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Abstract

Gravity data were taken across a buried valley. After the free
air-, Bouguer-, tidal- and meter drift-corrections were done, the
regional gravity trend is subtracted. The resulting gravity anomaly
reflects the bedrock topography. The application of a modeling
program restricts the fill material density and the shape of the buried
valley to a certain range. Therefore, the gravity method is a useful

tool to detect buried bedrock valleys, which are 150 feet deep, or

deeper.



INTRODULTION

In formerly glaciated areas, glacial sediments are often a good
source of potable ground water. Northeastern Kansas was glaciated during
pre-ll1linoian time. The extent of glaciation can be seen on the
generalized physiographic map of Kansas (Fig. 1). Also shown is the
gravity test site, located in Jefferson county.

Usually bedrock formations contain little high quality water in
this area, but large quantities of fresh water may be obtained from
glacial buried valley deposits. The buried valleys contain sand and gravel
that was deposited by rivers or melt-water streams that flowed in the
valleys. The buried valleys often also have till deposits from the
glacial ice that overrode the channels. (Personal communication with
Jane Denne, 1982).

Normally these buried valleys cannot be recognized at the surface
and must therefore be detected by subsurface exploration, either through
drilling or geophysical exploration (A. Ibrahim and W.J. Hinze, 1972).
Because drilling is slow and expensive, geophysical exploration methods
are very useful for the detection of buried channels. These methods
consist of remote sensing, temperature profiling, seismic and resistivity
methods and the gravity method, which is treated in this paper. The
reason why this area was chosen and a description of the other geophysical
exploration methods can be found in a paper called "An Integrated Approach

for Locating Glacial Buried Valley Aquifers' (Denne and others, 1982).



The gravity data were taken on the 2nd and 9th of September 1980
in an area one mile west of Perry Lake and two miles southwest of the
village of Ozawkie. The two lines along which the data were measured can
be seen in Figure 2.

The data were measured with a La Coste and Romberg Model G Geodetic
gravity meter, which has a reading accuracy of +0.01 mgal, and a drift
rate of less than 1 mgal per month. The meter has a constant temperature
bath. The gravity measurement was sensitive to an anomaly, because of
the accuracy in measuring the elevation, which was surveyed to 1/100
of a foot, proceeding from the northeast corner of section 3 (mapped
elevation 956 ft) south to profile and then west to NWNE section 3

(mapped elevation 988 ft).



GENERALIZED PHYSIOGRAPHIC MAP OF KANSAS
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Gravity Method

The gravity method to locate buried channels was already used
by Hall and Hajnal in 1962 to define the configuration of the bedrock
surface, particularly where some geological control was available.

For a gravity meter with sensitivity of 0.01 mgal, buried valley
anomalies greater than about 0.14 mgal can be resolved. This requires
that elevations be accurate to *2 inches. For a drift/bedrock density
contrast of 0.3 g/cm3, valley depths greater than 45 feet can be
identified (R.S. Carmichael and G. Henry, Jr., 1977). Generally,
bedrock formations are denser than overlying glacial sediments.
Therefore, a depression in the bedrock surface, which is filled with
sediments, causes a gravity low in comparison to a flat bedrock
topography. The correlation between bedrock topography and gravity
permits mapping of the subsurface bedrock topography.

From previous non-gravity research there existed a knowledge of
the direction and location of the buried valley. The gravity data
were therefore taken by another graduate student perpendicular to the
valley axis over a distance of 2300 ft.

After having done all the necessary reductions of the data,
including free air-, Bouguer-, tidal- and meter drift-correction and
after subtracting the regional effect, we expect to see a gravity anomaly
in the range of zero to one mgal above the channel due to the density
contrast between the valley fill material and the bedrock.

When the topography is relatively flat, like in this case, the
above mentioned data reductions provide a sufficiently accurate method
of reducing the data to sea level. '"If there are considerable irregular-

ities of elevation, particularly in the vicinity of the station, then
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the simple assumption that there is an infinite slab of rock between

the observation point and sea level is inadequate and a further allowance
must be made for departures from this. This is done by computing
graphically the gravity effect at the observation point of all hills
above the station level and all valleys below it (terrain correction).

A method of doing this which is often used is described by Hammer (1939)".
(Griffiths, 1976).

In some cases, however, buried bedrock channels are difficult or
impossible to delineate by the gravity method because the density of the
glacial deposits is nearly equal to that of the adjacent bedrock.

