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cases 
Stuiver, 1982 International Study G

roup, 1982. T
he use of K

 val- 
ues 

how
ever is not a sim

ple m
atter because K

 depends on counting tim
e 

W
ith the recent establishm

ent of an unbroken W
est E

uropean tree- 
ring sequence spanning the past 7272 Y

ears Pilcher et al 
1984 

the calibra- 
tion of the 

14C
 tim

e scale w
as advanced considerably. It is now

 possible to 
use this chronology as an independent cross-check on the 8681-Y

ear U
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B
rist1econe Pine series 

Ferguson &
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raY
bill, 1983. T

here also are oppor- 
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14C
 m

atching 
w

iggle m
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een the older portion of 

the B
ristlecone Pine series and floating not tied to the present parts of the 

South G
erm

an O
ak sequence. L

inick 
Suess and B

ecker 
1985 

used this 
approach in m

atching the earliest part of the B
ristlecone Pine series w

ith 
the D

onau 6 M
ain 4/1 

1 
B

ecker, 1983 
series and thus established a D

6M
4 

1 1 "zero" point 
tree-ring no. 
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of 72 15 B

C
. 

W
e report here 49 high-precision m

easurem
ents of the D

6M
4 

11 
series T

able 
1). Fifteen B

ristlecone Pine sam
ples w

ith dendrochronolo 
- 

gi- 

callY
 determ

ined ages (6480-6470, 63 
0-6350>

 and 5805-5685 
B

C
 

also 
w

ere m
easured T

able 2). 14C
 age m

atching of the new
 results confirm

s the 
D

6M
4 

11 ring 
1 age of 7215 B

C
 w

ithin a few
 decades. 

H
aving anchored the available 

50 Y
ears of the D

6M
4 

11 series to the 
calendric scale in this m

anner results in the 14C
 age calibration curve from

 
6470 to 

200 Y
r B

C
 

given in Figures 3 and 4. A
 com

parison of the D
6M

4 
1 1 results w

ith the L
ake ofC

louds varve series 
Stuiver, 1970, 1971) proves 

the reliability of this varve sequence for 
14C

 age calibration. T
his leads 

in 
com

bination w
ith adjusted Sw

edish varve dates, to tentative age calibration 
results back to 13,300 cal B

P (Fig 
. 
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C
ellulose w

as prepared from
 all w

ood sam
ples. T

he analytical proce- 
dures involving sam

ple preparation and C
O

2 gas counting w
ere discussed 

previously Stu iver R
obinson &

 Y
ang, 1979 Stuiver 8c Q

uay, 
98O

, 1981). 
Standard deviations 

as w
ell as off sets, need to be considered for an assess- 

m
ent of the reliability of the calibration curve. 

Standard D
eviation 

T
he reported standard deviation o in a 14C

 age determ
ination is tradi- 

tionally calculated from
 the Poisson statistics of the accum

ulated sam
ple 

and standard counts. T
his procedure can only underestim

ate the statistical 
error in the laboratory determ

inations because other factors 
ao sam

ple 
purity and counting voltage variabilitY

 
also play a role. T

o account for the 
2 

additional variance 
r 

an error m
ultiplier K

 can be used for w
ell-defined 

a 

*U
niversity of W

ashington, Seattle 
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niversitat H
eidelber 
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niversitat H
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niversity of A
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and sam
ple age. 

T
he follow

ing relationship applies: 2 
K

a _ 
+

 
c
 

c
 

o
r
 

K
 =

 
1 

+
1I acl / 2

 

(1) 

(
2
)
 

Standard errors r for Seattle 4-day-counts are ca 17 Y
ears for 14C

 ages 
in the 2000-4000 Y

r range. A
n analysis of reproducibility of duplicate runs 

leads to an upper lim
it for K

 of 1.5 to 1.6 
Stuiver &

 Pearson 
1986. Substi- 

tution of K
 =

 1.5 in equation 
1 

Y
ields a aa of 19 Y

ears>
 or 

2 
K

=
 

1+
(191 

o.c 

(
3
)
 

T
he dependence of K

 on counting tim
e or age is illustrated by the fol- 

low
ing exam

ples: 
1 

C
ounting the sam

ple tw
ice as long reduces 

cr 
by a factor of 1.4. 

