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Fig. S1. Distribution of analyzed specimens grouped by major source categories in ritual (black) versus residential (hatched) contexts.

Fig. S2. Relative frequencies of main volcanic rock source categories by ritual (black) and residential (hatched) site categories.
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Table S1. Archaeological features in Kahikinui district with lithic artifacts sampled for X-ray fluorescence (XRF) analysis

Feature no. Feature type Probable function Excavated area, m2 XRF samples analyzed, n

75 Square enclosure Ritual/temple 2 2
76 Square enclosure Ritual/temple 4 10
77 Enclosure Ritual/temple 3 24
115 Irregular Ritual/temple 4 4
117 Enclosure and terrace Elite residential (priest’s house) 12 35
263 Square enclosure Residential 2 4
270 Rectangular enclosure Residential 1 1
286 Rectangular enclosure Residential 2 10
310 Rectangular enclosure Residential 2 1
331 L-shaped shelter Residential 3 1
366 Rectangular enclosure Ritual/temple 1 1
380 C-shaped shelter Residential 1 1
391 Rectangular enclosure Residential 2 2
414 Irregular enclosure Ritual/temple Surface-collected 1
724 Rectangular enclosure Residential Surface-collected 1
725 Rectangular enclosure Residential 12 30
726 Shelter Residential 13 14
736 Lithic scatter Residential Surface-collected 1
742 Shelter Residential 28 3
752 L-shaped shelter and terrace Residential 26 62
755 Multiple terrace complex Residential 27 7
1011 C-shaped shelter Residential 9 1
1068 Square enclosure Residential 1 2
1137 Rock shelter Residential 2 14
1156 Rectangular enclosure Ritual/temple 3 1
1164 Lithic scatter Residential Surface-collected 2
1217 Rectangular enclosure Residential 1 2
1222 L-shaped shelter Residential 1 1
1269 Rectangular enclosure Residential 6 11
1285 Rock shelter Residential 1 6
1304 Platform Ritual/shrine 7 3
1307 Terrace complex Ritual/shrine 2 20
1308 C-shaped shelter Residential 1 2
1309 Rectangular enclosure Residential 1 26
1310 Rectangular enclosure Residential 2 11
M11 Rectangular enclosure Residential 8 11
Total 328

Kirch et al. www.pnas.org/cgi/content/short/1119009109 2 of 5

www.pnas.org/cgi/content/short/1119009109


Ta
b
le

S2
.

A
ve

ra
g
e
co

n
ce
n
tr
at
io
n
va

lu
es

(i
n
b
o
ld
)a

n
d
SD

s
fo
r
17

d
efi

n
ed

g
eo

ch
em

ic
al

g
ro
u
p
s
(A

–
Q
)
co

m
p
ar
ed

w
it
h
26

an
al
ys
es

o
f
th
e
U
S
G
eo

lo
g
ic
al

Su
rv
ey

st
an

d
ar
d
b
as
al
t,
H
aw

ai
ia
n

V
o
lc
an

ic
O
b
se
rv
at
o
ry

(B
H
V
O
-2
)

El
em

en
t/

O
xi
d
e

G
ro
u
p
(n
)

A
(1
02

)
B
(6
0)

C
(6
4)

D
(2
5)

E
(5
)

F
(6
)

G
(5
)

H
(1
0)

I
(1
0)

J
(2
)

K
(4
)

L
(1
1)

M
(1
1)

N
(2
)

O
(3
)

P
(2
)

Q
(3
)

B
H
V
O
-2

(2
6)

A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
v.

