
The dendrochronological investigation
in the Clinch River drainage, Tennessee

Item Type Thesis-Reproduction (electronic); text

Authors Lassetter, Roy, 1910-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:31:54

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/191392

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/191392


Approved:

A DDROCHRONOLOGICAL INVESTIGLTION

IN THE CLINCH RIVER DRAINAGE,

TF2NESSEE

by

Roy Lassetter, Jr.

A Theai8

submitted to the faculty of the

Department of Anthropology

in partial fulfillment of

the requirements for the degree of

Master of Arts

in the Graduate College

University of Arizona

1938

Major Professor / 7 Date





TABLE OF CONTITS



Chapter Page

ACKUO1LEDGIT

I INTRODUCTION 1

II CLThLATE 3
Discussion 3

Climatic tta 4
Tree Growth as a Climatic Indicator 5

A Practical Application 7

III A DISCUSSION OF THE METHODS EPLO1ED 9
Dendrochronological 9
Hydrological 9

Statistical U
IV DEIDROCHRDNOLOGICAL DATA 15

Area Studied 15
Forest Cover 16

Growing Season 16
Parts of a Tree's Record 17
Environmental Effects 18

Single Rings 18
Double RIngs 18
Reinforced Rings 19
Missing Rings 19
Effects of Location 20
Precipitationevaporation 21

Specimen Types 21
VCuts 22
Increment Cores 22
Log Cabin Specimens 23
Archeological Specimens 23

Preparation of Specimens 24
Laboratory Technioues 25

Master Chart and Skeleton Plot 26

Measuring 26

Standardizing 27

Smoothing 28

Composite Growth Cuxe 29

pjng Structure 29

Tree Selection 30

V HYDROLOGICAL DATA 34

Choice of Area 34

Runoff Records 35
Precipitation Records 36



VI COMPARISON OF TREE GROWTH AND HYDROLOGICAL DATA 37
Length of Period Used 37
Methods of Comparison 37
Comparison of Data 38
Maximum and Minimum Values 44

VII HISTORICAL DATING 47
Technique 48
Rsult

VIII ARCHEOLOGICAL DATING PROBLES 51
Preservation Technique 52
Dating Technique 52
Ramps 5
Stockade Walls 53
Dwellings 54
Charcoal 54
The Use of Wood in Burials 55
Status of the Work 55

IX CONCLUSION 57

BIBLIOGRAPHY 61

HE* *



LIST OF ILLUSTRATIONS



Frontispiece

Page

PLATE I A. Terrain 15
B. Terrain 15

II A. Increnient Borer in Use 22

B. Close-up View Showing Core 22

III Diagraxnatic Chart

Illustrating the Master Chart, Skeleton
Plot, and the Average Growth Curve of
a Group of Specimens 26

IV Measuring Instruments Set Up for Use . . . . 27

V A. Giant Poplar Tree 31
B. Giant Poplar Tree 31

VI A. Buckner Cabin near Maynardsville, Tenn. . . . 49
B. McNielly Cabin near Arthur, Tenn 49

VII A. Crumley Barn near Walnut Grove, Tenn 49
B. Carter Cabin near Walker's Bridge on the

Clinch River 49

VIII A. Heatherly Cabin C1oidts Ford, Tenn 50
B. Sweat Cabin in Privy Flats near Jacksboro,

Tenn. 50

IX Cedar Logs in a Ramp 53

X A. Post-mold Pattern of a Stockade Wall . . . . 54
B. Post-mold Pattern and Burned Remains of a

D'e11ing 54

XI A. Charred Wood Found in a Hearth 55
B. Cedar Cleats Covering a Burial 55

FIGURE 1 Seasonal Distribution of Rainfall 5

2 Diagramatic Chart Showing Method of Deriving
Horton Rainfall Areas 10

3 A-T-C Area - Clinch Basin Showing Gaging
and Rainfall Stations 11



FIGURE 4 Sample Data Sheet of Pine Growth and Precipitation.. .12

5 Sample Calculation Sheet 12

6 Ring Structure 18

7 Specimen Types 22

8 A. Sample of Card File Kent for Each SDeci.men Col-
lected 23

B. Sample of Collecting Eavelope Used in the Field. 23

9 A. Conventional Ring Markings 24
B. Core Mounting 24

10 Standardizing to Eliminate Age Trend 28

11 Comparison of 100 Year Composite Curve arid Pine
Growth Curve 29

12 A-T--C Area - Sites of Pine Soecimens 32

13 Clinch River Drainage - Specimen Locations . . . 32

14 Comparison of Growth 32

15 A-T-C Area - Sites of Cedar Specimens 33

16 Runoff from A-T-C Area 35

17 Comparison of hrnuai Precipitation 36

19 A. Runoff Differences 41
B. Precipitation Differences 41

20 Precipitation - Pine Growth - Runoff Comparison 41

Precipitation - Cedar Growth - Runoff Comparison 41

22 Proposed Investigation Areas 59

18 A. Master Chart (Envelope
B. Average Pine Growth Curve C )



ACKNOWLEDGMT



The writer wishes to express his gratitude and sincere

appreciation to the following: Dr. A. E. Douglass for his

suggestions and criticisms, both while the writer was learn-

ing the dendrochronological technique and during the research

which led to the writing of this paper; to Professor D. D. Cur-

tis, of the Engineering Department, Clemson College, South Caro-

lina, for his kind counsel and aid in the engineering and

st&tistical problems involved; to Professor T. M. N. Lewis,

Department of Anthropology, University of Tennessee, for the use

of many of the photographs used in the text; also to Mr. A. S.

Fry, Head Engineer, Tennessee Valley Authority, who granted the

writer a year's leave of absence to complete this work.

Others to whom the writer is grateful are: Dr. E. Vt.

Haury, for his many kind considerations during the past year;

Mr. H. T. Getty, the writer's adviser, who has aided in the

organization of this paper; Mr. C. C. Prosise, Forest Ranger,

who aided in the collection of the tree ring specimens.



CHAPTER I

INTRODUCTION



1

The purpose of this paper is to report the dendroch.ronological

research done in northeastern Tennessee during the years 1934, 1935,

and 1936. The problems studied were:

The adaption of the Douglass Tree-ring Method to
a new area with its different environmental
conditions.

The establishment of a tree-ring chronology for
the area.

The determination of the relationship betrTeen
tree growth and hydrological data.

The dating of historic log cabins end prehistoric
archeological remains.

This paper presents the methods employed: dendrochronological,

hydrological, archeological, and statistical; the data resulting from

the application of these methods; and the analysis and interpretation

of the data.

ApproDdmately 1700 tree samples were collected from an area of

a thousand square miles. This collection includes samples from many

species of modern trees, from log cabins, and from archeological sites.

Climatic data was gathered from the United States 'eather Bureau, from

the diaries of people who recorded the weather in the early days, and

from old newspaper files. The hydrological data was gathered from the

files of the Tennessee Valley Authority.

The writer has tried to attack the problems involved with strictly

scientific methods in the hope that the results would be definitely

positive or negative. The results of the study have exceeded the fond-

est hopes of the writer and it is sincerely hooed that at least some of
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the material contained herein will be ueeful to other vorkers in the

field.



CHAPTER II

CLIMATE
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DISCUSSION

"Climate is a controlling factor of tree growth,
therefore, if cross-dating exists, climatic variations
should be denoted by the annual growth of the tree."1

In the present study it has been shown that a year of ample pre-

cipitation will show in the tree as a wide, well-defined increment, and

inversely a drought year produces a narrow ring, or perhaps none at all.

The problem is to establish a workable relationship between the two

phenomena so that the several hundreds of years of climatic history

that is held by the trees may be recovered and utilized. In the Clinch

watershed, precipitation and runoff have been recorded accurately only

the past three decades. The record in this short span of years is

scarcely ample for a comprehensive study of drought and maximum years

to be made. Earlier data is scanty and many stations have recorded only

intermittently.

To those interested in the problem of water storage and utiliza-

tion, it is fundamentally important to know the long period trends, the

length of drouth and maximum years, and their sequence of occurrence.

With only thirty-odd years of record, this would be impossible; but,

uaing this same thirty years to establish a relationship betveen the

recorded data and the tree growth data, approximately 300 years of

usable climatic history are available.

1. Douglass, A. E. Personal Conversation, April 20, 1938.



1. Brooks, C. E. P., 1928.
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This period shows extreme highs and lows, their sequence, and the

long time trends, all of which are very important additions to our

climatic knowledge. The value of precipitation and runoff computed from

tree growth values over the past several centuries is especially reveal-

ing since an indication of these figures can be derived by no other means

except by the theory of probability.

Climatic Data

The gathering of climatic data seems a simple problem but it is

far from an easy task. If it were just the use of weather summaries, it

would be an easy problem, but climate involves more than day-to-day,

year-to-year, or even decade-to--decade figures. A true picture of dim
ate can, at best, only be approximated and then by the use of weather

records, which in most cases do not extend back more than 75 to a 100

years; and auxiliary data, such as, the records left by the trees, sun-

spot values which have been observed and studied for several centuries,

the study of the fluctuations of lake levels, the study of clay varves,
1

and the studies of the migrations of peop1s throughout time.

Any understanding of the variations of tree growth entails a com-

plete study of the climatic phenomena of an area. It is essential, to

know all the vagaries, at least all which can be isolated and studied,

not only of precipitation but also of temperature. The seasonal dis-

tribution of rainfall is of utmost importance.

In the present study several months were spent in the collection
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and study of rainfall data as recorded at different stations within the

area involved. Seasonal distribution was determined as shown in figure 1,

and many trial tests made to determine which months to use in the study

of the relation of rainfall and runoff to tree growth. The water year

precipitation, October 1st to September 30th, which corresponds more

nearly to the growing season yielded the best results and has been used

almost entirely in the present study. For comparison, the calendar year

figures were computed and found not to agree quite as closely with tree

growth as the water year figures.

Tree Growth as a Climatic Indicator

An interesting check on tree growth as a climatic indicctor came

to the attention of the writer in January, 1937. A story in the Knox-

ville News Sentinel, relative to the history of Knoxville, contained the

following statement:

"It might be interesting to mention that in 1838
there was a great drought. Mill ponds, made by damming
this creek (First Creek), dried up due to the scarcity
of water. The stagnant vegetation in these ponds
caused an epidemic of malaria fever to spread through-
out Knoxville."

The question arose as to whether or not the tree ring studies would show

the drought of 1838.

