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LANDSLIDES IN THE NASHVILLE, TENNESSEE AREA 
- WINTER 1975 

By 

Robert A. IVliller1 and John D. Wiethe2 

ABSTRACT 

Abnormally high rainfall dwing the winter of 1975 
resulted in numerous landslides in suburban areas 
of Nashville, Tennessee. They occurred principally 
in construction-altered colluvium on steep slopes of 
hills adjacent to the Highland Rim escarpment. The 
colluvium is derived from the weathering and 
erosion of the siliceous Fort Payne Formation, and 
is composed chiefly of silt- to clay-sized fragments 
of silica with some fragments ranging up to boulder 
size. 

The predominant form of movement is slump 
with some earthflow in the lower zone. Some of the 
slides appear to be translational in character. The 
slides average about 200 feet (61 meters) in width, 
150 feet (46m) in length, and have scarps ranging 
from about 3 feet(1 m) to 24 feet(7m). 

These slides are significant because they 
occurred in residential subdivisions with resulting 
financial loss to many property owners. Damage 
ranged from minor cracks in retaining walls and 
foundations to major structural failure of resi
dences. Roadways and driveways were crumpled, 
dislocated, or cracked. · 

Considerable potential for slump exists in un
developed colluvial hillslopes along and adjacent to 
other parts of the Highland Rim escarpment. Similar 
hazardous conditions in these areas may best be 
avoided by detailed mapping of slide-prone 
materials, modified construction and grading codes, 
and zoning. 

INTRODUCTION 

The abnormally high rainfall of the winter of 1975 
resulted in serious flooding in Middle Tennessee, 
culminated by the near-record floods of March 
11 -13. A little known result of these rains, however, 
was the initiation of numerous landslides in 
south-central Davidson and north-central William
son Counties. Although these gravity movements 
were individually small, their composite economic 
impact was significant since they occurred in 
residential subdivisions with numerous incidences 
of property damage. 

The Division of Geology, in its continuing 
program of studies in the field of environmental 

1Chief Geologist. Tennessee Division of Geology. Nashville. 

2Geologlst. Tennessee Division of Geology, Nashville. 

geology, has investigated as many of these sites as 
possible, and the results of this investigation are 
presented herein. It is hoped that this report will be 
of value in assisting those agencies that have 
responsibilities in the areas of planning, zoning, and 
construction codes so that similar hazardous 
conditions can be avoided or minimized in the 
future. 

This report was prepared under the direction of 
Robert E. Hershey, State Geologist. Photography is 
by Gary 8 . Pinkerton, illustrations by Pat S. Mays, 
and editing by Phyllis M. Garman, all of the Division 
of Geology. 
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PHYSIOGRAPHIC SETTING 

The landslides discussed in this report occurred 
principally in south-central Davidson and north
central Williamson Counties along ridges of the 
dissected Highland Rim escarpment and along out
lying hills within the western periphery of the 
Central Basin (fig. 1 ). 

The higher hills with associated gravity move
ments are those within the upper Otter Creek 
watershed and the Beech Creek watershed, both of 
which are tributaries to the Little Harpeth River. 
Many of these hills have summit elevations over 
1000 feet(305m). In general, the summit elevations 
to the west are considerably lower, averaging just 
over 900 feet(274m) . 

The outlying hills are characterized by their steep
ness in addition to their higher elevations and 
considerable relief. Some of the upper slopes 
exceed 50 percent with the lower slopes being 25 
percent or less (25 feet of vertical rise in 100 
horizontal feet). The normally abrupt change in 
slope corresponds generally to the base of the 
Chattanooga Shale. 

In the western part of the study area the terrain is 
characterized by fewer single hills . and more 
irregular, narrow ridges. These are expressions of 
the highly dissected nature of the Highland Rim 
escarpment, much less distinct here due to valley 
development of Harpeth River and its lower 
tributary segments. Slopes are also steep here, 
some being in excess of 50 percent . 

