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F i g u r e  2 . 1 .  M u r u j u g a  s u b r e g i o n s  i n i t i a l l y  i d e n t i f i e d  i n  t h e  h e r i t a g e  i n v e n t o r y  m e t h o d o l o g y  ( M c D o n a l d  2 0 0 9 a ) .
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 representative Landscapes 
The project recognised the urgent need for systematic 
rock ar t recording and analysis across the national 
heritage Place (nhP). The only systematic recording 
work previously completed in the conservation estate 
since the nhP listing had been the initial deep Gorge 
survey, along with the burrup rock ar t field schools 
(Mcdonald 2009a; see Table 1.1). a heritage inventory study of 
the nhP estate identified that a range of representative 
landscapes across the archipelago needed sampling 
so that appropriate management strategies could be 
implemented (Mcdonald 2009b). 
T h i s  p r o j e c t  t a r g e t e d  t h e  o u t e r  i s l a n d s  ( O I s )  E n d e r b y 

a n d  R o s e m a r y ,  c e n t r a l  i s l a n d  ( C I )  W e s t  L e w i s  a n d 

n o r t h e r n  i s l a n d s  ( N I s )  D o l p h i n  a n d  G i d l e y  a s  t h e s e 

w e r e  o f  v a r y i n g  s i z e s ,  d i f f e r e n t  g e o l o g i e s  a n d  d i f f e r e n t 

d i s t a n c e s  ( i . e .  w i t h  v a r y i n g  a c c e s s i b i l i t y )  f r o m  t h e 

c u r r e n t  s h o r e l i n e  i n  t h e  H o l o c e n e  ( F i g u r e  2 .1 ) .  To  c o l l e c t 

c o m p a r a b l e  d a t a  t o  t h a t  w h i c h  h a s  b e e n  c o l l e c t e d 

o n  t h e  n o r t h ,  c e n t r a l  a n d  s o u t h e r n  B u r r u p  ( N B ,  C B , 

S B )  o v e r  t h e  l a s t  2 0  y e a r s  ( s e e  Ta b l e  1 .1 ) ,  t h e  p r o j e c t 

t a r g e t e d  s u r v e y  t r a n s e c t s  t o  c o v e r  a  r a n g e  o f  m i c r o - e n -

v i r o n m e n t a l  a n d  g e o l o g i c a l  v a r i a b i l i t y  i n  t h e  s a m p l e d 

s u b r e g i o n s .  T h e  l a n d s c a p e s  s a m p l e d ,  p e o p l e  d a y s  a n d 

n a t u r e  o f  t h e  r e c o r d i n g  t r i p s  u n d e r t a k e n  t h r o u g h o u t  t h e 

p r o j e c t  a r e  s h o w n  i n  Ta b l e  2 .1 .

TRIP LOCATION LANDSCAPES ACTIVITIES
PERSON DAYS:  

UWA/
INDUSTRY*

MOTIFS 
RECORDED

April–May 2014 Rosemary Island OI; Wadjuru Pool, RM08 Excavation (M. Berry ’s PhD) 50 28 200

July 2014 Murujuga Rockshelter SB; Burrup Test excavation during field school 60
March 2016 men’s trip  
(researchers, TOs, Rangers)

Enderby Island (south camp) OI; cultural clearance
Cultural clearance by helicopter and 
boat to SA1, SA2, SA6

10 5

July 2016 Murujuga Rockshelter SB; Burrup Salvage excavation during field school 80

4–14 April 2016 Enderby Island (south camp) OI; Areas 1–4 Rock art and stone structure recording 54 46 2,781

2–13 May 2016 Ancient Pools NB; Areas 1–6 Rock art , stone structure recording 36 34 2,721

4–16 June 2016 Enderby Island OI; Areas 2, 6 Excavation 61 28

20 July – 5 August 2016 Rosemary Island (east camp) OI; Areas 1–3 
Rock art and stone structure recording, 
GPR

62 42 2,926

19 April – 1 May 2017 Rosemary Island (west camp)
OI; Area 5, RM08, 
Isolated

Rock art and stone structure recording 45 26 1,875

6–16 May 2017
Enderby Island (north camp), 
Ancient Pools

OI; Areas 6–8
Rock art and stone structure recording; 
calcium carbonate coring

32 20 2,781

12–23 June 2017 West Lewis Island CI; Areas 1, 5, Isolated
Historic homestead excavation; rock 
art and stone structure recording

59 46 1,428

17–28 July 2017 Watering Cove, Old Geos
NB: Burrup sand body, 
dolerite dyke 
SB: Tegillarca midden

Excavation; limited rock art recording 64 57 332

3–13 May 2018 
Rosemary Island, Flying Foam 
Pearling sites, Dolphin

OI: Areas 3, 5

NI: Areas 1–5

Rock art stone structure recording and 
visualisation, historic features

50 38 613

Total 663 337 14,858

Ta b l e  2 . 1 .  Su m ma r y  o f  f i e l d w o r k  l o c a t i o n s  v i s i te d  o v e r  t h e  c o u r s e  o f  t h e  L i n k a g e  Pro j e c t  s h o w i n g  s a m p l e  t ra n s e c t s ,  a rc ha e o l o g i c a l  a c t i v i t i e s  a n d  su m ma r i e s  o f 
m o t i f  as s e m b la g e s  re c o rd e d . *  U WA  =  re s ea rc h e r s ,  s tu d e n t s  a n d  t ra d i t i o na l  o wn e r s ;  G P R  –  g ro u n d  p e n e t ra t i n g  ra da r.  In d u s t r y  =  R i o  T i n to  Pa r t n e r  Inv e s t i ga to r 

Mu l va n e y,  o t h e r  R i o  T i n to  p e r s o n n e l  ( i . e .  V i c to r ia  A n d e r s o n  i s  i n c l u d e d  i n  R i o  t a l l y  b u t  p a r t i c i p a te d  a l s o  as  a  P hD  c a n d i da te )  a n d  v o l u n te e r s . 

THE GETTING OF WISDOM: FIELD AND LABORATORY METH-

ODS
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I n  a d d i t i o n  t o  t h e  s a m p l e d  i s l a n d  l o c a t i o n s ,  a n n u a l 

r e c o r d i n g  w o r k  w a s  a c h i e v e d  o n  t h e  B u r r u p  d u r i n g  t h e  R i o 

T i n t o – s p o n s o r e d  U WA  R o c k  A r t  f i e l d  s c h o o l  ( d o c u m e n t e d 

i n  r e p o r t s  t o  M A C  a n d  D P L H ,  e . g .  M c D o n a l d  a n d  d e  K o n i n g 

2 0 1 5 ) .  T h i s  B u r r u p  r e c o r d i n g  w o r k  h a s  d o c u m e n t e d  a r e a s 

w i t h i n  t h e  N H P  b o t h  w i t h i n  a n d  o u t s i d e  t h e  z o n e d  c o n s e r -

v a t i o n  e s t a t e ,  i . e .  t h e  M u r u j u g a  N a t i o n a l  P a r k .

C o n s u l ta t i o n  a n d  C u l t u ra l  P ro to co l s
A  R e s e a r c h  M a n a g e m e n t  C o m m i t t e e  f o r  t h e  L i n k a g e 

P r o j e c t  i n c l u d e d  t h e  M u r u j u g a  A b o r i g i n a l  C o r p o r a t i o n 

C E O  ( m o s t l y  P e t e r  J e f f r i e s ) ,  M u r u j u g a  L a n d  a n d  S e a 

U n i t  M a n a g e r  ( u n t i l  O c t o b e r  2 0 1 8 ,  S e a n  M c N e a i r ) ,  L e a d 

C h i e f  I n v e s t i g a t o r  J o  M c D o n a l d ,  P a r t n e r  I n v e s t i g a t o r 

K e n  M u l v a n e y  a n d  t h e  R e s e a r c h  M a n a g e r,  J o e  D o r t c h . 

T h i s  c o m m i t t e e  h a s  m e t  r e g u l a r l y :  e i g h t  t i m e s  i n  2 0 1 6 , 

f o u r  t i m e s  i n  2 0 1 7  a n d  f o u r  t i m e s  i n  2 0 1 8 .  R e s e a r c h 

p r o t o c o l s  w e r e  d e v e l o p e d  f o r  t h e  c o l l e c t i o n  a n d  a n a l y s i s 

o f  a r c h a e o l o g i c a l  m a t e r i a l s .  A  s t r o n g  r e l a t i o n s h i p  w i t h 

t h e  c o m m u n i t y  h a s  b e e n  f o r g e d .  B e t w e e n  t h e  p r o j e c t ’ s 

s t a r t  a n d  e n d ,  t h e  p r o j e c t  t e a m  p r e s e n t e d  2 2  t i m e s  t o  t h e 

C i r c l e  o f  E l d e r s ,  t h e  r e p r e s e n t a t i v e  b o d y  o f  s e n i o r  m e n 

a n d  w o m e n  o f  M A C  ( F i g u r e  2 . 2 ) .  T h e s e  p r e s e n t a t i o n s 

d e s c r i b e d  w h e r e  a n d  w h y  t h e  t e a m  w a s  p l a n n i n g  t o  d o 

f i e l d w o r k ;  s o u g h t  a d v i c e  o n  w h e t h e r  t h i s  w a s  c u l t u r a l l y 

a p p r o p r i a t e ,  i n c l u d i n g  g e t t i n g  c u l t u r a l  c l e a r a n c e ;  a n d 

( i m p o r t a n t l y )  d i s s e m i n a t e d  f i e l d w o r k  r e s u l t s . 

T h e  p r o j e c t  e n v i s a g e d  t h i s  a s  a n  o p p o r t u n i t y  t o 

p r o v i d e  M A C  R a n g e r s  a n d  s t a f f  w i t h  t r a i n i n g  i n  a l l  a s p e c t s 

o f  r o c k  a r t  a n d  o t h e r  s i t e  r e c o r d i n g ,  e x c a v a t i o n  a n d 

d a t a b a s e  m a n a g e m e n t .  T h i s  t r a i n i n g  w a s  t o  b e  d i r e c t e d 

t o w a r d s  r a i s i n g  t h e  M A C  R a n g e r s ’  c a p a c i t y  t o  m a n a g e , 

c o n s e r v e  a n d  p r o v i d e  i n t e r p r e t i v e  r e s o u r c e s  f o r  t h e i r  o w n 

w o r k  a c r o s s  M u r u j u g a  N a t i o n a l  P a r k  a n d  t h e  w i d e r  l a n d 

a n d  s e a  C o u n t r y,  w i t h  t h e  n e w  i n t e r p r e t a t i o n  t e c h n i q u e s , 

t o  f o s t e r  n e w  e c o n o m i e s  a r o u n d  h e r i t a g e  v a l u e s . 

A l l  f i e l d w o r k  w a s  c o n d u c t e d  i n  c l o s e  c o l l a b o r a t i o n 

w i t h  l o c a l  Tr a d i t i o n a l  O w n e r  g r o u p s  r e p r e s e n t e d  b y 

M A C  ( F i g u r e  2 . 3 ) .  T h i s  e n g a g e m e n t  w a s  f a c i l i t a t e d  b y 

M A C  s t a f f  a n d  t h e  C i r c l e  o f  E l d e r s .  T h e  M u r u j u g a  L a n d 

a n d  S e a  U n i t  R a n g e r s  p a r t i c i p a t e d  w h e n  t h e i r  s c h e d u l e 

a l l o w e d ,  a n d  t h e  p r o j e c t  d e p l o y e d  t h e  M A C  v e s s e l  To p a z , 

s k i p p e r e d  b y  R a n g e r  C o o r d i n a t o r  S e a n  M c N e a i r .  R e g u l a r 

u p d a t e s  o n  f i e l d w o r k  r e s u l t s  w e r e  p r e s e n t e d  a t  C i r c l e 

o f  E l d e r s  m e e t i n g s .  T h e  E l d e r s  a n d  R a n g e r s  a t t e n d e d 

c o n f e r e n c e  p r e s e n t a t i o n s  w i t h  t h e  r e s e a r c h  t e a m  i n  2 0 1 6 

a n d  2 0 1 7  a s  w e l l  a s  p a r t i c i p a t i n g  i n  t h e  U W A  R e s e a r c h 

W e e k  a c t i v i t i e s  ( i n  2 0 1 7 )  a n d  o t h e r  U W A  s e m i n a r s . 

T h e  M A C  R a n g e r s  u n d e r g o  a  p r o g r a m  o f  t r a i n i n g  c e r -

t i f i c a t i o n ,  a n d  o v e r  t h e  l i f e  o f  t h e  p r o j e c t  t h e r e  h a v e  b e e n 

s e v e r a l  c y c l e s  o f  n e w  p e r s o n n e l  i n  t h e  c o o r d i n a t i o n  a n d 

r a n g e r  r o l e s .  G i v e n  t h e  c h a n g e o v e r  o f  i n d i v i d u a l  r a n g e r s 

w i t h i n  t h e  M u r u j u g a  L a n d  a n d  S e a  U n i t  a n d  D e p a r t m e n t 

o f  B i o d i v e r s i t y ,  C o n s e r v a t i o n  a n d  A t t r a c t i o n s  ( D B C A ) 

r a n g e r  p r o g r a m ,  t h e  t r a i n i n g  o u t c o m e s  h a v e  b e e n 

s o m e w h a t  h i t  a n d  m i s s .  T h e  m a j o r  m a n a g e m e n t  o u t c o m e 

o f  t h e  p r o j e c t  h a s  b e e n  t h e  g e n e r a t i o n  o f  n e w  b a s e l i n e 

i n f o r m a t i o n  w h i c h  c a n  b e  m o b i l i s e d  i n t o  t h e  M u r u j u g a 

C u l t u r a l  H e r i t a g e  M a n a g e m e n t  P l a n  ( M A C  2 0 1 6 ) ,  a n d  t h e 

n e w  d a t a b a s e  s y s t e m  w h i c h  M A C  i s  i n s t a l l i n g .  T h i s  h a s 

b e e n  d e v e l o p e d  b y  E n v i r o n m e n t a l  S y s t e m s  S o l u t i o n s , 

w h i c h  a l s o  p r o v i d e  b a c k - e n d  s u p p o r t  t o  t h e  C R A R + M 

d a t a b a s e ,  a l l o w i n g  f o r  t h e  s e a m l e s s  t r a n s f e r  o f  d a t a 

b e t w e e n  t h e  t w o  d a t a b a s e s .  T h e  i n c o r p o r a t i o n  o f  d i g i t a l 

r e c o r d i n g  t e c h n o l o g i e s  i n t o  t h e  r e c o r d i n g  w o r k f l o w  a n d 

e m p l o y m e n t  o f  a  d a t a b a s e  m a n a g e r  ( a f t e r  t h e  A R C  L P 

f u n d i n g  c e a s e d )  t h r o u g h  t h e  R i o  T i n t o – U W A  R e s e a r c h 

M e m o r a n d u m  o f  U n d e r s t a n d i n g  h a s  e n a b l e d  t h e 

c o m p l e t i o n  o f  t h e  a u d i t i n g  a n d  d a t a  u p l o a d i n g  a s  p a r t 

o f  t h e  p r o j e c t  o u t p u t s  –  a l s o  p r o d u c i n g  o p p o r t u n i t i e s 

f o r  l o c a l  a n d  s t a t e  c o m m u n i t y  h e r i t a g e  d i s p l a y s  ( e . g .  i n 

t h e  M u r u j u g a  e x h i b i t i o n  o f  t h e  n e w  W A  M u s e u m  B o o l a 

B a r d i p ) .

ro c k  a r t  re co rd i n g
T h e  f i e l d w o r k  w a s  u n d e r t a k e n  b y  u p  t o  f i v e  s u r v e y 

t e a m s ,  e a c h  c o m p r i s i n g  t w o  o r  t h r e e  p e o p l e ,  l a b e l l e d 

t e a m s  A – E .  E a c h  t e a m  w o r k e d  i n d e p e n d e n t l y  b u t  i n 

v e r b a l  a n d  v i s u a l  c o m m u n i c a t i o n  w i t h  t h e  o t h e r  t e a m s  t o 

e n s u r e  f u l l  c o v e r a g e  o f  t h e  s u r v e y  t r a n s e c t s .  E a c h  t e a m 

c a r r i e d  a  d e d i c a t e d  c a m e r a ,  G P S ,  m e a s u r i n g  e q u i p m e n t , 

d r a w i n g  e q u i p m e n t ,  a  ‘ F l a p p y ’  ( a n  i n n o v a t i v e  m e t h o d  f o r 

i d e n t i f y i n g  t e a m  I D  a n d  p a n e l  n u m b e r s  i n  t h e  L i g h t R o o m 

p h o t o g r a p h y  w o r k f l o w )  a n d  a n  i P a d  t o  d i g i t a l l y  r e c o r d 

t h e  s p e c i f i c  a t t r i b u t e s  o f  p a n e l s  a n d  m o t i f s  ( F i g u r e  2 . 4 ) . 

E a c h  b l o c k  a n d /o r  p l a t f o r m  w i t h i n  a  s u r v e y  a r e a  w a s 

e x a m i n e d  a n d  a n y  s u r f a c e  f o u n d  t o  c o n t a i n  r o c k  a r t  w a s 

d e s i g n a t e d  a s  a  u n i q u e l y  i d e n t i f i e d  p e t r o g l y p h  p a n e l . 

