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TREE-RING DATING IN THE AMERICAN ARCTIC

J. L. GippINGS, JR.

The coniferous forests of the world tend to disappear with regularity
toward two very different boundaries that are, nevertheless, determined
by aspects of climate. These timberlines are the dry one beyond which
moisture does not sufficiently nourish the tree and the cold one that does
not give the tree enough time to grow. Too little work has been done at
the high mountain timberlines of southerly latitudes to allow us'to say
much about the possibilities there, but in the arctic regions, where the
upper line of tree growth sprawls out laterally to sea level and forms the
“tree line,” tree-ring dating has a rich potential field of research and
application. As regards this latter, we can say now with great assurance
that dendrochronology can be useful all around the northern rim of the
continents. This is because of the detailed studies of Scandinavian botan-
ists and foresters, which show that the northernmost forest in their area
is limited by the temperature of the growing season, and by the climatic
aspects of tree-ring work in Alaska and northern Canada, which show
precisely the same thing. Thus far, the Europeans seem to restrict their
studies of growth rings very largely to botanic and climatic matters. This
author lacks knowledge as to whether or not tree-ring research has been
applied in any way to the forests of Siberia.

The aims of arctic dendrochronology are only in a very small part iden-
tical with those of other investigations of tree growth. For this reason
we shall summarize the uses to which tree-ring collections have been put
in the American Arctic, and point up some of the positive results and dif-
ficulties met with during two decades of this areal research.

Climatic meaning. The rings of spruce trees in northern Alaska and along
the lower Mackenzie River have been shown to reflect the temperature
of the period of most intensive growth of the trees. This period is some-
what earlier along the sheltered rivers south of the Brooks Range than
near the shore of the Arctic Sea in Canada. Thus a correlation of spruce
growth in northern Alaska is strongest with mean June-July temperatures,
while the July mean corresponds most nearly to tree growth at the
Mackenzie River delta, as is the case with conifers at the limit of tree
growth in Scandinavia. Although northern spruce trees continue to grow
during the late summer, their sealing cells seem to record no appreciable
further effect of climate.

The student who expects all trees near the tree line to record tempera-
ture accurately is sure to be disappointed, however. As is the case else-
where, careful selection of the samples to be used is the first essential of
dendrochronology. Circuit uniformity must be present (not to be con-
fused with the fact that most arctic trees exhibit a cross section which
is “off center”) or there can be no crossdating even in the trees of one
stand. Trees growing in peaty muskeg are often impossible of use because
of a variety of ring distortions, including even spiralling of ring. thicknesses
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as seen in cross section. This phenomenon is not an aspect of the spiralling
of “grain” which is always present in the best wood for crossdating. Need-
less to say, one could traverse Alaska negatively selecting trees that through
distortions or strong local effects gave no climatic indications at all. On
the other hand, it seems certain that if the averaged ring widths of groups
of trees spaced dozens or hundreds of miles apart show a strong identity
they are reflecting widely manifested departures in summer temperature.

One of the most fascinating possibilities in the broader climatic record
in arctic trees may be just how coming to light. This is seen in the pres-
ence of crossdating qualities between spruce trees collected last summer
near Churchill, on the western shore of Hudson Bay, and timberline spruce
more than two thousand miles away in western Alaska. Surprisingly
enough, a stand of trees near Churchill reaching back 350 years seems to
bypass the Mackenzie trees for a better correlation with the more westerly
trees responding to June-July temperature. We had not expected cross-
dating between these two areas because of a failure to find even a faint
linkage between Alaskan and Scandinavian ring-widths. Yet it seems quite
possible that the further study of tree growth about the tree line between
Hudson Bay and Alaska will reveal further continuities of a single great
climatic zone.

The climatic meaning of certain local belts or blocks of strong cross-
dating has not yet been solved. The most striking such area is that of
the Yukon Flats region of the middle Yukon River, where the sensitive
tree-ring record at river bottom differs considerably from the widespread
temperature record of the timberline on neighboring mountains. These
locally stamped chronologies can be either helpful or discouraging in
archaeological or driftwood dating, but they do not alter the fact that the
widespread temperature record exists pristine at the nearest extreme
timberline. We do not yet know what happens as one approaches forested
areas to the south where even the timberlines may result from a combina-
tion of factors other than arctic cold. Tree samples recently collected from
south of the Alaska Range and from the forest border in southwestern
Alaska may cast light on this subject.

Archaeological applications. The discovery of crossdating in the archaeo-
logical driftwood from St. Lawrence Island in the late 1930’s led to over-
enthusiasm about the dating of many sites along the treeless shores of the
Arctic. The St. Lawrence Island wood provided thousands of samples
mainly from recent levels, and two chronologies were extended back to -
about 1550 A.D. One of these was later lengthened to 978 in wood excavated
along the Kobuk. Other hundreds of promising samples of driftwood from
earlier levels of the same sites and other sites of Alaska that are now on
record but undated will undoubtedly be useful in time, but as yet we
have added little to the chronologies first worked out from wood that we
know originated either along western Alaska rivers or in the region of
the Yukon Flats. More collections should be made along the big Arctic
rivers. When that is done and chronological patterns are established for
each river, then even more ancient driftwood villages can be dated. On
hand just now for complete analysis are collections of wood from the Birnirk
and other excavations at Point Barrow, from islands near the Colville
River mouth, from points along the eastern shores of Bering Sea, and a
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few other localities all visited by achaeologists other than the author.®
Also to be completely studied are the collections of wood from excava-
tions by the author in the Norton Bay region of Bering Sea. Cooperative
effort in collection offers promise of eventual success in extending chronol-
ogies in driftwood of unknown origin, even though results are painfully
slow to accumulate.

