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over  27,000  gravity  stations  mere  cxxpied  throughout  eastern  and

northirestem  fansas  in  this  regional  gravity  survey.  These  gravity

data   were   rech]oed   using   standard   ltrethods   and   some   new   quality

control   procech]res.    The   resultant   Bcnguer   gravity   values   were

gridded  and  a  map,   Contoured  at  a  1  mgal  interval,   vas  produced.

Interpretation and data einancenient techniques  such as trend surface

analysis,   apechal  filtering,   synthetic  illLmination,   and  ccxputer

formed mcideling mere  amlied to  the data.  Isostatic  oomection  and

±ined  analysis   of  gravity  and  rmgnetic  data  using  roissen's
thearrm were  also  carried  cut.  The  Midoantinenh  GeqEthysical  Ancmaly

(REA)   in  oerrtral  ransas  clearly  eutends  to  at  least  the  Oklahcma
border  and  is  underlain  kyr  a  thirmed  an]st  and  lithoaphere.   The

abmat decrease  in alpliti]de,  going fro no]Th to scum,  of the mid-

aautinent gravity high  in  Gen:tral  lfansas  is  due to  the lriore  drctile

character  of  the  lithodyere  in  southern lfansas.  The ixper cm]st  in

east-  REnsas  is  ancmalously thick giving  rise  to  a ba=cad negative

isostatic  and   freaair  ancmaly.   The  cormelation  coefficients  and
derived  magnehizatien   to   density   Contrasts   far   chart   wavelength

gravity  and rmgnetic  ancmalies  chchr  that  the  shallenr basenent  rcx]cs
in    noThem    and    scnThern    fansas    are    quite    distinct,    which

co€sponds to the different basenerfe age temnes.  Analysis of long
wavelerqu  ancmalies  suggests  an  almost  homogeneous  an]st  at  depth

with   no   distinct   age   terranes.   Many   cTher   local   ancmalies   are

identified and disa]ssed.
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The   lansas   Geological   Survey    (RES)    has   been   oanducting   a

regional  gravity  survey  of  the  state  for  the  past  few  years.  This

new  gravity  data  sLxpleneuts  the  REnsas  regional  aeroniagnetic  data

and  yields  more  infoHna±ion  on  the  geology,   cm]stal  strmcb]re  and

early geologic history of the state.
A]most   all    of   the   surficial    roc]cs    found    jn   REnsas    are

Thanerozoic  sedimentary  rocks.   Uhdemeath  this  thin  layer   (170  to

3300 meters)  of younger  sedjlnents  is  the  frecafrorian basement,  which

is   Inade   \p   of   predminantly    igneous    intn]sives    and    elastic
sedinents.  A regional gravity survey is sensitive to lateral density
ooutrasts  caused  by  st"cb]res  and  different  rock  types  within  the
basenerrt.   The  overlying  sedineuts  are  in  essence   'tranapa±t'   to

the  gravity  field  because  of  the  follcwimg  reasons.   The  sedj]rtents

were  generally  deposited  on  a  near-horizorrtal  surface  resulting  in

strata  with  little  lateral  density  Contrast.  Within  each  stratlm,
the   density   is   nearly   uniform  because   the   type   of   sedinendary

deposition    is    largely    influeneed    kyr    the    prevalent    geologic

errviroment.   For  oontaporaneous  sedimeuts  of  the  same  type,   the

density  is  almost  the  same.  This  layer  cake  ccndition  is  sor[te€ines

perturbed  kyy  postrdeposition  on]stal  movement.   It  results   in  two
sources  of  lateral  density Contrast,  which are the  sediment/sedinerit

and    sedinent/basenent    contrasts.    Because    the   density    candrast



between the baseneut  rcdcs  and the  sediments  is  usually  larger than

that bet"reen tro different kinds of sediments,  the resulting gravity
ancmaly caused ky cmstal lrovenerfe can be attrirmed a]mst entirely

to  the  baseneut  relief   (table  1  lists  the  densities  of  several
cx- I-) .

AncTher   oormon   geologic   event   that   would   cause   a   lateral

density   Contrast   is   when  lnolten   rock  migrates   Lperd   frcm  deep

within the cm]st and is aplaced at or near the basenent surface.  It
usually  results   in  a  sharp  lateral  density  Contrast  between  the
irfu]ded  and host  rock.  I]ateral  changes  in density due  to  different

basenat rodc types are the saroe  for most ancmalies  on a  regional

a-ity xp.
There   may   exist   a   fen   large   axplitude   localized   anomalies

caused   by   the   sedilrents.    Hch7ever,    these   are   usually   of   short

wavelength   and   are   largely   filtered   out   by   the   large   sampling

distance  ( >1.6  ]m)   in  the  peseut  survey.  Slowly  varying  sedinent

thiciness  rna:y  ±ihfte  a  low  altplitude  long  wavelength  ocxponeut

to  the  rtayional  gravity  trend.  Regional  gravity measuncments  can be

very effective  in identifying basenend  faults because of the density
Contrast on either side of the fault.

DT-JoncN _ ro MEnrolx5 OF Drm±AHCIN

Although the Fansas  gravity ts  are very accurate  (one

part  in  ten  billion) ,   it  is  sometimes  difficult  to  disoem  s`utle
features  on  the  gravity  mp.  To  aid  in  the  interpretation,  I  have
amlied    apecial    processing   techniques    to    enhance    Certain    low
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Sedimentarv roctcs

Shale-
Sarxdr3t-

Ian- rcds
Granite

Diorite
Gatfro

hits

rmislTy,  cM/a=

2.00  -2.65

2.25  -  2.80

2.20  -  2.70

2.65  -2.75

2.70  -2.95

2.80  -3.10

3.20  -3.30

Table 1.  Densities of rocks  (after Garland,  1979) .



alplitude   features.   These   enhanoenent  methods   do   not   create   alry

additional  information that  is ncrt already  in the data.  They ©ly
help   to    ixpoeve   the   signal-to+noise   ratio   and   focus   on   the

iteresting geologic ocutent of the signal.
Ih  the  follcwing  I  give  a  brief  aooount  of  the  ethancemat

methods  and  the  difficulties  they  help  to  overoone.  These  will  be

discussed   in   more   detail   in   chapter   five.   There   are   tro   main

prchlens  that  mahae  gravity  interpretation  difficult.   Firfe,   there
are many density anomalies pmesent and they give rise to  interfering

signals.   It  is  essential  to  separate  the  desired  signal  frcm  the
'noise'.    I   use   trend   surface   fitting   and   apectral    filtering

techniques  for  ancmaly  separation.  Second,  there  is  a  prdlerL  with

diaplaying  gravity  measurenents.  A  rectangular  grid  of  the  data  is

usually needed before arty contour and/or Color map  can be generated.

