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ABSTRACT

Since 1953 the Laboratory of Tree-Ring Research has conducted dendro-

chronological studies of bristlecone pine (Pinus longaeva D. K. Bailey, sp.

nov.) in the White Mountains of California. This research resulted in the
establishment of a continuous tree-ring sequence of 8,680 years which proved
to be a unique source of chronological data and provided precisely dated wood
specimens essential to certain paleoenvironmental and geophysical investiga-
tions. Dendrochronologically dated decade samples of bristlecone pine con-
tinue to be supplied to C-14 laboratories for the calibration of the radio-
carbon time-scale, a development of far reaching consequences in the fields
of archaeology and geology. To more fully understand the causative factors,
especially the activity of the sun, a critical need exists to better define
the fluctuations and trends of the C-14 curve through even stronger and
earlier bristlecone pine controls. In addition, recent advances in other
methods of analyzing past climatic variability--particularly techniques
involving stable isotope ratios--have greatly increased the demand for wood
of known age and, hence, for chronology development.

During the past 18 months, the early portions of the chronology have
been greatly strengthened and extended. The objective of the proposed
research is to continue the extension of the bristlecone pine chronology
further into the past and to strengthen it by incorporating additional dated
specimens from the White Mountains and nearby areas. Prospects for a

10,000-year chronology appear increasingly possible.
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DENDROCHRONOLOGY OF BRISTLECONE PINEl

C. W. Ferguson

Since 1953 the Laboratory of Tree-Ring Research has conducted dendro-

chronological studies of bristlecone pine (Pinus longaeva D. K. Bailey, sp.

nov.) in the White Mountains of east-central California where living trees
reach ages in excess of 4,000 years. Extension of the chronology, made
possible by the crossdating of the ring patterns of remnants with those of
living trees, has resulted in the establishment of a continuous tree-ring
sequence of 8680 years from the present back to 6701 B.C. The millennia-
0ld pines are a unique source of chronological data and the dendrochrono-
logically dated wood is essential to certain paleoenvironmental and geo-
physical investigations. More than 1,000 decade samples of bristlecone
pine supplied to three radiocarbon laboratories have been essential for
the calibration of the radiocarbon time scale, primarily in the B.C. era,

a development of far reaching consequences in the fields of archaeology
and geology. In addition, recent advances in other methods of analyzing
past climatic variability--particularly techniques involving stable isotope
ratios—-have greatly increased the demand for wood of known agé and, hence,

for chronology extension.

1) Previous grants by the National Science Foundation to the University
of Arizona in support of the bristlecone pine project have been: G-2274 (1956),
G-19949 (1961), GF-2171 (1963), GP-4892 (1965), GA-20618 (1969); EAR76-14782
(1976), and EAR78-04436 with the assistance of the Department of Energy
contract no. EE-78-A-28-3274.



OVERVIEW

Collection and analysis during 1978-1979 have more than doubled the
number of dated remnants in the period before 4000 B.C. Figure 1 diagram-
matically summarizes, as of 10 December 1979, the 69 dendrochronologically
dated specimens that partially or entirely predate 4000 B.C. Thirty-seven
of these predate 5000 B.C. and 10 predate 6000 B.C. The earliest dated
remnant, weighing 90 pounds (41 kilograms), entirely predates 6000 B.C. and
extends the chronology to 6701 B.C.; it is still being studied.

The greater length and numerical depth of the present chronology has
increased our ability to date additional specimens. Fourteen tree-ring
sequences have been merged to extend the master chronology to 6329 B.C.

When the 10 specimens that predate 6000 B.C. are completely studied, the
master chronology will be extended to 6701 B.C.

The innermost rings of the earliest specimens are progressively greater
in age as shown in Fig. 1. A 508-year '"floating' sequence, dated by four
radiocarbon laboratories as over 9,000 years old, indicates the potential
of a continuous tree-ring chronology of 10,000 years once a gap estimated
at less than 1,000 years has been crossed.

Long~term chronologies are in hand or in the process of development
for other bristlecone pine sites in California, Nevada, and Utah (see pp. 7
to 8 ). These could form a temporal and geographic grid of tree-ring sites
for climatic reconstruction and the interpretation of the 22-year solar
cycle (Mitchell, Stockton, and Meko, 1979, Dicke, 1979).

