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Abstract

Gravity   data  were   taken   across   a   buried   vaHey.      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  vaHeys.   which   are   150   feet   deep,   or

deeper.



I  NTRODU,CT I ON

ln   formerly   glaciated   areas,   glacial    sediments   are   often   a   good

source   of   potable   ground   water.      Northeastern   Kansas  was   glaciated   during

pre-lHinoian   time.      The   extent   of   glaciation   can   be   seen   on   the

generalized   physiographic   map   of   Kansas    (Fig.I).      Also   shown    is    the

gravity   test   site,located    in   Jefferson   county.

UsuaHy   bedrock   forniations   contain   little   high   quality   water    in

this   area,    but    large   quantities  of   fresh   water   may   be  obtained   from

glacial    buried   valley   deposits.      The   buried   vaHeys   contain   sand   and   gravel

that   was   deposited   by   rivers   or   melt-water   streams   that   flowed    in   the

vaHeys.      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   vaHeys   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   G`acial    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   I/loo

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

(napped   elevation   988   ft).
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GENEBALIZED  PHYSIOGBAPHIC  MAP  OF  KANSAS

H[]II
Fig.     1
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Grav i t Method

The   gravity  method   to   locate   buried   channels   was   already   used

by   Hall   and   Hal.nat    in   1962   to  define   the   configuration   of   the   bedrock

surface,   partic.ularly   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   fiHed   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   vaHey.      The   gravity   data

were   therefore   taken   by   another   graduate   student   perr)endicular   to   the

vaHey   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  vaHey   fill   material   and   the   bedrock.

When   the   topography   is   relatively   flat,like   in   this   case,    the

above  mentioned   data   reductions   provide   a   suff iciently   accurate  method

of   reducing   the  data   to   sea   level.      "lf   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   aHowance

must   be   made   for   departures   from   this.      This   is   done   by   computing

graphically   the   gravity   effect   at   the  observation   point   of   all   hiHs

above   the   station   level   and   all   vaHeys   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   adj.acent   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   specif icaHy   for   this   analysis.      The

former   programs   were  written   for   bigger   areas,    for   different   coordinate

systems   and   for   other   data-formats.      The   scale   of   the   coordinate   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
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of   the   two   roads   which  meet   northeast   of   the   data   1  ine  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   SEsl    are   easily

calculated.      The   necessary    information,    including   angle   of   the   data

line   towards   north   and   distances   between   the   single   points,   were   measured

in   the   f ield   and   given    in   the   report.
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All    the   coordinate   values   are   in   feet.

To   get   the   linear   equation   for   the   line   SES(I-10),    its   slope   and

intersection  with   the   y-axis   have   to   be   determined.

Slope   a   of    line   SES(I-10):

a   =   tan   620   =   I.88073

Intersection   b   with   the   y-axis:

b   =    I.88073   *    1260   =   2369.72

Linear   equation   for    line   SES(I-10):

y=a*x+b

y   =    1.8807   *   x   +   2369.7

The   coordinates   of   the   base   station   SES10   are:

x   =   1260      y   =   -2

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

y-values   are   obtained   from:

x   =   1260   -d   *   sin   28°

y   =   -2   +  d   ;':   cos   28°
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Similarly,    the   x-and   y-coordinates   for   the   remaining   points   SEclo

to   NWC2l   were   determined   from:

x  =   1048.7   -d   *   sin   4o°

y   =   629.3   +   d   :':   cos   4o°

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

-The   data   that   were   read   in

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

-G   SuB   R,    is   the   gravity   of   a   spheroid,   calculated   by   use   of

the    International    Gravity   Formula:

gr   =   978031.85*(0.000023462*sin4(Phi)    +   0.005278895*sin2(Phi)    +   I)

where   Phi    is   the   geographic    latitude.      This   formula   considers,    that

the   gravity   at   sea   level   varies   smoothly   from   the   equator   to   the   poles.

