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uiver and G
 W

 Pearson 
M

inze St 

equal to the square root of 
num

ber of accum
ulated counts. O

ther fac- 
tors som

etim
es m

ore significant also play a role i in the m
easuring process 

and w
ill increase the standard deviation calculated from

 counting statistics 
alone. A

n exhaustive study of the param
eters contributing to the error in 

14 C
 

m
easurem

ents 
has 

m
ade 

for 
the 

B
e1 

been 
fast 

liquid 
scintillation 

counting system
 

Pearson 
1 979, 1980, Pearson et al 

1 986. T
aking into 

account the full spectrum
 of know

n uncertainties 
the m

ean quoted error 
in a set of 55 individual m

easurem
ents w

as determ
ined to be 15.4 Y

ears at 
B

elfast. H
ow

ever, replicate analysis of these sam
ples at varying tim

e inter- 
vals and assum

ing constant efficiency based on a m
ean standard count rate 

gives a calculated standard deviation of 19.0 Y
ears, suggesting that for a 

long-term
 series of m

easurem
ents the quoted error is underestim

ated by ca 
23%

 
Pearson et al 

1986. T
he ratio K

 =
 19.0/15.4 or 1.23 is designated 

the "error m
ultiplier" and is a convenient if not the m

ost accurate m
ethod 

of correcting for the inability to define exactly a sam
ple counting efficiency Y

 
and/or background even after all applicable corrections have been applied. 
A

ll B
elfast data used in this paper include the 1.23 error m

ultiplier. 
1
 

T
he traditionally quoted Seattle 

4C
 age error is based on the counting 

statistics of sam
ple and standards only. T

he follow
ing estim

ates of the Seat- 
tle K

 value are available: 
1 

From
 a set of 30 com

parisons of pairs of con- 
tem

poraneous w
ood sam

ples of different trees 
all m

easured in the Seattle 
laboratory, K

 =
 

1.53 
Stuiver, 1982. T

he 1.53 value is an upper lim
it for 

laboratory reproducibility because part of the differences m
ay also be due 

to differences in tree 14C
 activity. 2 

T
ree-ring sam

ples are usually counted 
for 4 days at Seattle. Sam

ples are counted only once but recounts are m
ade 

w
hen the m

easured sam
ple activity deviates m

ore than expected 
eg, in a 

series of 6 sam
ples the m

easured activity of 5 sam
ples dem

onstrates a 
m

onotonic increase 
but the 6th sam

ple deviates). Seventy-five of these 
com

parisons yielded K
 =

 1.62. A
gain, this is an upper lim

it for laboratory 
reproducibility because there is a certain bias tow

ards "outliers" in this 
data set. 

From
 the above reproducibility tests 

w
e derive an error m

ultiplier 
approaching 1.6 for Seattle. A

 rather "generous" K
 value of 1.6 has been 

incorporated in all Seattle data used in this paper. A
 m

ore detailed discus- 
sion of the validity and accuracy of K

 factors is given elsew
here in this issue 

Stuiver et al, 1986). 
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T
he sam

ples m
easured in the B

elfast and Seattle laboratories 
span, 

respectively, 20-Y
ear and 10-Y

ear intervals. T
he m

id-point of the B
elfast 

sam
ples occasionally m

ay 
change 

from
 its 

20-Y
ear rhythm

 
by 

10 
Y

ears 
because successive 20-Y

ear blocks of w
ood w

ere not alw
ays available. T

he 
starting years of the Seattle decadal w

ood and the B
elfast bi-decadal w

ood 
also m

ay differ 
eg, 

a Seattle decade m
ay start at 

19 
1 

B
C

 and the corre- 
sponding B

elfast bi-decade at 1970 B
C

). T
here also has been an aJ'dustm

ent 
in dendrochronolo 

'c 
ages of som

e of the G
erm

an oak sam
ples 

w
hich 

resulted in a shift of 71 Y
ears of " 

adal" 
dec 

sam
ples Pilcheretal 

1984 
. T

he 
differences in tim

ing are relatively sm
all 

how
ever>

 and w
e have been able to 

average the Seattle decada1 14C
 ages in 

r that the m
id-point of 

such a m
anner 

a Seattle bi-decade differs only in a few
 instances 

see T
able 

1 
by m

ore than 
1.5 Y

ears from
 the m

id-point of the corresponding B
elfast sam

ple. 
T

he w
eighted m

ean 
14C

 age difference of the Seattle and B
elfast bi- 

decadal data set is - 0.6 ±
 1.6 Y

ears w
ith num

ber of com
parisons n =

 214). 
Positive values for the m

ean indicate a younger Seattle data set. For the A
D

 
interval the difference 

is 2.6 
±

 
2.3 Y

r 
n =

 90); for the 
B

C
 portion it is 

-3.4 +
 

_ 2.1 
n _ 124). C

learly, the system
atic differences in 14C

 age are neg- 
ligible betw

een both laboratories. 
T

he w
ood used to construct the calibration curve w

as collected from
 

three geographic regions: Ireland, southern G
erm

any, and the w
est Pacific 

coastal region of the U
nited States. Irish oak w

ood, m
easured in B

elfast , 
differs from

 G
erm

an oak w
ood 

m
easured in Seattle by -4.2 

±
 

.4 
Y

r 
n =

 106. B
elfast-m

easured Irish oak w
ood differs from

 Seattle-m
easured 

U
S w

ood Sequoia and D
ouglas Fir 

by 2.4 ±
 2.3 Y

ears 
n =

 87), and dupli- 
cate sam

ples of Irish w
ood gave a m

ean difference betw
een both laborato 

ries of 3.2 ±
 6 Y

r n =
 

1
 

T
he above results indicate that 

1 
system

atic 
4C

 age differences are a 
few

 years or less betw
een the B

elfast and Seattle laboratories 
and 

2 
14C

 

ages of w
ood of the sam

e age from
 Ireland, south G

erm
any, and the north- 

w
est U

nited States differ, on average, by only a few
 years. 
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Proof w
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M
inze Stuiver and G