As the tree-ring chronology developed, so too has our stockpile of bulk
wood. The usual sample submitted for the C-14 calibration studies is a
ten-year unit weighing 20 grams. As the samples were prepared, the extra

wood -- that over the 20 grams and that from intervening decades --



{
(=
(-
—]
—]
—
—]
—]
——]
————]
————]
 ——
 E——
| ——
| ——
| —
—————1
—/
——————
—3
C I |
-
——————
C ]
C _J
=
—————
———
L I |
C———
c
—
—
————
L
S
[ J
| .}
C ]
C—T———1
 E——
L
L I |
=
C————
L ]
L J
| J
L J
L S |
—3 X
———
L )
| — i |
C————
L J
L ]
| —_— ]
C——— '
|1 ]
[ ]
- ,
L
L 1 ]
—)
L J
| J
 —
6 5 4

Fig. 1. Time span of 69 specimens partially or entirely predating
4000 B.C. Each bar represents one specimen. The time scale is in units of

1000 years B.C.



wés stockpiled. These units, ranging from one to about 100 grams, span the
past 7,500 years. A recent computerized inventory (Table 1), listing 1,138
prepared samples with a total weight of nearly 16,000 grams, is available

upon request and these "off-the-shelf" samples can be supplied to qualified

investigators (Ferguson, in press).

TABLE 1. Dated samples available for radiocarbon analysis.

Interval Number of Samples Grams
A.D. 1974-1001 85 1931
AD. . 1000-1 75 1160

1-1000 B.C. 147 1079

1001-2000 B.C. 115 1121
2001-3000 B.C. 304 4270
3001-4000 B.C. 264 3916
4001-5000 B.C. 128 2192
5001-5500 B.C. 20 89

Total 1138 15758

PROGRESS REPORT, 1978-9

A storage and retrieval system was developed for all measurements,
indices and other descriptive statistics that are normally produced for
specimens. More than 160,000 records (card images) have been entered into

our computer system.



White Mountains

In the summer of 1979, a collection of multiple cores from full-bark
trees, 90 cores from 30 trees, was made in Methuselah Walk to provide a
greater length for the modern base for the extension of the chronology
into the past. These are being dated and measured and the improved modern

chronology should be completed during the spring of 1980.

Approximately 100 bulk specimens were collected in 1978-9. Forty-four
of these have been dated, measured and plotted (Table 2); 22 predate
4000 B.C. Twenty-one have a C-14 date only; six of these predate 4000 B.C.

The remaining specimens are still under study.

Table 2. Time ranges represented by tree-ring and radiocarbon dates for

individual bulk specimens collected in the White Mountains

1978-9.
Interval, B.C. Tree Ring C-14 Total

1-1000 3 3 6
1001-2000 4 3 7
2001-3000 7 6 13
3001-4000 8 3 11
4001-5000 6 5 11
5001-6000 10 1 11
6001-6600 6 6
Totals 44 21 65

—



We have in hand about 75 specimens, each having from 500 to over 1000
annual rings, that are partially or entirely prior to 4000 B.C. In many
cases, the total specimen has been collected; the others could be relocated
and also collected in bulk. This volume of wood makes possible a more
detailed tree-ring study and provides the quantity necessary for C-14 analysis.

Previously, with the emphasis on o0ld wood, not much bulk material in
the A.D. period had been collected. As a result of requests for the more
recent wood, the 1979 collections included about 500 pounds selected to
fulfill these requests.

The major collection area, in Methuselah Walk, had previously been
mapped in ten-foot contours and 458 specimens -- trees, snags, and large
remnants -- have been tagged and mapped. Thus, any new specimen can simply
be added to the map by triangulation with specimens of known location. The
mapping has greatly facilitated our work which very often includes resampling.
With this control and with the increased number of sampled specimens, we
feel, for the first time, that we are in a position to essentially collect
on order.

In the 1980 field season (only partially covered by the present grant),
we plan to revisit each collected specimen (or site, if the total material
has been collected) and evaluate it in terms of its physical appearance,
general provenience, growth characteristics, and age in an effort to improve
our site and specimen criteria in terms of the conditions that are producing
the o0ld wood. Concurrent with this, we are plotting on the Methuselah Walk
map the provenience of the specimens with innermost rings in the 6,000's,
5000's and 4000's B.C. Perhaps the 69 dated specimens (most of which are
from Methuselah Walk) will show some significant grouping and provide a

guide for the location of additional old wood.



Panamint Mountains

Analysis of data from paired cores from the Panamint Mountains,
California, is nearly ready for merging into site chronology. Single records
from older trees (one, for example, with 1360 rings) will be added for chron-
ology development. Radial sections from old stumps gave bark dates in the
1870's, showing that an upper treeline area of bristlecone pine was logged

during the period of mining activity at the nearby Panamint City.