This     gridding     prooechme     jmrariably     i]rvolves     soocThing     and

interpolating  the  arigiml  data.  Useful  information may be  chsoured

or  lcxst   in  these  processes.   There  are  typically  only  a   limited

mmber  of  color  intervals  available  on  a  Color map.  Small  ancmalies

are scmetj]nes  efroedded within cme Color  inter`ral  and overlocm.  The

difficulty with  diaplaying  the  data  is  partially  alleviated ky  the
removal  of  a  regional  trend  using  a  trend  surface  fitting  method.

Synthetic  illumination  of  the  gravity  data  also  helps  to  reveal
s`hile trends and lineaments.

After  identifying  an  ancmaly,  cxquter  forrard modeling  can be

used  to  characterize  the  size,   crape  and  density  oantrast  of  the

causative  body.  A moving window  application  of  Ebisson.s  theortm  to



gravity and mgnetic data derives  the  ratio  of the rmgnetization to
density  ocutrast  of  the  ancmalous  boQy.   lastly,   applying  isostatic

oomection   to   the   data   removes   the  gravitational   attraction   of
hypcThetical   cmistal   rocrts,   which   according   to   the   Airy  ndel,

aorrpensate  for  the  surface  tapograthic  load.  The  readers  lnay  refer

to  faterson  and  Reeves  (1985) ,  and  Hinze  (1985)   for  a  revienr  of  the

state-of-therari of the gravity and magnetic methods.
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In  the  follcwi.ng paragrape,  I  outline  the underlying Pysical

principles of the gravity method.
The  average  gravitational  aoceleratiori  cm  the  surface  of  the

eaTh  is   appraximtely  980,000  mgals   (1  gal  =   1   ctt`/sec2   =   1,000

ngals) .  apatial  and  tapoml  variations  of  gravity  are  affected  kyy
latitude,     elevation,     local    geology,     density    and    taperatune
anenalies  deep  within  the  eaTh,   flow  of  viscous  mantle  mterial,

gravitational  attraction of e]d=ra-terrestrial bodies  (mainly the sun
and the mocm) ,  solid earfu tide,  and others.

Newton's  law of `miversal  gravitation specifies the gravitation

a-leration,   g,   on  the  surface  of  a  rotating  dyene  of  uniform
diasity as,

g -(qu/'=13,  =   -   S x  ,€ x i,

where G is the gravitational Constant,

M is the mass of the sEinere,

a is the angular velocity of the sphere,
= is the radius vector of the apbere.

The  acb]al  gravitational   field  on  the  surface  of  the  ea]Th
deviates   sonewhat   frtm   this   sjlple   relation   for   the   follcwimg

reasons.   The   figure   of   the   earth   is   apprcndmately   an   ellipsoid

flattened at the poles.  D]e to the charter distance to the Center of

mass  of  the  earfu,  and  a  smaller  Centrifugal  foroe  with  inc=easing

latitude,  gravity generally  increases with latitirde.  Gravity usually



decmeases  with  elevation  because  of  its  inverse  squared  dependency

on  =.   Gravity ts  taken  at  the  surface  of  the  earfu  are
sensitive to  lateral density changes within the earfu.  Therefore any

geologic    stn]cfa]res    such    as    igneous    plutcms,     rock    temne
boundaries,   salt  denes,   faults  or  dikes  which  result  in  a  lateral
density contrast,  will  give  rise to  a gravity ancmaly detectable  on
the  grmmd  surface.  A  modem  gravinder  is  capable  of  measuring  an

ancmaly  as  small  as  5  microgals,   althougiv  100  microgals   (0.1  mgal)

is   the   limit   of   acouraey   in   most   regional   surveys   because   of

uncertajuties  in  eleva±icm  and  location.  The  ancmalies  I  discuss  jn

this raporf are typically greater than 1.0 mgal.

Cbrrecticms   as   cutlined   belarr   are   aEplied   to   the   gravity

neasurenats   to   isolate   the   gravity   signal   caused   kyy   geologic

stnnch]res.   A   reference   gravity   field   of   an   ellipsoidal   eaTh

(International  Association  of  Geodesy,   1967)   is  s`ifetracted  frcmL  the

gravity   measuru[ient   to   aoochut   for   the   latiti]de   effect.    This
sjlrplistic  eaTh model  is  used because the  sole  p]rpose here  is  to

isolate the anmalies of geologic  interest.  A mare refined reference
field  lnedel  will  nat  significantly  irprove  the  clef inition  of  such
anomalies,  which  are  of  rmch  chatter  wavelength  than  those  of  the

reference  field.  Gravity ts  are  adjusted  to  a  sea  level
dat`m   (free-air  and  Bouguer  corrections).   Chapter  4  discusses  more

quantitatively  the  conections  applied  in  the  reduction  of  gravity
data,

Limitations   of   the   gravity  method   are   as   follows.   Gravity

measuncrments  taken  at x ]m spacing on the grm]nd  surface  are  capable



of  disoeming  ancmalies  at  least  x  ]m  wide.   In  the. present  survey

the  eastThrest  and  rrorthTschTh  gravity  station  apacings  vary  betueen

1.6-3.2  and  between  3.2-9.6  ]m  reapectively.   For  ancmalous  sources

in  the  `xper  several  kilcmteters  of  the  cm]st,   these  values  also

represent  the  limiting  size  of  ancmalous  bodies  detectable.   For  a

1.6  ]m  diameter  dyerical  body  buried  1  ]m beneath  the  grcnd,  the

minimm  density  acutrast  needed  to  produce   a  detectable   (1  mgal

peak)  gravity signal  is  0.07 qu/oc  (Nettleton page  189,  1976) .

Sirme   the   gravity   method   lrieasures   only   the   gravitational

attradion  caused  kyy  dmsity  ancmalies  in  the  snhoourface,   it  does

rot  provide  a  dilrect  indication  of  the  rock  type.  Many  different

types  of  rocac  may  ha:ve  the  same  density,  while  the  same  rock  type

may  have  different  densities   (see  Table  1).  Densities  are  affected

by  porceity,   tapera:ti]re,   vater  and  gas  saturation,   and  relative
ahmdanoe  of  minor  minerals.   Iforeover,   density  ancmalies  dapend  on

the  densities  of  bcTh  the  ancmalous  body  and  the  sn]±mding  host

rcck.