In November of 1934, just after this tree ring study was begun,

some fifty-odd increment cores were collected from pines in Sequoyah

Hills on the outskirts of Knvi1le. These trees grew along fairly well-

drained surfce, and it was believed that they would yield a record that

would closely check the weather record of the Knoxville station. This
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relation was established some months later. In the meantime, a master

chart was established for the Knoxville trees which necessitated a care-

ful study of each ring in all of the specimens collected. There were

several rings in the early nineteenth century that were outstanding be-

cause of their characteristic widths. The growth rings for the years

1838 and 1839,showing a dry period, were the key to the cross-dating

in the first half of the 1800's.

Briefly, the characteristics of the growth ring of 1838 are: A

rapid spring growth filowed by a very narrow summer growth. The ring

for the year 1839 had very little spring growth and a relatively wide

band of summer growth. The study of these two rings seems to indicate

that the late summer and fall of 1837 had sufficient rainfall for the

growth of that season and also enough to crea sufficient storage to

give the 1838 ring en excellent start the following spring. It is more

than likely that the first few months of 1838 had average or a little

less than average amount of water. Some time in the early summer and

lasting for several months, there was an extreme dry period as shown by

very narrow summer growth. This period probably lasted well into the

fall months as shown by the reaction of the spring growth of 1839.

In order to check the deductions made from the study of the tree

rings, the writer spent some time looking up information for the period

involved. The newspaper file of the Knoxville Register, the paper of

that time, was missing those years. Thirther searching brought to light

an article in Will1am' Knoxville Directory, 1859, from which the fol-

lowing quotation i taken:
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"The town had always been very healthy. But in
1838, it suffered severely from fever. The mill ponds
on the creeks adjoining the town had large deposits
of decomposing matter, which became exposed to the
summer's sun The summer of 1838 was unusually
dry and warm, and the disease fully develoned its
baneful influence. The disease appeared in June,
reached its acme in September and disappeared on the
setting in of cold weather."

The material in this article plus the conclusions dra therefrom sub-

stantially check the tree ring findings.

Further indications of the importance of a climatic interpretation

will appear, from time to time, in the paper. It can be said that

cross-dating, the fundamental basis of the Tree-ring Method, is based

entirely upon climatic variations.

A Practical Application

1

Lyman Griswold, Civil Engineer, Portland, Oregon, reports a prac-

tical application of a tree growth-hydrological study. This tree ring

study was made in connection with the hydro-electric development on the

Lewis River in soutlmestern eshington. Briefly, his conclusions were:

That a relation existed betreen tree growth and hydrological phenomena;

that there was an aporoximate 94 year cycle; and that there was a down-

ward slope in the tree curve over a period of 50 or 60 years, followed

by a sharp upward trend. The results of the study have led to a tenta-

tive plan of development at the Ariel site. At the time that this article

went to press one 45,000 kw unit was being installed and the runoff

1. Griswold, Lyman. Electric World, August 8, 1931.
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anticipated by the tree growth curve seemed to warrant a second unit of

similar size.

It is of considerable interest to note that a longtime trend

similar to the one reported for the Lewis River study has been found in

the Clinch River area of Tennessee,
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Dendroch.ronoloica].

The methods of tree ring analysis have been set forth in consider-
1 2

able detail by Douglass and Glock. In the present study the writer

has endeavored to appiy these principles end methods to material grow-

ing under much different circuiastances than that for which the methods

were originally formulated. These techniques can well be called the

"Douglass Method" of tree ring analysis. These principles as adopted

to the new area are discussed in some detail in the following chapter.

Hydrological

"Briefly stated, hydrology is the science which
treats of the phenomena of water in all Its states;
of the distribution, and occurrence of water in the
earth's atmosphere, on the earth's surface, and in
the soil and rock strata; and of the relation of
these phenomena to the life and activities of man."3

The states of water in which this paper is particularly interested

are: on the earth's surface, in the soil, and the relation of these to

the life and activity of the tree. More specifically, the paper is in-

terested in precipitation and runoff in relation to the growth of the

tree.

The use of precipitation figures has led to severalgiestions,

namely: whether to use the record from one station as representing the

Douglass, A. E., 1919, 1928, 1936.
Glock, Waldo 5., 1937.
Meyer, A. F., 1928, p. 1.
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rainfall for an area or to use weighted records from several stations

within an area. One might believe that the use of a single station

would be representative but it is the opinion of the writer that as

many as possible should be used. The hazards involved in using a single

station are obvious. classic example of such a hazard is a station

of the U. S. Weather Bureau in North Carolina. It was noticed that the

records from this particular station disagreed to some extent with near-

by stations. Upon investigation it was found that the recording instru-

ment was under a tree which had grown to a sufficient height since the

installation of the station to shield it almost completely. It must

be admitted that this is a most ununa1 occurrence, but it also must be

admitted that observations from several stations are better then from

one.

Horton has pointed out that the estimation of rainfall for a

drainage basin should be much more scientific than the mere assigning

of weights to stations within the basin on personal judgment. He has

formulated a method which has come into extensive use and which, in this

paper, will be referred to as the Horton Method.

"Other things being equal, the weight asaigned to
a given rainfall record in determining the mean pre-
cipitation on a drainage area in a given year should
be proportional to the percentage of the total area
of the drainage basin to which this given station
lies nearer than does any other rainfall station."

This is a purely geometric method of assigning weight to rainfall records

but one that has proved valuable. Figure 2 presents this method in

1. Horton, R. E. &iineerin News Record, August 2, 1917, p. 211.
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STATION SQ MI. % OF AREA COEFFICIENT

I 75 7.5 .075

2 125 '2.5 .125

3 300 30.0 .300

4 200 20.0 .200

5 250 25.0 .250
6 50 5,0 .050

TOTAL 1000 100.0
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graphic form.

To obtain the runoff figures from the area to be considered re-

quired considerable work which will be described in the chapter on

Hydrological Data.

The Clinch and Powell rivers converge just a few miles above the

Coal Creek gaging station. On the Clinch river about forty ri1es above

the Coal Creek station is the Tazewell gaging station and likewise on

the Powell river about thirty-five miles above Coal Creek is the Arthur

gaging station. To obtain the runoff in the area. is simply a matter

of subtracting the flow derived from Arthur and Tazewell from the flow

at Coal Creek, thereby excluding the flow above those two points. Fig-

ure 3 shows the position of these stations in relation to the area in-

volved.

Statistical

In examining a set of data, certain constants can be u3ed advan-

tageously to describe the distribution of the individual values. These

constants are ordinarily discussed in detail in literature in the

division of mathematics called statistics. A definition of statistics

given in Webster's New International Dictionary is as follows:

"The science of the collection and classifica-
tion of facts on the basis of relative number or
occurrence as a ground for induction; systematic
compilation of instances for the inference of
general truths."

Gavett says that statistics is nore than the science of collecting,

classifying, and tabulating facts.
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"Its methods when applied to a set of facts
properly selected from a large body of facts en-
ables us to draw conclusions by induction and
establish general laws in regard to the large
body of facts."1

The usual statistical constants, referred to above, infer norma].

distribution in accordance with the probability curve. In the runoff,

precipitation, and tree ring data, a detailed etudy of several sets by

ordinary statistical methods, and consideration of the factors involved

in the nature of the data led to the conclusion that distribution was

sufficiently close to normal in all cases to warrant the use of the
2

usual constants.

The most common figure used in examining the distribution of a

set of data is the arithmetic mean. Another common figure used for the

reference to the mean is the standard deviation which is designated

"SD". This quantity is convenient in that it can be used to predict,

because of its significance in the probability curve area, the number

of times the observed values will fall within certain limits measured

from the mean value. For example, in a normally distributed set of

data, the different individual values will fall within the limits of

the mean plus or minus the standard deviation about 70 times out of 100.

A sample table of data and a sheet showing the calculations made from

it are shown in figures 4 and 5. Referring to these figures we find

that 72 percent of the pine growth values fall inside the limits of the

mean plus or minus the standard deviation.

Gavett, G. Irving, 1925, pp. 1-2.
Curtis, D. D., Personal Conversations, Summer, 1955.



1911 to 1932
Sum 1119.71 58312. 21.3877 21.1339 1102.501

Mean 50.896 2650.5 .97217 .96063 50.114

P = precipitation p2 precipitation squared

T3 pine growth T32 = pine growth squared

P T3 = precipitation pine growth

FIG. 4

COMPARISON OF PINE GRU1'Th AND PRECIPITATION

-T--C AREA WATER YEARS

COMPUTED BY R.L. Date 8/19/36

YEAR p p2 T3 T32 PT3

1904 42.40 1798. .9777 .95590 41.454
1905 50.07 2507. 1.0846 1.17636 54.506

52.70 2777. 10054 1.01083 52.985
53.85 2900. 1.0885 1.18483 58.616
48.99 2400. .9792 .95883 47.971
61.30 3758. 1.1438 1.30828 70.115

1910 46.74 2185. .9969 .99381 46.595
44.45 1976. .8577 .73565 38.125
60.01 3601. .9577 .91719 57.472
47.15 2226. .8546 .73034 40.320

43.22 1868. .9046 .81830 39.097

1915 53.47 2859. 1.1685 1.36539 62.480
59.11 3494. 1.0877 1.18309 64.294

61.94 3837. .9738 .94829 60.317
46.03 2119. .9162 .83942 42.173
45.12 2036. .8754 .76633 59.498

1920 62.36 3889. .9408 .88510 58.668

46.36 2149. .8838 .78110 40.973

54.80 3005. .9238 .85341 50.624

56.43 3184. 1.1877 1.41063 67.022

56.27 3166. 1.0308 1.06255 58.003

1925 36.63 1342. .8023 .64369 29.388

51.21 2622. .9000 .81000 46.089

50.89 2590. .9331 .87068 47.485

57.50 3306. 1.1408 1.30142 65.596

59.89 3587. 1.2915 1.66797 77.348

1930 38.01 1445. .8800 .77440 35.449

38.59 1489. .8769 .76895 33.840

1932 50.24 2524. 1.0000 1.00000 50.240

Sum 1475.76 76637. 28.6638 28.72274 1474.543

Mean 50.888 2642.7 .98841 .99044 50.846

SAMPLE DATA SHELI' OF
PINE GR0VPH AND PRECIPITATION



7.752 Vi - .65822 = 7.752 V'i64
= 7.752 x .7525

= 5.834 in.

1904-1932

SD m V'2642.7 - 50.888 "'/2642.7 - 2587.1 '/53.1 - 7.287 in..

