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ABSTRACT

Joints in the Fort Payne and Chattanooga Forma-
tions were measured along a section of the northwestern
Highland Rim escarpment in Middle Tennessee. The
area studied extends approximately from Gallatin (Sum-
ner County) in the north to Franklin (Williamson Coun-
ty) in the south. A total of 1,068 measurements were
made at 103 locations. Two prominent trends are in-
dictated for both formations. The most prominent trend
is N 55°-70° W, and these appear to be shear joints.
The secondary trend is N 30°-45° E, and these exhibit
characteristics of tension joints. There is a less promi-
nent trend in the Chattanooga Shale of N 80°-85° W.
A search of geological literature relating to joint studies
was also conducted. Others report joint patterns similar
to those of the present study area, and these trends ap-
pear to be common to all rocks in Middle Tennessee.

INTRODUCTION

Jointing in rock units directly and indirectly affects
excavation and other construction activities. An under-
standing of jointing is also critical in the prevention of
certain types of landslides. Joints also control the rate
and volume of ground water movement in many areas.
Since the northwestern Highland Rim escarpment is an
area that is highly jointed and has slope stability prob-
lems, and is adjacent to an expanding urban environ-
ment, it was selected for this study. The report area
extends from Gallatin (Sumner County) in the north
to Franklin (Williamson County) in the south (Fig. 1).
This study is part of a comprehensive analysis of the
geology and geomorphology of this segment of the High-
land Rim escarpment.

PHYSIOGRAPHIC SETTING

The Highland Rim escarpment is the boundary be-
tween the Central Basin and the Highland Rim Plateau.
In most places the escarpment is very irregular with
numerous valleys extending into the Highland Rim and
with remnant hills of the Highland Rim along the
periphery of the Central Basin (Fig. 1). Along this
outer zone of the Central Basin, the general elevation
ranges from 450 to 600 feet. Numerous high hills
capped by the Fort Payne Formation (lower Missis-
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sippian) and Chattanooga Shale (upper Devonian) ex-
ceed 1000 feet in elevation. The Highland Rim Plateau
is capped by Fort Payne and younger cherty Mississip-
pian rocks with the outlying hills representing the rem-
nants of a once-continuous cover of the Central Basin
by these rocks.
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FIG. 1: Location of study area.
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There are two prominent areas of these Fort Payne
capped hills in Williamson and Davidson counties, in
the west central part of the Central Basin. These
“strings” of hills have an essentially northwest-south-
east orientation. One is in the Oak Hills-Radnor Lake
area and the other is to the north of the Harpeth River



(Fig. 1), There is a third linc of hills just north of and
parallel to the West Harpeth River. Many other scat-
tered outliers arc present around the periphery of the
Basin, but do not have a well-defined orientation.

Relicf on the Highland Rim cscarpment ranges from
400 to 500 feet. The Highland Rim is charactenzed by
a gently rolling topography with the cscarpment dis-
sected by many stream valleys. These decper valleys are
cut into pre-Chattanooga rocks, and the streams flow
into the Central Basin.

JOINT CHARACTERISTICS

Joints arc fractures or cracks in scdimentary rocks
that are vertical or nearly vertical and along which there
has been no visible displaccment. They are of special
interest to geologists because they are a manifestation of
the stress field(s) to which the rocks have boen sub-
jected, and thus offer some insight 10 the structural his-
tory of the arca. They are also zones along which weath-
enng proceeds more rapidly, and they scive as avenues
for the downward movement of ground water.

Joints may be classificd into two major subgroups,
shear joints and tension joints. Each of these types has
distinctive fcatures that allow for wdentification n the
ficld. Shear joints are more common, and are remarkably
planar. They extend cleanly through different lithologies,
cven through concretions cmbedded in shales. Most of

FIG. 2 Shcar jounts in Chattanvopa Shale—G ussaway
member,

them are nearly vertical, but they may be inclined as
much as 15°. The traces of these joints extend over dis-
tances ranging from a few feet to several hundred feet
or more, and commonly disappear under stream banks
or bencath residuum. Shear goints are also “tighter™
when unweathered.

Featherlihe or flamelike markungs arc present on some
of the shear joint surfaces. These are a serics of muaute,
irregular ndges '4* or less wide, with a relief of about
1716" (Roberts, 1941). They are discontinuous and
usually curved, arranged in paralle]l and in echelon. Gen-
crally a separate “plume” is presemt on cach layer
through which a joint passes. ospeciallv in the Fort

Payne Formation where joints project through the
dolosiltites and carbonates into one of the chert layers,
These features have also been observed in the Chatta-
nooga Shale. They are not generally visible on joints in
Middle Tennessee because they disappear quickly upon
weathering.

In contrast to shear joints, the surfaces of tension
joints are typically curved and irregular with a rough,
torm appearance, especially where they cut differemt
rock types. They approach a planar habit in thick
shales such as the Chattanooga. They curve both along
stnke and vertically, and variatuons of 5° to 10 in
stnike in short distances are common. Because of the
irregular surfaces of tension joints, they rarely exhibit
plumose markings, even when unweathered. Tension
joints are uncommon in thickly bedded rocks, such as
the Fort Payne Formation.

