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FOURTH ANNUAL TREE-RING CONFERENCE

The Tree-Ring Society held its annual meetihg in the Laboratory
Building of the Museum of Northern Arizona, Flagstaff, Arizona, June
30, 1937, Dr. Douglass presiding. Those attending were:

Dr. A. E. Douglass - Dr. Emil W. Haury Dr. H. S. Colton
Mr. L. F. Brady Mr. L. L. Hargrave Mr. J. C. McGregor
Mr. W. S, Stallings, Jr. Mr. Thomas Hale Mr. A. L. Whiting

By motion duly carried, Mr. Gordon Willey’s name was added to the
list of Fellows.

For the coming year Dr. Douglass was re-elected President and
Editor-in-chief of the Tree-Ring Bulletin: Dr. Emil W. Haury was
elected Treasurer and Managing Editor of the Bulletin: Mr. H. T. Getty
was elected Secretary. Associate Editors were chosen as follows:
Dr. W. S. Glock, Mr. Edmund Schulman, Mr. W. S. Stallings, Jr.

Subjects reported and discussed included the policy of the Bulletin
regarding illustrations, the question of exchanges, the publication of
ring chronology photographs, the solar relation in climate and other
matters. '
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TREE-RING WORK, 1937
BY A. E. DOUGLASS

Two general summaries of tree-ring work have been made: one in
1922 before the Southwestern Division A.A.A.S., and one in 1931 at the
Smithsonian Institution. So much has been accomplished since the
latter, by assistants and students in anthropology and by assistants
in climatology (see acknowledgements) that it is time for another
review. On this occasion however, because of extension of tree-ring
methods into new regions, the review will deal with principles develaped,
as well as with results obtained. The reason for this is quite obvious.
Any technique in a new region must be tested on and grow from basic
principles and can not be merely a transfer of hlghly developed methods
from the older locahty

Ring Identification

Many biological students still do not realize that we actually identify
by date practlcally all the rings with which we deal. This has come about
by developing one process, namely, cross-dating, or the recognition of
the same patterns in the ring sequences of different trees. This phenom-
enon in trees of Northern Arizona was perceived many years before
its importance was realized. Our first experience is so symbolical of
later application that it is recounted here. In January 1904 the uni-
formity around the circuit of a tree was observed and recorded. A few
months later five sections newly cut near Flagstaff were carefully
measured and a group of small rings was noted some 21 years in from
the bark. While this was fresh in mind, curiosity raised the question
whether this same group could be found near the outside of a slightly
weathered stump whose date of cutting was unknown. On examining
the rings in the stump the group was found at once but was only 11
rings in from the outside. So that tree must have been cut in 1894.
The owner of the land was sought and asked when his timber was cut
and he answered, in 1894,

This incident supplied the mechanical key by which many tree-ring
problems have been solved. The almost universal existence of such
cross-dating between our trees was realized in 1911; since then its
use has been. considered absolutely fundamental. It immediately ac-
complishes two things; first, it supplies those necessary comparisons
between different trees by which errors in ring counting and inter-
pretation are eliminated. Thus in every extension of tree-ring work to
any new locality, whether in the favorable “Pueblo Area” of the arid
Southwest or the California mountains or coast or the “fall line” of
Georgia; whether in Illinois or Tennessee, or on the ancient tlmbers
of Egypt, cross-dating is absolutely the first essential.

If cross-dating corrects errors, it almost universally lengthens the
chronology ; this is its second immediate result. This is true of almost -
any group but it is still more true when the suggestion of the early .
incident mentioned is carried out and earlier and earlier trees and logs
are deliberately secured whose rings, by overlapping other ring-records
both in, older and in more recent trees, carry the chronology farther
and farther into the past, or into the future as happens in prehistoric
work.. Thus we obtain enormously long and accurately dated sequences
" of rings which form the basic material for further study.
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) Ring Interpretation

There is an almost human perversity about tree-rings; those that
are eagiest to read give least information and those that are hard give
more results. Easy, complacent sequences of rings can readily be
counted but give no more a real message than does a long unbroken
sound in one’s wireless loud speaker. - Sensitive sequences of rings with
changes in thickness from ring to ring are harder to read but give thie
real messages, like dots and dashes so spaced as to indicate letters and
words.

