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Fig. 12. Seismic image, interpreted and uninterpreted, of a secondary dissolution front (centered at trace 1415; Figure 8).
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Fig. 13. Seismic image, interpreted and uninterpreted, of a secondary dissolution front (centered at trace 1615; Figure 8).
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If the paleosinkholes in the Punkin Center area developed in 
a manner consistent with the fracture zone model, then these 
features initiated when the western edge of the receding mar
gin initially passed through the study area. The exact geologic 
rate of salt dissolution is not well constrained. However, the 
leading edge of the salt dissolution margin is now 15 to 20 km 
west of the study area, and the original depositional margin is 
believed to have been about 30 km to the east (Watney and 
Paul, 1980 and Anderson et al., 1994b). These distances imply 
that paleosinkholes could have been developing over a period 
of several hundred thousand years.

The documentation of paleosubsidence features in the 
Punkin Center area indicates that subsidence features are, in 
part, a natural process related to dissolution of the Hutchinson 
Salt Member. Similar patterns of paleosinkhole development 
have been inferred from the salt dissolution zone in the Stone 
Corral Formation of the deep subsurface in western Kansas. 
Therefore, in Kansas, sinkholes and other subsidence features 
are not recent phenomena related strictly to anthropogenic ac
tivities (Walters, 1978). Several dozen recently formed (within 
the last 100 years) sinkholes have been studied and docu
mented in the literature (Walters, 1978,1980,1991). All of these 
documented subsidence features (with the exception of those 
associated with mining activities) developed along the active 
dissolution front. All of these have been attributed to oil and 
gas activities (or in rare instances to mining activities), while 
the contributions of natural processes of dissolution and nat
ural subsidence were not considered. The restriction of such 
modern subsidence features to the area of the active dissolu
tion front and the documentation on the seismic data of pale
osubsidence features in the Punkin Center area indicate that 
preexisting geologic features and ongoing natural processes 
are important components in an improved understanding and 
mitigation of anthropogenic subsidence features.

Natural dissolution along the eastern margin of the Hutchin
son Salt Member is caused by the fracturing of the postsalt 
Permian shale aquitard in response to gradual subsidence as
sociated with the progressive westward migration of the main 
dissolution front. This process satisfactorily accounts for the 
overall gradual westward thickening of the rock salt across the 
dissolution margin. The irregular nature of the margin and the 
formation of sinkholes have been reported along similar active 
salt dissolution fronts (e.g., Oldham, 1995). Rapid changes in 
remnant salt thicknesses from 0 to 40 m in less than 100 m may 
be related to inherited or self-actuated breaks in the continuity 
of the overlying shales and solution residuum. The improved 
access of undersaturated water to the evaporites along these 
conduits could result in localized areas of accelerated sinkhole 
development.

With respect to oil- and gas-related activities, the anthro
pogenic-origin models are usually consistent with the ideas that 
(1) improper well completion or abandonment procedures al
lowed groundwater to come into contact with the Hutchinson 
Salt Member or (2) as a result of corrosion and casing failure, 
undersaturated waste disposal brines were inadvertently in
jected directly into the rock salt strata (Walters, 1978; Johnson, 
1989). In both scenarios, the preexisting geologic conditions 
may affect the continuity of the overlying aquitard and accel
erate ongoing natural dissolution and subsidence processes. 
These conditions may result in a significant predisposition for 
surface subsidence problems related to oil and gas activities.

For example, in local areas of active sinkhole collapse, such as 
along the boundaries of paleosinks, mechanical stresses may 
result in casing leaks and failure. Also, significant salinity gradi
ents would be expected in the areas of actively dissolving rem
nant Hutchinson salt. Salinity gradients could form an electrical 
cell with the oil-well casing, resulting in accelerated corrosion 
at the casing anode. Both of these natural processes could lead 
to loss of casing integrity and access of undersaturated oil-field 
brines with the remnant Hutchinson salt.

DISCUSSION AND SUMMARY

Recent surface subsidence in the areas of Kansas under
lain by the Hutchinson Salt Member has been attributed his
torically to anthropogenic salt dissolution. The explanations 
generally involve improper drilling, well completion, produc
tion, abandonment procedures, or casing failure as a result of 
corrosion. The strongest supporting arguments are that (1) all 
documented sinkholes in Kansas have occurred in the gen
eral vicinity of mine sites or oil and gas wells, (2) there were 
no documented cases of rapid surface subsidence prior to inva
sive activities in Kansas, and (3) the average rate of natural salt 
dissolution was too low to cause substantive surface subsidence 
over a period of years. The weaknesses in the anthropogenic 
origin model are that it does not satisfactorily explain (1) why 
some sinkholes develop significant distances from any recorded 
well location, (2) why early exploratory wells encountered 
anomalously thin rock salt in some areas along the dissolution 
margin, and (3) why all documented sinkholes have developed 
along the natural dissolution margin of the Hutchinson Salt 
Member (as opposed to farther west).

The seismic data presented herein are evidence that sink
holes (both ancient and modern) can develop naturally in the 
Punkin Center area. Knapp et al. (1988) also point out that 
sinkholes may develop naturally because of overlying fractured 
aquitards. These conclusions refute the argument that the nat
ural rates of salt dissolution are too low to cause noticeable 
surface subsidence. Additionally, in the Punkin Center area, 
surface subsidence has occurred significant distances from any 
known well site, invalidating the argument that all documented 
recent subsidence features have occurred adjacent to sites of 
invasive activities.

The seismic data support the thesis that recent subsidence 
at Punkin Center is the result of ongoing salt dissolution of 
natural origin and the fracture zone model. The fracture zone 
model not only explains the pattern of salt dissolution and sur
face subsidence at Punkin Center but is consistent with several 
other important observations as well. Specifically, the natural 
dissolution model is consistent with the fact that exploratory 
wells have encountered anomalously thin residual rock salt in 
places along the active margin. It also explains why recent sur
face subsidence has been documented only along the active 
margin (except where associated with salt-mining activities). 
However, salt dissolution may be taking place to the west at 
depth, causing very little to no surface subsidence. If oil and 
gas activities were the only cause of leaching and subsidence, 
then these processes would probably not be restricted to the 
active margin where natural dissolution was known to occur.

In areas of active salt dissolution, such as along the edge of 
the H utch inson  Salt M em ber, anthropogen ic activities m ust 
be monitored carefully. Preexisting geologic conditions and