 W
 Pearson 

m
ents of test sam

ples 
although care m

ust be taken in its use, particularl Y
 

w
hen determ

ining 2Q
 and 3Q

 probabilities. L
im

itations on system
atic error 

size also should be provided. 
system

atic error, of course, should not be 
part of the regular 

±
 reported w

ith the date. 
In the absence of the above inform

ation 
the user can only take as the 

14 C
 age error the actual reported o w

ith the understanding that this error is 
usually too sm

all. In case the user w
ould take tw

ice the reported standard 
deviation it should be realized that 

1 
for som

e laboratories the actual error 
m

ay be sm
aller than 

a an 
statistical rules (such 

2 
d 2 

as stating that only 
1 

event out of 20 w
ould be outside 

s bounds 
are not valid because, 

2
 

e
 

o
f
 

a
f
t
e
r
 

all 
the original 

is not a properly-defined standard deviation 
i in m

an Y
 

instances. 

C
A

L
IB

R
A

T
IO

N
 IN

ST
R

U
C

T
IO

N
S 

T
he Figure 

1 calibration curves consist of three lines. T
he center line is 

the actual calibration curve w
hereas the outer lines indicate the one-sigm

a 
standard deviation 

uncertainty in the calibration curve. T
he calibration 

curve depicts the 
non-linear transform

ation of 14C
 ages to calibrated A

D
 

B
C

 
or B

P 
ages. T

he nom
enclature adopted for the dendro 

calendar 
Y

ear 
tim

e scale is cal A
D

 
B

C
 or cal B

P. T
he cal A

D
 

B
C

 ages are plotted along the 
low

er horizontal axis and the cal B
P ages along the upper one. 

C
al B

P ages are relative to the year A
D

 1950, w
ith 0 cal 

B
P equal to A

D
 

1950. T
he relationship betw

een cal A
D

 
B

C
 and cal B

P ages is sim
ple: cal B

P =
 

1950 - cal A
D

 
and cal B

P =
 1949 

cal B
C

. T
he sw

itch fr 
m

 1 
to 194 

+
 

0 
950 

9 
w

hen converting B
C

 ages is caused by the absence of the zero 
i 

h 
ce 

e 
o year in the 

A
D

 
B

C
 chronology 

w
hen progressing from

 
1 

B
C

 to 
1 

A
D

 
the cal 

B
P ages 

should be w
ithout a gap. 

T
he conversion of a '4C

 age to a cal age is straightforw
ard: 

1 
D

raw
 a 

horizontal 
parallel to the bottom

 axis 
line 

A
 

through the 
14C

 age to be 
converted and 2 

draw
 vertical lines through the intercept(s) of line A

 and 
the calibration curve 

center line). T
he cal A

D
 

B
C

 ages can be read at the 
bottom

 axis 
the cal B

P ages at the top. A
 single 14C

 age can correspond w
ith 

m
ultiple cal ages, due to past changes in atm

ospheric 14C
 levels 

see Stuiver, 
1982 for illustration). 

T
he user has to determ

ine the calibrated ages from
 the Figure 1 graphs 

by draw
ing lines. A

n alternate approach is the use of T
able 3 w

here the cal 
1 

ages are listed for 
4C

 ages that increase by 20-Y
r steps. O

bviously, the user 
has to interpolate betw

een the 
0-Y

r steps of 14 
es and sias if further 

fine tuning is desired. 
T

he conversion of the standard error in the '4C
 age into a range of cal 

A
D

 
B

C
 

B
P 

ages 
is m

ore 
com

plicated. 
T

he user should first 
determ

ine 
w

hether he/she w
ants to use 

1 
the laboratory-quoted error 

see previous 
section for a discussion 

or 2 
increase the quoted error by a know

n "error 
m

ultiplier." O
nce the sam

ple i has been targeted the curve o 
one standard 

deviation 
should be read from

 the calibration curve by taking the differ- 
ence in 14C

 Y
ears betw

een center curve and outer 
n 

h 
curve(s) in Figure 1. T

he 
curve 

r 
and 

sam
ple 

should 
then 

be 
used 

to 
calculate 

total 
o 

=
 

sam
ple 

2 +
 

curve 
2 Stuiver, 1982. 

H
orizontal lines should now

 be draw
n through the 14C

 age +
 total a 

and 14C
 age - total a value. T

he vertical lines draw
n through the intercepts 

w
ith the C

E
N

T
R

A
L

 curve, yield the outer lim
its of possible cal A

D
 

B
C

 
or 

B
P 

ages that are com
patible w

ith the sam
ple standard deviation. 

T
he above procedure w

as used to derive the "ranges" of cal A
D

 
B

C
 

B
P 

ages listed in T
able 3. 