-B0UGUER    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   acco.rdance  with   the   theoreticaHy   ca]culated   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   f it   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   systeni.

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   froni   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:

IEE



DATE METERDRIFT                                   JULIAN                               SLOPE

Gravity   value   Gmd                    TIME                  (mHligals/hour)

3652.19530

3652 . I 6603

3651. 94750

3652 . 09938

3652 .15006

0.80672009

0.80672344

0. 80691124

0 . 80691319

0 . 8069 I 43 I

-0.009769

0 . 089343

0 . 051542

A   rough  draft   of   the   linear   interpretation   looks   like   this:      (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   STATloN   TIE    IN.

Program   STATloN TIE      IN

ln   this   case   the   base   station   was   not   tied   in   to   an   absolute   gravity

value.      For   the   purpose  of   detecting   a   buried   channel    it    is   suff icient

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   foHowing   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   f i]e   named   TIEDATA    (Fig.10)    are   read

into    PROFILEl  .

-19-



ol     .6!J

1oul8sqos      ~"63qpg]

BOO.000086     000.oooo86
000.000386    000,000086
ZZ6.866S16    000.000086
[TO.666616    000.000Ci86
i a 0 . 6 € (` €` 16-.  0 0 0  . 0 0 0 0 8 6
r9€.86€££6    000.000086
'.t6.866S16    000.000086

)16.866616    000.000086
?TO.666616     000.000086
[86.8C,6516     000.00008C,
:to.666616    000.000086
'.6S.666££6    000.!'J00086

lzt.666616    000.000086
[60.666616    000.000086
tog.6€6S16    000.000086
)£t.6£'6616    000.00C/086

;'£;::::`:i::3::::::3:
}Z8.66£`516     000.300086
loo.000D86     000.00C)086
)To.00oo86    00o.00oo86
;T6.666616     000.000'`)86
lT6.66€`E£6    000.000086

Z€.666616    000.000086
'S6.666616     000.000{18£

96.€6€£16    000.0000t}6
166.6£6£16     C)00.00006'6

£0.00r\:86    000.000086
TT.000086    000.000086
'9I.000b86    000.000086

00'000J86    000.000086
loo.000386    000.u00086
loo,000086    000.000086
loo.666616    0oo.rjooo86

10.666S£6    000.000{j86
99.8€,6Et6    000.000086
69.866S16    000.000086
T8.866616    000.000086
T8.866616    000.000Cb`6
S86866616    000.0000tj6
81.86ES16    000.000086
00.000086    000.0000P6
S8.866S16    000.000086
T6.866616    000.000086
[6.866616    000.000086
00.666616    000.000086
[6.86E6£6    000.OP0086
Z6.866616    000.000086
66-.866S16    000.000086
00.000086    000.000086

-OZ-

23bp  asbq-)    a¢bq-X

0.a-          0.09Z(     S
0.a-          0.09Z,    8
0.a-          3.09ZT    ,J
0.3-           3.Oc,.?I     S
0.a-           0'09ZT     S
0.a-           0.OP€T     S
0.C-          0.Orj=t     S
0.C-           0.0?ZT     S
0.€-              r?,.OE`.Z{      S
0.a-            0.OE)€T     S

(Hi&)    "o!q\o+sololp)J'a^Q      =  o
no.'}b+S        =S

nQ.,to+sa.oo     =q

`j+ha,:D:;     awj
•0               do     0

0t£.00Sf     cls¢3
6os.66tr    dc!t,i9
309.66tJf     dt£`3
0[9.5t>bf    c3f I 9
09C.66t€     c!0[.-9
€€C..66t£     G'Cj?9
dos.6€t,f    o€a.)
t36C.66+I     clt?T9

01S.6(>+I      rJTTC?