P a n e l  n a m i n g  i n c l u d e d  t h e  t e a m  l e t t e r  a n d  t h e  d a t e  o f 

i t s  r e c o r d i n g  a n d  r a n  s e q u e n t i a l l y  ( f r o m  - 0 0 1  t o  - 9 9 9 ) 

d u r i n g  t h a t  p a r t i c u l a r  f i e l d  c a m p a i g n  w i t h i n  t h e  s u r v e y 

a r e a .  E a c h  i n d i v i d u a l  p e t r o g l y p h  w a s  r e c o r d e d  a s  a 

‘ m o t i f ’  ( i . e .  a  g r a p h i c  c o m p o s i t i o n  l a b e l l e d  b a s e d  o n  i t s 

s h a p e  c h a r a c t e r i s t i c s )  o n  t h a t  p a n e l ,  w i t h  m o t i f s  b e i n g 

n u m b e r e d  s e q u e n t i a l l y  f r o m  - 0 1  t o  - 9 9  o n  e a c h  p a n e l . 
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F i g u r e  2 . 2 .  M u r u j u g a  A b o r i g i na l  C o r p o ra t i o n ’s  C i r c l e  o f  E l d e r s  a t t e n d e d  a )  o n - c o u n t r y  m e e t i n g s  a s  w e l l  a s  b )  t h e  p r o j e c t  t e a m  p r e s e n t i n g  a t  C i r c l e  o f  E l d e r s ’ 
m e e t i n g s ;  (c ,  d )  E l d e r s  a n d  R a n g e r s  a t t e n d e d  R e s e a r c h  We e k  a t  U WA  i n  2 0 1 7,  w h i c h  p r o v i d e d  a n  o p p o r t u n i t y  f o r  t h e  c o m m u n i t y  t o  s e e  r e s e a r c h  e x p e r i m e n t s  i n 

a c t i o n  a n d  t h e  f o r  t h e  R a n g e r s  t o  p a r t i c i p a t e  i n  l a b  w o r k ;  (e )  M u r u j u g a  wa s  t h e  f o c u s  o f  t h i s  Un i v e r s i t y  o f  We s t e r n  A u s t ra l i a  2 0 1 7  R e s e a r c h  We e k .
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F i g u r e  2 . 3 .  T h e  i n v o l v e m e n t  o f  M u r u j u g a  A b o r i g i n a l  C o r p o r a t i o n  w a s  v i t a l  t o  t h e  s u c c e s s  o f  t h e  p r o j e c t :  ( a – c )  M A C  v e s s e l  To p a z  a n d  M A C  R a n g e r s 
f a c i l i t a t i n g  f i e l d w o r k  o n  t h e  i s l a n d s ;  ( d )  M A C  R a n g e r s  a n d  E l d e r s  a n d  I n d u s t r y  r e p r e s e n t a t i v e  p r e s e n t i n g  a t  a n  a r c h a e o l o g y  d e p a r t m e n t  s e m i n a r  i n  2 0 1 6 .

A n  i P a d  m i n i  r u n n i n g  F i l e M a k e r P r o ©  r e c o r d i n g  f o r m s 

c o l l e c t e d  i n f o r m a t i o n  f i r s t  a b o u t  t h e  p a n e l :  b l o c k  m e a -

s u r e m e n t s  ( l e n g t h ,  w i d t h  a n d  d e p t h ) ,  a s p e c t ,  a n d  s u r f a c e 

a t t r i b u t e s  s u c h  a s  c o l o u r,  c o n d i t i o n  a n d  p r e s e n c e /

a b s e n c e  o f  d e s e r t  v a r n i s h .

T h i s  p r o c e s s  i s  d i s c u s s e d  i n  m o r e  d e t a i l  i n  C h a p t e r 

3 .  T h e  l o c a t i o n  o f  e a c h  p a n e l  w a s  r e c o r d e d  u s i n g  t h e 

t e a m ’ s  h a n d h e l d  G a r m i n  G P S  a n d  d o w n l o a d e d  o n t o 

G a r m i n  B a s e C a m p  a l o n g  w i t h  c s v  f i l e s  t o  a u d i t .  T h e s e 

w e r e  c r o s s c h e c k e d  e a c h  e v e n i n g  w i t h  t h e  d i g i t a l l y 

c o l l e c t e d  p a n e l  i n f o r m a t i o n .  E a c h  t e a m  u s e d  a  C a n o n 

D S L R  c a m e r a  t o  c a p t u r e  e v e r y  r o c k  a r t  p a n e l  a n d  m o t i f 

i n  h i g h  r e s o l u t i o n :  m o s t  o f  t h e s e  h a d  i n b u i l t  G P S  l o c a t i o n , 

u s e d  a s  a  c r o s s c h e c k  f o r  t h e  h a n d h e l d  G P S  i n f o r m a t i o n . 

F i g u r e  2 . 4 .  R e c o r d i n g  e q u i p m e n t  u s e d  d u r i n g  t h e  d o c u m e n t a t i o n :  ( a – b )  i P a d  m i n i  f o r  r e c o r d i n g  p a n e l  a n d  m o t i f  d e t a i l s  a n d 
m e a s u r i n g  e q u i p m e n t ;  ( c )  s k e t c h i n g  o n  p a p e r ;  ( d )  t h e  F l a p p y .
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M o t i f s  w e r e  r e c o r d e d  u s i n g  t h e  t a x o n o m y  d e v e l o p e d 

b y  t h e  a u t h o r s  ( e . g .  M c D o n a l d  2 0 0 9 a ;  M c D o n a l d  a n d  V e t h 

2 0 0 6 ,  2 0 0 9 ;  M u l v a n e y  2 0 1 5 ;  a n d  f o l l o w i n g  V i n n i c o m b e 

2 0 0 2 ) .  A l s o  r e c o r d e d  w e r e  m e a s u r e m e n t s  ( l e n g t h ,  w i d t h ) 

a n d  a t t r i b u t e s  s u c h  a s  s u p e r i m p o s i t i o n  a n d  c o n d i t i o n 

a s  w e l l  a s  m o r e  d e t a i l e d  s p e c i f i c  c o m m e n t s .  A n o t h e r 

v a r i a b l e  r e c o r d e d  w a s  c o n t r a s t  s t a t e  ( C S ) ,  a s  a n  i n d i c a t o r 

o f  r e l a t i v e  a g e .  W i t h  v a l u e s  f r o m  C S 1  ( t h e  s a m e  c o l o u r 

a s  t h e  b e d r o c k )  t o  C S 5  ( b r i g h t / f r e s h :  s e e  M u l v a n e y  2 0 1 5 

a n d  d i s c u s s i o n  i n  C h a p t e r  3 ) ,  t h i s  m e a s u r e  h a s  a l l o w e d 

u s  t o  d e v e l o p  a  r e l a t i v e  c h r o n o l o g y.

To w a r d s  t h e  e n d  o f  t h e  p r o j e c t ,  e a c h  r e c o r d i n g  t e a m 

a l s o  u s e d  a n  i P a d  P r o  r u n n i n g  P r o c r e a t e  t o  m a k e  d e t a i l e d 

s k e t c h e s  o f  e a c h  i m a g e  o n  t h e  p a n e l  i n  t h e  f i e l d ,  r e p l a c i n g 

t h e  p a p e r  c o m p o n e n t  o f  t h e  r e c o r d i n g  p r o t o c o l . 

A  f i e l d w o r k  p h o t o g r a p h y  w o r k f l o w  e v o l v e d  o v e r 

t h e  l i f e  o f  t h e  p r o j e c t  a n d  b e c a m e  m o r e  s t r e a m l i n e d  t o 

a c c o m m o d a t e  t h e  n i g h t l y  d a t a  d o w n l o a d .  T h e  o r d e r  o f 

t h e  p h o t o g r a p h s  t a k e n  f o r  e a c h  p a n e l  w a s : 

1 .  c o n t e x t  ( a  l a n d s c a p e  s h o t  s h o w i n g  t h e  l o c a t i o n 

o f  t h e  p a n e l ) ; 

2 .  p a n e l  s h o t  ( i n c l u d i n g  t h e  e n t i r e  e x t e n t  o f  t h e 

r e c o r d e d  s u r f a c e ) ; 

3 .  a t  l e a s t  o n e  i m a g e  o f  e a c h  m o t i f  e n g r a v e d  o n  t h e 

p a n e l ,  i n  t h e  s a m e  o r d e r  a s  t h e  s k e t c h /d i g i t a l 

r e c o r d e d  s e q u e n c e ; 

4 .  p i c t u r e  o f  t h e  s k e t c h  ( t h i s  w a s  d r o p p e d  o n c e 

d i g i t a l  s k e t c h e s  w e r e  i m p l e m e n t e d ) ; 

5 .  a s p e c t  f r o m  t h e  p a n e l  ( i . e .  a t  9 0  d e g r e e s  f r o m  t h e 

p a n e l ) ; 

6 .  a  p i c t u r e  o f  t h e  F l a p p y  w i t h  t h e  r e l e v a n t  p a n e l 

n u m b e r. 

A d o b e  L i g h t r o o m  w a s  u s e d  t o  e n s u r e  c o m p r e h e n s i v e 

a n d  s y s t e m a t i c  c a t a l o g u i n g  o f  t h e  m e t a d a t a .  T h i s  w a s 

d o n e  a t  t h e  e n d  o f  e a c h  f i e l d  d a y.  A l l  i m a g e s  a r e  s t o r e d 

a s  r a w  D N G  f i l e s  f o r  a r c h i v a l  p u r p o s e s  a s  w e l l  a s  h i g h - 

r e s o l u t i o n  J P E G s  t o  e n s u r e  e a s y  a c c e s s  a n d  n a v i g a t i o n 

o f  f i l e s .  A l l  i m a g e r y  w a s  r e n a m e d  i n  L i g h t r o o m  t o  r e f l e c t 

p a n e l / m o t i f  I D ,  t o  e n s u r e  m e t a d a t a  p r e s e r v a t i o n  a n d  t o 

f a c i l i t a t e  d a t a b a s e  u p l o a d i n g . 

P o s t - f i e l d w o r k ,  a l l  i m a g e s  a n d  d a t a  c o l l e c t e d  w e r e 

a u d i t e d .  E a c h  d i g i t a l  i m a g e  i s  l i n k e d  t o  i t s  r e l e v a n t 

r e c o r d e d  p a n e l  a n d  m o t i f  e n t r i e s .  A l l  r o c k  a r t  i m a g e s 

w i l l  b e  s u b j e c t  t o  t h e  M A C – C R A R + M  I m a g e  C l e a r a n c e 

P r o c e s s .  T h i s  p r o c e s s  i n v o l v e s  d e s i g n a t i o n  o f  c u l t u r a l 

s i g n i f i c a n c e  o f  t h e  i m a g e r y  b y  a  s e n i o r  m a l e  c u s t o d i a n 

( t h r o u g h o u t  t h i s  p r o j e c t ,  b y  M A C  C E O  P e t e r  J e f f r i e s ) 

w o r k i n g  w i t h  t h e  C R A R + M  D a t a b a s e  M a n a g e r.  T h i s 

p r o c e s s  e n s u r e s  c u l t u r a l  s a f e t y  o f  i m a g e  r e p a t r i a t i o n 

t o  M A C  a t  t h e  e n d  o f  a l l  m a j o r  r e c o r d i n g  p r o j e c t s .  I n 

s u m m a r y,  r o c k  a r t  i m a g e r y  i s  d e s i g n a t e d  a s  ‘ o p e n ’  o r 

‘ c l o s e d ’  w i t h  v a r i o u s  l e v e l s  o f  c u l t u r a l  s i g n i f i c a n c e  w i t h i n 

t h e  c l o s e d  c a t e g o r i e s .  T h i s  p r o c e s s  w a s  i n c o m p l e t e  a t 

t h e  e n d  o f  t h e  p r o j e c t  b u t  w i l l  b e  u n d e r t a k e n  i n  a  f u t u r e 

p r o j e c t  b y  U W A  a n d  M A C  ( D e s e r t  t o  t h e  S e a  L P ) .  A l l 

d a t a  h a s  b e e n  u p l o a d e d  i n t o  t h e  C R A R + M  d a t a b a s e , 

a  w e b  a r c h i v e  t h a t  i s  a l r e a d y  a c c e s s i b l e  t o  M A C 

h e r i t a g e  p e r s o n n e l  ( a s  w e l l  a s  a n y  o t h e r  c o l l a b o r a t i n g 

r e s e a r c h e r s  o n  t h e i r  h e r i t a g e  e s t a t e s ) ,  i n d u s t r y  p a r t n e r s 

a n d  r e s e a r c h e r s  a t  C R A R + M  U W A .  A  s h a p e f i l e  w i t h  a l l 

p a n e l s  a n d  a l l  o p e n  i m a g e r y  w i l l  b e  p r o v i d e d  t o  D B C A 

a n d  D e p a r t m e n t  o f  L a n d s ,  P l a n n i n g  a n d  H e r i t a g e  ( D P L H ) 

f o r  t h e i r  d i f f e r e n t  m a n a g e m e n t  a n d  r e g u l a t o r y  p u r p o s e s . 

sto n e  st r u c t u re  re co rd i n g
T h e  v a r i a t i o n  i n  f o r m  a n d  d e n s i t y  o f  M u r u j u g a  s t o n e 

s t r u c t u r e s  w a s  r e c o g n i s e d  a l o n g  w i t h  a s p e c t s  o f  t h e 

r o c k  a r t  a s  o n e  o f  t h e  s i g n i f i c a n t  N a t i o n a l  H e r i t a g e 

v a l u e s  o f  t h e  N H P.  S t o n e  s t r u c t u r e s  i n c l u d e  p i t  f e a t u r e s 

w i t h i n  t h e  r o c k  s l o p e s ,  h e a p e d  s t o n e  c i r c u l a r  a n d  l i n e a r 

f o r m a t i o n s ,  a n d  p l a c e d ,  o f t e n  c h o c k e d ,  u p r i g h t  s t o n e s 

( s e e  C h a p t e r  4 ) . 

W h e r e  p o s s i b l e ,  s t o n e  s t r u c t u r e s  w e r e  r e c o r d e d  b y  o n e 

o f  t h e  s u r v e y  t e a m s  w h e n  e n c o u n t e r e d .  I n  a r e a s  w h e r e  p a r -

t i c u l a r l y  h i g h  q u a n t i t i e s  o f  s t o n e  s t r u c t u r e s  w e r e  i d e n t i f i e d , 

a  s i n g l e  t e a m  w a s  d e p l o y e d  t o  f o c u s  s o l e l y  o n  t h i s  s i t e 

t y p e .  E a c h  s t r u c t u r e  w a s  r e c o r d e d  w i t h  a  u n i q u e  c o d e  d a t e , 

t e a m  l e t t e r  a n d  a n  ‘ F ’  ( =   f e a t u r e )  d e s i g n a t i o n  t o  s e p a r a t e 

t h e s e  f r o m  r o c k  a r t  ( n o  l e t t e r )  a n d  ‘ S ’  ( a r t e f a c t  s c a t t e r s ) . 

A s  w i t h  r o c k  a r t ,  s t r u c t u r e s  w e r e  n u m b e r e d  s e q u e n t i a l l y 

w i t h i n  e a c h  s u r v e y  a r e a .  S t o n e  s t r u c t u r e s  w e r e  r e c o r d e d 

u s i n g  a n  i P a d  m i n i  r u n n i n g  F i l e M a k e r  P r o  o r  a  Tr i m b l e 

N o m a d  w i t h  i n b u i l t  G l o b a l  N a v i g a t i o n  S a t e l l i t e  S y s t e m 

( G N S S )  a n d  A r c P a d  f o r m s .  T h e  r e c o r d i n g  f o r m s  w e r e 

d e v e l o p e d  d u r i n g  t h e  M u r u j u g a :  D y n a m i c s  o f  t h e  D r e a m i n g 

P r o j e c t  a n d  a l l o w e d  f o r  d e t a i l e d  a t t r i b u t e  i n f o r m a t i o n  t o 

b e  c o l l e c t e d  w h i l e  u s i n g  a  s i m p l i f i e d  t y p o l o g y,  d e v e l o p e d 

f u r t h e r  b y  B e c k e t t  ( 2 0 2 1 )  d u r i n g  h e r  P h D  p r o j e c t .  A t t r i b u t e s 

i n c l u d e d  s t r u c t u r e  d i m e n s i o n s  ( l e n g t h ,  w i d t h ,  h e i g h t  o r 

d e p t h ) ,  s t r u c t u r e  s h a p e ,  c o n s t r u c t i o n  t y p e  a n d  l a n d f o r m 

c o n t e x t .  T h i s  i n f o r m a t i o n  c o n t r i b u t e d  t o  t h e  d e v e l o p m e n t 

o f  t h e  m o r e  c o m p r e h e n s i v e  t y p o l o g y  ( C h a p t e r  4 ) .  T h e 

l o c a t i o n  o f  e a c h  s t r u c t u r e  r e c o r d e d  w i t h  F i l e M a k e r  P r o © 

f o r m s  w a s  c o l l e c t e d  w i t h  e i t h e r  a  h a n d h e l d  G a r m i n  G P S 

d e v i c e  o r  a  h i g h l y  a c c u r a t e  ( s u b  c m )  Tr i m b l e  T S C 3 .  T h e 

Tr i m b l e  T S C 3 ©  w a s  a  c u m b e r s o m e  p i e c e  o f  e q u i p m e n t  s o 

w a s  m a i n l y  u s e d  i n  a r e a s  w h e r e  t h e r e  w e r e  d e n s e l y  c o n -

c e n t r a t e d  s t o n e  s t r u c t u r e s  p r e s e n t ,  s u c h  a s  o n  R o s e m a r y 

I s l a n d  w i t h i n  A r e a  3  a n d  A r e a  4 .  A  C a n o n  D S L R  c a m e r a 

w a s  u s e d  b y  e a c h  t e a m  t o  c a p t u r e  a  p h o t o g r a p h i c  r e c o r d 

o f  e a c h  s t r u c t u r e  a n d  w h e r e v e r  p o s s i b l e  a n  u n m a n n e d 
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a e r i a l  v e h i c l e  w a s  u s e d  t o  c a p t u r e  t h e  l a n d s c a p e  c o n t e x t 

o f  t h e s e  p l a c e s .  N i g h t l y  d a t a  d o w n l o a d  w a s  u n d e r t a k e n 

i n  A d o b e  L i g h t r o o m  o r  A d o b e  B r i d g e .  A s  w i t h  r o c k  a r t , 

p o s t - f i e l d w o r k ,  a l l  i m a g e s  a n d  d a t a  c o l l e c t e d  w e r e  a u d i t e d 

a n d  u p l o a d e d  i n t o  t h e  C R A R + M  d a t a b a s e  ( s e e  a b o v e ) .

e xca va t i o n  P ro ce d u re s
T h i s  p r o j e c t  a i m e d  t o  e x c a v a t e  o p e n  s i t e s  a s s o c i a t e d  w i t h 

o l d e r  e n g r a v i n g  a s s e m b l a g e s  a c r o s s  t h e  a r c h i p e l a g o ,  t o 

d e t e r m i n e  t h e  i n i t i a l  o c c u p a t i o n  o f  t h e s e  l a n d s c a p e s  –  t o 

p r o v i d e  a  f i r m  c h r o n o l o g y  f o r  M u r u j u g a  a r t  p r o d u c t i o n .  I t 

h a d  o r i g i n a l l y  b e e n  i n t e n d e d  t o  e x c a v a t e  s p a c e d  t e s t  p i t s , 

a n d  t o  e x p a n d  t h e s e  t o  o p e n  a r e a  e x c a v a t i o n  t o  i n c r e a s e 

t h e  a r t e f a c t  s a m p l e  a n d  p r o v i d e  a  b e t t e r  u n d e r s t a n d i n g 

o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  a s s e m b l a g e s  i n  a  v a r i e t y  o f 

o c c u p i e d  l a n d s c a p e s  ( v i z .  M c D o n a l d  2 0 0 5 ;  O ’ C o n n e l l 

1 9 8 7 ) .  T h i s  t u r n e d  o u t  t o  b e  a n  o v e r l y  a m b i t i o u s  g o a l  f o r 

a  t h r e e - y e a r  p r o j e c t  i n  a  l a n d s c a p e  w h e r e  o u r  u n d e r -

s t a n d i n g  o f  t h e  v a r i a b i l i t y  i n  t h e  g e o m o r p h i c ,  l a n d s c a p e 

a n d  a r c h a e o l o g i c a l  r e c o r d  w a s  l i m i t e d  a n d  w h e r e  w e 

e n c o u n t e r e d  b o t h  e x t r e m e l y  d e e p  c u l t u r a l  s e q u e n c e s 

( i . e .  s a n d  b o d i e s  o v e r  2   m  d e e p )  a n d  v e r y  d e n s e  c u l t u r a l 

a s s e m b l a g e s  ( m i d d e n  d e p o s i t s  w i t h  e x t r e m e l y  h i g h 

d e n s i t i e s  o f  s h e l l s ,  a r t e f a c t s  a n d  o t h e r  c u l t u r a l  r e m a i n s ) . 