T
he conversion procedure yields 

1 
single or m

ultiple cal 
A

D
 

B
C

 
B

P 
ages that are com

patible w
ith a certain 14C

 age 
and 2 

the range(s) of cal 
ages that corresponds to the standard deviation in the '4C

 age. T
he proba- 

bility that a certain cal age 
is the actual sam

ple age m
ay be quite variable 

w
ithin the cal age range. H

igher probabilities are encountered around the 
intercept ages. L

ow
, or near zero probabilities are encountered w

hen 
art 

of the calibration curve `snakes' outside the total a boundaries. T
he non- 

linear transform
 of a G

aussian standard deviation around a '4C
 age into cal 

A
D

 
B

C
 

B
P 

ages leads to a very com
plex probability distribution that can 

only be calculated w
ith the aid of com

puters. W
e are currently developing 

suitable program
s for these probability calculations and plan to m

ake these 
program

s available in the near future. 
T

he calibration data presented in this paper are to be used for sam
ples 

form
ed in isotopic 

14C
 

equilibrium
 w

ith atm
ospheric C

O
2. A

lthough the 
w

ood sam
ples w

ere collected from
 specific regions 

ecific re 
'ons 

Ireland, G
erm

any, and 
w

estern U
SA

 the calibration data can be used for a large part of the N
orth- 

em
 n H

em
isphere 

Stuiver>
 1982. H

ow
ever, ssystem

atic age differences are 
possible for Southern H

em
ispheric sam

ples w
here 

14C
 ages of w

ood sam
- 

ples tend to be ca 30 
r older L

erm
an 

M
ook &

 V
ogel 

1970; V
ogel, Fuls &

 
V

isser, 
1 986. T

hus, 
4C

 ages of Southern H
em

ispheric sam
ples should be 

reduced by 30 Y
ears before being converted into a cal A

D
 

B
C

 
B

P 
age. 

SM
O
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T

H
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G
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F T
H

E
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A
L
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R

A
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IO
N
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U

R
V

E
 

T
he Figure 

1 points have a 20-Y
r tim

e separation 
ie 

the calibration 
points are the m

id-points of w
ood sam

ples spanning 20 Y
ears. Sam

ples sub- 
m

itted for dating m
ay cover shorter 

eg, seed sam
ples or longer intervals 

eg, lake sedim
ent sam

ples). T
he decadal calibration results of the Seattle 

laboratory are available w
hen better tim

e resolution is needed 
Stuiver &

 
B

ecker, 1986. If less resolution is desired the Figure 2 curves can be used. 
H

ere 
a 5-point m

oving average 
(usually identical w

ith a 
100-Y

r m
oving 

average of the Figure 
1 data set 

w
as used to construct the curves. A

 single 
line is given in Figure t because the uncertainty in the 5-point m

oving aver- 
age is only a few

 14C
 Y

ears. T
he instructions for determ

ining the cal A
D

 
B

C
 

B
P 

ages are listed in the preceding section. Sam
ples falling outside the 

ranges covered by the tw
in papers 

Stuiver &
 Pearson 

1986, Pearson 
&

 
Stuiver, 1986 

can be provisionally converted using the curves provided by 
Pearson et al 

1986 
em

ploying the sam
e m

ethod outlined above. 

M
A

R
IN

E
 SA

M
PL

E
 A

G
E

S 

T
he calibration curves should be applied only for age conversion of 

sam
ples that w

ere form
ed in equilibrium

 w
ith atm

ospheric C
O

2. C
onven- 

tional 14C
 ages of m

aterials not in equilibrium
 w

ith atm
ospheric reservoirs 

do not take into account the off-set in 
14C

 age that m
ay occur 

Stuiver &
 

Polach 19oir deficiency, has to be deducted from
 

.T
his off-set or reservoir 

m
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TABLE 1-C 

cal AD/BC Al"C Radiocarbon cal AD/BC A'"C 
cal BP 

AD 310 -20.1 t 1.6 1757 t 13 
BP 1640 
AD 290 -14.7 t 1.6 1732 t 13 
BP 1660 
AD 270 -9.1 t 1.5 1706 t 12 