F\Thermore,  there are  an  infinite m]froer of possible  solutions

to a given set of gravity measu±euts because of the irtrinsic non-
uniqueness  of  the  potential  field  prdlertL.   For  instarme,   a  soall

dense  bcxfy  my  give  rise  to  the  same  gravity  anomaly  as  a  larger,

hit less dense body at  challchrer dgiv.  Theneforie the  interpretation

of  gravity  data  and  its  cx]rrdation  to  geology  have  to  be  done  in

collaboration    with    cTher    information    chtained    frcm    geologic,

seismic,  and lnagnetic studies,  as nell as drill  logs and Cores.  This

additional  informtion  helps  to  constrain  the  depth,   size,   shape,



rc>ck  type  and  density  of  the  souroe,   thus  rech]cing  the  m]inber  of

feasible solutions to a fen.I-
The  new  RAnsas  gravity  data  in  this  report  has  been  collected

as part of a lartye statewide gravity survey project.  Its goal  is to
ccxpile  a  ocmprehensive,   more  accurate,   and  `xpdated  gravity  data

base  for  the  better  understanding  of  the  state's  geology.   It  also

provides   aixiliary   information   for   use   in   the   exploration   and
exploitaticm of the natiml resouroes of RAnsas.
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GEK]Icalc  s]i'L'I'IRE

The Thanerozoic  rocks  in RAnsas  fom a thin veneer aJverjng the

Precalforian  baseneut,   which  is  1000  to  6000  feet  below  sea  level,

esreept near Nedaha coLrty,  where `plifted basenend  is  abchri  560  feet

above  sea  level   (fig.1).  The  only  coa]rrenoe  of  hecardarian  rocks

at the surface are large granite xenoliths fctmd in peridctites near
Rose    in   toodson   achmty    (Bickford   and   cThers,    1971)    and   small

xenoliths   fctmd   in   kilhoeriite   pipes   in   Riley   ochmty   (Brodkirs,

1970).   Major  basenent  stmctural  provinces  in  ransas  are  chchm  in

figure  2.   The  Central  fansas  uplift  oontimes  northo7esterly  into

Nchmsfa  as  the  cafroridge  arch,  oinile  the  Nchaha  ridge,  a  baseneut

uplift  that   formed  in  late  Mississimian  to  early  Pernylvanian
tine,   eatends  naTh  noTheasterly  to  NIbrasfa  and  Iowa,   and  ito
Oklahoma  ori  the  other  end.  Reoeut  mia=orseimic  activity  (Steeples,

1980,   1981)   along  these  basenent  higivs  indica[te  ocutimed  tectonic

activity.  The  schThem eDctension of the Salina basin  in noThc]entral

Fansas  is  bchmded Py  the NEmaha  ridge  and  the  Central  ransas  uplift

on  the  east  and  west  reapectively.   in  northeastern  fansas  is  the
sChThn7estem  Comer  of  the  Forest  City  basin,   which  together  with

the Salina basin,  were part of the ancestral No]Th lfansas basin that

is now separated by the NImaha ridge.  The Bouhoon arfu,  a small  east-

vest trending basenent high,  separates the noThem eatension of the
Chefokee  basin  f-  the  Forest  City  basin.   The  SedgwicBc  basin  in

so`Thcentral  Ifansas,   the  mgctm  chayment  of  the  Anadaflro  basin
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Figure 1.  Configuration of the tap of the Precahorian rocks in

fansas.  Bold ccutour irrtervals are 1000  feet relative to

sea  level.  After Cble  (1976) .  Adapted  frcmL Yarger  (1985) .
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Configuration  of the  top of Precambrian  rocks  in  Kansas.  After Cole (1976).



13

Figure 2.  Generalized stn]rfure map of the Hecafrorian in ransas.

After lfendam  (1963) .  Adapted  frcm Yarger  (1985) .
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and  the   Ias   Ahimas   arch   in  western  ransas   round   out   the  major

strmcfa]ral eleneuts in the state.

Figure  3  chch7s  a  generalized  geologic  map  of  surface  r±  in

lfansas.  The  oldest  rocks,  Bermeylvanian  in  age,  outcxp  in  east©

fansas    near    the    Missouri    border.     The    exposed    rocnes    txacone

progressively ycnmger toward the vest.  Glacial drift deposits  in the
noTheastem  comer  of  the  state  indicate  the  amraxjmate  scThern
linit   of   the   lfansan   glacier.    oeutral   ransas   is   dminated   by
aetaceous  rocks  in  the  narfu,  and  a  cchination  of  river  valley
deposits,  sand  dLmes  and  Permian  rocks  in  the  scrfu.  tertiary  rocks

and river valley deposits are ahmdant  in nortinrestem fansas,  while

schThrestem  RAnsas  Chitcxps  are mostly  sand chmes  and  river valley

deposits.   frofile  SS',   chchm  in  figure  3,   is  a  txpical  eastThrest

cross  section  of  the  sedimentary  rocks.  The  Thanerozoic  sedimentary

colLmi   is   abo`rfe   670   in  thic]c   near   the   lflssouri   border,    and   it

thickens  almost  linearly to  the vest to  reach  a total  thidmess  of
2000 in near the Colorado bo]rder.

The   bascmend-rodc   tapes   in   RAnsas   are   discussed   belchr   and

illustrated  in  figure  4.   The  lfansas  basenent  is  divided  into  an

older   (1.6  b.y.)   temne  of  cleared  granite  in  the  noTh  and  a

ychmger   (1.4  b.y.)   granit-rtyolite  schThern  temne   (Bic]cford  and
others,    1981;   Thomas   and   ctiners,    1984;   Denison   and   cThers,    1984;

Van   Sch]s   and   chers,    1986).   Mafic   igneous   rocks   and   flanking

arlsosic  sandstones  are  found  along  the  trend  of  the  Midcontineut

geqEir}ysical  ancmaly   (lffiA) ,   v\hich  is  a  linear  gravity  and  lnagnetic

higiv with  flanking lows  that e2d=ends noTh northeasterly to the  Iake



• (796T)   I  drfu

^aAms  TeoT6oTceD  sesLItz)I ae]gir  .sesng}g  go  dall oT6o|ceD  .c  am6Td

9T



OD



18

Figure 4.  Map of basement-rock types  in the Central rfudscutineut

regicm.  After Bic]cfcnd and cThers  (1981) .
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Superior  region.  The lffiA has  been  interpreted  as  a  late  hecalhorian

aborted  rift   (arase  and  Gilmer,   1973;   Ocola  and  Meyer,   1973;   Van

Sctrms  and Hinze,  1985) ,  v\hich  is  sonetimes  called the  Central  NOTh

American   rift   system    (CHARS).    Several    small    (~15   ]m)    ciranar

undeformed  intmsive  plutons  of  1.35  b.y.   epizonal  granite,   which

contain   about   thro   percent   magnetite   by   weight,    are   scattered

thrmmchri   noTheastem   RAnsas   and   aroind   the   boundary   of   the

northern and sChThem termnes  (Steeples  and Biclford,  1981;  Yarger,

1983,1985;   Van   Scinis   anfi   others,    1986).    S`tostantial   amo`mt   of

netasedimatary   rocks   cutaining  mostly   quarizite  were   fct]nd   on
basenent   higivs   near   the   sChTheastem   end   of   the   cen:tral   Kansas

uplift    (Bickford   and   Tiers,    1979),    and   in   no]Thern   Ravlins,

Sedgwick and Ijyon Counties.
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C-T-
DAIA  COIIECHON