Sheep Range

Master chronologies for four species have been completed for the Sheep
Range, Nevada. The species and the beginning dates are: bristlecone pine,
A.D. 760; ponderosa pine, A.D. 1313; white fir, A.D. 1606; and pinon pine,

A.D. 1681.

Spring Mountains

The modern collections from the Spring Mountains, Nevada, include 32
cores from 24 bristlecone pines and 24 cores from 9 white firs. The
bristlecone pine cores have been dated and measured. A final chronology
from A.D. 1080 to 1979 will be completed in January, 1980. A recently
acquired cross section, provided by the Forest Service, dates to A.D. 850.
The white fir cores have been dated and measured. A chronology from A.D.

1650 to 1979 will be completed in spring of 1980.

White Pine Range

The collection from the White Pine Range, Nevada, consists of nine
bulk specimens. All have been surfaced, measured and plotted on an arbi-
trary time scale. This site will be a major part of future work (see pp. 18

and 19).



Other Sites

Fifteen trees were sampled in the Schell Creek Range near Ely, Nevada
and a site chronology is near completion.

A new site in the Mammoth Creek drainage in southwestern Utah was
collected in the fall of 1979, and is now being studied.

A newly reported stand of bristlecone pine, at the north end of the
Potosi Range near Las Vegas, Nevada, was visited and duly recorded as a
range expansion for the species. The very few trees were associated with
white fir and were not of sufficient age, sensitivity, and numerical depth

for sampling.

RADIOCARBON STUDIES
Initial emphasis of the bristlecone pine project, in 1956, on the estab-
lishment of an accurate tree-ring chronology for climatic analysis soon
expanded to include the provision of accurately dated samples for the cali-

bration of the radiocarbon time scale. By the late 1960's, radiocarbon

analysis of wood of historically known age and of dendrochronologically dated

wood had resulted in sufficient data to show that radiocarbon dates were not
in total agreement with our conventional solar calendar. Reasons for the
discrepancy, described in Olsson (1970), are now fairly well understood
(Damon, Lerman and Long, 1978).

Workshop on Calibration of the Radiocarbon Time Scale

Radiocarbon specialists, dendrochronologists, statisticians, represen-—
tatives of archaeological, geophysical, and geological users groups and the
National Science Foundation (whose support made the conference possible) met
at the University of Arizona in Tucson January 28 to February 2, 1979 to
review the current data bearing on the calibration of the radiocarbon time

scale.



The principal stimulus for the workshop was the recognition that there
was a critical need to generate a consensus radiocarbon calibration framework
to replace the various calibration charts, tables, and curves now current in
the literature. Three radiocarbon research facilities, the Arizona, the
La Jolla and the Pennsylvania radiocarbon laboratories, have been responsible
for producing most of the radiocarbon data on dendrochronologically-dated
bristlecone pines. Present were Minze Stuiver, director of the University of
Washington laboratory and senior editor of Radiocarbon, and Douglas Donahue,
co-principal investigator of the accelerator facility now in construction at
the University of Arizona for the analysis of radiocarbon and trace elements.

The goals of the workshop were (1) the formulation of a calibration
table for users who have single radiocarbon determinations of varying sta-
tistical precision, (2) the formulation of a series of graphs describing
the high frequency components of the calibration curve, and (3) publication
of revised radiocarbon determinations on bristlecone pine samples in the same
format by all laboratories. Graphs and tables presenting such data with
detailed instructions for their use will be published in Radiocarbon.

The significance of the workshop is that, for the first time, those
principally involved in the issues surrounding the calibration of the radio-
carbon time scale have agreed to a single calibration scheme utilizing a
coherent set of data expressed with respect to the same set of standards.

For almost a decade, all laboratories working on the calibration problem have
been in essential agreement about the nature of the long-term variations and
the existence of short-term, or high frequency variations in C-14 activity.
As a result of the workshop, there is considerable agreement as to the
frequency and magnitude of these short-term variations during the last few

millennia.
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Tandem Accelerator Mass Spectrometer

The National Science Foundation has begun a pilot program to develop
regional, state-cf-the-art instrumentation facilities that can be shared by
researchers at different institutions and in different disciplines.

The first six regional facilities include a carbon-l14 dating and trace
element analysis accelerator facility at the University of Arizona. The
Tucson facility is an example of the inter-disciplinary research that these
regional labs encourage. It is operated jointly by the departments of geo-
sciences and physics and offers analytical capabilities useful in geolog&,
archaeology, biology, medicine, chemistry, foremsic science, and environ-
mental studies (N.S.F. grant CHE78-18576).