In this paper, the gravity data is combined with the information that
is available from two drill holes on the profile and others in the
region, and these set boundary conditions for the free parameters of
width, depth and fill material-density of the valley.

In order to get the final anomaly profile the data had to be
processed with the use of several programs, which were changed for this
purpose or which were written specifically for this analysis. The
former programs were written for bigger areas, for different coordinate
systems and for other data-formats. The scale of the coordirnate axis
had to be changed. For the x-y coordinate system another formula was
used to calculate longitude and latitude. The Fortran programs were

run on the Honeywell computer.

Coordinate system:
Before feeding the data into the first program, a coordinate system

for the data points had to be established. As origin, the crossing



of the two roads which meet northeast of the data line was chosen.
(See Fig. 2).

By knowing the x- and y-coordinates of the base station SES(South-
East-South) 10 the coordinates of the points SES9 to SES! are easily
calculated. The necessary information, including angle of the data
line towards north and distances between the single points, were measured

in the field and given in the report.
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To get the linear equation for the line SES(1-10), its slope and

intersection with the y-axis have to be

Slope a of line SES(1-10):

tan 62°

1.88073

a

Intersection b with the y-axis:

b

Linear equation for line SES(1-10):

* x+ b

1.8807 * x + 2369.7

The coordinates of

x = 1260 y = -2

determined.

1.88073 * 1260 = 2369.72

the base station SESI0 are:

By knowing the distance d between the points SES(9-1) the x- and

y-values are obtained from:

x = 1260 - d * sin 28°

-2 + d * cos 28°

Y
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Similarly, the x- and y-coordinates for the remaining points SECIO

to NWC21 were determined from:

1048.7 - d * sin 40°

X

629.3 + d * cos 40°

~
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Program INITIAL

The first program INITIAL reads in coordinates x, y, elevation z,
time, date, gravity meter reading and station name. The x- and y-
coordinates were necessary to calculate the longitude Beta and latitude
Phi of the data locations. Beta and Phi are needed in a subroutine
called TIDE, which calculates the tidal attraction of sun and moon at
a certain time, at a certain place.

Another subroutine called GCNVERT converts the meter reading from

the field into a raw gravity value, which is in milligals.



INITIAL lists the following data in table form: (Fig. 5a and 5b)

- The data that were read in

- RAW G, which is the converted meter reading in milligals

- G SUB R, is the gravity of a spheroid, calculated Ly use of

the International Gravity Formula:

9. = 97803].85*(0.000023#62*sinh(Phi) + 0.005278895*sin2(Phi) + 1)
where Phi is the geographic latitude. This formula considers, that
the gravity at sea level varies smoothly from the equator to the poles.

- BOUGUER is the Bouguer gravity value, which will be explained later.

PROFILE plots two graphs:

1. The tidal effect at the base station (Fig. 6a and 6b)

2. The Bouguer gravity versus tie line (Fig. 7)
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Gravity Tidal Effects

There are external time variations of gravity which result from the
variation in the gravitational attraction of the sun and the moon as their
positions change with respect to the earth. For certain configurations
of the sun and moon, the rotation of the earth produces changes that
have a maximum amplitude of about 0.3 mgal and occur in a period as
short as about 6 hours. The details of the tidal gravity change vary

widely with the different phases of the moon, as indicated by Fig. 8:
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The three measured values at the basestation for 9/9/80 are in
relatively poor accordance with the theoretically calculated values (Fig.
6b). The root mean square value = 0.086 milligals which is larger than
the meter accuracy but still acceptable for this study. The result of
this poor fit is a bigger meter drift for the 9/9/80 than for the 9/2/80.
The two measured values at the basestation for 9/2/80 are much closer to
the theoretical graph. The root mean square value = 0.015 milligals

which is consistent with the meter accuracy (Fig. 6b).

Program SLOPE

Program SLOPE is run after INITIAL and calculates the drift of
the gravity meter from the multiple daily readings taken at the base
station SES10. All gravity instruments show a small amount of drift, or
variation over time due to very small changes in elongation or torsion
of the spring system.

To provide data for the drift correction, the gravity meter is
returned to a reference station two or three times per day. It is
precise enough to make a linear interpolation between drift readings.
The meter drift gravity value is obtained by subtracting the tidal
gravity effect from the converted meter reading. In this case there
were three base station meter readings made on the first day and two on

the second day. The following values were printed out by the SLOPE program:

..]7..