INSTTttJ-
in  the  earliest  stage  of  the  gravity  survey  in  northeastern

REnsas,   a  Wcirden  gravimcter  with  0.01  mga|/division  precision  was

used.  IIaooste  and Rcfroerg  (I.&R)  model  G gravineters  G-245,  G-111  and

G-68   on   loan   to   the   RE,   vere   used   in   surveying   so`Theastem,

sa`Thoeutral  and  noTh7estem  REnsas.   Itis  crmed  I.&R  model  D  meters

D71   and  D72  mere  used   jn  nortrmrestem  ransas.   The  nmirral   drift

rates  fclf  the  II&R  gravimcters  were  1  mga|Ancmth.   The  aca]racy  for

ndel  G  mcters  is  0.01  xpl,  while  that  of  the  model  D  meter  is

0.005   ngl    (Instnmeut   Mamal   for   Iaooste   and   Rfroerg   gravity

"tr) .
The II&R gravimeter  is  a  relative  instnment,  which measures  the

differmice  in  gravity  betueen  tro  stations.   The  absolute  gravity
value  of  a  station  is  established  ky  caxparison  with  a  reference

station,  which has  a ]mchm gravity value.  The absolute gravity value

at   a   refermice   station   is   dctemined   by   a   penchilun  meter.   The

DEpa±  of  beferise has  established  several  reference  sta±icms  jm
Fam5as.

The    lim   gravimcter   uses    a    "zero    length"    elastic    aprlin7mg

suspended  in  a metastable  equilibrium  state.  The  restoring  foroe  on

an ordinary apring  is praportional to the amcnut of eutension of the

apring.    whereas    a    zero    length    apring's    restoring    force    is

prcprtional  to  the  total  length  of  the  apring,  s.  The  zero  length
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Figure 5.  I.acoste and Rambeng gravineter.
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apring   is   suapended   in  a  slarfo  position  making  an  angle  to  the
vertical   (fig.   5a).   In  making  a  gravity t,  the vertical
distance    (fig.    5a)    between   the   fulcrim,    F,    and   the   point   of

suapension   of   the   apring,    P,    is   adjusted   kyy   tuning   a   sa=enr

ocrmec±ing P to the tap of the meter.  The meter  is  'nulled'  when the

sn]apended mass  retirms  to  its  neutral  position.  The gravity  reading

is read fro a dial and a ccrmter ocrmected to the lneasuring scmenr.

The  ideal  acndition  illustrated  in  f igure  5a  is  not  used  in

practice.  The  arm FP  (fig.  5b)  generally deviates  frcm the vertical

by  a  small  argle,   and  a  tmly  zero  length  apring  is    very  rare.
usually the restoring  force of the  apring  is prcprtional  to  (s-L) ,
where  L  is  small  aorrpare to  s.  With the notations  in  figure  5b,  the

equilibri`m state  is attained  if the sun of I[irments abChrfe F  is  zero,

that is,

mgd sin(0-A)  = ]dra sino - IJa sinp

If ve assLmle 090  ,  Ij=0,  and  A2so,  then  6g  is  linearly related to 6a

and  60  as  shchm belchr,

60  =  6g  {mgThA}

6g =  6a  {kb/iud  cosA}

For  L±0,  6g  is  still  linearly  related  to  6a,  but  the  equation  is

lrore carrplicated.
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I  shall  cutline  the  most  ocmnon  sCh]rces  of  error  for  the  li&R

gravimeters.   For  a  thoraugiv  discussion  of  the  performanee  of  IIm

gravinters,   the  reader  may  refer  to  Woollard   (1963).   Because  the

apring  Constant  of  the  zero  length  apring  changes with  taperature,
it  is  essdrial  to  mairrtain  a  ocmstarrt  gravineter  tapera:ti]re.  The
lfR   gravimater   is   housed   in   a   thermally   insulated   case.    Its

taperature    is   maintained   Constant    (ancund   5o°C    for   most   I.&R

gravirders)   kyy  a  heating  eleneut  and  thermostat.  A  mall  12  volt
rectryeable battery provides the electrical pch7er.  niring the field
work  for  this  project  the lair  tapemtime,  on  cocasion,  rose  above

38°C erring a hat  simmer day.  The gravimeter  failed to  regulate  its

temperature because of the ezsoessive heat transmitted to  it frtm the

hat pavz±.  Ifeasurenends vere nat taken vthen the mcter ovecheated.

The    gravineder    taperati]re    also    drqEped   below    its    aperating

tquxmtlne   on   a   fen   cocasions.   This   res   caused   ty   a   loose

electrical  cannectien  betueen  the  battery  and  the  gravimster,  or  a

rtmTdchn   ba:ttery.    A   sudden   change   in   afroient   taperatl]re,    as

described  atwe,  or violent  mctien  caused  ky  travelling  on  a  hmpy

road,  affects  the performarme  of the gravimeter.  A  'meter tare',  or

a   sudden   j`xp   in   gravineter   reading   results.   These   undesirable

cnditicms  w-  watched  for ty  using  repeated  base  readings  during
the day.  Staticms affected   by these conditions were re-measured.

FIELD-
Gravity  stations  were  normally  located  at  the  comer  of  a  1.6

]m   (1  mi)   secticm,   usually  at  a  road  intersection  or  ferroe  line.
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when  a  pa]±iailar  section  Comer  vas  not  aooessible  ky  vehicle,   a

nearty  replacerlent  point  was  taken  irrstead.  The  average  northTsoiTh

station   apacing   is   9.6   ]m   in   northeastern   RAnsas,    6.4   h   in

so`rfueastem  and  scnThceutral  ransas,   and  3.2   )in  in  naThrest©

Ifansas.   Ereept  for  scmie  stations  in  noTheastem  RAnsas,  which  are

3.2  ]m  apart,  the  average  stations  are  spaced  1.6  ]m  apart  in  the

eastTh7est   direction    (see   fig.    6).    Amroxjmately   27,500   gravity

measureneuts were  taken  in this  study.  The  eutjre  state was  divided

irfe  rectangular blocks  of  aRErmcimately  26  by  40  ]m  (16  by  25  mi) .

A RES base statiori res establifrod at a oeutral  locaticm within each

bloc]c.   These  Ices  base  staticms  "rere,   in  ti]m,   tied  to  a  nearby

Dapartmend  of  Defense   (COD)   base  station,   which  vas  referenoed  to

the   Intemational   Gravity   Standardization  Net   1971   (lforelli   and

Others,  1974) .