In general, the thicker the rock layer, the less nu-
merous and more widely spaced are the joints. either
shear or tension joints. This principle is illustrated by
a comparison of jointing in the Gassaway member of the
Chattanocoga Shale and the overlying lower part of the
Fort Payne Formation. Almost everywhere the Gassa-
way is encountered it displays numerous, closely spaced
joints. Far fewer joints are observed in the Fort Payne,
even where there are fresh exposures showing well de-
veloped jointing.

JOINT MEASUREMENTS

Scveral problems are encountered in measuring joints.
For example, Hoblitzell (1970) found that measure-
ments may vary as much as 8° when the same joint is
measured by different individuals. Joints perpendicular
w a roadcut are especially difficult to measure. Repeated
measurements by the same person may vary by as much
as 8°. This is especially true of joints in the Gassaway
member of the Chattanooga Shale. Therefore, the
measurements given herein may be assumed to have
a possible error range of up to 8° in strike. None of
the measurements noted in this report were corrected
tor magnetic declination (1°E., 1975), since such ac-
CUracy is not attainable.

Joint measurements in the study area indicate two
prominent trends, one to the northwest, another to the
northeast. The most prominent of these is N 60°-70° W
in the Chattanocoga and N 55°-65° W in the Fort Payne.
The second prominent trend is N 30°-45° E in both of
these formations. There is a third, less significant trend
of N 80°-85°W in the Chattanocoga. The northeast trend-
ing jounts appear to be tension joints, whereas the others
are shear joints. Significant vanations on these trends
were not apparent along strike in the study area.

Hoover (1954) measured joints in the Chattanooga
Shai¢ and Fort Payne Formation in DeKalb County on
the Eastern Highland Rim and found two major trends.

The most prominent is N 55°-75° W, and his description
and photographs indicate they are mostly shear jownts.
Hoover's data are in close agreement with those of this

report. .
In another study Johmson (1975) measured joints in

the Fort Payne Formation in the Yellow Creek area of
northeastern Mississippr. and his data likewre indicated
two major trends These are N 54° W = 5° and
N 38" E = §°. He did not state which s the dominant
trend, but his data indicated that the most prominent
1s the northwest trend.

In a study of the Well's Creck Basin, Wilson and
Stcarns (1968) reported two trends of joints in the Mis-
sissippan rocks of that area. These are approximately
N 10° E and N 75° W, with the trends persisting both
inside and outside the deformed area (cryotoexplosive
structure ).

Wilson (1935) measured 350 joint Iincations in Ordo-
vician and Silurian limestones, the Chattanooga Shale,
and the Fort Paync Formation. and found two major
trends, N 50° -80° W and N 10° -50° E.

Although the discussion above centers on dominant
(i.c., majority) joint trends, it should be noted that
joints were measured in the study arca that ranged the
entire 180° arc of the compass.

CONCLUSIONS

Although joints are randomly distributed in the rocks
of Middle Tennessee, certain linear trends are domunant.
The dominant trend of joints in the study arca (N 60°
-70° W) is essentially perpendicular to the axis of the
Nashville dome, and the secondary trend (N 30° -45°E)
is approximately parallel to this axis. Although the
mechanisms by which movement along this axis could
have caused these joints to form are not well under-
stood, their empirical relationships are significant.

The measurements of joints in older rocks in Mid-
dle T have yielded results similar to those data
summarized in this report. A few joints in rocks under-
lying the Chattanooga Shale were measured by the
author in the study area, and they also are simular in
strike to the dominant trends in the Chattanooga and
Fort Payne Formations. All of these data indicate that
these major trends are common to all rocks in the Mid-
dle Tennessee area.

Future studies of jointing and other structural fea-
tures in Middle Tennessce may lend more imsight to the
history and development of the Nashville dome.

The following is 2 summary of factors for considera-
tion in relating joints to human activities:
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I. Jomnts, especially those that are weathered, are zones
or planes of weakness m rock units.

2 In foundation or dam construction, quarrying, or
other excavation, a knowledge of jointing can be
advantageous and deleterious effects can be mini-
mized.

3. Weathered joints are important recharge zones for
groundwater, and understanding them can be of
value in the scarch for groundwater supplics.

4. Jointing may be a factor in slope stability, and may
increase hazards in the event of slope failure. Ex-
cavation activities and structure design should be
talored to those potential problems related to
jointing.
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SUBMISSION OF PAPERS FOR THE
1978 ANNUAL MEETING OF AAAS

The 1978 annual meeting of the American Association for the Advancement of Science
(AAAS) will be held in Washington, D. C. on February 12-18. For the second year in a
row, AAAS will be accepling contributed papers on any subject. No papers will be rejected
(except for time limitations). Though all papers must be submitted by AAAS members,
papers may be authored by non-members. The deadline for submission is October 14, 1977.

For submission instructions, see the May 13, 1977 issue of Science or write the AAAS
Meeting Office, 1776 Massachusents Avenue. N.W.. Washington, D.C. 20036.
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