humphreys and Thackeray, 1983:42–44). 

Fine Brown Sand (FBS): An undulating, thin horizon of fine brown 
sand that slopes to the south and (possibly) the west. Artifacts and 
macrofaunal remains are primarily horizontally oriented. This layer 
likely corresponds to St. 2b and/or the uppermost St. 3a of the Thack-
erays excavation (1983), which are differentiated on the presence of 
dung and twigs in an otherwise consistent soft, dark brown sand. Bucket 
weight for this layer is absent from our excavation record. 

Brown with White Speckles (BWS): Loose brown sediment with clearly 
visible white speckles and nodules. Some post-depositional disturbance 
is indicated by the presence of vertically oriented OES fragments. 
Maximum depth of the BWS horizon is ~7 cm but varies across the 
exposed area. This layer correlates to St. 3b, which exhibits “guano 
flecks and minor roof spall in soft dark brown sand” defined by Hum-
phreys and Thackeray, 1983. 

Auburn Sand (AS): A loose auburn coloured sand layer ~5 cm-deep 
documented in all exposed quadrants with substantial amounts of 
gravel. Corresponds to Humphreys and Thackeray, 1983 St. 4a. 

Dark Lens (DL): A very thin (~2 cm) layer of sandy brown sediment, 
which appears dark in contrast to AS and the underlying layer AAS. 
Exhibiting a high density of artifacts and ecofacts, including the first 
occurrence of quartz lithic pieces. We believe this to be a continuation of 

what the Thackeray’s designated as 4aLH (for living horizon) (Hum-
phreys and Thackeray, 1983). Stratum 4aLH was visible only in the 
western profile of the Thackeray excavation and was limited to nine 
excavation squares (P-T 22 to 25; Thackeray, 1984: Table 46). In a part 
of its distribution, this stratum was disturbed by a modern rubble pit. St. 
4aLH was reported to contain heat-fractured rocks and a dense con-
centration of charcoal, faunal remains and lithics and is still visible in 
the remaining western profile section. Based on the density of artifacts 
and fauna it has been suggested that this layer represent the remains of 
localized food preparation (Thackeray, 1981). 

Another Auburn Sand (AAS): A thick (~5–12 cm deep) red-brown 
layer of loose sand, gradually becoming more compacted as depth in-
creases. Fewer dark inclusions than seen in DL; however, dark, ashy, 
concreted patches were noted in the south. Artifact and ecofact find 
density decreases substantially between DL and AAS. This layer corre-
sponds to previous descriptions of layer 4b (Humphreys and Thackeray, 
1983). 

Compacted Beige Sand (CBS): A layer defined by compacted beige- 
grey sand with patches of darker, looser sediment and prevalent 
gravel inclusions. The layer overlies a more heavily compacted lighter 
coloured yet-unnamed horizon. Presently, we believe both of these 
layers likely represent separate phases of layer 4c, which has previously 
been described as a series of compacted travertine sheets (Humphreys 
and Thackeray, 1983). 

4.2. Micromorphology 

A single thin section was produced from each of the three micro-
morphology blocks collected for embedding (Fig. 3). Combined, these 
slides include components of layers FBS, BWS, DL, and AAS (Fig. 4). 
Their location and sample numbers are detailed in Table 1 and the 
analysis of each layer is included below, from the top of the section to 
the bottom. 

4.2.1. Basic components 
The basic components for all LSA strata consist primarily of quartz 

sands ultimately derived from windblown Kalahari deposits that cloak 
the surrounding landscape and have been deposited and redeposited 
throughout their transport from the Kalahari (Matmon, 2012). Small 
fragments of subangular banded ironstone formation (BIF) and dolo-
stone are minor components. Outside the cave, the BIF directly overlies 
the dolostone within which the cave formed, and it constitutes the 
predominant bedrock in the surrounding landscape (Eriksson et al., 
1995). The BIF occurring in the LSA layers likely originates from the 
talus in front and to the west of the cave, which is comprised of BIF 
rubble likely derived from a localized mass wasting event (see Goldberg 
et al., 2015). Organic and anthropogenic components include dung 
fragments in the upper part of the sequence, macrofauna, microfauna, 
small pieces of charcoal and unburnt organic matter, and lithic debris. 

4.2.2. Description of stratigraphic units 

4.2.2.1. Fine Brown Sand (FBS). Tan coloured silty sand characterizes 
this unit, which includes bone fragments, angular clasts of BIF, and 
complete and fragmented pieces of caprine dung. Passage features are 
evident throughout the matrix. Little charcoal is present, but it increases 
in lower units. A clear increase in organic matter is documented between 
FBS and lower deposits. 

4.2.2.2. Brown with White speckles (BWS). This a homogeneous com-
pacted layer comprising fine brown sand and silt with coarse BIF clasts 
throughout. Rounded and reworked silty clay aggregates are common, 
and the silt fraction is granular and bioturbated. Gypsum produces the 
speckled appearance of the layer. Ash and charcoal are common 
throughout, with some charcoal fragments fractured during the 

S.E. Rhodes et al.                                                                                                                                                                                                                               



Quaternary International xxx (xxxx) xxx

6

formation of gypsum nodules. 

4.2.2.3. Dark Lens (DL). The dark appearance of this layer, which was 
identifiable both while excavating and in the thin sections, is due to the 
augmented number of angular BIF clasts. No charcoal was evident in the 
thin sections examined. The sedimentary make-up of DL is similar to that 
of AS and AAS, being a heterogeneous mixture of fine sand to silt-sized 
quartz with inclusions (including bone, rhizolith fragments, and BIF) in 
what appears to be a compact, heavily (insect) bioturbated matrix 
lacking void space. 

4.2.2.4. Another Auburn Sand (AAS). Like DL, AAS is a heterogeneous 
mix of silt and sand-sized, densely packed quartz with BIF inclusions and 
coarser, sand-sized grains of bone, limestone, chert flakes, traces of seed 
coats and small numbers of calcified roots. Some charcoal fragments are 
noted, although these are all rounded, and possibly represent wind 
transport. Compared to the Early Stone Age Pleistocene deposits 
(Goldberg et al., 2015), AAS is more poorly sorted and exhibits a loose 
matrix, likely due to bioturbation. It also includes green-coloured clay 
clasts that indicate a reducing environment at some time after the 
accumulation of the clay, but before its transport. 

4.2.3. Depositional and post-depositional processes 
Overall, the LSA deposits are a mixture of geogenic (quartz sand, 

clasts of BIF and dolostone) and biogenic/anthropogenic (organic mat-
ter, seed coats, dung fragments, calcified roots) components. The sand 
component would appear to have blown into the cave or was tracked 
into the cave by humans and other animals. The BIF and dolostone clasts 
resemble the talus and hillside detritus outside the cave and could have 
been reworked/tracked in from outside or, especially in the case of the 
dolostone, derived from roof collapse. There is no evidence of a hy-
draulically active environment in, or around, the cave during the period 
under which the LSA deposits were laid down. 

4.2.4. Dung 
Fragments of herbivore dung were identified in the upper part of 

micromorphology block 8110 (Fig. 4). These consisted of fibrous plant 
tissues, some of which contained spherulites (Canti, 1999). A large, fresh 
dung fragment in the upper right-hand side of the slide is similar in 
appearance to those produced by large herbivores (such as cattle). There 
are also smaller dung fragments with shorter plant fibres located in the 
upper left-hand side of the slide (Fig. 4d), which resemble the pellets of 
sheep or goats. The depth of the thin section is illustrated by aligning the 
distribution of white gypsum nodules, which disappear in the middle of 
both the thin section and the profile (Fig. 4a). All dung fragments are 

Fig. 4. a) Field location and thin section scan of sample 8110 from layers BWS and FBS. Note the correspondence in the field and thin section between the upper part 
where gypsum is relatively scarce and the lower part where it is more abundant with orange line demarcating the limit. Red arrows in the thin section point to 
gypsum crystals; green arrow points to fragment of dung, and blue arrow to small piece of dung with short fibers (b) photomicrograph of dung fragment from upper 
right-hand side of thin section in (a) showing strands of organic matter; plane-polarized light (PPL). (c) Same as (b) but in cross-polarized light (XPL). Green arrows 
indicate spherulites within the dung. (d) Small piece of dung in left-hand part of thin section (blue arrow); note short bundles of the organic material. PPL. (e) Same as 
(d) but in XPL. Green arrows indicate spherulites within the dung. (f) Thin section scan of sample 7118 from layers AS and DL. The dark grains are predominantly BIF 
which is localized within passage features indicated by the green arrows. All scale bars are 100 μm. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 

Table 1 
Description of the Terminal Pleistocene/Holocene stratigraphic record from the 2018/2019 excavation seasons at Wonderwerk Cave and the tentative correlates to 
previously published layers (Humphreys and Thackeray, 1983).  

2018/19 
Layer 

Archaeological Stratum (Humphreys and Thackeray, 1983) Dates (cal BP) 
Ecker et al. (2017) 

Micromorphology Sample Number 

GS 1a-c & 2a <100 yrs ago N/A 
FBS 2b & 3a 500–1000 (2b) 

1060–4500 (3a & 3b) 
WW-8110 

BWS 3b  
AS 4a 4300–5890 N/A 
DL 4aLH 5400–6200 WW-7118 
AAS 4b 5500–6500 WW-7118 

WW-8111 
CBS 4c 6772–9370 N/A 
Not excavated 4d 10,400-11,800 N/A 
Not excavated 5a/b <12,500 N/A  
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associated with unit FBS, which correlates to Thackeray’s St. 2b and 3a. 
As discussed in section 4.4, St. 2a is likely a LSA occupation with mixing 
of later historic material indicated by the presence of glass and porce-
lain. Thackeray, 1984 and Humphreys and Thackeray, 1983 describe St. 
2b as containing dung and twigs in soft brown sand, however no 
continuous horizon of twigs was identified in the field or in our micro-
morphology results. Therefore, it is more likely that our slide with dung 
derives from the Thackeray’s St. 3a, which is described as containing 
soft, dark brown sand with no mention of organic remains. Two radio-
carbon ages place this horizon at ca. 2000 BP (Ecker et al., 2017). 

Thackeray suggested that sheep may have been present during the 
deposition of St. 3a based on the recovery of hairs identified by SEM 
analysis (Thackeray, 1984). However, he also cautioned that it remained 

possible that these hairs were intrusive and derived from the overlying 
historic deposits in which dung and hair were prevalent. 
Post-depositional movement of hair and or dung fragments is quite 
possible given the burrowed nature of the deposits as exhibited in thin 
section 8110. These burrows, which are also found in thin section 7118 
and 8111, are ~1 cm diameter passage features likely produced by in-
sects (nomenclature of Stoops, 2003). 

4.3. Radiocarbon dating 

Of the five bone specimens tested for radiocarbon analysis at the D- 
REAMS Laboratory at the Weizmann Institute, only four had enough 
collagen for the radiocarbon AMS determination. In Table 2 the details 

Table 2 
New radiocarbon dates for Wonderwerk Cave Later Stone Age.  

Lab# Field ID SF Eff % C 
% 

C-14 age ±1σ year BP Calibrated range 
±1σ BP 

Calibrated range 
±2σ BP 

δ13C 
‰ 

δ15N ‰ 

RTD- 
10593 

ID#6047 
SQ L509c Feature AS Depth (Z) 99.344 

2.98 3.7 43.1 4447 ± 30 5045 (42.8%) 4954BP 
4940 (25.4%) 4878BP 

5275 (15.1%) 5179BP 
5132 (2.9%) 5105BP 
5058 (77.4%) 4862BP 

− 6.06 8.37 

RTD- 
10594 

ID#6099 
SQ L509c 
Feature AS Depth (Z) 99.314 

2.91 0.5 41.7 4237 ± 28 4837 (20.2%) 4805BP 
4756 (36.2%) 4700BP 
4672 (11.9%) 4650BP 

4848 (27.4%) 4785BP 
4768 (66.5%) 4615BP 
4598 (1.5%) 4585BP 

− 5.66 5.45 

RTD- 
10596 

ID#6319 
SQ L508c Feature DL 
Depth (Z) 99.277 

3.17 0.3 38.1 5475 ± 34 6291 (23.5%) 6266BP 
6247 (44.8%) 6203BP 

6309 (90.9%) 6179BP 
6144 (4.2%) 6117BP 
6037 (0.4%) 6031BP 

− 18.52 7.58 

RTD- 
10597 

ID#7043.1 
SQ L507c Feature AAS 
Depth (Z) 99.241 

3.15 0.4 38.4 4842 ± 55 5592 (68.3%) 5477BP 5655 (3.7%) 5623BP 
5608 (81.6%) 5445BP 
5401 (10.2%) 5327BP 

− 4.79 5.99 

RTD- 
10595 

ID#6268 
SQ L509d Feature DL 
Depth (Z) 99.254 

3.37 0        

Fig. 5. New radiocarbon dates from Wonderwerk Cave superimposed on the 2020 Southern Hemisphere calibration curve (Hogg et al., 2020).  
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of the samples, their pre-treatment data, radiocarbon age and calibrated 
ranges is given. In Fig. 5 the resulting dates are illustrated. Samples in 
Table 2 are ordered stratigraphically. 

The SF of the samples were around 2.9–3.2 indicating a reasonable 
low diagenesis. The highest value 3.37 for RTD-10595 sample, was the 
only one that did not succeed for the preparation for radiocarbon dating. 
The collagen content was very low 0.3–0.5% except for sample RTD- 
10,593 with 3.7% collagen. Independently from the collagen percent 
(Eff %), all samples had about 40% carbon, as expected for good quality 
collagen. 

Interestingly the carbon stable isotopes are all around -5-6‰ with 
only one exception: RTD-10596 with − 18.52‰. These ages are all in 
agreement with the age model published by Ecker et al. (2017), which is 
based on a compendium of age determinations from across excavation 1. 
Two inversions are clear in this new radiocarbon chronology. Sample 
RTD-10593 returns an older date than the stratigraphically deeper 
sample RTD-10594. However, as both of these specimens belong to layer 
AS and both dates fall within the previously modelled duration of this 
layer (ca. 4300–5890; Ecker et al., 2017) we are inclined to believe that 
post-depositional movement of the samples behind this discrepancy was 
minimal. 

Sample RTD-10597 also returned dates younger than sample RTD- 
10596, despite originating 3.6 cm lower in the deposits than RTD- 
10596. Furthermore, sample RTD -10597 was attributed in the field to 
layer AAS which underlies DL. Based on the vertical projection of finds 
(Fig. 6) it is clear that this sample correctly lies at the interface of AAS 
and DL. This inversion is most likely the result of intra-layer bio-
turbation as indicated by the micromorphological results in section 4.2 
(note that these two samples are separated by over fifty cm.). The range 
of time between these two dates (~700 yrs. BP) suggests that the 
duration of layer DL (St. 4aLH) more likely reflects a palimpsest of 
multiple occupations than the remains of a living floor, as previously 
hypothesized (Thackeray, 1981; Humphreys and Thackeray, 1983; 
Thackeray, 1984). 

4.3.1. Lithics 
The LSA lithic record can be broken down into a number of com-

ponents and they are presented here from the base of the deposits 
moving upward, beginning with a characterization of the assemblages as 
described by A. Thackeray followed by a description of the corre-
sponding assemblage from our excavation with an emphasis on raw 
material and core types. Ceramic and historic artifacts are included in 
this discussion where relevant. 

The basal LSA strata from the Thackeray excavation produced very 
small assemblages of retouched pieces (St 5a, 4 retouched; St. 5b, 2 
retouched) but appear to be similar to the overlying St. 4d-4c based on 
the absence of backed elements (Thackeray, 1981: Table 3). St. 4d-4c is 
distinctive in terms of the dominance of flakes and scrapers (Table 3) 
and reliance on BIF (Table 4) as a dominant raw material (Fig. 7). The St. 
4d industry was attributed by A. Thackeray to the Kuruman Industry, 
which is a local facies of the Oakhurst (Thackeray, 1981). Although the 
Oakhurst is clearly distinctive, it should be noted that an incised slab of a 
mammal with its head missing was recovered from St. 4d by the 
Thackerays, the earliest example of an artistic tradition that lasts 
through to the end of the LSA sequence (Thackeray et al., 1981). 

In the core assemblage from CBS in our excavation (equivalent to St. 
4c) blade/bladelet cores are well represented, suggesting a link with the 
overlying Wilton (Table 3; Fig. 7). It must be kept in mind that the 
assemblage from our excavation is very small and some mixing with 
overlying AAS is plausible and might account for the presence of blade/ 
bladelet cores in the CBS assemblage. In CBS, flakes are dominant over 
blades, but blades are still represented (Table 3; Fig. 7). Quartz crystal is 
absent from CBS in contrast to overlying levels (Table 4; Fig. 8). 

St. 4b-4a from the Thackeray excavation is attributed to the Wilton 
Industry on the basis of the dominance of segments and backed bladelets 
(Thackeray, 1981). There is significant temporal variation within the 
Wilton. Although backed pieces are dominant within the retouched as-
semblages of these levels, segments are dominant over backed bladelets 
in St. 4b, whereas backed bladelets are dominant in 4aLH and 4a. The 
raw material from AS and DL (equivalent to St. 4a and 4aLH) is domi-
nated by chert while underlying AAS (equivalent to St. 4b) has a more 

Fig. 6. All finds plotted using ArcGIS based on recorded provenience data. Circles are OES, squares are lithics and triangles are faunal remains.  

Table 3 
Breakdown of lithic assemblage from 2018 to 2019 excavation by artifact type. Flake Frag = Flake Fragment; Blade Frag = Blade Fragment; Core Bldlt = Bladelet Core; 
Core Am. = Amorphous Core; Mod. Slab = Modified Slab. Note that totals do not match raw material table as only identifiable elements are included.  

Layer Flake Flake Frag Blade Blade Frag Bladelet Core Flake Core Bldlt Core Am. Mod Slab Slab Total 

GS 35 1 1 0 1 2 0 1 2 0 43 
FBS 17 10 3 1 3 0 0 1 4 0 39 
BWS 70 23 2 0 6 1 5 3 3 8 121 
AS 94 31 6 6 11 5 5 3 3 3 167 
DL 115 46 11 13 16 2 7 1 2 8 221 
AAS 65 18 2 3 1 4 5 1 13 17 129 
CBS 40 21 1 1 0 2 2 2 19 16 104  
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Table 4 
Breakdown of lithic assemblage from 2018 to 2019 excavation by raw material type.  

Layer Coarse Grain Dolostone Coarse Grain Ironstone Coarse Grain Unclear Chert Quartz Quartz Crystal Total 

GS 0 27 8 22 0 0 57 
FBS 1 22 5 10 0 2 40 
BWS 3 33 37 45 0 8 126 
AS 3 35 32 96 0 7 173 
DL 2 32 59 114 2 18 227 
AAS 2 51 44 39 4 2 142 
CBS 1 74 11 17 2 0 105  

Fig. 7. Breakdown of flakes, blades, and the density of flakes from A.I. Thackeray’s (1981: Table 3) lithic assemblage and our new 2018–2019 assemblage.  
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Fig. 8. Relative frequency of raw material (upper) and core type (lower) by stratigraphic unit. CGIR- Course Grain Ironstone; CGU- Course Grain Unidentified; 
Quartz Xtal- Quartz Crystal. 

Fig. 9. Breakdown of scrapers, backed pieces, and segments including density per excavated bucket from A.I. Thackeray’s (1981: Table 3) assemblage.  
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balanced representation of raw materials. Blade cores are dominant 
throughout the Wilton, although in our assemblage blade cores are best 
represented in Layer DL (equivalent to St. 4aLH) and flake/blade ratios 
are low (Table 3, Fig. 7). Quartz is a minor yet consistent component of 
the Wilton (Fig. 9). 

Stratum 3b shows continuity with 4a but also some subtle shifts 
(Thackeray, 1981). One small piece of local pottery was recovered by 
the Thackerays’ from this horizon, the earliest evidence of ceramics at 
the site (Humphreys and Thackeray, 1983). There is a slight increase in 
the representation of scrapers relative to backed pieces, a trend that 
continues across the subsequent strata (Thackeray, 1981). In the cor-
responding layer BWS from our excavation there are no real changes in 
raw material exploitation and relative frequency of different core types 
(Fig. 9). A. Thackeray found that the flake/blade ratio remained low 
although we found a marked increase of this ratio in layer BWS (Figs. 9 
and 7). It would seem correct to continue to identify St. 3b with the 
Wilton while recognizing the presence of pottery. The same can prob-
ably be said for St. 3a (layer FBS) in which the Thackeray’s recovered 2 
small pot sherds, although there is a continued increase in the repre-
sentation of scrapers in this layer (Fig. 8). Ironstone becomes an 
increasingly important raw material, a pattern that continues in the 
overlying levels (Fig. 9). 

The Thackerays’ divided St. 1–2 into a total of six phases that we 
have grouped under Layer GS (Table 1). They found historic material 
including porcelain and glass throughout St. 1 and 2. The glass 
component from our excavation includes a bladelet, a flake and other 
worked glass (Fig. 7). It seems unlikely that glass was knapped to make 
tools in the cave after the arrival of the farmer and his family, suggesting 
that this component correlates to the historic occupants described as 
‘Bushmen’ in traveller accounts (Methuen, 1846). In these uppermost 
layers, there are also very significant changes in the lithic industry, 
including increased importance of ironstone as a raw material (Fig. 9), 
the disappearance of blade cores, and a slight increase in the flake/blade 
ratio (Fig. 7). Quartz crystal is absent from the Layer GS assemblage 
(Fig. 9). 