The  International  Cifevity  Standardization  NI£  1971   (IGSN71)   is

a  worldrlwide  ned   of   reference  gravity   stations  with   established

absoliite gravity values.  A subect of the coo base staticms belong to

the  IGSN71,   with  the  rest  being  an  eutensian  of  the  net  in  the

United  States.   Typical  aoairaey  of  the  COD  base  staticms  used  in

this  study  is  0.1 mgal.  A  fen mD bases have an unoerfainty as  large

as  0.5 rqul  (e.g.  one located near Red Clcnd,  Nedraska) .

The  RES  base  stations  used  in  this  survey  are  an  esd=ension  of

the  lsoD  base  station  net.   Because  actual  COD  base  stations  are  so

aparse,   many   RES   base   stations   vet:e   established   for   logistical
reasons.   Tlo  monitor  gravineter  behavior,   it   is  necessary  to  ref

ooamr   the   reference   base   sta±iori   every   three   to   four   hours.
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Figure 6.  Chavity staticms  in REnsas.  Average eastThrest station

spacing is  1.6 ]m  (essoept  far scme stations apaced 3.2  ]m

apart in noTheastem lfansas) .  Average noThTsa`Th spacing
is  9.6,  6.4,  6.4,  and 3.2  ]m in norfueastem,

saTheastem,  saThcentral ,  and nartinrestem fansas
respectively.
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Appraxintaly  tuenty-five  regular  gravity  stations,  with  aharfe  One

station   per   section   (1.6   ]m)    in   the   easti`rest   direction,   were

oCxpied   in   fChlf  hours   on  a  normal   da:y.   A  RES  base   station  was

located amrmzirmtely every 40  ]m  (25 mi)  in the eastihrest di±ion
and  26  ]m  (16  mi)   in  the  rmThTso`Th  direction.  Stations  alorxp  the

eastern  and  vrestem  boundaries  of  each  block  mere  cocxpied  twice.

These   are   called   ave]=lap   stations.   This   four  peroat   rechmdaney

allowed   for   error   checking   and  quality   ocutrol.   Because   it  was

desirable  to  have  at  least  one  overlap  station  betueen  successive

base     readings,     ewe     overlap     station     for    every     twen:ty-five

measn]reneuts vas the minimm needed.

United  States  Geological  Survey   (USGS)   7.5  mimite  tapograpic

maps  vere  used  in  naviga:tion  and determining  the  station  eleva:tion.

These maps  oever  an  area  7.5'  longiti]de  Py  7.5'  latitude,  i.e.  7  by

8.5  miles  ar  11  by  13.5  )in.  Roads,   landrar]cs  and  section  lines  are

also  chChm  on  these  maps.   They  are  contoured  at  10  feet  intervals

with  elevaticms  (aoa]rate  to  the  nearest  fcot)   labelled  at  sectiorl

oarners,  midway between  tro  adjacent  section  Corners,  as  well  as  on

bencinar]cs.  once  in  a  while,  elevation was  not  labelled  an  the  map

at  a  gravity  station.  In  that  case,  the  elevation was  estimated by
interpolating bedin7een ocutour lines.

to  mmitor  meter  behavior,   a  base  station  res  cocxpied  three
times during the day,  with three to four hours separating successive

readings.  The  fi]st meter reading res  taken at the begiming of the

work day  in the moming,  again  in the middle of the  day,  and at the

conclusion  of  the  day.  To  ensure  the  gravimeter performed  praperly,
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these  base  readings  were  checked  on  site  against  theoretical  tidal

drift calculated usirg Iangman's  (1959)  algaritin.

The   taparal   variation   of   gravity   is   chie   mainly   to   the

gravitational  atfroction  of  the  sLm  and  the  moon  (the  earfu  tide) ,
as  well  as  the  resulting deformation of  the  eaTh  (the  solid  earth
tide) .  Imgman's  algoritin  determines  the  positions  of  the  sun  and

the  moon  at  a  certain  tine,  and  calculates  the  eaTh  tide  at  the

gravity station.  The eaTh tide is qiite sensitive to tine.  It cculd
vary Er as  inch as  0.3  mgals  in  six hours.  The  solid  eaTh tide  is

aExpraxirmtely  20%  of  the  eaTh  tide,  and  is  acting  in  the  cxposite

sense.  The capiter vas pra]ralmed to calculate the ocfroined effects

of the eaTh arrd solid earfu tide,  and to generate a chaff of tidal

gravity varia±icm with time.
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-Fun
© FnyonoN

I-
The gravity meter reading res ml€iplied by a lneter caljbraticm

factor   (abckit  1.0)   to  ocmvett  to  the  ngal  unit.  After  sulatracting

the   theoretical   tidal   acceleration   from   each   measurenerlt,    the

remaining   tine   dependent   variation   in   gravity   was   lLxped   under
'meter  drift' ,   which  acb]ally  captained  the  tnie  meter  drift  and

experimental  errors  caused  by  iaperfect  leveling  of  the  meter  and

uncertainty  in  mlling  the  meter.   The  maximm  and  average   'meter

drift'  of data Collected using the Iacoste  & Ranfoerg lneters vas  0.05

and 0.01 ng|/hour reapectively.  This  'Ineter drift'  vas corrected by

linearly  distrihiing  the  error  to  pojuts  bedueen  sueoessive  base
reading

The Bouguer anomaly vas calculated by s`Itracting the reference

field   and   the   Bouguer   correcticm,    and   kyy   adding   the   free-air

conection to the measured absolute gravity value of a station.

The   theoretical   gravity   value   of   the   reference   field   res
determined     using     the      1967      Internafional     Gravity     Formila

(Irrtemacional  Association  of  Geodesy,1967).   This  reference  field
is given,  aoourate to within 0.01 mgal  (Mittermayer,  1969) ,  ky,

gr =  978031.85  *   (  1  +  o.oo5278895*sin2¢

+  0.000023462*sin4¢)  mgiv,

where a  is the noTh latitude.
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The   freerair   oc)rrec±ion   aooounts   for   the   deviation   of   the

gravity  station's  altitude  frorrL  sea  level.  The  reference  field  is
calculated  ass`ming  the  earth  has  a  perfect  ellipsoidal  shape.  The

ach]al  sea  level  crape  of  the  eaTh,   called  the  geoid,   deviates
slightly  fro  this  assurution.  This  deviation  is  very  small   (for
e}RIrple  2.7  meters  or  2  npel  in  western United  States,   Sjxpson  and

others,   1986),   and   is   of  very   long  wavelength.   It   is   the]=efore

acceptable here to use the elevaticm aborre sea level  jn the free-air

and ro`xp]er caHections.  to  zero order of approxirmlian,  the gravity

field g is,

g -G  *  M /  (RIh)2'

whfae G is the gravitation constant,

M is the mass of the eaTh,

h is the station elevation,
R is the radius of the ea]Th at the station.

