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large mammals trampled the ground, thus, bones of
dead organisms were generally broken and delicate
tissues were destroyed. While this environmental recon.
struction seems compatible with all that s known of
the Darks Mill Local Fauna, two lots of <poi] bagk
sediments are not an ideal basis for cnvironmentat
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ABSTRACT

The collapse of a doline in the Port Royal area, Ten-
nessee was investigated in terms of the:
1. bedrock and unconsolidated stratigraphy exposed
at the site;
2. chemical weathering features and products con-
, lrib_mingwimubility;
. engineering character of the soil bridge (overlyin;
three solution chimneys); and ¢
4. collapse mechanism,
The oollnpumedumsm is attributed to short-term
flynamtcloadmgmdthcmodﬂ'mionofthedolineto
mcrease runoff storage capacity.
mom'burdcn stresses acting perpendicular to the
lfulbnd'gcpnortpfaﬂmisenimmed,uﬁngmm—
tmnlﬂnzm mechanics principles, to have been 1.4 to 1.5

INTRODUCTION

The occasional collapse of a doline on the Western
Highland Rim certainly is not an uncommon event,
yet such phenomena have in gemeral gone undocu-
mented. The lack of documentation can in part be
attributed to the traditional notion that karst landscapes
are a random, chaotic collection of solution and
collapse dolines. Recent work indicates rather con-
clusively that such opinions are unfounded. Williams
(1972) investigated several factors affecting the spatial
distribution of dolines. McConnell (1972) utilized
what he describes as a Modified Poisson Distribution
to estimate the probability of occurrence of both solution
and collapse dolines. Both studies indicate the paucity
of geologic data concerning doline change with time,
particularly collapse events.

In July 1973, a newly constructed stock pond on- the
Milton Moore farm, in extreme northeastern Mont-
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gomery County, collapsed (unfortunately a picture was
not available, as the doline collapse was filled in shortly
after fleld examination). The stock pond s
located approximately 4.7 mi north and 0.2 mi east
of Port Royal. Tennessce in an area where numerous
dolines provided natural depressions for runoff collec-
tion. Two months prior 1o the coliapse, a northeast-
southwest trending doiine was modified to increase
runoff storage capacity for livestock. Approximately 2
to 4 [t of residuum was excavaized from the doline
bottom. Thz ellipse-shaped doline, after modification,
measured approximately 225 ft (major axis of eilipse)
by 125 it (mnor axitj with an estimated average depth
of 8 ft.

Runoff, from abundant summer precipitation during
the period of June | to July 15, filled the pond to
capacity. Two days after reaching storage capacity.
the northeastern end of the stock pond collapsed. The
toss of unconsolidated deposits produced a funnel-
shaped void approximately 60 ft long, 35 ft wide, and
30 ft deep (Figure 1). The purpose of this paper is to:

1. evaluate the surficial and subsurface (where ex-

posed ) geologic conditions at the site; and

2. describe the collapse mechanism.

GENERAL Gaowm(r

The study area, located in the east-central portion of the
Sango Quadrangle (1:24,000), exhibits the typical karst terrane
developed on the northwestern portion of the Western High-
land Rim. Excell dary p bility is provided in the
site area by three systematic joit sets oriented N.70-30°E.,
N.2040°E., and N.20-30°W. The major axis of l:he.dn_li!!‘is

the Sango Quadrangl of, in ding order, the St
Louis and Ste. Genevieve limestones of Mississippian age.
Examination of the bedrock igraphy in the @ di;

str
study area was limited to a single outcrop exposed, as 2
result of the collapse, in the bottom of the doline.

The bedrock 2t the site consists of 3.5 to 4.0 ft of intensely
weathered, gray to buff, dii to ined, thin- to

pebbles and in a yellow to reddish,
highly mo clay mattix. The deposit is definitely residuum
derived from the 1] th of the underly-
ing Ste. Genevi gmented PR

of

The area immediately adjacent o the doline has been so severely
eroded that virtnally all of the loess and locss-derived . soils
have been dsplaced and redeposited in the doline as a colluvial
deposil. The presence of minor quantities of chert in the
zolluviom and the discontinuous nature of the loessial
suggest that sheet wash and channelized flow did not remove
uniformly the loess and lotss-derived soils sorr

doline. The soils refiect the discomtinvous nature
colluiium. The Baxter and Pembroke Soils oceur i

mediate area of the site (Smith, 1974). The Baxter Series are
residuzl soils developed from limestone and the Pembroke
soils are derived from loess (Moneymaker, 1968).

CoLLAPSE MECHANISM

A dotine (commonly termed sink hole) can be
broadly defined as a depression, generally elliptical to

produced by the solution of bedrock. The doline
ggnera!lyscrvcsnotonlyasacolbctingbasinfornmoﬁ,
but a point source for primary recharge of ground
water. Infilling of unconsolidated deposits such as resi-
duum, alluvium, and colluvium not mfrequently restrict
swallet openings resulting in a temporary ponding of
water.

The Port Royal doline developed under the same

general conditions described above with the following
three modifications. The rate of carbonate solution was
accelerated differentially along the N.20-40°E. joint set.
The abundance of chert in the residuum augmented the
low permeability of the kaolinite-group clays allowing
increased rates of subsurface ground-water recharge.
Vadose ground water as well as phraetic ground water,
on an intermittent basis, combined to produce three
solution chimneys highly localizing ground water entry
into the subsurface. All of the above factors would
collectively combine to increase the rate of chemical
weathering at the site. There are two factors that
would reduce carbonate solution rates at the site.
. -The major chemical weathering product of the Ste.
Genevieve limestone is a cherty clay residuum. The
increase in thickness of the residunm with time would
retard, at an unknown rate, the solution of limestone
because of the low permeability of kaolinite. The re-
deposition of the loess in the doline would also tend to
retard solution rates. Loess in an in-situ configuration
commonly has a preferred particle orientation. As 2
result the vertical of loess in-situ generally
is greater than it would be after the loess structure was
destroyed following redeposition in the doline.

of the silt normal to the direction of stress. The result-
ant grain-to-grain arch structure in a soil mass pro-
duces typically a rather high void ratio (common|
> 0.75). -
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