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N
ew

 results of radiocarbon dating of ca 100 decadal bristlecone pine sam
ples 

from
 6554 B

c to 6084 B
C

 and from
 5820 to 5350 B

c are presented. U
sing 3 new

 2.5L
 counters 

filled to ca 3atm
 w

ith carbon dioxide, high-Precision dating has been perform
ed by this labora- 

tory for m
ore than tw

o years. D
em

onstration of the precision and accuracy of these counters is 
presented using ±

2%
0 m

easurem
ents from

 the SPorer m
inim

um
 period. For the older sam

- 
ples, 

±
30 

o m
easurem

ents w
ere m

ade using ca 12-daY
 counting tim

es. R
esults are presented 

both as 
4C

 age 
B

P vs dendro-Y
ear B

C
, particularly for calibration PurPoses 

and as 014C
 

vs 
tim

e. 

IN
T

R
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D
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R
adiocarbon analysis of bristlecone pine tree rings of know

n age has 
been one of the prim

ary projects of the U
niversity of A

rizona's conven- 
tional 

radiocarbon lab 
for 

m
any Y

ears 
D

am
on, 

L
ong 

&
 G

rey, 
1966 , 

D
am

on 
L

ong &
 W

allick 
1972; D

am
on 

L
erm

an &
 L

ong, 1978; K
lein et al 

1980. Sim
ilar w

ork w
as in progress at the L

a 
olla radiocarbon lab 

eg, see 
Suess 

1970, 
81980; B

runs et al 
1983; L

inick Suess &
 B

ecker, 1985 
until the cessation of the operation of that lab in 1982. T

he purpose of this 
w

ork is tw
o-fold: 

1 
to provide a calibration of the 

14C
 tim

e scale for the 
conversion of ages in 1C

 Y
ears B

P to ranges of true calendar years; 2 
to 

w
ith 

the variations of atm
ospheric 

14C
 levels ti th tim

e as a m
atter of geo- 

physical interest to exam
ine 

the 
causes of these secular 

variations 
ie 

changes in the strength of the earth's m
agnetic field and changes in the flux 

of solar and cosm
ic rays. 

In 1979, new
 2.5L

 copper counters using the design of M
inze Stuiver 

Stuiver, R
obinson &

 Y
ang, 1979) w

ere built and installed in our shield to 
c 

p0 
enable high-precision analysis (r 

14c _ 3oof the 14C
 concentration in tree 

a 
rings of know

n age. T
here are 3 of these counters 

3 sm
aller gas counters , 

and a liquid scintillation counter in the lab now
; nearly 4000 sam

ples have 
been m

easured w
ith them

. 
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In order to isolate the m
ost reliable, least m

obile fraction of the w
ood , 

it is our practice to extract the holocellulose from
 the 40g bristlecone pine 

sam
ples received from

 the L
aboratory of T

ree-R
ing R

esearch at our institu- 
tion. T

he decadal w
ood sam

ples are cut into m
atchstick-sized pieces and are 

in a W
ileY

 m
ill. T

he chem
ical pretreatm

ent 
then ground to 

0 m
esh size 

starts 
a Soxhlet apparatus the sam

ple is treated 
w

ith resin extraction. U
sing 

for ca 
0 hours w

ith a solvent m
ixture consisting of 250m

1 of toluene and 
ca 

1 
0°C

. T
he next day, the apparatus is 

1 25m
1 of 100%

 ethanol heated to is air-dried. T
he sam

ple is treated w
ith 

allow
ed to cool 

and the sam
ple 

35 
r 20 hours, using the Soxhlet device. T

he 
O

m
l 

1 00%
 ethanol for another 

next day, the apparatus is again allow
ed to cool 

and the sam
ple is again 

air-dried. T
he sam

ple is rinsed for several hours w
ith w

arm
 distilled w

ater in 
a beaker. T

o perform
 the actual cellulose extraction 

the sam
ple is placed in 

a beaker and covered w
ith distilled w

ater to w
hich 15 drops of glacial acetic 

t D
eceased M

arch 24, 1986. 

acid and ca 5m
l volum

e of sodium
 chlorite 

technical or reagent 
is 

grade) 
added. 

T
his solution 

is 
heated 

to 
0°C

. 
T

his 
bleaching 

procedure 
is 

repeated every 2 to 3 hours until the sam
ple is w

hite. T
he sam

ple /solution 
m

ixture is allow
ed to sit overnight; 

ht if the sam
ple is not yet w

hite the bleach- 
ing procedure is repeated. A

fter the w
ood has been satisfactorily bleached 

it is rinsed w
ith distilled w

ater repeatedly, until one cannot sm
ell the acetic 

acid the solution is clear, and the sam
ple is w

hite. T
he sam

ple is then dried 
in an oven at ca 110°C

 until com
pletely dry. 
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C
om

bustion of the cellulose is perform
ed in a high-Pressure com

bus- 
tion bom

b. C
a 11 g of the cellulose is pressed into a pellet w

hich is placed in 
the com

bustion bom
b w

ith an ignition w
ire em

bedded into the pellet. A
 

sm
all tray of Potassium

 perm
anganate 

solution 
is 

placed inside of the 
bom

b. T
he bom

b is then sealed 
evacuated 

and pressurized w
ith oxygen. 