GEOLOGY 

The study area is located on the northwest flank 
of t he Nashville dome, with regional dip being just 
under J.'2° to the northwest. Local dip varies greatly 
in direction and ranges up to about 5° . Fort Payne 
Formation (Lower Mississippian) rocks cap the 
Highland Rim in the area and many of the higher 
outlying ridges and hills within the Central Basin . 
The Chattanooga Shale (Upper Devonian), which 
immediately underlies the Fort Payne, marks the 
general break in slope noticeable along these hills 
with the base of the shale usually at or just below 
the change in slope. Rocks underlying the 
Chattanooga range from Middle Devonian (Pegram 
Formation) to Upper Ordovician ( Leipers Forma
tion). 

The source of the colluvial material in which most 
of the slides have occurred is the Fort Payne 
Formation. Unweathered, this unit is composed of 
siltstone, shale, and chert with local lenses of 
limestone. At or near the surface, however, the 
formation is almost everywhere weathered to a 
rubble of chert, siliceous residue, and shale chips all 
in a matrix of clay-sized silica fragments. It is this 
material, transported by creep, natural slump, and 

3 

slope wash that collects near the base of the 
Chattanooga Shale and on the slopes below it 
forming the colluvial wedges in which the slides 
occur. 

The Chattanooga Shale is grayish black, carbona
ceous, and very thinly laminated; it ranges in thick
ness from 10 to 20 feet (3 to 6m) in the study area. 
In some zones it is also deeply weathered, and the 
resulting clayey residue adds to the matrix of the 
colluvial material as well as contributing to the 
potential for instability by forming a weak, 
impervious zone where it underlies colluvium. 

The rock units underlying the Chattanooga are 
composed principally of limestone. Minor sand
stone (Pegram), shale, shaly limestone, or claystone 
(Dixon Formation, Waldron Shale, Osgood Forma
tion, and Mannie Shale) are present locally. The 
limestones range from thick-bedded units (Laurel 
and Lego Limestones) to thin-bedded units 
(Catheys and Leipers Formations). Most of these 
rock units weather to a thin, weak, and relatively 
impervious residuum. This residuum underlies the 
colluvium in most places . 



Figure 2. Development of colluvial slopes. The colluvium is the wedge of material downslope from 
a_rrows. The black layer represents the Chattanooga Shale, which is overlain by the Fort Payne Forma
tion ~nd is underlain by various limestone units. Arrows indicate movement of weathered material by 
gravity and slopewash. As the hillslopes retreat. the colluvial collar becomes thicker and wider. 
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THE NATURE OF THE LANDSLIDES 

ORIGIN OF THE COLLUVIUM 

The majority of the gravity movements studied in 
this report occurred in colluvium. This is a general 
term applied to any loose1 heterogenous, and inco
herent mass of soil or rock fragments deposited 
chiefly by gravity, usually at the base of a steep 
slope or cliff. It also includes the products of sheet 
erosion 3. In the study area the material has been 
derived principally from the weathering and erosion 
of the Fort Payne Formation. As the Highland Rim 
escarpment has retreated outward on the flanks of 
the Nashville dome, remnant hills and ridges remain 
within the Central Basin. The same Fort Payne 
rocks capping the Highland Rim also cap these 
remnants. It is the siliceous debris supplied by these 
rocks that comprises the bulk of the colluvium both 
along the escarpment and around the outlying hills 
and ridges. In other words, this colluvium repre
sents the wastage of the retreating hill slopes and 
forms wedges and collars of weak, unconsolidated 
material with its upper limit normally at the break in 
slope on the hillsides (usually at the base of the 
Chattanooga Shale). This is illustrated in figure 2. 