0.a-          0.09ZT     S    J£9.66¢f    dl    9
0.a-          :'.0,-Zt
0.a-           0'OcjzT
0.Z-            0.OT,aT
0.Z-            D.09ZT
0.a-          8.09€T
0.a-            f?.  Ot3L'T
0.3-          \)'09?I
0.-C-            C\'09C|
0.Z-          0'09€'
0.Z-           ^,.0€L'[
0.€-            \)'0.,ZT
0.a-           0'OCJ?I
0.a-          O'Oc,?I
0.a-            ()'OC3?I
0.a-            0'OT'=T
0.C-            :,.  C,|.)€,
0.a-           0'C97T
0.a-               :I  '   0<j;-`(ZT

0.a-          ,I.Or-,?I
0.Z-           0'(,9ZT
0.a-          0.09Z[
0.3-           0.09ZT
0.  a;'-             0'  Oc-,,3t
0,€-          rJ.
0,Z-          0,

=T

€1

S     C9T.00S€      c]T      j

000`00€C     {lzslj
089.6bof    dfb-r]
T6l.66,I     cl€t=

iimE
•°              ti.665S        .a       v|

01.0£6        0,i-           0.0(jz[
8€.s06        c..s6aT     I.O€..
b`Z.Sbs         b.08ZT     I.CUS
Zt.£.6       I.a.3T    5.b£S
91.3t5        5.S9IT     1.'d6r3
l€.€b6        P.£OZI     9.`jocj
bt7.Zt6        a.13tt     a.0£{j
`1l.Tb€`           t=.F8C`t       C).`i`,`9

:t.T$5        9.CSOT     Z.:69
S[.To6        C.ZT\Ol     i.1<1
:I.9'£s       8.Oza        £.i'd6
0C.8£[.,., 6d        1.|`€'J
8ft.C`t"3        0.bl€        b.6!1
00.6f6       I.S[6       9.lt31

£IO.Ofjs€     d8f3        Zf..1£5        I.6S8        6.St..6
i££.oogf    d€z::.        f! ..,. ¢£c>        5.eel         I.j€{]
16€.00§€    cicts        i.'.f£3       a.tyt|        I.Zr;6
r,8C.JOsf     cttT``a         69.Z{S         €.5U1         ¢.tJ{J£

59g.Ocff    dt    I
9|f,,00€t     c]C     E:
!;t't.00S!     c!6€,
lab,00Sf     d{.€t'
66..00SC     cj9€¢
§Zg,00S(:     a?Zo
0,€.009r     cjlTdy
L`9S.00Sf     dclb

S    8+(?.Oof:I     cj|     t,
S    ttlL`.00Qf    o€    b
S    b`£''00C,|`     d9=£
tl    ate..oosf    dc`s£`
S               '0               dL     3
ti    Z9f..OCS€     cJg    9
S    a;09.66¢£     o9SS
0    Z9P.66¢f    c!9ti;
S    £9Z.66t7[     c}J[;

0.a-           f.OC;JT     S    b6Z.66ti-dti£:3
0.a-          0'09dl     S
0.a-             0.OC1€T     S
0.C-           D'09€T      S
0.Z-           0.09Z,    S
0.€-           0.09-C,     tj
0.Z-           O'09ZI     S
0.Z-           0.09Z;I     S
0.Z-           0'09ZT     S
0.Z-            0.Cc.',?I     S
0.Z-          0.0`3Zt     S
0.-C-           r'.0?1Z,     S
0.a-          ,`09?I    S

80t.66bi`     c]Ci€S
£6€.66bf    ddyzs
Tf t.66bf    d€iTS
99£.66¢{     d¢T5
ZZS.00St`    d9    a
0T¢.66,£'    d,(jo
£Sb.66b€    df bb
COS.66b[     dtJfb
TOs.66tf    dla¢
•36£.66tf    ciolb

