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PREFACE

The tree-ring chronologies presente& here were developed as part
of continuing efforts of the Archaeological Research Program of the
Laboratory of Tree-~Ring Research to exploit its collections of archae-
ological tree-ring samples for the benefit of Southwestern archaeological,
paleoenvironmental, and dendroclimatological research. This work has
been materially aided by financial and other support from several insti-
tutions and many individuals. The National Science Foundation, through
Grants GS-247, 908, 2232, and 35086, supported the Dendrochronology of
Southwestern United States Project, Bryant Bannister, Principal Investi-
gator. This project, begun in 1963 and completed in 1974, accomplished
the reanalysis of all Southwestern archaeological tree-ring material
in the Laboratory's possession and undertook the initial compilation of
22 of the 25 archéeological chronologies presented here. The Advanced
Research Projects Agency, through Grant AFOSR 72-2406, supported the
"Reconstruction of Past Climatic Variability Project,'" Harold C. Fritts,
Principal Investigator, which allowed the collection and analysis of
more than 60 Southwestern living tree chronologies, 23 of which are
matched with corresponding archaeological chronologies.

The Southwest Region and Interagency Services Division of the
National Park Service, through a series of six contracts, supported the
Southwest Paleoclimate Project, which, among other things, compiled the
25 final chronologies presented in this volume. Support from the
National Park Service's Division of Cﬁaco Research permitted the col-
lection and analysis of a living tree series from Washington Pass that
was matched with the Chuska Valley archaeological chronology. One

living tree chronology was developed apart from the work of the
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Archaeological Program. This chronology, Rainy Mesa - Station 24, was
generously contributed by Charles W. Stockton from his work in dendro-
hydrology (Stockton 1975).

Laboratory analyses, dating, and measuring of the archaeological
tree-ring material were performed by Jeffrey S. Dean, Richard L. Warren,
and John W. Hannah who were aided at various times by James A. Neely,
Marion L. Parker, and Ward F. Weakly. Many of the archaeological chron-
ologies were originally prepared for and shepherded through computer
processing by Benjamin W. Smith in 1967-1968. Between 1974 and 1976
the chronologies were updated and recompiled by Richard V. N. Ahlstrom.
As always, the computer operations were ably handled by Linda G. Drew.

Although we collected most of the living tree samples between 1971
and 1977, we did use material collected in previous years by Edmund
Schulman (1956) at Mesa Verde and in Tsegi Canyon and by Andrew E.
Douglass (1947) near Flagstaff. We were aided in the field collection
by Richard L. Warren, Dennie O. Bowden III, and Wallace E. Woolfenden
of the Laboratory staff as well as by numerous archaeological and local
guides, some truly native. Dating, measuring, and processing of these
materials were undertaken by Jeffrey S. Dean, Dennie O. Bowden III,
Dennis L. Roubicek, Deborah Westfall, Therese Adams, and James M. Burns.
Deborah Westfall compiled the quantitative data for many of these

chronologies. Again, Linda G. Drew supervised the computer operations.
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INTRODUCTION

The chronologies presented in this volume were formed from two
data sets. These sets, although comparable in terms of the resultant
chronology, were assembled from substantially different collections of
raw data. The differences are fully described below in the discussion
of each set.

A major assumption underlies our belief that the two data sets
can be combined into single, continuous chronologies where an overlap
of years occurs. We take the uniformitarian position that tree growth
response to climate was the same in the past as it is today. Several
lines of evidence support this assumption. The fact that continuous
2000+ year tree-ring chronologies comprised of thousands of overlapping
ring sequences representing at least five species can be constructed
indicates that there has been no basic change in growth-climate
relationships of each species during the period of record. In addition,
the fact that elevational and environmental distributions of the
various species involved have nbt changed appreciably during the past
2000 years argues that there have been no fundamental changes in the
ways in which trees respond to climate. Finally, the statistics of
living tree-ring series do not differ significantly from those of the

prehistoric data sets.



ARCHAEOLOGICAL CHRONOLOGIES

Between 1963 and 1975, the Archaeological Research section of
The Laboratory of Tree-Ring Research engaged in a complete dating
review and documentation of all archaeological samples housed in the
Laboratory. Some of these samples were colleéted as early as 1916 and
most of them were collected prior to World War II. Samples received
during the course of the project were integrated into the workflow
until perhaps 150,000 individual samples were examined. The dating
results of this project have been presented in a series of 16 volumes

popularly referred to as the Quadrangle Series. Each volume contains

a more detailed history of the project and of the collections.

The samples were organized so that all samples from a single
archaeological site, whenever collected, were studied as a unit.
Most samples were ''skeleton'" plotted as a permanent record of the
ring characteristics and the plots of the dated samples were combined
into single species plots for each site and further combined into a
multiple-species composite plot for each site. This process, while
ideal, was actually constrained by the number and quality of samples
from individual sites. The sample plots were further combined into
regional plots to represent tree growth through time for relatively
small areas in the Southwest. The regions chosen were arbitrary in
terms of climate, but followed the archaeological designation of sites
within rectangles one degree of latitude by one degree of longitude.
Again, plots were formed for each region for each separate species as

well as for all available species combined.



Concurrently, many dated samples were measured to form the basis
for metric ring-width chronologies. Not all dated samples were measured,
since it is possible for an individual sample to date well while at the
same time possess characteristics that introduce nonclimate related
noise into a combined chronology. The measurements of each sample were
plotted in 20-year running means to permit visual assessment of the
potential fit of the standardization curve (Stokes and Smiley 1968:
59-60). Samples passing the assessment were standardized to form growth
indices (Fritts et al 1969) and the resultant statistics generated were
screened to assure a high degree of variance in common between samples.
The final step in the process averaged the indices of all samples of a
given species from a region to form an index chronology. In most cases
the species chronologies were averaged together to form an overall
regional or quadrangle chronology.