A rough draft of the linear interpretation looks like this:

DATE METERDRIFT JULIAN SLOPE
Gravity Value G, TIME (milligals/hour)

9/2 3652.19530 0.80672009

-0.009769
9/2 3652.16603 0.80672344
9/9 3651.94750 0.80691124

0.089343
9/9 3652.09938 0.80691319

0.051542
9/9 3652.15006 0.80691431

(Fig. 9)
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As remarked above the theoretically calculated tidal drift value here is
already subtracted. Like all the other data, Meter drift, Julian time
and Slope also are stored on permanent files to be used again in the

next program STATION TIE IN.

Program STATION TIE IN

In this case the base station was not tied in to an absolute gravity
value. For the purpose of detecting a buried channel it is sufficient
to know relative gravity values. Therefore, the main step in this
program is the subtraction of the meter drift (slope) from the tidal
corrected gravity values. That means, that from each gravity value
there is another amount of drift subtracted according to the time at
which the measurement was made. This tidal and meter drift corrected
data are printed out and stored with the name SABSGRAV (station absolute
gravity), although it is only a relative value. For the following data
the base station absolute gravity was arbitrarily taken to be 980000.
mgal. Note also that in Fig. 10 the nineteenth and fiftieth data
values signal the end of the day for the program. In the next step
these data that were stored on a file named TIEDATA (Fig. 10) are read

into PROFILEL.

_]9_
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Program PROFILE]

The purpose of PROFILET is to display different aspects of the

gravity data.

1)

3)

The elevation in meters is plotted versus the distance from the
station NWC21. From now on the graphs are not a projection along a
certain latitude, but the data are now displayed versus the line
along which they were taken. The variable DIST has the units of
ft/10. The elevation is somewhat linearly decreasing from 293m to
283m and levels off in the direction of the base station. This plot
in Fig. 11 shows two gaps, which represent small creeks between

the stations NWC16-NWC15 and SEC10-SES1. The remaining stations are
50 feet apart from each other. The encircled number 2 in the plot
is the overlap station RTH and the encircled number 4 is where

four base station readings were made.

The raw gravity versus distance plot (Fig. 12) does not show the
expected gravity anomaly, because it first has to be corrected for
the two following effects.

The free air effect (Fig. 13) is due to a vertical decrease of
gravity with increase of elevation. The reference level is the

sea level and the correction must be added to stations at a higher

elevation.
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The free air anomaly is defined as:

AgFA = SABSGRAV + 0.3086 * ELEVATION
or
89¢p = 9obs ~ Itheor T Cpa ¥ D
4)  Fig. 14 shows the Bouguer anomaly versus distance (ft/10). It

3

takes the attraction of the material of density 2.0g/cm” between
the lowest elevation (928.08m) and the elevation of the individual
station into account. The correction for the attraction is
approximated by an infinite horizontal slab of material of a
certain density‘jD. As a reasonable value‘j> was chosen to be
2.0 g/cm3. The Bouguer anomaly is defined as:

B~ A9 " g PN

There is a significant anomaly in the graph, which can be explained

Ag

by the lower density fill material of the valley.
5) Fig. 15 shows DELG/FOOT versus distance. It is the change in
gravity per foot with error bars S. The main effect if you go to
another station is the change in elevation. Therefore, the elevation
effect should be a constant. Because the data (T) lie quite
well along a line, it can be concluded that the data are accurate.
6) Fig. 16 shows the free air anomaly versus elevation.
In an ideal case the free air gravity could be used for density
determination. Starting from the formula
AgFA = 9bs ~ Itheor * cFA *h
where:

AgFA = free air anomaly
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Yobs = observed gravity

It heor - theoretically calculated gravity
h = elevation
CFA = free air constant

from the definition of the Bouguer anomaly follows:

Agpp = 89g *+ 0 P Cy

Where

density

LO

()
il

Bouguer constant

If there were no local anomaly such as the one in this case
caused by the buried valley, the Bouguer anomaly Agp would be taken

constant. Then thg linear equation in h could be solved for the density

S - A try in this case failed because the density values obtained

were much too high.

7) Fig. 17 shows a plot of latitude versus longitude. These are the
two lines along which the data were taken. It displays a more
detailed picture of the data locations from Fig. 2. It also serves

as a check for the formulas that determine longitude and latitude.