E x t e n s i v e ,  o p e n - a r e a  e x c a v a t i o n s  w e r e  w e l l  b e y o n d 

t h e  s c o p e  o f  a n y  t h r e e - y e a r  c y c l e ,  e s p e c i a l l y  g i v e n  t h e 

c o m p l e x  a n d  e x t e n s i v e  o u t c o m e s  o f  t h e  p r o j e c t  w h i c h 

w e r e  s u c c e s s f u l l y  a c h i e v e d .

T h e  p r o j e c t  f o c u s e d  o n  a r c h a e o l o g i c a l  l a n d s c a p e s 

w h i c h  a r e  t a p h o n o m i c a l l y  u n l i k e l y  t o  p r e s e r v e 

o r g a n i c s  –  a n d  m i n i m a l  c h a r c o a l  w a s  r e c o v e r e d  f r o m 

m o s t  e x c a v a t i o n s .  W h e r e  c h a r c o a l  w a s  r e c o v e r e d , 

w e  a t t e m p t e d  t o  p r o v i d e  p a i r e d  s h e l l  a n d  c h a r c o a l 

s a m p l e s  t o  t e s t  t h e  r e l i a b i l i t y  o f  t h e  s h e l l  r a d i o c a r b o n 

d a t e s .  U n f o r t u n a t e l y ,  t h i s  c h a r c o a l  w a s  g e n e r a l l y  t o o 

f r a g m e n t a r y  t o  s u r v i v e  p r e - p r o c e s s i n g  ( F i o n a  P e t c h e y, 

W a i k a t o ,  p e r s .  c o m m . ,  2 0 1 6 ) .  M a n y  o f  o u r  E a r l y  H o l o c e n e 

s i t e s  c o n t a i n  p r e d o m i n a n t l y  Te r e b r a l i a  s p p .  s h e l l s ,  a n d 

t h e r e  i s  n o  c a l i b r a t i o n  c u r v e  a v a i l a b l e  f o r  t h i s  s p e c i e s  f o r 

t h e  n o r t h - w e s t  c o a s t  ( c f .  P e t c h e y  a n d  U l m  2 0 1 2 ) .

S t a n d a r d  a r c h a e o l o g i c a l  e x c a v a t i o n  t e c h n i q u e s 

w e r e  u s e d  t h r o u g h o u t  t h e  p r o j e c t .  A l l  e x c a v a t i o n s  o f 

I n d i g e n o u s  s i t e s  u s e d  u s u a l  a r c h a e o l o g i c a l  a n d  s e d -

i m e n t o l o g i c a l  d e s c r i p t i o n s  t o  h e l p  u n d e r s t a n d  t h e 

s i t e  f o r m a t i o n  p r o c e s s e s .  A l l  e x c a v a t e d  m a t e r i a l  w a s 

s c r e e n e d  t h r o u g h  6   m m ,  4   m m ,  2   m m  ( a n d  s o m e  1   m m ) 

s i e v e s  f o r  m a x i m u m  r e c o v e r y.  B e c a u s e  o f  t h e  s a n d y 

d e p o s i t s  a n d  a r i d  a n d  r e m o t e  e n v i r o n m e n t ,  d r y  s i e v i n g 

w a s  u s e d  o n - s i t e .  G e n e r a l l y ,  2   m m  r e s i d u e  w a s  u n s o r t e d 

i n  t h e  f i e l d  a n d  r e t u r n e d  t o  t h e  l a b  f o r  w e t  s i e v i n g  a n d 

m o r e  c o n t r o l l e d  s o r t i n g . 

S t r a t i g r a p h i c  s e c t i o n s  w e r e  d r a w n  f o r  e a c h  e x c a v a t e d 

s q u a r e  t o  m a x i m i s e  r e c o r d i n g  o f  r e l a t i o n s h i p s  b e t w e e n 

f e a t u r e s  a n d  s t r a t i g r a p h i c  u n i t s .  S e d i m e n t  s a m p l e s  w e r e 

c o l l e c t e d  i n  s i t u  f r o m  t h e  n o r t h - w e s t  c o r n e r  o f  e a c h 

e x c a v a t i o n  u n i t .  S o m e  o f  t h e s e  h a v e  b e e n  a n a l y s e d  i n 

m o r e  d e t a i l  ( e . g .  M c D o n a l d  e t  a l .  2 0 1 8 )  a n d  t h e  r e m a i n d e r 

h a v e  b e e n  s t o r e d  w i t h  t h e  a n a l y s e d  c u l t u r a l  m a t e r i a l .  To 

e n a b l e  t h r e e - d i m e n s i o n a l  d i g i t a l  r e c o r d i n g  o f  a l l  e x c a v a t e d 

s e c t i o n s ,  n i n e  p h o t o g r a p h s  w e r e  t a k e n  a t  t h e  e n d  o f  e a c h 

e x c a v a t i o n  u n i t  ( s q u a r e  b a s e ,  e a c h  o f  t h e  f o u r  b a u l k s  a n d 

e a c h  o f  t h e  f o u r  c o r n e r s ) ,  a l l o w i n g  f o r  a  3 D  p h o t o g r a m m e t -

r i c  i m a g e  f o r  t h e  b a s e  o f  e a c h  e x c a v a t i o n  u n i t  ( s e e  F i g u r e 

2 . 5 ) .  T h e s e  h a v e  a l s o  b e e n  d e p l o y e d  a s  3 D  v i s u a l i s a t i o n s 

f o r  c o n f e r e n c e  p r e s e n t a t i o n s  a n d  u s e  i n  i n t e r p r e t a t i o n 

d i s p l a y s .
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F i g u r e  2 . 5 .  V i s u a l i s a t i o n  o f  s q u a r e  E I A - 0 0 2 ’ s  w e s t e r n  b a u l k  c r e a t e d  b y  u s i n g  A g i s o f t  M e t a s h a p e  u s i n g  t h e  e n d  l e v e l 
p h o t o g r a p h s  t a k e n  f o r  t h i s  s q u a r e .

A  t o t a l  s t a t i o n  w a s  u s e d  t o  r e c o r d  t h e  s t a r t  a n d  e n d 

l e v e l s  o f  e x c a v a t i o n  u n i t s  i n  m o s t  s q u a r e s  a s  w e l l  a s 

t h e  l o c a t i o n s  o f  p r o v e n a n c e d  f i n d s .  T h e  n a m i n g  o f  a l l 

e x c a v a t i o n  s q u a r e s  w a s  b a s e d  o n  t h e  l a s t  t h r e e  d i g i t s 

f r o m  t h e  G P S  p o i n t  a t  t h e  n o r t h - w e s t  c o r n e r  o f  t h e 

e x c a v a t i o n  s q u a r e .  T h i s  w a s  d o n e  t o  e n a b l e  a  s e a m l e s s 

e x p a n s i o n  a r o u n d  t h e  o r i g i n a l  s q u a r e  ( i n i t i a l l y  e n v i s a g e d 

b y  o u r  s 1 6  a p p l i c a t i o n  r e s e a r c h  m e t h o d o l o g y )  i n  t e r m s 

o f  l o g i c a l  s q u a r e  n o m e n c l a t u r e  ( o p e n  a r e a  e x c a v a t i o n 

o f  o p e n  s i t e s  r e q u i r e s  a  m e t h o d  w h i c h  a l l o w s  f o r  e a s y 

a n a l y s i s  o f  s p a t i a l  i n f o r m a t i o n ,  f o r  e x a m p l e ,  t h r o u g h 

d i g i t a l  i m a g e r y  a n d  G I S  a n d  p h o t o g r a m m e t r i c  s o f t w a r e ) . 

D u r i n g  t h e  p r o j e c t  w e  m o v e d  f r o m  p a p e r  t o  p a p e r l e s s 

r e c o r d i n g  o n  i P a d s  w i t h  t h e  f o r m s  r e p l i c a t i n g  d i g i t a l l y 

t h e  i n f o r m a t i o n  c o l l e c t e d  o n  t h e  p a p e r  f o r m s . 

W h e r e  m i n i m a l  o r  n o  c h a r c o a l  w a s  e n c o u n t e r e d , 

s e q u e n c e s  w e r e  t a r g e t e d  f o r  o p t i c a l l y  s t i m u l a t e d 

l u m i n e s c e n c e  ( O S L )  d a t i n g .  T h o r o u g h  a n a l y s i s  o f  a l l 

e x c a v a t e d  f i n d s  i n c l u d e d  i d e n t i f i c a t i o n  o f  f a u n a l  a n d 

f l o r a l  r e m a i n s .  S h e l l s  w e r e  s o r t e d  b y  s e v e r a l  s t u d e n t s 

a n d  o t h e r  v o l u n t e e r s  s u p e r v i s e d  b y  J o e  D o r t c h .  F a u n a l 

r e m a i n s  w e r e  a n a l y s e d  b y  D r  C a r l y  M o n k s ,  U W A 

A r c h a e o l o g y  L a b  M a n a g e r.

H i s t o r i c a l  e x c a v a t i o n s  w e r e  u n d e r t a k e n  a t  t h e  We s t 

L e w i s  I s l a n d  p a s t o r a l  s t a t i o n  a n d  a t  a  s t o n e  s t r u c t u r e  o n 

E n d e r b y  I s l a n d  i n t e r p r e t e d  p r e v i o u s l y  a s  a  h i s t o r i c a l  b u r i a l 

( E I A 0 8 ) .  T h e s e  a r e  d o c u m e n t e d  i n  c h a p t e r s  1 1  a n d  6 . 
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F i g u r e  2 . 6 .  E x c a v a t i o n  i n  p r o g r e s s  a t  R o s e m a r y  I s l a n d :  ( a – c )  s h o w i n g  t o t a l  s t a t i o n  a n d  s i e v i n g  i n  p r o c e s s ;  ( d )  t h e  p l a c e m e n t 
o f  O S L  t u b e s ;  ( e )  t h e  p X R F  d e v i c e  b e i n g  d e p l o y e d  o n  A n g e l  I s l a n d ;  a n d  ( f )  E m m a  B e c k e t t  o p e r a t i n g  a  d r o n e  t o  h e l p  v i s u a l i s e  a 

r o c k  a r t  s i t e  o n  R o s e m a r y  I s l a n d .
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e co n o m i c  s h e l l f i s h  a n a l ys i s
S h e l l  w a s  c l a s s i f i e d  i n t o  d i a g n o s t i c  a n d  n o n - d i a g n o s t i c  

p i e c e s ,  a n d  t h e  d i a g n o s t i c  m a t e r i a l  w a s  i d e n t i f i e d  t o 

t a x o n  ( g e n u s  o r  f a m i l y ,  b u t  i n  t h e  c a s e  o f  d o m i n a n t 

t a x a ,  t o  s p e c i e s ) .  S p e c i e s  w e r e  i d e n t i f i e d  t h r o u g h  U W A 

A r c h a e o l o g y  r e f e r e n c e  c o l l e c t i o n s  a n d  s h e l l  g u i d e s  ( e . g . 

W e l l s  a n d  B r y c e  1 9 8 5 ) .  C l a s s i f i e d  s h e l l  i n  e a c h  e x c a v a t i o n 

u n i t  w e r e  w e i g h e d .  Te g i l l a r c a  g r a n o s a  ( f o r m e r l y  A n a d a r a 

c f .  g r a n o s a )  a n d  Te r e b r a l i a  s p p .  w e r e  a b u n d a n t  e n o u g h 

f o r  c o u n t s  a n d  m e a s u r e m e n t s  t o  s u p p o r t  d i e t a r y  a n d 

p a l a e o - e c o l o g i c a l  i n t e r p r e t a t i o n  ( s e e  C h a p t e r  1 5  f o r 

d e t a i l s  o f  t h i s  a n a l y s i s ) . 

C o u n t i n g  a n d  m e a s u r i n g  r e q u i r e  a  b r i e f  e x p l a n a t i o n 

a s  t h e s e  m e t h o d s  v a r y  b e t w e e n  s h e l l  t a x a  a n d  a c c o r d i n g 

t o  t h e i r  s t a t e  o f  p r e s e r v a t i o n .  N u m b e r s  o f  i d e n t i f i a b l e 

s p e c i m e n s  ( N I S P )  w e r e  n o t  c o u n t e d  b e c a u s e  c o u n t i n g 

s h e l l  f r a g m e n t s ,  e s t i m a t e d  t o  b e  i n  t h e  m i l l i o n s ,  w a s 

w e l l  b e y o n d  t h e  s c o p e  o f  t h e  p r o j e c t .  I n s t e a d ,  a  s m a l l e r 

v a l u e ,  t h e  m i n i m u m  n u m b e r  o f  i n d i v i d u a l s  ( M N I ) ,  w a s 

o b t a i n e d  b y  c o u n t i n g  t h e  m o s t  n u m e r o u s  s u r v i v i n g 

u n i q u e  s t r u c t u r e  o n  s h e l l s .  M N I  i s  s t i l l  l a r g e  e n o u g h  t o 

p r o v i d e  s t a t i s t i c a l l y  v i a b l e  s a m p l e s . 

W i t h  Te r e b r a l i a ,  t h e  b a s e  o f  t h e  s h e l l  o p e n i n g  w a s  t h e 

m o s t  c o m m o n  u n i q u e  s t r u c t u r e ,  a n d  t h e  n u m b e r  o f  i n t a c t 

o p e n i n g s  i n d i c a t e d  t h e  M N I  f o r  a  g i v e n  s t r a t i g r a p h i c  u n i t 

( F i g u r e  2 . 7 b ) . 

F o r  Te g i l l a r c a ,  i n t a c t  u m b o  a n d  h i n g e  s t r u c t u r e s  w e r e 

c l a s s i f i e d  a s  ‘ l e f t ’  o r  ‘ r i g h t ’  a n d  t h e  l a r g e s t  g r o u p  i n  e i t h e r 

s i d e  c a t e g o r y  t h e n  g a v e  t h e  M N I  f o r  e a c h  u n i t  c o u n t e d . 

D u e  t o  f r a g m e n t a t i o n  t y p i c a l  o f  o p e n  a r c h a e o l o g i c a l 

m i d d e n  s i t e s ,  p a r t i c u l a r l y  i n  l a n d s c a p e s  l i k e  M u r u j u g a , 

a  s i n g l e  m e a s u r e m e n t  w a s  u s u a l l y  a l l  t h a t  w a s  f e a s i b l e 

f o r  e a c h  s p e c i e s .  Te g i l l a r c a  v a l v e s  w e r e  m e a s u r e d  a t 

t h e i r  l o n g e s t  p o i n t ,  f r o m  l e f t  t o  r i g h t  a p i c e s  o f  t h e  v a l v e , 

p a r a l l e l  w i t h  t h e  h i n g e  ( F i g u r e  2 . 7 c ,  d ) .  D u e  t o  f r a g -

m e n t a t i o n  o f  m a n y  s h e l l s ,  t h e  m e a s u r e d  p o p u l a t i o n  i n 

e a c h  s p e c i e s  i s  o n l y  a  s u b s e t  o f  t h e  M N I ,  w h i c h  i n  t u r n 

r e p r e s e n t s  a  s u b s e t  o f  t h e  t o t a l  i d e n t i f i e d  w e i g h t . 

F i g u r e  2 . 7 .  S h e l l  m o r p h o l o g i e s  a n d  d e f i n i t i o n s :  ( a )  c o m p l e t e  T e l e s c o p i u m  s p p .  s h o w i n g  k e y  f e a t u r e s ;  ( b )  T e r e b r a l i a  s p p . 
s h o w i n g  f r a g m e n t a r y  a r c h a e o l o g i c a l  s p e c i m e n s  w i t h  t h e i r  m e a s u r a b l e  a p e r t u r e s ;  ( c )  i n t a c t  T e g i l l a r c a  g r a n o s a  v a l v e s  a n d  ( d ) 

a r c h a e o l o g i c a l  e x a m p l e s  s h o w i n g  d i a g n o s t i c  f e a t u r e s ;  ( e )  w h o l e  D e n t a l i u m  s c a p h o p o d  ( L a e v i d e n t a l i u m  l u b r i c a t u m )  s h o w i n g 
d i a g n o s t i c  p a r t s  ( a f t e r  J e f f  W r i g h t ,  Q u e e n s l a n d  M u s e u m ) ;  a n d  ( f )  D e n t a l i u m  n e c k l a c e  ( W A M  A 0 0 6 3 5 ) .

D e n t a l i u m  o r  s c a p h o p o d  ( i . e .  t u s k  s h e l l )  p i e c e s 

h a v e  b e e n  f o u n d  w i t h i n  a  n u m b e r  o f  s i t e s  a c r o s s  t h e 

a r c h i p e l a g o  ( s e e  F i g u r e  2 . 7 e ) .  S o m e  o f  t h e s e  w e r e 

a n a l y s e d  a n d  m e a s u r e d  b y  W a d e  G o l d w y e r,  w h o 

i d e n t i f i e d  a  b e a d  m a n u f a c t u r i n g  s i t e  a t  t h e  c e n t r e  o f 

E n d e r b y  I s l a n d  ( G o l d w y e r  2 0 1 8 ) .  H i s  a n a l y s i s  i d e n t i f i e d 

t h a t  t h e  d o m i n a n t  s c a p h o p o d  s p e c i e s  t o  b e  m a d e  i n t o 

b e a d s  a t  E n d e r b y  1 0  w a s  L a e v i d e n t a l i u m  l u b r i c a t u m .
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C a l o r i f i c  co n te n t  a n d  h u m a n  e f f o r t
We  w e re  i n t e re s t e d  i n  t h e  h u m a n  e f fo r t  re q u i re d  t o  h a v e 

c o l l e c t e d  t h e  s h e l l f i s h  a t  t h e  v a r i o u s  s i t e s  t h a t  w e re  exc a v a t e d . 