A
fter electrically igniting the sam

ple, the resulting carbon dioxide, oxY
gen 

w
ater vapor gas m

ixture is slow
ly bled through the gas purification system

. 
T

his system
, m

odeled after that of R
oy Sw

itsur 
Pers com

m
un 

consists of a 
trap im

m
ersed in dry ice ethanol slush, a trap containing silver pow

der 
heated to 250°C

 
a trap containing cupric oxide heated to 

00°C
, a trap 

containing vanadia catalyst heated to 500°C
 

to convert 502 to 503 
, and a 

long tubing pathw
ay trap im

m
ersed in dry ice slush to trap out sulfur oxides 

and w
ater. T

he carbon dioxide is then isolated in a trap im
m

ersed in liquid 
nitrogen, w

ith the excess oxygen pum
ped off at a rate fast enough to m

ain- 
tam

 o a pressure low
 enough to avoid condensation of oxygen in the trap. 

W
hen the entire gaseous contents of the bom

b have been passed through 
this sY

stem
A

 a procedure taking a few
 hours, the carbon dioxide is pum

ped 
to high vacuum

. T
he carbon dioxide is then allow

ed to sublim
e slow

ly, pass- 
ing through phosphorus pentoxide pow

der to com
plete the drying, and 

then frozen into a cold finger located on the final purification apparatus; 
after again pum

ping the sam
ple to high vacuum

 the carbon dioxide is then 
allow

ed to expand into a large volum
e convective recirculation tow

er w
ith 

elem
ental copper turnings heated to 4 

5°C
 to rem

ove rem
aining traces of 

oxygen, a system
 m

odeled after that of M
inze Stuiver. A

fter rem
aining in 

the glass tow
er for at least 6 days, the sam

ple is frozen into a stainless steel 
cylinder for storage. T

o allow
 for decay of 222R

n, the sam
ple rem

ains in its 
cylinder for a m

inim
um

 of 30 days before counting, a length of tim
e found 

to be sufficient for these cellulose sam
ples. 
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T
he three 2.5L

 counters are filled to a pressure of 45Psi at a shield 
tem

perature of 30°C
. T

he counters are very stable 
and all three have very 

sim
ilar counting characteristics. T

he anti-coincidence 
circuit 

used here 
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en

de
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lo
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w
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in
 th

e 
sh
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ld
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T

he
 a

ve
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ag

e 
ba

ck
gr

ou
nd
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ou

nt
 r

at
es

 o
f 

th
e 

co
un

te
rs

 a
re
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a 

4.
5 

3.
6 

an
d 

4.
9c

pm
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50
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O
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l 
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pu
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80
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3 pe
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od
 i
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adiocarbon D

ating o 
B

ristlecone Pine 
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e features observable in Figure 2 are present in this plot, but m

ay be less 
clear because of the scale. For use in calibration of 14C

 ages B
P, plots sim

ilar 
to those given as Figure 3 of Stuiver 

1982 are presented here as Figure 4 
using only A

rizona high-precision data. Figure 4A
 covers the dendro-year 

range of data from
 6600 to 5900 cal B

C
. Figure 4B

 covers 6100 to 5400 cal 
B

C
 

and Figure 4C
 covers 5600 to 4900 cal B

C
. T

hese plots give hr bands 
based on the individual data points, presented as 14C

 age in years B
P vs den- 

dro-Y
ear cal B

C
. A

t this tim
e 

the B
ristlecone pine chronology is the only 

tree-ring chronology that continues unbroken to 6554 B
C

, although there is 
only one gap apparently rem

aining in the G
erm

an oak chronology (B
ecker, 

pers com
m

un L
inick 

Suess 
&
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ecker, 

11985), w
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ould extend to ca 
7200 
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C

 if this gap w
as filled in. A

 detailed exam
ination of the entire tree- 
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Fig 2. Temporal variation of 14C for the time ranges 6554 to 6084 BC and 5820 to 5350 BC, based on high-Precision Arizona measurements of decadal bristlecone pine samples 
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952 T W Linick A Long, P E Damon and C W Ferguson 

TABLE 1 TABLE 1 continued 
Radiocarbon results for decadal bristlecone pine tree rings 6554 to 5350 BC , 

Lab No. Mid-Point Dendro-Year (%o) Age (yr BP) D C (%) 
a '3 14 

Lab No. Mid-Point Dendro-Year C (% ) C Age (yr BP) C (%o) 