Z6£.66tf     c]Z    b
J0t.66tf   dslf

o.Z-          0.Ocjz[     t]    8b£.00€f    dtzf

('  1'  .  T€  i

a CJ '  0 C S
I? U .  I I 6
0  Z . Z€ C

a . Z£ 6
a  I  .  Z€  C,

9 '-  .  0 £ 6
b L .  C_c, 5
£ (3  '  E a a
C\ '  .  bz 1

9,!|J9         9,i,10l
I.6C9        1'b',0:
C.rr,bE           1.L<¢0.i

a.T5£          C.Z101
0.10=         1''J6Cli
€.ZC,a        Z.6[t'
I.8'C         r`.Ct,Tt
9.tit         I.r,OT:
b.OrT         3.6tj[i
£.98           I.{'Zi

a(i.8zs        I.zt           ;..`3Lci
OI.0£f=,         C.Z-            0.09a

•0             C'665a        '0

01.0£6       0.a-           0.09Zf
0?,9¢S        I.t',Et     Z~ol,
•c`i`c:.r3t6        o.r]6z[     I.u6t

[f.09S        0.SS8[     Z.OZ
19.t`j`S5         1.9T't!T     ¢.C5
8T.955        }.8£tt     3.btj
6£.bss       I.OblT    i.9[T
b6.€ES       8.10£[    8.8tt
38.£S6       a.£99T     a.Ot)[
OT.0£6        0.Z-            0.Or,ZI
Z9.ZS5        6.9831     Z.S¢€
i(.`.T§6       9.8¢;I..llZ
tt.OS6        I.OIST     5.60£
£9.6tis        6.T[tyt     9.Its
16.8t6       9.££bl    b.£1£
tb.gbs       I.S6£T    6.Sot
Z6.1b6        0./S£[     0.8C¢
0[,0£6       0.Z-          0'0.jzI

OS0000    =    1Nr`f)_i    nwnllH     .qn    =     lnnl     lwr`.|u     .    .7n    -..     I   itAi.`w    i,.;r.    _     n,,^-,r`



Program PROF I  LE 1

The   purpose  of   PROFILEl    is   to  display   different   aspects   of   the

gravity   data.

I)        The  elevation   in  meters   is   plotted   versus   the  distance   from  the

station   NWC21.      From  now  on   the   graphs   are   not   a   proj.ection   along   a

certain   latitude,   but   the  data   are   now  displayed   ver'sus   the   line

along  which   they  were   taken.      The   variable   DIST   has   the   units   of

ft/lo.      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   SEclo-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.

2)        The   raw  gravity   versus   distance   plot   (Fig.12)   does   not   show   the

expected   gravity  anomaly,   because   it   f irst   has   to  be   corrected   for

the   two   foHowing   effects.

3)        The   free   air   effect   (Fig.13)    is   due   to   a   vertical   decrease  of

gravity  with   increase  of   elevation.      The   reference   ]evel    is   the

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

e 1 eva t i on .
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The   free   air   anomaly   is   defined   as:

AgFA   =    SABSGRAV   +   0.3086   *    ELEVATloN

Or

AgFA   =   gobs   -   gtheor   +   CFA   *   h

4)         Fig.14   shows   the   Bouguer   anomaly   versus   distance    (ft/10).       It

takes   the  attraction  of   the  material   of   density   2.Og/cm3   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   densityj>  .     As   a   reasonable   valuej>   was   chosen   to  be

2.0   g/cm3.      The   Bouguer   anomaly   is   defined   as:

Ag8   =   AgFA   -   CB  f  h

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

by   the   lower  density   fill   material   of   the   vaHey.

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  =   gobs   -   gtheor   +   CFA   *   h

where:

AgFA  =   free   air   anomaly
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gobs   =   Observed   gravity

gtheor  =   theoretically  calculated   gravity

h  =  elevation

CFA =  free  air  constant

from   the   clef inition   of   the   Bouguer   anomaly   foHows:

AgFA  =   AgB   +   hp   CB

Where

I)     =density
CB     =   Bouguer   constant

lf   there  were   no   local   anomaly   such   as   the  one   in   this   case

caused   by   the   buried   vaHey,   the   Bouguer   anomaly   AgB  would   be   taken

c.onstant.      Then   the   linear   equation   in   h   could   be   solved   for   the   density

i)     .     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,   t.here fore,   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  with in   the   next   program.
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Program REG  I ONAL

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.