BP 1680 

AD 250 -132 ± 1.1 1759 t 9 

BP 1700 
AD 230 -15.3 t 1.6 1796 t 13 
BP 1720 
AD 210 -16.7 t 1.6 1826 t 13 

BP 140 
AD 190 -14.7 t 1.7 1830 t 13 

BP 1760 
AD 770 -12.7±1.8 1833±114 
BP 1780 
AD 150 -9.1 ± 7.7 1823 t 13 

BP 1800 
AD 130 -11.0 t 1.2 1857 t 9 

BP 1820 
AD 110 -13.4 t 1.8 1896 t 14 

BP 1840 
AD 90 -10.8±1.6 1895 t 13 
BP 1860 
AD 70 -13.3 t 1.3 1934 ± 10 

BP 1880 
AD 50 -14.2 t 1.1 
BP 1900 
AD 30 -11.2 ± 1.3 
BP 1920 
AD 10 -12.7 t 1.1 
BP 1940 
BC 10 -13.1 t 1.1 

BP 1959 
BC 30 -10.9±1.1 
BP 1979 
BC 50 -72.0 t 7.1 

BP 1999 
BC 70 -10.0±1.2 
BP 2019 
BC 90 -8.0±1.2 
BP 2039 
BC 110 -11.1 t 1.1 

BP 2059 

BC 130 -12.1 t 1.3 
BP 2079 
BC 150 -7.4 t 1.5 
BP 2099 
BC 170 -7.8±1.3 
BP 2119 

age BP cal BP 

7967 t 9 

1957 t 11 

1988 ± 9 

2010 ± 9 

2012± 9 

2040 t 9 

2043 t 10 

2046 t 10 

2091 ± 9 

2118 ± 10 

2099 t 12 

2122±11 

Minze Stuiver and G W Pearson 

Radiocarbon 
age BP 

BC 190 -8.1 t 1.3 2141 t 11 

BP 2139 
BC 210 -12.3 t 1.3 2195 t 10 

BP 2159 
BC 230 -9.8±1.3 2197 t 10 

BP 2179 
BC 250 -8.7 t 1.5 2207 t 12 

BP 2199 
BC 270 -10.2 t 1.5 2239 t 12 

BP 2219 
BC 290 -4.0 ± 1.5 2208 1 12 

BP 2239 
BC 310 -.3±1.14 2198±11 
BP 2259 
BC 330 5.7 t 1.5 2169 t 12 

BP 2279 
BC 350 5.2±1.3 2192 ± 70 

BP 2299 
BC 370 1.8 ± 1.2 2240 ± 10 

BP 2319 
BC 390 -1.6 t 1.5 2286 t 12 

BP 2339 
BC 410 -14.7 t 1.5 2411 ± 12 

BP 2359 
BC 430 -13.9 ± 1.3 2424 t 11 

BP 2379 
BC 450 -10.2±1.6 21413±13 
BP 2399 
BC X770 -8.0±1.3 21415±11 
BP 2419 
BC 490 -6.4 ± 1,4 2422 ± 11 

BP 2439 
BC 510 -4.1 ± 1,2 2422 ± 10 

BP 2459 

BC 530 -5.0 t 1.1 2450 ± 9 

BP 2479 
BC 550 -6.3 t 1.0 2480 t 8 

BP 2499 
BC 570 -5.1 t 1.3 2489 t 10 

BP 2519 
BC 590 -1.4 t 1.3 2478 ± 17 

BP 2539 
BC 610 -1.9 ± 1.2 2502 t 10 

BP 2559 
BC 630 2.3 ± 1.2 2488 t 10 

BP 2579 
BC 650 7.3 t 1.2 2468 ± 10 

BP 2599 
BC 670 5.0 t 1.8 2505 t 15 

BP 2619 

TABLE 2 

Lab Dendro-ages Wood Dendro- 
code Species used treatment* Location chronology 

C Douglas an 1915-1954 
fir (single year) 

A Douglas wn 1820-1913 
fir (single year) 

B Douglas an 1690-1719 
fir AD 1790-1819 

(single year) 
F Douglas nn 1510-1699 

fir (single year) 

CL Olympic Pennisula, WA Ring counted 
(47°46'N, 124°06'W) only 

DV** Olympic Pennisula, WA Ring counted 
(47°46'N, 124°O6'W) only 

DV Mt Rainier Nad Park, Ring counted 
Washington (46°45'N, only 
121°45'W) 

DV Coos Bay, OR (43°07'N, Ring counted 
123°40'W) only 

an 1505-1935 DVt 
(decadal) 

R Douglas an 1305-1505 DV 
fir (single year) 

AD 1505-1935 
(decadal) 

S Douglas nn 945-1315 DV 
fir (decadal) 

RC Sequoia nn 265-935 DV 
(decadal) 

ECK Oak nn 705-765 (de- DV 
cadal) 

SR Sequoia 145 BC-AD 265 DV 
(decadal) 

BK Oak 495 ao-nn 45 CL 

BIB Oak 505-2495 BC CL 
(decadal) 

PQt Oak 515-625 BC CL 
(decadal) 

Pierce County, WA (47°N, Ring counted 
122°W) only 

Shawnig an Lake, Van- Cross-dated by 
couver Island, BC Canada M Parker et 
(48'40'N, 123'40'W) al, Western 

Products 
Forestry, 
Vancouver, 
BC 

Sequoia Nail Park, CA Cross-dated b Y 

(36.5"N, 118.5"W) H Garfinkel, 
University of 
Washington, 
Seattle 

Northern German Cross-dated b 
Y Y 

D Eckstein, 
University of 
Hamburg 

Sequoia Natl Park, CA Cross-dated b Y 

(36.5"N,118.5°'W) H Garfinkel 
Southern German Cross-dated b 

Y Y 
B Becker, 
University of 
Hohenheim, 
Stutgart, W 
Germany 

Southern German Cross-dated b 
Y Y 

Ireland 

* CL = cellulose method; DV = De Vries method 
** Cellulose duplicates run for AD 1836, 1837, and 1853 
t Cellulose treatment AD 1505 and 1515 

These trees were used for Pearson and Stuiver (1986) 

B Becker 
Cross-dated by 

R Pilcher, 
M G L Bail- 
lie, and G W 
Pearson, 
University of 
Belfast, 
Northern 
Ireland 
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TABLE 3-A TABLE 3-B 

RADIOCARBON AGE BP 80 CALIBRATED AGES: cal AD 1898, 1902, 1955* 
cal BP 52, 48, 0* 

Sample o and cal AD(cal BP) ranges: 
o - 20 1709-1711(241-239) 1884-1913(66-37) 

o - 40 1695-1727(255-223) 1817-1922(133-28) 

o - 60 1686-1736(264-214) 1807-1930(143-20) 

o - 80 1679-1743(271-207) 1802-1939(148-11) 
o 100 1672-1755(278-195) 1800-1955(150-0*) 
o - 120 1670-1955*(280-0*) 

o 160 1650-1955"(300-0*) 

o 200 1640-1955"(310-0*) 

0 

RADIOCARBON AGE BP 100 CALIBRATED AGES: cal AD 1885, 1912, 

cal BP 65, 38, 

Sample o and cal AD(cal BP) ranges: 

1955" 
0* 

o = 20 1694-1728(256-222) 

o = 40 1686-1736(264-214) 

o = 60 1679-1743(271-207) 
80 1672-1755(278-195) 

o = 100 1670-1955(280-0*) 
o = 120 1660-1955*(290-0*) 
o = 160 1650-1955*(300-0*) 
o = 200 1640-1955*(310-0*) 