The archaeological use of river drift from a short river is an entirely
different matter. We have been most successful in dating the sites of the
Kobuk River, and now have a chronology nearly 1,000 years long (and quite
parallel in its latest years with available records of June-July temperature)
that can be used in the field and without much difficulty of interpretation.
If the need should arise, local stands of timber would offer the means of
dating almost any wooden structure built recently of local wood within
the broader belt of known crossdating in the Arctic. Archaeological sites,
unfortunately, seldom fall within this range of dating.

The dating of sea currents. Our ability to trace many selected logs of
driftwood or objects made of driftwood back to their general source of
origin along the Yukon and Mackenzie rivers offers many possibilities of
following paths of driftwood that scatters itself all along the shores of
the Chukchi Sea and the Bering Sea, and, to a limited extent, eastward
around the shores of the Arctic Sea. Some conclusions as to sea currents
have been published, including evidence of a northward current through
Bering Strait and a meeting of this current with a west-flowing one near
Point Barrow. Many lines of research can be seen in this direction. The
broadest applicability of sea current dating would be realized, of course,
only if the tree-ring sequences of all the major rivers flowing into the
Arctic Sea were known. ' :

Several other lines of research in tree-rings about the arctic tree line
have been suggested or partly explored. One of these concerns crossdating
in buried wood of the silt deposits in the regions of permafrost preserva-
tion. The first extensive sequence of prehistoric arctic crossdating was
worked out in wood from such a deposit near Fairbanks, and the geological
application of the results of this work seem promising.

One may well ask why so much of the dendrochronological work begun
or suggested for the far north since the middle 1930’s is still unfinished.
The answer is partly that tree-ring dating in this region has applications
that need never be concluded, but we must realize as well that this work
is very demanding in energy and meticulousness. The researcher has to
explore and collect in many almost inaccessible places, and then to sit
endless hours measuring, plotting, and cross-comparing. As a primary
discipline, arctic dendrochonology will progress as students learn the
fascination of its precision as a research tool, but it cannot be expected
to serve at all if it is not given long hours and proper care.

University of Pennsylvania
Philadelphia

%A very interesting and important collection has just come in (September, 1954) from
Banks Island, a most inaccessible part of the Canadian archipelago, east of the mouth
of the Mackenzie River.
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DENDROCLIMATIC CHANGES IN SEMIARID REGIONS

EpMUND SCHULMAN

RECORDS IN LIVING TREES

How faithful are selected tree-rings as annual indices of rainfall? What
is the geographical distribution and the length of those indices which
are reliable? What may be deduced from those indices about climatic
changes? The last of these three questions is the primary concern of this
brief evaluation of the present status of arid-zone dendroclimatology. :

For the western United States and adjacent areas, fairly complete answers
to the first two questions are now possible. In all major drainage basins,
trees on semiarid-sites have been found which exceed 500 years in age and
provide annual indices showing correlation coefficients with twelve-month
rainfall of +0.70 to +0.85 or more; a few localities furnish ring sequences
of 1,500 years or more in length. During the last 15 years, about one-third
of a million rings from these trees have been reduced to growth series;
the results illuminate and extend the vast amount of pioneer analysis of
earlier decades on less sensitive trees and species such as Sequoia gigantea.

Certainly, the dendroclimatic data now available provide much valuable
information on the details of climatic fluctuations in some areas during
the past millenium. It has been known for 25 years, for example, that a
great drought occurred in the Southwest in the late 1200°s. Recently derived
chronologies for the Colorado River basin now suggest that this was merely
the final phase of a long drought, of sometimes phenomenal intensity, from
A.D. 1215 to 1299, which was followed for about a century by phenomenally
wet years and intervals. But it is not enough to make tentative estimates
of the probable order of magnitude of such departures. It would, obviously,
represent a major advance in our understanding of and practical allow-
ances for climatic changes to place these and numerous other dendro-
climatic fluctuations on a secure quantitative basis. Why has this not yet
been satisfactorily done?

It is the opinion of the writer, after twenty years of intensive field and
laboratory work on drought conifers, that only now have we the prospect
of accumulating enough tree-ring series of sufficiently great fidelity and
length to fully justify quantitative estimates of climatic changes from the
growth rings of trees. It is noted once again in this journal, but only in
passing, that certain exacting requirements must be fulfilled in order to
yvield a significant solution of the sometimes subtle problems of dendro-
climatology, requirements which are shared with many another research
area of apparently easy access. The long delay in attaining truly quanti-
tative chronologies is directly related, however, to two simple statistical
requirements in the derived regional series.
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The crux of the matter is the relative rather than the absolute nature
of the thickness of the annual ring in terms of rainfall. This thickness
depends on the age of the tree, the location of the measured radius in the
stem, the species, environment, and many other factors, not the least of
which is the magnitude of the “random” term in radial growth.

Since it is necessary to work only with annual departures from the
tree’s individual and systematically changing mean growth rate, so-called
trend or age curves need to be fitted to each series of measured ring-widths
in the process of reduction to growth indices. It has long been recognized
that even series several hundred years long cannot provide an absolute
trend line, for any pronounced departure for some decades preceding or
following the series could substantially modify the position of the fitted
age curve. Thus, only minor refinements in fitting approximate trend lines
to the series from drought conifers have been introduced in recent years.
Obviously, such computations as the cumulative departure for given inter-
vals in indices derived in this way can have only a very restricted meaning.

Another defect of almost all published tree-ring series is lack of homo-
geneity, which is an inevitable deficiency in an average growth curve based
on trees of different ages; the use of individually standardized tree series
at best corrects this deficiency only in part. Of the various conditions
which lead to heterogeneity one may specially note the following: in most
collections of tree samples, the use of only the longest series in any locality
may result in too weak a statistical base; injuries or other effects during
the life of an old tree often make part of its ring record unusable; in dit-
ferent localities which provide: ring data for a regional mean, different
maximum ages are found. Errors both in individual trend lines and in
the averaging-out of random fluctuations are hidden in the resultant mean
indices.

