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Seismic reflection investigations of sinkholes beneath

Interstate Highway 70 in Kansas

Don W. Steeples*, Ralph W. Knapp*, and Carl D. McElwee*

ABSTRACT

Seismic reflection studies were performed across ac-
tively developing sinkholes located astride Interstate
Highway 70 in Russell County, Kansas. Results indicate
that high-resolution seismic reflection surveys are useful
in the subsurface investigation of some sinkholes. In
particular, we were able to delineate the subsurface ver-
tical and horizontal extent of the sinkholes because of
the excellent acoustical marker-bed characteristics of
the Stone Corral anhydrite. The seismic reflection evi-
dence presented here, combined with borehole infor-
mation from 1967, suggest that the Stone Corral anhy-
drite has been down-dropped within one of the sink-
holes as much as 30 m in 13 years. The seismic reflec-
tion method is potentially useful in engineering studies
of other sinkholes and karst features. The seismic data
presented here were obtained in the presence of rela-
tively heavy highway traffic (i.e., up to a few dozen ve-
hicles per minute) using the MiniSOSIE recording tech-
nique.

INTRODUCTION

While sinkholes are known to have formed in Kansas prior
to the onset of modern oil, gas, and mineral exploration
(Smith, 1940), there seems to be little question that the activi-
ties of man have either increased their number or accelerated
their development (or both). The following discussion is perti-
nent to almost all Kansas sinkholes that were geologically
investigated. A more extensive discussion of geologic investi-
gations of these sinkholes is given in Walters (1977).

During the past 25 years, progressive development of at
least three sinkholes has occurred beneath Interstate Highway
70 (I-70) in Russell County, Kansas. The sinkholes are all
centered at sites of salt-water disposal wells associated with
the Gorham oil field. Sinking at ground surface has occurred
at the rate of roughly 0.15 to 0.30 m per year since the late
1950s. The highway was rebuilt twice to grade and the gradual
sinking was monitored with caution but without great alarm.
Concern for public safety mounted in 1978 when another sink-

hole developed catastrophically and without apparent warn-
ing at a salt-water disposal well about 25 km to the northwest
in Ellis County.

The area is underlain by the 100 m thick Hutchinson salt
member of the Permian Wellington formation at a depth of
about 400 to 500 m (Figures 1 and 2). The formation of all of
the sinkholes is consistent with dissolution of the Hutchinson
salt by undersaturated brines introduced into leaky disposal
wells or by fresh to brackish waters leaking downward along
the outsides of the well casings. Either cause involves leaky
pipes or insufficient cement sealing of the salt beds. Rock units
above the salt-dissolution cavity progressively cave into the
water-filled void, eventually reaching the surface as a gentle
depression or as a catastrophic collapse.

The Crawford sinkhole on I-70 was drilled and geophysi-
cally logged by the Kansas Department of Transportation in
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F1G. 1. Generalized extent and thickness of Hutchinson salt
member of the Permian Wellington formation. Location of
cross-section A-B is shown for Figure 2. The sinkholes dis-
cussed are located within a few kilometers of A. Modified from
Walters (1977).
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1967, and the results are summarized in Figure 3. Note that at
that time the tops of the Stone Corral anhydrite and the Hut-
chinson salt were about 12 m and 35 m below normal eleva-
tion, respectively. Seismic reflection data presented here indi-
cate that the Stone Corral in particular has dropped almost 30
m since 1967.

To mitigate public concern about the safety of the highway
in Russell County after catastrophic formation of the Nielsen
sinkhole in Ellis County, the Kansas Geological Survey per-
formed a seismic reflection survey along [-70. We obtained
about 4 km of six-fold common-depth-point (CDP) seismic
reflection data by the MiniSOSIE method. The Stone Corral
anhydrite at a depth of about 300 m is an excellent marker
bed for seismic reflections. In addition to the Stone Corral, we
imaged both the top and bottom of the salt at critical points
in the vicinity of the largest sinkhole.

The structure in the sinkholes is that of a classic graben
when imaged in cross-section. In the largest sinkhole, the
Stone Corral had been down-dropped by as much as 45 m by
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formed along the shoulder of I-70 in the presence of normal
traffic including heavy trucks. The MiniSOSIE method used
(Barbier et al., 1976) is an excellent recording technique for use
in a noisy environment. The technique provides substantial
energy in the frequency range of 80 to 120 Hz, providing
relatively high resolution.