COMPOSITION OF THE COLLUVIUM 

The majority of the material comprising the 
colluvium is silt to clay sized (i.e. ranging from less 
than 1 /256 mm up to 1 / 16 mm). Included in this fine 
matrix are larger fragments ranging in size from fine 
sand to boulders . These larger fragments normally 
comprise less than 20 percent of the total volume of 
the material with silt comprising about 50-60 
percent and clay about 30 percent. The following 
table summarizes size distribution in a representa
tive sample: 

TABLE 1. PARTICLE SIZE DISTRIBUTION IN A 
REPRESENTATIVE SAMPLE OF COLLUVIUM. 

[DELLROSE SOIL TYPE] 

Percentage Passing Classification 
Depth No. 4 No. 10 No. 200 
from sieve sieve sieve 

Surface (4. 7mm) (2mm) W.074mm) AASHO Unified 

0-14" 50-85 

14" -60" 60-90 

60" -80" 85-1 ()() 

40-80 

55-85 

80-95 

30-70 

45-75 

75-90 

A-2, A-4 GM, ML, CL 

A-4, A-6 GC, CL 

A-7 CH 

Modified from: U.S. Dept. of Agricult ure, Soil Conservation Service, Soil 
Survey, Williamson Co., Tennessee: Series 1961, No. 5, Table 6, p. 84-85. 

3Glossarv of Geology, American Geological Institute. 
4Edwards, et al., 1974, table 7, p. 57. 
5Modified from Glossary of Geology, American Geological Institute. 
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The principal Unified classifications of the 
material are CL (inorganic clays of low to medium 
plasticity, gravelly clays, sandy clays, and silty clays) 
and CH (inorganic clays of high plasticity). These 
classifications correspond to AASH0-4 to 6 and 
AASH0-7 respectively (American Association of 
State Highway Officials system). These materials 
have very low load-bearing capacities and lose 
cohesion when saturated. 

Mineralogically, most of the material is quartz and 
chalcedony. Other minerals present are feldspar, 
mica, kaolinite, and heavy minerals. The principal 
source of these other minerals, as well as some of the 
quartz, appears to be loess (wind-deposited soil) 
mixed with the Fort Payne weathering products. It is 
not known, however, whether this loess comprises a 
significant proportion of the colluvium. 

FORM OF THE DEPOSITS 

The colluvium is present as sheets, wedges, 
collars, or irregular masses at and below the 
normally distinct break in topography. It ranges in 
thickness from as much as 20 feet (6m) to 0 as it 
merges laterally with residual soils or is in contact 
with bedrock. In general, it appears that thicker, 
more extensive wedges of the material are present 
adjacent to very steep (30 percent slope or greater) 
and high-rel ief hil ls or ridges or in narrow valleys 
within these hilly areas. Presence of Fort Payne on 
the hills or ridge tops is not necessary for colluvium 
to be present since some of these hills are covered 
entirely by colluvium and residuum where all Fort 
Payne and possibly all Chattanooga Shale has been 
disintegrated or decomposed. 

In the study area the thicker wedges of colluvium 
appear to be on the hills in the vicinity of Granny 
White Pike (fig. 16). Throughout the study area the 
average width of the colluvial sheets on the hillsides 
is about 500 feet (152m), but the w idth locally 
exceeds 1000 feet (305m). 

TYPES OF MOVEMENT 
Slump is the principal type of gravity movement 

that has occurred in the study area. This is a land
slide characterized by a shearing and rotary move
ment of a generally independent mass of rock or 
earth along a curved slip surface and about an axis 
parallel to t he slope from which it descends and by 
backward tilting of the mass with respect to that 
slope. The curved surface of movement is concave 
upward.5 This movement is illustrated in figure 3. 



Figure 3. Cylindrical rotation in slump with thrusting at the toe (modified from National Academy of 
Sciences, Highway Research Board . Special Report 29). 

Slump does not always approach such a theoret
ical rotational motion resulting in a cylindrical 
surface of slippage. The motion is often more 
"spoon-shaped" as shown in figure 4. 