The primary function of the tandem accelerator is carbon-14 dating.
Using the accelerator, an investigator can date 1- to 2-mg samples of 19th
century carbon within half an hour with a precision of 1%, compared with
conventional techniques that require 1000 mg and 10 hours of counting time. —

The technique makes it pogsible to date samples too small or too old
for dating by conventional methods. We now have the capability to obtain
a year-by-year record of carbon isotopes in the cellulose of tree rings
providing the data base for a much more detailed record of solar activity
and geomagnetic field variationms.

Until there are results of known quality with the new program, the
calibration prior to 6000 B.C. will be done by the conventional method.
Initial work will focus on the analysis of one-year samples in which there
are extreme fluctuations or sudden changes, as indicated by the results of
the calibration workshop. Anticipating a functioning laboratory by September
1980, at that time, they would like to have 20 samples ready to run. They

would like to have 50 samples in 1980 and 150 in 1981. Assuming that the
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periods of critical interest would be in time ranges in which we had usable
wood (ideally, with large rings) is not covered in their budget. Based upon
the long-term cost of specimen preparation for the calibration program, the
cost per sample has been roughly $150.00 to $200.00 if the cost of specimen
collecting and chronology development is taken into consideration. Current
distribution of decade samples from our inventory requires an investment of
$5.00 to $10.00 just to check, clean up, weigh, annotate, package and mail

a sample. This figure includes no research and development and soon the
supply would be exhausted. The needs, however, tend to be in new time
periods where there is little or no wood on hand; this requires the R and D

investment to make the material available.

Cooperative Studies

There have been increasing needs for dated wood in various isotopic
studies. As various contributors in Climatic Change and Variability: a
Southern Perspective (Pittock, et al, eds. 1978) point out, it is important
to understand the rising concentration of atmospheric CO2 and its relation-
ship to climatic change. To this end, the proposed project may be of
assistance by strengthening and lengthening the bristlecone pine chronology
and by making dated wood available for isotopic studies.

A sample from A.D. 1500 to the present has been sent to Dr. Roger J.
Francey, C.S.I.R.0. Melbourne, for C-13/C-12 studies in comparison with
wood from Tasmania.

From the point of view of the bristlecone pine project, there was one
immediate agreement resulting from the calibration workshop. Four radio-

carbon laboratories, at the universities of Arizona, California (San Diego),
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Pennsylvania, and Washington, agreed to collaborate on the calibration from
5400 B.C., the present limit, to 6000 B.C., a point where four laboratories
have analyzed 20 decade samples (Ferguson, Gimbutas, and Suess, 1978; Suess,
1979). To provide the most unified control so far, I am providing every
third decade sample to each of three laboratories; larger samples through
this time range will go to the fourth laboratory (Washington). Their coop-
erative results are to be published in Radiocarbon.

In an effort to provide for an inter-laboratory comparison, I have
distributed to eight laboratories alternate decade samples for a 200-year
period, 4100 to 3900 B.C. Half of these are duplicate sets; the other half
is from the alternate decades. The 200-year span, however, should make
each set of 10 samples a comparable unit. The source, a log from a tree
that started growing prior to 4250 B.C., is of such ample quantity that
additional sets can be provided to other laboratories, perhaps on a world-
wide basis.

Drs. Damon and Long, at the University of Arizona; Dr. Suess, at the
University of California, San Diego; and Dr. Michael, at the University of
Pennsylvania, are similarly involved with the calibration of the radiocar-
bon time scale based upon the early bristlecone pine. Current cooperative
research encompasses the period 5400 to 6000 B.C. All three laboratories
continue to aid in the exploratory dating of bristlecone pine remnants.

Secondary interests focus upon gaps and possible anomalies in the
present calibration curve. A recent tabulation, resulting from the calibra-
tion workshop, showed that there were many decades that were represented
by one or zero samples. It is felt that, ideally, each decade should be
represented by two dates. Thus, additional samples would be required to

double the single counts; to fill in the decades with no representation;
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and to provide two dates for these decades. Currently, the inventory is

being checked and many of these weak or questionable intervals will be filled
by the relatively immediate analysis of these off-the-shelf samples.