T3 = V.99044 - .98841 - V.990 - .97695 - /.O1349 = .1161

r 50.846 - 50.888 X .98841 50.846 - 50.298 .548 .6478
7.287 x .1161 .846 .846

&&MPLE CALCULATION SHEET
of

STATISTICAL CONSTANTS APPLIED TO THE
PRECIPITATION AND PINE GROWTE VALUES

FIG. 5

DETERMINATION OF STATISTICAL CONSTANTS

DERIVED FROM TBE DATA IN FIGURE 4

SD ='Vav. of squares - square of ay.

r ay. of products - product of a-v.
x SD2

1911-1932

SD V2650.5 - 50.8962 V2650.5 - 2590.4 6O.1 - 7.752 in..

SD13 - V.96063 - .972l? - V.96063 - .94511 - i/.01552 .1246

r - 50.114 - 50.896 X .97217 = 50.114 49.476 = .636 6585
7.752 x .1246 .9659 .9659

P-P = r (T3-3)

(T3-.9722) - 40.c17 (T3-.9722) - 40.97T3- 39.83

= SD t-r2

P -

P

50.90

4O.97T

=

T3

.6585

+ 11.07

7.752
.1246

SEp
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In the study of the relationship between two variables, it is

customary to speak of the correlation of the two. The most coon

measure of the correlation of two variables is the Pearson Correlation

Coefficient which is usually, designated by the letter "r".

"This may be defined as the quotient obtained
by dividing the difference between the average
of the products of the variables and the product
of the average value of the variables by the pro-
duct of the standard deviations of the two varia-
bles."1

This coefficient will be seen written on the sample sheet of data (fig.4).

It should be noticed that a variable may be influenced by several other

things as well as by the one other variable being considered at the

time. For example, runoff is influenced by evaporation, storage, and

transpiration, in addition to precipitation. The correlation coeffic-

ient, as described above, gives a measure of the amount of the depend-

ence of the one variable on the other. It should be further noted that

the correlation coefficient is not a percentage value. If a percentage

value is desired, then one should use the coefficient of deterriination
2

as described by Ezekiel.

The correlation coefficient is useful in itself only in indicat-

ing whether or not the sets of data are closely related, but it leads

immediately to the calculation of a quantitative index as to the re-

jation between the two sets, namely, the tanrbrd error. This ouantity

is of use in the same way with regard to the regression line that the

standard deviation is with respect to the mean value in a set of

Curtis, D. D. Personal Conversation, 1935.

Ezekiel, Mordecai, 1930, pp. 120, 377.
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observations. Graphically, this could be illustrated by a band con-

structed so that it would extend parallel to the regression line, half a-

bove and half below, with its vertical dimension equal to two times the

standard error. As in the standard deviation this band would cover about

70 percent of the values in a nor!nally distributed set of data.

The equation that expresses the relation between two variables is

Imown as the regression equation. The formula for the regression line

can be shown to be:

y--r (x-)
SDx

in which the letters have the meanings previously given, SD and SD

being respectively the standard deviations of x and y. A sample of the

use of this equation will be seen in !igure 5.

In the hydrological-dendrochronologjcal study, it was desired to

find the best information with respect to climatologica]. occurrence,

afforded by tree growth as typified by the ring widths in the specimens

selected as a sample of the forests of the area. In attempting to arrive

at conclusions as to such information comparisons were xiade between

various combinations of hyclrologica]. and tree growth dats. The compar-

isons were most conveniently and logically made by the use of the con-

stants and methods just outlined. The use of the regression equation

method led to the derivation of formulas for calculation of one quantity

when the other was known (fig. 5).
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The foflowing material, dendrochronological data, foflows closely,
1

in outline form at least, the work of Dr. A. E. Douglass and Dr. Waldo
2

S. Glock. The terminology that was derived in. the Southwest has been

used in. the present study with several variations to fit the problem in.

northeastern Tennessee.

Area Studied

The area selected for study was the Clinch River Basin, and es-

pecially that part between Coal Creek, Arthur, and Tazewell. Seven hun-

dred and seventy-five square miles in included by these three stations

(fig. 3). Parallel ridges and valleys running from southwest to north-

east are characteristic of the area. Plate I shows the terrain of the

area. The tendency of the storms is to follow these ridges and valleys

and because of this apparent storm track, it is reasonable to expect a

fairly even distribution of precipitation. This becomes noticeable when

looking over the records of rainfall stations within the area and com-

paring them with outside stations. Such an area is idea], for a tree ring

study. Tree samples should be collected from a homogeneous area, that

is, from an area in which the trees are all living under nearly the same

conditions. If within such an area a similarity in rings and ring pat-

terns is found, it is an. assurance that the variations in growth will

Douglass, A. E., 1919, 1928.
Glock, Waldo 5., 1937.
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yield a useful climatic history.

Forest Cover

The forest in northeastern Tennessee has stands of pine, oak,

cedar, and many other species of trees. It has been thought that where

heavy underbrush and crowding of trees occurred, the trees were competing

against each other rather than against drought and famine. This leads

one to believe that there is an abundance of moisture and food in this

area and that the real fight of the tree is to grow tall enough to get

out of the shadows and into the sunlight.

After the arrival of the settlers in the ev1y part of the nine-

teenth century a gradii1 change took place in the wooded areas. The

underbrush was destroyed or retarded either by cultivation, grazing, or

firing, or all three. This change was noted in some of the trees. After

these growth discrepancies were noted in the laboratory, a careful check

was made in the field and it was learned that at the locations from which

these samples were collected, the practice of grazing or firing had be-

gun the same year that the abnormality of growth began. This is a fur-

ther indication of the sensitiveness and reliability of the tree growth

as a climatic and environmental indicator.

Growing Season

The growing season varies in length from one part of the country

to another. It is essential to know the exact time of the growing season

in relation to the eaonal distributi of precipitation. It has been

16
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noted that the late spring and sunnier rains have an immediate effect

upon growth and that the preceding winter's precipitation baa an effect

almost as important. In many instances a year whose summer months have

an average, or above average, amount of rain will produce a ring of

below average growth. In 90 percent of these cases the preceding autumn

and winter months have had little rain. According to some botanists

the trees are laying up a store of food for the following spring dur-

ing that period. This seems to be the case because an abundance of

moisture during the late summer and autumn months gives the trees an

excellent start the following spring regardless of the rainfall at that

time. Many irregularities between the tree growth carve and the rain-

fall curve can be explained and corrected by the recognition of this

lag. It has been found that thu correlation coefficient between tree

growth and precipitation is considerably higher when the water year

figures, 'thich correspond more closely to the growing season, are used.

ecause of the pre-seasonal effect of rainfall on growth the use of a

cumulative moisture figure and tree grovith would have some value from

an agricultural standpoint.

Part& )f a Tree's Racorci

The same as in the Southwest youth rings in the pines are large

rings with little variation except of diminishing size. The young tree is

subject to injuries of all kindsfrost, insects, and lack of sufficient

sunlightwhich causes eccentricities and abnormality in its early years.

Mature rings in the tree occur from the time when the tree reaches its
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full height until decay at the top indicates old age. The mature rings

represent the best recording period of the tree because these rings are

the most sensitive and are less apt to be affected by pests, frost and
1

other injurious causes. Age rings become compressed and erratic. Un-

fortunately, only a few trees in this section of the country reach the

age of infirmity. The largest and oldest of the trees have long since

found their way to the mills and mines.

Environmental Effects

That the tree is a sensitive recorder of its environmental con-

ditions is shown by its reaction to slope, soil, subsoil, precipitation,

temperature, killing frosts, and the seasonal distribution of rainfall.

Single Rings

The annual ring of the tree measures its growth. The growth is

dependent chiefly on rainfall and temperature, among several additional

growth factors. Therefore, the annual ring of the tree is an indication

of the weather conditions in the year of its growth. Also, there is an

indication of the tree's struggle for life for several seasons preceding

the year in which the ring under consideration occurred.

Double Rings

The double rings, or false ring, within an annual ring, is easily

distinguishable from the true increment (fig. 6). That part of the

1. Douglass, A. E., 1928, pp. 30-31.
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annual ring in thich the double occurs usmlly denotes its cause. If it

occurs immediately following the first cells of spring growth, it has

probably been caused by a killing frost. If it occurs in the middle or

near the outer edge of the ring, it probably has been caused by a spring

drought which was later followed by ample summer or late sununer rains.

This is particularly true in the 8outhvest where the double rainy season

is quite marked. Double rings do occur in the Clinch River area, but

they are the exception. From this, it would seem that there is suf-

ficient soil moisture at all times of the year for the deep-rooted trees

to grow normal annual rings.

Reinforced rings

A reinforced ring consists of hard tissues formed during the

rapid spring growth so that the ring is expanded in one direction and

diminished on the opposite side. It is an indicator of strong prevail-
1

ing winds. Trees that show such an influence were omitted in the forma-

tion of the growth curve of this area.

Missing rings

"Missing rings occur when autumn rings merge together in the ab-
2

sence of any spring growth." The missing ring is caused by a lack of

moisture from the winter months and from a drought in the following

spring. The pine trees in this area have evidenced this phenomena in
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only a few specimens which grew on isolated rocky points. In as moist

a country as the Clinch river area, missing rings should rarely occur.

In most cases the ring that is assumed to be missing on one radial, as

shown by cross-dating, can be found on some other radial of the tree.

It is extremely rare not to be able to find the missing ring somewhere

around the circumference of the tree because a few deep-seated roots

will supply enough moisture for at least a trace of the ring. The cer-

tainty with which an assumed absent ring can be identified is remarkably

shown by cross-dating as will be explained in a later paragraph.

Effects of Location

The sensitiveness of the tree to climatic variation, excluding,

of course, the fertility and character of the soil and subsoil, can a].-

most be determined by whether the tree grows on ridge, hilltop, slope,

bottoinland, or swamp. Here the underground vater supply shows its effect.

Ridge and hilltop trees should be the most sensitive because generally

the water level is lowest at these points and will be the first affected

by drought conditions. Contrarily, those trees growing in bottorniands

should show little variation from one year to another, there usually

being enough underground water, regardless of the current condition, to

give an ample supply to the tree. With these thoughts in mind, the

specimens were carefully selected from well-drained locations. However,

enough specimens were collected from less well-drained slopes to see the

difference between the trees growing under the above mentioned circum-

stances. It was found that the anticipated ring types prevailed in each



of the areas.

Precipitation-evaporation

That temperature has en influence on tree growth is shown by the

degree of relation between the different groups of monthly ratios used.