H
ere the K

 value 
E

q 3 
is 1.9. 

2 
H

aving an older sam
ple w

ith half the 14C
 activity increases o 

by an 
approxim

ate factor of 1.4. T
he K

 value for sam
ples this old is nearly 1.3. 

C
learly, 

K
 values can be used 

only w
ithin 

the confines of defined 
counting conditions. 

T
he errors in the 14C

 ages listed in this paper are all based on counting 
statistics alone. A

ccording to E
q 3, the error "m

ultiplier" for sam
ples of 

the age range given 
and for 4-day counts w

ould be 1.3. 

O
ff-sets 

2 
T

he variance o 
accounts for the degree of reproducibility of the m

ea- 
surem

ents m
ade w

ithin a single laboratory. It does not account for system
- 

atic errors. Such errors m
ay reflect a sim

ple off-set (caused, e 
by a w

rong 
activity level of the standard), or they m

ay reflect age-dependent anom
alies 

egif the "dead" tim
e 

in counting, w
hich depends on sam

ple 
activity, 

w
ould be im

Portant and uncorrected for). 
1
4
 

T
he 

C
 tim

escale calibration requires independent determ
ination of 

the 14C
 activities by tw

o or m
ore laboratories. T

he m
agnitude of the off-sets 

betw
een different laboratories can be estim

ated from
 the differences in 

m
easured 14C

 ages of duplicate sam
ples. 

A
 com

parison of 214 sam
ple pairs of w

ood of identical age, but of dif- 
ferent geographic regions gave an age difference of 0.6 Y

r betw
een B

elfast 

9
6
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979 Radiocarbon Age Calibration Back to 13,300 Years BP 

TABLE 2 TABLE 1 

Ferguson's Bristlecone Pine series Becker s D6M4/11 series with ring 1 matched at 7215 BC 

Standard deviations are based on counting statistics only. Standard deviations are based on counting statistics only. 

Ring Year Year No. of Radiocarbon 

no. BC BP rings age 

18.5 7197.5 9146.5 2 8250 ± 40 +82.8 ± 5.0 

28.5 7187.5 9136.5 4 8170 ± 23 +92.3 ± 2.9 

142.0 7174 9123 5 8143 ± 23 +94.2 ± 2.9 

52.0 7164 9113 5 8742 ± 23 +93.0 ± 2.9 
72.0 7144 9093 5 8184 ± 23 +81.6 ± 2.9 

82.5 7133.5 9082.5 6 8114 ± 22 +92.8 ± 2.7 

107.0 7109 9058 5 8163 ± 23 +82.9 ± 2.9 

132.0 7084 9033 5 8123 ± 22 +85.0 ± 2.7 

157.0 7,059 9008 5 8081 ± 23 +87,4 ± 2.9 

167.0 7049 8998 5 8018 ± 22 +94.6 ± 2.7 
187.0 7029 8978 5 8016 ± 23 +92,3 ± 2.9 

202.0 7014 8963 5 7841 ± 23 +114.3 ± 2.9 

205.0 7011 8960 11 7954 ± 11 +93,3 ± 1.4 

217.0 6999 8948 5 7950 ± 32 +97.3 ± 4.0 

232.0 6984 8933 5 7984 ± 25 +90.7 ± 3.1 

255.0 6961 8910 11 7979 ± 17 +88,3 ± 2.1 
257.0 6959 8908 5 7947 ± 24 +92.4 ± 3.0 

278.5 6937.5 8886.5 6 7932 ± 23 +91.6 ± 2.9 
285.0 6937 8880 11 7945 ± 30 +89.0 ± 3.7 

297.0 6919 8868 5 7964 ± 23 +84.8 ± 2.9 
317.0 6899 8848 5 7961 ± 22 +82,6 ± 2,7 

322.0 6894 8E43 5 7973 ± 50 +80.3 ± 6.2 

342.0 6874 8823 5 7989 ± 19 +75.6 ± 2,4 

347.0 6869 8810 5 8020 ± 23 +70.8 ± 2.9 

365.5 6850.5 8799.5 4 7990 ± 24 +72,q ± 3.0 

387.5 6828.5 8777.5 u 7996 ± 25 +68.8 ± 3.1 

402.0 6814 8763 5 7945 ± 21 +73.7 ± 2.6 
414.0 6802 8751 3 7916 ± 24 +76.0 ± 3.0 
431.0 6785 8731+ 3 7912 ± 24 +7'+.3 ± 3.0 