Figure 4. Slump resulting in a "spoon-shaped" surface of rupture. The slides observed in the study area 
appear to be nearer this form than cylindrical rotation. Typical flowage is shown at the toe. 

Some of the slides in the study area appear to be 
translational. This type of movement involves the 
downslope displacement of the material on a 
surface that is roug hly parallel to the general ground 
surface.6 It is illustrated in figure 5. 

Figure 5. Translational movement of material is essentially parallel to the slope on which the movement 
occurs. 

6Glossarv of Geology, American Geological Institute. 
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In the lower zone of these slides there is some 
degree of earthflow in almost every case. This is due 
to the large volume of water moving through the 
colluvium along the surface of slippage and out at 
the tip of the slide . The flowage may be in the form 
of lobate or hummocky masses (fig . 6) and "rolled
over" zones in the lower portion of the slide (fig . 7), 
grading at the tip into mud flow that has the 
consistency of wet concrete (fig . 8). 

The slides observed in the study area average 
about 200 feet (61m) in width, 150 feet (46m) in 
length, and have scarps ranging from about 3 feet 
(1m) to 24 feet (7m). The height of the scarp is 
essentially equal to the net amount of initial 
movement of the material. 

Figure 6. Lobate and hummocky flow zone at the toe of a 
slump. 

7 

CAUSES OF MOVEMENT 
The material involved in the slides within the 

study area moves naturally in the form of soil creep. 
The amount of movement is imperceptible, being a 
few millimeters to centimeters annually. The 
distinct, abrupt movement involved in slumping was 
due principally to two factors. These were (1) slope 
alteration by various means and (2) excess water 
due to near-record rainfall during the week in which 
most of the slides occurred and the heavy rains 
during the preceding three months. 

In almost every case the slopes had been altered 
by construction within the residential subdivisions: 
This alteration was in one or a combination of three 
modes: (1) steepening of the entire slope, (2) 

Figure 7. "Rolled over" zone at the toe of a slump. 



notching above the toe of the wedge of colluvium, 
and/or (3) removal of the toe. Steepening, in this 
case, refers to increasing the slope angle beyond 
the critical slope, or angle of repose. This is defined 
as the !ocal maximum slope inclination that the soil 
and rock materials underlying the slope can support 
without failure under existing climate, vegetation, 
and land use.7 

The specific manner in which the movements 
occurred and their causes may be illustrated in the 
following sequence of hypothetical conditions and 
events . A road was constructed in or near the 
center of a valley with extensive colluvial slopes on 
either side. These slopes averaged over 20 percent 
grade. The colluvium was notched either at the toe 
or above it for dwelling and/or driveway construc
tion. Masonry walls were constructed to hold back 
the loose material, probably in relatively dry 
condition at the time of construction. Many trees 
were removed , both for convenience in the process 
of construction and for establishment of a lawn. 

Winter rains kept the material at near saturation 
for several weeks preceeding the heaviest · rains. 
During the days of peak precipitation the colluvium 
was totally saturated. Underlying the colluvium was 
a high-clay residual soil that formed a virtually 
impermeable barrier to the downward moving 
ground water. In this saturated condition all 
interparticle cohesion was destroyed. Since most of 
the trees had been removed, the interlocking web of 
root systems, as well as the "anchoring" effect of 
deep roots penetrating the underlying residual soil, 
were gone. With no cohesion and the critical slope 
having been exceeded, the material moved under 
the force of gravity. 

After this initial movement, which occurred 
within minutes or hours, flowage at the toe began 
due to the large volume of water moving through 
the material and along the surface of movement. 
Figure 9 illustrates the manner in which the material 
reacts in a gravity movement of this type. 

Figure 8. Extensive zone of flowage along the toe of a slump. 
The material has the consistency of wet concrete. 