O u r  m o s t  d e t a i l e d  a n a l y s i s  o f  t h i s  w a s  u n d e r t a ke n  a t  O l d 

G e o s  ( o n  t h e  s o u t h e r n  B u r r u p ) ,  w h e re  t h e  m i d d e n  c o m p r i s e d 

p re d o m i n a n t l y  Te g i l l a r c a  g r a n o s a .  B e t t y  M e e h a n  ( 1 9 8 2 ) 

d e s c r i b e s  t h e  a m o u n t  o f  ( l i v e  w e i g h t )  m e a t  re p re s e n t e d  p e r 

i n d i v i d u a l  A n a d a r a  ( Te g i l l a r c a  g r a n o s a )  a s  6   g .  L i v e  w e i g h t  i s 

t a ke n  a s  s h e l l  p l u s  m e a t ,  t y p i c a l l y  1 5  g  fo r  t h e  s i ze s  m e a s u re d 

( M i r z a e i  e t  a l .  2 0 1 5 ) .  D a i l y  c a l o r i f i c  i n t a ke  i s  2 , 2 0 0  kc a l /d a y  fo r 

a n  a d u l t .  C a l o r i f i c  c o n t e n t  c a n  b e  c a l c u l a t e d  b y  u s i n g  a  f i g u re 

o f  8 0  kc a l  p e r  1 0 0  g  o f  s h e l l f i s h  m e a t  ( fo l l o w i n g  M e e h a n  1 9 8 2 : 

1 4 3 ;  M c D o n a l d  1 9 9 2 :  4 3 ;  s e e  a l s o  B a i l e y  1 9 7 5 ;  Fa u l k n e r  2 0 0 9 ; 

L a m b r i d e s  a n d  We i s l e r  2 0 1 6 ;  S h a w c ro s s  1 9 6 8 ) . 

M e e h a n ’ s  e t h n o a r c h a e o l o g i c a l  o b s e r v a t i o n s  f r o m 

t h e  N o r t h e r n  Te r r i t o r y  r e v e a l  t h a t  w o m e n  c o l l e c t e d  a n 

a v e r a g e  o f  3   k g  o f  s h e l l f i s h  p e r  p e r s o n  p e r  h o u r  ( M e e h a n 

1 9 8 2 ) .  B y  c a l c u l a t i n g  t h e  t o t a l  l i v e  w e i g h t  o f  s h e l l f i s h  i n 

a n y  s q u a r e ,  w e  c a n  e s t i m a t e  t h e  p e r s o n  h o u r s  r e q u i r e d 

t o  c o l l e c t  t h e  s a m p l e  w i t h i n  t h e  e x c a v a t e d  s q u a r e .  W h e r e 

w e  k n o w  t h e  s u r f a c e  d i m e n s i o n  o f  t h e  m i d d e n ,  w e  h a v e 

b e e n  a b l e  t o  p r o j e c t  t h e  c o l l e c t i o n  h o u r s  r e q u i r e d  t o 

h a v e  c o n t r i b u t e d  t o  t h e  s h e l l f i s h  r e m a i n s  a c r o s s  t h e  s i t e 

( n o t  c o u n t i n g  t r a n s p o r t a t i o n  t o  t h e  s i t e ) .  T h e s e  a n a l y s e s 

h a v e  b e e n  c o m p l e t e d  o n  E n d e r b y  I s l a n d  ( C h a p t e r  6 )  a n d 

a t  O l d  G e o s  ( C h a p t e r  1 5 ) .

F l a ke d  sto n e  a r te f a c t  a n a l ys i s
A l l  a r t e f a c t  r e c o r d i n g  w a s  c o m p l e t e d  i n  t h e  A r c h a e o l o g y 

L a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  W e s t e r n  A u s t r a l i a .  M e t r i c 

m e a s u r e m e n t s  w e r e  t a k e n  w i t h  d i g i t a l  c a l l i p e r s .  A r t e f a c t 

w e i g h t  w a s  m e a s u r e d  i n  g r a m s  t o  t w o  d e c i m a l  p l a c e s 

u s i n g  d i g i t a l  s c a l e s .  A  u n i q u e  i d e n t i f i c a t i o n  n u m b e r  w a s 

r e c o r d e d  f o r  e a c h  a r t e f a c t .  A l l  c o l l e c t e d  d a t a  w a s  e n t e r e d 

i n t o  E x c e l  s p r e a d s h e e t s .  S e p a r a t e  s p r e a d s h e e t s  w e r e 

c r e a t e d  f o r  e a c h  s i t e .  A l l  r e c o r d e d  d a t a  i s  s t o r e d  i n  t h e 

C R A R + M  d a t a b a s e .  S e v e r a l  l a b o r a t o r y  v o l u n t e e r s  a n d 

H o n o u r s  s t u d e n t s  w e r e  i n v o l v e d  i n  t h e  i n i t i a l  s o r t i n g  o f 

t h e  e x c a v a t e d  2   m m  r e s i d u e  m a t e r i a l ,  w h i c h  w a s  b r o u g h t 

b a c k  t o  t h e  U W A  l a b  f o r  s o r t i n g ,  f o l l o w i n g  p e r m i s s i o n 

b e i n g  g r a n t e d  b y  t h e  M A C  C i r c l e  o f  E l d e r s .  A l l  a r t e f a c t 

a s s e m b l a g e s  w e r e  a n a l y s e d  b y  W e n d y  R e y n e n ,  w h o 

a n a l y s e d  t h e  M u r u j u g a  R o c k s h e l t e r  a s s e m b l a g e  f o r  h e r 

P h D  ( R e y n e n  2 0 1 8 ) .  T h i s  i n c l u d e d  t h o s e  a s s e m b l a g e s 

w h i c h  h a d  b e e n  e i t h e r  p a r t i a l l y  o r  f u l l y  a n a l y s e d  b y  P h D 

o r  H o n o u r s  c a n d i d a t e s  t h r o u g h o u t  t h e  p r o j e c t .  B y  h a v i n g 

a  s i n g l e  l i t h i c  s p e c i a l i s t  a n a l y s e /a u d i t  a l l  a s s e m b l a g e s , 

w e  h a v e  a c h i e v e d  a  c o n s i s t e n c y  i n  b o t h  c l a s s i f i c a t i o n 

a n d  r e l i a b i l i t y /c o m p a r a b i l i t y  o f  t h e  e x c a v a t e d  m a t e r i a l . 

T h e  d e b i t a g e  c o m p o n e n t  o f  e a c h  a s s e m b l a g e  ( 2   m m 

s i e v e  a s s e m b l a g e )  t y p i c a l l y  c o m p r i s e s  a r t e f a c t s  w i t h  a 

m a x i m u m  d i m e n s i o n  l e s s  t h a n  1 0   m m .  M a t e r i a l  t y p e  w a s 

t h e  o n l y  a t t r i b u t e  r e c o r d e d  f o r  < 1 0   m m  a r t e f a c t s .  T h e 

d e b i t a g e  c o m p o n e n t  w a s  n o t  i n c l u d e d  i n  a r t e f a c t  t y p e 

a n d  a s s e m b l a g e  r e d u c t i o n  c h a r a c t e r i s a t i o n . 

T h e  s t o n e  t o o l  a n a l y s i s  u s e d  m u l t i p l e  a t t r i b u t e s  a s 

d e s c r i b e d  i n  C l a r k s o n  a n d  O ’ C o n n o r  ( 2 0 1 3 )  t o  i d e n t i f y 

t e c h n o l o g i c a l  c h a n g e  a n d  r a w  m a t e r i a l  u s e  w h i c h  m a y 

r e f l e c t  c h a n g e s  i n  m o b i l i t y  a n d  p r o v i s i o n i n g  ( e . g .  K u h n 

1 9 9 4 ) ,  r i s k  i n v e s t m e n t  ( H i s c o c k  1 9 8 4 ,  1 9 8 8 ,  2 0 0 2 )  a n d 

s u b s i s t e n c e  p r o c u r e m e n t  a n d  m a i n t e n a n c e  a c r o s s  t i m e 

a n d  s p a c e  ( A n d r e f s k y  2 0 0 9 ) .  B a s e d  o n  t h e s e  a n a l y s e s , 

s t o n e  a r t e f a c t s  c a n  b e  i n t e r p r e t e d  t o  p r o v i d e  i n s i g h t s 

i n t o  h o w  t h e s e  d i f f e r e n t  s i t e s  i n  t h e  l a n d s c a p e  f u n c t i o n e d 

i n  t h e  p a s t . 

sto n e  a r te f a c t  d i s ca rd
S t o n e  a r t e f a c t  d i s c a r d  a t  a l l  s i t e s  w a s  c a l c u l a t e d  p e r 

c u b i c  m e t r e  a n d  p e r  k i l o g r a m  o f  s e d i m e n t .  D i s c a r d  r a t e s 

c a n  b e  a f f e c t e d  b y  f a c t o r s  r e l a t i n g  t o  t y p e s  o f  a c t i v i t y, 

s i t e  f u n c t i o n ,  s e d i m e n t  d e p o s i t i o n  a n d  c o m p o s i t i o n , 

p o s t - d e p o s i t i o n a l  p r o c e s s e s ,  a n d  t e c h n o l o g i c a l  s y s t e m s 

( e . g .  H i s c o c k  1 9 8 4 ;  H i s c o c k  1 9 8 8 ;  K u h n  a n d  C l a r k  2 0 1 5 : 1 0 ) . 

T h e s e  f a c t o r s  w e r e  e x a m i n e d  b e f o r e  i n t e r p r e t i n g  a n d 

c o m p a r i n g  s i t e  o c c u p a t i o n s .  M a r k e d  v a r i a t i o n  i n  d e p o s i t 

c o m p o s i t i o n  ( i . e .  p r o p o r t i o n  o f  r o c k s /s h e l l )  b e t w e e n 

a n d  w i t h i n  s i t e s  c a n  r e s u l t  i n  w i l d l y  v a r y i n g  d e n s i t y 

c o m p a r i s o n s  p e r  k i l o g r a m  s e d i m e n t .  F o r  i n s t a n c e ,  t h e  O l d 

G e o s  e a r l i e r  d e p o s i t  i s  w i t h i n  a n  e x t r e m e l y  r o c k y  m a t r i x , 

w i t h  a  v e r y  l o w  p r o p o r t i o n  o f  s e d i m e n t  r e m a i n i n g  w h e n 

t h e  r o c k  c o m p o n e n t  i s  r e m o v e d .  W h e n  c o m p a r e d  t o  s i t e s 

w i t h  l e s s  r o c k y  c o m p o n e n t s  ( e . g .  t h e  s a n d  s h e e t  d e p o s i t 

a t  E I A 0 2 - 9 9 8 9 9 7 ) ,  a r t e f a c t  d e n s i t y  p e r  k i l o g r a m  s e d i m e n t 

a t  O l d  G e o s  i s  s i g n i f i c a n t l y  m u c h  h i g h e r.  C o m p a r i n g 

a r t e f a c t  d e n s i t y  p e r  c u b i c  m e t r e  t o g e t h e r  w i t h  d i s c a r d 

p e r  k i l o g r a m  s e d i m e n t  r e d u c e s  i s s u e s  r e s u l t i n g  f r o m 

v a r i a t i o n s  i n  d e p o s i t i o n a l  h i s t o r i e s  w i t h i n  a n d  b e t w e e n 

s i t e s .  C a r e  h a s  b e e n  t a k e n  t o  m o d i f y  o u r  a p p r o a c h 

d e p e n d i n g  o n  t h e  r e l e v a n t  s i t e ’ s  d e p o s i t i o n a l  p r o c e s s e s . 

S o m e  o f  t h e  f a c t o r s  a f f e c t i n g  a r t e f a c t  d i s c a r d 

c a n  b e  r e s o l v e d  t h r o u g h  c o m p a r i s o n  o f  r a w  a r t e f a c t 
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a n d  m i n i m u m  n u m b e r  o f  f l a k e  ( M N F )  c o u n t s  a n d  t h e 

p r o p o r t i o n  o f  s m a l l  ( < 1   c m )  a r t e f a c t s .  T h e s e  a p p r o a c h e s 

t e s t  f o r  f r a g m e n t a t i o n  a n d  c o m p a r e  l i t h i c  d i s c a r d  r a t e s 

t o  d i s c a r d  r a t e s  o f  o t h e r  c u l t u r a l  m a t e r i a l s ,  s u c h  a s 

c h a r c o a l ,  d i e t a r y  s h e l l  a n d  f a u n a l  r e m a i n s  ( H i s c o c k  1 9 8 4 , 

2 0 0 2 ) .  T h e  M N F  i n c l u d e s  o n l y  t h o s e  f l a k e s  w i t h  r e m n a n t 

p l a t f o r m s  ( c o m p l e t e ,  p r o x i m a l  a n d  l o n g i t u d i n a l l y  b r o k e n 

f l a k e s )  t o  a c c o u n t  f o r  f r a g m e n t a t i o n  ( H i s c o c k  2 0 0 2 ) . 

a s s e m b l a g e  co m p o s i t i o n
L i t h i c  m a t e r i a l  i d e n t i f i c a t i o n  a t  a l l  s i t e s  w a s  d e t e r m i n e d 

t h r o u g h  e i t h e r  p o r t a b l e  X- r a y  f l u o r e s c e n c e  ( p X R F )  a n a l y s i s 

o f  r e p r e s e n t a t i v e  s t o n e  a r t e f a c t s  o r  d i r e c t  c o m p a r i s o n  w i t h 

a r t e f a c t s  a t  n e a r b y  s i t e s  w h i c h  h a d  b e e n  s u b j e c t  t o  p X R F 

( s e e  b e l o w ) .  R a w  m a t e r i a l s  w e r e  s e p a r a t e d  t o  c o n t r o l  f o r 

v a r i a t i o n  i n  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  d i f f e r e n t  r a w 

m a t e r i a l s  a n d  t h e  n a t u r e  o f  t h e  s o u r c e  m a t e r i a l  o n  p a t t e r n s 

o f  a r t e f a c t  m a n u f a c t u r e ,  u s e  a n d  d i s c a r d  ( e . g .  A m i c k  a n d 

M a u l d i n  1 9 9 7 ;  D i t c h f i e l d  2 0 1 6 ;  M a c D o n a l d  2 0 0 8 ) .  T h e 

f r e q u e n c y  a n d  p r o p o r t i o n  o f  r a w  m a t e r i a l s  w a s  c a l c u l a t e d 

f o r  e a c h  s i t e  b y  a n a l y t i c a l  u n i t .

A l l  a r t e f a c t s  l a r g e r  t h a n  1 0   m m  w e r e  c l a s s i f i e d  a s 

o n e  o f  t h e  f o l l o w i n g  a r t e f a c t  t y p e s :  c o m p l e t e  f l a k e , 

b r o k e n  f l a k e ,  c o r e /c o r e  f r a g m e n t  o r  t o o l  ( s e e  u s e w e a r /

r e s i d u e  s e c t i o n  l a t e r ) .  B r o k e n  f l a k e s  w e r e  r e c o r d e d  a s 

e i t h e r  d i s t a l l y ,  p r o x i m a l l y  o r  l o n g i t u d i n a l l y  b r o k e n ,  o r  a s 

a  f l a k e  f r a g m e n t  ( t y p e  u n i d e n t i f i a b l e  b u t  w i t h  r e m n a n t 

v e n t r a l  a n d  d o r s a l  p r e s e n t ) .  W i t h i n  t h e  t o o l  c l a s s ,  t h e 

p r e s e n c e  o f  f o r m a l  t o o l  t y p e s  s u c h  a s  b a c k e d  a r t e f a c t s 

w a s  a l s o  n o t e d .  T h e  f r e q u e n c y  a n d  p r o p o r t i o n  o f  a r t e f a c t 

c l a s s e s  w a s  c a l c u l a t e d  f o r  e a c h  s i t e  b y  r a w  m a t e r i a l  a n d 

a n a l y t i c a l  u n i t .

a s s e m b l a g e  re d u c t i o n
R e d u c i n g  s t o n e  n o d u l e s  t o  p r o d u c e  t o o l s  i s  a  k e y  p a r t 

o f  p a s t  A b o r i g i n a l  t e c h n o l o g y  i n  A u s t r a l i a .  R e c o r d e d 

a t t r i b u t e s  o n  c o m p l e t e  f l a k e s  a n d  c o r e s  w e r e  q u a n t i f i e d 

t o  a s s e s s  r e d u c t i o n  i n t e n s i t y . 

C o r t e x  i s  o f t e n  l i n k e d  w i t h  r e d u c t i o n  a n d ,  t h e o r e t i -

c a l l y ,  t h e  a m o u n t  o f  c o r t e x  r e m a i n i n g  o n  d o r s a l  s u r f a c e s 

s h o u l d  r e d u c e  a s  r e d u c t i o n  p r o g r e s s e s  ( S h o t t  1 9 9 6 ) . 

H o w e v e r,  t h e  c o r t e x - r e d u c t i o n  r e l a t i o n s h i p  a s s u m e s  t h a t 

n o d u l e s  a r e  f u l l y  c o r t i c a l  p r i o r  t o  i n i t i a l  r e d u c t i o n .  T h i s 

i s  n o t  a l w a y s  t h e  c a s e ,  e s p e c i a l l y  i n  l a n d s c a p e s  s u c h 

a s  t h e  D a m p i e r  A r c h i p e l a g o ,  w h e r e  m a n y  s t o n e  s o u r c e 

o u t c r o p s  b e c o m e  i n c r e a s i n g l y  n o n - c o r t i c a l  a s  q u a r r y i n g 

p r o g r e s s e s  o v e r  m u l t i p l e  s e r i e s  o f  e x t r a c t i o n  e v e n t s . 

F o r  t h i s  r e a s o n ,  c o r t e x  p r o p o r t i o n s  w e r e  a s s e s s e d  i n 

t h e  c o n t e x t  o f  o t h e r  r e d u c t i o n  a t t r i b u t e s .  P r o p o r t i o n s 

o f  c o r t e x  w e r e  v i s u a l l y  e s t i m a t e d  t o  t h e  n e a r e s t  t e n  p e r 

c e n t .  C o r t e x  t y p e  w a s  a d d i t i o n a l l y  r e c o r d e d  a s  r i v e r i n e 

( w a t e r - w o r n )  i f  a p p l i c a b l e .