Cross-cutting patterns in chronological variation in the lithic 
assemblage are shifts in the density of occupation as reflected in the 
density of artifacts by unit of excavated sediment. The Thackerays’ 
excavation showed great foresight by recording the number of buckets 
excavated by stratum (Thackeray, 1981), providing the chance to 
calculate the density of artifact remains. The Thackeray data shows the 
lowest density of lithic artifacts in St. 1a-2a and St. 5a-5b (Figs. 9 and 
10). Flakes by volume excavated is consistent within the Thackeray 
sequence between St. 2b and 4c, and we found the same pattern in our 
excavation (Fig. 10). The exception to this pattern is in St. 4aLH where 
the density of flakes per volume excavated doubles in both the Thack-
erays’ excavation and our excavation (Layer DL). For the Thackeray 
excavation we can also see an increase in the density of backed bladelets 
and segments in St. 4aLH (Fig. 9). 

4.4. Faunal analysis 

To date only the faunal and ostrich eggshell materials recovered 
during the 2019 excavation season have undergone preliminary anal-
ysis. This assemblage comprises a total of 362 faunal specimens. The 
faunal assemblage is primarily made up of indeterminate small bone 
fragments or flakes (number of specimens or NSP = 149), followed 
closely by long bone shaft fragments (NSP = 109; Table 5). High-density 
elements, including teeth (NSP = 42) and phalanges (NSP = 15), were 
disproportionately recovered compared to more friable elements such as 
ulnae, radii, and humeri (NSP = 1 each; Table 5). A similar pattern of 
skeletal element representation was noted by Thackeray, 1984. This, 
along with the fragmentary nature of the remains suggests the assem-
blage has been heavily biased by differential skeletal element preser-
vation. Post-depositional trampling is the most likely explanation and is 
indicated by the presence of surface polish (NSP = 11 or 3%; Fig. 11) and 

Fig. 10. From left to right: Ironstone blade and bladelet beside a quartz backed 
segment/microlithic, all recovered during our 2019 excavation season from 
layer DL. 

Table 5 
Skeletal element representation of all faunal remains from the 2019 Operation 5 excavation season by stratigraphic layer (youngest to oldest).  

Skeletal element Stratigraphic Feature 

GS FBS BWS AS DL AAS CBS Grand Total 

Tooth 4 6 10 8 8 6 0 42 
Mandible 0 1 1 2 1 1 0 6 
Clavicle    1    1 
Rib 1 0 1 4 2 1 0 9 
Humerus   1     1 
Ulna      1  1 
Radius   1     1 
Sesamoid 0 0 1 0 1 0 0 2 
Carpal 0 0 0 2 1 0 0 3 
Metapodia     1 2  3 
Phalanx 1 0 2 3 8 1 0 15 
Ind. Long bone 4 3 19 15 36 25 7 109 
Fragment/Flake 12 17 37 25 38 16 4 149 
Bird     1   1 
Tortoise 1 3 1 3 7 3 1 19 
Grand Total 23 30 74 63 104 56 12 362 
% Total 6.35% 8.29% 20.44% 17.40% 28.73% 15.47% 3.31% 100.00% 
Max. Length (average in mm) 22.4 20.9 29.3 26.5 30 27.9 23 27.5  
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Fig. 11. Count, relative proportion, and density (by excavated kg of sediment) of faunal specimens and taphonomic modifications recorded on the 2019 
LSA assemblage. 
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historic/modern breakage (NSP = 11 or 3%). Furthermore, the average 
specimen length decreases as we move up through time (Table 5 bottom 
line), suggesting that more recent occupation of the cave (i.e., it’s use as 
a sheep/cattle corral in the early 19th century) had a greater impact on 
the survivorship of faunal remains than earlier (possibly less intensive) 
use of the site. 

However, human selective transport and modification must also be 
considered as cut marks were recorded on 3% of the total faunal 
assemblage and four worked bone fragments were recovered during our 
excavation. The Thackerays’ recovered at least 70 worked bone frag-
ments during their excavation (Humphreys and Thackeray, 1983: Table 
21). The highest proportion of cut-marked specimens in our excavation 
comes from layer BWS (NSP = 4), followed by AS (NSP = 3) and AAS 
(NSP = 2). So far, we have yet to recover any cut marked specimens from 

layer DL, another line of evidence supporting the re-evaluation of the 
designation of this layer as a living floor. The greatest overall NSP count 
comes from layer DL (NSP = 104 or 29%; Table 5 and Fig. 11) followed 
by BWS (NSP = 78 or 21%; Table 5; Fig. 11). This pattern differs slightly 
from the previous excavation wherein St. 4a (equivalent to our AS) 
revealed the greatest overall number of faunal remains (NSP = 2902; 
Figs. 11 and 12) followed by St. 4aLH (DL) with 1837 specimens and St. 
3a (FBS) with 1836 (Thackeray, 1984; Fig. 13 herein). However, when 
we compare the relative density of finds, measured as NSP/kg of sedi-
ment in this study (Fig. 11) and NSP/bucket by Thackeray (1984; 
Fig. 13), we find a similar pattern of substantially higher find-density in 
layer DL/St. 4aLH than in any other layer. 

The highest proportion of discoloured remains comes from layer AAS 
(NSP = 6 or 2%; Fig. 8) followed by DL, AS, and BWS (NSP = 2 for each; 

Fig. 12. Piece-plotted provenience of all faunal specimens by stratigraphic layer.  

Fig. 13. Count (NSP) and density (number per bucket of sediment) of faunal remains along with total proportions of specimens exhibiting various taphonomic and 
anthropogenic modifications as reported by J.F. Thackeray, 1984. 
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Fig. 14. Examples of typical modifications and organic material types recovered (clockwise from top left): Premolar fragment tentatively identified as Megalotragus 
cf. priscus; corroded OES fragment; two examples of finished beads, Testudo sp. (tortoise) scapular fragment; preform exhibiting Orton’s (2008) Pathway 1 bead 
production sequence; incised OES fragment; and bone fragment exhbiting typical oxide staining, surface cracking, and flaking. 

Fig. 15. Width and length of ostrich eggshell fragments recorded on the 2019 LSA assemblage by stratigraphic layer and fragment shape.  
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Fig. 9). Again, this pattern differs from the previously studied assem-
blage (Thackeray, 1984), where charred remains (using their termi-
nology) were far more common in the later LSA deposits (St. 1b – 3a; 
Fig. 10). Our data on the presence of this thermal modification should be 
considered extremely preliminary until further analysis (i.e. FTIR) can 
be conducted as other factors are known to discolour bones (Fernán-
dez-Jalvo and Andrews, 2016; Marin-Monfort et al., 2021). 

Limited evidence of weathering (NSP = 4 or 1%; Fig. 8) and cracking 
of the bones’ surface (NSP = 1) suggests the remains were buried quickly 
and were recovered in primary depositional position (as opposed to 
specimens which have experienced secondary transport and increased 
exposure to the elements). Furthermore, none of the specimens exhibi-
ted evidence of abrasion or rounding from water transport. Evidence of 
gnawing (NSP = 10 or 2.7%; Fig. 8) and digestion (NSP = 1) are also 
rare, suggesting carnivores had a limited role in the accumulation of the 
assemblage. This follows closely with Thackeray, 1984 reports of less 
than 1% carnivore damaged specimens per stratum and less than 2% 
rodent/porcupine damage overall (Fig. 10). Authigenic mineral (i.e., 
oxide) staining is the most prevalent taphonomic modification in our 
new faunal assemblage and was documented on all specimens exam-
ined. The second-most common non-anthropogenic taphonomic marker 
is root etching (NSP = 13 or 3.5%; Fig. 8). However, like other modi-
fications mentioned above, root-etching was found in quite low numbers 
and only documented on specimens originating from layers AS through 
to CBS. 

While taxonomic identifications have not yet been completed on the 
new faunal assemblage as a whole, a handful of specimens were exam-
ined prior to selection for destructive isotopic analysis. Of these, two 
Equid lower molars (one a Plains Zebra, Equus quagga) and five Alcela-
phine molars were identified. The Alcelaphine subsample includes an 
isolated and incomplete (broken on the buccal aspect) upper right, third 
premolar of a very large Alcelaphine recovered from layer GS (Fig. 14). 
Given its morphological resemblance and large size it has tentatively 
been attributed to the giant hartebeest Megalotragus priscus. 

Megalotragus priscus had a wide distribution throughout Southern 
Africa during the Pleistocene. In the central interior it has been identi-
fied at Florisbad and sites along the Vaal River (Pniel, Gong-Gong, 
Power’s Site), Equus Cave, Bundu Farm, Kathu Pan 1 and at Wonder-
werk Cave, to mention but a few (Avery, 2019). M. priscus appears to 
have become extinct in Southern Africa only in the early Holocene. 
Currently, the two latest occurrences are from Rose Cottage, where five 
finds were attributed to this species in layers association with the 
Oakhurst Industry, dated to between 9250 ± 70 BP and 8160 ± 70 (Plug 
and Engela, 1992; Wadley, 1996), and from Wonderwerk Cave where, 
based on its large size, an isolated right upper third molar was identified 
in the earliest layer containing Wilton artifacts, St. 4cI1 (Thackeray, 
1981:133). However, the age of this layer is not well constrained since 
the dates span a lengthy period of 6772–9370 cal BP. Consequently, it 
has been suggested that this layer may span two different occupation 
phases (Ecker et al., 2017). Confirmation of the taxonomic identification 
of the specimen, as well as direct dating efforts, will help clarify how this 
specimen fits within the Wonderwerk Cave LSA chronology and what, if 
any, insight it can provide on the duration and extinction of this species 
in the South African interior. 

Other taxonomic observations made during analysis of the new 2019 
faunal assemblage include the presence of at least 6 tortoise fragments 
(Fig. 14), a single porcupine tooth (Hystrix africaeaustralis), and the 
absence of clearly diagnostic carnivore remains. Combined with the 
high proportion of Alcelaphine and equid teeth identified thus far, these 
observations suggest the faunal assemblage as a whole resembles that 
reported by Thackeray (1981; 2015: Table 1). This assemblage is 
dominated by leopard tortoise Stigmochelys pardalis (MNI = 30) (see also 

Fig. 16. Count, proportion, and density (by kg of sediment) of ostrich eggshell 
fragments and taphonomic modifications recorded on the 2019 
LSA assemblage. 

1 Mistakenly, in the legend for the photograph of the tooth (Fig. 28) on page 
134, Thackeray gives the layer containing the tooth as 4d. 
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Fig. 17. Piece-plotted provenience of all OES specimens by stratigraphic layer.  

Fig. 18. Weight of total ostrich eggshell specimens divided by presence/absence of decoration and evidence of burning as reported by J.F. Thackeray, 1984.  
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(Codron et al., this volume), followed closely by zebras Equus quagga/-
burchelli/capensis (MNI = 20), steenbok Raphicerus campestris (MNI =
17), hyrax Procavia capensis (MNI = 15) and hartebeest/wildebeest 
Alcelaphus/Connochaetes (MNI = 13). 

4.5. Ostrich eggshell assemblage 

A total of 422 ostrich eggshell (OES) fragments were piece plotted 
during our two excavation seasons at Wonderwerk Cave. The largest 
OES fragments were recovered from layer AS (which has a range of 10 
mm–21 mm), and the smallest fragments come from layer CBS (which 
has a range of 6.6 mm–18.5 mm; Fig. 15). Overall, there is no recog-
nizable pattern in the size of OES fragments through time in our new 
data (Fig. 15). The number of OES fragments gradually increases 
through time, with layer DL containing the highest proportion (22.5%) 
of OES material (Figs. 16 and 17). This pattern is broadly similar to that 
reported by F. Thackeray, 1984, however his study found that St. 4a and 
3a (equivalent to our AS and FBS) had the highest total OES weight 
(Fig. 18). This follows the same patterning in the density of specimens as 
we recognized when comparing the lithic records in section 4.4. How-
ever, when we convert the OES data into density measures (OES weight 
in g/# of buckets) we can confirm that within Thackeray’s OES 
assemblage St. 4aLH (equivalent to our layer DL) had the highest overall 
density of OES with 27.8g per bucket, followed by St. 3b (our BWS) with 
27.6g/bucket. These are rough estimates of density, however, as the 
weight of each bucket from the Beaumont/Thackeray excavation is not 
known. Furthermore, these measures are likely influenced by 
post-depositional breakage. More research and a larger sample size are 
necessary to test whether there are meaningful patterns in the size, 
weight, or density of the OES material record. 

Flask mouth fragments were only identified from layer AAS (NSP =
2; Table 6), whereas previous studies reported flask mouth fragments 
from St. 3b (BWS; NSP = 1) and 4a (AS; NSP = 1) (Humphreys and 
Thackeray, 1983: Table 21). Decorated OES fragments were recovered 
from all layers in our renewed excavation area (Table 6), while previous 
studies reported decorated fragments only from St. 4aLH and later de-
posits (Humphreys and Thackeray, 1983: Table 21). The type of deco-
ration present in both assemblages includes cross-hatching with borders, 
single lines, X’s in single and parallel rows, dots in rows, and 
non-uniform scratches (Humphreys and Thackeray, 1983). Layer BWS 
has the highest overall proportion of decorated OES fragments (NSP =
12 or 54%; Table 6) followed by layers AS and AAS (NSP = 3 or 14.3% 
each; Table 6). Unfortunately, this measure was reported as pre-
sence/absence only by past researchers (Thackeray, 1981; Thackeray, 
1981; Humphreys and Thackeray, 1983), limiting our ability to compare 
our results further. 

The majority of OES fragments recovered during our renewed 
excavation (92%) are square/rectangular or triangular in shape 
(Fig. 15). This may suggest they belong to the early stages of OES bead 
production [i.e. Orton (2008) Stage I or Kandel and Conard (2005) Stage 
1]. Pre-form bead fragments exhibiting drilling prior to shaping [Orton’s 
Pathway 1 production sequence] were found in layer GS, AS, and AAS 
(NSP = 1 each; Fig. 14). A single example of a circular shaped preform 
fragment with edge trimming was recovered from layer DL (Table 4; 
Fig. 14) which may suggest that both Pathway 1 and 2 bead production 
sequences were employed at Wonderwerk Cave, at different points in 
time. Complete OES beads were recovered from BWS (NSP = 2), DL 
(NSP = 1), and CBS (NSP = 3) (Table 4; Fig. 14). These numbers fall far 
below those reported by Thackeray, 1984 and Humphreys and Thack-
eray, 1983 which included a total of 278 complete OES beads and 104 
perforated OES fragments (Humphreys and Thackeray, 1983: Table 21). 
The small number of beads recovered during our renewed excavation at 
Wonderwerk is likely due to the small area of our excavation. 

Taphonomic modifications prevalent in the new OES assemblage 
from Wonderwerk Cave include thermal discolouration (burning) which 
was documented on 37 specimens (or 8.7% of the total assemblage; 

Fig. 16), of which 41% (NSP = 18) come from layer AAS, and 20% (NSP 
= 9) from layer CBS (Fig. 16). Thackeray, 1984 also reports high weight 
counts of burnt OES fragments in St. 4c (CBS) as well as St. 2b (FBS; 
Fig. 18). Corrosion of the OES surface (Fig. 16), affected 170 total 
specimens, the majority of which (NSP = 72 or 42%) are from DL 
(Fig. 16). Of these, 38 exhibit light corrosion (covering <25% of the 
fragment surface), 15 specimens exhibit moderate corrosion (>25% but 
<75% of the fragment surface), and 19 exhibit heavy corrosion (>75% 
of the fragment surface modified). Corrosion of OES fragments was not 
recorded by past researchers. 

5. Discussion 

Our renewed work on the LSA of Wonderwerk Cave highlights many 
of the challenges and advantages of working on well-documented and 
complex long-duration cave and rockshelter deposits. In addition to the 
difficult but necessary step of correlating new lithostratigraphic se-
quences with previously published profiles, the multitude of ways in 
which material culture records may be reported means, inevitably, that 
some characteristics cannot be compared between new and past mate-
rial records. However, the exceptional level of study the LSA deposits at 
Wonderwerk Cave have received over the past ~50 years make it an 
ideal site at which to attempt such challenging comparative work. At 
this initial stage of our research, we have demonstrated a clear corre-
lation between the depositional layers identified in our renewed exca-
vation and the published stratigraphic sequence. Furthermore, our 
results demonstrate an excellent correlation with past studies across all 
data classes. 

The preliminary results presented here include new insights into site 
formation processes that will temper interpretations going forward. The 
micromorphological analysis - the first conducted on the LSA deposits at 
Wonderwerk Cave - confirms that bioturbation of the sediments, likely 
by insect-sized organisms, is a common post-depositional modification 
through much of these deposits. Previously, bioturbation was hypothe-
sized to explain inconsistencies in the LSA charcoal-based radiocarbon 
chronology (Ecker et al., 2017) and our results support this interpreta-
tion. Despite this fact, our four new 14C ages fit well within the Bayesian 
modelled chronology (Ecker et al., 2017) and broadly support inter-
pretation of the DL layer as reflecting a ca. 800 years of increased human 
activity occupation rather than the remains of a single living horizon. 
The dark colour of the DL layer is primarily due to banded ironstone 
formation (BIF) inclusions and not charcoal. Exploring what may have 
caused this high density of BIF, as well as the elevated artifact density 
within this layer is one of our key future directives. Assessing the effect 
bioturbation of the sediments has had on the integrity of our micro-scale 

Table 6 
Total number of Ostrich eggshell (OES) fragments, beads, flask mouths, and 
decorated fragments by stratigraphic layer (from youngest to oldest).  

Decoration type Stratigraphic Feature 

GS FBS BWS AS DL AAS CBS Grand 
Total 

None 38 44 66 70 109 68 14 409 
Bead   2  1  3 6 
Pre-form bead 

fragment 
1   1  1  3 

Flask mouth      2  2 
Scratches  1 6   2  9 
Single line 1  3   1  5 
X’s in single line   1     1 
X’s in parallel 

lines   
1     1 

Cross hatching 
with boarder 

0 0 1 2 2 0 0 5 

Single line of dots    1    1 
Grand Total 40 45 80 74 112 74 17 442 
Total decorated 1 1 12 3 2 3 0 22  
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material records (e.g., microfauna, sedimentary aDNA, pollen, and 
phytoliths) will comprise another key goal in our ongoing material 
analyses. 

Overall, following A. Thackeray, we can recognize three distinct 
technocomplexes within the Wonderwerk Cave LSA record – the Kuru-
man/Oakhurst, Wilton, and Historic with glass. We can also isolate a 
number of shifts in raw material type and density of lithic artifacts, 
which likely correlate with changes in site use practices and/or socio- 
economic factors. We propose that shifts in the density of different 
material (lithics, OES) as recorded at Wonderwerk Cave may indicate 
related shifts in the intensity of human activity in the cave possibly 
linked to population demographic changes. This is particularly evident 
when comparing the density of finds within the DL layer and other 
layers. We found the density of flakes per volume excavated doubled 
when comparing the lithic assemblage from this thin layer with earlier 
deposits, while previous studies reported an increase in backed bladelets 
and segments (Thackeray, 1981). A correlated increase in the density of 
OES fragments is also recognizable both in our study and in previous 
analyses (Thackeray, 1981; Thackeray, 1981; Thackeray and Hum-
phreys, 1983). The new 14C dates provide further evidence (see Ecker 
et al., 2017) that this layer dates to approximately the same time as a 
short and wet climatic episode documented in multiple paleoenvir-
onmental proxy records from Wonderwerk Cave (Avery, 1981; Bamford, 
2015; Lee-Thorp and Ecker, 2015; Scott and Thackeray, 2015; House 
et al., this volume) and the nearby locality of Kathu Pan (Lukich et al., 
2019; Scott et al., this volume). What these shifts in the various material 
culture records mean in terms of human behaviour and use of the cave 
site and surrounding landscape is yet another, if not the most, important 
line of inquiry for this project going forward. 

Our analysis supports previous studies in suggesting the origin of the 
LSA faunal assemblage from Wonderwerk Cave is primarily anthropo-
genic, as evidence for carnivore or porcupine modification is decidedly 
low, and that the density of faunal remains is low. Previous work also 
reveals the presence of both grazing and browsing species throughout 
the LSA sequence, a pattern our (decidedly preliminary) work supports. 
We also report tentative new evidence for the presence of the extinct 
Megalotragus sp. in this region, which supports Thackeray, 1984 iden-
tification of this species from the early LSA (~7900 BP) deposits at the 
site. Furthermore, our work increases the possible evidence for the 
presence of domestic fauna (sheep and/or goats) at the site – evidence, 
which now includes skeletal remains, hair, and stratified dung frag-
ments. However, the association between these remains and our radio-
carbon dates is still insecure, and the possibility these materials 
experienced post-depositional movement due to bioturbation of the 
sediments remains quite high. Our future directives include direct dating 
of the material and a combination of aDNA and/or proteomic analysis to 
confirm the age and taxonomic designation of the dung remains. 

Multiple stages of bead production are present in the new OES re-
cord, as well as potential evidence of multiple bead production path-
ways (following Orton, 2008). However, patterns in the density of OES 
finds follow previous studies, particularly when it comes to the high 
ratio of undecorated/decorated fragments in the early Wilton (i.e., AS – 
AAS) vs. later periods. While none were recovered from our renewed 
excavation thus far, Thackeray and Beaumont both report various ex-
amples of incised dolomite slabs from throughout the Wilton (Bradfield 
et al., 2014; Thackeray, 2015a; Chazan, 2020). With further excavation, 
we expect to report an increase in both of these artifact categories. 

Lastly, our research provides a ‘proof of concept’ when it comes to 
applying small-scale excavation practices to complex cave deposits. 
Many of the same macro-scale patterns in technological diversity and 
material culture density produced by the large-scale excavation work at 
the site were also recognizable in our new data. This suggests that small- 
scale excavations designed to emphasize precision recording and/or 
limit the destruction of sensitive deposits have the potential to provide 
meaningful results on both the macro- and micro-scale of intra-level (i. 
e., movement of items, spatial differentiation of activities) and inter- 

level patterning. This approach allows for greater control and detail 
when documenting the provenience of various material records, which 
is particularly important when working with deposits which may have 
been subjected to post-depositional disturbance (i.e., bioturbation). 