The finding during the past two years of forest stands of rainfall-
sensitive pine trees in the phenomenal age class of 1500-1700 years (Science
119:396, 1954) now appears to justify analysis of tree-ring data in the
western United States to a degree of precision not previously useful. Trend
lines fitted by objective, precise techniques to a homogeneous and widely
based 1500-year mean growth curve should permit a fairly secure place-
ment of precisely fitted trends to an entire family of shorter, individually
homogeneous curves in the same general climatic region. A limited appli-
cation of this procedure to the Colorado River basin was responsible, among
other results, for the recognition of the two-century fluctuation already
noted.

Thus, it would appear that statistically homogeneous rainfall indices
1500 years or more in length may now be derived from trees in the upper
Snake River basin and in central California; the Colorado River basin and
the upper Missouri River basin may soon be added to this list. It should
be noted that even in these long series neither width nor sensitivity of
tree-rings can reveal any steady underlying change in climate over the
entire period, if the total change is small. Nevertheless, it appears possible
now to construct tree-ring indices for the listed regions from which sig-
nificant rainfall parameters may be derived for at least the past millenium.
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CLIMATIC-ARCHAEOLOGIC CHRONOLOGIES
IN THE COLORADO RIVER BASIN

It seems appropriate in this final number of volume 20 of the BULLETIN
to take an over-all look at the quantitative chronologies which have thus
far been reported in beams from Indian ruins of the Southwest.

In the Colorado River basin, extensive, measured chronclogies have now
been derived for three main Pueblo areas: the Northern Periphery (Nine
Mile Canyon, Hill Canyon, and Dinosaur National Monument), the San
Juan basin (Durango, Mesa Verde, Northeast Arizona, and Navajo National
Monument), and Flagstaff. A series of papers beginning in volume 12 of
this BULLETIN contains the details of construction of each of the local
master chronologies in these areas.

In similar form are the archaeological chronology for the Rio Grande,
which is based largely on ponderosa pine, and a living-tree index for the
same basin derived principally from Douglas-fir. Other related areas for
which centuries-long indices of growth are available are Bryce Canyon,
Grand Canyon North Rim, and Big Bend National Park.

The principal sub-region of the Colorado River basin for which no
important archaeological extension of the living-tree chronologies is yet
available is the Gila River basin of central and southern Arizona and New
Mexico; however, the possible efficiency for dating beams from this and
other such sub-regions by means of established master chronologies from
nearby areas is surprisingly high, as shown by a skeleton-plot map based
on living trees (TRB 8:28).

Unfortunately, an optimistic forecast may no longer be made for adja-
cent areas in northern Mexico. The results of an analysis of living trees
in the state of Durango and especially a recent and as yet unpublished
analysis of living-tree chronologies and nearby archaeological beams in
Chihuahua suggest that direct tree-ring dating of ruins in those areas will be
definitively done only in very few localities, if at all. It appears that
localities favorable for tree-ring dating are rare, because the most suitable
species, Douglas-fir, is of very limited distribution, and because low-latitude
characteristics such as marked local variations in chronology, incidence of
false and erratic growth, and tendency to short length of sequence are all
very pronounced.

The far more objective nature of the evidence for reliability of the
dates of ancient beams and “"thé& more significant information about past
climate which measured 'and“préperly reduced tree-ring sequences may
provide was perhaps recognized by most early workers in dendro-archaeol-
ogy, but the labor required to put tree-ring dates on such a secure founda-
tion can be very great when properly done, and time often seemed to permit
only the use of reconnaissance methods, such as the unsupported skeleton-
plot techniques, for the rapid analysis of the early flood of excavated wood.
However, most of the beams of critical importance in Southwestern
archaeology have since been analyzed in more quantitative form.
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. . Edmund Schulman, Tree~-Ring Bulletin, 20(3/4), 1854
MASTER GROWTH INDICES FOR ARCHAEOLOGICAL AREAS OF THE COLORADOC RIVER BASIN

This chart {s published at the standavd horizontal scale of 2 mm per year to permif Dinosaur PNN 15(3), 1950. Navajo DF 14(3), 1948, See also:

its-direct use in beam-dating work. For the major areas, data from A.D. 1300 {o 1800 " Durango DF 15(4), 1949; 16(2), 1949; 18(4), 1952 ‘ N. E. Arizona DF 15(4), 1949; 18(4), 19852, Bryce Canyon area, Utah . . . TRB 17(1/2), 1950.

may be found in the references below. : Durango PNN 16(2), 1849, N. E. Arizona PNN 15(4), 15489, Colorado basin, supplementary . . . TRB 20:30, 1954 (list of references).
The horizontal line on each curve is that of zero departure; in all curves an index Durango PP 15(4), 1949; 16(2), 1949; 18(4), 1952 Nine Mile DF 15(1/2), 1848; 16(2), 1949; 17(4), 1951, Rio Grande basin, DF . .. TRB 19(3/4), 1953.

departure of 100% is represented by one division at the left or right margin. Zeros Flagstaft PP 14(2), 1947, Rio Grande basin, PP+ ..., Univ. Arizona Bull. 24(3), 1953.

below the curves indicate assumed locally absent rings in all component specimens. Hill DF 15(1/2), 1948. {Note: The curve here published includes a revision

Plots of measured ring-widiths of component specimens in each index and, in most Mesa Verde DF 12(3), 1946; 14(1), 1947. of the 1948 table for the interval A.D. 828-1200 on

cages, tables of mean growth departures, are published as follows in this BULLETIN: Mesa Verde PNN 12(3), 19%. : the basis of later collections.)