The precipitation-evaporation ratio used in this study was derived by
1

the Thornthwaite formula. This ratio is the remainder of the pre-

cipitation available for plant growth after the temperature has taken

its toll in the form of evaporation. The temperature and rainfall figures

were obtained from the U. S. Weather Bureau Station at Knoxville and the

tree growth dats from the Clinch river area. Since the P.E. ratios are

deterrined monthly, different groups were used to deteriaine the immediate

effect of the temperature. January to January figures yielded a co-

efficient of correlation of .50; October to October .54; April through

August .57; April through September, which corresponds to the grovrng

season, .67.

Specimen Types

It is of utmost imoortaire to have the actual rings of the tree

in the laboratory to make a thorough examination. Correct dating and

cross-identification can only be made when all of the specimens used are

brought together for comparison. The specimens are referred to repeated-

ly and it becomes necessary to have small handy samples that are repres-

entative of the tree. Such samples, therefore, nrtist be radials, giving

21

1. Thornthwaite, C. Varren. Geographical Review, v.XXI, no.4, Oct. 1931.
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the rings from center to bark. These radials may be either Vcuts, in-

crement cores, crosssections, or pie cuts.

Vcuts

1hen the field work first began, samples were taken from the

stumps of the trees that were felled by the Reservoir Clearance Division

of the Tennessee Valley Authority. A Vcut was made on the top of the

stump by two slanting cuts of the saw, as shown in figure 7. The depth

of the cut depends on the angle of saving, which should meet at a depth

of from two to four inches so that the specimen will not be too large or

cumbersome. The practice here has been to take the complete diameter so

as to have two radials for checking each other,

Increment cores

Seventy percent of the specimens that have been collected have

been obtained from living trees by means of the Swedish Increment Borer.

Plate II shows the instrument in usenote the core being taken from the

drill. The small pencillike cores are extracted without injury to the

tree and are of a very convenient size to preserve as a permanent record.

Several cores have been taken from each tree in order to check the ring

sequences and to eliminate any possibility of using eccentric growth

rings. The direction of boring seemed to make little difference but for

the sake of consistency, the cores have been taken from the uphill side

in each group. The duplicate specimen has been taken directly across,

or at right angles to, the original core.
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The cores bve been taken high enough up the tree to get away- from

the root or flare influence, at a height most convenient to the collect-

or. The thickness of the bark has been lessened by chopping it away with

a small hand axe, so that a longer core could be extracted, with con-

siderable care being maintained to insure obtaining the outside ring.

Such a practice was desirable because of the thickness of the bark on

some of the trees sampled. After the two cores were taken, they were

placed in a long narrow envelope which carries a record of pertinent data

to be filled out for each tree sampled (fig. 8b).

Log Cabin Specimens

Many old log cabins were torn down in the clearance of the re-

servoir area. Cross-sections were obtained in most cases because the

timbers averaged rather small. At the time of the collection of the

specimens, every effort was made to check all the data possible concern-

ing date and the builder of the cabin. In some cases the owners of the

places had moved away so letters were written them, asking for the data.

Foflowing is an answer to one of the letters:

"You Wanted to know when that old log cabin
in Privy Flats was built. I would juge hit at
about 100 years."

signed.
J. F. Sweat

Such answers as these made life more interesting!

Archeological Specimens

During the summer of 1934 many old specimens were collected by



FIG. 8

Field No.

Date
Collector

TREE RECORD

Area

Elevation Dates

Exposure Certainty

Slope Angle Radius

Water relation

Location

Species Plotted ( ) by

Type of Specimen Tabulated ( ) by

Remarks Averaged ( ) by

Smoothed ( ) by

A

Sample of card file kept for each specimen collected.

B

Sample of collecting envelope used in the field. (envelope 16 inches)

Specimen No.
Date
Dating by

Mean ring size

Measured ( ) by

Standardized ( ) by

Field No LocatioD

Date --

Cól1etor

'Elevation --
--

Slope Angle - Type

Water Relation Remarls



24

the crews excavating the archeological sites in the basin area. Later

when the University of Tennessee was excavating on Faints Island in the

French Broad river, other specimens were collected. The cedar specimens

were the only ones that were well enough preserved to be of much use

and these were carefully treated with a solution of gasoline and paraffin.

Prep-ation of Specimens

Yhen the radials are brought into the laboratory, they are rough

and unsuitable for study until they have been carefully treated and sur-

faced. The two types of specimens that require the most attention are

the increment cores and the archeological specimens. Crosssections and

Vcuts are usually large and strong enough so that little nrelirninary

treatment is necessary. The archeological specimens were thoroughly

soaked in a saturated solution of paraffin and gasoline, bound tightly

in cheese cloth, resoaked, and finally put aside for the gasoline to

evaporate, leaving the decayed wood impregnated with the paraffin.

Specimens treated in this manner will last indefinitely, providing they

were not too decomposed before treatment.

Increment cores were wrapped in paper and allowed to dry. After

the specimens dried, they were carefully cemented, grain up, on half

round moldings, which have had a groove cut in the top of the rounded

surface (fig. 9b). After thoroughly drying, the specimens are ready to

be surfaced, but first the specimens hou1d be sprayed with kerosene to

soften the woody tissue. From Dr. Douglass the writer learned thet the

best method of surfacing is a sliding razor cut which leaves a smooth,
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well-polished surface. The razor is sharp enough to cut cleanly through

the cells of the specimen without dragging or fraying the cell walls. Such

a cut is necessary because under the microscope, a very pronounced or

definite edge of the annual ring is desired so that an accurate measure-

ment can be made. To further accentuate the sharpness of the ring, graph-

ite can be rubbed into the surface of the core so that the dense cellular

structure of the late summer growth will reflect light much as a mirror

would.

aboratory Technicues

fter the specimen has been properly surfaced, it is ready to be

dated. To date a specimen correctly requires much more than the mere

counting of the rings invard from the bark of the tree. Consideration

has to be given to the individual, rings which have some distinguishing

characteristic. True, the primary step is to take a tree whose cutting

date is known and count inwardfor example, a tree that is cut at the

present time will have an outer whole ring which grew in 1937. Counting

back to 1930, a pin prick should be placed in that year, count back to

1920 and place a similar mark there, and so on; when 1900 is reached

three pin pricks should be placed side by side, denoting the hundred mark;
1

1850 should have two such marks denoting the count of 50. See figure 9a

for an illustration of conventional signs. In this manner the ring count

can be readily recognized at any place to compare with other specimens.

After several specimens have been treated in a similar fashion, it should

1. Douglass, A. E. Class Notes, 1933.
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become apparent that certain rings are characteristically the same in

different trees. For example, in the Clinch river area, the ring for

1929 should be larger, and the rings for 1925 and 1926 should be smaller

in comparison to the rings immediately preceding and following these

dates. If all the trees under consideration show this, it can be assumed

that they have been correctly cross-dated, that is, the ring patterns of

one tree correspond to the ring patterns of other trees in the area, and

that these patterns occur in the same years. If, by some chance, a ring

is omitted, or a double ring occurs, that occurrence will immediately

show up by this method of cross-dating.

Master Chart and Skeleton Plot

The master chart and the skeleton plot should be mentioned

briefly here. The skeleton plot is merely the tabulation of the rings

which have some outstanding characteristics by conventional signs on

coordinate paper. The master chart is the average of these character-

istics in a group of trees plotted inversely, in a like manner (Plate III).

Thus, a specimen, whose beginning and cutting dates are unknown, can be

exactly identified by rnatchingtharacteristic ring patterns on its

skeleton plot with similar patterns on the master chart. These two

plots are essential in beginning a study, and for identification of

specimens whose cutting dates are unknown.

Measuring

A measuring instrument was constructed by the Gaertner Corpora-
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tion of Chicago for the purpose of accurately measuring the yearly

growth of the tree. The instrument is shown on Plate]W.. The specimen

is placed below the traveling micrometer microscope and so adjusted that

light is reflected from the rings on the radial up through the microscope

tube. Cross hairs at a 60 degree angle locate the outer edge of the ring.

The microscope moves along the radius of the specimen by the means of a

most accurately tooled lead screw which records the exact distance the

miscroscope, and consequently the cross hairs, have moved. When the

outer edge of the next ring is defined by the cross hairs, the measure-

ment is recorded on an adding machine and the operation is ready to be

repeated for the next ring. When ten rings have been measured, the

total traverse of the microscope is read on a scale and checked against

the machine slip total. If the specimen has been measured and tabulated

correctly, the two figures should be identical. This process is repeated

until the entire specimen has been measured. When all of the specimens

are measured, the yearly values are tabulated on a form sheet for filing.

The machine slips are placed in long narrow envelopes and filed.

Standardizing

Each specimen is plotted on coordinate paper to a convenient scale

to determine the amount of correction to be made for the age trend of

that tree. Trees growing in different localities grow at different rates,

depending upon the differences in available growth factors in those spots.

Each tree has an individual normal growth rate from which the variation

in annual water supply causes it to fluctuate. Accordingly, the measured



PLATE Iv

Master chart and map of the Tennessee basin in the
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1
record of each specimen is standardized. Standardizing consists of

reducing the expression for the ring width to a ratio form. The actual

ring widths are plotted end a line passed through the resulting curve

in such a position as to average the high and low points along the curve.

Then, each individual value is divided by the value of the standardizing

line at that place. It should be observed that this reduces the figure

representing ring width to a dimensionless form (fig. 10). %Yhen these

standardized or corrected values are averaged for each year, individual

irregularities are eliminated and the record gives the mean growth in-

crement dependent upon climatic fluctuations as the primary factor.

kfter all of the specimens have been standardized and the corrected

values obtained, they are again tabulated on a sheet marked "Corrected

Values." The numerical mean from all of the corrected soeciinens is ob-

tained for each year. When these are plotted, they form the corrected

average grorth curve for the area.

Smoothing

When trends are to be studied, tree growth and meteorological re-

cords are smoothed to eliminate extremes of individual fluctuations in

the curves. The smoothing formula which Dr. A. E. Douglass has found

most applicable is the Hann formula, concerning which he says:

three successive overlapping fluctuations
are merged into a substitute for the middle one
by averaging the three, with double weight given
to the second. It is this double weight applied

1. Douglass, A. E., 1928, pp. 40-41.
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to the original whose substitute is desired
that differentites this formula from a running
mean of three."-'

When the Hann formula is applied, as in the above cited work, to the

Clinch river tree growth, runoff, and precipitation curves, a higher

degree of similarity is found between the curves than when other smooth-

ing formulas are used. A minor exception to this was in using a formula

which had the double weight on the third term in some of the pine sets.