6. Conclusions 

Our renewed program of research at Wonderwerk Cave reconfirms 
the potential of this site to contribute to our understanding of the LSA 
period in the interior of southern Africa. The robust material culture 
record, now firmly situated within clear chronological, taphonomic, and 
depositional contexts, provides an unrivalled opportunity to explore the 
lifeways of the groups that occupied this site. As important are the long- 
duration paleoenvironmental proxy records preserved within the de-
posits at Wonderwerk Cave, which represent one of the few terrestrial 
paleoecological archives from the interior of South Africa. As such, our 
project at this site is well positioned to answer many key questions 
within broader LSA research. These include the timing and drivers 
behind the expansion and retraction of hunter-gatherer groups and 
pastoralists in the interior of the country, and on the Ghaap Plateau in 
particular. 
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a b s t r a c t

Cave sediments pose dating challenges due to complex depositional and post-depositional processes that
operate during their transport and accumulation. Here, we confront these challenges and investigate the
stratified sedimentary sequence from Wonderwerk Cave, which is a key site for the Earlier Stone Age
(ESA) in Southern Africa. The precise ages of the Wonderwerk sediments are crucial for our under-
standing of the timing of critical events in hominin biological and cultural evolution in the region, and its
correlation with the global paleontological and archaeological records. We report new constraints for the
Wonderwerk ESA chronology based on magnetostratigraphy, with 178 samples passing our rigorous
selection criteria, and fourteen cosmogenic burial ages. We identify a previously unrecognized reversal
within the Acheulean sequence attributed to the base of the Jaramillo (1.07Ma) or Cobb Mtn. subchrons
(1.22Ma). This reversal sets an early age constraint for the onset of the Acheulean, and supports the
assignment of the basal stratum to the Olduvai subchron (1.77e1.93Ma). This temporal framework offers
strong evidence for the early establishment of the Oldowan and associated hominins in Southern Africa.
Notably, we found that cosmogenic burial ages of sediments older than 1Ma are underestimated due to
changes in the inherited 26Al/10Be ratio of the quartz particles entering the cave. Back calculation of the
inherited 26Al/10Be ratios using magnetostratigraphic constraints reveals a decrease in the 26Al/10Be ratio
of the Kalahari sands with time. These results imply rapid aeolian transport in the Kalahari during the
early Pleistocene which slowed during the Middle Pleistocene and enabled prolonged and deeper burial
of sand while transported across the Kalahari Basin.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Southern Africa has a rich fossil and archaeological record. The
precise ages of archaeological bearing deposits in South Africa are
crucial for our understanding of the timing of critical events in
hominin biological and cultural evolution in the region
(Woodborne, 2016), and its correlation with the global paleonto-
logical and archaeological record. However, methodological con-
straints of the currently available chronological data limit our
).
ability to construct a robust chronological framework for human
evolution in the region. Previous chronometric studies have
employed various dating techniques, including magneto-
stratigraphy (Herries et al., 2009; Mcfadden et al., 1979; Thackeray
et al., 2002), cosmogenic burial dating of sediments and artifacts
(Gibbon et al., 2009, 2014; Granger et al., 2015), electron spin
resonance dating of tooth enamel (Dirks et al., 2017; Grun et al.,
1996; Porat et al., 2010) and U-Th or U-Pb dating of tooth enamel
and flowstone (Albarede et al., 2006; Dirks et al., 2017; Pickering
et al., 2010, 2011). Here, we focus on the Earlier Stone Age (ESA)
section in Excavation 1 at Wonderwerk Cave and integrate mag-
netostratigraphy and cosmogenic burial dating in an attempt to
better constrain the South African ESA chronology.
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Wonderwerk Cave, a 140m long phreatic tube located in the
eastern flanks of the Kuruman Hills, between the towns of Dan-
ielskuil and Kuruman (Fig. 1A), is a site with unique potential for
developing a chronometric baseline for archaeological industries in
the region. Although Wonderwerk Cave lacks hominin fossils, its
Pleistocene deposits include both faunal and botanical remains as
well as archaeological material in a stratified cave fill that spans the
Oldowan through a developed Acheulean (Chazan et al., 2008,
2012). The primary context of the Wonderwerk Cave lithic and
faunal materials (Goldberg et al., 2015), contrasts with many of the
rich Cradle of Humankind paleontological localities (Fig. 1A), which
are interpreted as doline infills in which artifacts and fossils are in
secondary contexts (Dirks and Berger, 2013; Partridge and Maud,
2000). Since finds at Wonderwerk Cave are in situ, they provide a
clear and ordered framework to investigate the association of ar-
tifacts and ecofacts with age determinations. Within the Wonder-
werk sequence we can identify the earliest intentional occupation
of a cave associated with Oldowan tools (Chazan et al., 2012), as
Fig. 1. Location maps and cave section description. A) Terrain slope map showing locat
RP¼ Rietputs Formation, CR¼ sites in the Cradle of Humankind (Sterkfontein, Swartkran
(courtesy Zamani project, University of Cape Town) with red lines demarcating the positio
Photograph of the North section (Exc. 1-N) showing: lithostratigraphic units (denoted by
features and fauna associated with each archaeological stratum. (For interpretation of the re
article.)

2

well as onset of technological innovations including biface manu-
facture and the elaboration of biface forming (Chazan, 2015).
Adding to the significance of the site is the identification of the use
of fire in the early Acheulean strata (Berna et al., 2012). Critically,
fixing the age of the Oldowan at Wonderwerk Cave provides a
means of resolving debates about the timing of this industry and
related hominin species in Southern Africa.

Previous chronometric efforts at Wonderwerk Cave have
included radiocarbon for the uppermost levels (Ecker et al., 2017);
optically stimulated luminescence (OSL) for horizons younger than
~0.3Ma (Chazan et al., 2008, 2020); cosmogenic burial ages for
sediments older than ~0.5Ma (Chazan et al., 2008, 2012; Matmon
et al., 2012), magnetostratigraphy (Chazan et al., 2008, 2012;
Matmon et al., 2012); U-Th dating (Beaumont and Vogel, 2006) and
U-Pb dating (Pickering, 2015) of buried stalagmites younger or
older than ~0.3Ma, respectively. Here we present new paleomag-
netic data and cosmogenic burial dates and compare the new re-
sults with former chronostratigraphic constraints with specific
ion of Wonderwerk Cave and other sites mentioned in the text. MM¼Mamatwan,
s, Malapa, Cooper's, Kromdraai). B) 3D model of Excavation 1 at Wonderwerk Cave
n of the three dated sections: North (Exc. 1-N), East (Exc. 1-E) and South (Exc 1-S). C)
broken blue lines), archaeological strata and sort description of salient technological
ferences to colour in this figure legend, the reader is referred to the Web version of this



R. Shaar, A. Matmon, L.K. Horwitz et al. Quaternary Science Reviews 259 (2021) 106907
aims to: 1) test the age of the basal archaeological deposits and the
associated Oldowan lithic industry, 2) refine the magneto-
stratigraphy of the Acheulean strata, and 3) explore processes
associated with sediment deposition in the cave and the corre-
sponding cosmogenic burial ages.

2. Sampled section

2.1. Geological and archaeological stratigraphy

Samples for this study were collected from two profiles which
were excavated between the 1970s and the early 1980s by Peter
Beaumont (Fig. 1) (Beaumont and Vogel, 2006; Horwitz and
Chazan, 2015). Both sections are located in Excavation 1 (here-
after Exc. 1), which lies ca. 30m in from the cave entrance (Fig. 1B).
The North profile, termed hereafter Exc. 1-N, is along the 28/29 grid
line (the original grid was established by Beaumont in yards). The
South profile (Exc. 1-S) is six yards (5.48m) to the south along the
34/35 grid line. Beaumont excavated Exc. 1 in archaeological strata
(hereafter St., Fig. 1C). St. 12-6 correspond to the ESA deposits and
St. 5 is transitional between the ESA and the Later Stone Age (LSA),
which is represented in the overlying St. 4-1. Middle Stone Age
(MSA) deposits have not been identified in Exc. 1 but occur in the
adjacent Exc. 2 (Chazan et al., 2020).

In Exc. 1-N, the basal St. 12 is associated with an Oldowan in-
dustry characterized by very small flakes and cores on chert nod-
ules (Chazan et al., 2012). The overlying St. 11 has a very small lithic
assemblage that includes two poorly formed bifaces made on
banded iron formation (BIF). St. 10-8 provide evidence of the sys-
tematic production of handaxes with non-invasive flake removals
and relatively low refinement index (length/thickness), most
manufactured on BIF (Chazan, 2015). In St. 7-6 there is a shift to
more invasive shaping of bifaces resulting in a higher refinement
index. In these levels, there are also some forms, particularly well-
made sidescrapers, that might indicate a connection to the transi-
tional ESA/MSA Fauresmith industry. The archaeological assem-
blage at Wonderwerk thus spans the entire ESA from the Oldowan,
through the initial appearance of handaxes, to their refinement.
However, the total sample size is small and based on the sedi-
mentological evidence it is clear that this is not a continuous
depositional record (Goldberg et al., 2015). For previous dating of
the Exc.1-N see Chazan et al. (2012); Chazan et al. (2008); Matmon
et al. (2012) (note that in Chazan (2015) the North profile is erro-
neously placed along the 25/26 gridline).

Based on field observations, micromorphology, and Fourier
transform infrared (FTIR) spectroscopy, the ESA Exc. 1-N sequence
was divided by Goldberg et al. (2015) into ten lithostratigraphic
units (Fig. 1C). The basal Unit 10 (underlying St. 12) is described as
bedded silts and clay. Unit 10 was not dated since it formed before
the cavewas accessible to hominins and so falls outside the scope of
the archaeological research. The contact between Unit 10 and the
overlying Unit 9 is sharp. Unit 9 (equivalent in part to St. 12), is the
only component that shows clear signs of water deposition
(defined as low energy sheet flow), with finely laminated sand and
silt. It also includes bedding of sub-angular, cm-sized clasts of
ironstone and altered dolomite. However, even in this stratum,
there is no indication of any high energy water transport capable of
transporting artifacts and faunal material from the outside of the
cave into Exc. 1 that is located far from the cave entrance (Goldberg
et al., 2015). Thus, the artifacts and fauna were deposited syn-
chronously within the sediment, and the dates obtained provide an
age for these stratigraphically associated finds. Units 8-1 are all
aeolian in origin and include an important component of silty clay
aggregates that are interpreted as evidence of a temporary pan or
basin near the cave mouth. There is regular evidence for erosional
3

events and discontinuities in deposition. Depositional hiatuses
were observed based on the presence of sharp or erosional contacts
between units, and are described in detail in Goldberg et al. (2015).
Fragments of dolomite roof fall are abundant in Units 2, 4b, and 6-8,
indicating that rockfall plays a role in the depositional sequence.
The base of the southern section in Exc. 1 (Exc. 1-S, Fig. 1B) corre-
sponds to the lithostratigraphic units documented in Exc.1-N.
However, the upper deposits of the Exc. 1-S ESA sequence (corre-
sponding to St. 8-6) dip southward and therefore appear in this
section but are not included in the lithostratigraphy of Exc. 1-N
presented in Fig. 1C (Goldberg et al., 2015).
2.2. Fauna

Fauna from St. 12 and 11 include three extinct taxa that are
characteristic of the Makapanian Land Mammal Stage (LMS) dated
to ~2.8 to ~1.5Ma (Brink et al., 2016), that spans part of the newly
defined Shunguran and Natrorian LMS (Van Couvering and Delson,
2020). They include two species of fossil hyrax - Procavia trans-
vaalensis, Procavia antiqua, and a large caprine with similarities to,
although larger than, Makapania broomi. The presence of a large-
sized caprine is known from Makapan Limeworks Members 3 and
4, both dated to <2.6Ma, as well as from Kromdraai B, Swartkrans
Member 1 and the basal levels at Olduvai (Kenya) dated to ~2Ma
(Fourvel et al., 2016; Gentry, 2010). The Makapan Limeworks
caprine specimen is the most similar in terms of size to the spec-
imen found in Wonderwerk Cave (Brink et al., 2016). The two
extinct species of Procavia found in bothWonderwerk St. 12 and 11,
are components of other Makapanian LMS deposits in Southern
Africa - such as Makapan Limeworks, Taung, Bolt's Farm, Cooper's,
Swartkrans, Sterkfontein and Kromdraai (Rasmussen and
Guti�errez, 2010). Notably, these extinct forms of hyrax are absent
in the other ESA levels at Wonderwerk. Hipparion (Eur-
ygnathohippus), occurs in both St. 12 and 11, but became extinct in
the region as late as ~1.0Ma (Brink et al., 2016). Hipparions occur in
other Makapanian LMS sites such as Swartkrans Member 1,
Kromdraai A and possibly the older deposits at Gladysvale.
Together, these findings confirm the antiquity of St. 12 and 11 at
Wonderwerk (Brink et al., 2016). Aside from Hystrix africaeaustralis,
other fauna from these layers at the cave could only be identified to
the level of Family, and so are of limited use for biochronological
attribution.
3. Methods

3.1. Paleomagnetic stratigraphy

Paleomagnetic sampling of Exc. 1 was carried out during exca-
vation seasons 2005, 2007, 2016 and 2018. The pre-2016 data
included 87 samples from Exc. 1-N and Exc. 1-E, the perpendicular
abutting profile to the east of Exc. 1-N (Fig. 1B). These were used to
construct an initial magnetostratigraphic age model (Chazan et al.,
2008, 2012;Matmon et al., 2012). During seasons 2016 and 2018we
collected additional 282 samples: 226 samples from Exc. 1-N and
56 samples from Exc. 1-S. Paleomagnetic sampling was undertaken
either using non-magnetic plastic boxes (1.5� 1.5� 2 cm) for
Alternating Field (AF) demagnetization procedures, or using quartz
cylindrical crucibles, 2.54 cm (1”) in diameter and height, for
thermal demagnetization.When using plastic boxes, a cube-shaped
sample with three vertical faces and two horizontal faces was
carved from the section that had been cut back a few centimeters to
create a fresh face. The sediment sample was then placed in the
plastic box and its orientation was precisely measured using a
Brunton compass. After detaching the sample from the section, the
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sediment was glued in the box using non-magnetic potassium sil-
icate glue. A similar sampling technique was used for the quartz
cylinders. The x,y,z coordinates of each sample was recorded using
a total station. The magnetic azimuths were corrected for declina-
tion using IGRF model (Thebault et al., 2015).

Paleomagnetic experiments were carried out at the paleomag-
netic laboratory in the Institute of Earth Sciences, the Hebrew
University of Jerusalem using two superconducting rock magne-
tometers (SRM): a single-specimen 2G-750 and a multi-specimen
2G-RAPID, each equipped with in-line 2-axis AF demagnetization
coils. Thermal demagnetizations were carried out using an ASC-
TD48 thermal demagnetizer. AF demagnetizations were done at
progressively elevated peak magnetic fields, in 5mT or 10mT steps,
up to 110mT. Thermal demagnetizations were carried out in 50 �C
steps from 50 �C up to 200 �C, and then in 40 �C, 30 �C, or 20 �C
steps up to 700 �C, or until the samples were completely demag-
netized. In total, 216 samples were demagnetized using AF and 66
samples were demagnetized thermally. Thermomagnetic curves
and susceptibility measurement were measured using an AGICO
MFK-1 Kappabridge equipped with CS4 furnace. Isothermal rema-
nent magnetizations (IRM) were imparted using ASC pulse
magnetizer and measured using MAG-Instruments PSM-1 spinner.
IRM were done in a 1.4 T field and in a �0.3 T backfield. S-ratio (Liu

et al., 2012) is defined here as: S ¼ 0:5�
�
1 � IRM�0:3 T

IRM1:4 T

�
, where

values close to 1 indicate the dominance of low coercivity minerals
and values close to 0 indicate the dominance of high coercivity
minerals.

All new paleomagnetic data, as well as legacy data from Exc.1-N,
were translated to the community standard MagIC format (Tauxe
et al., 2016). These data also include the total station coordinates
of the samples. The entire dataset was interpreted using the
Demag-GUI program, a part of the PmagPy software package (Tauxe
et al., 2016). The direction of the characteristic remanence
magnetization was calculated from the orthogonal end-point Zij-
derveld diagrams (Zijderveld, 1967) using principle component
analysis (Kirschvink, 1980). The raw paleomagnetic measurement
data as well as the interpretations and results are available in the
publicly accessible MagIC database (https://www2.earthref.org/

MagIC/16774).

3.2. Cosmogenic isotope burial dating

Cosmogenic isotope burial dating enables the dating of sedi-
ments over a time range of 0.3e5Ma (Granger, 2006; Granger and
Muzikar, 2001; Hidy et al., 2014; Matmon et al., 2014). 10Be-26Al
burial dating of sediment is based on a process in which these two
nuclides are produced in a material at, or near, the surface at a
known ratio, and then buried and shielded from further cosmic-ray
bombardment such that production effectively ceases. Once pro-
duction is shut off, nuclide concentrations are governed by radio-
active decay. The concentration ratio 26Al/10Be decreases with time
since 26Al decays about twice as fast as 10Be: the half-life of 10Be is
1.387Ma (Chmeleff et al., 2010; Korschinek et al., 2010) and the
half-life of 26Al is 0.705Ma (Nishiizumi, 2004). A simple burial age
is calculated from the ratio of 26Al and 10Be concentrations

following Granger et al. (1997):
�
N26
N10

�
ðtÞ

¼
�
N26
N10

�
ð0Þ

e
�tburial

�
1

t26
� 1

t10

�
,

where
�
N26
N10

�
ðtÞ

is the ratio of the measured 26Al and 10Be concen-

trations,
�
N26
N10

�
ð0Þ

is the initial 26Al to 10Be concentrations at the

time of burial, tburial is the time since burial, and t10 and t 26 are the
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mean lives of 10Be and 26Al, respectively (Granger and Muzikar,

2001). The ratio
�
N26
N10

�
ð0Þ

can be determined from the accepted

surface production ratio of 26Al and 10Be in quartz. In most natural
settings this value is ~6.8 (Balco et al., 2008; Nishiizumi et al., 2007),
although some studies suggest that the ratio may vary slightly with
altitude (Argento et al., 2013; Lifton et al., 2014) and lower ratios
will develop after long and continuous exposure periods (>300ka)
or due to very slow erosion rates (<10m/Ma). Complications to the
simple age calculation arise if the pre-burial ratio is below that of
the production ratio (for example, if there was a previous burial
period or if bedrock was exhumed very slowly), or if burial was
shallow such that post-burial nuclide production by deeply pene-
trating muons still occurred. In these cases, either a maximum or
minimum age for the case of a significant inherited depositional
ratio or post-burial production, respectively, is given, or additional
independent constraints are required.

10Be-26Al burial dating methods can generally be applied to
sediments that are buried longer than 0.3Ma, at which time the
measured 26Al/10Be ratio can be reliably distinguished from the
surface production ratio. The maximum limit of the method is
~5Ma, at which time ~7 half-lives of 26Al reduce its concentration
either to secular equilibrium, which is controlled by the very low
production rate of nuclides by deeply penetrating muons, or to a
level beneath current AMS measurement (Matmon et al., 2014).

Fourteen samples were collected from Exc. 1-N for cosmogenic
burial dating. These include seven previously published samples
(Matmon et al., 2012) and seven new samples. Measurements of
10Be and 26Al were made on quartz 60e250 mm grain-size fraction.
Quartz cleaning procedure and the extraction of Be and Al cations
(converted to oxides) followed the procedures described in Kohl
and Nishiizumi (1992) and Bierman and Caffee (2001). Samples
were analyzed at the AMS facilities of ASTER (CEREGE, Aix en
Provence, France) and LLNL (Livermore, California). Isotopic ratios
of 10Be/Be and 26Al/Al were corrected with chemistry processed
blanks and normalized to accepted in-house AMS Standard Refer-
ence Materials with agreed nominal isotopic ratios.

The initial pre-burial 26Al/10Be concentrations ratio was esti-
mated from measurements of four exposed surface-sand samples
collected outside the cave. These include two samples collected
from a surface ca. 3 km from the Cave and analyzed twice at two
different occasions (COS-SUR; COS-SUR(rep)) and two sand sam-
ples from the surface of the Kalahari Desert, ~70 km north of the
cave (Sand 13 and Sand 14). Detailed descriptions of these samples
are given in Matmon et al. (2015); Matmon et al. (2012).

Rock shielding in the cave was estimated using trigonometric
calculations considering the angle of the slope above the cave and
the distance of the site from the mouth of the cave, and later
confirmed from detailed LiDAR mapping of the cave and its sur-
roundings (Matmon et al., 2012; Ruther et al., 2009). The rock
thickness in front of the cave above Exc. 1 is 15m (r¼ ~2.7 g/cm3).
Calculation shows that under such shielding over a time span of
0.5e2Ma, muogenic production results in 1e8% of the measured
26Al and 10Be concentrations. Given that its impact on cosmogenic
burial age calculation is negligible, post burial production has not
been considered in our age calculations.
4. Results

4.1. Paleomagnetic results

4.1.1. Magnetostratigraphy
Fig. 2 shows representative demagnetization results of paleo-

magnetic samples with nearly ideal behaviors, from which an
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Fig. 2. Representative demagnetization data. Data are shown as Zijderveld end-point orthogonal plots (Zijderveld, 1967) with red squares and blue circles representing projection of
the magnetization vector on the north-east and north-down planes, respectively. A-B) Normal polarity passing acceptance criteria. C-D) Reverse polarity passing acceptance criteria.
E-F) Examples of specimens failing acceptance criteria (see text for details). Demagnetization steps are noted near symbols. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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unambiguous polarity state can be inferred, as well as results failing
to provide a robust paleomagnetic direction. An ideal behavior is
characterized by a univectorial magnetization pointing northward
and upward (declination near zero and negative inclination) or
southward and downward (declination near 180 and positive
inclination), for normal and reverse polarity, respectively. This is
visually expressed as straight end-point Zijderveld plots
(Zijderveld, 1967) converging toward the origin (i.e. Fig. 2AeD).
Examples of Zijderveld plots fromwhich we cannot obtain reliable
paleomagnetic interpretations are shown in Fig. 2 E-F. Our criteria
for accepting paleomagnetic data are: i) Maximal angular deviation
(MAD) (Kirschvink, 1980) < 15�, ii) Deviation ANGle (DANG) (Tauxe
and Staudigel, 2004)< 30�, and iii) The angle between the paleo-
magnetic direction and the geocentric axial dipole (GAD) direction
(declination¼ 0�,180�; inclination¼�46.6�,46.6�)< 45�. The first
two criteria assess the scatter of the of the data points about the
best fit line and the convergence of the best fit line toward the
origin. The third criterion checks if the paleomagnetic direction is
in agreement with the expected behavior of the geomagnetic field,
where ‘normal’ and ‘reverse’ polarities are attributed to paleo-
magnetic directions falling within a 45� cone around the GAD di-
rections. Other directions may represent sediment re-working by
bioturbation or by other physical mixing or alternately, unstable
magnetic mineralogy.