Stuiver and Quay (1980) report on their radiocarbon analysis of 860
years of tree-ring material from Northwest Douglas-fir. The record is
interpreted in terms of a variable sun and indicates three episodes when
sunspots apparently were absent. To extend this study, they currently are
working on sequoia extending to A.D. 200 and are interested in securing
earlier dated sequoia or other (non-bristlecone) species. One of our 1979
"bristlecone pine" remnants was a pinyon pine that dated 1000-600 B.C. Its
ring size is far greater than in the bristlecone pine. The time period it
represents and the fact that it is a new species for the calibration makes
it ideal not only for Stuiver's purposes (extending through the first
millennium B.C.), but for other uses as well.

Some questions have arisen concerning the possible deposition of C-14
at the heartwood-sapwood boundary (Cain and Suess, 1976; Long, et al, 1976)
and a possible hemispheric difference at about the same time, ca. A.D. 1900.
A solution to both questions may lie in the analysis of sound sapwood in
the trees that died 50, 100, 150, and 200 years ago. For some time, I have
been collecting stump material from logging about the turn of the century.
Many of the stumps represent not living trees, but snags--trees that had
died decades or even centuries before. Many of these still have sound sap-
wood (in at least part of their circuit) and could be used for this type of
study. I have recently sent Stuiver descriptions of these stumps, espec-
ially of the 1979 collections, so that he can evaluate them in terms of

his specific needs; then we will process the required samples.
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Stuiver has recently been sent a continuous series, from the present
back to more than 700 years, for the analysis of Carbon-13. This will pro-
vide a duplication of the work by Wilson and Grinsted (1978). Stuiver's
laboratory is one of four cooperating on the calibration in the period
6000-5400 B.C. The other three laboratories are each analyzing every third
decade. Stuiver, who requires a 50-gram sample in contrast to the usual
20-gram sample required by the other laboratories, will receive nearly a
comparable number of samples, but at more random intervals and perhaps
from different specimens.

Stuiver is currently analyzing oak, provided by Dr. Becker from
alluvial gravels in southern Germany, with a C-14 age of 8400 B.P. This
is still "floating" in time, both in relation to the Germany tree-ring
chronology and to calibrated radiocarbon dates. Bristlecone pine at
6000 B.C. provides C-14 dates of 7500 B.P. By dating some of the earliest
bristlecone pine wood, at 6600 to 6500 B.C., we should be able to get close
to the calibration for the Becker wood.

To continue previous work (Epstein and Yapp, 1976), Dr. Samuel Epstein
at the California Institute of Technology is being provided with dated wood
from the present back into the past. The initial piece for extension was
a section from a tree recently removed by a snow avalanche. The section
dated from the present back to 814 B.C. Other bulk material in hand should

enable this analysis to be extended back to 6600 B.C.
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Archaeological Relationships

Scientific investigations of bristlecone pine provide several types
of information that are important to not only the Southwest, but to the
worldwide archaeological community.

Tree-ring calibration of radiocarbon dates has permitted drastic
revisionsof temporal sequences of cultural developments in western Europe
(Renfrew, 1973, 1974, 1977; Wilson, 1975). On this side of the Atlantic,
the ongoing calibration in the 7th to 9th millennium B.P. will ultimately
provide North American archaeologists with a basis for refining the chron-
ological framework of most of the Archaic period of cultural development.
As the bristlecone pine chronology is extended beyond the current limit of
6700 B.C., it will be possible to extend the calibration into the period
of Paleo-Indian activity in the western hemisphere. Simultaneously it will
then be possible to compare C-14 activity of the bristlecone with that of
oak chronologies from continental Europe (Becker, 1979; Beer, et al, 1979;
Lambert and Orcel, 1979), and the British Isles (Pilcher, et al, 1977).
This will permit the temporal placement of the earlier segments of the
European chronologies and of archaeological materials that crossdate with
them or have similar C-14 activity. This type of work has a number of
precedents (Cain and Suess, 1976; Ferguson, Gimbutas and Suess, 1976) and
appears to be the best procedure at this time for developing calibration of
C-14 activity in the range of 9- 11,000 B.P.

On a regional scale, bristlecone pine provides a unique resource for
both chronology control and paleoclimatic reconstruction in the Great Basin.
Dendrochronological dating of wood from archaeological sites, using

bristlecone pine, has been accomplished (Graybill and Ferguson, manuscript),



and other potentials can now be explored. More than 20 bristlecone chron-
ologies from the area are in varying stages of development. Most are
continuous for the past thousand years. We have found that they crossdate
well among themselves and with lower elevation species such as pinon pine

(Pinus monophylla) and ponderosa pine (Pinus ponderosa). Thus the possi-

bility of dating a variety of species of wood that might occur in archaeo-
logical sites, using a bristlecone chronology for a master control, is
quite good.