Thus a sensitive ring-record, for example from center to bark on a
stump, showing many and large changes in thickness from ring to
ring, may be thought of as a story of that tree’s experiences. The min-

ute we cross-date it with other trees and find that other trees had

the same series of experienkces, we realize that these sequences are
representing the common expeuence of the whole forest and are there-
fore climatic because climate is the only common contmuous factor in-
fluencing the whole forest.

The interpretation of our sensitive ring record can be made still
more precise. Everybody who has lived many years in Northern Arjzona
is perfectly aware that the struggle of all life-forms there is for more
water. In regard to the forest that extends in a sort of altitude zone
about the mountain masses, it is perfectly evident that the lower
forest border receives its limitation from dryness and the climatic
records we find in those trees must be mainly a story of moisture and
drought.

With this start we may formulate many items of ring interpretation
which will be useful to students, as appears below.

(1) Relation of rings to the outside of the beam: the last ring
next the bark gives the date of cutting of the tree. The interval between
cutting and use—an archaeological problem—may be investigated from
the group of timbers in the local construction. Weathering even to the loss
of all sapwood must be allowed for. In such cases the sap-heart contact
date is an important aid because the average age of sapwood is known
approximately although it differs in different species and this can be
added to the sap-heart contact date to get an approximate cutting date.
In the case of charcoal, the presence of bark is decisive as to cutting
date being represented by the outermost ring; an age curve showing
rapid approach to microscopic rings intimates nearness to the original
outside ring; a charcoal fragment may have only a distant relation
to the cutting date but a very large group of charcoal fragments from
one locality may show a convergence toward an evident date, that has
important value.

(2) Dissection tests of trees in our Flagstaff area show remarkable
uniformity in the entire stem or trunk to its top amidst the branches
and includes its tip growth. This may not be true of other places.
(8) Where cross-dating is found between ring patterns in different
trees, the difference from ring to ring may be attributed to climatic
causes because climate is the one continuous common factor influencing
the trees. (4) Climatic effects enter trees that are growing under . a
climatic stress or handicap. This difficulty in Northern Arizona
is lack of moisture: but in polar regions it will be lack of sufficient
warmth, and the ring record will be more closely related to temperature.
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(5) Topographic conditions greatly affect the operation of the climatic
stress. In the dry regions of Arizona good climatic records are never
found in the moist bottom lands or - near running water but they are
found at the lower forest border where the forest itself is limited by
dryness (due to lower altitude) and they are found on steep hillsides, on
ridges not ftoo exposed to wind and on sloping clay soils which are
covered with a thin mulch of sand or volcamc cinders that hold water
for a brief time.

(6) Double rings are due to subd1v1310n of the annual rainfall. The
chief growth in Arvizona and California comes from the precipitation
of the preceding winter. - Secondary growth in Arizona comes from
the summer rains in July and August: a false ring thus caused is hazy
and ill-defined and easily recognized. MacDougal and Schulman have
discussed a non-annual ring at Carmel, California, sharply defined on
the outside -like an annual ring but identified by cross-dating and by
weather records as due to September-October rains, the summers being
rainless. (7)' Ring records are probably already in hand that will
give us excellent rainfall records for the past 1600 years or more in the
Central Pueblo Area. :

Applications

As a result of the interpretation principles just enumerated, our
study has contributed to several sciences. Obviously archaeology and
anthropology have benefited in the dating of.prehistoric ruins, by the
outlining of climatic conditions of the past and the establishment of a
dating method which is taught in classes. The relation of ring growth
to rainfall is.ecology; the dating of pests and fires aids -the Forest
Service; the rainfall records in trees gives us some meteorology while
the study of climatic cycles in tree-rings is climatology; the relation of
these cycles to solar cycles is a part of the solar-terrestrial relation but
the information about solar cycles that we get from ring records is
astronomy; the derivation of similar information from fossil trees and
sediments of geologic time is geology. While tangible results have been
obtained in -each of these contact sciences, in actual practice the list
has condensed into two, anthropology and. climatology.