From a total of 323 samples analyzed in this study, 178 samples
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passed the acceptance criteria, 145 of which were demagnetized
using AF, and 33 were demagnetized thermally. Out of the rejected
samples, only 27 failed the MAD or the DANG criteria. This suggests
that post-depositional physical disturbance of the sediments is not
uncommon; perhaps part of the sediment was reworked, maybe
during the erosional events or as a result of roof falls as reported in
Goldberg et al. (2015). The Fisher mean of the entire dataset, when
all data are transferred to the same polarity, is: declination¼ 357.0,
inclination¼�50.4, a95¼ 2.9, k¼ 14, n¼ 178, in agreement with
the GAD direction, supporting the overall reliability of the accepted
results.

Fig. 3A and B shows the paleomagnetic interpretations super-
imposed on photographs of Exc. 1-N and Exc. 1-S taken during the
2016 and 2018 excavation seasons, respectively. The notations “N”
and “R” denote normal and reverse polarity, whereby the notation
“?” is used to mark samples failing acceptance criteria. Thirty
samples from St. 9-10 (Lithostratigraphic Units 4a and 3) in the
eastern section of Exc. 1 (Exc. 1-E, Fig. 1B), previously reported and
interpreted as normal polarity (Chazan et al., 2008, 2012) are not
shown for clarity. Depth plots showing the declination, inclination,
and the virtual geomagnetic pole (VGP) latitude of the data are
shown in Fig. 4.

Two clear thick polarity intervals in Exc. 1-N can be clearly
identified in Figs. 3-4: a normal interval spanning from the top of
the section toward the lower levels of St. 10 (Units 1-4a and the



Fig. 3. Magnetostratigraphy and cosmogenic ages. A) Paleomagnetic interpretations and cosmogenic ages superimposed on a photograph of Exc. 1-N taken during the 2016
excavation season. Note that COS-7 is located above the photographed section and COS-5 is located in Exc. 1-E. B) Paleomagnetic interpretations of Exc1-S superimposed on a
photograph taken during the 2018 excavation season. Blue (red) symbols denote for normal (reverse) samples; squares and circles are AF and thermal demagnetizations,
respectively. Dashed white lines in (A) mark boundaries between magnetostratigraphic intervals. The boundaries between archaeological strata and the lithostratigraphic units are
shown to the right of figures. C) Magnetostratigraphy of Exc. 1-N with division to magnetic polarity intervals. D) Correlation to the geomagnetic polarity time scale. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Paleomagnetic depth plot. Top (bottom) panel shows declination, inclination, and VGP latitude of Exc.1-S (Exc 1-N). Squares and circles represent AF and thermal samples,
respectively. Blue and red denote normal and reverse polarity, respectively. The magnetostratigraphic intervals are shown in the right. Some overlaps of the magnetic polarity
intervals are apparent owing to the westward dip of the sedimentary layers (see Fig. 3). N/N0 denotes the number of samples passing criteria versus all samples in the polarity
interval. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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upper part of Unit 4b): n1 in Fig. 3A,C; a reverse interval spanning
from the top of St. 11 through the upper parts of St. 12 (Unit 5
through the upper part of Unit 9): r2 in Fig. 3A,C. The zone sepa-
rating these two intervals (lower part of Unit 4b) includes a mixed
interval with a thin dipping horizon, a few cm in thickness, with
five reverse AF samples (r1), bracketed by the overlying n1 and by
7

an underlying 10 cm thick normal polarity horizon (n2). An
enlarged picture of horizon r1 and the Zijderveld plots of the
reverse samples in r1 are shown in Fig. 5. While there are only five
reverse samples in r1, we interpret r1 as a reverse layer because in
order to record a reverse direction, the sediment must have been
subjected to a reverse field at some point since deposition. As noted



Fig. 5. Reverse horizon r1, separating between n1 and n2. A) Photograph of Exc.1-N showing n1-r1-n2 transitions. Blue and red symbols mark normal and reverse samples,
respectively. B) Magnification of r1 e a dipping thin silty layer with five reverse AF samples (marked with red frame). C) Zijderveld plots (see Fig. 2) showing the demagnetization
results of the reverse samples shown in (B). Green lines show the least square best fit line. D) Equal area projection showing the expected reverse field direction (star) and 45� cone
around it (filled area). Blue circles show the direction of the samples in B-C. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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in Goldberg et al. (2015), Unit 4b is characterized by disconformity
and large clasts of dolomite originating from roof fall. Thus, the
most likely scenario is that r1 was deposited during a reverse po-
larity interval, but complicated sedimentation processes and
possibly hiatuses led to the complexity of the mixed zone of r1 and
n2 and low success rate in the paleomagnetic analysis.

The lowest part of Exc. 1-N below r2 is mixed with both normal
and reverse samples. A careful inspection of this interval raises the
possibility that there are two normal layers, and two reverse layers.
The top layers (n3 e r3? e n4?) are supported by both AF and
thermal data and the lowermost reverse one is supported only by
AF data. Given the uncertainty associated with this zone, we mark
r3? and n4? in Fig. 3 and elsewhere with a question mark.

The uppermost levels (St. 6-7) in Exc. 1-S (Fig. 3B) consist of only
normal polarity samples. St. 8 could not be sampled because of the
large number of dolomite clasts, leading to a gap in the magneto-
stratigraphic sequence. All underlying samples in Exc. 1-S corre-
sponding to St. 9-10, are normal polarity and attributed to interval
n1.
4.1.2. Rock magnetism
Fig. 6A shows thermomagnetic heating curves of representative

samples from all stratigraphic units. All units showmaximum Curie
temperatures exceeding the Curie temperature of magnetite
(580 �C), between 600 �C and 650 �C. In addition, the susceptibility
of some samples starts decaying between 350 �C and 500 �C, and at
Unit 7 there is a significant decrease in susceptibility at tempera-
tures below 300 �C. The decay of the normalized magnetizations in
the thermal demagnetization experiments, calculated using the
vector difference sum (VDS) (Tauxe et al., 2018) are shown in Fig. 6B
8

for the specimens that passed criteria. Many samples are nearly
entirely demagnetized at 580 �C, at the Curie temperature of
magnetite, while other are demagnetized only at 680 �C. The me-
dian destructive temperatures (MDT), calculated from the data
shown in Fig. 6B, range between 200 �C and 600 �C (Fig. 6C). To
further examine the magnetic mineralogy in Exc. 1-N, we show in
Fig. 7, depth plots of the MDT, median destructive fields (MDF), and
S-ratio. Here, we see that the MDF in nearly all samples is
10e30mT, with only 12 samples having MDF >40mT (at the
boundary between St.12 and St.11, and at the boundary between St.
11 and St. 10). Low coercivity is also evident in the S-ratio, which is
higher than 0.95 for most of the stratigraphic sequence. Altogether,
the combined observations suggest a complex mixture of magnetic
mineralogy: the combination of Curie temperature above 580 �C,
low coercivity and high S-ratio suggest dominance of maghemite
and perhaps partially oxidised magnetite; the drop in thermo-
magnetic curves between 500 and 600 �C associated with low
blocking temperatures, low coercivities and high S-ratio suggests
the presence of (titano)magnetite; the low S-ratio in St. 12 suggest
also the presence of hematite.

The variations in the magnetic parameters with depth is shown
in Fig. 7. Evidently, the magnetic mineralogy is not homogeneous
throughout the stratigraphic sequence of Exc. 1. The mass-
normalized Isothermal Remanent Magnetization (IRM) and sus-
ceptibility are higher in St. 9 and in St. 11 and the S-ratio is signif-
icantly lower in St. 12. We note that changes in the magnetic
parameters do not correlate with the transitions between magne-
tostratigraphic units as large changes in the magnetic mineralogy
are observed within the thick intervals of n1 and r2. Thus, it seems
unlikely that polarity changes are caused, or triggered, by changes



Fig. 6. High temperature magnetic behavior. A) thermomagnetic curves of sediment samples collected from all sedimentary units (Figs. 1 and 3). B) Normalized magnetization
versus temperature of samples that passed the criteria. The Curie temperature of magnetite and hematite are marked with dashed vertical lines in (A-B). C) histogram of the median
destructive temperature (MDT) of the samples shown in (B).
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in the magnetic minerals.

4.2. Cosmogenic burial ages

Table 1 lists cosmogenic burial age data of 14 Wonderwerk Cave
samples: seven from this study and seven previously reported in
Matmon et al. (2012). 10Be concentration range between
10.8± 0.4� 105 atoms g�1 quartz and 27.3± 0. 6� 105 atoms g�1

quartz. 26Al concentrations follow a similar pattern to that of 10Be
and they range between 20.7± 1.3� 105 atoms g�1 quartz and
81.1± 3.5� 105 atoms g�1 quartz. 26Al/10Be ratios range between
1.91± 0.13 and 3.12± 0.15. Simple burial ages were calculated using
the iteration approach of Granger et al. (1997) and range between
9

2.37± 0.14Ma (COS-1) and 1.24± 0.10Ma (COS-26). Four sand
samples, collected from the surface near the cave and from ~70 km
north of the cave (see Methods), yielded an average 26Al/10Be ratio
of 3.90± 0.31 (Table S1, Supplementary Material) (Matmon et al.,
2012). This ratio corresponds to a simple burial age of
0.75± 0.1Ma. This depressed ratio, relative to the production rate
ratio, results from a complex exposure-burial history of the sands
while being transported across the Kalahari Desert (Vainer et al.,
2018a, 2018b). Under a simplified assumption that the 26Al/10Be
ratio of the sediments entering the cave has remained constant
during the past 2Ma (this assumption is challenged in the Dis-
cussion section below), we subtract the apparent initial age of the
surface sands from the simple burial ages obtained for the



Fig. 7. Virtual Geomagnetic Poles (VGP) and rock magnetic parameters of Exc. 1-N. See text for details.
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sediments in the cave. We denote these ages as “corrected ages” in
Table 1. Throughout the text we refer to the corrected burial ages
when discussing cosmogenic ages unless specified otherwise. The
corrected ages range between 1.61± 0.17Ma (COS-1) and
0.49± 0.14Ma (COS-26) (Table 1). Fig. 3A shows the location of 13
samples in the section (the uppermost one was taken from a step
located above Exc. 1-N and is not shown in the picture) and their
corresponding cosmogenic ages.

Fig. 8A shows the age span of the simple and the corrected ages,
where ages are displayed according to their stratigraphic position
in the sedimentary sequence. In general, and considering the error
bounds, the cosmogenic ages increase with depth, with only two
exceptions (COS-25, COS-0). We note that the sampling scheme
includes four horizons with two or three samples per horizon (see
Methods). In these horizons, the samples yield overlapping burial
ages, except sample COS-25.
5. Discussion

5.1. Updated age model of Exc. 1 sequence

The paleomagnetic e cosmogenic age model of Wonderwerk
sequence is based on tying the paleomagnetic polarity sequences in
Exc. 1eN and Exc. 1eS to the most recent Quaternary geomagnetic
polarity timescale (Channell et al., 2020) and to the cosmogenic
burial ages (Fig. 3).

The archaeological evidence in St. 7-6 of a shift towards highly
refined handaxes (Chazan, 2015) suggests that the upper units are
younger than the Brunhes-Matuyama (B-M) boundary (0.77Ma).
Thus, we assign St. 7-6 in Exc. 1-S to the Brunhes Chron
(0e0.77Ma). St. 9-10 in Exc. 1-S and St. 9 to the upper part of St. 10
in Exc. 1-N are clearly normal, and therefore, interval n1 falls within
the Brunhes. The thick normal polarity interval n1 is underlain by r1
- a thin horizon at the lower part of St. 10 (in Unit 4b) with five
reverse samples. The thickness of r1 creates a problem to the
magnetostratigraphic interpretation because the reverse intervals
in the Matuyama are relatively long (Fig. 3D) while the thickness of
r1 is only a few centimeters (Fig. 5). This suggests a hiatus in
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deposition or an erosional event associated with r1. Some corrob-
oration for this is found in the micromorphology which demon-
strates a clear distinction between Unit 4b, which at its top
comprises centimeter-sized elongated fragments of dolomitic roof
spall, while the majority of clasts are slightly to moderately
weathered, in contrast to the upper Unit 4a, which comprises
rounded calcareous sand with pockets of microfauna. As we
attempt the simplest agemodel with as few and as short hiatuses as
possible as a starting point for the initial magnetostratigraphic
model, there are several options for the extent of a single hiatus, as
shown in Fig. 9. All these options assume that n2, which is ~10 cm
thick, is either the Jaramillo or the Cobb Mtn. subchron. The latter
assumption is justified below based on cosmogenic evidence. Given
the slow sedimentation rate, the limited sampling resolution and
the possibility of hiatus or erosion, it is likely that one of the short
subchrons (Jaramillo, Cobb Mtn.) was not recovered in the mag-
netostratigraphy. Thus, the n2-r2 transition can be the base of the
Jaramillo or the base of the CobbMtn. Below n2, St. 11 and the top of
St. 12 is a thick reverse interval (r2), with one isolated normal
sample that we treat as an outlier. This interval best fits with the
long reverse interval between Jaramillo/Cobb Mtn. and the Olduvai
(1.93e1.77Ma). Below r2 there is a mixed zone within St. 12 which
yielded both normal and reverse results. While it is difficult to
pinpoint the horizons of reversals, it is most likely that the upper
normal level in St. 12 is the Olduvai. It is possible that there is a
succession of N-R-N-R representing both the Olduvai and the Feni
subchron (2.14e2.12Ma), but this hypothesis is uncertain owing to
the relatively low success rate of the paleomagnetic analysis in St.
12, possibly due to bioturbation in these deposits (Goldberg et al.,
2015).

We now test the above simple magnetostratigraphic model
from different perspectives e cosmogenic burial ages, sedimenta-
tion rates and archaeological evidence. Eight cosmogenic burial
ages from the top of Exc. 1-N down to COS-5 were included in the
n1 interval associatedwith the Brunhes chron (Fig. 8A). Considering
the age uncertainties, these eight samples are in agreement with
the magnetostratigraphy. Nevertheless, the error bounds of sam-
ples COS-31, COS-6, COS-30, COS-29 and COS-5 extend toward the
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Matuyama, suggesting that the cosmogenic ages in the n1 interval
may be slightly overestimated. We mark these ages with a red
frame in Fig. 8A and discuss the source of this possible bias in
Section 5.2. Below this, sample COS-4 (1.15± 0.15Ma), which was
taken near the r1-n2 transition, fits well with the age range of the
Jaramillo and the Cobb Mtn. subchrons. Sample COS-3
(1.05± 0.16Ma) is located within r2, suggesting that it might be
slightly underestimated. Similarly, COS-1 and WWD-1 also yield
underestimated ages because they were collected in an area within
or below Olduvai (cyan arrow in Fig. 5A). We discuss in detail the
source of the bias in the corrected cosmogenic ages in Section 5.2.

The simple cosmogenic ages definemaximum age constraints of
the deposits, which provide independent critical age constraints to
the magnetostratigraphic model. The simple age of sample COS-3,
located in interval r2 correspond to the Olduvai. Thus, the age of
r2 must be younger than the Olduvai. In addition, samples COS-1
and WWD-1 are located below the transition r2-n3, but their
simple cosmogenic ages are significantly younger than the
Matuyama-Gauss transition. This indicates that n3must be younger
than the Gauss chron and that n2 and n3 are subchrons within the
Matuyama. Given the slow sedimentation rate in the cave, it seems
more likely that n3 is Olduvai (~140 ky), rather than the short-term
Feni (~21 ky). We note that the simple age of the lowermost sample
(COS-0) is younger than the overlying samples WWD-1, COS-1, and
COS-2, and therefore we do not use it as an age constraint.

After establishing the correlation of n2 as the Jaramillo or the
Cobb Mtn. and n3 as the Olduvai, we test the magnetostratigraphic
age model based on the inferred depositional rate in r2, bracketed
by n2 and n3. The depositional rate in r2 is 1e1.3mm/ky. This seems
to be a reasonable rate considering the conditions in the cave. Using
this rate, the Jaramillo (80 ky) interval would be 8e10 cm thick and
shorter subchrons, like the Cobb Mtn. (35 ky) and Feni (21 ky)
would be only 3e5 and 2e3 cm thick, respectively. The inferred
sedimentation rate in r2 is in agreement with the thickness of n2
(~10 cm) that represents a short subchron (e.g. Jaramillo). However,
the thickness of r1 is inconsistent with the length of the inferred
period of accumulation. As discussed above, this inconsistency
suggests an erosional event or depositional hiatus associated with
r1. In addition, the thick (>2m) section associated with n1 interval
in Exc. 1-S would require a far more rapid rate of accumulation than
the rate calculated for r2, as this interval is limited to the time
period from the onset of the Brunhes to the end of the ESA (ca. 500-
400 kyr). The thick accumulation is partly due to Units such as St. 8
which is composed of large debris of dolomite clasts. Thus,
continuous sediment accumulation at a constant rate in Wonder-
werk Cave must be treated with caution as there are likely periods
of relative rapid accumulation punctuated by hiatuses in sediment
accumulation and erosional events.

Finally, the age model which is based solely on paleomagnetism
and cosmogenic burial ages, correlates well with the archaeological
and biochronological findings: St. 6-11 (n1-r1-n2) consists of an
Acheulean industry and St. 12 (r2-n3) assemblage is limited to
Oldowan tools and contains extinct faunal species typical of the
early Pleistocene that do not occur in St. 10 or later.

The new age model of Wonderwerk is based on a minimum
number of assumptions and two chronological tie-points: (i) based
on archaeological evidence the top of the section is younger than
the Brunhes-Matuyama boundary, and (ii) the simple cosmogenic
ages in St. 12 indicate that the r2-n3 transition in St. 12 is younger
than the Matuyama-Gauss boundary. Our model requires at least
one hiatus associated with r1. Fig. 9 displays the variations of the
possible extent of this hiatus assuming that it is conceivable that
the Cobb Mtn. subchron is not represented in the magneto-
stratigraphy. Each of these affects the age model of the onset of n1
differently. The possibility that n1 includes both the Bruhnes and



Fig. 8. Cosmogenic burial ages, polarity intervals and geomagnetic polarity time scale. A) Cosmogenic ages plotted according to stratigraphic position. Green (blue) are simple
(corrected) ages respectively. Samples bracketed by horizontal lines were collected from the same horizon. Intervals labels in the left mark the magnetic polarity zones fromwhich
the samples were collected (Fig. 3A,C). Red (cyan) frames and arrows show cosmogenic isotopes that are slightly overestimated (underestimated). B) Inherited 26Al/10Be ratio of the
cosmogenic samples at time of deposition, calculated using the paleomagnetic ages discussed in the text. Vertical stripes correspond to the geomagnetic polarity time scale
(Channell et al., 2020) (Fig. 3C). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Jaramillo would require a second hiatus as shown in Fig. 9, but this
option is more complicated and is not adopted here. Yet, such an
interpretation cannot be definitively rejected based on available
data. As discussed below, it is important to emphasize that none of
these considerations alter the age of the underlying r2-n3.
5.2. Temporal changes in the inherited 26Al/10Be ratio

One interesting result of the comparison between the magne-
tostratigraphy and the cosmogenic burial ages is that the correction
of the simple cosmogenic burial ages, assuming a fixed inherited
26Al/10Be ratio for the entire section, results in a biased pattern
compared to the magnetostratigraphy (Fig. 8A). The cosmogenic
ages at the top of the section are slightly overestimated (dashed red
frame), while the ages are underestimated at the bottom of the
section (dashed cyan frame). This pattern can be explained by two
different sources of uncertainty in the interpretation of the
12
cosmogenic burial ages, each would result in an opposite trend of
bias, as explained below.

First, it is possible, and perhaps likely, that the initial inherited
26Al/10Be ratio has varied with time. The stratigraphic order
observed among the cosmogenic samples seems to negate the
possibility of a random process governing the inherited 26Al/10Be
ratio. Rather, a systematic change in the apparent burial age at the
time sediment entered the cave seems possible. The under-
estimated ages of the lower section suggest that the inherited ratio
was higher 1-2 million years ago than over the last million years.
The factors that control 26Al and 10Be concentrations and their ratio
in quartz grains are: i) their initial 26Al and 10Be concentrations and
ratio which is the function of the erosion of bedrock from which
theywere derived, ii) the total time they spend in the landscape, iii)
the fraction of time spent buried while passing through the land-
scape, and iv) the thickness of the sand sheet. These factors are
discussed extensively in Vainer et al. (2018a); Vainer et al. (2018b).