DF  Douglas-fir, Pseudotsuga taxifolic
PNN Pinyon pine, Pinus edulis
PP  Ponderosa pine, Pinus ponderosq
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A general summary of the various climatic-archaeological chronologies
in the Colorado River basin published in this journal are presented here-
_with in a master figure.* Of the local measured chronologies which are
compared in this figure, four major ones—Mesa Verde Douglas-fir, Nine
Mile Douglas-fir, Navajo Monument Douglas-fir, and Flagstaft ponderosa
pine—were all derived as essentially independent composites with the
dating anchored in local living trees. In another, the Mesa Verde pinyon
pine, living-tree records measured but not plotted here strongly overlap
the archaeological data from 1090 to 1270, so that this chronology also
may be considered essentially independent. The general consistency in
chronology from area to area and species to species, evident in the figure,
thus takes on added significance. '

This diagram includes some 32,000 measured rings, which document the
interval preceding A.D. 1300. Data for later centuries in the four major
chronologies just noted may be found in the detailed earlier surveys in
this BULLETIN.

Not included in the figure are some miscellaneous growth curves for the localities
within the Colorado River basin, principally representing single specimens, published
in this BULLETIN as follows (species, A.D. interval, volume, and page):

DF

Hill Canyon 927-1042 17:30
S.E. Utah DF 450- 674 16:21
S.E. Utah PNN 1140-1250 16:21
Durango DF 124- 196 17:30
Mesa Verde DF 675- 700 Ms

Mesa Verde DF 821- 896 13:31
Mesa Verde PNN 463- 625 16:22
Mesa Verde PNN 547- 665 16:23
Mesa Verde PNN 710- 769 16:23
Mesa Verde PNN 923-1076 16:23
Mesa Verde PNN 1016-1074 17:30
Mesa Verde PNN 1142-1213 13:31
Flagstaft PP 1047-1132 16:21
Flagstaft CBS 1072-1255 16:21
Forestdale PP; PNN 967-1115 16:23
Point of Pines PP 1155-1293 15:20

Dated archaeological beams of the Southwest necessarily represent, on
the whole, the more sensitive types of chronology, and thus the climatic
interpretation of the ring records in living trees applies to some extent
to the archaeological chronologies also. However, the two limitations
already noted in the discussion of records in living trees are specially
severe in these chronologies.

First, the number of available specimens differs greatly from area to
area and, in general, from decade to decade. Thus the various sequences
in the figure have differing and changing weights. This defect is some-
what alleviated by the high fidelity of individual series and the tendency
for the means of even two or three trees to represent well the details of
short-term fluctuations.

Second, the average number of rings in the archaeological beams is
relatively small, usually less than 100. Thus, the trend lines fitted to each
specimen curve lead to standardized values in which long-term departures
in growth, of the order of 50 years or more, are very largely eliminated.
The archaeological series thus are indices of short-term variations only.

#Publication of this chart on a standard horizontal scale of 2 mm per year is made
possible by a grant-in-aid from the A. E. Douglass Research Fund.
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El Paso .............. 3:6; 6:11; 10:20; 18:21
El Paso Gap .o 19:24
El Salto .......... ....10:18; 18:23; 19:23
Enfield ... 7:25
Engineer Cr . 4(4):3
England ....._... 20 18

Enterprise ...

Escalante ... 16.20
Escavada ... 3:19
Bstella .o 7:20
Ester Dome ... 5:16
Europe :2; 20:18
Fairbanks _........... 4(4):3; 5:16; 18: 2 19:5;
20:25
Fairlee .o 7:25
Falkland Is ... 20:17

Falls Creek Caves ....10:29; 15:24; 15:33;
16:12; 17 28; 18:30; 18:36

Far View H ... ... 13 30; 16:22
Fewkes C ......... :11; 6:23; 12:24
Fewkes’ Ruin ... 5:11
Fish Cr Cove ... 16:20
Fisher’s Tanks ... 2:29
Five Kiva H e 3:13; 4(2):3
Flagstaff ....1:4; 1:10; 2:3; 2:29; 3 3 3:15;

1 30; 12:15; 12:28; 138:
14:10; 14:18; 15:22; 16:21°
17:9; 20:28
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FLOrida .ooooeooeeeieceicece e 4(3):5
Forestdale .......... 6:2; 7:14; 8:2; 8:7; 8:14;
.8:21; 9(2) 2; 9(2) 7; 9 18;
11: 10 15:21; 16:23; 20:30
Ft Apache ........ 1:3; 2: 11 5:7; 5 13; 7:14
Ft Bragg ..ccccccecceeeeccmmeosrmmmmmneameseeseeeanas 6:23
Ft Davis .cooocceininnes ...6:12; 18:21
Ft Defiance .. 4(3) 3
Ft Garland ........cccccocoimnninee 18: 12 19:23
Ft Good HOPEe ...ooveeiieecieeees 13:27
Ft Grant Pueblo ... 8:24
Ft Lewis ..occceceeeee .10:29
Ft McPherson .......occommieencnennnns 6:18
Ft Nelson . . ...13:27
Ft TUthill oo 2:29
Ft Valley .ooeiooececeimennmemccenmenceae e 2:29
Ft Yukon ........ 9:28; 18:7: 19:6; 20 5
Four-Name H ....ooies
Fourth Terrace . ...4(4):6
TLANCE ooeoeeereieeierneeeeencenessmssansnsesassaneans 20:18
Franconia . 724
Fraser R oo ccneeneaeee
Frazier Mill
Fredericksburg
Fresno
Fremont ...... . .
Frijolito ..o
Gakona .......
Galisteo B .
Gallina oo 8: 3 17: 21
Gallo C . .3 :
Gallup ..
Ganado
Gen Grant N P ....11:26; 19: 13; 13:5; l(‘ 2
Georgia ....ceeeeeeceeeeeene 3:31; 4(1) 3; 4(2) 5
Germany .........ocoeoeeeeees 3: 28 15: 18 20:18
Giessen .. S 15:18
Gila CIift Dwellmgs 5
Gila Pueblo ................ 2:3; ;
5:11; 7:6; 8: 4 18:30
Gila R B ......... 114 2:4; 2:11; 3:6; 7:19;
9(2):8; 11: 23 15: 21 17:16;
20:28
Gillespie County .......ccccceeeeeee 3:27; 15:16
Glenwood Spr ................ 8:27; 12: 3 15:2
Globe ..oooeeeieienee 2:3; 3:6; 4(3) 3; 8:27
Glorieta ............4(2):4; 8:30; 18:14; 19:24
Gobernado C . 4(2) :3; 5:13; 16:13;
17:27
Goldstream ........occcooeeeiiiirenrinaeaeeeae 4(4):3
Gondwana Land ... 20:19
Graham Mts . 3 .. 8:24
Gran QUivira ... 4(2):5
Grand C .......... 11:32; 13:15; 14:16; 19:12;
20:28
Grand Gulch ..o 5:12
Great B ot 3:29
Green R B .ot 11:24; 15:2; 16:19
Guadalupe Mt . 18:16; 18:22; 19:23
GUIKANA  ceeoiieieeececeeeamceeen e s enenaes :10
Gunnison ... 8:27; 11:24; 123
GYUSIWA ceireceminiiiieemees et 4(2) 5
Hanover ..... ...5:29; 7:25; 20:11
Harney B ..o 3:30
Hartland ..... -.....1:25
Hartsell ... ...11:22
HAUZAN ooeeeeeeemeeimemmenseseesenesasseese 17:19
Hawikuh oieiieeeeceeeeicneeenee 5:13

