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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.
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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



19

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



23

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
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Foundation and the Department of Energy
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