Fig. 9. Stratigraphic position of the hiatus associated with r1. See text for details.
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To quantify the change in the inherited 26Al/10Be ages with time, we
used the magnetostratigraphic age constraints on the cosmogenic
samples to back-calculate the pre-burial 26Al/10Be ratios (Fig. 8B).
Indeed, we find that generally, the inherited ratios decrease as
sediments become younger. The ratio in the stratigraphically oldest
cosmogenic sample (COS-0) is indistinguishable from the surface
13
production ratio (~6.8 (Balco et al., 2008; Nishiizumi et al., 2007)). It
then decreases until ~1.0Ma and remains relatively constant over
the last 1.0Ma. Therefore, applying a uniform correction (based on
the modern ratio) causes an underestimation of the corrected
burial ages at the bottom of the section. This change in 26Al/10Be
ratio may also be the result of dissimilar transport and depositional
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conditions and processes during the deposition of the lower and
older samples.

Secondly, the cosmogenic burial clock starts ticking the moment
sand enters the cave. However, there is a time gap between this
moment and the time that the sand actually settles and becomes
part of the sequence and acquires its paleomagnetic signal. This
time gap is difficult to quantify. Nevertheless, this source of un-
certainty is most likely constant for all samples and will always
result in the overestimation of the burial ages. This mechanism can
explain the slight overestimation of the upper samples (red arrow
in Fig. 8A). The magnitude of the overestimation suggests that the
grains migrate from the entrance of the cave to the area of Exc. 1
(~30m today) over a period of ~100 ky. We did not apply a
correction to the burial ages that stems from this source of
uncertainty.

5.3. The age of the Acheulean

One of the goals of the revised paleomagnetic and cosmogenic
dating at Wonderwerk was to clarify the chronology of the
Acheulean, including the age of early evidence for the use of fire (St.
10) (Berna et al., 2012), the appearance of systematic handaxe
manufacture (St. 10), and the shift in the refinement of handaxes
(St. 8). Previous publications (Berna et al., 2012; Chazan et al., 2008,
2012; Matmon et al., 2012) identified the entirety of St. 10 with the
Jaramillo subchron and left open the possibility of an overlying
reversal or depositional hiatus. Pickering (2015) dated buried spe-
leothems within St. 10, derived from the area associated with n1,
and provided maximum ages of 0.734 ± 0.069Ma and
0.839± 0.026Ma. These maximum ages are in agreement with the
magnetostratigraphy presented here. The new chronostratigraphic
data point to an apparent hiatus within St. 10, posing a difficulty in
precisely defining the absolute chronology of technological de-
velopments, including the use of fire identified in St. 10 (which
remains in the 1.0Ma age range) within the Acheulean of Won-
derwerk. However, the new data clearly indicate that the initial
appearance of handaxes at the base of St. 11, corresponding to r2, is
significantly older than 1.07Ma or 1.22Ma (the age of the top of r2).
These results are consistent with ages for early Acheulean contexts
in the Vaal gravels, dated to as old as ~1.7Ma, based on cosmogenic
burial dating reported by Gibbon et al. (2009) and Kuman and
Gibbon (2018).

5.4. The age of the Oldowan

In previous publications of the paleomagnetic sequence at
Wonderwerk Cave, the Oldowan was attributed to the Olduvai
subchron due to the associated normal signal underlying a lengthy
reverse deposit and the associated cosmogenic ages. However, as
noted by Pickering (2015) it was nevertheless possible that the
overlying reversal event was the interval underlying the Brunhes,
so that the Oldowan deposits could date to the Jaramillo. Here, we
provide strong evidence for firmly associating the Oldowan in St. 12
with the Olduvai subchron. It should be noted that the top of n3,
shown to be the Olduvai subchron, lies within the top of lithos-
tratigraphic Unit 9 such that the Oldowan appears to straddle the
boundary between the Olduvai subchron and the overlying reversal
and can therefore be placed with confidence to ca. 1.8Ma. These
results cannot be reconciled with the late age for the Oldowan and
onset of the Acheulean as proposed in Herries et al. (2009); Herries
and Shaw (2011) based on research at sites in the Cradle of Hu-
mankind which rests heavily on unpublished ESR ages, with no
published information on uptake models or other methodological
detail (Herries et al., 2009).

The age of the Oldowan, along with the timing of the initial
14
appearance of bifaces as established in this paper for Wonderwerk
Cave, confirm the temporal alignment of developments in Earlier
Stone Age lithic technology in East and Southern Africa. The only
exception to this pattern is the initial appearance of lithic tech-
nology, which is significantly earlier in East Africa than in southern
Africa (Braun et al., 2019; Harmand et al., 2015). Acheulean lithic
production in Southern Africa can now be confirmed to develop
near the base of the newly defined Natronian Land Mammal Age
(Van Couvering and Delson, 2020).

Wonderwerk Cave is one of a small number of sites in South
Africa with an Oldowan lithic assemblage. The Wonderwerk Cave
Oldowan lithic assemblage is unusual as it lacks a large tool
component and is dominated by very small tools. The emphasis on
small tools is also characteristic of Sterkfontein (Member 5) and
Swartkrans (Member 1), although at these sites large tools are also
present and the large number of small flakes is at least partially
interpreted as the result of winnowing and the fracture properties
of the quartzite that serves as raw material (Kuman and Field,
2009). The dominant raw material in the Wonderwerk Oldowan
is chert which does not have the tendency to shatter as quartzite. It
is important to emphasize that the Wonderwerk Oldowan assem-
blage, as with the Sterkfontein (Kuman and Field, 2009) and
Swartkrans (Kuman et al., 2018) assemblages, includes both small
flakes and the cores for the production of these flakes. Micromor-
phological analysis indicates only low energy water transport that
would not be adequate to produce a winnowed assemblage
(Goldberg et al., 2015). Both lithics and fauna show no signs of
abrasion resulting from water transport and the faunal elements
include both large and small-sized species (micro-mammals) and
different sized skeletal elements showing no selection that can be
attributed to water winnowing.

The results from Wonderwerk Cave reported here, along with
consistent data from Sterkfontein and Swartkrans, are critical for
setting the timescale for the early stages of the ESA in Southern
Africa but also for determining the correlation of these industries
with hominin species, and the timing of the last appearance of
Paranthropus. The dating of the Oldowan of Member 5 at Sterk-
fontein to ca. 2e1.7Ma (Gibbon et al., 2009; Kuman and Clarke,
2000) is now strongly supported by the combined magneto-
stratigraphy and cosmogenic burial age dating of Wonderwerk
Cave.

6. Summary and conclusions

This article reports the results of paleomagnetic and cosmogenic
burial dating at Excavation 1, Wonderwerk Cave, South Africa,
updating previously reported results (Matmon et al., 2012) with
analysis of additional seven cosmogenic ages and 282 paleomag-
netic samples. From a total of 323 paleomagnetic samples in Exc. 1-
N and Exc. 1-S, 178 samples pass our selection criteria with MAD
<15, DANG <30 and angular deviation from GAD field <45�. These
data enabled the construction of a revised age model that provides
an improved chronological framework for one of the longest sedi-
mentary sequences of the Earlier Stone Age in Southern Africa.

The stratigraphic sequence, spanning the past ~2.0Ma includes
at least one hiatus in the Acheulean St. 10, posing difficulty in
precise interpretation of the magnetostratigraphy. Nevertheless,
we identify two paleomagnetic chronological markers that anchor
the stratigraphy of Exc. 1: (i) a reversal at the base of St. 10 of the
Acheulean sequence, which underlies either the Jaramillo (1.07Ma)
or the Cobb Mtn. subchrons (1.22Ma), and (ii) a normal interval in
the upper part of the Oldowan St. 12, marking the Olduvai subchron
(1.77e1.93Ma). The sedimentation rate between these anchors is
1e1.3mm/ky.

The cosmogenic burial ages are corrected for the inherited
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26Al/10Be ratio of the particles entering the cave using the mean of
the measured ratios in four sand samples collected outside the
cave, which represent the 26Al/10Be ratios of today's sediments. A
simple correction of the cosmogenic ages using this mean ratio
yields underestimated ages for samples older than ~1.0Ma. This
underestimation suggests a different aeolian regime in the Kalahari
during the Early to Middle Pleistocene, in which sand may have
been transported faster and buried shallower, or for less time,
during transport. A change in the environmental conditions after
the deposition of St. 12 is also supported by the occurrence of he-
matite only in St. 12. The slightly overestimated burial ages at the
top of the section, suggest that the particles migrated inside the
cave over a period of about 100 ky before finally settling. The data
suggests that the application of a homogeneous inheritance dose
model for a lengthy sedimentary sequence, should be applied with
some caution.

The Oldowan industry in St. 12 (Unit 9) is correlated with the
Olduvai subchron (1.77e1.93), while the onset of the Acheulean in
St. 11 is older than ca. 1.07Ma (possibly older than ca. 1.22Ma).
These results offer strong support for an early age for the Oldowan
of Southern Africa and a degree of synchronicity in the develop-
ment of archaeological industries between Southern Africa and East
Africa. The Oldowan industries of South Africa are contempora-
neous with fossils of Paranthropus, earlyHomo, and Australopithecus
sediba and so as in East Africa, are associated with a period of
phylogenetic diversity in the hominin lineage.
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A B S T R A C T   

Wonderwerk Cave, in South Africa, is an exceptional site that has yielded a large collection of small mammal 
fossils in a stratigraphic sequence reaching back ca. 2 million years. Taphonomic studies undertaken to date, 
show that Tytonidae (likely Tyto alba) was the dominant predator during the Earlier Stone Age. They produced 
masses of pellets that formed a dense carpet-like surface that covered the cave floor at intervals throughout the 
sequence. 

This paper compares the taphonomic signatures of five different Earlier Stone Age small mammal assemblages 
from Wonderwerk Cave, including assemblages not studied before, as well as a modern pellet assemblage 
collected from inside the cave. These samples were examined using taphonomic signatures, bone density and 
spatial distribution which confirm that the main predator in all periods of cave occupation were members of the 
Family Tytonidae, most likely Barn owls. The Wonderwerk small mammals have enabled us to clarify site for-
mation processes and confirm that there was no transport or mixing of fossils, neither spatially (re-sedimenta-
tion) nor chronologically (reworking). This has confirmed the integrity of the stratigraphic sequence in the cave, 
reinforcing interpretations of palaeoecology, and elucidating intensity of occupation by hominins versus pred-
ators, and the behaviour of the predators vis a vis their prey.   

1. Introduction 

Taphonomy (from the Greek, taphos: burial and nomos: laws) is a 
relatively young discipline, defined by Efremov (1940) as the study of 
the transition (in all its details) of the remains of past organisms from the 
biosphere into the lithosphere. In proposing the discipline, Efremov’s 
main concern was palaeoecological interpretation since, according to 
him, most fossils, especially those from continental environments, were 
"alien" i.e. did not inhabit the places where they were found. This was 
later emphasized by Shipman (1981), who noted that sites cannot be 
considered a snapshot of the past but rather a sequence of processes that 
have driven their formation. Taphonomy in fact, researches primary or 
secondary information acquired during the long history of fossils that is 

recorded on their surfaces, in their histology or chemical composition 
(Fernandez-López, 1981, 1995, 2000, 2006; Behrensmeyer et al., 1992; 
Soligo and Andrews, 2005; Fernández-Jalvo et al., 2011). Indeed, each 
of these taphonomic signatures are in themselves fossils since they re-
cord specific events that took place in the past (Fernández-López, 2000). 
Superimposed "traces" on the bones’ surface due to biotic agents, for 
example plants leaving root-marks, predators leaving tooth marks or 
digestive corrosion, are evidence of agents that have left signs of their 
activity. Similarly, the action of abiotic agents, such as the movement of 
sediments, results in smoothed and abraded bones and may attest to 
mixing before or after burial. All this information is encoded in the 
fossils and can only be deciphered through detailed taphonomic 
analyses. 
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Although many agents or events may be responsible for the intro-
duction of large quantities of small mammal remains into archaeological 
and fossil sites [i.e., catastrophic events (starvation, inundations, trap-
ping), natural transportation (water, wind, gravitational), or natural 
mortality], the most common sources are predators (Denys, 1985; Denys 
et al., 1992). Their role was explored by Andrews (1990), who also 
proposed a set of diagnostic taphonomic traits with which to identify the 
individual predators involved. Application of this methodology to fossil 
small mammal assemblages, has almost always resulted in the identifi-
cation of the predator/s responsible (e.g. Fernández-Jalvo and Andrews, 
1992; Stoetzel et al., 2011; Fernández-García et al., 2020). This 
approach has been especially relevant in interpreting the joint ecosys-
tems indicated by both the predators and their prey, in order to provide a 
more precise interpretation of the past ecology, environment and 
climate of a region (Fernández-Jalvo et al., 2011), as originally proposed 
by Efremov. A high level of fidelity to ecological information based on 
taphonomic research has been illustrated in studies such as those carried 
out by Behrensmeyer (1975), Fernández-Jalvo et al. (1998), Reed 
(2007), Soligo and Andrews (2005), Terry (2010a,b), Western and 
Behrensmeyer (2009), to mention just a few. The latter authors espe-
cially found a strong correlation between living populations and modern 
and/or fossil osteological assemblages from the same region (Amboseli, 
Kenya) after 40 years of monitoring bone assemblages and comparison 
with the live populations, reinforcing the reliability of interpreting past 
ecosystem and climatic based on fossil sites. 

Small mammals are especially important as palaeoecological proxies 
since they are particularly sensitive to shifts in climate and habitat 
(Thomas et al., 2004; Avery, 2007a). Changes in small mammal taxon 
representation and abundance can be used for past environment re-
constructions as their habitats are restricted to relatively small areas, 
contingent upon specific environmental and climatic parameters (e.g. 
Wesselman, 1995; Reed, 2007). Indeed, in southern Africa, the region 
focused on in this study, small mammal species richness has been shown 
to be highly correlated with both vegetation (r = 0.77) and seasonal 
temperature change: (r = 0.75), with comparable r-values for large 
mammals ranging from 0.1 to 0.41 (Andrews and O’Brien, 2000). 
However, when small mammals are captured by predators, they are 
removed from their natural habitats, transported and accumulated in the 
predator’s ecological context that might differ significantly from their 
source habitat. Therefore, as noted by Andrews (1990), the ecological 
fidelity of an ancient small mammal assemblage needs to be tapho-
nomically tested, although this may pose a challenge for many ancient 
bone assemblages where the environmental and climatic conditions in 
the past may have differed from those existing today (Fernández-Jalvo 
et al., 1998). 

Small mammal predators display distinct time-related activities 
(nocturnal/diurnal), hunting patterns (generalist/specialist), dietary 
preferences (prey size, prey species), feeding actions (biting/gnawing/ 
swallowing whole etc.) and accumulation behaviours (territorial 
marking, individual/communal roosting and nesting). Andrews (1990) 
divided them into three biological groups, each causing characteristic 
modifications: nocturnal owls that swallow their prey whole, diurnal 
raptors that tear their prey apart with beaks and claws, and mammalian 
carnivores which gnaw and chew their prey before complete digestion 
along the entire digestive tract. Barn owls, members of the Family 
Tytonidae, and in general different species of the genus Tyto are pred-
ators that produce the mildest modifications by ingestion and digestion, 
but even these predators cause some loss of bones during digestion, 
including in some cases loss of complete prey individuals (Raczynski and 
Ruprecht, 1974; Glue, 1977; Mayhew, 1977). All data on the modifi-
cations that predators inflict on their prey were obtained by Andrews 
from modern pellets regurgitated by avian raptors and scats of 
mammalian carnivores. However, in fossil assemblages, 
post-depositional agents (e.g. trampling, transport, soil corrosion or 
even breakage during excavation) may superimpose modifications that 
may alter the original traits of predators increasing breakage or 

augmented loss of anatomical elements. Excavation recovery strategies 
can also potentially skew assemblage size and composition. Therefore, 
certain discrepancy from the standard present-day collections are ex-
pected in fossil assemblages, as shown by Andrews (1990) at the site of 
Westbury (UK) and by other authors on a variety of sites of different ages 
and from diverse localities (e.g. Andrews and Ersoy, 1990; Fernández--
Jalvo and Andrews, 1992; Andrews, 1995; Matthews et al., 2007; 2011; 
Montalvo et al., 2008, Tomassini and Montalvo, 2012; Stoetzel et al., 
2011; Fernández-Jalvo and Avery, 2015; Andrews et al., 2016). 

In this paper, an excellent example of the highly valuable and diverse 
information provided by small mammal taphonomy is described, based 
on the fossil associations of a diachronic sequence of small mammal 
assemblages from Wonderwerk Cave, a locality occupied by hominins 
since ~2 Ma (Beaumont and Vogel, 2006; Chazan et al., 2008; Horwitz 
and Chazan, 2015). 

2. Wonderwerk Cave 

Wonderwerk Cave, located near the town of Kuruman (Fig. 1), lies in 
a summer rainfall area (average annual precipitation between 480 and 
430 mm, Zucchini and Nenadić, 2006), which experiences extremes of 
very hot summers and cold winters. The present-day vegetation of the 
area belongs to the Savanna Biome (Mucina and Rutherford, 2006). The 
cave was first described in the literature by Henry Methuen who trav-
elled through the region in 1846. It was last occupied between 1909 and 
1911 by the farmer who owned the land on which it sits (see Beaumont 
and Vogel, 2006; Horwitz and Chazan, 2015). The cave is a large 
phreatic cavity, ~140 m long, 11–26 m wide, ~3–7 m high and with a 
large, single entrance 26m wide facing north. Extensive excavations 
undertaken since the 1940’s (Beaumont, 2011; Horwitz and Chazan, 
2015) have yielded abundant Earlier, Middle and Later Stone Age re-
mains. Excavations by the late P.B. Beaumont were the most extensive 
and were carried out in seven different excavation areas dispersed 
throughout the cave. In this paper we focus on Excavation 1, located 
~30 m south of the cave entrance. This area contains the oldest deposits 
in the cave, with a sequence of Oldowan and Acheulean Earlier Stone 
Age deposits overlain by a Later Stone Age component (Chazan et al., 
2012; Chazan, 2015; Matmon et al., 2012; for the most recent dating of 
the Earlier Stone Age component see Shaar et al., in press; for the Later 
Stone Age see Rhodes et al., this issue). 

The cave is currently home to few bats but continues to provide 
nesting places for pigeons (Columba livia and C. guinea), swifts (Apus 
spp.), and Barn owls (Tyto alba). Even 200 years ago, on his first visit to 
Wonderwerk Cave, Henry Methuen described the presence of owls: "The 
blazing fire threw a strong red light into the most secret penetralia: an owl, 
alarmed by this strange phenomenon in his usually dark and silent haunts, 
and by the invasion of his “ancient, solitary reign,” dashed hastily into the 
open air" (Methuen, 1848, page 92). The pigeons build roosts on the sides 
of the front part of the cave and on ledges at the back of the cave. Swifts 
build nests on the cave roof, particularly in the area immediately to the 
south of Excavation 1. Raptors are largely confined to the back of the 
cave (Figs. 1C and 2), with no apparent access to the outside aside from 
the current cave entrance (Rüther et al., 2009). The cave has been open 
to the public for many years; currently there is a wooden walkway, 
partly fenced on both sides and with lights all the way to the back of the 
cave (Fig. 1C). Possibly, the presence of lights has enabled raptors to 
enter far into the cave interior although some natural light does reach 
this area during the day. Isolated pellets are found along the walkway, 
where owls appear to perch when the cave is empty. However, enormous 
amounts of pellets occur on the cave floor under a roof cavity near the 
back (near Excavation 6), forming a carpet-like covering a large area. As 
will be discussed below, a similar situation may have existed during the 
ESA in the Excavation 1 area. 
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3. Material and methods 

This study focuses on the taphonomy of small mammal fossils from 
four different ESA strata in the cave. The first set of samples, from the 
lowest levels in Excavation 1, Strata (henceforth St.) 12, 11 and 10, 
derive from the old excavations carried out by P.B. Beaumont using a 
grid that was laid out in yards (following the initial grid set up by Malan 

in 1943). These samples were recovered from squares in Row R as shown 
in Fig. 1, and excavated in 10 cm vertical spits within each archaeo-
logical layer (Beaumont and Vogel, 2006). Excavation sediments were 
mainly dry sieved using a 1 mm mesh, so some loss of microfauna 
skeletal elements and fragments occurred as they could easily pass 
through the mesh, and quite extensive damage to the remains was 
incurred due to the sifting (Avery, 2007b). Taphonomic analyses of the 

Fig. 1. (A) Location of Wonderwerk Cave in South Africa. (B) Plan of Excavation 1 within the cave, and location of row R of the old excavations (Strata 12, 11, 10 
samples) whilst the red star shows the location of samples St. 6/7 that have been taphonomically analysed here. Note the blueish band on the top that corresponds to 
the pathway used to visit the cave (ST: stalagmite, a landmark of the cave, formed at the northern side of Excavation 1). (C) Section of the lowermost strata referred in 
this paper (St. 12, 11, 10). (D) Plan of the excavation areas carried out by Beaumont from the 1970s to the 1990s. Note the spot area marked as the modern pellet 
(MP) deposit by today’s owls in the back of the cave, appears near Excavation 6 (see Fig. 2). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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St. 12 and 11 small mammal samples were previously published in 
Fernández-Jalvo and Avery (2015). In addition, previously unpublished 
data are presented on small mammal assemblages originating from St. 
10 and the two uppermost ESA layers, St. 7 and 6. The former are 
derived from new excavations undertaken alongside the south wall of 
Excavation 1 (Chazan et al., 2017). Here, excavation was in quarter 
meter square units with the find spots of these samples measured using a 
total station and all sediments processed using a mechanised Flote-Tech 
floatation machine (Hunter and Gassner, 1998), in order to reduce 
breakage and improve recovery of skeletal elements. All micromammal 
collections described here are curated in the McGregor Museum, 
Kimberley. 