F1G. 3. Cross-section from Kansas Department of Transpor-
tation based on drilling and logging in 1967. The seismic data
in Figure 6 indicate that the Stone Corral dropped several
meters between 1967 and 1980.
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SEISMIC METHODS

In May 1979 we examined the feasibility of using seismic
reflection techniques to investigate the subsurface structure of
the I-70 sinkholes. Using an eight-channel Input/Output, Inc.
DHR 1632 digital seismograph, we obtained the data dis-
played in Figure 4. Because of failure of three channels, we
only obtained 5/8 of full coverage. The energy source was 6.6
kg of high explosive placed at the bottom of 5 m auger holes.
Geophone groups consisting of three 10 Hz phones 1.5 m
apart were placed at 12 m group intervals. Maximum offset
between the shotpoint and the most distant geophone was
about 120 m, providing very little moveout of reflections on
the seismograms.

The data in Figure 4 are tracings of field records with 200
ms of muting on each trace with no static or moveout correc-
tion applied. In other words, no computer processing was
applied to the data. Several reflectors are apparent, particu-
larly at the east end of the line shown in Figure 4. The Stone
Corral anhydrite at between 250 and 300 ms appeared to have
strong potential as a marker bed for further reflection studies.

Common-depth-point (CDP) reflection techniques (Mayne,
1962) were employed for all seismic data collected for use here
except for Figure 4. The CDP method is equivalent to doing
several surveys along the same line. Corrections for geo-
metrical differences related to distance between the shotpoint
and the geophones are made, and the results are added using a
computer. Data for this report were shot at six-fold or 600
percent CDP coverage. This means that each point in the
subsurface that acted as a reflection point (using ray theory)
was replicated six times during the course of the survey. The
data are recorded on digital tape in the field and processed by
digital techniques in a large computation facility.

Data are finally displayed in a “record-section” format
showing reflection amplitudes in a time (depth)-versus-
Horizontal distance plot. We include versions of the seismic
record sections with the geologic interpretations done by
slightly darkening the best reflectors. A discussion of con-
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clusions drawn from the record sections along the I-70 sinks
in Russell County follows.

DISCUSSION OF CDP SEISMIC SECTIONS

Two seismic profiles were run in the vicinity of the I-70
sinks. The first profile runs from .98 km east of the Crawford
sink overpass to 1.05 km west of the overpass along the north
road ditch of I-70. The second line intersects the first at right
angles at the Crawford sink overpass and extends from 0.48
km south of the north lane of I-70 to 0.47 km north of the
north lane of I-70. The MiniSOSIE recording process (Barbier
et al,, 1976) was used with two Wacker earth tampers provid-
ing seismic energy. Geophone groups consisted of six Mark
Products 1-25 geophones with resonant frequency of 28 Hz.
Traffic on I-70 continued normally during the seismic record-
ing with the MiniSOSIE process, which would not have been
possible if explosives had been used for an energy source.

Conclusions drawn from the I-70 seismic profile are dis-
cussed from west to east.

Witt sink (Figure 5)

The Witt sink shows up on the seismic profile between CDP
206 and CDP 222 with the Stone Corral anhydrite down-
dropped about 15 m (10 ms two-way traveltime) along its west
side (near CDP 223). The area to the west of Witt sink con-
tains competent rock at all depths to well below the salt. At
the center of the sink (near CDP 215), the Stone Corral is
either down-dropped about 40 m or its upper surface has been
broken up or partially dissolved. Stone Corral reflections ex-
hibit incoherent or broken-up characteristics for about 400 m
eastward from the center of Witt sink. The area east of Witt
sink for about 400 m may subside in the future.

Between Witt sink and Crawford sink (Figures 5 and 6)

A zone of competent Stone Corral begins about 300 m west

INTERSTATE 70 SINKHOLES
Russell County, Kansas

Dynamite Data, May 1979
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FiG. 4. Dynamite seismic reflection data from May 1979. The Stone Corral reflector is visible at a time of about 260 ms
in the eastern one-third of the line. The shotpoint numbers of this figure can be correlated to CDP numbers of Figures
5,6, and 7 by multiplying shotpoint numbers by 2. The sole purpose of including shotpoint numbers on this dynamite

data is to allow correlation with the MiniSOSIE CDP data.