RADIOCARBON AGE BP 120 CALIBRATED AGES: 

Mz'nze Stuiver and G W Pearson 

cal AD 1696, 1726, 1818, 1859, 1861, 

1921, 1955* 
cal BP 254, 224, 132, 91, 89, 

29, 0* 

Sample o and cal AD(cal BP) ranges: 
o ' 20 1686-1736(264-214) 1807-1886(143-64) 1911-1930(39-20) 

1955" 
o 40 1679-1743(271-207) 1802-1939(148-11) 1955* 
o = 60 1672-1755(278-195) 1796-1955*(154-0*) 

o = 80 1666-1955*(284-0*) 

o too 1660-1955*(290-0*) 

o 120 1650-1955"(300-0*) 
o = 160 1640-1955*(310-0*) 
o 200 1523-1565(427-385) 

RADIOCARBON AGE BP 160 CALIBRATED AGES: cal AD 1679, 17143, 1802, 1938, 1955 

cal BP 271, 207, 148, 12, 0* 

Sample a and cal AD(cal BP) ranges: 
o - 20 1672-1687(278-263) 1735-1759(215-191) 1795-1808(155-142) 

1929-1955*(21-0*) 
o - 40 1666-1696(284-254) 1726-1818(224-132) 1857-1862(93-88) 

1921-1955'(29-0*) 
o - 60 1660-1886(290-64) 1911-1955*(39-0*) 

a - 80 1654-1955(296-0*) 
o 100 1650-1955*(300-0*) 

o 120 1640-1955"(310-0*) 

o = 160 1523-1565(427-385) 1630-1955*(320-0*) 
o 200 1490-1955*(460-0*) 

RADIOCARBON AGE BP 180 CALIBRATED AGES: cal AD 1673, 1754, 1796, 1945, 

cal BP 277, 196, 154, 5, 

Sample o and cal AD(cal BP) ranges: 

o 20 1665-1680(285-270) 1742-1803(208-147) 1937-1955*(13-0*) 

o = 40 1659-1687(291-263) 1735-1808(215-142) 1929-1955*(21-0*) 

o = 60 1654-1697(296-253) 1725-1819(225-131) 1856-1863(94-87) 

1921-1955"(29-0*) 
a = 80 1648-1886(302-64) 1911-1955*(39-0*) 

o 100 1640-1955"(310-0*) 

o = 120 1640-1955*(310-0*) 

o = 160 1514-1601(436-349) 1620-1955"(330-0*) 

o = 200 1470-1955*(480-0*) 

RADIOCARBON AGE BP 200 CALIBRATED AGES: cal AD 1666, 1790, 1951, 1952 

cal BP 284, 160, 0*, 0* 

Sample o and cal AD(cal BP) ranges: 

o = 20 1659-1674(291-276) 179-1797(201-153) 
o 40 1653-1680(297-270) 1742-1802(208-148) 

o - 60 1647-1686(303-264) 1735-1808(215-142) 

o = 80 1641-1697(309-253) 1726-1818(224-132) 
1921-1955"(29-0*) 

o = 100 1640-1890(310-60) 

1630-1955*(320-0*) 

RADIOCARBON AGE BP 140 CALIBRATED AGES: cal AD 1686, 1736, 1808, 1930, 1955* 

cal BP 264, 214, 142, 20, 0* 

Sample o and cal AD(cal BP) ranges: 
o = 20 1679-1697(271-253) 1725-1744(225-206) 1801-1819(149-131) 

1855-1864(95-86) 1920-1939(30-11) 1955* 

o = 40 1672-1756(278-194) 1796-1886(154-64) 1911-1955"(39-0*) 

o - 60 1666-1955*(284-0*) 
o 80 1660-1955(290-0*) 
o = 100 1650-1955*(300-0*) 
o 120 1650-1955*(300-0*) 
a = 160 1640-1955*(310-0*) 
o a 200 7514-1600(436-350) 1620-1955*(330-0*) 

1911-1955(39-0*) 
o = 120 1523-1566(427-384) 1630-1955*(320-0*) 

o = 160 1490-1955*(460-0*) 
o 200 1460-1955*(490-0*) 

1 944-1955*(6-0*) 

1937-1955*(13-0*) 
1929-1955*(21-0*) 
1857-1863(93-87) 

RADIOCARBON AGE BP 220 CALIBRATED AGE: cal AD 1660 
cal BP 290 

Sample o 

o = 20 

o = 40 

o = 60 
o = 80 
o = 100 

0 = 120 
o = 160 

0 - 200 

and cal AD(cal BP) ranges: 
1654-1666(296-284) 
1648-1673(302-277) 

1642-1679(308-271) 
1636-1686(314-264) 
1523-1565(427-385) 
1859-1861(91-89) 
1514-1600(436-350) 
1470-1955(480-0*) 
1450-1955"(500-0*) 

1789-1790(161-160) 

1753-1796(197-154) 
1743-1802(207-148) 
1736-1808(214-t 42) 

1629-1696(321-254) 
1921-1955*(29-0*) 
1620-1890(330-60) 

1951-1952(0 0 
1945-1954(5-0*) 
1938-1955"(12-0*) 
1930-1955*(20-0*) 
1726-1818(2214-1 32) 

1912-1955*(38-0*) 

1954 
0* 
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TABLE 3-E 

RADIOCARBON AGE BP 380 CALIBRATED AGE: cal AD 1474 
cal BP 476 

Minze Stuiver and G W Pearson 

Sample o and cal AD(cal BP) ranges: 
a - 20 1458-1488(492-462) 
o 40 1448-1515(502-435) 1598-1617(352-333) 
o - 60 1442-1524(508-426) 1561-1630(386-320) 

o 80 1436-1636(514-314) 
a - too 1430-1640(520-310) 
o - 120 1420-1650(530-300) 

o ' 160 1410-1660(540-290) 
o 200 1328-1333(622-617) 1390-1670(560-280) 1753-1796(197-154) 