SD
A
cc
.

va
lu
e

R
b
*

50
8

61
7

47
9

13
4

18
1

29
12

26
4

19
5

34
6

26
0

73
7

73
11

76
11

23
0

26
2

32
16

98
3

13
1

10
Sr
*

1,
08

4
14

4
1,
11

6
83

95
9
10

6
34

0
46

54
3

13
78

5
79

81
5

33
43

4
62

55
7

24
48

6
20

1,
33

2
44

1,
07

7
62

82
8

56
41

6
7

65
3

37
41

9
3
1,
77

3
17

7
38

3
8

38
9

Y
*

39
3

40
3

36
3

48
30

24
2

33
6

41
4

41
7

40
3

44
1

42
1

48
7

49
6

20
1

84
31

2
60

6
48

3
27

1
26

Zr
*

29
2

33
39

1
30

30
2

38
13

6
18

12
5

5
26

5
20

34
6

31
21

7
16

31
7

23
29

9
12

45
0

36
47

8
19

53
6

49
24

7
7

18
1

4
43

5
70

61
3

24
18

9
6

17
2

N
b
*

58
9

68
6

57
7

10
2

24
3

46
10

27
2

13
2

36
3

21
0

85
4

87
8

90
11

17
0

26
2

30
7

11
5

7
18

1
18

N
a 2
O

†
3

1
3

1
3

1
2

0
3

0
2

1
3

1
2

0
3

1
3

0
4

1
4

1
5

1
2

0
3

1
2

0
3

0
2

0
2

M
g
O

†
3

1
2

1
3

2
5

2
5

2
3

1
4

1
4

1
4

1
3

1
2

0
1

0
1

1
3

0
3

2
3

2
0

0
7

0
7

A
l 2
O

3
†

16
2

17
2

15
2

13
2

15
1

17
3

16
2

14
2

14
1

14
1

18
2

17
2

18
2

12
0

16
5

12
2

15
1

13
0

14
Si
O

2
†

42
5

45
6

39
7

43
8

43
5

33
6

40
7

43
4

45
3

49
5

48
3

49
6

52
7

44
0

48
3

50
1

39
5

49
1

50
K
2
O

†
1

0
2

0
1

0
1

0
1

0
1

0
1

0
1

0
1

0
1

0
2

0
2

0
2

0
1

0
1

0
1

0
2

0
1

0
1

C
aO

†
8

1
7

1
8

1
10

1
10

0
9

1
7

1
9

1
8

0
8

0
7

1
6

1
5

1
9

1
8

1
6

1
4

0
11

0
11

Ti
O

2
†

4
0

3
0

3
0

2
0

2
0

3
0

4
0

3
0

4
0

3
0

3
0

2
0

2
0

3
0

3
0

3
0

2
0

3
0

3
V
†

35
0

50
30

0
50

35
0

50
30

0
50

30
0

0
40

0
50

45
0

50
35

0
50

45
0

50
45

0
50

20
0

50
15

0
50

15
0

50
45

0
0

40
0

50
40

0
0

15
0

0
35

3
18

31
7

M
n
O

†
1,
70

0
20

0
2,
00

0
30

0
1,
60

0
10

0
1,
60

0
10

0
1,
40

0
0

1,
50

0
20

0
1,
30

0
10

0
1,
50

0
10

0
1,
60

0
10

0
1,
70

0
10

0
2,
40

0
20

0
3,
00

0
40

0
3,
20

0
60

0
1,
50

0
20

0
1,
40

0
20

0
1,
60

0
10

0
3,
60

0
10

0
1,
50

0
10

0
1,
66

6
Fe

†
,‡

11
2

10
2

12
2

8
2

10
1

14
1

11
2

10
2

11
1

12
0

9
0

9
1

8
2

10
1

11
4

12
0

5
1

9
0

9
N
i†

0
0

0
0

10
0

80
20

70
0

40
10

40
0

60
20

10
0

20
0

0
0

0
0

0
0

40
0

0
0

0
0

0
0

89
5

11
9

C
u
†

20
0

20
10

50
20

90
20

20
10

80
60

30
10

11
0

40
40

20
30

10
10

10
10

10
10

10
10

0
20

30
20

50
20

20
0

11
9

8
12

7
Zn

†
14

0
10

14
0

20
14

0
20

13
0

10
13

0
0

14
9

10
15

0
10

15
0

20
15

0
10

18
0

20
14

0
10

15
0

20
15

0
10

15
0

10
13

0
0

17
0

0
10

0
0

97
3

10
3

A
cc
.
va

lu
e,

ac
ce
p
te
d
va

lu
e;

A
v.
,
av

er
ag

e.
*R

ep
o
rt
ed

co
n
ce
n
tr
at
io
n
s
an

d
SD

s
fo
r
R
b
,
Sr
,
Y
,
Zr
,
an

d
N
b
ar
e
ro
u
n
d
ed

to
1
p
p
m
.