Therefore  the  ve]±ical  gradient  of  g  is  -2qu/(R+h)3   at  the

station.  raking  only the  zero  order  term  of n/R,  it beocmes  -2*g/R.

After sutstituting  in the mnnerical values  for the mean values  of g

and R,  the  ffeei--air oamection is ro.3086*h mgal/in.

The   error   in   ignoring   the   higher   order   term   in   the   A/R

expansion  is  amroxirmtely  rg.03%  of  the  main  term  for  the  highest

station  in  ransas   (aEpraximately  1300  in  above  sea  level).   Since  g

and  R  at  the  gravity  station  should  be  used  instead  of  the  mean

`ralues,   this  approxinution  resulted  in  an  error  of  +0.07%  of  the
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Inain term.  The  zero  order amraxirmtion  in the A/R expansion results

in a  larger gravity gradient.  while the use of the mean values  of g

and R,  results  in  an  under+estina€ion  of  the  gravity  gradient.  The

ccfroined  net  error   is  abcnrfe  +o.o4%,   or  o.16  mgal   for  the  higivest

staLicm   in   the   state.   Iieisfanen   and   vening  ifeinesz    (1958),   and

IIalfoett  (1930)  cftained the  same values using the  older form]las  for

9 and R.

The    Bouguer    oarrection    co±cts    for    the    gravitational
attrac*iori  of  the  roc]c  mass  between  the  station  and  sea  level.  A

uniform  slab,  eatending  horizontally  to  infinity,  with  a  density  d

and  thic9mess  equal  to  the  staticm  elevation  h,   is  assRmed.  It  can

be chChm that  (see far exple Garland,  1979) ,

Bouguer oorrecticm = 2*7rrs*d*h

=  O. 04193*d*h mgals/in.

For  a  density  of  2.67  gn`/cc,   the  Bouguer  oormection  is   0.11195*h

mgals4.

The  tcHmin  carrecticm  irproves  the  uniform  slab  aEpraxirmtion

used  in  the  Bouguer  correction  by  aoochmLing  far  the  so±mding

tcqxREmy.  Even  with  the  aid  of  a  cartprrier,   it  is  a  very  tedious

prtress   (RAne,1962).  Because  of  the  gentle  relief  in  REnsas,  this
ca±icm was nat needed for most stations.
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acfroining  the  above  comections,  Bouguer  gravity  is  defined  as

the foilcrty,

gb =   ga  -    gr  -0.3086  *  h +  0.04193  *  d  * h

For dr2.67 gin/oc,  it beoones,

gb =   ga  -   gr -0.19665  * h

where gb is the Bouguer gravity,

ga is the measured absolute gravity,

gr is the reference gravity field,
h is the elevatiori in meters,
d is the \xper cm]stal density in gtt`/oc.

FEN OF -
Garmrity data imitten on the  field data sheets mere entered  into

the  capiter  Er  keyboard.   A  octtprrier  program  ""H"  was  rLm  for

quality   acutrol   and   error   checking  prlposes.   It   calailated   the

apprzjma[te   longitude   and   latiti]de  based  on   a   section   labelling
system  used   to   idertoify   stations.   The   x   and   y   labels   indicate

appraxirmtaly the  mfroer  of  sections  fro the Missouri  and Nebraska
txnd± reapectively.  "HIT"  also  calculated the approxirmte  Bouguer

gravity  and  theoretieal  tidal  acceleration  of  each  data  point.  The

grachs vere generated:  an eastmest profile  of  the  dayls  data  (fig.
7) ,  and  a  plot  of  the  theoretical  tidal  variation  with  reapect  to
tine   with   the    least    sqirare    fit   of   the    leveltshifted   base
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Fig`ne 7.  Bouguer grmrity anomaly versus eastThrest line mfroer  (y)

for a pariicm of the eastThrest line x=179.  X and y labels

indicate aREraxirmtely the mfroer of cme mile sections

fro the Fansas-Nchras]a and lfansasi4issouri border.

R3sitive x and y dencte REnsas stations,  while negative

values  indicate staticms in Nebmstra and Misschiri

reErfuvely.
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measunEments  s`perixposed  (fig.  8) .  A typical  rock mean  square value

of    this    fit    is    abChrfe    0.05    mgal.     Erroneous tsar
typogra;mic errors  chow `p as singularities on the profile  (fig.  7) ,
while  the  closeness  of  fit  of  the  base  readings   (fig.   8)   to  the

theorfeical  tidal  values  give  an  indieation  of  the  qirality  of  the
data,

The  `moeutalrfeies  in  staticm  eleva:Cion,   location,  and  absolute

gravity value  of the  referenee base static>n are  1  foci  (0.058  mgal) ,
0.00004  degree   (0.004  mgal),   and  0.1  mgal  respectively.   So  a  rock

mean  square `ralue  on the tidal  drift  curve  larger than  0.2  npel  vas

amsidered   `macoEptable.    on   a   fen   cocasions,    an   entire   da:y's

measureneuts    vere    repeated   beca:use    of    poor   meter    performance

indieated by a large rock mean sq]are value.

The   absolute   gravity  value   of   the   RES   base   stations   vere

calculated  kyy   the   octtpriter  program   "RASH TIE''.   RES   base   stations

mere  tied   into   coo  base   stations   ky  tin7o   consecutive   loaps.   The

prng-   adjusted   for   the   tidal   drift   and   'mcter   drift',   and
determined an absolute gravity value for the RES base.

The  measurtHnd   staticm   locaticms  marked  on  USGS   7.5   milute

tapcpemic lnaps  in  the  field were  digitized  to  assign  a  longiti]de
and  latiti]de   (acairate  to  within  0.00004  degree  or  abChri  4  meters)

to each gravity staticm.  This  station  location  file vas  then merged

with the gravity data file.

The  'heter drift"  bctueen each pair of base ts drirB
the  day  vas   calailated  and  stared   in  a   file  named   "IAILY''.   The

absolute  gravity  value  for  each  gravity  station  was  calculated  by
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Figure 8.  Thearfeical tidal gravity values  (anocTh line on gra;in)

for saTheastem REnsas ori T`me 12,  1980 are plctted

against Greemrich mean time  in hchm of the day.  The 24th

hour indicates the begiming of ancTher day.  The level-

shifted base readings  ( . on gra;in)  are s`perfxposed on

the tidal gravity plot.  The root-meamsquare of the fit
between the calculated tidal gravity and the tine
dapendeut base readir]gs  is  0.056 mgals.
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program  ''S-''.  The output  file was  sorted  in the X and Y  labels,
and   overlap   pairs   were   pic9¢ed   ctrfe   by   the   progrmn   "OVERIAP".   The

miEamatches  on  the  overlap  stations,   which  averaged  abChri  0.2  mgal,

were  used  to   level   adjacent  blocks  Er   fine  tuning  the  RES   base

station   absolute   gravity   values.    After   leveling,    the   average
mjmatch  res  0.1  mgal,   which  oenpares  favorably  with  the  0.1  Ingal

acH]raqr of  IX)D base  staticms.  The  aa-c±ed data  file was then  re-

formatted and reramnged by eastTlwest lines to be read by a program
"rmFHE",   which  generated  a  sniite  of  four  graphs  far  each  line.