Hayes County ......ccoeeeomireresmncemncaneons 3:27

Heidelberg ........
Hells Midden ..
Helsinki ..........
Hemenway H ..

Heshotauthla ... 3 6
Hesperus ...... i
Hill C ............. . :
Hill’s Cabin ...eeereccireeeeeeeeee 12:
Hilmo . e :
Himalaya MES «ooooeeeeiimeieeeneecs :
Holbrook ..... :
HOIANA oo 3:28
Holman Pass 19:24
Holy Cross .... ...16:28
HOoOPEr BaY coeeeceeaimeiicieemiseceiesnncees 18:6
Hopi ..ccoeeeeee 2:29; 4(1):8; 5:11; 6:3; 6:10;
14:8; 17:27
HOSPItibito oo 5:12
Hot Sulphur Spr .....oen 11:24
Hotham Inlet _.... 14:28; 20:6
HOWITL  ceeeeieeeieeeeceecceeeeemmmne e e 4(2):5
Hudson Bay . .20:24
Hume L oo eeeee 11:27
Hungo Pavi . 1:24; 5:6; 5:13
Hunt R ooeeiiiinees 9; 13:15; 14:32
Huvobi . 4(2):5
IAANO oot e BLE 19; 19:24
Idaho SOr s 11:18
Indian B ..... 11:27; 13:5
Indian C .o 15:3
Indiana ... . SO 5:3
Ingalik Range .....oooommccninnnees 18:2
THHNOLS ceeeeeeeeeemeeeeeececceeeeemaneas 4(1):3; 5:3
Iowa ...... . &
Ipiutak .ccooooeiiieeee
Italy ..
.,ack Smith Tank .......cccceeeet 4(4):6; 5 11
Jackson . 8:2
Jacob L s ....19:13
Jamaica Plain .. .10:30
JAamtland  ..oooooooeeeeeee e 6:22
JaSPEr oo . ..18:16; 18:18
Jeddito ... 5; 8:21; 17:27
JOIMEZ  ceeeeeeeeeeeeeeneeeenne e nnenesnaens 4(2).5
Jena ... ..11:2
Jerusalem S ——— 11:6
Johnson C ...... 2:31 3:20; 5:12; 6:16; 7:5
Judd’s Pit H . 2:30
sug H ...See Mug H
Kaibab .. 5
Kaltag ..... .

Kamloops .
Kanab ....8:3;

KANE  cooioceeeeeeeeecacmmmnessmaeassaarnsasaa s

Kawaika-a .1:13; 5:11; 7

Kayenta ....cccceee. 1:13; 3:15: 5: 23 6:16
Keet Seel ...1:6; 1:13; 4(4):6; 5:11; 14:18
Ken-akKi ...cocoereeeneceeemeneeneencs 4(4):6; 5:11
Kennecott 19:10
KeNtUCKY  cooooemeemeecrecceamesemnssmesmessanacesnenas 5:3
Kiana . 14:27
KIatSUKA «eeeeeeeeeeemcccemesameeesnenmensenesd 4(2):5
Kiatuthlanna ......coceeccoccmmmmmnnnneneceenns 5:13
Kiet Seel ............ see Keet Seel
Kinbiniola ........... 24; 5:6; 5:13
Kinchindi ..o 5:7
King IS oo rneecieeiees 7:13
King Karl Land ..o 20:18
King’s Ruin ...5:23
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Kings RB ... 11:27; 12:12; 13:6; 18:12
Kingston ... 17:16
Kinishba .. ... 1:14; 1:30; 2:11; 5:7; 5:13;
14:8
Km klee-chee ... ..5:11
Kinklizin ... .5
Kinnazinde ...
Kinnikinnick ..
Kintiel .......... :
Kinya-a . ..5:6
Kiruna ..... 11:5
Klagetoh ...
Kobuk R ... 7:13; 9(1):2; 14:26; 16 7;
20:6; 20:25
Kodak H .. 12:21
Kokopnyama .. 1:13; 5:11
Kokrines .......... 9:29; 16:28
Korgen ... en 1:5
Kotzebue .......... 7:10; 9(1):2; 14:26; 18 4;
19:7; 20:6
Koyuk ......... 9:32; 16:28; 18:3: 19:7; 20:5
Koyuk R ... 9(1):8; 18:7
Kukulik oo 7:11
Kuovhonvuopio . 11:5; 13:15
Kuskokwim R .... ...9:26; 18:7
KY€ e 3:27; 15:16
Ladder H .. _1:6; 4(4):6; 5:11
Laguna ... s 4(2)'5

Lake George
La Madera ...

Lamy

Lander ...

La Plata ......

Las Padillas ......

Lassen N P ...