A-2540 -6299 -20.0 t 23 t 3.1 

A-3926 -6549 -19.8 t 24 3.2 t 24 t 3.2 

A-3928 -6529 -20.0 24 3.1 t 23 t 3.1 

A-3929 -6519 -20.0 t 25 3.2 t 21 t 2.8 

A-4204 -6519 -20.2 ZZ 2.9 t 22 t 3.0 

A-2341 -6514* -20.4 t 23 3.0 25 t 

t 20 t 2.7 t 29 t 3.8 

A-3796 -6499 -21.8 t 29 3.3 t 27 t 3.6 

A-2342 -6494* -20.5 t 31 4.0 22 3.0 

A-3797 -6489 -19.9 t 23 3.0 23 3.1 

A-3798 -6479 -19.6 t 23 3.1 27 3.6 

A-3799 -6469 -19.8 t 25 3.3 25 3.3 

A-2343 -6464* -20.4 t 25 3.3 t 23 t 3.0 

A-2862 -6459 -20.3 t 30 4.0 24 f 3.2 

A-3800 -6449 -19.7 24 3.2 t 26 t 3.5 

A-2344 -6444* -20.4 t 24 3.2 t 25 3.4 

A-2863 -6439 -20.2 29 3.9 t 26 t 3.5 

A-3801 -6429 -19.1 t 22 3.0 t 26 t 3.5 

A-3995 -6419 -20.0 t 20 2.7 t 25 t 3.2 

A-3883 -6409 -20.0 t 22 3.0 t 25 t 3.4 

A-3884 -6399 -19.8 23 3.0 t 26 t 3.4 

A-2521 -6389 -19.8 t 23 3.0 t 23 t 3.1 

A-4205 -6389 -19.6 t 21 2.8 t 20 t 2.7 

A-3885 -6379 -20.0 t 25 3.4 t 24 t 3.2 

A-3886 -6369 -20.4 t 21 2.8 

A-2525** -6359 -19.8 t 27 3.7 25 t 3.4 

A-3887 -6359 -20.2 t 24 3.3 t 22 t 3.0 

A-2526 -6349 -20.0 t 22 3.0 27 3.6 

A-2527 -6339 -20.1 f 24 3.0 t 26 t 3.4 

A-2528 -6329 -20.4 t 27 3.6 t 26 t 3.4 
A-2529 -6319 -20.5 t 27 3.6 

t 21 t 2.8 

A-2530 -6309 -20.2 t 27 3.6 
t 22 t 2.9 

A-2740 -5745 -20.6 t 24 t 3.2 
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TABLE 1 continued TABLE 1 continued 

ab No. id-Point Dendro-Year 
13 (Y) S C o 

1+ C (r BP) Age Y D C 
(a a) 

0 14 14 a, 
S (%) C Age (Yr BP) d C (%a) Lab No. Mid-Point Dendro-Year 
13C 

A-2741 -5735 -20.3 t 21 t 2.8 -5405 -20.7 6442 t 18 91.6 t 2.5 

A-2742 -5725 -20.0 t 23 t 3.2 -5395 -20.5 6475 t 17 87.3 f 2.3 

A-2743 -5715 -20.2 23 3.2 -5385 -20.6 6477 t 19 85.6 t 2.6 

A-2749 -5705 -20.2 t 23 t 3.1 -5375 -20.2 6457 t 17 85.7 t 2.2 

A-2750 -5695 -20.2 t 22 3.0 -5365 -20.1 6421 t 21 88.9 t 2.8 

A-2751 -5685 -19.6 t 22 t 2.9 -5355 -20.2 6447 t 21 84.4 t 2.9 

A-3018 -5675 -20.0 t 23 t 3.1 20-year sample 

A-3019 -5665 -20.1 t 24 t 3.2 "C data for sample rejected after measurement of second sample from same decade 

A-3020 -5655 -19.8 24 t 3.2 

A-3021 -5645 -19.8 t 20 t 2.7 

A-2752 -5635 -20.2 t 21 t 2.8 

A-2753 -5625 -20.2 t 23 t 3.1 

A-2754 -5615 -19.6 t 22 t 2.9 

A-2755 -5605 -18.8 t 22 t 2.9 

A-3036 -5595 -19.5 t 19 t 2.5 

A-3037 -5585 -20.1 t 22 t 2.9 

A-3038 -5575 -20.4 t 24 t 3.2 

A-3039 -5565 -21.6 t 22 t 3.0 

A-3040 -5555 -20.2 t 21 t 2.8 

A-3041 -5545 -19.5 t 22 t 2.9 

A-3042 -5535 -20.5 19 t 2.6 

A-3043 -5525 -20.3 t 19 t 2.5 

A-3066 -5515 -20.4 17 2.3 

A-3067 -5505 -20.2 t 17 t 2.3 

A-3068 -5495 -20.1 t 17 t 2.3 

A-3069 -5485 -20.0 6588 t 19 82.4 t 2.5 

A-3053 -5475 -20.6 6518 ± 19 90.6 t 2.6 

A-3054 -5465 -20.4 6461 t 17 97.0 t 2.3 

A-3055 -5455 -19.8 6464 # 17 95.3 t 2.3 

A-3056 -5445 -20.5 6502 t 18 88.8 t 2.5 

A-3057 -5435 -20.6 6504 t 20 87.2 t 2.7 

A-3058 -5425 -20.7 6506 t 19 85.5 t 2.5 

A-3059 -5415 -20.8 6484 t 19 87.3 t 2.6 
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