Bec.ause  of   the   small   size  of   the  area,   where   the   data  were   taken,    it   is

cliff icult   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

f it  of   the   Bouguer   values   is   done   by  a   least   squares   fit  method:

Linear   equation   g   represents   the   regiorial   gravity   trend

g   =   a   +   bx

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

x1-±  (q=  -A:)L
;.=/

where  g:    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.

#=.i(i:-a-`„,x-u=oN

ib
~.

±qLX=-±axc~±b*=~=0
:=  I                          :,--I                          :=1
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-\ ,.--  `  ,  '   -   ,    I \,  -'      -   '    .

5 =  + £ q`` ia

JET? =+:(*.q`,               = --=£ X.2

I aF  -  a*  _  bx2  =  0 I a = a  +  b*

Solving  equation  I for  a  and   inserting   a   into  equation  |gives:

cl  =   3_  - b F

t q- _ b ¥ ) F  +  A T2  _  jaiz   =  0

b (x-2 -(¥)i)  =  FF  -bF F

b -    JF¥  -3_F

ca=3 _  J5¥  - F ¥
¥  -(=)2 *

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   f it   to  avoid   multiple   contributions   of   stations.      That

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

station   SEslo  were   only   counted   once.
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Program RES  I  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   anomaly    in   gravity   is   approximately   0.45   mgal.      This   residual

gravity   is   the   final    result   after   all   the   reductions.       It   should   be

c]osely   correlated   to   changes   in   the   bedrock   topography.      Estimating

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

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.      PracticaHy,    that  means   bedrock   depth   information

should   be  obtained   from  driHholes.      These   drillholes   aHow  only   a

certain   range  of   prism  sizes   to   be   used.      In  our   case,   t\nro   points  of

the   vaHey  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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Dens i t Dete rm i na t i on

The  density   contrast   between   bedrock  and   vaHey   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   aHows   determination   of   the   density  with   accuracy   to   1/loo  g/cm3

(personal    communication   with   Lynn   Watney,1982).

The   log   used   was   taken   by   Trans   Ocean   Oil,    Inc.,    in   Wabaunsee   county,

Kansas    in    1975.       It   was    in   section   27,    township   10S   and    range   llE.      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

Deer   Creek   Limestone

Tecumseh   Shale

Lecompton   Limestone

2.43   g/cm3

2.5'   g/cm3

2.46   g/cm3

2.51    g/cm3
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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

.9 F:,,   as   a   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.   ZeHer

( , 968)  .

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   I    to   20   feet   in   thickness   (ZeHer,1968).      A   less   likely

alternative   to   the  Avoca   Limestone   is   the   Spring   Branch   Limestone

in   the   Lecom.pton   Limestone.      The   Spring   Branch   Limestone   is   a   gray   somewhat

sandy   limestone,   generally   about   4   ft   thick   (ZeHer,1968).      This

information   and   consideration  of  a   surface   slope  of   32   feet   towards

SE   gives   Fig.    22.

The  water  well    records  within   the   same   section  were   not   very   useful

for   bedrock  data   and   therefore  generalized   thicknesses  were  chosen.

