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● Social structures
● Food sharing
● Home bases/central places
● Carcass transport
● Localized activity areas
● Scavenging vs. hunting
● Cooperative behavior
● Butchering behavior

OR
?
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Archaeological importance of fragmentary bone 



Question 1: Does bone fragment shape tell us anything about 
the actor responsible for fragmentation? 

Question 2: If so, can we distinguish hominin damage from 
carnivore damage? And, can we identify different types of 
hominin damage?
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Studies on bone breakage
● Fracture Outline 
● Fracture Plane  
● Quality of Fracture Edge
● Remaining Circumference 
● Fracture Freshness Index (FFI)
● Fragment Length, width, breadth-to-length ratio
● Notch dimensions
● Fracture Angle
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Fracture Angles
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Alcantara-García et al. (2006). 
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< 80° = hominin
80° and 110° = carnivore

> 110° = hominin
Mixed results

Average =  49° (hom)
Min = 35° (hom)

Max = 102° (carn)
Center = 69° (hom)

Average =  89° (carn)
Min = 69° (hom)

Max = 102° (carn)
Center = 92° (carn)

Average =  49° (hom)
Min = 35° (hom)
Max = 69° (hom)

Center = 49° (hom)

“Midpoint measurements were the chosen standard because the fracture angle 
of a plane often varies along its full length.”(Pickering et al., 2005:251)
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Fracture Angles: Methods
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So then, how do we deal with these methodological concerns? 
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Geometric Invariants
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Geometric Invariants
Distance histograms Spherical volume invariant

Surface curvature
Virtual goniometer



Distance histograms
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Trapezoid vs. Kite

Rectangle vs. Rectangle

(Brinkman and Olver, 2012)

Pairwise Fixed point



Distance histograms
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(Brinkman and Olver, 2012)

n = 4

n = 8

n = 20 n = 50
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Spherical Volume Invariant (SVI)
Volume at r = .5,  2, 5       Red = least, blue 
most (normalized by fragment), shows 
varying degrees of feature detection

Example A

Example B



Surface Curvature
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Much Richer Data

OR
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Virtual Goniometer

Example A

Example B



Preliminary results
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Agents of fragmentation and equifinality
Carnivore Hominin

Rock 
fall

Batting

Hammerstone 
and anvil

Crocuta 
crocuta

Hammerstone 
only

Geological Taxa
● Cervus canadensis
● Odocoileus virginianus
● Capra hircus
● Ovis aries
● Bos taurus
● Equus caballus

Skeletal Elements
● Femur
● Tibia
● Humerus
● Radius-ulna
● Metapodials

Bones: >300
Fragments: ~3,212



Sample Size (Digital Data)
Manual Data Digital Data

● 457 fragments

● 2,059 breaks

● 1,358 measurements

● 82 fragments

● 1,376,900 measurements

● 1% = 13,769



First Stages Training set

(Hyena) 

Test set

(Hyena) 

Test set

(Hominin) 

YES NO



Results
 

24

Curvature Test Results
Tests: >50
Test sets: 40% - 75% (152 - 1824 curvature 
extractions)
Trials per test: 1,000
True positives: 0.938 - 0.965
False negatives: 1.00
False positives: 0.035 - 0.062

Manual Test Results
Tests: 15
Test sets: 40% - 75% (22 - 157 fracture angles)
Trials per test: 1,000
True positives: 0.949 - 0.966
True negatives: 0.019 - 0.561
False negatives: 0.034 - 0.051
False positives: 0.439 - 0.981

Preliminary conclusion: Geometric invariants might perform better than traditional measures.



Moving Forward
● Continue to develop scanning and post-processing methods that are useful for 

large assemblages.
● Complete the experimental breakage 

● Adding in the additional taxa

● Adding in the additional methods of breakage including rockfall

● Continue to take manual measurements
● Incorporate the other invariants described here
● SVM, KNN, CNN, Random forests, etc. 
● THE ARCHAEOLOGICAL SAMPLE - Dmanisi
● Also, automated refits
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