7 Glossary of Geology, American Geological Institute. 
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Figure 9. Development of slump: (al unaltered colluvial 
slope; (b) slope notched and steepened; (cl excess 
water allows material to develop plane of slippage; 
(di movement occurs with resulting scarp, backward 
tilt of slump block, and flowage at toe; (e) additional 
slump is initiated uphill as slump block continues to 
move; (fl transverse cracks and further uphill slump 
result from removal of material at toe or continued 
flowage in lower zone. 



RESULTS OF THE LANDSLIDES 

GENERAL 

Approximately 40 slides were visited after the 
rains of March 11-13, 1975. Although some of the 
slides caused no damage to structures, many 
resulted in damage ranging from minor cracking of 
retaining walls and driveways to failure of dwelling 
foundations and major damage to walls and other 
structures. 

Many retaining walls, most nonreinforced stone 
masonry, failed in varying degrees. Failure was due 
to a combination of the weight of the moving mass 
of colluvium and by the pressure exerted by the 

hydrostatic head of water behind the walls, In most 
cases these walls were not adequately drained, thus 
allowing the pressure to build up. Damage ranged 
from cracks, to bulging, and collapse. 

Driveway damage resulted from two principal 
causes. First, pavi.ng was pushed by the flowing 
colluvium or by bulging retaining walls (fig. 10). 
Some asphalt driveways were crumpled up, as a rug 
would fold if pushed from the edge (fig. 11). 
Second, paving moved on top of the colluvial mass, 
being displaced by the net amount of movement of 
the slide (fig . 12), or dropped with the slumped 
material (fig. 13) . Concrete driveways and parking 
areas exhibited tilting of blocks or cracking. 

Figure 10. Paved surface of driveway pushed by bulging retaining wall. 
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Figure 11 . Crumpled asphalt driveway pushed forward 
by bulging wall. 

Damage to dwellings ranged from minor cracks in 
masonry walls and basement floors to crushing of 
walls and foundations (fig . ! 4). Additional expense 
resulted from the cost of removing colluvium which 
had flowed against dwellings. 

A special problem was created in the case of a 
Tennessee Valley Authority power transmission line 
tower located adjacent to one of the slides (fig. 15 
and map no. 10) . The upper scarp of a slide that 
occurred March 11, 1975 (one occurred in the same 
location in 1974) was only 30 feet downhill from the 
lower legs of the tower. Within two weeks addi
tional transverse cracks had developed uphill from 
the scarp and adjacent to the tower. Within one 
month a new scarp began to form just above the 
upper legs, one of which had begun to buckle. The 
tower was tilting in the uphill direction, indicating 
the base was moving outward as well as downward. 
As this report was being compiled, plans were 
underway by TV A to remove the tower and to span 
the unstable area. 

- I 11- . I ' J" ~1' .,_ .. ,..T~. 1; ~ I 1 ·~- • - • , , }'r . - · , --.·v- jj i ' -::-:::--"·- -.. ' ... '_ . ,.:_ ( 11 . 
' I -~ - +-~ . - ~ t--

•• ---~ ~~4 

Figure 12. Concrete driveway displaced with colluvium that has moved down and to right. 
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Figure 13. Asphalt roadway has dropped as underlying 
colluvium moved down and to left. 

Figure 14. Wall of house has partially collapsed from 
pressure exerted by colluvium seen at lower right . 

Figure 15. Transmission line tower on left has begun to lean and buckle as 

upper limit of slide has moved uphill from the tower base. 
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DATA ON SELECTED LANDSLIDES 

Table 2 summarizes data collected on 14 slides 
within the study area, which.are located on the map, 
figure 16. Parameters included in the table are 
defined as follows: width is the maximum definable 
line of movement, as observed, parallel to the axis 
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of movement; length is the distance measured 
along the surface of the slide normal to the scarp 
(normal to the axis of movement); relief is the 
vertical distance from the top of the uppermost 
scarp to the toe of the slide. The thickness of the 
displaced mass (depth to the plane of slippage) was 
not determined since no drilling was done. 