In   surrmary,   the  model    is   hypothetical.      The   rock   units   are   not   critical

for   the   final    result,   because   aH   have  a   density   between   2.4   g/cm3   and

2.5   g/cm3.
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Mapp i n the   Formations

For   the  modeling   process   all    the  dips   shown   in   Fig.   22   are   considered

neglible.     AH   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   is  mainly   sand   and   gravel,   which   leads   to   a   possible

range   from   I.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   t`^ro  main   results  of   the  modeling.      For   a   certain   fill   material

densityj)  F],,,   the  density  contrasts  are  fixed  and   the  only  variable   is

the   size  of   the  prisms..     The   size   is   still   restricted   by   the  condition

that   the  waus  or  bottom  of  the  vaHey  have  to  touch  the  points  where

the  driHholes   hit   bedrock.
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A   typical    input   of  data   for   the  modeling   program   looks   like

Fig.    24:
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West:             Western   edge  of   the   prism

East:             Eastern  edge  of   the  prism

Top:                Depth   at  which   pr.ism   starts

Bottom:         Depth   at  which   prism   ends

Dens:             Density  contrast   between   bedrock  and   vaHey   fHl   material
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Results   of   the  Model in

The   foHowing   results  were  obtained   after   trying  many  different

prism  sizes   and  density  contrasts.     The   best   fits  were   in   the   range

from  2.10  g/cm3   to   2.20   g/cm3.      These   values   are   considered   the

acceptable   minimum   and   maximum   fill   material    densities.

A  good  correlation   between   the   slopes  of   the  gravity  data  and

the  modeued   profile   is   important.     The  model   data   have   to   fit   the

minimum  gravity  data   (bottom  of   anomaly)  ,   because   this   determines   the

depth  of   the  vaHey.     The  curvature  of   the  gravity  data   had   to  be  fit,

in  order   to  determine   the   shape  of   the   vaHey.      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:

=   2.09   g/cm3    (Fig.    25)

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.

FHi    =   2.10   g/cm3    (Fig.    26)

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

becomes   smaller,   because  density  contrast   is   defined   as:

Af =fFHI   -fLayer
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So  even  with   the   comparatively  wide   prisms   at   the   vaHey   bottom  we  get

a   very   good   fit.      In   this   case   the   vaHey   has   the   smaHest   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  vaHey   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  vaHey.

C   hits   bedrock  at   142   ft.      The  maximum   known   vaHey   depth   in   this   area

is   167   feet.      This   is   based  on   another   drillhole   several   hundred   feet

south   of   RTH.

Another   important   point   is   that   the   slopes   of   the   Bouguer   graph

are   in   accordance  with   the   modeled   graph.      The   points   NWC10   and   NWcll

represent   noise  or   a   small   change   in   bedrock   topography  which   is   not

mode I ed .

=   2.2o   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   vaHey  waHs   is   still   acceptable.      The

vaHey   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   f ron  the  next   two  cases.

-46-



=   2.21    g/cm3    (Fig.    28)

For   this  case,   the  vaHey  has   to  be  290   feet  deep   to  get  a   fit   that  drops

deep  enough   in  order   to   re'ach   the   lowest   data   points.      If  you  consider

the   data   NWC10   and   NWcll   as   noise,    you   find   a   common   slope   for   the

Bouguer   data   at   the   left   side  of   the   vaHey.      The  modeled   gravity

gradient   visibly   deviates   from   the  measured   slope.

J?FH,   =   2.22   g/cm3    (Fig.   29)

By   using   a   310   feet   deep   vaHey   the  modeled   profile   fits  more  or   less

all   the  data   in  magnitude,   but   the   slope   at   the   left   side  of   the   buried

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

(valley   fill   density  PFj],   =   2.10  g/cm3   )
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Cone I us ions

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  d6wn   the  density  of   the

f in   material    to  a   range  of   2.10  g/cm3   to   2.20  g/cm3.      This   again

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   vaHeys.      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  driH-

holes   available   the  method   could   be   improved.      More   driHholes   could

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,   driHholes   should   be  made   at   the   assumed   walls   and   the

bottom  of   the   vaHey   to  set  more   boundary  conditions   for   the  modeling

of   the   valley.      Drillholes   also  wHl   give  an   evaluation  of  water

ava i I ab i 1  i ty .

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

quicker   and   cheaper  method   than  drill ing   alone..
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