†
D
at
a
fo
r
o
th
er

el
em

en
ts

ar
e
ro
u
n
d
ed

to
re
fl
ec
t
va

ry
in
g
d
eg

re
es

o
f
an

al
yt
ic
al

ac
cu

ra
cy

p
er

Lu
n
d
b
la
d
et

al
.
(1
):
N
a 2
O
,
K
2
O
,
Ti
O

2
,
an

d
Fe

ar
e
ro
u
n
d
ed

to
0.
1%

;
M
g
O
,
A
l 2
O

3
,
an

d
Si
O

2
ar
e
ro
u
n
d
ed

to
1%

;
C
aO

is
ro
u
n
d
ed

to
1%

;
N
i,
C
u
,
an

d
Zn

ar
e
ro
u
n
d
ed

to
10

p
p
m
;
V
is
ro
u
n
d
ed

to
50

p
p
m
;
an

d
M
n
O

is
ro
u
n
d
ed

to
10

0
p
p
m
.

‡
To

ta
l
Fe

is
re
p
o
rt
ed

in
a
fo
rm

at
fo
llo

w
in
g
Sh

ac
kl
ey

(2
).

1.
Lu

n
d
b
la
d
SP

,
M
ill
s
PR

,
D
ra
ke

-R
au

e
A
,
K
ik
ilo

i
SK

(2
01

0)
N
o
n
-d
es
tr
u
ct
iv
e
ED

X
R
F
an

al
ys
es

o
f
ar
ch

ae
o
lo
g
ic
al

b
as
al
ts
.
X
-R
ay

Fl
u
o
re
sc
en

ce
Sp

ec
tr
o
m
et
ry

in
G
eo

ar
ch

ae
o
lo
g
y,

ed
Sh

ac
kl
ey

M
S
(S
p
ri
n
g
er
,
N
ew

Y
o
rk
),
p
p
65

e
80

.
2.

Sh
ac
kl
ey

M
S
(2
00

5)
A
rc
h
ae

o
lo
g
ic
al

p
et
ro
lo
g
y
an

d
th
e
ar
ch

ae
o
m
et
ry

o
f
lit
h
ic

m
at
er
ia
ls
.
A
rc
h
ae

o
m
et
ry

50
:1
94

e
21

5.

Kirch et al. www.pnas.org/cgi/content/short/1119009109 3 of 5

www.pnas.org/cgi/content/short/1119009109


Table S3. Distribution of analyzed lithic artifacts by archaeological feature and geochemical groups

Feature

Group

Outliers

No. of
artifacts
sampled

No. of
groupsA B C D E F G H I J K L M N O P Q

75 1 1 2 2
76 3 3 1 2 1 10 5
77 7 4 3 4 1 4 1 24 7
115 1 1 1 1 4 4
117 7 13 2 3 4 6 35 6
263 4 4 1
270 1 1 1
286 2 1 3 1 1 2 10 6
310 1 1 1
331 1 1 1
366 1 1 1
380 1 1 1
391 2 2 1
414 1 1 1
724 1 1 1
725 6 3 15 1 4 1 30 6
726 5 2 4 1 1 1 14 6
736 1 1 1
742 1 1 1 3 3
752 10 15 17 3 1 5 2 2 3 1 1 1 1 62 13
755 3 1 1 1 1 7 5
1011 1 1 1
1068 1 1 2 1
1137 7 2 3 1 1 14 5
1156 1 1 1
1164 1 1 2 2
1217 2 2 1
1222 1 1 1
1269 4 3 2 2 11 4
1285 5 1 6 3
1304 1 1 1 3 3
1307 7 1 1 3 2 2 1 3 20 8
1308 2 2 1
1309 10 8 3 1 2 1 1 26 7
1310 3 4 2 2 11 4
M11 9 1 1 11 3
Group
totals