298

West

Steeples et al.

1 1 1 1 1 ]
08 L aaph [ bl lll.l TR ika nlun. al. “I u» h.l;l
a l'l YN TR YY) ‘
- ..'n 1 ;il._ |i b ki ‘i : A1k M '
. whaliB. ..,.. vhobda.. [y 0% had Ah_
& POl FRPYY PR TR TV PY W TR buldadbaas, ,l""w,@')l} :
. canch BB au An bbibada l.ln.l.-lJ 1 PV YN a‘I..l_.,“,l AAB AR
B i castbl antiai. .n...uu faboadabhn & Annq /
- |-{ul....a -l ..n...a.a P TS
o N b .a.ll-ul. FL -l.‘ |II—LA)A,-W‘\}'K‘
& A l L I hl' "‘A!\,’"\)“.-"\.‘N'
7 a ] I‘ ] “lll. .-d lil :lu\l‘d;l;\ar!‘l
- 9 “ Bk i 4 Ak ~ At
% t i ki .'F £
- ..‘
shhan s atbbe ool e i..lunh_ Aiiga. b

vasa s aba b

b s l hak n.ll#ln
ahadaaa l l.al ‘ |i..|l..-.1
P I TR T .1I1h.l|1 bosam hai bl
I - aa ah P TR T TYY T T Py
ST TR T 71 | RPN NP (PP T

..Ia

I . .ul. ui " [t lh_u Ak by
11 i ..n“:::n :::l!.“ - 1 la--tntl.‘l:'l':’;u.'}.
' Al

i

1

00¢ -

wade o I A basha s |<Illnn.ﬂn-lhl.l"
PP I TP e L.l haiab bidu a v, aauul“
ek .ll Vs & ;. N TR TORTY pross i)
i .i..lliia = .lln.l- f .llulu}ll‘i
‘e Y caakaadn ...u b4
RPN .n..‘ ,ll.a il 1i.
T TR R .l;lllll
THR .H Hnn.

[

—-—p

PO N L P Y A Y
TR L .u.a T Y Py I | 1.

P PRI 1 T e A L
. d B S S e LR R T e P
s How ms P O O T T o
..... .. & & b . [ Awbhan - -

[T - i ‘ e s han

oAb meab ol b L.

YO TT SR [Py T | YT TP

Ak a ko bbbk sibe sl
... n b ..ahll..”
T I
hlu..u;u.lu.
Y T Y I aa
skl wiaes

h .u.,:, - a.lu
ANl lns

b
‘.l pabaldh,
T TR I

N T e
valls besab aebhlda o
....... shocasnsnannia
TR LY TN
Lhsacd helaa. s
csmabaseib. cha. BRhasy .
sbuci.ommiba.

ek asbasdas sa

T T

ahis

Wdad h | | i
b aladdbia. s
lr;n . ..a;.;.ln .
P T TR R SR S Y 1

e ek alabiiaa, |...iu.nh

e biaan l.lll.inl.

PSR B PV S ullll
R st .Ila

=T PR o

o

o o
o (o0}
(sw) awil

I70 1A

F1G. 5. Seismic reflection record sections for an east-west line along 1

-70 that crosses Witt sink (I-70 line 1A). Numbers
and they are 8 m apart. Figures 6 and 7 are labeled in

along the zero time line are common depth points along the line,

identical fashion.
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-west line along I-70 that traverses the area between Witt sink and

dropped Stone Corral in the Crawford sink is clearly visible at times of 200 to

F1G. 6. Seismic reflection record section for east
300 ms between CDP numbers 100 and 130.

Crawford sink (I-70 line 1B). The down-
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F1G. 7. Seismic reflection record section for cast-west line along I-70 that traverses Rouback sink and possible incipient
sink (I-70 line 1C). Note structural relief on Stone Corral at time of about 250 ms.



Seismic Investigations of Sinkholes 301

of the Crawford sink overpass and continues eastward from
CDP 166 for about 240 m to CDP 134 about 60 m west of the
Crawford sink overpass. This 240 m long zone would not be
expected to subside.