Las Trampas . :
1.aS VeZaS oeoeeeeieeeeieeeeene s 19:24
La Vita .......... ..4(2):5
Lebanon Mt .10:31
Leyit Kin oo ieaeenen 5:6
Liard R .. 13:2%
Lincoln ............. 3:6
Lincoln County -6
Lincoln N F s : 1
Lino 4(1):7; 7 15 8 6

Little Bear Camp ceeoeoeeeieeeiaeee. (2) 3
Little Colorado .....1:14; 2:11; 3:6; 3:15;
4(2):4; 5:13; 8:18; 11:24;

14:16
Little Diomede Is ... .. ... 7:13
Little Granary H ... ...5:11
Llano ....ocoocceeieoe. .4(2):4
Llano R ...15:19
Llaves ...... 17:22
LOZan ... eenen 8:27
Loloma Ki oo, ....2:37:4(4):6
Long C e 4(4):6
Long H ... 1:22; 5:12; 12:20
Long Mesa .......cocooovoviiiaee . 15:4; 17:28
1.0s ASUAJeS . ..o 4(2):4
Los AIROS ..ol 13:5
Los Angeles ... 6:16; 19:2
Louisiana .............ooooiiiiii 3:31
Lower Pinary C . ..12:2
Lower Well ... ... ... 12:23
Lowry Ruin ... 4(1):8; 4(2):3; 4(3):3;

5:12
Lukachukai Mt ... 2:31; 2:35; 5:18; 6:16:

9:22

Luna PassS oot 15:21
MacKenzie R .............. 7:10; 13:26; 14:28;
18:2; 20:3; 20: 23
Macon ... 4(2):6
Madera C ... . . 6:12
Magdalena ....19:24
Maine ... 13:2
Mancos C ... ..13:30
Manzanares .4(2):4
Marathon ......... ....18:18
Marigold Cave . ...cccviieiicicnieaeenn. 16:18
Marshall .l 16:26; 18:7
Massachusetts ... ....10:28; 10:30; 20:17
MAYA e 9:22
Mazatlan ... .10:20; 18:24
McDonald Observatory ........ 6:11; 18:19;

19:23
McGrath . 9:26; 16:28; 18 ki
Medicine Cave ...
Medicine Valley ........ 2:29; 3:12; 4(4): 6
5:11
Mediterranean Sea ... 11:6
Menasta Pass ....ocooooooeiiiiiieee e 19:6
Mesa Verde N P ...... 1:13; 1:21; 1:28; 2:4;
2:31; 3:6; 3: 14 4(1):8;
4(2)3 512 526 6:10; 6:23;
7:4; 9:19; 12:18; 13:15; 13:30;
13:32; 14:2; 14:18; 15:6;
15:21; 15:26; 16:12; 16:22;
17:5; 17:18; 17:22; 17:28;
18:12; 19:21; 20:28 .
Mexico ..oeeeenen 4(3):3; 8:3; 10:18; 18:10;
18:23; 19:22; 20:28
Mexico City ... 10:18
Midway Station .........ccoooiiieeeiil 5:23
Mindeléeff’s 15 .. 1:24; 5:12
Minnesota ... 5:3
Minnie Maud Cr 15:2; 16:10
Mississippi R B .o, 5:3
MiSSOUri .o, 5:3

Missouri R B .

MOCHO oo 4(2):4
MOENCOPI ..onee e 8:21
Mogollon ; 4(3):3; 7:14; 8:6;

..1:13
8:19; 9(2) B

Monterey ............ 3:22; 4(3):4; 6 15 20 10
Monument Valley . 1 6 2: 37 3:15
MoOTa e 6:22
Morefield Well 12:24
Mound 20 ..., 5:7
Mt Carmel .. .11:6
Mt Evans ... 11:18
Mt Graham .. .8:24
Mt Lemmon ... 7:18
Mt Locke ....... ...6:11; 19:24
Mt Maggie ool 13:6
Mt Moses ... ..13:6
Mt Wilson ... 2:16
Mug H ... ... 1:22; 5:12; 12:20
Mummy Cave ......... 1:3; 1:24; 2:30; 2:34;
5:12; 5:18; 8:4; 9(2):7;
9(2):8; 9:20; 12:28; 15:26;
18:30
Munoz C ... 4(2):3
Naha o, 17:27
Naki C .. see Nokai C

Nalakihu ... 3:15; 4(4):6
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Nambe .ot e
Nantack Ridge .. .
Naslini Wash ... 5:26
* Natural Bridges ....o.o.occoooeeeei. 3:13; 16:21
Navajo C ......cccceeee. .12:24; 14:2
Navajo Mt ... 1-6; 5:11
Navajo N M ... 14:18; 19:13; 20:28
Nebraska oo 6:18
Nevada «coocceeeeee. ....3:29
New Braunfels ... 15:18
New England ________ 3:30; 5:27; 6:19;. 7:24;
8:3; 10:32; 13! 2; 20:10
New Fire H ..o e 12:21
New Hampshire ..._......... 3:30; 5:29; 7:24;
10:28; 13:2; 20:14
New London ......ooooooooooceeeeeee 10:28; 13:3
New So Wales ... 20:17
New YorK .o ooiieiiiiiieeeeees 2:31; 14:11
Nine Mile C ....15:2; 16:10; 16:18; 17:28;
20:28
Noatak R .......... 7:13; 9(1):3; 9:30; 13:27;
14:28; 18:5; 18:7; 19:7 .
Nogales Clifft H ... 17:21
Nokai C cevereece 2:37; 4(4):6
DA 030 U= R 18:2
Nord-trondelag ..o liiieees 11:5
Norris B ccccceeel
No Cave ......
No Conway .
No Platte ...............
No Rock Shelter ...
No Rim
Norton Bay. ...... 7:13; 9(1):8; 9:30; 14: 26
18:2; 20: 2 20: 25
Norway
Norwich
Nulato
Nutter Ranch ..
Qak Tree H
Oaxaca ........