Composite Growth Curve

Figure 11 shows the agreement between the growth curve of the

Clinch River Basin and a composite growth curve which was formed by

taking the two apparent 100year periods of the tree growth curve super-

imposed on the same sheet and an average of the two obtained. This corn-

posite, or 100year period, was repeated two consecutive times below the

actual growth curve to determine what relationship such an average curve

would exhibit for the entire period. This curve shows remarkable con-

sistency with the actual growth even to secondary variations.

Ring Structure

There are two classes of woods: nonporous, or soft woods, of

which the pine, spruce, fir, cedar, etc., are examples; and porous, or

hard woods, which are subdivided into two groupsringporous, which

have large pores in the inner part of the rings, such as oak, chestnut,

sassafras, etc. (fig.6 ); and diffuseporous, which have large and small

1. Douglass, A. E., 1928, p. 43.
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pores distributed throughout the annual ring, such as birch, willow,

poplar, etc. (fig. 6). It foflows that the nonporous woods are beat

suited for dendrochronological studies because 9f the pronounced de

finition of the annual ring.

Tree Selection

A number of species of trees growing in the Clinch area were

carefully examined in order to determine those trees which would be

adaptable to crossdating, and which would have some climatic yield.

Table I lists and gives the number of all the specimens collected

modern, log cabin, and archeological.

1. Record, Samuel J., 1919. Plates I through VI.

ThBLE I

Species Modern Log Cabin krcheological Total

Pine 640 55 695
Cedar 291 200 491
Oak 257 58 15 530
Poplar 78 53 151
Maple 16 16
Hickory 14 14
Chestnut 12 12
Beech 6 6
Basswood 2 2
Ash 2 2
Cucumber 2 2

Elm 2 2
SweetGum 2 2
Black Gum 2 2
Persimmon 2 2

1,328 166 215 1,709
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After a preliminary examination, three species were selected for

intensive collection and studypine, cedar, and oakand of these three,

pine and cedar were finally chosen for a detailed study. The chief

advantages of using the pines are its general distribution throughout

the entire valley and the clarity and reliability of Its ring record.

The cedars of the area tend to be much longerlived than any other species,

a single living specimen having been coflected that started growing a

little over six hundred years before the cutting date. The fact that the

cedars tend to be erratic in growth, that they are limited in number, and

that they have a comparatively small distribution has led to the use of

them as supplementary to the pines. It is hoped that a usable, longtime

chronology will finally result from their study. As yet, little work has

been done on the oak trees. It is possible that a usable record will be

obtained but it is the opinion of the writer that where conifers are

available for study, they should be chosen. The chief difficulty with

the oak is its characteristic ringporous growth. The annual growth in-

crement are easily enough recognized except in compressed areas such as

occur in several consecutive drought years, but here the exact edge of

the ring cannot be definitely distinguished.

It was hoped that the ring structure of the poplar tree would

lend itself to the dating technique. Some of these trees grow to an ex-

tremely large size, and if usable, would add many years to the chronology;

but, because of the characteristic diffuseporous ring growth, the poplar

was not used. Plate V shows the size to which some of these trees grow.

Approximately 300 pine samplings have been made in the area above



PLATE V

Giant poplar tree felled near Tazewell Tennessee.
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Norris Dam. Over 150 of these have been collected in the Arthur-Tazewefl-

Coal Creek area (fig. 12). Approximately 10 other groups of trees were

cross-dated over the area, but were not measured. The entire group of

specimens from over the Clinch watershed, inclur11rg the Enory drain, show

excellent cross-dating, excluding, of course, a small percent of com-

placent and injured trees (fig. 13). The specimens were collectedCrom

all possible locations but the ones used in the analysis were carefully

selected so as to be representative of the area under consideration.

The question has arisen as to the number of specimens necessary
1

for reliable results. Douglass has shown in the study of the western

pine that a small group was as reliable and just as accurate as a larger

group. Theoretically, the larger the sampling, the more representative

the results. This does not seem to be the case in the comparative

studies on the different pine groups in this area. The correlation co-

efficient between groups of 15, 17, and 27 trees is approximately .98,

or nearly a perfect relationship as seen in figure 14.

It has been shown that when there is marked cross-identification

in a group of trees in an area, a small set of trees carries a record

almost identical to that of the entire group. The pine trees in the

Clinch Basin consistently show individual annual variations that are

characteristic of the total group. It has been noted that the inner

rings of the tree, while cross-dating with older trees, are not as re-

liable as the mature rings. Therefore, it follows that it is not advis-

able to use the inner rings of a group of trees in climatic analysis.

1. Douglass, A. E. Personal Conversation, Decenther 31, 1936.
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A group of approximately 50 cedars was selected for measurement.

Their selection depended upon the clearness of their record and upon the

uniformity of their distribution over the area. The distribution map,

figure 15, shows the center of gravity of the specimens studied to be

at the approximate center of the area. Numerous other specimens in the

area were cross-dated with the selected group, indicating that the

sample was representative. The measurements were standardized, as

previously discussed, and the mean ring size computed for each year.
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Choice of area

In the preliminary stages of the investigation the area between

Arthur, Tazewell, and Coal Creek, referred to as the ATC area, in the

Clinch drainage area was selected because considerable length of records

was available there and because the area was of small enough size to

enable a thorough tree sampling to be made in a reasonable time. It was

intended that the study would be extended to include all of the Clinch

Powell drainage area later. Subsequently, careful exmiration of the

forests of the upper area disclosed the fact that a good tree record

could not be obtained from the upper part of the basin, and after con-

siderable investigation of the relation between the tree figures and

the hydrological data for the whole basin, it was decided to confine the

work to the lower part of the basin, as originally taken.

Precipitation and runoff data for this portion of the Clinch Basin

were tabulated both by calendar and water years. The effect of storage

made it seem desirable to study the relation between both month group-

ings arid the hydrological data.

The actual Coal Creek record began in 1927. In order to have a

longer period covered, it was thought desirable to extend the Coal Creek

record back to 1904 by the use of the Clinton record. Similarly, the

Lone Mountain record from 1920 to 1928 was used to extend the Tazewell

record, which began in 1928. In both cases there was an overlapping

period of records for the two stations but neither of these overlapping
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periods afforded any reliable information as to the method of converting

the records of one station to comparable ones for the other. According-

ly, since both stations have been moved upstream only about ten miles,

the direct drainage area proportion seemed as satisfactory for conversion

calculations as anything else that could be devised.

Runoff Records

A comparison of the runoff figures for Arthur and Tazewell with

the Coal Creek figures for the same period indicated a very close agree-

ment. Accordingly, the Coal Creek figures were used to extend the re-

cords for these two stations back to 1904. The formulas for doing this

were computed by the regression equation method. The correlation co-

efficient of the Arthur and Coal Creek records for rater years was .98,

with a SD of 6.77 inches and a SE of 1.37 inches. The corresponding

figures for TazeweU and Coal Creek were .99, 4.99 inches, and .61 inches.

Inobtaining the equation for the Tazewell runoff, the year 1929 was left

out, since the runoff for Tazewell that year was markedly lower in pro- -

portion than any others. The corresponding statistical constants for

calendar years were of the same order. The nearness with which these

points approach the regression line indicates the high order of the

relationship between the runoff at each of these stations and that at

Coal Creek.

from these three sets of data, the runoff from the drainage area

between these three stations was computed. Figure 16 shows the runoff

in day second feet for Tazewell, Arthur, Coal Creek, and the net runoff
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from the ATC area.

PreciDitation Recor(ls

Paralleling the runoff figures, annual precipitation figures were

obtained for various stations, and statistical studies made to ascertain

the closeness of the relationship between data for the different stations.

The stations inside the basin and the length of their records are:

Andersonville, about three miles above the Coal Creek gaging station,

1888 to 1906; Jacksboro, about ten miles north of Coal Creek, 1890 to

1896; Springdale, about thirty-five miles east of Coal Creek, 1890 to

1911; Tazewell, five miles north of Springdale, 1899 to 1926. The

stations used which are just out of the area are: Midcllesboro, about

fifteen miles north of Tazewell, 1892 to 1934; Jefferson City, about

twenty-five miles south of Tazewell, 1911 to 1928; Clinton, about eight

miles southwest of Coal Creek, 1890 to 1934; New River, about thirty miles

northwest of Coal Cree', 1909 to 1934; and Rogersville, about thirty

miles southeast of Tazewell, 1886 to 1934. The locations of these

stations are shown in figure 3.

The two rainfall recording stations which showed the most varia-

tion in annual figures were Middlesboro and Thzewell. A comparison of

the records of these two stations can be seen in figure 17.

The larger part of the annual precipitation record, for the years

1899 to 1926, were made up by using the Horton method, 8S previously

discussed, and the remainder, for the years 1926 through 1934, by the

isohyetal method.

36
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Lerith of Period Used

In this study it was desired to have as long a period of parallel

hydrological and tree growth records as possible in order to have a high

degree of dependability of results and to have information on extreme

values. The longest runoff record for the Clinch Basin was the combined

record of Clinton and Coal Creek which had been discussed previously.

The tree growth curve has been carried back to 1690 with a group

of specimens which show excellent cross-dating and whose growth record

seems entirely reliable. One pine specimen dated back as far as 1638

but the first fifty years, 1640 to 1690, were not used in making up the

growth curve because there were no other specimens to check those years.

Included in the envelope in the back of the report is a plotting of the

long time growth curve (fig. laB).

Methods of Comparison

Comparison between the sets of data was made graphically, by in-

vestigation of the grouping about mean values, by correlation analysis,

and by examination of the differences between computed and observed

values. Curves of growth and of the other quantities plotted against

time are parallel for the different sets, both with unemoothed end

smoothed figures. For the most part the only smoothing used was the

Hann type, in which the middle of three years is given double weight to

make a weighted average. In certain cases running means of varying
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lengths were used. The details of the statistical analysis for the

grouping about the mean and for correlation will be discussed in later

paragraphs. The differences between computed and observed values were

studied for some of the sets of data for the purpose of comparing the

sets and also with the idea of ascertaining if any use might be made of

these differences to provide an estimate of the amount that computed

figures might be expected to vary from observed figures.