Crawford sink (Figure 6)

East-West profile.—The Crawford sink begins in the sub-
surface at CDP 131, about 60 m west of the overpass, and
extends to near CDP 98, about 260 m east of the overpass—
its total east-west extent along I-70 slightly exceeds 300 m.
The sink is marked at depth by at least five faults (four shown;
one fault is just off the east edge of Figure 6) in the Stone
Corral which is down-dropped in graben-like fashion into the
central area of the sinkhole. The total vertical movement of
the Stone Corral has been about 45 m (30 ms two-way travel-
time) at the deepest part of the sinkhole along I-70. The high-
way does not pass exactly over the center of the sink, so it is
not possible to evaluate conditions at the center of the sink
from our data.

Approximately 50 percent of the thickness of the salt has
been dissoived beneath the highway at the point of maximum
drop in the Stone Corral. This compares favorably with a 40
percent dissolution estimate obtained by drilling done by the
Highway Department in 1967 (Figure 3), suggesting that dis-
solution may have slowed since the mid-1960s, assuming the
drilling was on or near the highway right-of-way.

North-south profile (not shown).—The north-south profile
supports the Crawford sink interpretation discussed above for
the east-west I-70 profile. The profile runs along the road that
crosses over the top of the overpass and intersects the east-
west line at CDP point 128. These data are not shown here,
but are available from the authors.

Between Crawford sink and Rouback sink (Figure 7)

The Crawford and Rouback sinks have not yet coalesced in
the subsurface—at least not beneath 1-70. There is a com-
petent zone of horizontal rock from CDP 96, about 260 m
east of the overpass, to CDP 75, about 430 m east of the
overpass. The salt appears to retain its full thickness in that
area.

Rouback sink (Figure 7)

The Rouback sink begins in the subsurface near CDP 73,
about 430 m east of the overpass, and continues to near CDP
43, about 670 m east of the overpass. The east edge of the
Rouback sink is faulted at the Stone Corral, while the west
side of the Rouback is more of an eastward dipping mono-
cline. Total vertical displacement on the Stone Corral is about
30 m (20 ms two-way traveltime).

A new sink east of Rouback? (Figure 7)

The Stone Corral is at its normal depth from near CDP 41,
about 670 m east of the overpass, to near CDP 35, about 750
m east of the overpass. At 750 m east of the overpass, near
CDP 35, the Stone Corral appears to be down-dropped to the
east by about 21 m (14 ms two-way traveltime). Our data end
about 1.0 km east of the overpass, and it is not known what
relief, if any, is present on the Stone Corral eastward beyond

that point. It is suspected that subsidence will occur, if it has
not already occurred, in an area from 760 m east of the over-
pass to at least 910 m east of the overpass.

CONCLUSIONS

The reflections from the crystalline basement and Topeka
and Lansing limestones are essentially flat, indicating a lack of
geologic structure below the Hutchinson salt, except beneath
the Witt sink. There is a noticeable anticline in the basement
surface in the vicinity of the Witt sink, with perhaps 6 to 8 m
of upward flexure. No other pre-Hutchinson salt structures
were noted on either the east-west profile (Figures 5-7) or the
north-south profile (not shown).

The Stone Corral was used as a marker bed in a report to
the Kansas Department of Health and Environment dated
April 3, 1980. In that report, we were unable to trace the Stone
Corral into the sinkholes using single-fold dynamite data.
CDP methods and computer processing allowed us to trace
the Stone Corral across the sinkholes, delineating structures
with detail that was previously impossible. For the first time
we were also able to delineate the top and bottom of the
Hutchinson salt along part of the line.

Three areas should be closely monitored by surface eleva-
tion surveys in the immediate future.

(1) The Witt sink has an area on its east side that is
disturbed in the subsurface for a distance of at least 360
m. This zone shows differences in seismic wavelet
character for the Stone Corral reflection. This can best
be seen in Figure 4 between shotpoints 90 and 98 which
correspond in space to CDP 179 and CDP 195 on
Figure 5, respectively. On both the dynamite data and
the MiniSOSIE data in this area, the first positive peak
is either subdued or missing, suggesting that the upper
few meters of anhydrite either dissolved or were in-
tensely fractured. This phenomenon is also noted at
Nielsen sink in Ellis County (not shown).

(2) The Rouback sink can be expected to continue to
develop based on down-dropping of the Stone Corral
and apparent thinning of the salt.

(3) An area east of the Rouback sink appears to be
an incipient sinkhole, again based upon down-dropping
of the Stone Corral and thinning of the salt.
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