At the end of PROFILE the distances DIST are printed out. They were
calculated from the x, y coordinates of the individual stations and
offer, therefore, a check for the correctness of the formulas. Also
printed are the Bouguer gravity values from Fig. 14, which are the main

data to continue withfin the next program.
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Program REGIONAL

By drawing the location of the profile onto the Bouguer Gravity
Map of Northeastern Kansas (Fig. 18) it could be concluded that there
might be an increase in the regional gravity from southeast to northwest.
Because of the small size of the area, where the data were taken, it is
difficult to determine the regional gravity. The conclusion represents
only the best possible guess (personal conversation, H. Yarger, 1982).
This regional trend is also obvious in the Bouguer plot in Fig. 14 by
the general increase in gravity if you go from the right side of the
plot to the left. The drop due to the channel is a short wavelength effect,
because the source is close to the surface. The regional change is
caused by deeper sources and has consequently a longer wavelength.
In our case this regional change may be approximated by a linear
increase, mainly because the profile is only 2300 ft long. This linear
fit of the Bouguer values is done by a least squares fit method:

Linear equation g represents the regional gravity trend

g = a + bx

The sum over all the square deviations X2 has to be a minimum.

2 X | 2
X“= 3 (g¢-x)
=Y

where 9; is the Bouguer gravity at the i-th location and X, is the

distance DIST from NWC21.

Now the first derivatives with respect to a and b have to be 0.
2

2 S o o : N _
T LG am i) =0 SE-=0) (- asbx)-l)




N e v e g g v -

N o
2 9 X =N
¢=l

—=—L
ﬂ N ¢ =
_ ( N 2
- b R B .
g% .Z:T(’”}) N
I&-a;-b;i:O | TL g =a + bx

Solving equation IT for a and inserting a into equation I gives

a = %f- —_ k? ;?
(5 -b% )T + bx*

b(x* =(%)") = §x —§ %

%’E:O

b= 3x ~§~

x? —()*
- §% 3% _
T

The result can be seen in Fig. 19 where the Bouguer gravity together

with the linear regional approximation are plotted. It was important for

this least squares fit to avoid multiple contributions of stations. That

means that the overlap station RTH (Resistivity Test Hole) and the base

station SES10 were only counted once.
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Program RES|DUAL

The program calculates the residual gravity values by subtracting
the linear approximated regional gravity from the Bouguer gravity.
The result is plotted versus distance and can be seen in Fig. 20.
The ahomaly in gravity is approximately 0.45 mgal. This residual
gravity is the final result after all the reductions. It should be
closely correlated to changes in the bedrock topography. Estimating

the bedrock topography is done in the final step, the modeling.

Modeling Program PRISM

The cumulative gravity effect from prisms of different sizes and
density contrasts is matched to the residual gravity graph as closely
as possible. The density contrast is negative, because the bedrock
density is higher than the density of the valley fill material. The
closer the prisms are to the surface, the higher is their contribution
to the modeled response. The more negative the density contrast, the
bigger is the drop in gravity. A small prism close to the surface might
have the same anomaly that a bigger one that is deeper would have.
Thus, there is no unique solution for obtaining one certain model result.
By establishing boundary conditions, the range of possibilities can
be diminished. Practically, that means bedrock depth information
should be obtained from drillholes. These drillholes allow only a
certain range of prism sizes to be used. In our case, two points of
the valley are fixed by the drillholes RTH and C which hit bedrock at
49 ft and 142 ft. There is a maximum number of 19 prisms available in
this program PRISM. It is important that the slope of the Bouguer