....2:29; 2:34; 4(3):3; 512
5:21; 8:4; 920 15:26; 18: dl
(@720 ¥ F- O S :
Ocmulgee .. .......... -
Okanogan Valley ...
Olger Ranch ........
(011725 {o JNUURU OO
Oraibi ...c.ooeeees 1:24; 3:24; 5:11; 6:3; 6 6
12:22; 14 8
(0= :10) o WU 3:29; 6:18
Organ Mt .o 19:24
OS10 e an 11:2
Ottawa .. -

(@152

OWens R oo 19:2
Painted Desert ..o 8:18
Painted Kiva ....... 5:12;.12:21
Pajarito Plateau ... 4(2):4
Palestine ..o e 11:6
Palo Alto ... -..10:10
Panguiteh oo 17:15
2220 00)%'22) o U, 17:15
Pasadena  .....oocoeccooooioooioooc e 3:29
Patagonia .... ..20:18
2 F 1o o N, 19:6
Pecos ....ocooeeeeee 3:6; 4(2):4; 11:24; 15:33;

18:12; 18 24; 19:21

Pedernales R .. .ooiiiien 15:18
Pedro DOMEe ..o 5:16

Peel Channel ... 13:26

Pena Negra :

Penasco Blanco ... 5: 6 5:13

Pennsylvania .......5:7; 7:20; 13:3; 13 15;
18:6; 20:6

Penticton ..o

Pie Town ...

Piedmont ...

Piedra .........

Pikes Peak ..

Pinal Mt ___..

Pinaleno Mt ... see Graham Mt

Pingi oo e (2) 4

Pine C .....

Pine Lawn ..

Pine R ............

Pinedale, Ariz ..

Pinedale, Wyo ..

Pink Arrow ...

Pinyon ...

Pipe Shrine H .

Pisgah F ...........

Pithouse (C) ..

Pittsburgh ...

Plainfield .........

Platte Valley ...

Point Barrow ....

Point Hope .........

Point Imperial ..

Point of Pines .........

Prater C ...........
Prayer Rock ..
Prescott ................
Promontory Site
Puebla ..o

Pueblo Bonito ......... 2:7; 2:3
7:4; 14:11 .

Pueblo C oo 4(2):3
Pueblo del Arroyo .........ooiiiiiciceeees 5:13
Pueblo Largo . oooeeeeoooiiiiiiiiiaaeeas 4(2):4
Pueblo Pintado ... 5:6
Purgatory .o 9:28
Puye ......... 4(2):5
Quarai ..o .4(2):5
Quebrada Chapultepec . ....10:20
Quebrada El Salto ..o 10:20
Quebrada Huisache ............._......_... 10:20
Quesnel ... -

Rainbow Bridge ...
Rainbow Lodge ..
Ranchos de Taos .
Rampart
Rapids ..........

Rattlesnake Point
Red and White C ..

Red C ... -

Red Rock Valley _._....2: 29 2:35;:4(1):7;
4(3):3; 5:11; 5:18; g 10; 8:4;
9(2):7; 9(2):8; 9:20;’ 11:11;
15:26

Redeliff ... 11:24; 14:4

Redwood B .. 11:27; 12:11; 13:6; 13:15

Rehovot ... 11:8

Reindeer Corral S 7:13

Rena ...l 329

Riana Ruin ... 4(2):4
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Richardson ... 5:16; 19:5
Ridge Ruin .....8:19
Rillito ... .....8:24

 Rincon Red H ... 5:11
Rio Chama .. ... ... 17:21

Rio Gallina ... (2):3; 17:21

Rio Grande ... ..1:20; 2:4; 3:6; 3:14;
4(2):3; 5: 18; 6:16; 9:22;
11:24; 17:15; 18:14; 18: 18;
19:20; 20:28

Rio Pueblo ... e

Rio Puerco ...

Roosevelt ...

Rowe .coveeiieeei .

Rubbish Ruin

Ruin 16 ........__.

Russian Mission

* Sacramento Lookout . E

Sacramento Mt ... .119:22

St George ... e 17:15
St Johns ...
St Lawrence Is .. J7:11; 9(1):8; 20: 24
St Michael ... 18:4
Salida ........ .8:27;,12:5; 18:12
Salt RB ...... ..1:15; 11: 23; 17:16
San Antonio ..., 15:16
San Carlos ...... 15:20
San Clemente ........cocooooroeeeeceeeenne. 3:6
San Cristobal ... :

San Francisco .
San Francisco Mt

7:16; 8:6
San Ildefonso ......oocooeeeoieeiieeeie. 4(2):5
San Jacinto Mt ..o 18:12

San JUan .o 4(2):5
San Juan C . e ————— 4(2):3
San Juan R B ... 2:36; 4(1):7; 4(2):3;
T 8:6; 1029 1124 13:15;
15:24; 16 20; 18 14; 20:28
San Rafael C .............
Sandia Mt ...
Sangre de Cristo Mt
Santa Ana ...
Santa Catalina Mt .
Santa Cruz

Santa Cruz de Canada ...
Santa Fe ........ 1:5; 2:4; 4(2):3;
8:4; 8: 27; 9:21; 15:4; 19:33

Santa Rita Mt ... 8:3
Santa Rosa ............. 4(2):5
Savenac Nursery ... ... ... 17:19
Scandinavia ...... 11:2; 13:2; 20:23
SCOtIA  coreiei s 6:22
Selawik R . 9(1):7; 14:28
1= o] 13:15

Sequoia N P ... 11:31; 12:11; 13:5;
13:15; 16:2

Seshukwa ..o 4(2):5
Sevier R oo 17:15
Seward Peninsula 7:13; 18:2
Shabik’ eschee ...... eereeen 1216
Shaktoolik R ... 16:27; 18:7
Sheffield ..o 7:20
Shfeya F ...
Shipaulovi
Shiprock ...
Showlow ....._... 1:13; 2:29;

8:7; 812 827 9(2)2 148
Shungnak ... 9(1):2

Shungopovi .« .ceeceeeeoio oL 1:24; 5:11
Siberia ........... ..20:18; '20:23
SIChOMOVI .o 1:24
Sierra Ancha ............ 1:13; 1:28; 2:37 14: 8
Sierra Madre Ocmdental :

Sierra Madre Oriental : :
Sierra Nevada'....3:29; 9: 22 11:26; 12: 10

18: 10 19: 22
Silver City oo i 8:27
SINagua e 8:19
...... ..16:10; 17: 29

Sliding Ruin .......... 1:24; 2:30;
Small Site ....
Smith R .......
Snake R B ...
Snaketown ...
Sodankyla

Solomon Ruin ..
Sonora
Sosi ..........
So Africa ...
So America ..
So Arizona ...