In addition, a modern, small mammal assemblage recovered from 
intact and decayed pellets were collected during the July 2016 exca-
vation season from under the roof cavity towards the back of the cave 
(Fig. 2). The number of owls involved or whether the cave is a communal 
nesting-roosting area, is unknown. However, together with the pellets, a 
juvenile owl feather was found, suggesting they could be roosting and 
nesting in the deep interior of the cave. Given that the amount of pellets 
was enormous and the small mammal remains covered an extensive 
area, it is possible that the duration of this accumulation was a few years 
(at least two to three). 

3.1. Taphonomy 

Taphonomic analysis, following the methodology proposed by 
Andrews (1990), considered three main taphonomic factors: anatomical 

representation, cranial and postcranial breakage and evidence of 
digestion. Anatomical representation (Table 1) is analysed using the 
relative abundances of each element based on the equation: Ri (%) =
[MNEi/(MNI x Ei)] x 100 (Dodson and Wexlar, 1979), where Ri is the 
relative abundance of the element i, MNEi is the Minimum Number of 
Element i in the sample (based on the highest number of any single 
element in the assemblage) and Ei is the number of element i in a 
complete prey skeleton. 

Andrews (1990) established two indices to compare the cranial 
skeleton versus postcranial proximal long bones (humerus and femur) 
and distal ones (tibia and radius). Indices comparing the survival of 
cranial versus postcranial skeletons for Wonderwerk small mammals are 
shown in Table 2. The first index, pc/c, compares 10 postcranial ele-
ments – two each of femora, tibiae, humeri, radii and ulnae, and crania 
which includes 16 elements – two each of mandibles and maxillae and 
12 M; the expected ratio is therefore 10:16, so that to correct for this 
departure from 1, the actual postcranial values from the fossil samples 
are multiplied by 16 and the cranial values by 10. These corrected values 
for the Wonderwerk assemblages are shown in Table 2. 

The second index, femur + humerus/mandibles + maxillae, com-
pares equal numbers of elements from Table 1 and does not need any 
correction. 

The third index considers tibia + radius compared to femur + hu-
merus elements and is given in Table 1. It measures if there is any 
preferential loss of distal limb elements. 

Another index compares tooth loss from alveoli. This index of iso-
lated incisors/molars considers the numbers of isolated teeth in the 
Wonderwerk samples (given in Table 1) compared to the numbers of 
empty alveolar spaces in the mandibles and maxillae from which the 
teeth must have come. When isolated teeth from the sample exceed 
empty alveoli from jaws (i.e. values above 100%), this indicates a high 
level of destruction of mandibles and/or maxillae. 

Breakage of cranial and postcranial elements is based on the classi-
fication proposed by Andrews (1990). This system compares the per-
centage of complete bones with the percentage of fragmented skeletal 
elements. Completeness of cranial elements takes into consideration the 
preservation of the zygomatic arch in maxillae and the preservation of 
the ascending ramus and the inferior border in mandibles. Postcranial 
elements are divided into proximal, distal and shaft parts. 

Bone corrosion due to gastric juices offers direct evidence for 
digestion, and the presence of the diagnostic traits of digestion indicate 
predation as being responsible for a small mammal assemblage. Digested 
elements are classified into four grades of digestion (light, moderate, 
heavy and extreme) as initially proposed by Andrews (1990) and refined 
by Fernández-Jalvo and Andrews (1992), Williams (2001) and Fernán-
dez-Jalvo et al. (2016). Bone corrosion caused by digestion cannot be 
mistaken for other taphonomic agents as it is a progressive process with 
clearly directional effects, primarily affecting the most mineralized tis-
sues (enamel) advancing from the tips to the center of the anatomical 
element. Other taphonomic agents that may be considered to mimic 
digestion, such as abrasion, affect bones/teeth homogeneously over 
their entire surface (Fernández-Jalvo et al., 2014). Corrosion by diges-
tion also cannot be confused for soil corrosion, because the former acts 
heterogeneously on the bone surface with no sequential progression 
affecting all mineralized tissues and at different intensities (Fernán-
dez-Jalvo and Andrews, 2016). 

We applied Andrews (1990) predator classification based on all the 
traits of bone damage described above. Five different categories are 
distinguished in which Category 1, associated with nocturnal raptors, 
causes minimal damage to the prey skeleton and increasing up to 
Category 5 the maximum damage made by terrestrial mammalian 
carnivores. 

3.2. Experiment of compression 

Post-depositional modifications consider all subsequent 

Fig. 2. (A) Laser scanning of the cave interior (3D model) showing (1) the 
largest accumulation spot of pellets and two roosting sites (2, marked with 
arrows) used by Barn owls today, at back of the cave, near the Excavation 6 (see 
Fig. 1D). Note the pathway for cave visitors on the left. (B) Picture of the cave 
interior of the scanned area shown above. 
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modifications that are not linked to the initial predation. These traces 
and modifications inform on taphonomic agents that may affect the 
original assemblage and modify its traits. These modifications may 
occur both before or after burial, such as transport (by wind or water 
causing dispersal and loss of elements, sometimes mixing of fossils of 
different age, i.e. reworking), trampling (increasing breakage and bone 
fragmentation that cannot be identified), exposure to strong and sudden 
changes of temperature (e.g. fire) or changes in humidity and temper-
ature, root marking by plants, soil corrosion (by acidic or highly alkaline 
substrates) and a diversity of biotic and abiotic agents linked to the site 
formation. 

In order to expand on previous trampling experiments performed by 
Andrews (1990) simulating a human walking on pellets, a trampling 
experiment was carried out using mechanical uniaxial testing equipment 
hosted at the Laboratory of Experimental Taphonomy and Environ-
mental Analyses (MNCN-CSIC) in order to apply the same force to 
compress different skeletal elements (skull, mandibles, long bones, flat 
bones and small and robust bones). The aim of this experiment was to 
evaluate the effects that trampling may cause in two different substrates 
– sand and clay. The experiment used the lowest compression force (5 N 
~500 g weight-force) to simulate the effects of trampling by predators in 
their nests (Rueda et al., in prep.). The equipment is connected to a 
standard PC with software (testXpert® II) to measure the strength, 
speed, time of experimentation needed to fracture and values of vis-
cosity and material resistance, displayed in diagrams of deforma-
tion/microfracture and fracture. Different tools and accessories are 

available for compression and bending effort that can be programmed 
from 0.5 to 500 kg-force, together with variable time and speed of 
compression. The testXpert software analyses changes in resistance of 
experimental bones: a soft curve means that the response of the bones is 
plastic (the bone will deform itself plastically) relative to the force 
applied. When curves are peaked, these record partial fractures that 
occur when deformation has reached its limit and the bone surface re-
cords small fissures. As the strength continues, the bone will deform 
again for a short period of time until the resistance fails and the bone 
either fractures again or breaks definitively (Fig. 3). 

The small mammal bones used in this experiment come from pellets 
of Barn owls held in captivity and fed laboratory mice (mainly Mus 
musculus). We experimented with cranial (skulls and mandibles) and 
postcranial (femora, humeri, pelves, astragali, calcanei) elements that 
were placed both in dorsal and ventral positions, or in the most stable 
position for each element. The bones were deposited on fine sand (0.71 
mm) and clay (0.063 mm). The force used was fixed at 5 N (equivalent to 
500 g of weight) which is similar to the live weight of an adult Barn owl. 

4. Results 

4.1. Taphonomy 

The St. 10, 11 and 12 samples were analysed by square and spit 
(every 10 cm), but the results are consistent both within and between 
both these units for taphonomic traits and skeletal representation 
(Fig. 4A; see also Fernández-Jalvo and Avery, 2015). Thus, the resulting 
data were pooled for each sample by stratum. The St. 6 and 7 samples 
were excavated by more refined depositional features defined by sedi-
ment characteristics (Fig. 4B). Since no differences could be discerned 
within and between these two layers in any of the taphonomic param-
eters examined, for the remainder of the taphonomic analysis they were 
combined and are presented as a single unit (St. 6/7). Thus, in order to 
explore inter-stratum similarities/differences, data that were pooled by 
stratum (12, 11, 10 and 6/7) were used (Fig. 5). 

Anatomical elements of all samples from the old excavations of 
Wonderwerk (St. 12, 11 and 10) show a low representation of scapulae, 
radii, ulnae, pelves and ribs, possibly linked to their high fragmentation. 
In contrast, astragali and calcanei are over-represented in all strata, 
undoubtedly related to their greater robusticity as well as maximal 
retrieval of such small elements using dry sieving. Results obtained on 
the Wonderwerk fossil assemblages referring to the anatomical element 

Table 1 
Minimum Number of Elements (MNEi) and anatomical representation (calculated after Dodson and Wexlar, 1979), for the strata analysed here (St. 6/7 and 10) and 
data for St 12 and 11 from Fernández-Jalvo and Avery (2015). *Caudal vertebrae have not been included.    

St. 6/7 St. 10 St. 11 St. 12 

ELEMENT EXPECTED MNE Ri MNE Ri MNE Ri MNE Ri 

Maxillae (hemi) 2 1371 93.78% 1816 83.61% 200 71.94% 445 43.04% 
Mandibles 2 1461 99.93% 2039 93.88% 277 99.64% 360 34.82% 
Incisors isolated 4 2155 73.70% 1747 40.22% 92 16.55% 298 14.41% 
Molars isolated 12 3668 41.81% 2872 22.04% 81 4.86% 685 11.04% 
Scapula 2 788 53.88% 743 34.21% 33 11.87% 200 19.34% 
Humerus 2 1113 76.13% 1673 77.03% 229 82.37% 823 79.59% 
Radius 2 761 52.05% 396 18.23% 44 15.83% 127 12.28% 
Ulna 2 970 66.35% 1480 68.14% 72 25.90% 430 41.59% 
Pelvis 2 1114 76.20% 1573 72.42% 73 26.26% 246 23.79% 
Femur 2 1003 68.60% 2172 100.00% 234 84.17% 1034 100.00% 
Tibia 2 833 56.98% 1805 83.10% 147 52.88% 742 71.76% 
Vertebrae* 30 10926 49.82% 5772 17.72% 501 12.01% 2329 15.02% 
Calcaneus 2 908 62.08% 1183 54.47% 51 18.35% 499 48.26% 
Astragalus 2 702 47.99% 337 15.52% 15 5.40% 170 16.44% 
Ribs 24 173 0.99% 89 0.34% 13 0.39% 35 0.28% 
Metapodials 20 5275 36.08% 1331 6.13% 59 2.12% 436 4.22% 
Phalanges 56 5853 14.30% 103 0.17% 7 0.09% 162 0.56% 

TOTAL MNE and MEAN Ri 39073 57.10% 27131 46.31% 2128 31.21% 9021 31.55% 

MNI 731 1086 139 517  

Table 2 
Indices of skeletal representation for the strata analysed here (St. 6/7 and 10) 
and for St. 11 and 12 taken from Fernández-Jalvo and Avery (2015) compared to 
Barn owls (Tyto alba) indices obtained by Andrews (1990).   

Indices 
St. 6/7 St. 10 St. 11 St. 12 Tyto 

alba 

Pc/c (major long 
bones/jaws and 
molars) 

115.20% 179.00% 208.17% 338.90% 251.0% 

F + H/Md + Mx 74.72% 99.74% 97.06% 230.68% 93.0% 
T + R/F + H 75.33% 57.24% 41.25% 46.80% 105.0% 
Isolated I 79.87% 45.87% 19.57% 38.01% 56.0% 
Isolated M 47.45% 26.86% 5.87% 30.73% 96.0% 
Average of Relative 

abundances 
57.14% 46.31% 31.21% 31.55% 46.5%  
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representation and indices are shown in Tables 1 and 2, and Fig. 5. When 
the taphonomic indices are close to 100% (Fig. 6) they indicate minimal 
loss of anatomical elements while for indices of isolated teeth (incisors 
and molars) versus tooth sockets, jaw destruction is indicated when 
values are above 100%. In contrast, when values are below 100%, as 
shown in Fig. 6 and Table 2, it suggests that the teeth were originally in 
situ and either post-depositional processes or sample preparation pro-
cedures caused the teeth to be removed from their alveoli in jaws. 

Breakage data follow Andrews (1990) methodology and considers 
anatomical portions of cranial (Table 3) and postcranial remains 
(Table 4). The fact that the St. 6/7 samples were recovered by floatation 
in contrast to those from St. 12 through 10 (by dry sieving) may allow us 
to consider whether the recovery process has affected breakage. More-
over, comparing breakage in the new and old samples, may provide 
information on the frequencies of modern versus old breaks. The pre-
vious taphonomic analysis of St. 12 and 11 included observations on the 
broken edges to distinguish between modern or fossil breakage (e.g. 
shiny edge, different colour of broken edge compared to the rest of the 
fossil surface, interrupted mineral deposits or taphonomic modifica-
tions), and this protocol was applied to the fossil assemblages of St.10 
and St. 6/7 studied here. No marked differences were found in breakage 
of skulls and mandibles between the floatation samples from St. 6/7 and 
the older dry sieved samples, probably due to the high fragility of cranial 
elements. However, significant differences in breakage rates were 
observed for limb elements, with the flotation-derived samples from St. 
6/7 having the lowest rates of breakage (both recent and old breaks, 
64.16%) of all the strata analysed so far (Table 4). 

Corrosion produced by gastric juices during digestion is the closest 
trait related to predation. This type of corrosion cannot be mistaken for 
modifications by other taphonomic agents (Fernández-Jalvo and 
Andrews, 2016). Results for scores of digestion-damage on cranial ele-
ments (jaws and teeth) are displayed in Table 5, and for the articular 
ends of post-crania in Table 6 (proximal ends of femurs and distal ends of 
humeri). The most relevant trait described by Andrews (1990), also 
observed in modern owl pellets collected from Wonderwerk, is the low 
frequency of digested dental elements and the light grades of digestion. 
In contrast, moderate and even heavy degrees may be registered in 
nesting assemblages of the Barn owl (Fig. 7). The Wonderwerk micro-
mammals from the different strata have also been compared to modern 
samples from Barn owl roosting sites, collected and studied by Andrews 
(1990) and nests by Williams (2001), as well as the modern sample 
collected from Wonderwerk in 2016 (Fig. 6). Percentages and grades of 
digestion recorded in Wonderwerk fossil associations are congruent with 
Tytonidae, most likely a Barn owl prey assemblage. 

Post-depositional modifications in Wonderwerk fossil assemblages 
are mainly Manganese staining (associated with damp sediment and 
water) and a relatively high degree of breakage which does not fit with 
assemblages produced by Tytonidae. We consider that post-depositional 
processes have caused most of the breakage observed, both when the 
remains were exposed on the ground before burial (trampling) and 
during recovery procedures such as dry sieving. 

Modifications produced by burning, such as surface exfoliation, 
cracks and colour distortion, (black-grey-white colours from charred to 
calcined bones) and transitional colours on the same bone 

Fig. 3. Experiment of compression. (A) Mechanical testing equipment from the MNCN-CSIC Laboratory of Experimental Taphonomy. (B) Diagrams obtained during 
compression: on the left (set 1), curves of long bones showing a toothed shapes caused by subsequent fissures and microfractures of the individual skeletal element 
(mandible, long and flat bones); on the right (set 2): mild and soft curves of compression of skulls, pellets and deformed but not broken small bones respectively. C to I 
skeletal elements after compression of 5Newtons: C mandible, D,humerus, E pelvis, F calcaneus, G astragalus, H femur, I skull. 

M.D. Marin-Monfort et al.                                                                                                                                                                                                                    



Quaternary International xxx (xxxx) xxx

7

(Fernández-Jalvo and Andrews, 2016), have been observed in small 
mammal samples from St. 12, 11 and 10, but are notably absent in 
samples from St. 6/7. For the lowest ESA layers, natural wildfires have 
been excluded as a factor (Berna et al., 2012; Chazan et al., 2012). Fire 
greatly increases bone fragility and, therefore facilitates breakage after 

mechanical compression, such as trampling. We propose that burning, 
which is extensively documented in St. 12, 11 and 10 (Berna et al., 2012; 
Fernández-Jalvo and Avery, 2015; Fernández-Jalvo et al., 2018), has 
undoubtedly played a role in exacerbating small mammal bone 
destruction due to the increased fragility of bones exposed to heat and 

Fig. 4. (A) Anatomical elements recorded in different squares sampled in St. 10 showing their resemblance to each other (as also shown for samples studied from 
St.11 and St. 12 in Fernández-Jalvo and Avery, 2015). (B) Comparison taphonomic modifications, according to Andrews (1990) methodology of different samples 
from St. 6/7, referred to indices of cranial and postcranial skeletons, jaw and tooth loss, breakage and digestion of cranial and postcranial elements. 
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Fig. 5. Diagrams of individual strata from Wonderwerk Cave showing high homogeneity. Data for St. 12 and 11 are taken from Fernández-Jalvo and Avery (2015), 
St. 10 and St. 6/7 from this paper and modern Barn owl (Tyto alba) assemblages (Andrews, 1990). Note that all strata have abundant calcanei and astragali. 

Fig. 6. Bar diagram of taphonomic indices from the studied Strata of Wonderwerk fossil assemblages (this paper) compared to values of Barn owls modern as-
semblages (Andrews, 1990). Note that most values obtained are below a 100% which is characteristic of nocturnal predators of low rate of modification. 
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flames (Shipman et al., 1984; Nicholson, 1993; Stiner et al., 1995; 
Thompson, 2005) and that this initial pattern of fragmentation was 
further augmented by subsequent retrieval methods. This is evident in 
the degree of observed damage, with the burnt microfauna from St. 10, 
as well as St. 11 and 12, significantly more fragmented than the unburnt 
ones from St. 6/7. It must then be considered that the markedly lower 
frequency of breakage observed in the St. 6/7 assemblage compared to 
St. 12, 11 and 10, has been influenced by the absence of burning in the 
former sample, and is not solely due to differences in recovery methods 
(flotation versus dry sieving). 

4.2. Experimental breakage by compression 

Rodent skulls are highly pneumatic and deform dorsal-ventrally, but 
the height of the skull hinders compression of mandibles and postcranial 
elements, so skulls were compressed separately. Skulls were always 

destroyed, although the curves recorded by the equipment show a soft 
deformation as a plastic response (Fig. 3). Long bones broke usually at 
the epiphyses and mid-diaphyses, while pelves broke mainly at the 
ischium/ischia due to natural bending of the skeletal element leaving 
the ilium/ilia attached to part of, or the complete, acetabulum. Mandi-
bles broke completely, and rooted teeth of murins detached easily from 
their alveoli. The body of mandibles split the ascending ramus that 
remained more or less complete. The inferior border of compressed 
mandibles remained attached to the mandible or were detached, but 
remained complete. This trait distinguishes trampling from predation 
that usually causes the inferior border to break. The most relevant result 
refers to small and robust bones, like calcanei and astragali, which 
survived complete (Fig. 3). 

Table 3 
Cranial breakage for the strata analysed (St. 6/7 and 10) and the strata analysed by Fernández-Jalvo and Avery (2015) (St. 11 and St.12).   

St. 6/7 St. 10 St. 11 St. 12 

Breakage maxillae NISP % NISP % NISP % NISP % 

Edentulous 1193 46.53% 1329 92.68% 80 23.05% 75 16.89% 
Complete 0 0.00% 10 0.70% 0 0.00% 1 0.23% 
Mx + zyg 270 10.53% 698 48.68% 100 28.82% 209 47.07% 
Mx-zyg 1101 42.94% 541 37.73% 100 28.82% 236 53.15% 
Hemipalates 0 0.00% 185 12.90% 67 19.31% 110 24.77% 

Breakage mandibles NISP % NISP % NISP % NISP % 

Edentulous 1068 42.23% 1707 43.59% 55 46.22% 75 16.89% 
Complete 123 4.86% 102 2.60% 9 7.56% 6 1.69% 
Ascend. Ramus broken 338 13.36% 628 16.04% 38 31.93% 158 44.63% 
Inf. Border broken 1000 39.54% 1479 37.77% 17 14.29% 81 22.88%  

Table 4 
Postcranial breakage for the strata analysed (6/7 and 10) and the strata analysed by Fernández-Jalvo and Avery (2015) (St. 11 and 12).   

St. 6/7 St. 10 St. 11 St. T12 

Breakage PC element NISP % NISP % NISP % NISP % 

FEMUR complete 353 28.13% 216 7.03% 43 10.94% 72 4.96% 
proximal 650 51.79% 1953 63.57% 191 48.60% 962 66.30% 
distal 191 15.22% 552 17.97% 83 21.12% 181 12.47% 
shaft 61 4.86% 351 11.43% 76 19.34% 236 16.26% 

TOTAL Femur broken 902 71.87% 2856 92.97% 350 89.06% 1379 95.04% 

TIBIA complete 179 10.62% 95 2.83% 25 7.40% 13 0.94% 
proximal 492 29.20% 751 22.34% 134 39.64% 268 19.46% 
distal 654 38,81% 1693 50.37% 102 30.18% 729 52.94% 
shaft 360 21.36% 822 24.46% 77 22.78% 367 26.65% 

TOTAL Tibia broken 1506 89.38% 3266 97.17% 313 92.60% 1364 99.06% 

HUMERUS complete 446 31.30% 325 10.92% 49 13.17% 85 7.17% 
proximal 212 14.88% 803 26.99% 60 16.13% 104 8.78% 
distal 667 46.81% 1342 45.11% 178 47.85% 738 62.28% 
shaft 100 7.02% 505 16.97% 85 22.85% 258 21.77% 

TOTAL Humerus broken 979 68.70% 2650 89.08% 323 86.83% 1100 92.83% 

ULNA complete 223 22.71% 70 4.73% 4 5.56% 2 0.95% 
proximal 747 76.07% 1410 95.27% 57 79.17% 191 90.95% 
distal 3 0.31% 0 0.00% 7 9.72% 0 0.00% 
shaft 9 0.92% 0 0.00% 4 5.56% 17 8.10% 

TOTAL Ulna broken 759 77.29% 1410 95.27% 68 94.44% 208 99.05% 

RADIUS complete 255 26.73% 43 10.86% 4 9.09% 2 2.86% 
proximal 506 53.04% 353 89.14% 22 50.00% 64 91.43% 
distal 189 19.81% 0 0.00% 14 31.82% 0 0.00% 
shaft 4 0.42% 0 0.00% 4 9.09% 4 5.71% 

TOTAL Radius broken 699 73.27% 353 89.14% 40 90.91% 68 97.14% 

TOTAL Pc complete 1456 35.84% 749 12.44% 125 21.22% 174 9.87% 
TOTAL Pc broken 2607 64.16% 5270 87.56% 464 78.78% 1589 90.13% 
Total old breakage    61.29%  55.14%  62.11%  
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4.3. Tempo and scale of microfauna deposition 

The fine resolution excavation in St. 6/7 performed by the present 
excavation team, allows us to provide a quantitative measure of 
microfaunal density by weight of sediment for this depositional period. 
As shown in Fig. 7, in St. 6/7 there is a narrow band of very high-density 
deposition of microfauna that grades vertically into lower densities. 
Based on the modern pellet assemblage collected near the back of the 
cave, we can say that such accumulations although large, can develop 
over relatively brief periods on a decadal scale. We have observed 
similar bands of high density microfaunal deposition at the top of St. 12 
(Birkenfeld et al., 2015; Fernández-Jalvo and Avery, 2015) and in the 
back of the cave in Excavation 6 (Fig. 1C). 