gravity data and the slope of the modeled gravity are in good accordance.
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Camoun Vo o20-45 Cray to brown silty to sandy shale, locally con-
Shale i ! 30 taining silty fine-grained sandstone,
L
Ervine Creekl 4 Upper limestone is thick bedded with wavK
Limestone K vartings  and  gray weathering to  yellowis
T wown, Upper shale unit grades upwards from
Undifferen- | black fissile shale to light-gray silty and sandy
tiated I shale.  Middle limestone is gray to brown
Burroak and | weathering to yellowish brown. Lower shale s
Larsh Shale | i caleareous, clayey, and gray to bhrown weather-
Deer Creck 3040 ing {(-lluwi.\h Lirown. Lower limestone is thick
Limestone Rock Blufl | e bedded with shale partings and brownish gray
Limestone . '5‘;' weathering to yellow brown,
Oskuloosa 4 ‘
Shale )
L]
Ozawkie
- Limestone ‘
: l
z Virgilian Shawnee Tecumseh Bluish-gray to olive-gray silty to sandy shale
z {continued) {eontinued )| Shale | G0-83 focally coutaining silty fine-grained sandstone
4 . ) 30 beds.
= Avoca IC Upper dimestoue is dark gray weathering to
c Limestone ) light yellowish brown and is interbedded with
Pt yray silty shale. Upper shale is clayey and
Z King 1ill olive gray weathering to gray. Second lime-
£ Shale stone is thin to medium bedded, bluish gray
z weathering to Iijzht tan, and very fossiliferous;
- Beil containy interbeds or pintings of shale. Middle
z Linestone shale grades upward from black carbonaceous
= shale to gray clayey shale. Third limestone is
. Lecompton Queen 1l 3045 dense and bluish “grayv  weathesing to Jight
Limestone Shale RO brownish grav. Lower shale is clayey and dark
—— G40 vray weithering hght vellowish brown or light
Big Springs uray; contains some shaly limestone beds. Low-
Limestone er Jimestone is dark gray weathering to brown.
Doniphan
Shale
Spring Branch
Limestone
Stull Upper shale is dark Kray and silty to sandy;
) Shale Jocally contains @ silty fine-grained sandstone.
Kanwaku ——— G0-90 Limestone is  thin, dense, and  bluish  gray
Shate Clay Creek watthering to o light  grayish brown.,  Lower
Limestone ‘30 shale is silty to sandy and bluish gray; locally
b e contains a silty fine-grained sandstone.
Jackson Park
Shale
cheseu
valves
fov
thickvwess
. N
. . . . . . - . - R . R )
T et o - C o L-)‘ Viea vl o './ < )
. . . . I J
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Density Determination

The density contrast between bedrock and valley fill material is
obtained from information about thickness and density of the different
bedrock layers.

The density of certain layers can be calculated from the seismic
velocities of sound waves and the use of a conversion graph which'
assigns to every velocity a certain density (Fig. 23). Using available
seismic data, this proves for this purpose rather inaccurate, because
of the wide velocity range for each individual layer and therefore
gives a wide density range. The reason for this wide range is, that
the seismic measurements are valid for Jefferson and Nemaha County
(Denne and others, 1982). A better approach is the use of a compensated
neutron-formation density log (on file with the State Geological Survey)
which allows determination of the density with accuracy to 1/100 g/cm3
(personal communication with Lynn Watney, 1982).

The log used was taken by Trans Ocean 0il, Inc., in Wabaunsee county,
Kansas in 1975. |t was in section 27, township 105 and range 11E. The
densities of the Deer Creek Limestone and the Lecompton Limestone were

obtained by taking the average densities of the formation members. The

density values are:

Calhoun Shale 2.43 9/cm3
Deer Creek Limestone 2,51 g/cm3
Tecumseh Shale 2.L6 g/cm3
Lecompton Limestone 2.51 g/cm3

_38-



!

-

}

4
£
‘T‘ssESIO

| S

ed rock (aye

vess fov o
b

9
h

ble
fArou%

!

'DOSS
1O W

Best
sect

o

[}
+

Cilwe

HTed

»
[4

IS TR YE AR

i

v
2

D

T
P P s

x";'!’!"

et e

[SeRe et ose Eoet noaa

5

B

Crreeti

od

T
'
4

ShalT

Lard

S |

EAVEIE

|
vV

t
o¢C

- E

1177

v

~t

(o B L]

<k

m

i
-

1 Osixa
=

G o

e
I

e !

(!Ld;i'{'_,,_-

e o

L

jTCCU

17”7 P A

1

M)

.

€0

4

RAaN




Sasaspapse

3

Thedpistefoday

hapas
RS eeL T L ALY

o
Vol

.

Mt

e ;«# 4

on{ews

(

..Mx>

~
\
+
Q
N

Hov

{
’0“ I(JO O'F

t

abpp\/‘oxlmol

2
i

1
2

v

1 €6

wa
+

3 .

2%
$OUMJ
vC((’('

!
-




Although the log was not taken at the profile location, it is
assumed there is not much density change within the same layer.
The fixed densities of the bedrock layers leave the fill material density

;P Fi1] @5 @ parameter, whose range can be chosen from seismic-and well

data.