Comparison of Data

As mentioned at the beginning of this chauter, it was desired to

have as long a period of parallel data as possible. The most accurate

hydrological figures are those from 19U through 1934 and therefore, it

was decided to use this period. However, enough calcultions were made

using the longest period of parallel records to see that the general

trends of both tree end hydrological data were entirely consistent with

those for the shorter period.

in other hydrological investigations, both water year and

calendar year divisions were employed. Probably the precipitation which

occurs just previous to, and during, the growing season affects the trees

somewhat more directly than the annual figure. However, the growth

season is subject to too much variation and is too poorly known at pres-

ent to make any regrouping, to account for this seasonal factor, advis-

able. Obviously, precipitation which occurred at a time when the ground

was frozen so that the runoff would be high would have comparatively

little opportunity to affect tree growth. It would be entirely possible
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for precipitation actually to hinder tree growth. This would particular-

ly be true if the precipitation was in the form of an ice storm which

would be injurious mechanically to the tree. For runoff, the division

of the year is also problematical. It appears logical to presume that

there is a difference in the degree of runoff following dry years and

following wet years. An analysis of this proved inconclusive. Here,

again, the time of occurrence might well be an important factor which

could be accounted for only with great difficulties arid considerable

uncertainty. Ground water conditions, in general, would have to be much

better understood than they are at present to make a definite answer to

any of these questions possible.

The runoff for the period 1911 to 1932, inclusive, for the ATC

area by water years had a mean value of 21.53 inches with a probably error

of .70 inches and a standard deviation of 4.89 inches. The correlation

coefficient with the final pine growth curve is .67. The regression

equation is R 23.14 T - 0.90, with a standard error of 3.65 inches.

Using the regression equation given, the differences bet'ieen the

observed and computed values of runoff for the period from 1900 through

1954 were obtained. The average error in these thirty-five values is

about 20 percent, expressed in terms of the observed values. Only eleven

of the thirty-five values are greater than the mean error value. Five

of these differences are so large that discarding them reduces the aver-

age error to 13 percent. A cumulative plotting of these errors is shorn

graphically in figure 19k.

The precipitation figures for the water year, October 1st to
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October let, were found to agree better with pine growth than the calen-

dar year figures. In the graphical comparison of precipitation, pine

growth, and runoff, (fig. 20), it was particularly noticeable that the

increase in the precipitation in 1920 over that of 1919 was a great deal

larger than the increase in runoff for the corresponding time. The pre-

cipitation gain was about 17 inches opposed to the runoff gain which was

about 3 inches. The tree growth for the same time showed a moderate in-

crease corresponding closely to that of the runoff. This one eccentric

value in the precipitation curve was disregarded in calculating the re-

grossion equation for the precipitation in terms of the tree growth be-

cause it was regarded as an unusii1 stray point. Disregarding this one

value, the mean for the period was 50.35 inches, the standard deviation

7.52 inches, the probable error of the mean 1.11 inches, and the cor-

relation coefficient .70. The regression equation is P 36.62 T + 14.71,

with a standard error of 5.40 inches. Compared with this for the same

period, the correlation coefficient, including the value for 1920, is

.61, which shows that this one value (1920) would lower the degree of

agreement considerably. For the period 1904 through 1932, the correlation

coefficient is .60, and for the period from 1900 through 1932 it is .62.

With calendar year precipitation, the value for 1920 was not so

eccentric as in the water year grouping but the correlation was consider-

ably lower. For the period from 1911 through 1932, the correlation co-

efficient was .59. From 1904 through 1932, it was .56 and for the period

from 1900 through 1932, it was .57.

The differences between the observed precipitation values and
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those computed from the regression equation for the water year precipita-

tion figures gave an average difference value of nine percent of the ob-

served values. These precipitation differences are shown graphically

in figure 19B.

The comparison of the pine curve, the calendar year runoff, and

the water year precipitation is shown in figure 20. These values are

prepared in a large scale to afford better opoortunity for a direct com-

parison of the data. It may be seen from the curves that both the run-

off and precipitation, in general, parallel the tree growth figures

quite closely. In particular, in 16 of the 22 years, the runoff curve

rises and falls at the same time the growth curve does. Similarly, in

17 of the 22 years, the precipitation curve and the growth curve show

the same tendencies. Also, the precipitation and runoff show this sünil-

arity in 19 of the 22 years. In one particular case there is a striking

difference, that being the year 1920, mentioned elsewhere, in which the

precipitation increased a great deal more from the previis year than

either the tree growth or the runoff.

An examination of figure 21, which is made up in the same way for

cedar growth as the one just mentioned for pines, shows that the cedar

growth and precipitation and runoff figures parallel each other in about

the same degree as was detailed above for the corresponding figures with

the pine growth.

An attempt was made to ascertain whether a close enough relation-

ship existed between mean annual temperature and tree growth to be of

any use in this investigation. The regular standardized tree growth
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figures were used for the comparison with mean annual tenipereture. Mean

annual temperatures for the available stations were used to arrive at a

mean annual temperature figure for the ATC area by the Horton method.

These figures showed a very small variation from year to year and it is

logical to assume that these differences in temperature figures are too

small to yield any reliable comparison. The correlation coefficient

was -.11, whichis, of course, meaningless. It would be better perhaps

to consider monthly figures rather than annual averages, or to consider

the temperature during the growing season alone. Although this was not

done, the writer believes, in the light of the precipitation-evaporation

ratio study in which temperature plays an important part, a reasonably

high degree of relationship would exist.

The results of the correlation studies made with a different set

of average pine growth figures, using only thirteen trees and hydrological

data, are presented in tabular form below.

TABLE II

Year Equation

Correlation
Coefficient

Standard
Error

Calendar P (unsmootheci) Not computed .68
Water 'I = 42.01 T - 9.49 .71 5.28
Calendar P( smoothed ) = 17.76 T + 33.74 .43 3.01
Water

'I ) = 28.21 T 23.37 .53 3.67

Calendar R(unsmoothed) 27.71 T - 5.41 .71 3 46
Tater " ) 26.71 T - 4.90 .63 4.13
Calendar R( smoothed ) 20.75 T + 1.16 .64 2.06
V,ater 25.38 T - 3.73 .68 2 27

PPrecipitation T Pine Growth
RRunoff Units are inches for precipitation and runoff
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From the table, it can be seen that the two unamoothed figures (runoff

and precipitation compared to tree growth) are the highest. If smoothed

figures are desired, the Hanned figures have been determined, showing a

decided relation. An examination of Table III shows the Hanned figures

to be of lower order than the unsmoothed values. This is a reversal of

the usual results but the occurrence can be satisfactorily explained.

A previously mentioned, the year 1920 was omitted in the calculation

of the unsinoothed relation but in the case of the smoothed relation this

was not done. The reason for not omitting this wild point was because

of its effect on the years immediately preceding and following it. When

the three years-1919, 1920, and 1921were left out, the smoothed figures

were higher than the unsmoothed ones as is the usual result.

The results of the correlation studies made with cedar growth and

the hydrological data are represented in tabular form below. The equa-

tions given there express the precipitation and runoff in terms of the

cedar growth.

TABLE III

Correlation Standard
Coefficient Error

Year Equation "SE"

Calendar P(unsmoothed) 33.15 C - 17.94 .65 4 66
'Vater ' ) = 43.56 C - 6.91 .70 5 40
Calendar P( smoothed ) = 25.83 C - 25.37 .63 2 59
Water " ) = 35.27 C - 15.81 .67 3 23

Calendar R(unsmoothed) = 25.19 C - 3.49 .61 3.87
Water " )=24.9oc- 3.66 .56 4 41
Calendar R( smoothed ) = 19.39 C - 2.13 .60 2.14
Water " )=22.o7c .91 .59 2.49

P Precipitation C Cedar Growth
B Runoff Units are inches for precipittion and runoff
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As an example of the use of these, the precipitation for the water year of

1905 computed from the equation is 49.60 inches. Comparing this with the

observed figure, 50.07 inches, the computed figure is seen to be only .47

inch under the actual figure. Similarly for 1904, the computed figure

is 47.86, 5.46 inches over the observed figure. Averaging the errors

between computed and actual precipitation figures from 1904 to 1932,

gives slightly more than an error of ten percent.

The figures for calendar year runoff indicate an average error of

slightly less than twenty-one percent. The Hanned figures for the same

set indicate an average error of less than thirteen percent, but it must

be remembered that the latter are figures from averages, not from the

actual values, which vary much more widely among themselves than the

averaged ones.

axiinum si-id Minimum Values

In the final set of growth values, the maximum tree growth for any

one year is 1.67, for the year 1842; the previous year is 1.66 and the

one preceding that is 1.40. This succession of three years exceeds any

other three successive years' growth by a considerable amount. When it

is realized that this growth is the average from a group of trees in wide-

ly different locations and therefore could not be accidental, as might

be the case in the use of one or two trees, it will be realized that

these were years of unusually favorable growing conditions. Since the

runoff-tree growth correlation coefficient is about .70, it is indicated

that these must have been years of tremendous precipitation and runoff,
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probably far exceeding the record year 1929. Contrasted with this, the

year of lowest growth was 1775 in which the growth value was only .545.

The preceding and following years were .932 and .870, respectively-. The

second following year has a value of 1.143. The years 1832 and 1833 are

the lowest consecutive ones, the pair being .696 and .677. These indic-

ate extremely low precipitation and runoff of not more than 75 percent of

that in 1930 and 1931, which are the lowest on record. These figures

quoted are for the 245 years' record of the tree growth and the 22-year

record of runoff. (The above mentioned values are taken from Table IV,

AVERLGE TREE GROWI'H A-.T-C AREA, and Table V, PRECIPIThTION IN INC1LS COM-.

PUTED FROM TREE GR0WH A-T--C AREA.)

TABLE IV

The average of 27 specixnens,selected for distribution, makethese
figures representative of the pine growth in the A - T - C Area.