A number of questions remain unresolved about the process of 
microfauna accumulation in the cave. The first question is the signifi-
cance of the contrast between contexts such as St. 10 where substantial 
accumulation of fauna took place but in pockets (Goldberg et al., 2015, 
page 622) and St. 12, and to a lesser extent in St. 11, where substantial 
accumulation is found in an almost continuous layer dispersed across the 
excavation area. Pockets of microfauna may reflect accumulation and in 
situ preservation of whole pellets deposited by an owl/s immediately 
overhead. Notably, there is nothing taphonomically distinctive in the 
bone remains between these strata that would relate to the dispersal of 
the remains, despite the fact that in St. 12, there is some evidence for low 
energy water action (Goldberg et al., 2015) which may have dispersed 
the pellet contents. Notably, the topography of both St. 12 and 10 is 
relatively flat, which would preclude movement due to sloping topog-
raphy. An alternate explanation may relate to extremely rapid decom-
position of the pellets in St. 12 which predisposed them to rapid 
dispersal. As outlined in Levinson (1982), pellet decomposition is initi-
ated by fungal and bacterial attack, followed by insect action (i.e. 
feeding, laying eggs inside the pellets, and insects that parasitize other 
insects), as well as trampling and movement by biogenic and geogenic 
agents. More experimental works need to be carried out to test this 
hypothesis. 

A second question to be considered is where the raptors would have 
roosted during the deposition of St. 6/7. Generally, Barn owl roosts are 
located in sheltered spots such as small cavities and rock fissures (e.g. 
Reed, 2005, as currently is the case in the back of Wonderwerk Cave, see 
Fig. 2). In caves, their roosts are located in the twilight zone. At Won-
derwerk, it has been established that during the earliest stages of the 
ESA, the cave entrance would have been as much as ~15m further 
forward (Matmon et al., 2012) and the height of the roof at the time St. 
6/7 were deposited would have been 7.5m while the roof in St. 12-10 
would have been 10–12m high. The cave roof over St. 12-St.10 shows 
dolomite scars indicative of fallen rocks as well as cavities where the 
birds could have perched, roosted or nested. However, above the area 
with dense microfaunal remains in St. 6/7, the roof is smooth without 
any signs of irregularities on the cave roof nor is there evidence for 
large-scale roof spall in the excavation. Barn owls may also roost and 
nest on the floor of caves (Mikkola,1983; Andrews,1990). As such, it 
cannot be excluded that the exceptional high abundance of small 
mammal remains in St. 6/7 relates to periods of abandonment of the 
cave by hominins and other potential sources of disturbance or preda-
tion, that facilitated Barn owl activity on the cave floor. 

5. Discussion 

Small mammal taphonomy allows us to identify the trophic chain to 

Table 5 
Digestion in in situ and isolated incisors and molars. according to digestion 
grades for the strata analysed here (St. 6/7 and 10) and the strata analysed by 
Fernández-Jalvo and Avery (2015) (St. 11 and 12).   

St. 6/7 
Isolated % In 

situ 
% Total % 

Incisors 2129  110  2239  

None 1909 89.67% 102 92.73% 2011 89.82% 
Light 214 10.05% 8 7.27% 222 9.92% 
Moderate 6 0.28% 0 0.00% 6 0.27% 
Heavy 0 0.00% 0 0.00% 0 0.00% 

TOTAL 
digested 

220 10.33% 8 7.27% 228 10.18% 

Molars 3661  727  4388  

None 3564 97.35% 699 96.15% 4263 97.15% 
Light 96 2.62% 27 3.71% 123 2.80% 
Moderate 1 0.03% 1 0.14% 2 0.05% 
Heavy 0 0.00% 0 0.00% 0 0.00% 

TOTAL 
digested 

97 2.65% 28 3.85% 125 2.85% 

St. 10 Isolated % In 
situ 

% Total % 

Incisors 1747  46  1793  

None 1614 92.39% 44 95.65% 1658 92.47% 
Light 126 7.21% 2 4.35% 128 7.14% 
Moderate 7 0.40% 0 0.00% 7 0.39% 
Heavy 0 0.00% 0 0.00% 0 0.00% 

TOTAL 
digested 

133 7.61% 0 0.00% 135 7.53% 

Molars 2872  872  3744  

None 2657 92.51% 821 94.15% 3478 92.90% 
Light 202 7.03% 43 4.93% 245 6.54% 
Moderate 11 0.38% 6 0.69% 17 0.45% 
Heavy 2 0.07% 2 0.23% 4 0.11% 

TOTAL 
digested 

215 7.49% 51 5.85% 266 7.10% 

St. 11 Isolated % In 
situ 

% Total % 

Incisors 91  7  98  
None 87 95.60% 6 85.71% 93 94.90% 
Light 4 4.40% 1 14.29% 5 5.10% 
Moderate 0 0.00% 0 0.00% 0 0.00% 
Heavy 0 0.00% 0 0.00% 0 0.00% 

TOTAL 
digested 

4 4.40% 1 14.29% 5 5.10% 

Molars 81  52  133  

None 78 96.30% 50 96.15% 128 96.24% 
Light 3 3.70% 2 3.85% 5 3.76% 
Moderate 0 0.00% 0 0.00% 0 0.00% 
Heavy 0 0.00% 0 0.00% 0 0.00% 

TOTAL 
digested 

3 3.70% 2 3.85% 5 3.76% 

St. 12 Isolated % In 
situ 

% Total % 

Incisors 298  21  319  

None 274 91.95% 20 95.24% 294 92.16% 
Light 19 6.38% 1 4.76% 20 6.27% 
Moderate 2 0.67% 0 0.00% 2 0.63% 
Heavy 3 1.01% 0 0.00% 3 0.94% 

TOTAL 
digested 

24 8.05% 1 4.76% 25 7.84% 

Molars 685  186  871  

None 668 97.52% 178 95.70% 846 97.13% 
Light 15 2.19% 7 3.76% 22 2.53%  

Table 5 (continued ) 

Moderate 1 0.15% 1 0.54% 2 0.23% 
Heavy 1 0.15% 0 0.00% 1 0.11% 

TOTAL 
digested 

17 2.48% 8 4.30% 25 2.87%  
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discern hunting preferences and prey selection strategies (Andrews, 
1990; Fernández-Jalvo and Andrews, 1992; Denys et al., 1992, 2018; 
Montalvo et al., 2007, 2008, 2015, 2016; Matthews, 2006). The iden-
tification of the predator is obtained from a range of diagnostic traits 
recorded on the fossils. For the Wonderwerk assemblages, these are 
summarized in Fig. 8. All samples analysed have similar taphonomic 
traits allowing us to confirm that predation is the source of the small 
mammals in all the levels we examined at Wonderwerk. Most notable 
are traits associated with digestion, which provides the closest link to 
the predator involved. Based on the low percentages of digested bones 
this was a Category 1 predator (sensu Andrews, 1990), most likely, Tyto 
alba. 

Genetic data point to a Late Miocene origin for the Afro-European 
lineage of Tyto alba (Uva et al., 2018) while Tytonidae (Barn owls and 
their relatives), are present in Africa at least since the Middle Miocene as 
evidenced by fossil finds from Morocco (Mourer-Chauviré and Geraads, 
2010), the Pliocene deposits of Laetoli, Tanzania (Louchart, 2011) and 
Langebaanweg in South Africa (Pavia et al., 2015) as well as several 
Plio-Pleistocene in the Cradle of Humankind, South Africa (Pavia, 2020 
and references therein). Since the avian osteological remains from 
Wonderwerk Cave have as yet not been identified, the species attribu-
tion of the owl in Wonderwerk Cave has been based on considerations of 
biogeography, ecology and taphonomy. We have taphonomically 
excluded the Spotted Eagle Owl (Bubo africanus) that also inhabits the 
central arid interior of South Africa andit is known to preferentially 
roost in open habitats – including in vegetation on the ground, in tree 
tops and in rocky outcrops, while the Barn owl prefers caves and crevices 
(Steyn, 1982; Kemp, 2005a,b; Reed, 2005). Although it is frequently 
stated that the eagle owl focuses predominantly on larger prey than the 
Barn owl (Steyn, 1982), there are other studies that have reported no 
differences in prey composition (Brain, 1981; Reed, 2005). However, 

there are notable differences in taphonomic traits between the two 
species with the Spotted Eagle Owl falling in Andrews (1990, 
Table 3.16) Category 2 predator, while the Barn owl was classified as a 
Category 1 predator i.e. exhibiting the least damage to prey remains. As 
described here, the Wonderwerk assemblages best fit the taphonomic 
signature of Tytonidae, with the Barn owl the most likely candidate. 

Barn owl assemblages are characterized by minor breakage during 
ingestion as prey are swallowed whole. Most pellets contain complete 
bones with low percentages of elements corroded by digestion. When 
comparing digestion in modern assemblages from roosting and nesting 
sites of Barn owls, the modern Wonderwerk pellet collection is typical of 
roost assemblages (Fig. 7). Similarly, the fossil samples from all strata at 
Wonderwerk resemble a roost assemblage (no significant statistical 
differences were found between the strata and modern roost assemblage 
through the application of a G-Test; p-values for the comparisons were 
above 0.05). St. 10 however, differs and shows a higher frequency of 
digested molars and significant statistical differences with the roost (G- 
Test, p-value = 0.012) and especially with nest sites (G-Test, p-value =
< 2e-16). Nonetheless, considering other values related to predation, the 
St.10 taphonomic traits still conform to those of a Category 1 predator. 
Although roosting seems to be the more frequent in Wonderwerk Cave, 
the presence of mixed periods of nesting cannot be excluded, especially 
in St.10 and12 (with heavy grades of digestion) and the modern sample 
from Wonderwerk (Andrews, 1990; Williams, 2001). In fact, it is quite 
possible that if roosting is much more common than nesting, the nesting 
signal may be swamped by the larger sample from roosts. 

The rates of breakage found in the Wonderwerk small mammal as-
semblages are too high to have been solely produced by this predator 
and we therefore assume that breakage, as well as loss of skeletal ele-
ments, were augmented by post-depositional taphonomic agents. As 
suggested by Avery (2007b), dry sieving would have greatly increased 

Table 6 
Digestion of postcranial (presence/absence).   

St.6/7 % St.10 % St.11 % St. 12 % 

Femora digested 47 4.69% 110 5.07% 32 13.68% 74 7.82% 
Humeri digested 43 3.86% 147 8.82% 20 8.81% 130 17.17% 
Total pc digested 90 4.25% 257 6.70% 52 11.28% 204 11.98%  

Fig. 7. Degree of dental digestion for all samples studied here (St.10 and St. 6/7) compared to results for St. 12 and 11 from Fernández-Jalvo and Avery (2015), and a 
modern barn owl assemblage from Wonderwerk (WW present) as well as samples collected from roosting and nesting areas by Andrews (1990) and by Williams 
(2002), respectively. 
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Fig. 8. Summary of modifications and classification proposed by Andrews (1990) compared to modern assemblages.  
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breakage, and the mesh size used at Wonderwerk during last century 
excavation seasons (usually ~1 mm, incidentally 0.5 mm) was probably 
too large resulting in biased element representation (e.g. many of the 
small teeth and skeletal elements were lost). The taphonomic results of 
the assemblages recovered from St. 12-10 that come from dry sieving all 
have equivalent levels of breakage (Table 1), while in the new sample 
taken from St. 6/7, which was recovered using flotation, there is a higher 
frequency of intact limb bones (but not skulls). The analysis of the St. 
6/7 sample shows that completeness (64%) is markedly higher than in 
the other strata (Table 4), but still much lower than expected in as-
semblages produced by Category 1 predators (90–100%). In fact, the 
application of a GLM (Generalized Linear Model) supported these dif-
ferences (p-value = < 2e-16) and indicates that breakage values 
decreased for the floatation recovery method as a negative linear 
regression coefficient was obtained (− 1.087). Only 24.07% of the 
variability observed for breakage values is explained by the recovery 
method. The remaining 75.93% can be explained as due to other 
post-depositional processes (e.g. trampling or sediment compaction). 

The four Wonderwerk ESA strata differ slightly in post-depositional 
taphonomic agents and use of the site by predators i.e. roosting vs. 
nesting. Although feeding nestlings by adults may increase breakage if 
the prey is torn apart to share the food among the chicks, the most 
common types of damage evident on bones from St. 12, 11, 10 as well as 
St. 6/7 does not fit this pattern (Fig. 8). Breakage in the cave most likely 
occurred as a result of post-depositional factors, following their expo-
sure on the surface or soon after burial. Fernández-Jalvo and Avery 
(2015) proposed that trampling played a significant role in the tapho-
nomic modification of the St. 12 and 11 microfaunal samples. This was 
based on the high fragmentation rates of long bones and jaws and the 
anomalous abundance of the more robust astragali and calcanei. The St. 
10 and especially St. 6/7 fossil assemblages (Fig. 5), confirm the 
importance of trampling as a key agent of modification. The persistent 
occupation of the cave by owls, their high production of pellets con-
taining abundant prey remains that fell to the floor from the owl nests or 
roosts, probably resulted in a carpet-like cover of rodent bones from 
whole and decaying pellets. Thus, damage to the bones from trampling is 
highly likely, either caused by the owl itself (they generally use their 
own pellets to build up their nests, Mikkola, 1983; Marti et al., 2005), or 
other terrestrial animals that used the cave, as well as hominins. 

Trampling marks are not usually recorded on small mammal bones 
because compression against the sediment mainly causes breakage 
rather than marking of the surface (Andrews, 1990). This author de-
scribes a practical experiment, where the experimenter (72 kg) stepped 
on several pellets introduced in plastic bags. "The pattern that emerges 
from these results on trampling is one of breakage of skulls, jaws and 
postcranial leading to complete absence of skulls, reduction in numbers 
of maxillae, considerable loss of teeth from the jaws leading to large 
numbers of isolated teeth considerable breakage of larger postcranial 
elements and some degree of loss, but no loss or breakage of smaller 
elements" (Andrews 1990, page 10). In this study we also experimented 
with small mammal skeletal elements using mechanical equipment to 
produce the same force on the different rodent anatomical elements. 
Results obtained in this experiment confirm observations described by 
Andrews (1990) highlighting that calcanei and astragali were the only 
elements that survived complete after compression, a finding which 
parallels that of the Wonderwerk assemblages. 

Breakage is also a consequence of the innate fragility of many of the 
skeletal elements, but can be exacerbated due to burning, which induces 
recrystallization, shrinkage and fragility (Shipman et al., 1984; Nich-
olson, 1993; Stiner et al., 1995; Thompson, 2005). Exposure to fire is 
observed on the Wonderwerk rodent assemblages from St. 12-10, but 
absent in St. 6/7. The small mammal breakage frequencies follow this 
trend. 

Apart from signs of predation, trampling and burning, and in order to 
exclude the potential influence of reworking processes or any distur-
bance of these units, we studied additional modifications caused by post- 

depositional processes (Fernández-Jalvo and Andrews, 2016). One of 
these was Manganese staining which is relatively abundant on fossil 
bones from Wonderwerk suggesting the cave was damp at certain pe-
riods (Courty et al., 1989; López-González et al., 2006; Marin-Monfort 
et al., 2016), probably seasonally as corroborated by the presence of 
speleothems (Horwitz and Chazan, 2015). Manganese staining decreases 
up through the sequence (St. 12-10), with over 50% of specimens 
bearing such stains all over the fossils. In contrast, in the top of the 
sequence (St. 6/7) Manganese stains are more dispersed on the fossil 
surface and scarce. This may indicate a trend towards more arid con-
ditions, or less damp conditions in the uppermost ESA levels, a scenario 
which is borne out by the stable isotope results (Ecker et al., 2018).Some 
bones from St. 12 and 11 (n = 30 and n = 2 respectively), have isolated 
and scattered root marks. Interestingly, 18 calcified root casts, varying 
in maximum size from 11 × 70 mm (diameter × length) to 2.5 × 23 mm 
were identified in the macro-botanical remains from St. 11 (Bamford, 
2015). Their presence indicates moist depositional conditions in the two 
lowermost levels. This is in agreement with micromorphology studies 
described in Goldberg et al. (2015) that indicates low energy transport 
of sediments by water only in St. 12, followed in the upper part of St. 11 
and overlying layers, by aeolian sediments that accumulated very slowly 
but with evidence of sedimentary gaps. The micromorphological anal-
ysis of the upper part of the ESA sequence (St. 6/7) is currently in pro-
cess. The low incidence of root-marked fossil bones in all other layers 
suggests poor vegetation cover, characteristic of a relatively dry inner 
cave substrate. 

Adult Barn owls swallow their prey whole, such that breakage and 
digestion are mild, producing abundant, relatively well-preserved small 
mammal assemblages with little evidence of damage from digestion. 
These nocturnal predators primarily select nocturnal prey, but also hunt 
in the dusk and the dawn but rarely during the day. Most importantly, it 
is a generalist predator that captures the most abundant prey in its own 
habitat. The hunting area of Barn owls may vary between a few hundred 
metres (400–500 m) to 2–3 km around the living site (Andrews, 1990). 
Thus, the persistent presence of this opportunistic raptor throughout the 
ESA levels at the cave, provides a reliable model of prey living in the 
vicinity of their living, nesting and roosting areas, enabling robust 
interpretation of the surrounding environment and prevailing climatic 
conditions (Fernández-Jalvo and Avery, 2015; Avery, this issue). 

6. Conclusions  

• Predation is confirmed by values referred to digestion and some 
indices of skeletal elements as original traits caused by predation 
(red square in Fig. 7).  

• The main trait observed in the small mammal assemblages from ESA 
strata at Wonderwerk Cave is a high degree of homogeneity in 
taphonomic traits within and between strata.  

• The taphonomic signatures of all assemblages are congruent with a 
Category 1 predator according to the classification by Andrews 
(1990), Tytonidae in general but most likely Barn owls (Tyto alba), 
that nested and roosted at the cave interior. This predator still uses 
the cave nowadays.  

• Post-depositional modifications are especially similar between the 
three lowest ESA layers (St.12, 11 and 10) indicating similar envi-
ronments when deposited.  

• Bone breakage in all the strata is higher than expected from the 
predator identified. Breakage has probably been exacerbated by (i) 
trampling (by the predator itself, as well as terrestrial mammals 
inhabiting and using the cave, including hominins whose presence is 
indicated by the abundant lithic industry recorded in Wonderwerk 
Cave), (ii) burning that increases the fragility of the bones, and (iii) 
sample processing methods, which also played a role in the rate of 
breakage, although to a smaller extent than expected. 
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• Manganese staining on small mammal bones from the assemblages 
studied indicates a trend of increasing aridity from the bottom (St. 
12) to the upper archaeological layers (St. 6/7).  

• Few fossils were affected by plant root-marks, or signs of abrasion 
(absent). We have not found any traits that suggest re-sedimentation 
(pre-burial mixing caused by trampling, abrasive-transport,) or re- 
working of the deposits (re-exposure and mixture of fossils with 
younger fossil assemblages). These results fit the published micro-
morphological analysis of the lower part of the ESA sequence.  

• The fossil assemblages recovered from Wonderwerk Cave were 
produced by the persistent presence of Barn owls who catches its 
prey in a relatively constrained territory close to its roosting/nesting 
site. As such, the resulting data can serve as a reliable proxy, 
informing us on the palaeoecology of the area. 
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There is a broad consensus that the Middle Stone Age 
of southern Africa, beginning c. 120,000 years ago, 
provides evidence of a range of behaviours that are 
novel.1 As expressed by Lyn Wadley, ‘Africa’s Mid-
dle Stone Age (MSA) is celebrated for its innovations’ 
(Wadley 2015, 156). 

The evidence of innovation/invention include 
complex hunting tools and exploitation of marine 
resources, but the most spectacular developments 
are artefacts linked to symbolic behaviour, and more 
broadly to the origins of art, including the incised 
ochre from Blombos Cave and Klein Kliphuis, incised 
ostrich egg shell from Diepkloof and Klipdrift, and 
shell beads from Blombos Cave, and most recently 
a small painted piece of rock from Blombos – all of 
which are within the range of 60,000–80,000 years old 
(Henshilwood et al. 2002, 2004, 2018; Mackay & Welz 
2008; Texier et al. 2010; Van Niekerk & Henshilwood 
2016). These archaeological discoveries are linked to 
overwhelming evidence from a combination of genetics 
and fossil evidence that modern humans evolved in 
Africa (see Stringer 2016 for an overview).