As the number of bristlecone sites over the basin expands it will be
possible to develop paleoclimatic reconstructions similar to those produced
by Fritts (1965, 1976) for western North America, but with much greater
geographic resolution. While these data will provide a paleoclimatic
record of the past 800-1000 years, there is potential for a limited number

of longer term perspectives. The Methuselah Walk chronology from the

western edge of the Great Basin and a chronology under development in eastern

Nevada will eventually permit a two-point comparison of growth trends in
drought-stressed bristlecone pine over the past 5000 years. As climatic
trends become discernible it will provide prehistorians with new data for

understanding the background of human adaptations in the area.

16



17
OBJECTIVES AND SIGNIFICANCE

The objectives of this proposal are to continue the dendrochronological
studies of bristlecone pine in terms of time (chronology extension) and space
(into new geographic areas). The basic significance lies in its unique and
critical role in relation to other disciplines, especially those of radio-
carbon dating and paleoclimatic interpretation; without dated samples as
controls, major laboratories would not be able to continue the radiocarbon

calibration and related studies.
PROPOSED RESEARCH

This proposal is designed to make possible the continued development of
the bristlecone pine chronology by strengthening the present chronology of
8,680 years, by possibly extending it even further into the past, and by the
development of other bristlecone pine chronologies in new areas. The
resultant publications will be of interest to the climatologist and to
those involved in radiocarbon analysis and in related dating techniqueé
where precisely dated tree-ring material can serve as a control for calibra-
tion.

Recent and continuing development in techniques of climatic reconstruc-
tion and the impending refinement in radiocarbon dating combine to make the
development of a long bristlecone pine chronology an immediate need. To
provide dated wood for these projects is the primary objective of the

proposal.

Chronology Development

The major focus of proposed field research will be the collection of

bulk specimens in the White Mountains of California. The funding in 1978-9
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made possible more intensive sampling than had been possible in recent years.
Correspondingly, it resulted in a longer and more reliable chronology.
Intensive collections again in 1980-81 should provide even more material

in the 6-7000 B.C. range and hopefully from the preceding millennium.

In conjunction with collection at known sites, some time will be
devoted to exploration in new localities in the White Mountains for mater-
ials that may provide even greater age than has yet been attained. There
are numerous localities in the area that would have been favorable to lower
timberline growth of bristlecone 10,000 years ago. The remoteness of these
sites makes the task of searching them time consuming and costly, yet these
endeavors are necessary in order to ascertain both the promise and the
limits of chronology extension.

A second focus of proposed field research will be the collection of
bristlecone at a site, in the White Pine Range of east-central Nevada, that
has the potential of providing more than 5200 years of continuous chron-
ology. Limited research on only nine different bulk (dead) specimens from
the site, initially produced two chronologies. The earliest, a 2080-year
series, has been dendrochronologically dated from 3240 to 1160 B.C. The
second, a 1268-year series, has a C-14 date that would place it in roughly
the first 1300 years A.D.

As controls for the dating of wood from this and other sites in east-
central Nevada, we have three chronologies from the Snake Range: C-114,
4875 years; #352, 3200 years; and Hill 10,842, 2000 years. These inde~-
pendently derived chronologies crossdate quite well and already have been
of use in dating remnants.

The White Pine unit and possibly a second Nevada area will be used
to substantiate the White Mountain chronology and to start a mini-network

of long-term chronologies. The site contains a full spectrum of
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bristlecone forms: young full-bark trees, older strip-barks, snags and num-
erous remnants. The first task will be to core large numbers of the stand-
ing trees in order to develop a modern chronology that overlaps the more
recent floating chronology and that can provide a basis for climatic cali-
bration with recent records. The second goal will be to collect a large
number of bulk samples to connect, strengthen and extend the chronology
units.

This ultimately would provide the second longest continuous record of
isotopic and paleoclimatic variation at the lower, rainfall-dependent range
of the bristlecone pine. This would be valuable for several reasons. It
provides a second major source of wood for isotopic and calibration work.
It could be used for comparative or replicative studies that provide
cross—checks on variations for corresponding time periods in the bristle-
cone from California. The site tends to have larger ring widths than does
the Methuselah Walk wood which would facilitate preparation of samples less
than ten years in length.

From the standpoint of paleoclimatic research this long-term time
series would be of great interest in terms of its variance spectrum. It
would also provide a much-needed candidate for cross-spectral analysis with
the Methuselah Walk chronology. A proposal is currently being submitted
by C. W. Ferguson, Donald A. Graybill, and Geoffrey A. Gordon to develop
this site as a paleoclimatic unit and to compare it with the White Mountain

chronology.