AVERAGE TREE GROVTH - 1690-1935

A - T - C AREA

.0 1 2 3 4 5 6 7 8 9

1690 1.04 1.17 1.02 1.01 1.11 0.94 0.87 0.98 1.08 1.23
1700. 1.07 0.98 0.94 0.82 0.76 0.89 0.84 0.78 0.91 0.71
1710 0.82 1.06 1.36 1.01 0.93 0.55 0.87 1.14 1.52 1.20
1720 0.89 1.03 1.20 1.35 1.47 1.35 1.27 1.36 1.07 1.06
1730 1.17 1.10 1.14 1.35 0.84 0.83 0.89 1.08 1.16 1.22
1740 1.11 1.31 1.56 1.20 0.91 0.94 1.13 0.90 0.83 0.83
1750 1.00 0.92 0.86 0.78 0.75 0.79 1.01 1.21 1.24 1.45
1766 1.07 0.83 0.76 0.84 1.08 1.08 1.13 1.05 1.02 0.88
1770 0.85 0.98 0.88 0.72 0.76 0.93 1.16 1.26 1.35 1.38
1780 0.97 1.15 1.22 1.24 1.10 0.98 0.98 1.09 1.10 0.73
1790 0.71 0.77 1.00 1.20 1.21 1.19 1.18 0.84 0.66 0.86
1800 0.89 1.05 1.01 0.97 1.15 1.06 0.88 0.92 1.14 0.94
1810 0.92 0.79 1.00 0.77 0.92 1.14 1.12 1.25 1.20 1.04
1820 0.98 0.98 1.10 0.87 0.67 0.82 0.81 1.04 1.12 1.16
1830 1.10 1.11 0.70 0.68 0.91 1.12 1.00 1.06 0.91 0.74
1840 1.40 1.66 1.67 1.07 1.27 1.27 1.05 1.39 1.03 1.00
1:850 0,98 1.11 0.87 0.89 1.11 1.20 0.88 0.94 0.93 1.40
1860 1.40 1.48 1.17 0.91 1.13 075 0.82 0.82 1.01 0.88
1870 1.33 1.16 1.06 1.08 0.90 1.14 0.98 1.12 1.13 0.73
1880 0.81 0.69 1.41 1.20 0.84 0.85 0.90 0.89 0.93 1.30
1880 1.18 0.77 0.98 0.80 0.83 0.88 1.17 1.38 1.33 0.71
1900 0.75 0.95 0.85 0.96 0.96 1.10 1.06 1.16 1.03 1.19
1910 1.04 0.83 0.98 0.S5 0.90 1.19 1.17 1.00 0.95 0.88
1920 0.88 0.83 0.89 1.16 1.04 0.82 0.84 0.90 1.17 1.32
1930 0.89 0.86 1.00 1.21 0.86
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TABLE V

PRECIPITATION IN IJCHES - COLJPUTED FROM ThEE GRO1TH

A - T - C AREA

1690 - 1934

0 1 2 3 4 5 6 7 8 9
1690 52.99 57.86 52.33 51.89 55.37 49.32 46.65 50.71 54.38 60.05
1700 54.08 50.86 49.21 45.00 42.73 47.31 45.55 43.57 48.11 40.71
1710 44.93 53.72 64.52 51.81 49.03 34.85 46.76 56.76 70.38 58.74
1720 47.49 52.55 58.92 64.34 68.81 64.34 62.00 64.71 54.23 5.55
1730 57.67 55.18 56.54 64.16 45.73 45.22 47.31 54.38 57.27 59.43
1740 55.62 63.02 72.03 58.96 48.0 49.43 56.25 51.15 45.11 45.15
1750 51.56 48.44 46.43 43.50 42.22 43.86 52.00 59.36 60.31 68.15
1760 54.05 45.26 42.77 45.62 54.38 54.27 56.43 53.50 52.40 47.23
1770 45.99 50.82 47.27 41.41 42.75 49.07 57.45 61.01 64.45 65.26
1780 50.35 56.94 59.69 60.38 55.18 50.75 50.60 54.74 55.22 41.78
1790 40.79 43.13 51.59 58.99 59.10 58.33 58.19 45.73 38.99 46.39
1800 47.31 53.24 51.96 50.27 56.83 53.79 47.05 48.52 56.61 49.43
1810 48.55 43.94 51.56 42.95 48.70 56.47 55.73 60.75 58.66 52.80
1820 50.86 50.68 55.04 46.90 39.58 45.07 44.52 52.91 56.03 57.53
1830 55.22 55.37 40.38 39.69 48.30 55.81 51.48 53.57 48.30 4.00
1840 66.28 75.66 76.03 54.08 59.21 61.37 56.28 65.73 52.58 51.34
1850 50.79 55.66 46.90 47.64 55.37 58.88 47.23 49.32 49.07 66.10
1860 66.21 68.96 57.60 48.19 56.28 42.40 44.78 44.85 52.03 47.09
1870 63.46 57.27 53.83 54.56 47.78 56.76 50.79 56.03 56.25 41.78
1880 44.45 40.05 66.57 58.88 45.70 46.03 47.78 47.64 48.96 62.66
1890 58.04 43.02 50.90 44.30 45.26 47.12 57.82 65.33 63.42 40.90
1900 42.29 49.76 45.95 49.91 50.09 55.33 53.72 57.27 52.44 58.30
1910 52.95 45.26 50.68 46.06 47.89 58.48 57.67 51.37 49.80 46.98
1920 47.23 45.15 47.31 57.27 52.84 44.85 45.62 47.82 57.60 63.20
1930 47.60 46.47 51.52 59.18 46.39
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HISTORICAL DATING
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Perhaps one of the most interesting phases of dendrochronologicel

work is the dating of unknown sections of wood. The success of the

Douglass dating technique in the Southwest has been of tremendous value

to the students of history and prehistory. Here historic dating has

played an important role in the establishment of the tree-ring chronology.

Vith this thought in mind, it was believed that the log cabins built by

the early settlers of the Tennessee vUey in the latter part of the

eighteenth and the first part of the nineteenth centuries would be of

great value in establishing a long time chronology.

It was fortunate for this study that all of the old cabins which

were to be flooded by the iilding of Norris dam were torn down. Many

specimens were obtained by following the wrecking crews from one part of

the valley to another.

It was not until the specimens were more carefully analyzed. that

it was realized that approximately 90 percent of the sections were not

suitable for dating. Foremost among the difficulties encountered were

the species of wood used in the building of the cabins. Poplar was used

to a considerable extent and, as previously discussed, did not lend it-

self to the dating technique. Much small oak was used. Nevertheless,

many of the cabins had sufficient pine in them to warrant continued

collection of the log specimens. The use of young timbers almost ex-

clusively by the settlers in the construction of their homes added

further difficulties to the problem of dating. The longest ring record

found in any of the log cabin specimens representeó a sequence slightly over a



48

hundred years. It seems that the builders had developed a complete

understanding of the selection of timbers which would be the easiest

cut. However, many of the cabins yielded datable material.

A much data as possible was collected concerning the building

of the cabins, such as, the date built, by whom, and any other bits of

interesting history that could be related by the occupants or the onerc

of the property. In later paragraphs several cabins and their history

will be discussed in some detail.

Technique

The master chart and the skeleton plots are the necessary tools

in dating unknown specimens. The method of their formulation end use

has been discussed in a previous paragraph. Skeleton plots were pre-

pared for all the specimens collected from a cabin. Before any attempt

was made to date the individual specimens they were cross-dated among

themselves and a composite skeleton plot made. This composite plot was

dated, if possible, and then the individual specimens were fitted into

the master chart. It was believed that the use of the composite plot

would be of considerable value in the dating of young and also more com-

placent specimens. Time after time, this theory proved valuable, be-

cause the ring sequences of many of the individual specimens could not

be identified with certainty until the composite was dated.

Results

For the sake of brevity, only a few of the individual cabins will

be discussed. The ones selected for discussion represent an average of
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the conditions of the entire cabin collection both as to the types of

wood used in their construction and their databiity.

The old Buckner cabin, two and one-half miles south of Maynards-

vile and one mile east of Highway 33, was reported to have been built

by one William Pressley Buckner in the year 1788 (Plate VIa). The

specie of wood used in the construction of this cabin was white oak

which grows rapidly under favorable conditions. Because of the size

of the rings and the shortness of their record, only five specimens

were collected from this cabin. No dates were obtainable and there-

fore no corroboration of the reported building date was obtained.

The Murry McNielly cabin near Arthur was reported to have been

built approximately one hundred and twenty years ago (Plate VIb).

Severa]pecies of wood were used in the construction of this old place;

hickory, oak, and a few pine logs. The ring records of the pine speci-

mens were short and complacent and no dates were obtainable.

The old Crumley barn near Walnut Grove was reported to have been

built approximately seventy-five years ago (Plate Vhs). Pine logs

were used almost exclusively in the building of this old barn. Many of

the specimens were young and complacent but three cross-dated nicely

and yielded an outside date of 1856. Although the bark was not present,

it was believed that the date obtained was very near the cutting date.

The Carter cabin near Walkerts bridge on the Clinch river was re-

ported to have been built after the Civil War.(Plate VIIb). Eight

datable pine logs were obtained from this cabin. Five of the specimens

yielded dates of 1883 and the remaining three sections, which were



Buckner cabin near Maynard sville Teun.



PLATE VII

Carter cabin near Walker's bridge on the Clinch river.
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trimmed considerably, dates of 1843, 1847, and 1850. The bark date was

not determined but from the appearance of the specimens, it is believed

that 1883 was very near the cutting date.

The Heatherly cabin at Cloud's ford on the Powell river had no

reported dates (Plate Villa). Pine was used almost exclusively in the

construction of this old cabin. Twenty samples were collected but

several were young and complacent. Seven datable specimens were among

the group and six of them yielded dates of 1645. The remaining specimen

cross-dated nicely but had an outside date of 1821. The bark date was

1845.

The old Sweat cabin in Privy Flats, near Jacksboro, has been re-

ferred to previously. Mr. J. F. Sweat, a descendant of the builder of

the cabin, reported that in his judgment, it was built approximately

one hundred years ago. Four datable pine specimens came from the group

of twelve specimens collected. Three of the group yielded a date of

1868 and the fourth a date of 1845. See Plate VilIb.

The hope that the use of these old cabin specimens would extend

the chronology farther back into the past was futile. Most of the pine

sections collected were undatable because of their complacency and the

datable specimens went no farther back than several of the large living

trees sampled.

It is of considerable interest to note the reaction of the growth

rate after the settlers came into the country. Without fail, as pre-

viously reported, the date of the increase in growth could be correlated

with the beginning of grazing and firing of the underbrush.



PLATE VIII

Sweat cabin in Privy Flats near Jacksboro Tenn.



CHAPTER VIII

ARCHAEOLOGICAL DATING PRCBL4



1. Lewis, T. M. N., 1937.

The thousands of aboriginal earthworks in the river valleys of

Tennessee and adjoining states present fascinating dating problems.

"Throughout the world and back through the cen-
turies man has erected earthern monuments to the
dead. Mounds of every sie and shape, erected by
human hands, have been observed in the United States,
principally in the Mississippi Valley. The people
responsible for their construction are frequently
referred to as the "Mound Builders", with the in-
ference that they were a distinct race which pre-
ceded the American Indian of early historic times.
This conception is erroneous, since the evidence
uncovered by scientific investigators has shown
conclusively that the mounds were constructed by
the Indian groups which were ancestral to those
that occupied this continent at the advent of the
European peoples."'