Thickness of Formation

With the use of Fig. 21, thicknesses of the individual layers
were estimated. This table comes from the report ''Geohydrology of
Jefferson County' (Winslow, 1972). From the well log of RTH it is known
that bedrock occurs at a depth of 49 feet. Rock units include gray and
tan clay (shale), a thin limestone layer, and black organic shale.

This description corresponds best with the Larsh and Burroak Shale,
which are members of the Deer Creek Limestone formation. The units
are described in '"The Stratigraphic Succession in Kansas' by D. Zeller
(1968) .

From Fig. 22, the thickness of the Calhoun Shale was estimated to
be 33 feet. The Calhoun Shale is a subcrop, which is covered by Till.
The thickness of the Till diminishes from an estimated 15 feet in the
NW to approximately 2 feet in the SE. (Personal communication, Jane
Denne, 1982). The general trend of the formations in the profile is
a slight dip by 6 ft over the profile length of 2300 ft towards the
west (calculated from information in Winslow (1972)).

The well log of drill hole C shows the first bedrock at a depth of
142 ft. First it is white limestone, and between 147 feet and 150 ft
it is gray limestone. As a best guess, this is assumed to be the Avoca

Limestone in the Lecompton Limestone formation. 'The Avoca Limestone
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Member is a dark bluish-gray, somewhat earthy Limestone,' and it
ranges from | to 20 feet in thickness (Zeller, 1968). A less likely
alternative to the Avoca Limestone is the Spring Branch Limestone
in the Lecompton Limestone. The Spring Branch Limestone is a gray somewhat
sandy limestone, generally about 4 ft thick (Zeller, 1968). This
information and consideration of a surface slope of 32 feet towards
SE gives Fig. 22.

The water well records within tbe same section were not very useful
for bedrock data and therefore generalized thicknesses were chosen.
In summary, the model is hypothetical. The rock units are not critical

3

for the final result, because all have a density between 2.4 g/cm” and

2.5 g/cm3.
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Mapping the Formations

For the modeling process all the dips shown in Fig. 22 are considered
neglible. All the layer thicknesses are averaged to the thickness they
have under the minimum of the gravity anomaly which is at DIST 1000
ft. That means the layers are assumed to be horizontal as shown in
Fig. 23. Also, from the well logs one determines a density range for the
fill material. It i$ mainly sand and gravel, which leads to a possible
range from 1.7 to 2.3 g/cm3. (Personal communication, Lynn Watney, 1982).
All this information is combined to yield Fig. 25 and 26, which show
the two main results of the modeling. For a certain fill material
density.57 Fill’ the density confrasts are fixed and the only variable is
the size of the prisms. The size is still restricted by the condition

that the walls or bottom of the valley have to touch the points where

the drillholes hit bedrock.
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A typical fnput of data for the modeling program looks like

Fig. 24

West:
East:
Top:
Bottom:

Dens:

SR RO T

Western edge of the prism
Eastern edge of the prism
Depth at which prism starts
Depth at which prism ends

Density contrast between bedrock and valley fill material
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Results of the Modeling

The following results were obtained after trying many different
prism sizes and density contrasts. The best fits were in the range

3 to 2.20 g/cm3. These values are considered the

from 2.10 g/cm
acceptable minimum and maximum fill material densities.
A good correlation between the slopes of the gravity data and
the modelled profile is important. The model data have to fit the
minimum gravity data (bottom of anomaly), because this determines the
depth of the valley. The curvature of the gravity data had to be fit,
in order to determine the shape of the valley. A good fit was accomplished
by considering NWC 10 and NWC 11 as noisy data. The fit was not obtained

by a mathematical method, but by best guessing.

Looking now at different examples:

? Fill = 2.09 g/cm3 (Fig. 25)

v

There is a good fit possible, but the modeled gravity deviates from

the Bouguer gravity at the right bottom of the valley. This is because
the prisms are forced to have a certain width between 124 and 150 ft

to fulfill the requirement of testhole C. Therefore, 2.09 is not

accepted as a good fill density.

Oriyy = 210 g/cm® (Fig. 26)

Going to the next higher fill density the modulus of the density contrast

becomes smaller, because density contrast is defined as:

Af:fFill -fLayer
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So even with the comparatively wide prisms at the valley bottom we get
a very good fit. In this case the valley has the smallest possible
depth and volume, which is the lower size limit from the modeling,
and which has the highest density contrast modulus that is acceptable.
It is also the most probable valley form because there is a bigger chance
that erosion ends above limestone than above or in shale. In the general
area of northeastern Kansas the seismic data suggest a lower fill density
than 2.10 g/cm3 (Denne and others, 1982). Another support for this
case is the fact that C may be close to the bottom of the valley.
C hits bedrock at 142 ft. The maximum known valley depth in this area
is 167 feet. This is based on another drillhole several hundred feet
south of RTH.