B e c a u s e  t h e  d o r s a l  s u r f a c e  o f  a  f l a k e  r e t a i n s  t h e 

p r e v i o u s  c o r e  s u r f a c e ,  i t  c a n  b e  u s e d  t o  r e c o n s t r u c t  t h e 

r e d u c t i o n  s t r a t e g y  u s e d  t o  r e d u c e  c o r e s  a n d  p r o d u c e 

t o o l s  ( B r a d b u r y  a n d  C a r r  1 9 9 5 ;  H o l d a w a y  a n d  S t e r n 

2 0 0 4 :  1 4 3 ;  S h o t t  1 9 9 4 ) .  D o r s a l  s c a r s  a r e  f o r m e d  t h r o u g h 

t h e  r e m o v a l  o f  f l a k e s  f r o m  a  c o r e .  A s  c o r e  r e d u c t i o n 

p r o c e e d s ,  t h e  n u m b e r  o f  f l a k e  s c a r s  o n  c o r e s  a n d  d o r s a l 

f l a k e  s u r f a c e s  g e n e r a l l y  i n c r e a s e s .  T h e  S c a r  D e n s i t y 

I n d e x  ( S D I )  i s  u s e d  h e r e  a s  a n  o b j e c t i v e  a n d  c o m p a r a t i v e 

m e a s u r e  o f  r e d u c t i o n  r a t h e r  t h a n  f l a k e  s c a r  c o u n t  t o 

a c c o u n t  f o r  s i z e  ( n u m b e r  o f  d o r s a l  s c a r s  c a n  d e c r e a s e 

w i t h  s i z e )  b y  d i v i d i n g  t h e  n u m b e r  o f  d o r s a l  f l a k e  s c a r s 

b y  t h e  l o g a r i t h m  o f  s u r f a c e  a r e a  ( m a x i m u m  l e n g t h  x 

m a x i m u m  w i d t h ,  B r a u n  2 0 0 6 ;  C l a r k s o n  2 0 1 3 ) .  S D I  w a s 

c a l c u l a t e d  f o r  c o r e s  i n  t h e  s a m e  m a n n e r  b u t  u s i n g  a 

t h r e e - d i m e n s i o n a l  s u r f a c e  a r e a ,  w h i c h  i s  c a l c u l a t e d 

b y  e n t e r i n g  t h e  m a x i m u m  l e n g t h ,  w i d t h  a n d  t h i c k n e s s 

s e m i - a x e s  i n t o  a n  e q u a t i o n  f o r  t h e  s u r f a c e  a r e a  o f  a n 

e l l i p s o i d : 

w h e r e  a ,  b  a n d  c  a r e  t h e  r e s p e c t i v e  s e m i - a x e s  f o r 

m a x i m u m  l e n g t h ,  w i d t h  a n d  t h i c k n e s s ,  a n d  p  i s  1 . 6 0 7 5 

( T h o m s e n  2 0 0 4 ) .  C h a n g e s  i n  c o r e  r e d u c t i o n  i n t e n s i t y 

c a n  a l s o  b e  i n f e r r e d  b y  c o u n t i n g  t h e  n u m b e r  o f  r o t a t i o n s 

( p l a t f o r m s )  o n  c o r e s .

O t h e r  r e d u c t i o n  a t t r i b u t e s  q u a n t i f i e d  i n c l u d e  f l a k e 

s i z e  ( w e i g h t  a n d  s u r f a c e  a r e a ) ,  s h a p e  ( e l o n g a t i o n  r a t i o ) 

a n d  t h e  p r o p o r t i o n  o f  f l a k e s  w i t h  f l a k e d  p l a t f o r m s .  T h e 

p r e s e n c e  o f  t w o  o r  m o r e  f l a k e  s c a r s  i n d i c a t e s  p r i o r 

f l a k e  r e m o v a l s .  F l a k e s  w i t h  f l a k e d  p l a t f o r m s  a r e  o f t e n 

r e m o v e d  d u r i n g  l a t e  s t a g e s  o f  c o r e  r e d u c t i o n  a f t e r  c o r e s 

a r e  r o t a t e d  ( A n d r e f s k y  2 0 0 5 :  9 4 ;  H i s c o c k  1 9 8 8 :  3 7 2 ) . 

T h e  o r i e n t a t i o n  o f  s c a r s  o n  d o r s a l  f l a k e  s u r f a c e s  w a s 

a l s o  r e c o r d e d  i f  f l a k e  s c a r  o r i e n t a t i o n  w a s  i d e n t i f i a b l e 

t h r o u g h  t h e  d i r e c t i o n  o f  i n i t i a t i o n s ,  t e r m i n a t i o n s  o r  f o r c e 

l i n e s .  T h i s  p r o v i d e s  a n  i n d i c a t i o n  o f  w h e t h e r  t h e  c o r e 

t h a t  t h e  f l a k e  w a s  r e m o v e d  f r o m  h a d  b e e n  r o t a t e d .

O v e r h a n g  r e m o v a l  r e f e r s  t o  c o n s i s t e n t  s m a l l 

f r a c t u r e s  ( < 5   m m )  a l o n g  t h e  e d g e  o f  a  p l a t f o r m  c r e a t e d 

f r o m  b r u s h i n g  a  h a m m e r s t o n e  a l o n g  a  c o r e  p l a t f o r m  t o 

r e m o v e  f r a c t u r e s  o r  o v e r h a n g s  ( F l e n n i k e n  a n d  W h i t e 

1 9 8 5 ;  H i s c o c k  1 9 8 8 ) .  O v e r h a n g  r e m o v a l  c a n  i n d i c a t e  a 

d e g r e e  o f  p r e p a r a t i o n  b e f o r e  f l a k i n g  a n d  p o t e n t i a l l y  a i d s 
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i n  c o n t r o l  o v e r  t h e  f l a k i n g  p r o c e s s  a s  k n a p p e r s  a d j u s t 

c o r e  p l a t f o r m s  t o  p r e p a r e  t h e m  f o r  b l o w s .  T h i s  t e c h n i q u e 

c a n  a l s o  i n c r e a s e  p l a t f o r m  a n g l e  a n d  p l a t f o r m  s t r e n g t h 

( C l a r k s o n  a n d  O ’ C o n n o r  2 0 1 3 :  1 6 0 ) .  T h e  p r e s e n c e  o r 

a b s e n c e  o f  o v e r h a n g  r e m o v a l  w a s  n o t e d  f o r  a l l  f l a k e s 

a n d  c o r e s  r e t a i n i n g  c o m p l e t e  p l a t f o r m s .

T h e s e  r e s u l t s  o f  t h e s e  a n a l y s e s  a r e  d o c u m e n t e d  i n 

e a c h  o f  t h e  e x c a v a t i o n  c h a p t e r s .

G e o c h e m i ca l  s o u rc i n g  to  i d e n t i f y  
l i t h i c  m a te r i a l s  ( p X r F)

T h e  p r e d o m i n a n t  r o c k  t y p e s  o n  t h e  p e n i n s u l a  a n d  t h e  e a s t e r n  i s l a n d s  a r e  g r a n o p h y r e  ( a  f i n e - g r a i n e d 

i g n e o u s  r o c k  c o m p o s e d  o f  q u a r t z  a n d  a l k a l i  f e l d s p a r  w i t h  a  d i s t i n c t i v e  i n t e r g r o w t h  t e x t u r e )  a n d 

g a b b r o  ( a n  i n t r u s i v e  r o c k  c o m p o s e d  o f  f e l d s p a r  a n d  p y r o x e n e ;  t h e  i n t r u s i v e  e q u i v a l e n t  o f  b a s a l t  l a v a ) . 

O n  t h e  o u t e r  i s l a n d s  b a s a l t i c  l a v a  i s  t h e  m a i n  b e d r o c k  t y p e  w i t h  l e s s e r  e x p o s u r e s  o f  s e d i m e n t a r y 

r o c k s  d e r i v e d  f r o m  b a s a l t i c  v o l c a n o e s ,  a n d  s o m e  g a b b r o .  ( D o n a l d s o n  2 0 1 1 a :  1 )

T h e  d o m i n a n t  e x p o s e d  P r e c a m b r i a n  r o c k  t y p e s 

a c r o s s  M u r u j u g a  i n c l u d e  g a b b r o ,  g r a n o p h y r i c  r h y o d a c i t e 

( k n o w n  a s  t h e  G i d l e y  g r a n o p h y r e :  D o n a l d s o n  2 0 1 1 a ; 

F a i r w e a t h e r  2 0 1 9 ) ,  a n d e s i t i c  b a s a l t ,  g r a n i t e ,  a n d  q u e n c h 

g a b b r o  ( F i g u r e  2 . 8 ) ,  a l l  N e o a r c h a e a n  i n  a g e  ( D o n a l d s o n 

2 0 1 1 b :  8 ) .  P r e v i o u s  r e s e a r c h e r s  h a v e  f o c u s e d  o n  t h e 

d i f f e r e n t  q u a l i t i e s  p r o v i d e d  b y  t h e s e  v o l c a n i c  s u b s t r a t e s 

f o r  d i f f e r e n t  r o c k  a r t  f o r m s  ( B e d n a r i k  2 0 1 1 ;  D o n a l d s o n 

2 0 1 1 a ;  M u l v a n e y  2 0 1 5 ;  a n d  s e e  d i s c u s s i o n  i n  C h a p t e r 

3 ) ;  o t h e r s  h a v e  i n v e s t i g a t e d  r a w  m a t e r i a l  q u a l i t i e s  a n d 

r e s u l t a n t  q u a r r y i n g  b e h a v i o u r  a n d  s t o n e  t o o l  m a n u f a c t u r e 

p r e f e r e n c e s  ( V e t h  1 9 8 2 ) ,  w h i l e  s t i l l  o t h e r s  h a v e  i n v e s -

t i g a t e d  t h e  h a r d n e s s  a n d  w e a t h e r i n g  p r o p e r t i e s  o f 

t h e s e  b a s a l  g e o l o g i e s  ( P i l l a n s  a n d  F i f i e l d  2 0 1 3 ) .  U n t i l 

t h i s  p r o j e c t  t h e r e  h a d  b e e n  n o  p r e v i o u s  g e o c h e m i c a l 

a n a l y s e s  c o m p l e t e d  o f  M u r u j u g a  l i t h i c  a s s e m b l a g e s  ( c f . 

M c D o n a l d  e t  a l .  2 0 2 1 ) ,  a l t h o u g h  t h e  v a r i o u s  q u a l i t i e s  o f 

t h e  b a s a l  m a t e r i a l s  h a v e  l o n g  b e e n  r e c o g n i s e d  ( V e t h 

1 9 8 2 ;  V i n n i c o m b e  1 9 8 7 ) .  T h r o u g h o u t  t h e  p r o j e c t  w e 

h a v e  b e e n  i n t e r e s t e d  i n  s o u r c i n g  d i f f e r e n t  m a t e r i a l s  t o 

u n d e r s t a n d  m o b i l i t y  ( e . g .  B e r r y  2 0 1 8 ;  B l u n t  2 0 1 9 )  a s  w e l l 

a s  t h e  e f f e c t s  t h a t  t h e  g e o c h e m i c a l  p r o p e r t i e s  m a y  h a v e 

h a d  o n  s t o n e  t o o l  m a n u f a c t u r e . 

G e o c h e m i c a l  s o u r c i n g  o f  t h e  a n a l y s e d  a s s e m b l a g e 

w a s  u n d e r t a k e n  b y  J o h n  F a i r w e a t h e r,  w h o  a l s o  m a p p e d 

t h e  s u r f a c e  g e o l o g y  o f  R o s e m a r y  I s l a n d  f o r  h i s  H o n o u r s 

t h e s i s  ( F a i r w e a t h e r  2 0 1 9 ) .  F a i r w e a t h e r  u n d e r t o o k 

a d d i t i o n a l  g e o c h e m i c a l  s t u d i e s  o f  t h e  a s s e m b l a g e s 

a n a l y s e d  a t  t h e  U W A  l a b  ( t h i s  m o n o g r a p h )  a n d  a t 

N g a n j a r l i  ( M c D o n a l d  e t  a l .  2 0 2 1 ) .  T h e  p r o v e n a n c e 

a n a l y s i s ,  u s i n g  n o n - d e s t r u c t i v e  p X R F,  w a s  c o n d u c t e d 

u s i n g  t h e  N i t o n  X L 3 t  G O L D D +  p X R F  d e v i c e .  E a c h 

a n a l y s i s  w a s  6 0  s e c o n d s  u s i n g  Te s t A l l  B u l k  m o d e . 

E a c h  6 0 - s e c o n d  a n a l y s i s  c y c l e d  t h r o u g h  f o u r  f i l t e r s  ( 1 5 

s e c o n d s  f o r  e a c h  f i l t e r )  –  h i g h  r a n g e ,  m a i n  r a n g e ,  l o w 

r a n g e  a n d  l i g h t  r a n g e  –  w i t h  e n e r g y  l e v e l s  b e t w e e n  6  a n d 

5 0   k V.  T h e  s t a n d a r d s  u s e d  w e r e  9 9 . 9 9 5  S i O 2  ( p u r e  s i l i c a 

s t a n d a r d )  a n d  N I S T  2 7 0 9 a  ( s o i l  a n d  s e d i m e n t  s t a n d a r d ) . 

E a c h  s t a n d a r d  i s  a n a l y s e d  b e f o r e  e a c h  s e s s i o n  a n d  t h e 

r e s u l t s  a r e  c o m p a r e d  a g a i n s t  a  c o n t r o l  d a t a s e t  ( d e f i n e d 

b y  t h e  N a t i o n a l  I n s t i t u t e  o f  S t a n d a r d s  a n d  Te c h n o l o g y, 

w h i c h  i s  p r i n t e d  o u t  a n d  k e p t  w i t h  t h e  p X R F ) .  T h i s 

e n s u r e s  t h e  p X R F  i s  r e p r o d u c i n g  a c c u r a t e  a n d  p r e s e n t 

g e o c h e m i c a l  a n a l y s e s .

R e p r e s e n t a t i v e  s a m p l e s  f r o m  s e v e n  a r t e f a c t 

a s s e m b l a g e s  f r o m  a c r o s s  t h e  a r c h i p e l a g o  w e r e  a n a l y s e d 

t o  u n d e r s t a n d  t h e i r  g e o c h e m i c a l  s i g n a t u r e s .  S a m p l e s 

d e r i v e d  f r o m  t w o  s i t e s  o n  E n d e r b y  I s l a n d  ( E I A 0 2 ,  E I A 0 4 ) , 

t w o  f r o m  R o s e m a r y  I s l a n d  ( R I A 0 1 ,  W P 1 ) ,  W a t e r i n g  C o v e 

( W C ) ,  N g a n j a r l i  o p e n  s i t e s  a n d  q u a r r y,  a n d  t h e  W e s t  L e w i s 

( W L A 0 1 )  r o c k  s h e l t e r  ( F i g u r e  2 . 9  a n d  F i g u r e  2 .1 0 ) .  T h e 

a n a l y s e d  a r t e f a c t  s a m p l e s  w e r e  p l o t t e d  a n d  c o m p a r e d 

t o  t h e  g e o c h e m i s t r y  o f  k n o w n  r o c k  t y p e s  t o  d e t e r m i n e 

t h e  a r t e f a c t  s o u r c e  ( F i g u r e  2 .1 0 ) .  T h e  r o c k - t y p e - z o n e s 

s h o w n  i n  F i g u r e  2 . 9  ( i . e .  g r a n o p h y r i c  r h y o d a c i t e ,  g a b b r o , 

v o l c a n i c l a s t i c  s i l t s t o n e  o r  a n d e s i t i c  b a s a l t )  a r e  b a s e d  o n 

o u t c r o p  s a m p l e  a n a l y s e s  f r o m  t h e  p e n i n s u l a  a s  w e l l  a s 

f r o m  E n d e r b y,  R o s e m a r y  a n d  D o l p h i n  i s l a n d s  ( F a i r w e a t h e r 

2 0 1 9 ) .  T h e  r o c k - t y p e - z o n e s  r e p r e s e n t  a r e a s  o n  a  T i / Z r 

e l e m e n t  p l o t  w h e r e  t h e  a n a l y s e d  r o c k  t y p e s  h a v e  p l o t t e d 

p r e v i o u s l y ,  f o r m i n g  a  c o m p a r a b l e  m a p  f o r  t h e  a r t e f a c t 

a n a l y s e s .  A r t e f a c t s  w h i c h  f a l l  w i t h i n  a n  i d e n t i f i e d  r o c k -

t y p e - z o n e  a r e  i n t e r p r e t e d  a s  b e i n g  c o m p o s e d  o f  t h a t 

r o c k  t y p e .  To  d i s p l a y  t h e  a r t e f a c t  r o c k - t y p e - z o n e s ,  t h e 

z i r c o n  v s  t i t a n i u m  ( Z r  v s  T i )  p l o t  i s  f a v o u r e d  a s  m o r e 

r o b u s t  a n d  r e l i a b l e .  T h i s  i s  b e c a u s e  z i r c o n  a n d  t i t a n i u m 

a r e  l a r g e l y  i m m o b i l e  e l e m e n t s ,  m e a n i n g  t h e y  h a v e  a 

l o w e r  r e a c t i v i t y  w h e n  i n  a  s t a b l e  c r y s t a l  l a t t i c e ,  t h u s 

r e d u c i n g  t h e  e f f e c t  t h a t  w e a t h e r i n g  a n d  a l t e r a t i o n  h a s 

o n  t h e  a n a l y s e s .  C o m p a r i n g  t h e  a r t e f a c t ’ s  r o c k  t y p e  t o 

w h e r e  k n o w n  o u t c r o p s  a r e  m a p p e d  a i d s  i n  d e t e r m i n i n g 

w h e r e  t h o s e  a r t e f a c t s  w e r e  s o u r c e d .
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F i g u r e  2 . 8 .  G e o l o g i c a l  m a p  f o r  t h e  D a m p i e r  A r c h i p e l a g o  ( d r a w n  b y  E m m a  B e c k e t t  b a s e d  o n  t h e  i d e n t i f i e d  s o u r c e s ) .

