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ABSTRACT. We have developed a master 8"°C chronology from 14 pinyon pine sites in 6
states of the southwestern U S. Two of the individual isotopic chronologies, reported here for
the first time, and 10 of those previously reported (Leavitt & Long, 1986; 1988) are from sites
where cores from 4 trees were pooled prior to analysis, and the other 2 are merged from groups
of 4 single-tree chronologies (sites) developed in an earlier phase of research (Leavitt & Long,
1985). Regressions of first differences of ring-width indices and 8°°C values from each site were
used to “correct” individual 8°C chronologies for climate effects which appear primarily
related to high-frequency 8°°C fluctuations, many of which are common among sites. These
climate-corrected chronologies were normalized as deviations from their respective 1800-1849
83C means, and these normalized chronologies were averaged into the master. The overall
83C drop from 1600 to the present is ca 1.2-1.4%o, consistent with recent ice-core data showing
a drop of 1.14 + 0.15%. from 1740 to present (Friedli ef al, 1986). However, the 8°C decline
in the late 19th and early 20th centuries is greater in the pinyon chronology than that of the ice
cores, thus supporting a greater biospheric CO, input to the atmosphere than that indicated in
the ice-core data.

INTRODUCTION

Attempts have been made to reconstruct concentrations of atmospheric
CO, concentrations and 8°C of CO, in order to better understand the
carbon cycle and how human activities may be influencing it. For over a
decade, tree rings have been used in attempts to reconstruct "°C atmos-
pheric CO, (eg, Peng et al, 1983; Stuiver, Burk & Quay, 1984). More
recently, measurements of CO, concentrations and 813C in air bubbles
trapped in ice cores (Friedli et al, 1986) have provided a more direct meas-
urement, without the physiological complications with which the tree-ring
reconstructions must contend.

In this paper, we present the last two tree-ring 8"°C chronologies from
southwestern pinyon pine which have been carefully selected, sampled,
dated, analyzed and then corrected for climate influences. The overall
strategy was to minimize physiological effects and maximize the potential
that the chronologies represent the atmosphere. These were merged with 12
other 83C chronologies for the final master pinyon chronology which is
compared to ice-core and atmospheric 8°C measurements.
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METHODS

A number of pinyon individuals from the Gate Canyon, Utah (15
trees), and Lamoille, Nevada (8 trees), sites were cored (4 orthogonal cores
per tree) in July 1986 (Table 1). Following dendrochronologic dating, cores
from 4 of the “best” were pooled together in pentad groups S, 1800-04,
1805-09,...), ground to 20 mesh, and then reduced to (holo-)cellulose by
sodium chlorite oxidation. The methods of selecting the best trees, sample
preparation and combustion to CO, are described in detail in Leavitt and
Long (1986; 1988). The CO, thus obtained was analyzed mass-spectromet-
rically with C/™2C ratios expressed as 8°C. Overall precision for cellulose
preparation, sample combustion and isotopic analysis is estimated to be +
0.1%o. Detailed characteristics of the 12 other pinyon sites and chronologies
are presented in Leavitt and Long (1988).

TABLE 1

Summary of site and sampling information
GATE CANYON: P edulis; (39°52'40'N, 110°13'15"W); elev 2220m; §°C chronology

1580-1985
- Earliest dated
Pooled trees & contribution of each core (N,S,E,W) year of tree
#1  1725-1985(N,S,E,W) 1682
1690 - 1985 (N,S,E, W) 1648
8  1620-1985(N,S,E,W) 1581
10 1580 - 1985 (N,S, W), 1580-1938 (E) 1536

LAMOILLE: P edulis; (40°41'31" N, 115°27'57"W); elev 2130m; §“C chronology 1620-1985

Pooled trees & contribution of each core (N,S,E,W) Earliest dated
year of tree
#1 1740 - 1985 (N) 1660-1985 (S,E, W) 1624
2 1620-1985 (N,S,E, W) 1543
3 1690-1985 (N,E, W), 1735-1985 (S) 1654
8 1835-1985 (N,S,E, W) 1771

RESULTS AND DISCUSSION

The 8"C chronologies from Gate Canyon and Lamoille are depicted in
Figure 1 (a, b). Both curves show decreasing 8"°C trends, especially after
1800, although the overall decrease at Gate Canyon is somewhat greater
than at Lamoille. Rather than simply average these with the 12 other south-
western pinyon chronologies also sampled with 4 trees per site (Leavitt &
Long, 1988), we first attempted a correction for climate via tree-ring width
indices, which are a proxy measure for climate in the American West
(Fritts, 1976). Our previous experience with pinyon (Leavitt & Long, 1985;
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Fig 1. Original §°°C chronologies from Gate Canyon (a) and Lamoille (b); master 14-site, climate-corrected
8C chronology (normalized to 1800-1849 means prior to averaging). Vertical bars= + 20; o= ice core
results, x= atmospheric measurements (summarized in Friedli et al, 1986) (c); smoothed tree-ring 8"°C
curve from c and fossil-fuel 83C effect on atmosphere from Peng et al (1983) (d); residual of 2 curves in d
which may represent the biospheric influence on atmospheric CO, (e).