1945-1954(5-0*) 

RADIOCARBON AGE BP 400 CALIBRATED AGE: cal AD 1460 
cal BP 490 

Sample o and cal AD(cal BP) ranges: 
o = 20 1447-1476(503-474) 
o = 40 1442-1487(508-463) 
o 60 1436-1515(514-435) 1599-1617(351-333) 
o 80 1431-1524(519-426) 1564-1630(386-320) 

a = 100 1420-1640(530-310) 
o 120 1410-1640(540-310) 
o = 760 1400-1650(550-300) 
o 200 1317-1347(633-603) 1390-1670(560-280) 1789-1790(161-160) 

1951-1952(0 0 

RADIOCARBON AGE BP 420 CALIBRATED AGE: cal AD 1448 

cal BP 502 

Sample o and cal AD(cal BP) ranges: 
o 20 1442-1463(508-487) 
o = 40 1436-1475(514-475) 

o 60 1431-1487(519-463) 

o 80 1422-1514(528-436) 1599-1616(351-334) 
o 100 1410-1520(540-430) 1564-1630(386-320) 

o 120 1410-1640(540-310) 
o 160 1328-333(622-617) 1390-1650(560-300) 
o = 200 1306-1359(644-591) 1380-1660(570-290) 

0 

RADIOCARBON AGE BP 440 CALIBRATED AGE: cal AD 1443 

cal BP 507 
Sample o and cal AD(cal BP) ranges: 
o = 20 1436-1449(514-501) 
o 40 1430-1462(520-488) 
o = 60 1422-1475(528-475) 
o 80 1413-1487(537-463) 
o = 100 1410-1510(540-440) 1600-1616(350-334) 
o 120 1400-1520(550-430) 1565-1630(385-320) 
o 160 1317-137(633-603) 1390-1640(560-310) 
0 = 200 1290-1650(660-300) 

TABLE 3-F 

RADIOCARBON ACE BP 460 CALIBRATED AGE: cal AD 137 
cal BP 513 

Sample o and cal AD(cal BP) ranges: 

o = 20 1430-1443(520-507) 

o = 140 1422-1449(528-501) 

o = 60 1413-1461(537-489) 
o = 80 1406-1475(544-475) 

o = 100 1401-1187(549-463) 

o = 120 1328-1333(622-617) 1390-1510(560-410) 1600-1616(350-334) 

o = 160 1306-1359(644-591) 1380-1640(570-310) 

o = 200 7290-1650(660-300) 

RADIOCARBON AGE BP 480 CALIBRATED AGE: cal AD 1431 
cal BP 519 

Sample o and cal AD(cal BP) ranges: 

o = 20 1421-1438(529-512) 

o = 40 1413-1443(537-507) 
o = 60 1406-1449(544-501) 
o = 80 1400-1461(550-489) 
o = 100 1327-1333(623-617) 1395-1474(555-476) 

o = 120 1317-137(633-603) 1388-1486(562-464) 

o = 160 1290-1520(660-430) 1565-1630(385-320) 

o 200 1280-1640(670-310) 

RADIOCARBON AGE BP 500 CALIBRATED AGE: cal AD 1422 

cal BP 528 

Sample o and cal AD(cal BP) ranges: 

o = 20 1412-1432(538-518) 
o = 40 1406-1437(544-513) 
o = 60 1400-1443(550-507) 
o = 80 1327-1333(623-617) 1395-1449(555-501) 
o = 100 1317-1347(633-603) 1388-1461(562-489) 

o = 120 1306-1359(644-591) 1379-1474(571-476) 
o = 160 1290-1510(660-440) 1600-1616(350-334) 

o 200 1280-1640(670-310) 

RADIOCARBON AGE BP 520 CALIBRATED AGE: cal AD 1414 

cal BP 536 

Sample o and cal AD(cal BP) ranges: 

o 20 1406-1124(544-526) 
o = 40 1400-1431(550-519) 
o = 60 1327-1334(623-616) 1395-1437(555-513) 
o = 80 1317-1347(633-603) 1388-1443(562-507) 
o 100 1306-1359(644-591) 1379-1449(571-501) 
o = 120 1290-1460(660-490) 
o = 160 1280-1490(670-460) 

o 200 1270-1520(680-430) 1565-1629(385-321) 
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High-Precision Calibration o the 14C Time Scale AD 1950- B 500 c 

TABLE 3-0 TABLE 3-P 

831 

RADIOCARBON AGE BP 1180 CALIBRATED AGE: cal AD 880 
BP 0 

AGE BP 1260 CALIBRATED AGES: cal AD 725, 735, 765 
1 cal 70 BP 1225, 1215, 1185 

Sample o and cal AD(cal BP) ranges: Sample o and cal AD(cal BP) ranges: 
o 20 804-887(1146-1063) o 20 
o = 40 784-892(1166-1058) o 

o 60 776-897(1174-1053) 933-940(1017-1010) o 

o 80 724-736(1226-1214) 764-961(1186-989) o 

o 100 690-970(1260-980) o 100 

o 120 680-990(1270-960) o 

o 160 670-1010(1280-940) o 

o a 200 650-1020(1300-930) o 

RADIOCARBON AGE BP 1200 CALIBRATED AGES: cal AD 811, 847, 851 

cal BP 1139, 1103, 1099 
Sample o and cal AD(cal BP) ranges: 