F i g u r e  2 . 9 .  G e o c h e m i c a l  r e s u l t s  o f  t h e  a n a l y s i s  o f  g e o l o g i c a l  o u t c r o p  a n d  a r t e f a c t  a s s e m b l a g e s  f r o m  a c r o s s  t h e  a n a l y s e d 
s i t e s  s h o w i n g  t h e  g r o u p i n g s  a c c o r d i n g  t o  m a j o r  r o c k  t y p e s  ( b a s e d  o n  T i  a n d  Z r )  ( d a t a p o i n t  n   =   1 1 6 ) .
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M o s t  a n a l y s e d  a r t e f a c t s  p l o t  w i t h i n  t h e  g r a n o p h y r i c 

r h y o d a c i t e  f i e l d  o r  a n d e s i t i c  b a s a l t  f i e l d s  ( F i g u r e  2 . 9 )  a s 

t h e s e  a r e  m a j o r  r o c k  t y p e s  i n  t h e  a r c h i p e l a g o  ( F i g u r e 

2 . 8 ) .  T h e  a r t e f a c t s  f r o m  N g a n j a r l i  a n d  E n d e r b y  I s l a n d 

( E I A 0 4 ) ,  a r e  i d e n t i f i e d  a s  g r a n o p h y r i c  r h y o d a c i t e ,  a n d 

a r e  f o u n d  w i t h i n  1 – 2   k m  o f  a n  o u t c r o p  o f  t h i s  m a t e r i a l . 

G r a n o p h y r i c  r h y o d a c i t e  e x i s t s  i n  b o t h  s t a t e d  l o c a t i o n s , 

w i t h  t h e  l a t t e r  h a v i n g  a  m o r e  i n t e r m e d i a t e  c o m p o s i t i o n 

( d a c i t e ) .  N g a n j a r l i  i s  w i t h i n  t h e  i n n e r  g e o l o g i c a l  r e g i o n 

o f  t h e  D a m p i e r  A r c h i p e l a g o ,  w h e r e  t h e  e x p o s e d  r o c k  i s 

e n t i r e l y  d o m i n a t e d  b y  t h e  r o c k s  o f  t h e  G i d l e y  G r a n o p h y r e 

i n t r u s i o n  ( c .  2 7 2 5  M a ) ,  w h e r e a s  t h e  m i d d l e  t o  o u t e r 

i s l a n d s  ( e . g .  W e s t  L e w i s  a n d  E n d e r b y )  h o s t  a  m i x  o f  r o c k 

t y p e s ,  m o s t l y  g r a n o p h y r i c  a n d  a n d e s i t i c  ( F i g u r e  2 . 9 ) . 

M a n y  a r t e f a c t s  p l o t  w i t h i n  t h e  a n d e s i t i c  b a s a l t 

p r o b a b i l i t y  f i e l d ,  i n  p a r t i c u l a r  a r t e f a c t s  f r o m  E n d e r b y 

a n d  N g a n j a r l i  a n d ,  t o  a  l e s s e r  e x t e n t ,  W a t e r i n g  C o v e .  T h i s 

r o c k  t y p e  f i e l d  a l s o  i n c l u d e s  a r t e f a c t s  t h a t  d e r i v e d  f r o m 

o u t c r o p p i n g  d y k e s ,  w h i c h  e x p l a i n s  t h e  m a n y  a n d e s i t i c 

a r t e f a c t s  f r o m  N g a n j a r l i ,  b u t  d u e  t o  a  p a u c i t y  o f  d y k e 

g e o c h e m i c a l  d a t a  w e  h a v e  n o t  b e e n  a b l e  t o  d e f i n e  a 

d o l e r i t i c  d y k e  f i e l d .  T h e  s o u r c i n g  o f  t h e  a r t e f a c t s  w i t h i n 

t h i s  f i e l d  i s  m o r e  c o m p l i c a t e d  a s  t h e s e  r o c k s  s h o w  m o r e 

i n t e r n a l  v a r i a b i l i t y  a c r o s s  m u l t i p l e  i s l a n d s . 

T h e  a r t e f a c t s  f r o m  R o s e m a r y  I s l a n d  p l o t  w i t h i n 

t h e  t w o  i d e n t i f i e d  R o s e m a r y  I s l a n d  r o c k  t y p e s  a n d  a r e 

d e f i n i t e l y  l o c a l l y  s o u r c e d  f r o m  t h e  i s l a n d  ( v o l c a n i c l a s t i c 

s i l t s t o n e  a n d  R o s e m a r y  I s l a n d  g a b b r o ) .  T h r e e  a r t e f a c t s 

d e r i v e  f r o m  t h i s  i s l a n d ’ s  d o l e r i t e  d y k e  a n d  t h e s e  p l o t 

w i t h i n  t h e  a n d e s i t i c  b a s a l t  f i e l d .

A  r e l a t i v e l y  s m a l l  p r o p o r t i o n  o f  t h e  a n a l y s e d 

a r t e f a c t s  s h o w  n o  c o r r e l a t i o n  w i t h  a n y  o u t c r o p p i n g  r o c k 

t y p e ,  i n d i c a t i n g  t h e s e  a r t e f a c t s  d e r i v e  f r o m  r o c k  t y p e s 

w h i c h  h a v e  n o t  y e t  b e e n  a n a l y s e d  ( o r  c o u l d  b e  e r r o r s  i n 

t h e  a n a l y s e s ) .

F i g u r e  2 . 1 0 .  T h e  a n a l y s e d  a r t e f a c t  a s s e m b l a g e s  s h o w i n g  t h e i r  b a s a l  g e o c h e m i c a l  i d e n t i f i c a t i o n s  ( b a s e d  o n  T i / Z r  r a t i o s )  ( n   =   1 6 7 ) .

U s ewe a r  a n d  re s i d u e  a n a l ys i s
D u r i n g  a n  a r t e f a c t ’ s  l i f e  a s  a  t o o l ,  d u r i n g  h a n d l i n g ,  a n d  i n 

s t o r a g e ,  t h e  e d g e s  a n d  s u r f a c e s  o f  t h e  a r t e f a c t  c a n  b e 

m o d i f i e d  i n  s e v e r a l  w a y s  t h a t  a r e  c o l l e c t i v e l y  r e f e r r e d 

t o  a s  u s e w e a r  ( F u l l a g a r  2 0 1 4 :  2 0 8 ) .  T h e  d i f f e r e n t  t y p e s 

o f  m o d i f i c a t i o n ,  o r  u s e w e a r,  i n c l u d e  b e v e l l i n g ,  e d g e 

r o u n d i n g ,  p o l i s h ,  s h a l l o w  e d g e  s c a r r i n g ,  s m o o t h i n g  a n d 

s t r i a t i o n s ,  a n d  i n  s o m e  c a s e s  c a n  b e  u s e d  t o  i d e n t i f y 

t h e  t y p e s  o f  a c t i v i t y  b y  w h i c h  a n  a r t e f a c t  h a s  b e e n  u s e d 

( F u l l a g a r  2 0 1 4 :  2 2 0 – 2 2 6 ) .  I t  i s  i m p o r t a n t  t o  r e c o g n i s e  t h a t 

w e a r  o n  a r t e f a c t s  d o e s  n o t  a l w a y s  r e l a t e  t o  t h e  a r t e f a c t ’ s 

u s e :  f o r  e x a m p l e ,  u s e w e a r  o n  a n  a r t e f a c t  w i t h  a  m o r -

p h o l o g i c a l  d e s i g n  s u g g e s t i v e  o f  a n  a r r o w h e a d  i s  m o r e 

l i k e l y  t o  b e  i n t e r p r e t e d  a s  e v i d e n c e  f o r  h u n t i n g  a c t i v i t y 

( A k e r m a n  e t  a l .  2 0 0 2 ) .  W e a t h e r i n g  ( o n  t h e  s u r f a c e  a n d 

i n  s i t u )  c a n  a l s o  a l t e r  o r,  i n  s o m e  c a s e s ,  e n t i r e l y  r e m o v e 

e v i d e n c e  o f  u s e w e a r  o n  a r t e f a c t  s u r f a c e s  ( F u l l a g a r 

2 0 1 4 :  2 0 8 ) .  F o r  t h e s e  r e a s o n s ,  u s e w e a r  s t u d i e s  a r e  o f t e n 

p a i r e d  w i t h  r e s i d u e  a n a l y s i s  t o  p r o v i d e  a d d i t i o n a l  l i n e s 

o f  e v i d e n c e  f o r  h o w  a n  a r t e f a c t  m a y  h a v e  b e e n  u s e d . 

E x t r a c t i n g  r e s i d u e s  t h a t  a d h e r e  t o  a r t e f a c t s  c a n 

p r o v i d e  e v i d e n c e  o f  t h e  t y p e s  o f  m a t e r i a l ( s )  t h a t  t h e 

a r t e f a c t  e n c o u n t e r e d  d u r i n g  i t s  u s e  ( B r i u e r  1 9 7 6 ) .  T w o 

m e t h o d s  a r e  u s e d  f o r  e x t r a c t i n g  r e s i d u e s :  u l t r a s o n i c a -

t i o n ,  w h i c h  o f f e r s  l i t t l e  c o n t r o l  o v e r  t h e  s a m p l e  a r e a  a n d 
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m a y  d a m a g e  r e s i d u e s ;  a n d  p i p e t t e  e x t r a c t i o n ,  a  h i g h l y 

t a r g e t e d  a p p r o a c h  t h a t  m i n i m i s e s  t h e  r i s k  o f  d a m a g i n g  a n y 

r e s i d u e s  p r e s e n t  o n  t h e  a r t e f a c t .  W h i l e  r e s i d u e  a n a l y s i s 

i s  a  p o w e r f u l  m e t h o d  f o r  u n d e r s t a n d i n g  h o w  a r t e f a c t s 

m a y  h a v e  b e e n  u s e d ,  i t  r e q u i r e s  a n  i n t i m a t e  k n o w l e d g e 

o f  p l a n t  c e l l u l a r  s t r u c t u r e s  a n d  b l o o d  c e l l  m o r p h o l o g y  t o 

p o s i t i v e l y  i d e n t i f y  t h e  e x t r a c t e d  r e s o u r c e s .  F u r t h e r m o r e , 

i d e n t i f y i n g  r e s i d u e s  r e l a t e d  t o  u s e  r a t h e r  t h a n  p o s t - 

d e p o s i t i o n a l  p r o c e s s e s  c a n  a l s o  b e  p r o b l e m a t i c  ( R o t s 

e t  a l .  2 0 1 6 ) .  F o r  t h i s  r e s e a r c h ,  m e t h y l e n e  b l u e  w a s 

u s e d  t o  s t a i n  p l a n t  f i b r e s  f o r  p o s i t i v e  i d e n t i f i c a t i o n ,  a n d 

i t s  e f f e c t i v e n e s s  f o r  t h i s  a p p l i c a t i o n  h a s  b e e n  w i d e l y 

d e m o n s t r a t e d  ( R o t s  e t  a l .  2 0 1 6 :  1 0 ) .  I n  c a s e s  w h e r e  p l a n t 

f i b r e s  w e r e  m o r p h o l o g i c a l l y  d i s t i n c t ,  t h e  t y p e s  o f  p l a n t 

t h e y  m i g h t  b e l o n g  t o  w a s  n a r r o w e d  d o w n  u s i n g  v a r i o u s 

l i n e s  o f  e v i d e n c e  ( C S I R O  1 9 9 8 ;  D a s h e k  a n d  M i g l a n i 

2 0 1 7 ;  D e p a r t m e n t  o f  A g r i c u l t u r e ,  W a t e r  a n d  E n v i r o n m e n t 

2 0 1 9 ) .  To  i d e n t i f y  t h e  p r e s e n c e  o f  b l o o d ,  M a t h e s o n  a n d 

V e a l l  ( 2 0 1 4 )  d e m o n s t r a t e d  t h e  e f f i c a c y  o f  u s i n g  S i e m e n s 

M u l t i s t i x ™ ;  h o w e v e r,  t h e y  a l s o  r e c o g n i s e d  t h a t  i n  r a r e 

c a s e s ,  h e a v y  c o n c e n t r a t i o n s  o f  m e t a l s  i n  s e d i m e n t s  c a n 

c a u s e  a  f a l s e  p o s i t i v e .  To  e l i m i n a t e  t h i s  p o s s i b i l i t y ,  2 0   μ l 

o f  d i s t i l l e d  w a t e r  m i x e d  w i t h  s e d i m e n t  f r o m  b u l k  s a m p l e 

b a g s  w a s  a p p l i e d  t o  f i v e  S i e m e n s  M u l t i s t i x ™ .  N o  p o s i t i v e 

r e a c t i o n s  w e r e  r e c o r d e d .

A r t e f a c t s  w e r e  i d e n t i f i e d  b y  W e n d y  R e y n e n  f o r 

u s e w e a r  a n d  r e s i d u e  a n a l y s i s  a c c o r d i n g  t o  s i g n s  o f 

m a c r o s c o p i c  e d g e - w e a r.  U s e w e a r  a n d  r e s i d u e s  w e r e 

t h e n  d o c u m e n t e d ,  e x t r a c t e d  a n d  e v a l u a t e d  b y  Z a n e 

B l u n t ,  w h o  a n a l y s e d  s e v e r a l  o f  t h e  p r o j e c t ’ s  a s s e m b l a g e s 

f o r  r e s i d u e s  d u r i n g  h i s  H o n o u r s  r e s e a r c h  ( B l u n t  2 0 1 9 ) . 

To  m i n i m i s e  t h e  r i s k  o f  c o n t a m i n a t i o n  i n  t h e  l a b , 

a r t e f a c t s  w e r e  h a n d l e d  w i t h  g l o v e s  d u r i n g  u s e w e a r  a n d 

r e s i d u e  a n a l y s i s ,  a n d  m i c r o s c o p e  s t a g e s  w e r e  c l e a n e d 

w i t h  r u b b i n g  a l c o h o l  a f t e r  e a c h  a r t e f a c t  w a s  i n s p e c t e d . 

T h e  a r t e f a c t s  w e r e  f i r s t  i n s p e c t e d  f o r  s i g n s  o f  u s e w e a r 

a n d  r e s i d u e s  a t  l o w - m a g n i f i c a t i o n  ( u p  t o  1 6 x )  u s i n g  a 

L e i c a  M 2 0 5 C .  T h e  a r t e f a c t s  w e r e  t h e n  i n s p e c t e d  a t  u p 

t o  1 0 0 x  m a g n i f i c a t i o n  u s i n g  a  N i k o n  E c l i p s e  LV 1 0 0 N D . 

A l l  s i g n s  o f  u s e w e a r  a n d  r e s i d u e s  w e r e  p h o t o g r a p h e d 

a n d  s t o r e d  o n  M i c r o s o f t  O n e d r i v e  f o r  f u t u r e  a n a l y s i s 

w i t h  t h e  a r t e f a c t  n u m b e r,  s i t e  n u m b e r  a n d  l o c a t i o n / t y p e 

o f  u s e w e a r  n o t e d  i n  t h e  f i l e  n a m e .  A l l  p h o t o g r a p h e d 

a r t e f a c t s ,  w i t h  t h e i r  a s s o c i a t e d  r e s i d u e s ,  a r e  s t o r e d  i n 

t h e  C R A R + M  d a t a b a s e .

A r t e f a c t s  t h a t  s h o w e d  s i g n s  o f  u s e  a n d  p o t e n t i a l 

f o r  r e s i d u e  a n a l y s i s  w e r e  s a m p l e d  u s i n g  a  m e c h a n i c a l 

p i p e t t e  w i t h  a  n y l o n  d i s p o s a b l e  t i p  u s i n g  1 0 – 2 0   μ l  o f 

d i s t i l l e d  w a t e r.  T h e  w a t e r  w a s  a p p l i e d  t o  t h e  a r e a s  w i t h 

u s e w e a r,  g e n t l y  a g i t a t e d  u s i n g  t h e  p i p e t t e  t i p ,  a n d  l e f t  t o 

r e s t  f o r  o n e  m i n u t e .  T h e  l i q u i d  w a s  t h e n  e x t r a c t e d  b a c k 

i n t o  t h e  p i p e t t e  t i p ,  a p p r o x i m a t e l y  5   μ l  w a s  a p p l i e d  t o  a 

S i e m e n s  M u l t i s t i x  b l o o d  t e s t ,  a n d  t h e  r e m a i n i n g  l i q u i d 

w a s  e j e c t e d  o n t o  a  g l a s s  m i c r o s c o p e  s l i d e  a n d  s e a l e d 

w i t h  a  g l a s s  s l i d e  c o v e r.  T h e  b l o o d  w a s  t e s t e d  a f t e r  o n e 

m i n u t e  a n d  t h e  r e s u l t  r e c o r d e d  i n t o  a  M i c r o s o f t  E x c e l 

s p r e a d s h e e t .  E x t r a c t e d  r e s i d u e s  w e r e  e x a m i n e d  a n d 

p h o t o g r a p h e d  u s i n g  a  N i k e  E c l i p s e  LV 1 0 0 n d  t r a n s m i t t e d 

l i g h t  m i c r o s c o p e .  I n  t h e  c a s e  o f  p o s s i b l e  s t a r c h  c e l l s , 

a q u e o u s  i o d i n e  w a s  a p p l i e d  a n d  l e f t  f o r  o n e  m i n u t e 

b e f o r e  t h e  r e s u l t s  w e r e  p h o t o g r a p h e d .  W h e r e  p l a n t 

f i b r e s  w e r e  m o r e  l i k e l y ,  5   μ l  o f  m e t h y l e n e  b l u e  ( 0 . 0 0 1 % ) 

w a s  t h e n  a p p l i e d  t o  t h e  r e s i d u e  l i q u i d  a n d  l e f t  t o  r e s t  f o r 

f i v e  m i n u t e s .  R e s i d u e s  w e r e  t h e n  e x a m i n e d  f o r  p o s i t i v e 

a d h e s i o n s  t o  p l a n t  f i b r e s ,  a n d  a l l  p o s i t i v e  i d e n t i f i c a -

t i o n s  w e r e  p h o t o g r a p h e d  a n d  s t o r e d  f o r  f u t u r e  a n a l y s i s . 

A l l  s t o r e d  p h o t o g r a p h s  h a v e  t h e  a r t e f a c t  n u m b e r,  s i t e 

n u m b e r,  a n d  l o c a t i o n  o f  t h e  r e s i d u e  l i f t  a n d  r e s i d u e  t y p e 

n o t e d  i n  t h e  f i l e  n a m e .  A l l  r e s u l t s  w e r e  a l s o  r e c o r d e d  i n t o 

a  M i c r o s o f t  E x c e l  s p r e a d s h e e t ,  w h i c h  i s  s i m i l a r l y  s t o r e d 

i n  t h e  C R A R + M  d a t a b a s e .  T h e  r e s u l t s  o f  t h e s e  a n a l y s e s 

a r e  d o c u m e n t e d  i n  e a c h  o f  t h e  e x c a v a t i o n  c h a p t e r s .

d a t i n g  t h e  o cc u p a t i o n  s e q u e n ce s  - 
b a ye s i a n  a n a l ys e s

T h e  a r c h a e o l o g i c a l  s e q u e n c e s  h a v e  b e e n  d a t e d  u s i n g 

A M S  r a d i o c a r b o n  d e t e r m i n a t i o n s  b a s e d  o n  a n y  a v a i l a b l e 

o r g a n i c  m a t e r i a l s  r e c o v e r e d  f r o m  t h e  e x c a v a t i o n ,  u s u a l l y 

s h e l l ,  a n d  o c c a s i o n a l l y  c h a r c o a l  r e c o v e r e d  f r o m  h e a r t h s . 