101 60 63 25 5 6 5 10 10 2 4 11 11 2 3 2 3 5 328

Table S4. Analytical data for known Hawaiian high-silica adze sources

Oxide

O‘ahu Kaho‘olawe L�ana‘i West Moloka‘i

Kailua Waiahole Pu‘umoiwi Kapohaku Kaunolu Ka‘eo Piko wmo112

n 1 4 4 10 6.00 2 1
SiO2 54.35 53.91 53.42 52.18 52.35 51.23 52.99
TiO2 2.20 2.17 3.02 2.14 2.11 3.06 2.44
Al2O3 14.30 14.11 14.19 14.32 14.21 13.96 13.93
FeO* 10.66 10.26 12.02 11.01 10.99 12.33 11.69
MnO 0.14 0.14 0.17 0.16 0.16 0.18 0.16
MgO 6.09 6.65 4.66 7.28 7.23 6.01 6.64
CaO 9.71 9.25 8.51 10.22 10.25 9.87 9.42
Na2O 2.71 2.70 3.05 2.30 2.36 2.62 1.94
K2O 0.36 0.73 0.87 0.44 0.52 0.65 0.48
P2O5 0.29 0.32 0.40 0.25 0.25 0.42 0.31
Sum 100.81 100.25 100.31 100.30 100.43 100.32 100.00

Data for O‘ahu, Kaho‘olawe, and L�ana‘i sources are from Sinton and Sinoto (1).
*Total Fe is reported as FeO.

1. Sinton J, Sinoto Y (1997) Prehistoric Long-Distance Interaction in Oceania: An Interdisciplinary Approach, ed Weisler MI (New Zealand Archaeological Association, Auckland), pp
194e204.
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Table S5. Wavelength-dispersive X-ray fluorescence (WD-XRF) analytical results for selected Kahikinui lithic artifacts

Oxide 77-S22-2-7 77-S22-2-21 77-S174-25† 115-J21-2-11 1011-L14-2B-1 76-F5-2-9 117-K17-1-9 76-F5-FE1-12 1309-TP2-2-20

SiO2 49.03 49.01 49.09 48.97 48.79 47.71 54.29 52.40 51.70
TiO2 3.99 3.88 3.93 3.88 3.78 3.71 2.02 2.11 3.02
Al2O3 13.76 13.75 13.76 13.57 13.65 13.36 14.32 14.10 13.28
FeO* 14.13 14.17 14.25 14.01 14.08 13.86 9.84 11.06 12.63
MnO 0.20 0.20 0.20 0.21 0.20 0.20 0.15 0.17 0.20
MgO 4.95 5.03 4.94 5.03 5.32 5.41 6.50 7.38 5.52
CaO 9.63 9.68 9.67 9.70 10.06 9.68 9.11 10.21 9.75
Na2O 2.78 2.70 2.77 2.64 2.58 2.88 2.53 2.00 2.16
K2O 1.15 1.03 1.07 1.19 1.04 1.18 0.49 0.53 0.64
P2O5 0.53 0.51 0.52 0.53 0.48 0.49 0.29 0.23 0.39
Sum 100.14 99.96 100.21 99.73 99.98 98.48 99.54 100.19 99.28
LOI −0.59 −6.69 −0.06 −0.67 −0.83 −0.38 0.30 −0.05 0.02

All values are in wt %. LOI, loss on ignition at 900 °C.
*Total Fe is reported as FeO.
†Sample 77-S174-25 contains 25 ppm Sc, 432 ppm V, 12 ppm Cr, 53 ppm Co, 39 ppm Ni, 147 ppm Zn, 23 ppm Rb, 549 ppm Sr, 38 ppm Y, 293 ppm Zr, 34 ppm Nb,
and 279 ppm Ba.

Dataset S1. Analytical database

Dataset S1
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