Paleoclimatic research

The initial focus of the bristlecone pine project was climatic, but as

the need increased for dated wood for radiocarbon studies and the emphasis
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changed to chronology development and extension, the search for old wood led
from stress sites at the lower limit of the species--the ideal area for
climatic interpretation--to even lower sites now totally devoid of living
bristlecone pines. This broke the continuity of the chronology as a tool
for long-term climatic interpretation. To remedy this, é single site--
Methuselah Walk--has been selected for intensive study.

The process of selecting specimens of the best quality from the
present back to 4000 B.C. is almost complete. Recent progress in chron-
ology development will eventually permit selection of samples in the
4-6000 B.C. range for an extension of the original interpretation. Various
methods of merging the ring-width records to best preserve the true vari-
ance spectrum of the series are being investigated. Analysis in the spring
of 1980 should provide the basic data for an 8000-year time series that is
appropriate for use in climatic reconstruction and that can be intensively
investigated in the frequency domain.

Development of the 5200-year series from the White Pine Range in
Nevada will provide comparative data for paleoclimatic investigation (see
the previous section). The 5200-year period of overlap would provide data
in one of the five major problem areas —- that of the climate of the past
5000 years ~- discerned in a recent assessment of the status of paleoclim-
atic research (Hecht et al. 1979: 11-12).

These studies, encompassing long-term low-elevation chronologies from
two major geographic areas, would provide a control for the areal extension
of such chronologies. A separate proposal by Charles W. Stockton, C. W.
Ferguson, and Donald A. Graybill is designed to develop a mini-network of
about 20 sites with chronologies of 500-1000 years as a basis for evalua-

tion of the 22-year sunspot cycle.
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PROCEDURE

Field work

Collections and surveys will continue and exploratory work will be
conducted in new or critical areas. Radial growth-ring sequences in core
samples extracted with a Swedish increment borer will continue to provide
most of the chronologic data, but bulk sections for both tree-ring and
isotopic studies will be collected from standing or fallen snags or large,

eroded remnants of trees of proven age and quality.

Laboratory analysis

Dendrochronological dating of the specimens follows standard practices
at the Laboratory of Tree-Ring Research (Ferguson 1970a, Stokes and Smiley,
1968). All of the dated ring series are standardized to simplify comparisons
and to facilitate statistical analysis. Sensitive, critical, and early
samples will be intensely studied and specimen means will be derived for

incorporation into the master chronology or for the establishment of dendro-

climatic records.
SCHEDULE

Early Summer, 1980 (present grant)

In addition to our scheduled work in the White Mountains ~- with the
allotted sum of 50-80 exploratory radiocarbon dates -- we plan to spend two
weeks at our site in the White Pine Range during the 1980 field season.

The Forest Service will provide the total facilities of a F.S. field resi-
dence and possibly a four-wheel drive vehicle. Our objective will be to
collect both modern samples (cores) and cross sections from remnants in

an effort to fill in gaps and provide a complete series for the site.



22

Other proposed collection sites include the Spring Mountains and Spruce

Mountain in Nevada.

First Year

Field work in the fall of 1980 in the White Mountains will focus on
the intense sampling of old wood as indicated by the surveys conducted in
the early summer. Additional collecting may be done in the Inyo Mountains
(essentially a more arid and southern extension of the White Mountains) in
California and various ranges in east-central Nevada.

Field collecting will focus on old wood with a view to further strengh-
ening and extending the chronology. Hopefully, by this time, cooperative
projects with various radiocarbon and stable isotope laboratories will have
been initiated so that project-oriented collecting can be done.

Analysis of the present collections will continue. Emphasis will be on
publication of the chronology prior to 4000 B.C. As the number of specimens
per site increase, separate chronologies will be developed for individual
sites within the White Mountains as an aid to the dating of additional spec-
imens. As separate bristlecone pine chronologies are developed, they will
‘be made available to the International Tree-Ring Data Bank and published in
the Chronology Series of the Laboratory of Tree-Ring Research and will be
available for climatic analysis. |

Upon the completion of the present calibration program, from 5400 to
6000 B.C., decade samples back to 6600 B.C. will be provided to the cooper-
ating radiocarbon laboratories. In the meantime, samples from the present
inventory will be distributed upon request and, when possible, bulk material

in hand will be processed to meet specific requests.