Exalples  of  these  far vestem RAnsas  are  chchm  in  f igures  9  thrmgiv

H.   Figure  9   is  an  elevation  profile  of  line   136.   The  absolute

gravity   values    in   figure    10   vary   amraxirmtely   inversely   to
eleva:ticm.  Figure  11  chchrs  the  free-air gravity,  which  is  oomected

to  sea  level.  The Bcnguer grmrity  in  figure  12  is  oomected  for the

mass of material between the staticn and sea level.  This  line  is the

realt   of   cfroining   several   blocks   of   measorenents   which   are

refdrenced to seveml differat base stations.  These four graEins are

the final quality chedc of the data.

The  Bcnguer  gravity res  gridded  into  1.6  ty  1.6  ]<m  Cells  usjJE

the  Surface  11   (Sarpeon,   1978)   acmpr]ter  p]=iogram,  and  a  map  with  a  1

rngal    ±our    interval    vas   produced    (fig.    13    and   plate    1).

Interpretation  techniques  arplied  to  this  map  are  discussed  in  the
followirg drpters.
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Figure 9.  Elevatiars versus longitirde for eastri^7est line 136  in

sChTheastem fansas.
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Figure 10.  Absolute gravity versus longitude for eastTh7est line 136

jm sChTheastem fansas.  A constant level  of 979877.5

mgal,  the average absolute gravity of these stations,  has

bra -ed.
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Figure 11.  Fteaair gravity versus longitude for eastTh7est line 136

in sChltheastem ransas.
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Figure 12.  Bcnguer gravity versus lcngiti]de for eastThrest line 136

jn scnTheastem fansas.
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Figure 13.  Bouguer gravity map of RAnsas with 1 mgal  contour

irrterval.  Bcnguer gravity was calculated using gravity

formila  1967  and a density of  2.67  gin/oc,  and Thras

referenoed to the Intematianal Gravity Standardization
Net  1971  (IGSN71) .  Projected using ILalhoeft  oonformal

projection with standard parallels at 33°  and 45°.
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cEBtirm FlvE

FNIIANcrmur AND n©ATION MEIIiolrs

In    this    chapter,     I    discuss    the    data    echanceneut    and

interpretation   methods   used   in   this   study.    The   advalteages   and

dranfoacks  of  each method  and  the underlying  mysical  principles  and

mathematical     develcpreut    are    presented.     Discussions     on    the

amlication   of   these   techniques   to   the   REnsas   data   and   their

geologic jndexprfea±ions are deferred to chapter 6.

rmiD suEarACE Annnrsls

Thud  s`rfece  analysis  has  been  susoessfully  used  to  separate
local  and  regicmal  ancmalies  ovan Vborfuis  and  Davis,   1964;  Goons  and

cThers,1967).   The  general  approach  is  to  fit  a  polprcmial,  which

rpeseuts  the  regional  trend,   to  the  data  in  the  least  squares
sense.  A residhaal map,  repeseuting the  local  ancmalies,  is  cftained

by  s`ELracting the pol]prmial  fro the original  data.  The  advantage
of  this  method  is  that  a  series  of  low  order  polyscmial  trend  and

residual  mps  can  be  generated  easily  and  the  aptirml  set  of  maps

for  ancmaly  separation  is  chosen  by  visual  inapection.   It  is  also

reproducible    and   vrall    defined   mathematically,    in   oantrast   to

grachical  or moving  average methods.  Its  drawhack  is  that  it  always

prch]ces   a    residual   map   that    is   averaged   abchit    zero   ngals,

essentially   ass`ming   that   the   average   axplitnde   of   the   '1ocal'

ancmalies   is   zero.   Mbreover,   the  regional  trend  is  determined  by

irrtliition rather than based on rinysical grounds.
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I    f itted   the   REnsas   gravity   data   grid   with   n-th   order

pol]apcmials of the form:

nj
T(n,x,y)  -   I:     I

jso iso
cij  x`j-i)  yi

The  coefficients  c±j   were  chtained  Py  solving  a  system  of  0.5   *

(n+1)  *  (n+2)  lilrear equations:

kl
-[  I    Z}    {T(n'XcLiyj)  -g(Xa-yp)}    ]  =  0
d cij   a-1 P-1

where k is the row mfroer,

I  is the oolLm mrfuer,  and

g(xa,  yj )  is the gravity value at  (xo,  yj;j ) .

The  acmprfeer  program  "roIAZFTI'"   did  the  gravity  trend  surface

fitting `p to hiTh order.  Beynd the hirfu order the program Could
nat   handle   the    large   mhoer   of   significant    figures    in   the
calculation  and  gave  errm)eons  results.   It  solved  the  system  of

linear  equations  kyy  the  veigivted  G]assian   elimination  lnethod.   To

alleviate round off errors,  it  set the  origin  of the grid to  (0,0)
and mrmalized the grid  apacing to  o.ol  in bcTh x and y  directions.
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Since  the  advent  of  the  elecfronic    digital  acaprder  and  the

fast   Fourier   transform    (FFI])    algorithm,    apectral   filterjJrty   of

potential   f ields  data  has  beoone  a  conmon  technique   for  ancmaly
separation  (see  for exaple  Chandler and  cThers,  1982;  Yarger,  1981,

83,   85,   86).

Ocrmrolution    of    tro    functions    in    the    spatial    dcmain    is

eqli`raleut  to  milEiplica:£ion  of  their  frequeney  dcmtain  transforms

(Erigivam,1974).   Filter  aperations  are  most  easily  aoacxplished  by

Fourier transfoming the data into the frequeney dcmin,  mltiplying

Er  a  filter  f`mctiori,   and  then  irlverse  transfaming  bac]c  to  the

spatial  domain  (Gmn,  1974) .

The  FIT  algoritin  of  Singleton  (1969)  was  used  in  this  study.