1986) was that the high-frequency fluctuations on the long-term trends are
strongly correlated to ring-width indices (inversely). This inverse correla-
tion, particularly strong with first differences of 82C and indices, is the basis
for a correction in which the regression equations for A8"°C vs Aring-width
index are used to calculate a 8°C adjustment for each pentad scaled to the
difference between the ring-width index and 1.00. The A8"C vs Aindex
regressions for the other 12 pinyon chronologies and for Gate Canyon were
all significant at P< .01, even when degrees of freedom were reduced for
effects of autocorrelation (Ezekiel & Fox, 1959). The regression for
Lamoille, however, was only significant at P< .1, and furthermore, the cor-
relation was the only positive one of the 14. Nevertheless, we used all these
regressions to correct the 8°C chronologies of each site for climate effects.
After correction, each pentad was normalized as differences with its
respective 1800-1849 mean, a period common to all sites and early in the
Industrial Revolution.
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The resulting 14 normalized curves were averaged to produce the mean
curve in Figure 1c. The vertical bars represent + 2 o of the mean, and are
smallest between 1750 and 1900 but larger in the post-1900 period, perhaps
related to increasing anthropogenic influences. Between 1600 and 1800, the
trend is flat, although prior to 1600 it is also flat with a somewhat higher §°C
value. In the latter case, however, standard errors are much greater and
trees fewer. In spite of our corrections for climate, high-frequency fluctua-
tions remain in the master chronology, although now they are highly
damped relative to their amplitues in the original chronologies such as in
Figure 1a,b.

This final pinyon chronology may be compared to other §°C results.
First, there are the 8"°C values of CO, from ice cores (Friedli ef al, 1986;
Siegenthaler & Oeschger, 1987) and direct atmospheric measurements
(Keeling, Mook & Tans, 1979; Keeling, Bacastow & Tans, 1980; Mook et
al, 1983) which are plotted as o’s and x’s, respectively, in Figure 1c after first
normalizing them as deviations from their 1800-1840 means and adjusting
them to fit into our pentad scheme of plotting. There is apparently good cor-
respondence prior to 1915, but thereafter, the decline in the ice-core §C is
much slower than the tree-ring chronology. The chronologies can be
brought in line if either 1) the dating of the ice cores is off ca 35 years, or
2) there are factors, especially between 1915 and 1959, that have produced
a faster decline in the pinyon curve. According to the Francey-Farquhar
(1982) model of plant carbon isotope fractionation, such an effect could be
produced through reduced carbon fixation and/or increased stomatal con-
ductance. It is not clear what factor acting on a regional basis could cause
this — the increasing CO, concentration itself could be a possibility if it stimu-
lates a condition in which the ratio of plant internal CO, to atmospheric con-
centration increases. Some type of long-term climate influence is another
possibility. The net drop in directly measured atmospheric 8°C between
1956 and 1982 appears to be greater by ca 0.1-0.2%o than that in the pinyon
chronology.

The second comparison is with other tree-ring isotope chronologies.
The pinyon chronology shows substantially less of a §'C decrease than the
1.8-2.0%0 drop from 1850-1980 found by Freyer and Belacy (1983). The
pinyon chronology decreases slower than the Stuiver, Burk & Quay (1984)
chronology up to ca 1900, when the pinyon chronology decreases faster,
although the overall drop in the Stuiver ef al curve is ca 1.1%0 compared to
the 1.2-1.4%. of the pinyon. One interesting similarity, however, is that ca
1950-1960 there is an upturn of 8“C values observed in all three
chronologies. Another upturn of 83C values at 1900-1910 is common to the
Stuiver et al and pinyon chronologies.

Finally, the change in 8"°C of atmospheric CO, from fossil-fuel con-
tributions alone has been modeled by Peng et al (1983) and is shown as the
dashed line in Figure 1d. The accompanying smoothed (by eye) pinyon
curve would contain the influence of fossil fuels as well as biospheric con-
tributions if it is representative of the atmosphere. The difference between
the two (Fig le) then represents the biosphere input curve only. Although
we have not done numerical modeling, comparison of this residual to the
modeling results of Peng et al (1983) and Stuiver, Burk & Quay (1984),
suggest a cumulative biospheric CO, input in excess of 140 Gt carbon
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beginning in the late 1700s and increasing to ca 1950. Without modeling,
however, we cannot estimate pre-industrial §°C and CO, values.

Drawing a smooth curve in Figure 1d assumes that the short-term §*C
variations in Figure 1lc are unrelated to actual atmospheric 8°*C changes.
The modeling of Stuiver, Burk & Quay (1984) suggests the fluctuation of
1%o in the 8"*C record translates to a change in atmospheric concentration of
ca 40-50 ppm. If this is the case, the amplitude of pinyon §C fluctuations
would equate to atmospheric CO, variations of 12-15 ppm over time scales
of 5-20 yr. This seems excessive but some of the variations in §°°C of the ice
cores are up to one-half of that magnitude.

CONCLUSIONS

The 14-site, S56-tree pinyon 8"”C chronology presented herein is the
most carefully developed and internally consistent currently available. The
chronology decreases from the late 1700s to the present, moreso than the
Stuiver et al chronology but much less than that of Freyer and Belacy
(1983). The pinyon chronology generally shows lower 8"*C values after 1850
than the 8'"C directly measured on CO, in ice cores and the atmosphere,
and suggests a greater cumulative biospheric CO, flux than modeled by
Stuiver, Burk & Quay (1984) from tree rings at 140 Gt carbon and by
Siegenthaler and Oeschger (1987) from ice cores of 90-150 Gt carbon. If the
ice cores are providing accurate, well-dated values of past atmospheric §°C,
then it is likely some physiological effects promoted by environmental
changes (eg, CO, concentration or climate) are causing the disparity in ice-
core and pinyon chronologies. At this time, however, we have not been able
to isolate and quantify such an influence.
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