Anthropology
" The story of the dating of prehistoric ruins of the Southwest and
the development of a ring chronology 1925 years long has been told so
many times that it is not repeated here. Some hundreds of prehistoric
ruins have been dated of which an enumeration is now under way for
a forthcoming issue of the Tree-Ring Bulletin.

: Climatology

The rainfall interpretation of Northern Arizona trees has been thor—
oughly checked and we find correlation coefficients of 50 to 80 percent
between rain, especially winter rain, and ring thickness. These of course
are on unsmoothed curves. The higher correlations oceur when some
simple formula for conservation of moisture is applied.

Our best long climatic sequence is the Arizona chronology extending
back to 11 A. D. A complete ‘photographic copy has been made of this
by Mr. H. F. Davis, using equipment specially designed for the purpose,
“purchased by the Carnegie Institution of Washington. An accurately -
dated sequoia chronology extends back to 1305 B. C. It has a strong
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rainfall influence in it but it probably is not equal to the Arizona sequence
as a rainfall record.

It is well to state that in any extension of tree-ring work to untried
regions, whatever the purpose, a complete’ background of climatic
relation in the rings needs to be laid down first of all. In carrying this
out, obviously the first need is cross-dating to find whether climatic
influence is reaching the ring sequences. It is recommended that this
be done on modern trees by Swedish increment borings, mounted and
dated—probably 25 or 50 in number—from a smallish homogeneous
area, say 2b to 50 miles square, with notes as to kind of soil, its
slope and depth to bed rock, and water relation. The student should
make his own studies of cross-dating and describe these in a report
together with sketches of his ring sequences, with skeleton plots and
measures if made. (It would be very fine if we were able to provide here,
measuring and photographic operations.) He should if possible pro-
vide comparison plots of annual ring and rain values, remembering to
begin the rainfall year in the preceding late autumn, say November 1.
We would esteem it a privilege to look over carefully a report of this
kind. It should be noted that a series of measurements on'a dated set
of rings provides material to which the valued process of cycle analysis
can be applied.

Cycles

The original astronomical objective on which tree-ring. work was
begun, was to find whether solar cycles appeared in the tree-ring
chronologies which are many times as long as the longest meteomloglcal
records. After the Flagstaff 500-year ring record was made precise
in 1913 some form of cycle analysis was needed. This resulted in the
invention and construction of the cyclograph whose simplicity is only
equalled by its rapidity and its new type of resulting information, pre-
viously obtained only at the greatest cost, and often not obtained at all.
With it and in a few minutes of time a great range of cycle lengths may
be tested; cycle beginnings and endings may bé observed as to time
and even different sets of data may be compared together as to cyclic
qualities. v

The most important result has been the establishment of a complex
or list of preferred cycle lengths in climatic and tree-ring data. This
is due to a device called the frequency periodogram, which gives in large
groups of data the relative frequency of occurrence of different cycles
classified as to length. "The list of cycles so secured from terrestrial
data matches a similar list derived from the annual sunspot numbers.

Thus it seems that tree-ring work has opened a way for the direct
study of climatic changes, first by giving their history in 1900 to 3200
years of ring records (and others to come) ; second, by giving their source
in the sun and its changing activity and third, by giving an efficient
means of analytical study in the cyclograph.