I n  s i t e s  w h e r e  n o  o r g a n i c  r e m a i n s  w e r e  e n c o u n t e r e d ,  o r 

w h e r e  t h e r e  w e r e  d e e p ,  r e l a t i v e l y  i n t a c t  s a n d  b o d i e s 

( W a d j u r u  P o o l ,  E n d e r b y  s a n d  s h e e t ) ,  O S L  d a t i n g  h a s  b e e n 

u s e d .  O t h e r  m i d d e n  s i t e s  w i t h  m i n i m a l  s h e l l  r e m a i n s  i n 

t h e i r  e a r l i e r  l a y e r s  ( e . g .  O l d  G e o s  a n d  F i g  Tr e e )  a l s o  h a d 

O S L  s a m p l e s  a n a l y s e d .  T h e  r e s u l t s  o f  t h e s e  a n a l y s e s 

a r e  p r e s e n t e d  i n  e a c h  r e l e v a n t  e x c a v a t i o n  c h a p t e r,  w h i l e 

C h a p t e r  1 7  s u m m a r i s e s  t h e s e  r e s u l t s  a n d  u n d e r t a k e s 

a  B a y e s i a n  a n a l y s i s  o f  t h e  c o m b i n e d  d a t e d  M u r u j u g a 

s e q u e n c e s .  T h e  A N S T O  a n d  t h e  W a i k a t o  U n i v e r s i t y 

r a d i o c a r b o n  l a b s  w e r e  u s e d  f o r  t h e  r a d i o c a r b o n  r e s u l t s . 

A  v a r i e t y  o f  O S L  l a b s  w e r e  u s e d  ( A d e l a i d e ,  O x f o r d , 

S h e f f i e l d ,  D e n m a r k )  a s  t h e r e  w e r e  s i g n i f i c a n t  w a i t i n g 

t i m e s  g i v e n  a l l  l a b s  h a v e  h i g h  d e m a n d .  P e r m i s s i o n s 

w e r e  r e c e i v e d  f r o m  t h e  M A C  C i r c l e  o f  E l d e r s  t o  s e n d  a l l 

s o i l  s a m p l e s  o v e r s e a s  f o r  d a t i n g  a n a l y s e s .  A l l  r e s u l t s 

a r e  p r o v i d e d  i n  t h e  S u p p l e m e n t a r y  I n f o r m a t i o n  D a t i n g 

A p p e n d i x . 

B a y e s i a n  a n a l y s i s  w a s  u s e d  t o  m o d e l  t h e  c h r o n o l o g y 

f o r  e a c h  s i t e  a n a l y s e d  d u r i n g  t h i s  p r o j e c t .  S e q u e n c e  d e p -
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o s i t i o n a l  m o d e l s  w e r e  u s e d  t h r o u g h o u t  ( B r o n k  R a m s e y 

2 0 0 8 ,  2 0 0 9 a ) .  I n  e a c h  m o d e l ,  d a t e s  w e r e  e n t e r e d  i n t o 

t h e  m o d e l  i n  o r d e r  o f  t h e i r  d e p t h  o r g a n i s e d  b y  a t  l e a s t 

o n e ,  b u t  o f t e n  m u l t i p l e ,  p h a s e s .  T h e s e  w e r e  d e f i n e d  b y 

t h e  c h r o n o - s t r a t i g r a p h y  a n d  a r t e f a c t  a n a l y s e s .  T h e  u s e 

o f  p h a s e s  t o  o r d e r  t h e  d a t e s  w i t h i n  t h e  s t r a t i g r a p h i c 

o r  a n a l y t i c a l  u n i t s  i s  i m p o r t a n t  b e c a u s e ,  i n  B a y e s i a n 

a n a l y s i s ,  p h a s e s  a s s u m e  t h a t  a g e  d e t e r m i n a t i o n s  a r e 

u n i f o r m l y  d i s t r i b u t e d  w i t h  n o  o r d e r  ( B r o n k  R a m s e y 

1 9 9 8 ) .  T h i s  i s  a p p r o p r i a t e  f o r  M u r u j u g a  g i v e n  w e  c a n n o t 

a s s u m e  a  l a c k  o f  i n t r a - s t r a t a  m o v e m e n t  f o r  m o s t  s i t e s 

a n a l y s e d  d u r i n g  t h i s  r e s e a r c h  p r o j e c t .  P h a s e s  w e r e  a l s o 

s e p a r a t e d  b y  b o u n d a r i e s  w h i c h  r e p r e s e n t  t h e  c h r o n o -

l o g i c a l  ‘ b e g i n n i n g ’  a n d  ‘ e n d ’  o f  e a c h  a n a l y t i c a l  u n i t . 

W e  u s e d  t w o  b o u n d a r y  d e s i g n s  t o  m o d e l  t h e  M u r u j u g a 

c h r o n o l o g i e s :  c o n t i n u o u s  a n d  s e q u e n t i a l .  C o n t i n u o u s 

b o u n d a r i e s  a r e  u s e d  t o  r e p r e s e n t  u n b r o k e n  t r a n s i t i o n s 

f r o m  o n e  a n a l y t i c a l  u n i t  t o  t h e  n e x t ,  w h i l e  s e q u e n t i a l 

b o u n d a r i e s  c a n  b e  u s e d  t o  r e p r e s e n t  a  d i s c o n t i n u i t y 

b e t w e e n  a n a l y t i c a l  u n i t s  ( s e e  B r o n k  R a m s e y  2 0 0 9 a ) .  I f 

t h e  ‘ d e p o s i t  s u r f a c e ’  b o u n d a r y  w a s  c l o s e  t o  0  c a l .  B P,  i t 

w a s  c o n s t r a i n e d  w i t h  a  u n i f o r m  d i s t r i b u t i o n  b e t w e e n  0 

a n d  1 0 0  c a l .  B P  t o  s t o p  t h e  m o d e l  f r o m  p r o d u c i n g  d a t e s 

i n t o  t h e  f u t u r e .  To  a s s e s s  t h e  l i k e l i h o o d  o f  a n y  m o d e l l e d 

d a t e s  b e i n g  o u t l i e r s ,  a  G e n e r a l  t - t y p e  O u t l i e r  M o d e l 

w a s  i n s e t  i n t o  e a c h  m o d e l  ( B r o n k  R a m s e y  2 0 0 9 b ) .  A l l 

d a t e s  w e r e  a s s i g n e d  a  p r i o r  o u t l i e r  p r o b a b i l i t y  o f  0 . 0 5 . 

T h i s  w a s  a l s o  s u p p o r t e d  b y  a n  A g r e e m e n t  I n d e x  w h i c h 

i n d i c a t e s  t h e  ‘ g o o d n e s s - o f - f i t ’  f o r  i n d i v i d u a l  d a t e s  a n d , 

m o r e  g e n e r a l l y ,  t h e  w h o l e  m o d e l  u s i n g  a  6 0 %  t h r e s h o l d 

v a l u e  ( B r o n k  R a m s e y  1 9 9 8 ) .  M o d e l s  w e r e  c a l i b r a t e d 

u s i n g  S H C a l 2 0  f o r  c h a r c o a l  ( H o g g  e t  a l .  2 0 2 0 )  a n d 

M a r i n e 2 0  ( H e a t o n  e t  a l .  2 0 2 0 )  w i t h  a  1 0 9   ±  2 5  m a r i n e 

r e s e r v o i r  v a l u e  f o r  s h e l l  ( V e t h  e t  a l .  2 0 1 7 ) .  M o d e l l e d 

d a t e s  w e r e  r o u n d e d  f o l l o w i n g  c o n v e n t i o n s  i n  S t u i v e r  a n d 

P o l a c h  ( 1 9 7 7 ) . 

Pe r m i t s  a n d  C o m p l i a n ce
T h e  e x c a v a t i o n  m e t h o d o l o g i e s  u s e d  t h r o u g h o u t  t h e 

p r o j e c t  w e r e  s t i p u l a t e d  i n  t h e  r e s e a r c h  d e s i g n s  a c c o m -

p a n y i n g  t h e  S e c t i o n  1 6  p e r m i t s  g r a n t e d  t o  c o n d u c t 

r e s e a r c h  o n  A b o r i g i n a l  h e r i t a g e  s i t e s  ( n o .  5 5 6 ,  g r a n t e d 

b y  t h e  f o r m e r  D e p a r t m e n t  o f  A b o r i g i n a l  A f f a i r s 

1 4 / 3 / 2 0 1 4 ;  n o .  5 7 5 ,  g r a n t e d  b y  D P L H  2 2 / 5 / 2 0 1 7 ) .  T h e s e 

S e c t i o n  1 6  p e r m i t s  w e r e  e x e c u t e d  i n  a c c o r d a n c e  w i t h 

t h e i r  c o n d i t i o n s ,  a s  r e p o r t e d  a t  t h e  c o n c l u s i o n s  o f  t h e 

2 0 1 8  f i e l d  s e a s o n s  ( M c D o n a l d  a n d  D o r t c h  2 0 1 8 ) . 

F i e l d  c a m p i n g  o n  t h e  i s l a n d s  c o m p l i e d  w i t h  c o n -

s e r v a t i o n  a n d  s a f e t y  r e g u l a t i o n s  a s  s t i p u l a t e d  i n  t h e 

C A L M  A c t  R e g u l a t i o n  4  p e r m i t s  ( C E 0 0 4 3 9 1  3 1 / 3 / 2 0 1 4 ; 

P I L C A L M R 4 - 0 0 1 / 2 0 1 6 ,  g r a n t e d  b y  t h e  f o r m e r  D e p a r t m e n t 

o f  P a r k s  a n d  W i l d l i f e  2 9 / 2 / 2 0 1 6 ;  P I L C A L M R 4 - 0 1 0 / 2 0 1 6 , 

g r a n t e d  b y  D B C A  5 /4 / 2 0 1 7 ;  P I L C A L M R 4 - 0 0 9 / 2 0 1 8 , 

g r a n t e d  b y  D B C A  3 /4 / 2 0 1 8 ) .  N o  v e g e t a t i o n  w a s  c l e a r e d , 

a n d  t e n t s ,  s h e l t e r s  a n d  r u b b i s h  w e r e  a l l  r e m o v e d  o n 

t h e  c o m p l e t i o n  o f  t h e  t r i p .  N o  w i l d l i f e  w a s  h a r m e d ;  a n d 

o n l y  a r c h a e o l o g i c a l  a n d  f o s s i l  m a t e r i a l s  w e r e  c o l l e c t e d 

a s  p e r  t h e  r e l e v a n t  p e r m i t s  ( R e g u l a t i o n  4  p e r t a i n i n g  t o 

t h e  W i l d l i f e  C o n s e r v a t i o n  A c t  1 9 5 0  a n d  C o n s e r v a t i o n  a n d 

L a n d  M a n a g e m e n t  A c t  2 0 0 2 ;  S e c t i o n  1 6  o f  t h e  A b o r i g i n a l 

H e r i t a g e  A c t  1 9 7 2 ) .

Te r t i a r y  T ra i n i n g 
T h e  p r o j e c t  h a s  p r o v e d  a  f e r t i l e  t r a i n i n g  g r o u n d  f o r 

u n d e r g r a d u a t e  a n d  p o s t g r a d u a t e  s t u d e n t s  a t  t h e 

U n i v e r s i t y  o f  W e s t e r n  A u s t r a l i a  ( s e e  C h a p t e r  1 ) .  D e s p i t e 

n o t  h a v i n g  a n  A R C  P h D  c a n d i d a t e  b u d g e t ,  f o u r  P h D  d i s -

s e r t a t i o n s  h a v e  b e e n  f o c u s e d  f u l l y  o r  p a r t i a l l y  o n  t h e 

p r o j e c t ’ s  v a r i o u s  o u t p u t s .  M e g  B e r r y  c o m p l e t e d  h e r  d i s -

s e r t a t i o n  o n  s e v e r a l  o f  t h e  R o s e m a r y  I s l a n d  e x c a v a t i o n s 

a n d  t h e  r o c k  a r t  a s s e m b l a g e s  t h a t  s h e  r e c o r d e d  d u r i n g 

h e r  f i e l d w o r k  o n  R o s e m a r y  I s l a n d  ( B e r r y  2 0 1 8 ) .  W e n d y 

R e y n e n  a n a l y s e d  t h e  M u r u j u g a  R o c k s h e l t e r  a s s e m b l a g e 

a s  p a r t  o f  h e r  P h D  d i s s e r t a t i o n  o n  P i l b a r a  i c e - a g e  r o c k -

s h e l t e r s  ( R e y n e n  2 0 1 8 ) .  E m m a  B e c k e t t  c o m p l e t e d  h e r 

P h D  o n  t h e  M u r u j u g a  s t o n e  f e a t u r e s  ( B e c k e t t  2 0 2 1 ) , 

w h i l e  V i c t o r i a  A n d e r s o n  i s  e n r o l l e d  p a r t - t i m e  a n d  w i l l 

c o m p l e t e  h e r  d i s s e r t a t i o n  o n  t h e  H o l o c e n e  t r a n s i t i o n  a n d 

f i s h i n g  t e c h n o l o g i e s  a c r o s s  t h e  a r c h i p e l a g o  i n  2 0 2 3 .  T h e 

a s s o c i a t e d  e x t e n s i v e  f i e l d  p r o g r a m  p r o v i d e d  e x t r a o r d i -

n a r y  o p p o r t u n i t i e s  a n d  e i g h t  H o n o u r s  d i s s e r t a t i o n s  h a v e 

a l s o  b e e n  p r o d u c e d  o v e r  t h e  l i f e  o f  t h e  p r o j e c t  o n  a  s e t 

o f  d i v e r s e  t o p i c s  ( B l u n t  2 0 1 9 ;  B u r c h a m  2 0 1 9 ;  d e  K o n i n g 

2 0 1 4 ;  F a i r w e a t h e r  2 0 1 9 ;  G o l d w y e r  2 0 1 8 ;  M o r r i s o n  2 0 1 9 ; 

S t e w a r t  2 0 1 6 ;  W o o d s  2 0 1 8 ) ,  t h e  r e s u l t s  o f  w h i c h  a r e 

i n c o r p o r a t e d  i n  t h e  c h a p t e r s  o f  t h i s  m o n o g r a p h . 



19T h e  G e T T i n G  o F  W i s d o M :  F i e L d  a n d  L a b o r a T o r y  M e T h o d s

re f e re n ce s
Akerman, K.,  Fullagar, R. and A. van Gijn. 2002. Weapons and wunan: 

production, function and exchange of Kimberley points. Australian 

Aboriginal Studies  1 :  13–42.

Amick, D. S. and R. P. Mauldin. 1997. Effects of raw material on flake breakage 

patterns. Lithic Technology  22(1):  18–32. https://doi.org/10.1080/019772

61.1997.11754531

Andrefsky, W. 2005. Lithics: Macroscopic Approaches to Analysis .  New York: 

Cambridge University Press.

Andrefsky, W. 2009. The analysis of stone tool procurement, production, and 

maintenance. Journal of Archaeological Research  17: 65–103. https://doi.

org/10.1007/s10814-008-9026-2

Bailey, G.  N. 1975. The role of molluscs in coastal economies: the results of 

midden analysis in Australia . Journal of Archaeological Science  2(1): 

45–62. https://doi.org/10.1016/0305-4403(75)90045-X

Beckett,  E. 2021. Contextualising Murujuga Stone Structures: Dampier 

Archipelago. Unpublished PhD thesis, Centre for Rock Art Research + 

Management, and Archaeology, University of Western Australia .

Bednarik, R. G. 2011. Inherited vs recent accretions (comment). Rock Art 

Research  28(1):  7–8. 

Berry, M. 2018. Murujuga Desert,  Tide, and Dreaming: Understanding Early 

Rock Art Production and Lifeways in Northwest Australia . Unpublished 

PhD thesis, University of Western Australia .

Blunt, Z. 2019. Sea level rise and islandisation: how did the reconfiguration 

of Murujuga’s Holocene landscape influence Indigenous people’s 

occupation and resource exploitation on Enderby and Rosemary 

islands? Unpublished BA (Hons) thesis, Archaeology and CRAR + M, 

University of Western Australia .

Bradbury, A.  P. and P.  J. Carr.  1995. Flake typologies and alternative 

approaches: an experimental assessment. Lithic Technology  20(2): 

100–115. https://www.jstor.org/stable/23273168

Braun, D.  R. 2006. The Ecology of Oldowan Technology: Perspectives from 

Koobi Fora and Kanjera South. Unpublished PhD thesis, The State 

University of New Jersey.

Briuer, F. L. 1976. New clues to stone tool function: plant and animal residues. 

American Antiquity  41(4): 478–484. https://doi.org/10.2307/279013

Bronk Ramsey, C. 1998. Probabil ity and dating. Radiocarbon  40: 461–474.

Bronk Ramsey, C. 2008. Deposition models for chronological records. 

Quaternar y Science Reviews  27: 42–60. https://doi.org/10.1016/j.

quascirev.2007.01.019

Bronk Ramsey, C. 2009a. Bayesian analysis of radiocarbon dates. 

Radiocarbon  51:  337–360. https://doi.org/10.1017/S0033822200033865

Bronk Ramsey C. 2009b. Dealing with outliers and offsets in radiocarbon 

dating. Radiocarbon  51:  1023–1045. https://doi.org/10.1017/

S0033822200034093 

Burcham, A. 2019. A ‘share in the place’:  the isolated frontier settlement of 

West Lewis Island, Dampier Archipelago, Western Australia . Unpublished 

BA (Hons) thesis, Archaeology and CRAR + M, University of Western 

Australia .

Clarkson, C. 2013. Measuring core reduction using 3D flake scar density: a 

test case of changing core reduction at Klasies River Mouth, South 

Africa. Journal of Archaeological Science  40(12): 4348–4357. https://doi.

org/10.1016/j. jas.2013.06.007

Clarkson, C. and S. O’Connor. 2013. An introduction to stone artefact analysis. 

Archaeology in Practice: A Student Guide to Archaeological Analyses , 

eds J. Balme and A. Paterson, 2nd edn. New York: Blackwell . 

CSIRO. 1998. Flora of Australia , Volume 48: Ferns, Gymnosperms and All ied 

Groups .  Melbourne: ABRS/CSIRO Australia . https://www.awe.gov.au/

science-research/abrs/publications/flora-of-australia/vol48

Dashek, W.  V. and G.  S. Miglani.  2017. Plant Cells and their Organelles . 