451.0 6765 8714 3 7913 ± 23 +71.6 ± 2.9 
457.0 6759 8708 5 7903 ± 22 +72.1 ± 2.7 

462.0 6754 8703 5 7882 ± 23 +714.3 ± 2.9 

462.5 6753.5 8702.5 G 7924 ± 23 +68.6 ± 2.9 

477.0 6739 8688 5 7587 ± 21 +71.7 ± 2.6 

497.0 6719 8668 5 7900 ± 23 +67.4 ± 2.5 

502.5 6713.5 8662.5 6 7893 ± 22 +67.6 ± 2.7 

517.0 6699 8648 5 7910 ± 22 +63.5 ± 2.7 

525.0 6691 8640 11 7887 ± 22 +65.5 ± 2.7 
542.5 6673.5 8622.5 6 7804 ± 16 +74.3 ± 2.0 

556.5 6659.5 3608.5 G 7877 ± 23 +62,7 ± 2.9 

574.5 66+1.5 8590.5 10 7811 ± 21 +69.2 ± 2.6 
589.5 6626.5 8575.5 10 7806 ± 20 +67.9 ± 2.5 
618.5 6597.5 8546.5 4 7756 ± 23 +70.8 ± 2.9 
641.5 6574.5 8523.5 6 7774 ± 22 +65.5 ± 2.7 
663.5 6552.5 8501.5 8 7654 ± 1 4 +78,6 ± 1.7 

680.5 6535.5 8484.5 3 77u3 ± 22 +64.5 ± 2.7 
704.0 6512 8461 5 7731 ± 17 +63.1 ± 2.1 

719.5 6496.5 8445.5 4 7654 ± 17 +71 ,3 ± 2,1 

742.0 6474 8423 5 7605 ± 17 +75.0 ± 2.1 

L* 
no. 

10000 
10001 
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1 ooui 

10042 
10043 
10044 
10045 
10046 
10047 
10048 
10049 

Year Year No. of Radiocarbon 
BC BP rings age 14 DC 

QL 
no. 

6475 8424 10 7636 ± 23 +64.2 ± 3.1 1006 

6360 8309 20 7427 ± 22 +84.1 ± 3.0 10063 

5805 77514 10 6926 ± 14 +78.9 ± 2.0 10062 

5795 7744 10 6915 ± 21 +79,2 ± 2,9 10061 

5785 77314 10 6935 ± 20 +75.2 ± 2.7 10060 

5775 7724 10 6934 ± 22 +74.0 ± 3.0 10059 

5765 7714 10 6897 ± 16 +77.6 ± 2.2 10058 

5755 770+ 10 6893 ± 17 +76.9 ± 2,4 10057 

571+5 7694 10 6904 ± 20 +74.1 ± 2.7 10056 

5735 768+ 10 667 ± 20 +77.7 ± 2.8 10055 

5725 7674 10 6820 ± 20 +82.7 ± 2.7 1005 

5715 7664 10 6853 ± 20 +77.0 ± 2.8 10053 

5705 7654 10 6799 ± 20 +82.9 ± 2.7 10052 

5695 7644 10 6802 ± 20 +&1.2 ± 2.7 10051 

5685 7634 10 6799 ± 20 +80.3 ± 2.7 10050 

TABLE 3 

Seattle and Heidelberg measurements of duplicate samples of Becker D6M4 11 

wood. Standard deviations are based on counting statistics only. 

Heidelberg Seattle 
Ring Radiocarbon Radiocarbon 
no. age BP age BP Difference 

556.5 7884 ± 22 7887 ± 22 -3 ± 31 

502.5 7925 ± 22 7893 ± 22 32 ± 31 

562.5 7959 ± 22 7924 ± 23 35 ± 32 
285 7996 ± 20 7945 ± 30 51 ± 36 
255 7960 ± 22 7979 ± 17 -19 ± 28 
205 8010 ± 20 7951 ± 11 56 ± 23 

* uaternaY Isotope Lab (Seattle) r 
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