Another important point is tha£ the slopes of the Bouguer graph
are in accordance with the modeled graph. The points NWC10 and NWCIl1
represent noise or a small change in bedrock topography which is not

modeled.

J? Eily = 2.20 g/cm3 (Fig. 27)

At the high fill density the modulus of the density contrast becomes
quite small and therefore you have to go to greater depth in order to

get the same gravity effect. Again the drillholes and RTH pose boundary
conditions. The slope of the valley walls is still acceptable. The
valley is now 260 ft deep and has its highest acceptable volume for

the modeling. Notice, that it still follows the slopes, even at the

left side of the profile. That this fill density is the highest possible

one can be seen from the next two cases.
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‘jD Fir S 2.21 g/cm3 (Fig. 28)

For this case, the valley has to be 290 feet deep to get a fit that drops
deep enough in order to reach the lowest data points. |If you consider
the data NWC10 and NWC11 as noise, you find a common slope for the
Bouguer data at the left side of the valley. The modeled gravity

gradient visibly deviates from the measured slope.

Pring =22 g/cm> (Eig. 29)

By using a 310 feet deep valley the modeled profile fits more or less
all the data in magnitude, but the sliope at the left side of the buried

valley deviates even more than in Fig. 28.
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Bouguer gravity and buried valley cross section

(valley fill density Prin = 2.10 g/cm
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Bouguer gravity and buried valley cross section
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Conclusions

There are two main conclusions from this research.

First, it tests the gravity method over a buried channel. The
gravity method proves to be a useful tool in detecting buried channels.
Second, the good control through the wells pins down the density of the

3 to 2.20 g/cm3. This again

fill material to a range of 2.10 g/cm
determines a minimum and maximum size of the valley. The minimum depth
is 150 feet and the maximum depth is 260 feet.

The method can be applied to locate ground water resources associated
with the buried valleys. Because of the modest size of the gravity anomaly,
care must be taken in taking the gravity data and in measuring the elevation.
In future research it could be found out how much the sensitivity of
this method can be improved by the use of more exact elevation and
gravity measurements. It would be interesting to find the smallest size
of valleys that could be detected by the gravity method. With more drill-
holes available the method could be improved. More drillholes codld
increase the accuracy in the determination of the thickness of the rock
units. After the first Bouguer profile over a suspected buried channel
was obtained, drillholes should be made at the assumed walls and the
bottom of the valley to set more boundary conditions for the modeling
of the valley. Drillholes also will give an evaluation of water
availability.

In combination with drillholes, the gravity method is a easier,

quicker and cheaper method than drilling alone.

..53..



Acknowledgments

The author wishes to express his appreciation to Jane Denne,
Dr. Carl McElwee and Dr. Harold Yarger for their guidance. and suggestions.
Special thanks also go to the students George Lam, Allen Martin and

Rita Sooby who advised me in working with the computer and changing

the programs.

_sq_



Bibliography

Carmichael, R.S. and Henry, G., Gravity exploration for groundwater
and bedrock topography in glaciated areas; Geophysics, Vol. 42,
No. 4 (June 1977), p. 850-859.

Denne J., Steeples D., Sophocleous M., Severini, A. and Lucas, J., An
integrated approach for locating glacial buried valley aquifers;
KGS Groundwater series No. 5, 1982, in press.

Griffiths, D. and King R., Applied Geophysics Pergamon International
Library, 1976, p. 143 F.

Hall, H. and Hajnal, Z., The gravimeter in studies of buried valleys,
Geophysics, Vol. 27, 1962, p. 931-951.

Hammer, S.V., Terrain corrections for gfavimeter stations, Geophysics,
L, pp. 184-194.

Ibrahim, A. and Hinze, W., Mapping buried bedrock topography with gravity,
Groundwater, Vol. 10, No. 3, May-June 1972.

Winslow, J., Geohydrology of Jefferson County, KGS Bulletin 202,
part 4, 1972.

Zeller, D., The stratigraphic succession in Kansas; KGS, Bulletin 189,

1968.