Chichester: Wiley Blackwell .

de Koning, S. 2014. Thatharruga: a stylistic analysis of turtle engravings on 

the Dampier Archipelago. Unpublished BA (Hons) thesis, CRAR  + M, 

University of Western Australia .

Department of Agriculture, Water and Environment. 2019. Flora of Australia . 

Australian Government. https://profiles.ala.org.au/opus/foa 

Ditchfield, K. 2016. The influence of raw material size on stone artefact 

assemblage formation: an example from Bone Cave, south-western 

Tasmania. Quaternar y International  422: 29–43. https://doi.org/10.1016/j.

quaint.2016.03.013

Donaldson, M. 2011a. Understanding the rocks: rock art and the geology of 

Murujuga (Burrup Peninsula) [with comments]. Rock Art Research: The 

Journal of the Australian Rock Art Research Association 28(1):  35–43. 

https://search.informit.org/doi/abs/10.3316/informit.265664199623302

Donaldson, M. 2011b. Geological processes and semantics (a reply).  Rock Art 

Research 28(1):  8–9. 

Fairweather, J.  2019. Geological and geochemical characterisation of the 

Archean Fortescue Group, Rosemary Island, and associated archae-

ological material from the Dampier Archipelago, Western Australia . 

Unpublished Geology Honours thesis, University of Western Australia .

Faulkner, P. 2009. Focused, intense and long-term: evidence for granular ark 

(Anadara granosa) exploitation from late Holocene shell  mounds of Blue 

Mud Bay, northern Australia . Journal of Archaeological Science  36(3): 

821–834. https://doi.org/10.1016/j. jas.2008.11.005

Flenniken, J. J.  and J. P. White. 1985. Australian flaked stone tools: an 

Australian perspective. Records of the Australian Museum  36: 131–161.

Fullagar, R. 2014. Residues and usewear. Archaeology in Practice: A Student 

Guide to Archaeological Analyses ,  eds J. Balme and A. Paterson, 2nd 

edn, pp. 207–234. Oxford: Blackwell Publishing.

Gallant, J.  C.,  T. I .  Dowling, A. M. Read, N. Wilson, P. Tickle and C. Inskeep. 2011. 

SRTM-derived 1 Second Digital Elevation Models Version 1.0. Canberra: 

Geoscience Australia .

Goldwyer, W. 2018. An archaeological investigation of Late Holocene shell 

bead manufacture, Dampier Archipelago, north-western Australia . 

Unpublished BA (Hons) thesis, CRAR + M, University of Western 

Australia .

Heaton, T.,  P. Köhler, M. Butzin, E. Bard, R. Reimer, W. Austin, C. Bronk Ramsey, 

P. M. Grootes, K. A. Hughen, B. Kromer, P. J. Reimer, J. Adkins, A. Burke, 

M.  S. Cook, J. Olsen and L.  C. Skinner. 2020. Marine20 – the marine 

radiocarbon age calibration curve (0–55,000 cal BP). Radiocarbon  62: 

779–820. https://doi.org/10.1017/RDC.2020.68

Hickman, A.  H. and C.  A. Strong. 2000. Dampier-Barrow Island, WA. Sheet 

SF 50-2 and part sheet SF 50-1  (2nd edn). 1:250000 Geological Series . 

Perth: Western Australia Geological Survey.

Hiscock, P. 1984. A preliminary report on the stone artefacts from Colless 

Creek Cave, northwest Queensland. Queensland Archaeological 

Research  1 :  120–151. http://hdl.handle.net/1885/41368

Hiscock, P. 1988. Prehistoric settlement patterns and artefact manufacture at 

Lawn Hil l ,  northwest Queensland. Unpublished PhD thesis, University of 

Queensland.

Hiscock, P. 2002. Quantifying the size of artefact assemblages. Journal 

of Archaeological Science  29(3): 251–258. https://doi.org/10.1006/

jasc.2001.0705

Hogg, A.  G.,  T.  J. Heaton, Q. Hua, J.  G. Palmer, C.  S. Turney, J. Southon, A. 

Bayliss, P. G. Blackwell ,  G. Boswijk, C. B. Ramsey and C. Pearson. 2020. 

SHCal20 southern hemisphere calibration, 0–55,000 years cal BP. 

Radiocarbon  62: 759–778. https://doi.org/10.1017/RDC.2020.59

Holdaway, S. J. and N. Stern. 2004. A Record in Stone: The Study of Australia’s 

Flaked Stone Artefacts .  Canberra: Aboriginal Studies Press.

Kuhn, S.  L. 1994. A formal approach to the design and assembly of 

mobile toolkits. American Antiquity  59: 426–442. https://doi.

org/10.2307/282456

Kuhn, S. L. and A. E. Clark. 2015. Artifact densities and assemblage formation: 

evidence from Tabun Cave. Journal of Anthropological Archaeology  38: 

8–16. https://doi.org/10.1016/j. jaa.2014.09.002

Lambrides, A.  B. and Weisler,  M.  I .  2016. Pacific islands ichthyoarchaeol-

ogy: implications for the development of prehistoric fishing studies 

and global sustainabil ity. Journal of Archaeological Research 24 (3): 

275–324. https://doi.org/10.1007/s10814-016-9090-y

MAC (Murujuga Aboriginal Corporation). 2016. Murujuga  Cultural Management 

Plan: Ngaayinthari Gumawarni Ngurrangga – We All  Come Together on 

This Countr y .  Karratha: MAC.

MacDonald, D. H. 2008. The role of l ithic raw material availabil ity and quality 

in determining tool kit size, tool function, and degree of retouch: a 

case study from Skink Rockshelter (46NI445), West Virginia. Lithic 

Technology: Measures of Production, Use, and Curation ,  ed. W. Andrefsky, 

pp. 216–232. New York: Cambridge University Press.

McDonald, J. 1992. The Great Mackerel rockshelter excavation: women in the 

archaeological record? Australian Archaeology  35: 32–50. https://doi.

org/10.1080/03122417.1992.11681467

McDonald, J. 2005. Salvage Excavation of Six Sites along Caddies, Second 

Ponds, Smalls and Cattai Creeks. Jo McDonald Cultural Heritage 

Management Pty Ltd. Melbourne: Australian Association of Consulting 

https://doi.org/10.1080/01977261.1997.11754531
https://doi.org/10.1080/01977261.1997.11754531
https://doi.org/10.1016/0305-4403(75)90045-X
https://www.jstor.org/stable/23273168
https://doi.org/10.2307/279013
https://doi.org/10.1016/j.quascirev.2007.01.019
https://doi.org/10.1016/j.quascirev.2007.01.019
https://doi.org/10.1017/S0033822200033865
https://doi.org/10.1017/S0033822200034093
https://doi.org/10.1017/S0033822200034093
https://crarm.com.au/entries/entry?EID=402808
https://crarm.com.au/entries/entry?EID=402808
https://doi.org/10.1016/j.jas.2013.06.007
https://doi.org/10.1016/j.jas.2013.06.007
https://www.awe.gov.au/science-research/abrs/publications/flora-of-australia/vol48
https://www.awe.gov.au/science-research/abrs/publications/flora-of-australia/vol48
https://profiles.ala.org.au/opus/foa
https://doi.org/10.1016/j.quaint.2016.03.013
https://doi.org/10.1016/j.quaint.2016.03.013
https://doi.org/10.1016/j.jas.2008.11.005
https://doi.org/10.1017/RDC.2020.68
http://hdl.handle.net/1885/41368
https://doi.org/10.1006/jasc.2001.0705
https://doi.org/10.1006/jasc.2001.0705
https://doi.org/10.1017/RDC.2020.59
https://doi.org/10.2307/282456
https://doi.org/10.2307/282456
https://doi.org/10.1016/j.jaa.2014.09.002
https://doi.org/10.1007/s10814-016-9090-y
https://doi.org/10.1080/03122417.1992.11681467
https://doi.org/10.1080/03122417.1992.11681467


20 M U R U J U G A  -  D Y N A M I C S  O F  T H E  D R E A M I N G

Archaeologists Inc.,  Monograph Series, 1. 

McDonald, J. 2009a. Archaeological survey of Deep Gorge on the Burrup 

Peninsula (Murujuga) Dampier Archipelago WA. Jo McDonald Cultural 

Heritage Management Pty Ltd. Unpublished report to the Western 

Australian Department of Indigenous Affairs.

McDonald, J. 2009b. Heritage inventory methodology report Dampier 

Archipelago. Jo McDonald Cultural Heritage Management Pty Ltd. 

Unpublished report to Western Australian Department of Indigenous 

Affairs.

McDonald, J. and S. de Koning. 2015. Report on Field Schools held at 

Queen Victoria Valley Burrup Peninsula July 2013 and 2014. Report to 

Murujuga Aboriginal Corporation and the Department of Environment 

and Heritage.

McDonald, J. and J. Dortch. 2018. Dampier Archipelago Archaeological Inves-

tigations – 2015–2018. Murujuga: Dynamics of the Dreaming: Australian 

Research Council  Linkage Project LP140100393. Summary report to 

Murujuga Aboriginal Corporation, Department of Planning, Lands and 

Heritage, Department of Biodiversity, Conservation and Attractions. 

McDonald, J. and P. Veth. 2006. A Study of the Distribution of Rock Art and 

Stone Structures on the Dampier Archipelago .  Jo McDonald Cultural 

Heritage Management Pty Ltd. Unpublished report to Heritage Division, 

Department of Environment and Heritage, Canberra: Australian 

Government.

McDonald, J. J.  and P. Veth. 2009. Dampier Archipelago petroglyphs: 

archaeology, scientific values and National Heritage Listing. 

Archaeology in Oceania  44(S1): 49–69.

McDonald, J. ,  W. Reynen, K. Ditchfield, J. Dortch, M. Leopold, B. Stephenson, 

T. Whitley, I .  Ward and P. Veth. 2018. Murujuga Rockshelter: f irst evidence 

for Pleistocene occupation on the Burrup Peninsula. Quaternary Science 

Reviews 193: 266–287. https://doi.org/10.1016/j.quascirev.2018.06.002

McDonald, J. ,  K. Mulvaney, E. Beckett,  J.  Fairweather, P. Morrison, S. de 

Koning, J. Dortch and P. Jeffries. 2021. Seeing and managing rock art 

at Nganjarli :  a tourist destination in Murujuga National Park, Western 

Australia . Australian Archaeology ,  87(3): 268–293. https://doi.org/10.10

80/03122417.2021.1978915

Matheson, C. and M. Veall .  2014. Presumptive blood test using Hemastix with 

EDTA in archaeology. Journal of Archaeological Science 41: 230–241. 

https://doi.org/10.1016/j. jas.2013.08.018

Meehan, B. 1982. Shell  Bed to Shell  Midden .  Canberra: Australian Institute of 

Aboriginal Studies.

Morrison, P. 2019. The geoarchaeology of a submerged Aboriginal site in 

the intertidal zone of Dolphin Island, Murujuga . Unpublished BA (Hons) 

thesis, CRAR + M, University of Western Australia .

Mulvaney, K. 2015. Murujuga Marni:  Rock Art of the Macropod Hunters and 

Mollusc Har vesters .  Perth: UWA Publishing.

O’Connell ,  J.   F. 1987. Alyawara site structure and its archaeological implica-

tions. American Antiquity  52: 74–108. https://doi.org/10.2307/281061

Petchey, F. and S. Ulm. 2012. Marine reservoir variation in the Bismarck region: 

an evaluation of spatial and temporal change in ∆R and R over the last 

3000 years. Radiocarbon  54(1):  45–58. https://doi.org/10.2458/azu_js_

rc.v54i1.13050

Pillans, B. and L. K. Fifield, 2013. Erosion rates and weathering history of rock 

surfaces associated with Aboriginal rock art engravings (petroglyphs) 

on Burrup Peninsula, Western Australia , from cosmogenic nuclide 

measurements. Quaternar y Science Reviews  69: 98–106. https://doi.

org/10.1016/j.quascirev.2013.03.001

Reynen, W. H. 2018. Rockshelters and Human Mobility during the Last Glacial 

Maximum in the Pilbara Uplands, North-western Australia . Unpublished 

PhD thesis, University of Western Australia . https://doi.org/10.26182/

5ca6a03b9c51f

Rots, V.,  E. Hayes, D. Cnuts, L. Christian and R. Fullagar. 2016. Making sense of 

residues on flaked stone artefacts: learning from blind tests. PLoS One 

11(3): e0150437. https://doi.org/10.1371/journal.pone.0150437

Shawcross, W. 1968. An investigation of prehistoric diet and economy on a 

coastal site at Galatea Bay, New Zealand. Proceedings of the Prehistoric 

Society  33: 107–131).  https://doi.org/10.1017/S0079497X00014079

Shott,  M. 1994. Size and form in the analysis of flake debris: review and recent 

approaches. Journal of Archaeological Method and Theor y  1 :  69–110. 

https://doi.org/10.1007/BF02229424

Shott,  M. 1996. An exegesis of the curation concept. Journal of Anthropolog-

ical Research  52(3): 259–280. https://doi.org/10.1086/jar.52.3.3630085

Stewart, R. 2016. An approach with style: a stylistic analysis of macropod rock 

art on Murujuga (Burrup Peninsula),  Western Australia . Unpublished BA 

(Hons) thesis, CRAR + M, UWA.

Stuiver, M. and H.  A. Polach. 1977. Discussion reporting of 14C data. 

Radiocarbon  19: 355–363. https://doi.org/10.1017/S0033822200003672

Thomsen, K. 2004. Surface area of an ell ipsoid. Numericana  [website] <http://

www.numericana.com/answer/ell ipsoid.htm> retrieved 2 January 2018.

Veth, P. 1982. Testing the behavioural model: the use of open site data. 

Unpublished Honours thesis, University of Western Australia .

Veth, P.,  I .  Ward, T. Manne, S. Ulm, K. Ditchfield, J. Dortch, F. Hook, F. Petchey, 

A. Hogg, D. Questiaux, M. Demuro, L. Arnold, N. Spooner, V. Levchenko, 

J. Skippington, C. Byrne, M. Basgall ,  D. Zeanah, D. Belton, P. Helmholz, 

S. Bajkan, R. Bailey, C. Placzek and P. Kendrick. 2017. Early human 

occupation of a maritime desert,  Barrow Island, North-West Australia . 

Quaternar y Science Reviews  168: 19–29. https://doi.org/10.1016/j.

quascirev.2017.05.002

Vinnicombe, P. 1987. Dampier Archaeological project: Resource Document, 

Sur vey and Salvage of Aboriginal Sites, Burrup Peninsula , Western 

Australia .  Perth: Department of Aboriginal Sites, WA Museum.

Vinnicombe, P. 2002. Petroglyphs of the Dampier Archipelago: background to 

development and descriptive analysis. Rock Art Research: The Journal 

of the Australian Rock Art Research Association  19(1):  3–27.

Wells, F.  E. and C.  W. Bryce. 1986. Seashells of Western Australia .  Perth: 

Western Australian Museum.

Woods, T. 2018. Tool-stone activity in Murujuga: an archaeological analysis of 

Holocene raw material variation and mobility in the Dampier Archipelago, 

Western Australia . Unpublished BA (Hons) thesis, Archaeology and 

CRAR + M, University of Western Australia .

F i r s t  p u b l i s h e d  i n  2 0 2 3  b y

U W A  P u b l i s h i n g

C r a w l e y,  W e s t e r n  A u s t r a l i a  6 0 0 9

w w w. u w a p . u w a . e d u . a u

U W A P  i s  a n  i m p r i n t  o f  U W A  P u b l i s h i n g ,

a  d i v i s i o n  o f  T h e  U n i v e r s i t y  o f  W e s t e r n  A u s t r a l i a .

T h i s  b o o k  i s  c o p y r i g h t .  A p a r t  f r o m  a n y  f a i r  d e a l i n g  f o r  t h e  p u r p o s e 

o f  p r i v a t e  s t u d y,  r e s e a r c h ,  c r i t i c i s m  o r  r e v i e w,  a s  p e r m i t t e d 

u n d e r  t h e  C o p y r i g h t  A c t  1 9 6 8 ,  n o  p a r t  m a y  b e  r e p r o d u c e d  b y  a n y 

p r o c e s s  w i t h o u t  w r i t t e n  p e r m i s s i o n .  E n q u i r i e s  s h o u l d  b e  m a d e 

t o  t h e  p u b l i s h e r.

C o p y r i g h t  T B C  ©  2 0 2 3

T h e  m o r a l  r i g h t  o f  t h e  a u t h o r /s  h a s  b e e n  a s s e r t e d  a n d  t h e 

I n d i g e n o u s  C u l t u r a l  a n d  I n t e l l e c t u a l  P r o p e r t y  r i g h t s  o f  t h e 

M u r u j u g a  A b o r i g i n a l  C o r p o r a t i o n ,  a s  r e p r e s e n t a t i v e s  o f  t h e 

N g a r d a  n g a r l i  a r e  a c k n o w l e d g e d .

I S B N :  9 7 8 -1 - 7 6 0 8 0 - 2 3 6 - 3

D e s i g n  b y  U p s i d e  C r e a t i v e .

https://doi.org/10.1016/j.quascirev.2018.06.002
https://doi.org/10.1080/03122417.2021.1978915
https://doi.org/10.1080/03122417.2021.1978915
https://doi.org/10.1016/j.jas.2013.08.018
https://crarm.com.au/entries/entry?EID=402810
https://crarm.com.au/entries/entry?EID=402810
https://doi.org/10.2307/281061
https://doi.org/10.2458/azu_js_rc.v54i1.13050
https://doi.org/10.2458/azu_js_rc.v54i1.13050
https://doi.org/10.1016/j.quascirev.2013.03.001
https://doi.org/10.1016/j.quascirev.2013.03.001
https://doi.org/10.26182/5ca6a03b9c51f
https://doi.org/10.26182/5ca6a03b9c51f
https://doi.org/10.1371/journal.pone.0150437
https://doi.org/10.1017/S0079497X00014079
https://doi.org/10.1007/BF02229424
https://doi.org/10.1086/jar.52.3.3630085
https://crarm.com.au/entries/entry?EID=199141
https://crarm.com.au/entries/entry?EID=199141
https://doi.org/10.1017/S0033822200003672
http://www.numericana.com/answer/ellipsoid.htm%3e retrieved 2 January 2018.
http://www.numericana.com/answer/ellipsoid.htm%3e retrieved 2 January 2018.
https://doi.org/10.1016/j.quascirev.2017.05.002
https://doi.org/10.1016/j.quascirev.2017.05.002