AGE BP 1280 CALIBRATED AGE: cal AD 689 
cal BP 1261 

Sample o and cal AD(cal BP) ranges: 
o = 20 784-881(1166-1069) 
o 40 776-886(1174-1064) 

o = 20 679--769(1271-1181) 
o = 40 672-777(1278-1173) 

o = 60 724-736(1226-1214) 765-892(1185-1058) 
a = 80 689-897(1261-1053) 
a = 100 680-960(1270-990) 
o = 120 670-970(1280-980) 
o = 160 660-1000(1290-950) 
o 200 650-1020(1300-930) 

60 666-786(128)4-1164) 
o 80 660-814(1290-1136) 845-852(1105-1098) 
o = 100 650-880(1300-1070) 
o = 120 650-890(1300-1060) 
a = 160 620-900(1330-1050) 
o = 200 600-970(1350-980) 

RADIOCARBON AGE BP 1220 CALIBRATED AGE: cal AD 785 
cal BP 1165 

Sample o and cal AD(cal BP) ranges: 

0 

RADIOCARBON AGE BP 1300 CALIBRATED AGE: cal AD 681 

cal BP 1269 

Sample o and cal AD(cal BP) ranges: 
o = 20 775-816(1175-1134) 8u3-853(1107-1097) o = 20 671-711(1279-1239) 748-752(1202-1198) 
o = 40 724-736(1226-1214) 764-881(1186-1069) o = 40 666-767(1284-1183) 
o = 60 689-886(1261-1064) o = 60 660-777(1290-1173) 
a = 80 681-892(1269-1058) o = 80 6514-786(1296-116)4) 
o = 100 670-900(1280-1050) o = 100 650-810(1300-1140) 845-852(1105-1098) 
o = 120 670-960(1280-990) o = 120 640-880(1310-1070) 
o = 160 650-990(1300-960) o = 160 600-890(1350-1060) 
o = 200 640-1010(1310-940) o = 200 560-960(1390-990) 

RADIOCARBON AGE BP 1240 CALIBRATED AGE: cal AD 776 
cal BP 1174 

0 

RADIOCARBON AGE BP 1320 CALIBRATED AGE: cal AD 673 
cal BP 1277 

Sample o and cal AD(cal BP) ranges: Sample o and cal AD(cal BP) ranges: 
o = 20 723-737(1227-1213) 763-786(1187-1164) o = 20 665-683(1285-1267) 
o = 40 689-814(1261-1136) 845-852(1105-1098) o = 40 660-696(1290-1254) 
o = 60 681-881(1269-1069) o = 60 654-767(1296-1183) 
o 80 673-886(1277-1064) o 80 647-777(1303-1173) 
o = 100 670-890(1280-1060) o = 100 640-790(1310-1160) 
o = 120 660-900(1290-1050) o = 120 620-810(1330-11)40) 846-852(1104-1098) 
o = 160 650-970(1300-980) o = 160 600-890(1350-1060) 
0 = 200 620-1000(1330-950) 0 = 200 550-900(1400-1050) 
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832 

TABLE 3-Q 

RADIOCARBON AGE BP 1340 CALIBRATED AGE: cal AD 666 
cal BP 1284 

Sample o and cal AD(cal BP) ranges: 
o = 20 659-674(1291-1276) 
o = 140 654-682(1296-1268) 
o = 60 647-690(1303-1260) 
o = 80 636-766(1314-1184) 
o = 100 620-780(1330-1170) 

o = 120 600-790(1350-1160) 
o = 160 560-880(1390-1070) 
o = 200 540-890(1410-1060) 

RADIOCARBON AGE BP 1360 CALIBRATED AGE: cal AD 660 
l BP 1290 

RADIOCARBON AGE BP 1440 CALIBRATED AGE: cal AD 620 

cal BP 133 ca 

Sample o and cal AD(cal BP) ranges: Sample o and cal AD(cal BP) ranges: 

o = 20 653-667(1297-1283) o = 

40 646-674(1304-1276) o = 

60 636-682(7314-1268) 60 

o = 80 619-690(1331-1260) o = 

100 600-770(1350-1180) o = 

120 600-780(1350-1170) o = 

160 550-810(1400-1140) 
o = 200 461-478(1489-1472) 

RADIOCARBON AGE BP 1380 CALIBRATED AGE: cal AD 654 

l BP 1296 
RADIOCARBON AGE BP 1460 CALIBRATED AGE: cal AD 605 

cal BP 1345 ca 
Sample o and cal AD(cal BP) ranges: Sample o and cal AD(cal BP) ranges: 

o = 20 645-661(1305-1289) o = 

40 636-667(1314-1283) o = 

60 619-674(1331-1276) o = 

80 604-681(1346-1269) o = 

100 595-689(1355-1261) o = 

120 560-770(1390-1180) 
a = 160 510-790(1410-1160) o = 

200 440-880(1510-1070) 

0 0 

RADIOCARBON AGE BP 1400 CALIBRATED AGE: cal AD 647 
l BP 133 

AGE BP 1480 CALIBRATED AGE: cal AD 596 
cal BP 1354 ca 

Sample o and cal AD(cal BP) ranges: Sample o and cal AD(cal BP) ranges: 

o = 20 635-655(1315-1295) o = 

Uo 618-661(1332-1289) o = 

60 604-667(1346-1283) o 

o = 80 595-673(1355-1277) o = 

100 560-680(1390-1270) o = 

120 550-690(1400-1260) 
o = 160 461-479(1489-1471) o = 

200 430-810(1520-1140) 0 

Minze Stuiver and G W Pearson 

TABLE 3-R 

RADIOCARBON AGE BP 1420 CALIBRATED AGE: cal AD 637 
cal BP 1313 

Sample o and cal AD(cal BP) ranges: 
o 20 616-649(133u-130t) 

o - 40 604-655(1346-1295) 
o - 60 595-661(1355-1289) 
o 80 560-667(1390-1283) 
a = 100 550-670(1400-1280) 
o 120 540-680(1410-1270) 
o = 160 4ao-770(1510-1180) 

o = 200 420-790(1530-1160) 