The first year of the proposed project coincides with the third year

of the TAMS project. As indicated on pages 10 and 11, the bristlecone pine
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project would be involved. The second year would be the fourth and last
yvear of the TAMS project and we assume the cooperative efforts would be

intensified.

Second and Third Years

The goals for the second and third years will be generally the same:
to continue to supply dated wood, to extend the chronology in time and
space, and to publish the extensions as they become firmly documented.

Some of the distribution objectives will be guided by the consumer's needs.
The tandem accelerator program, with its milligram sample size, may cause
us to modify our procedures.

Two other proposals -- for paleoclimatic analysis and for the estab-
lishment of an expanded network of sites with trees of 500 to 1000 years
in age -- would relate to the present study and proposal and may guide or

modify the plans for the second and third years.
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FACILITIES

The facilities of the Laboratory of Tree-Ring Research are available
for specimen preparation, measurement, and analysis of specimens. Semi-
automated ring-width measuring machines provide printed tape output. These
instruments and a library of computer programs facilitate rapid handling
and analysis bf large numbers of tree-ring specimens. Data programming and
processing will be done by project and laboratory personnel at the Univer-
sity of Arizona Computer Center (UCC), a separate department with its own
director and a complete staff. The UCC facilities consist of a 256K-word
Control Data Corporation CYBER 175, operating under Scope 3.4.4, and a
512K-word Digital Equipment Corporation DECsystem-10, running under TOPS-10.
The machines are linked and are accessed through batch and interactive
terminals. Peripheral equipment includes two CALCOMP digital plotters,
12-inch and 30-inch.

Current computing charges are: CYBER 175: $800./system hour; DEC-10:
$350./system hour; and CALCOMP: $10./plot-hour. Other miscellaneous charges
for paper and systems usage are approximately $100.-$200. per hour.

The laboratory will provide adequate office and laboratory facilities,
but storage space, especially for bulk specimens required for C-14 mater-

ial, is at a critical minimum, and may require the construction of shelves.

COOPERATING AGENCIES

U. S. Forest Service, primarily the Inyo National Forest, Bishop,
California and the Humboldt National Forest, Elko, Nevada.

The Bureau of Land Management, primarily the Ely District, Ely, Nevada.

Radiocarbon laboratories at the universities of Arizona, California

(San Diégo), Pennsylvania, and Washington.
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In a phone conversation 26 December 1979 with Robert Rice, Supervisor
of the Inyo National Forest in Bishop, California, we discussed the possibil-
ity that the U. S. Forest Service pay a half-time salary for a graduate
student on the bristlecone pine project to serve as a ''resident scientist"
in the Ancient Bristlecone Pine Forest. In this dual capacity, the student
would work on the preparation and dating of tree-ring material and be
available to the visitor as an on-the-site scientist in action and for
scheduled talks, especially to classes and tour groups. The 100-day visi-

tor count in the summer of 1977 was 66,800.

PERSONNEL

Principal Investigator:

C. W. Ferguson, Professor of Dendrochronology (biographical sketch
attached)
Research Associate:

Donald A. Graybill (biographical sketch attached)
Laboratory Technician: James M. Burns

Dr. Ferguson will serve as Principal Investigator. He has devoted
one-half to three-quarter time to the bristlecone pine study for the past
18 years. Under the terms of this proposal, he would spend half time on the

project. He is on a fiscal year appointment.
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CURRENT AND PENDING SUPPORT

I. C. W. Ferguson, Principal Investigator

A.

Current Support
1. National Science Foundation
Dendrochronology of Bristlecone Pine

$109,000 (EAR78-04436 with assistance of Department of Energy
contract no. EE-78-A-28-3274)

Two years, beginning 15 August 1978
Half time

University of Arizona

2. National Science Foundation
Radiocarbon and Climate (with Damon, Donahue, Lerman, and Long)
$75,000 (ATM79-23259)
One year, beginning 1 March 1980
One-twelfth time

University of Arizona
1. Dendrochronology of Bristlecone Pine (this proposal)

2. A proxy record of climatic variability based upon an 8000 year
bristlecone pine chronology (with Graybill and Gordon)

IT. Donald A. Graybill, Research Associate

A.

ITI.

IV.

National Science Foundation
Dendrochronology of Bristlecone Pine

$109,000 (EAR78-04436 with assistance of Department of Energy
contract no. EE-78-A-28-3274)

Two years, beginning 15 August 1978
Nine-tenths time

University of Arizona
None
No transfer of support

This proposal will be submitted to both the National Science

Foundation and the Department of Energy
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