18:10; 20: 27
...7:16; 9(2) 8

So Cave ...
S0 Park oo,
SoPlatte R B ..ot
So Rock Shelter ..
Spitzbergen ...........
Spring Gulch C
Spring H ........ e 1:24; 5:12; 12:20; 16: 23
Springville ... 11: 26 12: ll 13 5
Spruce C ...
Spruce Spr ........
Spruce Tree C
Spruce Tree H ......

6:10; 12: 20 13 31 17:18;

18: 14
Square Tower H ............ 1:22; 5:12; 12:21
Squirrel R .......... 9(1) 3; 14: 27 16: 7 18:7
Star L ..o 4(2)-:3
Starkweather Ruin 4(3):3
State Colleg8e ..o 7:23
Steamboat Spr ... ..8:27
Steigen-Sorfold ..., 11:5
Step H ................ 2:32; 4(1) 8; 5 12 12:20
Stevens ... 19:6
Stockholm ... 6: 21 11:2
Stoney Squaw Mt ..ooooovioeieees 13.16
S U e .9(2):8; 15:22
Sullivan County .......oocoeeeoiooieoreeeii. 7:20
Summit L ............... =19:5
Sun Temple Point . ..6:11
Sunnyside ..o 15:2
Sunset Crater ... ....2:23; 3:11; 8:19
Swallows Nest . ..1:6; 4(4):6; 5:11
Swarts RUin ... 3:6
Sweden ........ 6:21; 7:28; 11:2; 13:15; 20:17
Switzerland .. .o 18:17
72 0 ¢ N 11:6
Tallahogan C . 1727

- 11 o7 R :

Talus Rock Shelter ... 5:6
Talus Village .......... ...18:30
A= o =1 - L 9:29
Tanana R ... 4(4):3; 9:28; 19:6
Tanana Valley ..o, 5:16
Tanque Verde ..o, 8:24

Ta0S e 4(2):4; 19:23



40 i TREE-RING BULLETIN

Taurus Mt e
Tavaputs Plateau .
Tecalote ...
T W oo
Tennessee .............
Tennessee Valley ...
Texas ... 3:27; 6:11; 6:

9:22; 15 16; 18: 18 19:21
Three Rivers ... 3:6; 4(2) 3
Three Turkey H ..5:26
Thule ...

Tierra del Fuego .................. 20:18
Tigara ..occcceeeeeeeeee .7:10
Tocita ... .5:12
(oY S, ..19:5
Tolland County . 10:26
Tonto B ........ e 2:4
Tonto N M ....... 4(3):3
Tranquille ... 13:11
Trimble Spr ..o 15:25
Tropic C ..coceeeeees 17:2; 19:13
Trout Cr Pass ..o 11:18
Truckee R B ..n 3:29
Tsegi .occeennen 1:6; 1:15; 2:37; 3:15; 4(4):6;
5: 11 8:3; 14: 18 15: 14 17:9;
19: 13
Tseh TSO weeeeeeeeeeeeeeeeeceecens
Tshirége ..
Tsiping .......
Tsinklitzin .
Tuba City :
Tucson .......... 1:12; 7:18; 8:24; 8:27, 17 18
Tule ....... :
Tunnel Mt
Tunque ....... R
Turkey H ......... 1:6; 4(4):6; 5:11; 8:21;
14:11
Tusayan ............. 3:15; 4(3):3; 5:11; 8:21;
14:11
Twelve-Mile Summit ... 5:16
TWIN CAVE oo eaes 4(3):3
Twin Caves Pueblo ..... 1:6; 3:15; 4(4):6;
5:11
Twin Trees ....oococcoveeioet e 17:28
TYUONYL oo e 4(2):5
Uinta B ..... 15:2; 17:29
Una Vida .o 5:6
Union oo 10:27
L 05'57:) 1- 7 =3 SO 4(2):5
Upper Sky H s 17:28
Uppsala .......... 1102
Vandal Cave .4(3):3
Verde .....ccoccec. 3:16; 5:23

Verde R B oo 11:24

Vermont . ... 3:30; 5:28: 7:25; 13:2
Vernal ..o e 8:27
VEITION oo oee 13:10
Victoria oo 13:11
Virgin RB oo 11:24

Wagon Wheel Gap .......... ..19:23

Wakefield ..o 1:25
Walnut C . z :6; 5:2. :21; 16:21
R7T: Y1 o) SRR 1:24; 5:11
Wardle Ranch ... 17:29
Warren ....o.o........ 7:24; 20:14

Warren County ..

Wasatch Mt ... ....15:2
Washington ... .13:10
Washington, D. C. ... 6:5; 8:2
Wayside Museum ... ..14:16
Wetherill Mesa ... .12:24
Weott ...6:23
White H 1:24; 4(4):6; 5:12; 15:26
White Mound . 4(3) 3 T 15

White Mt
White RN F ...

White R oo 1:30
Whitmore C .15:2
WHFIFL  ceoeeee e emmc e e 5:6
Williams L . ...13:10
Wwillits .......... ettt e men e 6:23
WIlLOW CT C oo 15:3
Windham County ............. ...10:26
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