It is a recorded fact that some of the mounds were used up tothe middle

of the eighteenth century. In the fertile river valleys of northeastern

Tennessee are hundreds of mounds about which nothing is known. Those

sites have been, to some extent, despoiled by the pothunter in search

of curios but it was not until recently that any scientific investiga-

tion has been attempted.

Almost every mound excavated to date has yielded wood material

either in the form of charcoal or decayed wood. The writer's contact

with the archeologists doing the work has led to the preservation of all

the wood material in hopes that from at least some of the specimens

dates would be obtained.



Preservation Technique

The preservation of the specimens involved several problems which

differ to some extent from the technique established in the Southwest.

Here, in this extremely moist area, the specimens are saturated with

water and upon exposure to air rapidly disintegrate. The mere use of

a solution of paraffin and gasoline is not enough to drive off the water

and preserve the specimen. Several methods were employed to first drive

out the water before attempting to use the paraffin solution. The most

efficient and the costliest method is to place the specimen in an

acetone solvent, leaving one end exposed. The solvent forces the water

to the exposed surface where it is evaporated. After the driving off

of the water, the specimens were dipped into a hot solution of paraffin

and gasoline, then wrapped in cheese cloth and dipped in the solution

again.

Much of the excavating is done during the winter months and it

was çuite an experience to have the wet, freshly excavated, specimens

freeze in one's hands. Considering the adverse conditions for natural

preservation of the wood in the soil, it is remarkable that so many

specimens have been taken out and preserved for future study.

Dating Technique

The use of the master chart and the skeleton plot, as previously

described, are the techniques employed in dating. Although no dates

have been obtained for any of the mounds in the area, it is believed

that with considerable more work in the field and in the laboratory in

52
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building up the chronology arid analyzing the collected specimens that

there is an excellent possibility of identifying at least some of the

specimens in terms of the dated sequence.

The species of wood found in the mounds are: oak, hickory, pine,

and cedar. The oak, hickory, and pine are generally found in the form

of charcoal either in the hearths or as charred bits of wii and roof

material. Cedar was used by the aboriginal builder for dwellings,

stockade walls, ramps, and burial covers. The use of wood in the culture

of the builders will be discussed in the following paragraphs.

Ramps

Many of the large ceremonial structures in the area were entered

by means of a ramp. This inclined clay plane was studded with cedar logs

placed at regular stepping intervals. See Plate IX. As can be seen in

the photograph, only the heartwood of the cedar remains and consequently,

it would be almost impossible to ever give any cutting date for the logs.

These ceremonial earthworks were occupied time after time as can be

shown by the superimposition of the post-mold patterns and the ramped

entrance ways. Yhether the reoccupations were immediate or some time

elapsed between occupation cannot be determined by the cultural remains

found in association with the various occupation levels. The one hope

is that the logs in the ramp, and those found in the post-molds, will

eventually be dated.

Stockade Walls

Much raiding and warfare must have occurred among the tribes
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the cedar logs is part of the heartwood
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occupying the region. Every site was either built in inaccessible places

or provided with man-made means of protection. Villages were built on

islands whenever possible, and a further means of protection against

marauding groups were the stockade walls which surrounded the entire

village site. Plate Ia shows a village site on the point of an island.

The Tennessee river can be seen in the upper background and a slough in

the left foreground. To further aid in their protection, a stockade

was erected and the photograph reveals a line of post-mold patterns

of about 350 feet in length. The diameter of the posts ranged from

six to ten inches. It is of interest to note that the state of pre-

servation of the posts in upright positions was poorer than those found

in the horizontal position. The reason for this occurrence is obvious.

Upright posts permit a continual admittance of water into the cellular

structure, thereby causing a more rapid disintegration.

Dwell ing a

Plate Xb illustrates the typical dwelling of the area. The post-

mold pattern outlines the form of the structure with an entrance passage

in the upper background. A fire basin, with a raised clay lip, can be

seen just to the left of the center of the structure. In many of the

cases these basins contained charred fragments of wood. Several pottery

vessels are lying on the floor in the midst of the charred remains of

posts, poles, and cane.

Charcoal

The charred remains of the posts, poles, and cane from the dwefling



PLATE x

Post-mold pattern and burned rexnins of a dwelling.
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walls, and the charcoal from the hearths, are excellently preserved and

offer the beet means of dating the sites. Plate XIa shows a typical

hearth with the remains of a fire in situ. The species of wood used as

fire material varied depending on the natural vegetation surrounding the

site. In most cases, however, hardwoods, such as oak and hickory,were

used, but in some instances pine and cedar were also found in associa-

tion with the fire basins. It is more than probable that the hardwoods

were used because they would naturally give a hotter and longerlived

fire. Much of the ultimate dating depends on these charred fragments.

The Use of Wood in Burials

The practice of burying the dead in small pits was prevalent in

the eastern section of Tennessee. These small pits were lined with bark

and the body was placed in a flexed position in the pit and covered over

with cedar cleats and bark (Plate XIb). It is true that these cleats

are small pieces of wood but in several of them that have been examined,

there were several hundred rings of growth. Cedar was used almost ex-

clusively for the cover material, arid in the Tennessee area the growth

rate of cedar is very slow, giving long ring sequences even though the

specimens average rather small.

Status of the IVork

The preceding paragraphs have merely outlined the occurrence of

wood in the culture of the area. No direct attempts at deting have

been made by the writer. Crossdating between some of the specimens
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has been done and a tentative floating chronology established. However,

the archeologists of the area are collecting all of the wood revealed

by excavation and preserving it for an intensive study at a later date.

It has only been during the more recent work in the area that any

attention has been paid to stratigraphy and relative culture dates. In

the past so much stress was placed on the saving of whole pottery ves-

sels and unusual artifacts that sherds and stratigraphic evidences were

neglected. But now the workers in the field realize the importance of

these bits of evidence and considerable work along these lines is being

done. The wood is being saved for future study, and sherds are being

sent to the Ceramics Laboratory at Ann Arbor, Michigan, for analysis,

and stratigraphic tests are being made. Because of the lack of strati-

graphic knowledge and relative sequence dates of the cultural remains,

the problem of tree-ring dating becomes doubly important and at the

same time more difficult because of the lack of guide and check clues.



CHAPTER IX

CONCLUSIONS
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A dendrochronological study in any area presents many problems

which will differ to a considerable degree from the problems encountered

in other areas. It is true, however, that the basic fundamentals are

the same. The work of Dr. A. E. Douglass in the Southwest has opened

up this new field of investigation. The hydrologist, meteorologist,

climatologist, and archeologist all owe Dr. Douglass a tremendous vote

of thanks for his painstaking researches during the past thirtyfive

years. In these researches he has matched wits against nature and come

out the victor.

Taking a general view of the work done in this study, a thorough

investigation of the trees available in the area was made and a careful

and extensive treatment was given the data derived from the tree sam-

pies and from the compiled hydrological data. The number of tree sam-

pies was ample to give reliable assurance that the true growth curve

for the area was obtained. The stream flow records were in such close

agreement for the periods in which actual obeerved data could be used

that the extension of the data by computed relationships was highly

satisfactory. The precipitation data, while somewhat scanty, were still

of sufficient duration and for a large enough group of stations to af-

ford a good record for the area.

The results obtained are highly consistent among themselves.

For instance, the correlation coefficients for the various combinations

of runoff and precipitation with tree growth ranged within narrow

limits and a regrouping of one of the species of trees to correct
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certain discrepancies consistently raised the correlation coefficient

in the several combinations wtth the group in which the correction ras

made.

The degree of dependence of tree growth end runoff uton precipita-

tion apiJears, from the size of the correlation coefficients, to be such

as to indicate that there are other important factors influencing them

but that precipitation is the largest single item. It had been sug-

gested that since both runoff end tree growth were affected by a number

of factors other than precipitation, the relation betreen runoff and

tree growth might be higher than precipitation and tree growth. The

findings of the study seem to indicate that this is not the case. The

fact is probably that the factors influencing tree growth and runoff,

each of which is dependent upon vrecipitntion, ara uite different, and,

therefore, both tree growth end runoff are more closely related to pre-

cipitation than to each other.

The relationships defived from both pine mad cedar growth ap oar

to be close enough to be of definite value in estimating nast preciolta-

tion and runoff. However, in this area the pine s:ecimens appear to be

the more reliable for several reasons, these being the legibility of the

ring seouences, the even distribution of the growth over the entire area

involved, and the lack of abnormalities in ring structure. The relation-

ships derived and the existing pine growth record would enable calcula-

tions to be made of both precipitation and runoff from 1690 to the

present. Such estimations would he invaluable to those intc'rested in

the problen of water storao and utilization.
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The dating of some of the historic log cabins has yielded some

interesting data, both as to legend and as to definite dates assigned

to the building of the structures by the descendants of the early set-

tlers. These specimens have further proved valuable in that they help

check the effects of the environmental conditions upon the forest cover

in the early years of settlement and later after the subsequent changes

were made in the forest cover by grazing, clearing, and firing.

Although no actual archeological dates have been determined, a

thorough foundation has been laid for such a study. Then this study is

made, it is believed that at least some of the acheological sites will

be dated in the terms of the Christian calendar. Also, it is believed

that the study will yield further information as to the early climatic

conditions of the area and will extend the record back many years into

antiquity.

The writer would like to suggest other areas in the Southeast

which would be of value not only to the study of the hydrology but also

to the study of the archeology of the region. The proposed investiga.-

tion areas are graphically presented in figure 22. If, and when, these

areas are studied, the results will not only check the study in the

Clinch river area but will also yield an estimate of the annual flow of

the main Tennessee river into which all these upper tributaries flow.

Another suggested study would be the relation of tree ,rowth

to crop yields. Since both are directly concerned with rainfall and

the soil arid subsoil moisture, it is believed that such a study would be

invaluable if a suitable relation existed to the anticipated planting
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and yield of the crops in the area. This has been discussed with

Dr. Charles F. Sane of the Department of Agriculture who is very in-

terested in the results that might be realized from such a study. He

has expressed his willingness to aid in every possible way by furnish-

ing crop yield data, clerical assistance, and his knowledge of crop

growth and methods of analysis.

It is the sincere hope of the writer that at least some of the

data derived from this study will be of use to other workers in the

field, whether it be in the Southeast or elsewhere.
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