(1) Thanks for extensive aid are here expressed to the Carnegie Institution of Wash-
ington, the National Geographic Society, the University of Arizona, the Research Cor-
poration of New York, The American Museum of New York, The Museum of Northern
Arizona, The National Park and Forest Services and many ‘other generous individuals
and institutions.
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Specimens 1068-70 and 845 were the four main roof supports of a
dwelling. As none of the true outsides of the logs were preserved it
must be inferred that the building date of the structure was somewhat
after 583 A. D., the most recent date of the four. About 600 may come
very close to expressing the correct age, allowing for a certain amount
of loss of the outer wood. Another ruin near Colorado B:9:1, also of
Basket-maker III culture, has yielded a log section giving a date of about
600, thus falling within the range of the dates given above.?

The agreement of these dates with most of those published by Dr.

Douglass from the Red Rock area, from Step House and Earth Lodge A

of the Mesa Verde,* all Basket-maker III culturally—makes the age of
this horizon seem certain. But these dates are not inclusive since they do
not give us the lower and upper limits of Basket-maker III. They
merely provide a point within the period when that culture was
flourishing. For an estimate of the beginning we can still do little better
than guess. At the present time this would seem to have been about
400 A. D. On the upper or late side, 700 A. D. has generally been
accepted as the end of the stage although we may find that a later date
should be assigned in this marginal area. In the Flagstaff area Pueblo
I began about 700,5 and in the Piedra district, by 774,5 the culture
was in a Pueblo I stage as indicated by the findings of Roberts. By
this time both pottery and archifecture showed decided improvements
over these traits of about 600 in the Durango area.

Coming up into still later times, the next dates are from the Lowry
Ruin? and the cliff dwellings in the Mesa Verde, ranging from 1066-
1273. This brings us into late Pueblo II and full Pueblo III. The area
seems to have had no occupation of consequence by the Anasazi during
Pueblo IV and later. .

Summarizing the evidence for the cultural horizons in the Mesa

Verde-Durango region, still very meager for Pueblo I and II, we have ‘

the following:

~ Period Actual Dates Estimated Duration
Pueblo IV —_ . _

Pueblo III - ca., 1100-1278 1100-1275
Pueblo II 1066 ? 900-1100
Pueblo 1 74 700-900
Basket-maker III 571-634+X 400-700
Basket-maker II ? — -400

(1) Douglass, A. E., 1986. The Central Pueblo Chronology. Tree-Ring Bulletin, Vol. II,
No. 4, pp, 29-34, See also Morris, E. H., 1936. Archaeological Background of Dates in
Early Arizona Chronology. Tree-Ring Bulletin, Vol. II, No. 4, pp. 34-36.

(2) Hargrave, L. L., 1932. Guide to Forty Pottery Types from the Hopi Country and

the San Francisco Mountains, Arizona. Museum of Northern Arizona, Bulletin 1,

pp 11-12.

(8) From Colorado B:13:4. Specimen in the possession of Mr. Flora.

(4) Douglass, A. E., Op. Cit. . ) :

(5) Colton, H. 8., 1935. Stages in Northern Prehistory. Museum Notes, Museum of
Northern Arizona, Vol. 8, No. 1. .

(6) From a specimen sent Gila Pueblo by Flora, picked up on unit C8 of Robert’s Piedra
site. See Roberts, F. H. H. Jr,, 1930. Early Pueblo Ruins in the Piedra District, South-
western Colorado. Bureau of American Ethnology, Bulletin 96. g

(7) Douglass, A. E., 1935. Dating Pueblo Bonito and Other Ruins in the Southwest,
National Geographic Society Pueblo Bonito Series, No. 1, p. 52; Getty, Harry T., 1985,
New Dates from Mesa Verde, Tree-Ring Bulletin, Vol. 1, No. 8, pp.21-23; Getty, Harry
T., 1935, Dates from Spruce Tree House, Tree-Ring Bulletin, Vol. 1, No. 4, pp. 28-29;
Martin, Paul 8., 1936, Lowry Ruin in Southwestern Colorado, Field Museum of Natural
History, Anthropological Series, Vol. XXIII, No. 1, pp. 195-196.
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