It is thus somewhat surprising that less than forty 
years ago it was major scientific news when African 
art was shown to stretch back a mere 10,000 years. In 
1981 an article presenting a series of engraved dolo-
mite slabs from a Later Stone Age context at the site 
of Wonderwerk Cave in the Northern Cape Province, 
South Africa was published in Science. What made this 
discovery notable was the association of the slabs with 
dated radiocarbon samples (Thackeray et al. 1981; see 
also Beaumont & Vogel 2006; Bradfield, Thackeray & 
Morris 2014; Humphreys & Thackeray 1983; Thackeray 
1983; Thackeray 2005).

In fact, the linkage between the slabs and an age 
of 10,000 years is somewhat overstated as only one slab 
dates back 10,000 years, the remainder are 5,000 years 
old or younger. The way in which the Wonderwerk 

discovery was presented, particularly the emphasis on 
the single early exemplar, is revealing. The antiquity 
of the slabs is what made news, and ten thousand 
years was considered very old. Thus, only thirty-seven 
years ago an antiquity of ten thousand years for art 
in Africa was not self-evident. Such a perspective is 
unconceivable today.

Engaging with the intellectual context of the 
Wonderwerk discovery provides an opportunity to 
appreciate the extent of progress in paleoanthropo-
logical research in southern Africa over the past thirty 
years. In 1981, the scientific consensus was that art 
first appeared in Europe, most likely as the result of 
the local evolution of modern humans, possibly from 
Neanderthals. Paul Mellars (1989, 370) emphasized the 
novelty of cultural developments in Northeast Africa, 
Western Asia, and Europe during the period between 
45,000 and 35,000 years ago, which ‘involved not only 
the well-documented shifts in stone-tool technology 
and associated bone / antler working but also the 
emergence of such features as personal ornaments, 
extensively traded objects, and (in at least certain 
contexts) complex representational art’. By the time 
Mellars wrote this article in 1989 views had begun 
to shift towards a recognition of an African origin 
for modern humans. A few years earlier, Fred Smith 
(1982, 685) was able to write that ‘the simplest and most 
logical hypothesis supportable on the basis of present 
knowledge is that the archaic-to-modern-H.-sapiens 
transition in South-Central Europe was indigenous’. 
Only one commenter responding to this article, Chris-
topher Stringer, suggested that the transition to modern 
humans in Africa might be earlier than the transition 
in Europe. Another example of the scientific consensus 
in the early 1980s is the article published by Michael 
Hammond (1982) in which he analysed the historical 
factors that led to the ‘expulsion’ of Neanderthals 
from the modern human lineage, an error that he felt 

Chapter 2

Reframing the Wonderwerk slabs  
and the origins of art in Africa

Michael Chazan
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Chapter 2

factors in this brief analysis: 1. The isolation of South 
Africa under Apartheid and the rapid reintegration of 
South Africa into the international scientific community 
following the change in government. 2. The dynamics 
of internationally funded research projects that stress 
discoveries of global impact. 3. The constraining of 
approaches to art to an emphasis on the potential of 
material culture to encode and signal information, and 
to serve as an index of cognitive modernity. 

Scientific isolation and its aftermath

When the Wonderwerk slabs were discovered and 
published, South Africa was subject to an academic 
boycott that had only a marginal impact on the inter-
nationalism of South African science. We can point 
to the fact that both Frances and Anne Thackeray 
pursued their doctoral studies at Yale University and 
published in the journal Science as clear evidence that 
the archaeological impact of the academic boycott was 
at most limited. This situation changed somewhat in 
1985 with the decision by the World Archaeological 
Congress not to include South Africans in their meet-
ings in Southampton, a policy that led to significant 
debate within the international archaeological com-
munity (Ucko 1987). Even after 1985 there continued 

analyses like the one published by Smith were in the 
process of correcting. Hammond’s view drew heavily 
on an influential article by C. Loring Brace (1964) that 
argued that Neanderthals were ancestral to modern 
humans.

The strength of Hammond’s article on Nean-
derthals is not his conclusion about the dynamics of 
hominin evolution, which we now see as fundamen-
tally wrong, but rather that he urges us to look closely at 
the historical context in which knowledge claims about 
human evolution emerge. Hammond (1982, 4) writes 
that, ‘like any other human activity, scientific research 
is to some extent inseparable from the historical context 
in which the activity occurs’. Hammond does not try 
to develop a generalizing theory of the sociology of 
science, but rather encourages us to consider multiple 
factors such as the effect of mentors or the influence of 
rivalries. Training this perspective on the emergence 
of the contemporary approach to modern human ori-
gins, including aspects of modern human behaviour 
such as art, that stresses the primacy of Africa, and 
particularly southern Africa, as the place of origins, 
we can begin to question whether this contemporary 
consensus emerged simply as the result of the accu-
mulation of information (through new discoveries) or 
if other factors are at play. I will stress three potential 

Figure 2.1. Map showing 
Wonderwerk Cave and 
the other sites mentioned 
in this chapter: 1) 
Cradle of Humankind 
(Sterkfontein, Rising 
Star; 2) Sibudu Cave;  
3) Pinnacle Point;  
4) Blombos; 5) Klipdrift; 
6) Klein Kliphuis;  
7) Diepkloof.
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little expansion to neighbouring countries. Indeed, 
much of the international activity has been focused 
in near proximity to the coast. Finally, South Africa is 
often conceptualized in opposition to East Africa rather 
than as part of the whole continent (see for example 
Brooks et al. 2018). Road trips from Sterkfontein outside 
of Johannesburg to Olduvai remain rare. Thus, in a 
sense there is an odd situation where the isolationist 
tendencies within Africa, southern Africa, and even to 
a limited extent within South Africa, remain largely 
intact while internationalism has boomed. This com-
bination of fragmentation within Africa together with 
increasing global connectivity is the background for 
other factors that play a role in setting the historical 
context for the recognition of southern Africa as a place 
of modern human origins.

Discoveries of global impact

The publication of the Wonderwerk slabs in the jour-
nal Science was a notable event because it marked the 
recognition of South African archaeology by one of the 
leading scientific journals in the world. The emphasis on 
publication in such ‘top tier’ journals is the hallmark of 
the rapid influx of international teams, including collab-
orations with South Africans and collaborations led by 
South Africans, since the end of Apartheid. Sites includ-
ing Sibudu, Pinnacle Point, Diepkloof, and Blombos 
have all been the subject of one or more publications in 
Nature or Science (Wadley et al. 2011; Marean et al. 2007; 
Brown et al. 2009; Henshilwood et al. 2002, 2011; Texier 
et al. 2010). Of course, one reason for the prominence 
of the publications is the excellence of the research 
involved. There is little question that the opportunity 
to work in post-Apartheid South Africa has attracted 
innovative and ambitious researchers. The structure 
of international funding also plays a major motivat-
ing role in spurring ‘high impact’ publication. Where 
international archaeological projects were once built 
around a colonial structure, the tendency today is for 
funding to be based on highly competitive applications 
to national scientific funding sources. To be funded a 
project must pass muster as science operating at the 
highest international level. This trend is exacerbated by 
the increasing expense of archaeological practice as it 
becomes highly dependent on digital technology and 
costly methods of analysis. This pressure to produce 
research results that, by external measures, is of the 
highest scientific merit extends to young archaeologists 
working to establish a career. Thus, to sustain a project 
at the cutting edge of archaeological practice requires 
in many cases publications that validate the scientific 
value, as opposed to the strictly archaeological value, 
of the venture.

to be regular publications in international journals on 
South African archaeology and fieldwork by a small 
number of international archaeologists. Yet it seems 
plausible that the shift in attention during this period 
within the field of human origins studies away from 
South Africa and towards East Africa was in part a 
reaction to political conditions, although the devel-
opment of argon dating methods that provided an 
effective tool for absolute dating of East African fossil 
localities also played a role.

However, if we look only at patterns of inter-
national isolation we might miss a more significant 
aspect, both within Africa, and more subtly within 
South Africa. The warfare throughout much of southern 
Africa, including Angola, Namibia, and Zimbabwe 
constrained the movement of archaeologists and the 
ability to carry out research on a regional level. I have 
been struck during a number of conversations with 
archaeologists who worked in Africa during the 1950s 
and 1960s, that they frequently describe driving from 
South Africa up to the sites in East Africa. With the 
isolation of the Apartheid regime and the violence 
across the subcontinent, such travel within Africa 
became untenable leading to an isolation of South 
African archaeology as something distinct from African 
archaeology. Although it is difficult to document, there 
is also a sense that a degree of fragmentation existed 
within South Africa. Baumert & Botha (2016, 127) write 
that South African social scientists ‘isolated themselves 
from international developments and also from other 
academics in South Africa because of the polarization 
between English, Afrikaans and African institutions, 
thus creating a level of self-centeredness…’. The loca-
tion of Wonderwerk Cave in the Northern Cape, an 
enormous territory that lacked a university, appears to 
have become particularly isolated. The key publication 
for Wonderwerk Cave came to be a guidebook put 
together for the 1990 annual meeting of the Southern 
African Association of Archaeologists (Beaumont & 
Morris 1990).

With the end of Apartheid there has been a rapid 
influx of international research teams, including our 
own group working at Wonderwerk Cave (Horwitz 
& Chazan 2015). The reassertion of the role of South 
Africa in human origins must be seen in the context 
of the rapid expansion in the ranks of international 
researchers drawn to the opportunity to work in 
South Africa. It is important to emphasize that the 
new post-Apartheid international engagement has 
some distinctive traits. The first is that international 
teams often bring with them major financial resources, 
particularly in the context of a weakened Rand. The 
second point is that the research in South Africa has 
remained largely isolated within the subcontinent, with 
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has been on identifying a capacity for symbolic behav-
iour, reducing the artefacts to an index of cognitive 
capacity (see for example d’Errico et al. 2003).3 What 
emerges is the powerful argument that early art is in 
a sense fossilized language, and testament to the first 
appearance of modern human cognition. The earliest 
evidence for language certainly fits the bill for a major 
transformative scientific discovery, and research on 
novel artefacts in Middle Stone Age southern Africa 
has been transformed into the basis for identifying the 
origins of human cognitive modernity.

Taking stock

It is notable that from the perspective of contempo-
rary paleoanthropological research, artefacts like the 
Blombos pebble are fixed in the deep past, lacking the 
dynamic of an enfolded past and present. Moreover, 
these objects serve as markers of a boundary in the past, 
with the Middle Stone Age serving as a dividing line 
between ‘us’ and ‘them’, the culturally modern and 
the archaic or primitive. I can see two problems with 
this perspective. The first is that any effort to draw 
dividing lines in the human lineage is treacherous 
and can unintentionally strengthen efforts to create 
biological distinctions within humanity. On the other 
hand, the grouping of Middle Stone Age humans 
as ‘modern’ restricts somewhat a recognition of the 
cultural distinctiveness of different societies, and that 
for us as ‘outsiders’ gaining understanding of this 
distinctiveness is a fundamental challenge.4 

It is interesting that the discovery of the Blombos 
pebble, along with other Middle Stone Age incised 
objects, shifted the framing of the Wonderwerk incised 
slabs out of an origins narrative. Thus, the discoveries 
made at Blombos, Diepkloof, and other Middle Stone 
Age sites changes the way we look at the Wonderwerk 
slabs. In my own experience with the Wonderwerk 
slabs, I am drawn precisely to their ability to frustrate 
our efforts at simple ‘reading’, thus adding to a dis-
comfort with the emphasis on art as communication, 
rather than a modality of material engagement. In 
our 2018 excavation season we have had the privilege 
to uncover what may be the most complex slab yet 
found at Wonderwerk (Figs. 2.2–2.3) As we began to 
examine this object, covered with a dense network of 
lines, we searched for animal forms but our search 
was constantly frustrated. We could find nets of lines, 
sinuous lines that seem to be elements of a representa-
tion, and lines that formed an axis of symmetry, but 
no image emerged.5 Looking at the Wonderwerk slabs 
reawakens an appreciation of the potential ambiguity 
of early art, and leaves a door open for multi-vocality 
in the interpretation of art. Moreover, when we shift 

This pressure pushes researchers towards the 
search for origins, and more specifically those that are 
relevant to all humanity rather than of local southern 
African relevance. Research on modern human ori-
gins fits this bill perfectly, and discoveries such as the 
Blombos ochre or the Diepkloof incised ostrich egg 
shell are truly of global scientific relevance. In dis-
cussing this trend Lynn Wadley writes that ‘in South 
African villages there is a saying that “when roads 
to the village are tarred, they take our children away 
from us”’ (Wadley 2014, 209). In some ways this has 
also been the case in archaeology; now that barriers 
are down, major finds tend to be announced initially 
in high-impact international journals.

The popular media attention to origins research 
in South Africa also seems to be fuelled by the romance 
of the struggle against Apartheid. A striking example 
comes from the site of Naledi which has produced 
an enigmatic collection of hominin fossils that have 
sparked global interest (Berger et al. 2015). A centre-
piece of a recent meeting of the five largest emerging 
national economies (Brazil, Russia, India, China, and 
South Africa, known by the acronym BRICS) was an 
unveiling of some of the Naledi fossils via video link. 
Following this virtual visit the leaders of the BRICS 
countries were asked to make handprints that would 
be displayed at the Cradle of Humankind visitor 
centre alongside a handprint made by the late Nelson 
Mandela.2 The symmetry between the fossils of Naledi 
and the imprint of the hand of the hero of liberation is 
telling. There is something satisfying about learning the 
common African origins of all humanity in the same 
country where a recognition of our common humanity 
has triumphed over racial injustice. 

Art as cognitive capacity

The archaeological study of art is often very focused on 
specific historical and cultural contexts. Thus, to take an 
example from a completely different context, excava-
tions at a Roman/Byzantine site at the site of Huqoq in 
northern Israel has uncovered vivid mosaics that have 
generated spirited debate over the correlation between 
a scene with elephants and textual sources (Dunbabin 
2018). Although the debate raises some issues of general 
theoretical interest, particularly regarding the origin of 
christianity, the issues involved are largely specific to 
the Roman/Byzantine world in general, and the Levant 
in particular. Given the importance discussed above for 
international archaeological teams working in south-
ern Africa to prove the global scientific importance 
of their research, such a humanistic approach to art 
plays a minor role. In the discussion of early art from 
sites such as Blombos and Diepkloof, the emphasis 
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Age. At the back of Wonderwerk Cave, in the area 
designated as Excavation 6, Beaumont found a range 
of extraordinary materials- quartz crystals, specularite, 
and ironstone slabs transported to the back of the cave 
(140 m from the cave entrance) by hominins sometime 
around 300,000 to 500,000 years ago (Chazan & Horwitz 
2009; Watts et al. 2016). The selection and transport of 
these materials suggests that a powerful appreciation 
of the sensory properties of material long preceded the 
impetus to create networks of lines, as found on the 
Blombos pebble, and much later in time on the Later 
Stone Age slabs found at Wonderwerk. A focus on the 
interaction between humans and materials leads to an 
understanding of continuities over time, rather than 
marking points that separate then from now. The inci-
sion of lines at Blombos and other Middle Stone Age 
sites become part of this process, rather than novelties 
without precedent. Incised objects are not semaphores, 

our focus away from looking for an encoded message, 
to take in the entire worked and altered surface, we 
lose a sense of certainty but at the same time we open 
the door to an open-ended inquiry. As the members 
of our research team examined the newly found slab 
from Wonderwerk we tilted the stone to different 
angles, hunting for patterns or images. We were actively 
engaged with the materiality of this complex object. 
In our excavation we are working to contextualize the 
object to gain insight into when it was made. These 
objects once stood as markers of the origin of art but as 
their framing has shifted, based on new discoveries that 
push the origins of art in southern Africa further back 
in time, they are in a sense set free to become subject 
to an open process of active examination.

There is potential to expand the scope of refram-
ing by finding antecedents that reach further back in 
time, beyond the Blombos ochre and the Middle Stone 

Figure 2.2. Two views of the Later Stone 
Age incised slabs found at Wonderwerk Cave 
in 2018. In the lower image the colours are 
inverted to increase the visibility of the lines. 
Photographs by Michael Chazan.
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move away from searching for a singular origin of art 
in favour of exploring a long process of shifting rela-
tions between humans and materiality.

In the current scientific environment, there is a 
powerful imperative for archaeologists working on 
early art in Africa to channel their discoveries into a 
narrative of modern human origins that privileges the 
symbolic as opposed to the material. These imperatives 

they are materials that remain material with novel 
properties and affordances, which may or may not 
include the capacity to record or transmit information. 
In writing about the emergence of art I have drawn 
from Gell’s ideas about nets and traps (Chazan 2018; 
Gell 1996). From this perspective, incising a network of 
lines into a material is an act of transformation through 
entrapment. Adopting Gell’s perspective allows us to 

Figure 2.3. Details of the incised Later Stone Age slab found at Wonderwerk Cave in 2018. Photographs Michael Chazan.
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and palaeoanthropology that will be part of a scientific 
enterprise, largely buffered from social engagement. 
Such a solution would have the benefit of ‘keeping the 
peace’ but risks creating an arbitrary temporal division 
between past and deep past, and weakening the reach 
of both heritage and science. 

In searching for the origins of art, a crucial task is 
to think about the way our research enterprise frames 
our objects of study. The case of the Wonderwerk slabs 
demonstrates how these frames are historically con-
tingent. The Wonderwerk slabs were initially framed 
within the context of the origin of art in Africa in a 
way that no longer applies. Hamilton’s metaphor of 
documents as travellers allows us to question how we 
relate to our objects of study as material entities, to 
recognize the value of multiple interpretations, but also 
to embrace the inevitable ambiguities of interpretation. 
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Notes

1. The age of the beginning of the Middle Stone Age is sub-
ject to debate both on theoretical and empirical grounds. 
The bulk of the Middle Stone Age record relevant to 
the discussion presented here postdates 120,000 years 
so this age is used with acknowledgment that it is to a 
degree arbitrary.

2. This is described in an anonymous article entitled ‘BRICS 
leaders get a taste of the Cradle of Humankind’ in a 
newsletter published on 27 July 2018 about the 2018 
BRICS summit in Johannesburg: https://www.gov.za/
sites/default/files/gcis_documents/BRICS_Newslet-
ter_Issue_10.pdf

3. There is a counternarrative in the study of the art of 
the Later Stone Age, which is equally global in its 

flow from the nature of the discoveries themselves, 
but, as discussed above, also result from the cultural 
structure of contemporary research in the context of 
post-apartheid South Africa. There is no question that 
the achievements of archaeologists working on the 
Middle Stone Age, what Wadley (2015) describes as 
‘those marvelous millennia‘, is a tremendous scientific 
accomplishment that has changed our understanding 
of the later stages of human evolution. Yet, there is 
also reason for concern about the lack of room left for 
uncertainty, materiality, continuity and for a sense of 
interplay between past and present.

Carolyn Hamilton (2017) writing on archives 
provides an alternative approach to objects from the 
past that may apply well to the study of artefacts. 
Hamilton writes that:

The past that is the object of interest is thus not 
firmly in a place distinct from the present time of 
enquiry. Rather, both are folded into each other 
and into what lies in between, and, indeed, into 
the way in which a hoped for future influences 
how we handle traces of the past and ‘sources’ 
in the present (Hamilton 2017, 350).

In her discussion of archives Hamilton (2017, 35) meta-
phorically refers to documents as travellers, ‘travellers 
across time that have changed shape and accrued 
new meanings through time. Such travellers, I argue, 
were not merely affected by their contexts, but also 
affected them in turn’. The metaphor of documents as 
travellers provides a way of thinking about empirical 
evidence that forces us to recognize empirical reality 
(there is a traveller at the door) while also accepting 
the importance of the current context (my experience 
with the traveller is in large part a projection of my 
needs, feelings etc.).

Although there has been a trend among archae-
ologists working in Africa to loosen the disciplinary 
claim of authority, these developments have rarely 
reached the deep past (see review and references in 
Giblin 2013). Although there remain real barriers to 
the development of a truly decolonized palaeoanthro-
pology, the move to decolonize the academy in Africa 
involves a call to increase the emphasis on pre-colonial 
history, which includes deep time (Hamilton 2017, Porr 
& Matthews 2017). Thus, we are left with the contradic-
tory impulses to at once increase the emphasis on the 
deep past, but at the same time to abandon research 
approaches based on the colonial imposition of the 
enlightenment project out of which palaeoanthropol-
ogy developed. There is a risk that this conundrum will 
lead to a tacit differentiation between the archaeology 
of the recent past, which will fold into heritage studies, 
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219–22.
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from the 73,000-year-old levels at Blombos Cave, 
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Horwitz, L.K., & M. Chazan, 2015. Past and present at 
Wonderwerk Cave (Northern Cape Province, South 
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implications, that stresses the role of shamanic visions 
in trance states as the causal mechanism generating 
artistic expression (Lewis-Williams 2004). It is striking 
that the search to correlate artistic motifs to entoptic phe-
nomenon generated by human neurological processes, as 
opposed to culturally mediated expression, has not had 
a significant impact on the way that the earliest African 
art is seen.

4. In recent years Francis Thackeray (2005) has used one 
of the Wonderwerk slabs to advance an argument for a 
belief in the power of the wounded roan that he believes 
stands at the root of many African beliefs. Thackeray is 
taking on the challenge of understanding an ideational 
system that he finds to be distinctive and worthy of deep 
appreciation.

5. At this point the stratigraphic context from which the 
slab was recovered, and thus the age of the slab, remains 
unclear, adding an additional level of ambiguity. We 
remain unsure of whether this part of the site is an intact 
Later Stone Age deposit or if has been disturbed by later 
activities in the cave.
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The pasts and presence of art in South Africa
In 2015, #RhodesMustFall generated the largest student protests in South Africa since the end 
of apartheid, subsequently inspiring protests and acts of decolonial iconoclasm across the 
globe. The performances that emerged in, through and around #RhodesMustFall make it clear 
how analytically fruitful Alfred Gell’s notion that art is ‘a system of social action, intended 
to change the world rather than encode symbolic propositions about it’ can be, even when 
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