II 
• 

Figure 16. Location of landslides listed in table 2. Patterned areas include extensive colluvial deposits. 
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TABLE 2. DATA ON SELECTED LANDSLIDES WITHIN STUDY AREA 

Map Tennessee Width Length Relief Height of 
number Coordinates feet feet feet scarp feet 

(meters) (meters) (meters) (meters) 

626,200N., 138 
1,733,900E. (42) 

2a 619,000N., 205 
1,724,BOOE. (62) 

2b 619,000N., 240 
1,724,800E. (73) 

3 615,800N., 262 
1,736,800E. (80) 

4 614,000N., 88 
1,758,300E. (27) 

5 614,200N., 220 
1,759,700E. (67) 

6 610,100N., 162 
1,745,200E. (49) 

7 611,300N., 132 
1,756,400E. (40) 

8 608,500N., 220 
1,756,300E. (67) 

9 606,500N., 155 
1,757,200E. (47) 

10 606,400N ., 154 
1,769,000E. (47) 

11 609,400N., 138 
1,782,200E. (42) 

12 586,600N., 194 
1,759,500E. (59) 

13 585,600N., 110 
1,758,400E. (34) 

125 
(38) 

155 
(47) 

53 
(16) 

111 
(34) 

75 
(23) 

95 
(29) 

105 
(32) 

170 
(52) 

115 
(35) 

100 
(30) 

167 
(51) 

110 
(34) 

240 
(73) 

110 
(34) 

38 
(12) 

58 
(18) 

28 
(9) 

34 
(10) 

48 
(15) 

42 
(131 

47 
(14) 

54 
(16) 

40 
(12) 

44 
(13) 

45 
(14) 

26 
(8) 

50 
(15) 

28 
(9) 

7 
(2) 

24 
(7) 

14 
(4) 

3 
(1) 

10 
(3) 

3 
(1) 

9 
(3) 

4 
(1) 

7 
(2) 

3 
(1) 

6 
(2) 

3 
(1) 

3 
(1) 

Type(s) of 
material 
involved 

colluvium 

colluvium 

colluvium 

colluvium 

colluvium; 
bedrock 

colluvium; 
road fill 

colluvium 

colluvium 

colluvium 

colluvium 

colluvium 

residuum 
(Hermitage) 

colluvium 

colluvium 

14 

Probable causes 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

Damage 

minor 

minor 

minor 

moderate 

oversteepening, jointing, minor 
excessive rain 

oversteepening, loading, moderate 
excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

oversteepening of 
slope, excessive rain 

minor 

moderate 

minor 

major 

major 

Miscellaneous 
data 

joint set parallel to 
axis of movement 

translational 
movement primarily 

CONCLUSIONS 

Although landslides of the general form of those 
described in this report occurred in the Nashville 
area in previous years, there was no single year with 
as large a number as in 1975. This may be attributed 
to two principal factors: (1) three consecutive 
months of abnormally high rainfall culminated by a 
near-record three day·rainfall during which most of 
the slides occurred, and (2) a large number of 
residences with associated roadways constructed 
within the area of the colluvial deposits over the 
past decade. 

Corrective and preventive measures must be 
designed for each site, but generally involve the 
basic principals of ( 1) slope reduction {or re
establishment of the former natural slope), (2) inter
ception of subsurface water, and (3) diversion of 

surface water before it enters the material. Other 
steps may include construction of retaining devices 
or removal of material. All of these methods are 
subject to varying degrees of success. 

Since other zones along the Highland Rim 
escarpment and outlying hills have equal suscepti
bility to this problem, but have yet to be developed, 
the ultimate solution lies to a great extent in the 
planning process. This would involve several areas 
of study and action . First, slide-prone areas must be 
mapped as accurately as possible. Second, 
construction and grading methods and design must 
be tailored to the limits the colluvial and other 
unstable materials can be demonstrated to 
accomodate. Finally, a zoning approach might be 
applied to determine type and density of land use. 
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