Because the quadrangles are arbitrary, the 25 chronologies pre-
sented here were constructed to represent well-known archaeological
areas. At times this violates quadrangle boundaries (i.e. Natural
Bridges area) and usually reduces the geographical range of the chron-
ology to less than that of the corresponding quadrangle chronology.
Each chronology was constructed to cover the maximum possible time
range and, whenever possible, was formed from a single species.

Some chronologies have early segments that are not included here
because a) the segments do not overlap with the continuous chronology,
b) the segments fall in the B.C. time range and are unmatched in other
regions or c) the segments violate species integrity. The best example

of this is the early portion of the Durango chronology (Station 23)




which extends back to 322 B.C., but is not included because this time

range is unmatched elsewhere.

LIVING TREE CHRONOLOGIES

Locations for sampling living trees were chosen to coincide geo-
graphically as close as possible to the sites from which archaeological
chronologies were derived. We assumed that the archaeological beams
and timbers were not, in the absence of the wheel or domestic animals,
transported vast distances. In many cases, such as Mesa Verde or
Flagstaff, we sampled living trees that were within view of the sites of
their prehistoric counterparts. In other aréas, such as northern New
Mexico, lumbering appears to have seriously affected the present distri-
bution of species such as ponderosa pine, forcing us to sample at
greater distance from the area of sites. The worst situation is prob-
ably found at Chaco Canyon where the nearest living trees suitable for
tree-ring chronologies were found approximately 30 airline miles away.

We also tried to match the species of our living trees to those
of the archaeological chronology. Often, however, this was not possible
without violating the proximity principle. Again, the inability to
match species seems due to the changed dendrochronological character-
istics of certain species as a consequence of logging which has
destroyed the lower forest border in the northern Rio Grande valley
and around the San Francisco Peaks in Arizona. Thus the ponderosa pine
of the archaeological chronologies is often matched by pinyon pine.

Living trees were sampled with a Swedish increment borer which
extracts a core of .43 cm diameteg. Two cores were taken from each

tree, usually from opposite sides. A minimum of 15 or 16 trees of each




species at a site was cored, which allowing for breakage and aberrant
growth, resulted in an irreducible number of 10 trees, two cores per tree,
for most chronologies. Laboratory procedures, after surface preparation,

were similar to those employed for the archaeological samples.

THE LISTING

Each chronology is presented with its name and station number
(Figure 1 and Table 1). The identification number distinguishes among
the thousands of tree-ring chronologies developed and used in the
Laboratory. The latitude; longitude, and elevation given are subjective
estimates of the centrum of the archaeological sites that contributed
samples to the chronology. The species used in the archaeological
chronology are given in descending order of frequency. An asterisk
indicates predominance of one species.

Species abbreviations are: DF, Douglas-fir, Pseudotsuga menziesii;

PP, ponderosa pine, Pinus ponderosa; PNN, pinyon pine, Pinus edulis;

and JUN, juniper, Juniperus spp.

The body of the listings presents both the index value and the
sample depth for each year. Since zero is possible as an index value,
the notation 999 is used to represent no data. If the chronology is
discontinuous, a set of summary statistics is presented for each seg-

ment in the same order of display.
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Table 1. Station Chronologies
Station Archaeological Chronology Living Tree Chronology

Name Years A.D. Name Years A.D.
1 Natural Bridges 0094-1449 Kane Springs 1445-1971
2 Navajo Mountain 0340-1271 Navajo Mountain 1469-1971
3 Tsegi Canyon 0381-1284 Betatakin Canyon 1263-1972
4 Coconino Plateau 0610-1124 Red Butte 1448-1975
5 Flagstaff 0570-1310 Medicine Valley 1309-1972
6 Central Mts.,North 0965-1381 Show Low 1596-1972
7 Central Mts.,South  1096-1385 Grasshopper 1642-1971
8 Hopi Mesas 0500-1770 Dinnebito 1470-1971
9 Puerco Valley 0426-1283 Defiance Plateau 1512-1972
10 Canyon de Chelly 0001-1316 Canyon de Chelly 1376-1971
11 Mesa Verde 0480-1276 Bobcat Canyon 1200-1971
12 Chuska Valley 0532-1263 Washington Pass 1599-1976
13 Cibola 0435-1900 Turkey Springs 1595-1972
14 Quemado 0441-1282 Agua Fria Creek 1490-1972
15 Cebolleta Mesa 0680-1885 Cebolleta Mesa 1662-1972
16 Chaco Canyon 0660-1127 Satan Pass 1381-1972
17 Gobernador 0623-1751 Pueblito Canyon 1594-1971
18 Jemez Mountains 0598-1864 Paliza Canyon 1658-1972
19 Chama Valley 0759-1834 Echo Amphitheater 1362-1972
20 Rio Grande, North 1104-1916 El Valle 1708-1972
21 Santa Fe 0878-1930 Glorieta Mesa 1556-1972
22 Chupadero Mesa " 1294-1648 Tajique Canyon 1656-1972
23 Durango 0034-1089 Ditch Canyon 1330-1971
24 Reserve 0578-1286 Rainy Mesa 1520-1967
25 Little Colorado 0916-1345 Hay Hollow Valley 1687-1973
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