0 
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TABLE 3-W 

High-Precision Calibration o the 14C Time Scale AD 1950-500 BC 835 

TABLE 3-X 

RADIOCARBON AGE BP 1820 CALIBRATED AGE: cal AD 214 
cal BP 1736 

Sample o and cal AD(cal BP) ranges: 
o 20 138-230(1812-1720) 
o = 40 128-240(1822-1710) 
o = 60 118-250(1832-1700) 
o = 80 87-258(1863-7692) 296-322(1654-1628) 

o = t00 80-270(1870-1680) 280-333(1670-1617) 
o = 120 70-340(1880-1610) 
o = 160 10-400(1940-1550) 
o = 200 cal BC 40-cal AD 420(1990-1530) 

RADIOCARBON AGE BP 1840 CALIBRATED AGE: cal AD 140 
cal BP 1810 

Sample o and cal AD(cal BP) ranges: 
o 20 127-216(1823-1734) 

o a 40 118-228(1832-1722) 
o = 60 87-239(1863-1711) 
o 80 77-250(1873-1700) 
o = 100 70-260(1880-1690) 
o = 120 30-260(1920-1690) 
o 160 cal BC 1-cal AD 380(1950-1570) 

o = 200 cal BC 50-cal AD 1410(2000-1540) 

0 

RADIOCARBON AGE BP 1860 CALIBRATED AGE: cal AD 129 
cal BP 1821 

Sample o and cal AD(cal BP) ranges: 
o = 20 117-142(1833-1808) 
o = 40 86-215(1864-1735) 

a = 60 77-228(1873-1722) 
o = 80 65-239(1885-1711) 
o = 100 30-250(1920-1700) 
o = 120 10-260(1940-1690) 

o = 160 cal BC 40-cal AD 340(1990-1610) 

o = 200 cal BC 100-cal AD 400(2050-1550) 

RADIOCARBON AGE BP 1880 CALIBRATED AGE: cal AD 118 
cal BP 1832 

Sample o and cal AD(cal BP) ranges: 
o 

o 

o 

o 

o 

o 

o 

0 

RADIOCARBON AGE BP 1900 CALIBRATED AGE: cal AD 87 
cal BP 1863 

Sample o and cal AD(cal BP) ranges: 
o 20 76-120(1874-1830) 
o 40 65-129(1885-1821) 
o 60 27-141(1923-1809) 
o 80 15-215(1935-1735) 
o 100 cal BC 1-cal AD 230(1950-1720) 
o 120 cal BC 40-cal AD 240(1990-1710) 
o 160 cal BC 100-cal AD 260(2050-1690) 
a = 200 cal BC 151-149(2100-2098) cal BC 120-cal AD 3140(2070-1610) 

0 

RADIOCARBON AGE BP 1920 CALIBRATED AGE: cal AD 77 

cal BP 1873 

Sample o and cal AD(cal BP) ranges: 

o = 20 64-89(1886-1861) 

o = 40 27-119(1923-1831) 

o = 60 14-129(1936-1821) 

o = 80 cal BC 2-cal AD 141(1951-1809) 

o = 100 cal BC 40-cal AD 210(1990-170) 
o = 120 cal BC 50-cal AD 230(2000-1720) 

o 160 cal BC 110-cal AD 250(2060-1700) 

o = 200 cal BC 170-cal AD 260(2120-1690) 280-333(1670-1617) 

RADIOCARBON AGE BP 1940 CALIBRATED AGE: cal AD 66 

cal BP 1884 

Sample o and cal AD(cal BP) ranges: 
o = 20 26-78(1924-1872) 
o = 40 14-88(1936-1862) 
o = 60 cal BC 2-cal AD 119(1951-1831) 
o = 80 cal BC 36-cal AD 129(1985-1821) 
o = 100 cal BC 50-cal AD 140(2000-1810) 
o a 120 cal BC 100-cal AD 210(2050-1740) 

o = 160 cal BC 151-149(2100-2098) cal BC 120-cal AD 240(2070-1710) 

a = 200 cal BC 190-cal AD 260(2140-1690) 296-321(1654-1629) 

RADIOCARBON AGE BP 1960 CALIBRATED AGES: cal AD 28, 44, 51 

cal BP 1922, 1906, 1899 

Sample o and cal AD(cal BP) ranges: 

= 20 86-130(1864-1820) o = 

40 76-141(1874-1809) o 

60 65-215(1885-1735) o = 

80 27-228(1923-1722) o 

100 10-20(1940-1710) a = 

120 cal BC 1-cal AD 250(1950-1700) a 

160 cal BC 50-cal AD 260(2000-1690) 280-333(1670-1617) o 

200 cal BC 110-cal AD 380(2060-1570) 0 = 

14-68(1936-1882) 

cal BC 2-cal AD 78(1951-1872) 
cal BC 37-cal AD 88(1986-1862) 

cal BC 55-cal AD 119(2004-1831) 

cal BC 100-cal AD 130(2050-1820) 

cal BC 110-cal AD 140(2060-1810) 

cal BC 170-cal AD 230(2120-1720) 

cal BC 200-cal AD 250(2150-1700) 
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