The   apeed   and   efficieney   of   the   FIT   algaritm   is   achieved   kyy

reducing   the   mfroer   of   mltiplications   and   additians   in   the
calculation  thm]8h  factcring  of  the  transformation  matrix.   For  a
disa]ssion  of  FIT,   refer  to  oooley  and  "key   (1965)   and  E=i9han

(1974).                                                                                          '

Hich  ffequeney  pass,   low  frequeney  pass,  `prard  cantilmation,

dchrm7ard  cantintion,   find  vertical  derivative,   seoc>nd  verfieal
derivative and trend pass  filters mere amlied to the ransas gravity

grid.
Ftequeney band pass  filters  arfe  off  all  frequencies beyond  the

`xper and  lchrer  frequeney boinds.  Since the  frequeney  rxpresata±icm

of  the  gravity  field  of  a  realistic  ancmalous  body   (whatever  its

size   and   depth   may   be)    Covers   the  whole   spect]rm,    it   wcn]ld   be
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ul"ysical to use a step fimction to zero out all of the frequencies
beyc>nd the  thresholds.  Mbreover  an abmat  cdeff will  result  in the
"freqireney  leakage"   proch]cing  "ringing  chenornena"   on  the   filterd

map.  Do  alleviate  these  prchlcms,  a  G]assian  filter  tail,  as  chchm

below,  vras used  in the ocmpriter program.

Aij  = Aij  *  exp  {  -  (R±j-FREQ|)2 /2*s|G2  }

1

where R±j  =  (u2± + v2j)I  is the radial  frequeney ocxponeut

in cpeles/\mit distance.
A±j  is the aaplitnde at R±j,

Fuel is the cfroff frequeney,  and

SIC represents the 'width" of the tail.

The trend pass  filter retains  ancmalous  trends  in a designated
direction  o`hile  alting  off  trends  that  fall  cutside  the  desired
direction.   This  entails  calculacing  the  bearing,   arctan  {  u±^r±  },

for each ffequenqr pair.

©ir"aticm   filters  mathrma:Lically   recaloulate   the   gravity
values at a different altitude h units  above  (or belchr far negative
h)  the  chservacion  plane.  Similarly,  rrth  order  veatical  derivative

filters derive the nth Order vertical derivative of gravity based on
the   gravity   measureneuts.    Following   the   derivations   of   Baranov

(1975)  and arm  (1974) ,  I derive below the oonlilmation and vertical

derivative filter aperators.
Flee  apace  is  defined  as  a  region  with  no  mass  density   (or
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rmgnetic   mcment).    In   free   apace,    the   IIaplace   equation   for   the

gravitation potential,  ¢(x,y,z) ,  in cartesian coordinate is,

i±_  +  d±_  + i  -- o
a;2         a;2        dz2

Eanch that,

g(x,y,a)  -_ _  d¢(x,I,z})
dz

There the +x axis poirds  east,  +y axis poirrts  sou:th,  and the +z

axis poirds away from the earfu.

If ve  assume  a  solution  /(x,y,z)  =  X(x)   *  Y(y)   *  Z(z) ,  where  X,

Y,  and  Z  each  depend  only  on  x,  y,  and  z  reapectively,   it  is  )mch7n

(see  for e}ranple Tac]escm,  1963)  that,

¢tx,„`=,EME.^Atu,v,{tur.+v2;ht:lax_\vy
«=-"   V=-ro

[EQ  5-1]

is  a  solution.I  of  the  I.aplaae  equation.  These  s]givols,  u  and v,  will

be  identified below  as  the wavemfroers  conjugate  to  x  and  y  in  the
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Fourier  transformation.  Therefore,   the  gravity,   g(x,y,z) ,   is  given

a(x',.)a)-- LLA„,v\;turL+vL,,hbf`\ux_.`vy\ut.+v`yz
utrtyv---to

n the case of a gravity survey,  the vertical derivative of the

potential,  g(x,y,ZSO) ,  is  ]mchm  on the plane,  ZSO,  and tends  to  zero

as   z   goes   to   infinity.   These   bChmdary  ocnditions   are   dbvicusly

satisfied   by   the   findion   given   above   Ezy   a   paper   choice   of

ooefficieuts A(u,v) .  Such that,

? ( x I y ., & -- a)   =

-b i,x,y ., a)
?-}

_,.ux_ivx{w2tvlf

A(„v) a

Because   of   the   Uniqueness   Theortm    (KEllogg,    1954;   Jacksen,

1963) ,   it  is  also  a  \mique  solution  earogiv  for  a  Constant  term.  We

denote the Fourier transfom of a  f`mcticm,  f ,  by pifeing a ~  cm tcp

of it.  So the Fourier transform,
~?(W.,Z)  Of ¢(x,y;z)  is,

{tu,v,b>=j|   ¢t*,„  €`iutH`'vy  alxdy

X¥



57

IIrverse Fcn]rier transform of (u,v;z)  gives,

¢`X'/'}'=4Lrf[j|v¢",v,9€-'Xtt-ryvwv

or in discrete form,

i (x,y , b, i",v;2,€-`*u-'yv

Oaparing this with the equation,  EQ 5-1,  abchre gives,

itu,v;b>  -_  +rf  Atu,v,  €-u-+vL}'`b

Therefore,  g(x,y;z) ,  the ver+ical derivative of

3(x,7;3)  --- 3.:*

[H2  5-2]

x'y,z)'  is'

=uj)At"vHu.tv2#€-tut+viyza

_`,xv\-.`|V    dudv
€
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The Fourier transform is,

~£tu,v,b>-_Atu,v>tu`+v-,TtuL+vL>±fr

[EQ  5-3]

Stostituting zh and ZSO  into equation FQ 5-3,  vre dbtain,

~8(u1viz--H--A(ut,v)(ui+vL)I/2r(urL+v.±kZi=

Su,v`,fr--Oj    --Atu,v>   tut+v->-±

Thaefore,

a(u,v;b--h>    --5tu,v;o`    €

- (u+ + vL± h-

Thus c"tirmation  is easily done  in the  frequeney dcmain by the

rmltiplication of  a  factor exp{-h*(u2+v2)% },  where h  is positive  for

`prard oontimatic]n,  and negative for dchrm7ard carrtimation.

For  calculating  the  nth  vertical  derivative  in  the  frequeney

dcmain,  ve nde,
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gntx,ytr  =  i}n atx'y' 3'  =  -£g=t+\?,x,i;5,

if,x,y.,b)=„nj Aft,vD(wL+vz)±€(u2+v-fab

;XUL-`lyv    du dv

Theefore,

wT  +"i+v>yL5
~rtu,v ;b> = t,i  Atu,v, t,f±+v+>-€

~Therefore,   corrparing   this   with   the   expression   for   g(u,v;z)

given in EQ 5-2,  gives,

frntu,v ; b>   ~_  t-If tut+ v+   itut,v ;  tr>
~n
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So   the   nth  vertical   derivative   of   g(u,v;z)    is   chtained  kyy
n2,

mltiplying  a   factor   (-1)    *(u   +v£)dy2   to  the   function   in  the

frequency dcmin.

1€  is  often  usefLil  to  apply  a  reduction  to  the  naTh  pele
filter  to  rmgnetic  data.   Beca:use  bcTh  the  renanent  lnagnetic  field

and the  afroieut  ea]Th  field  are uenally not vertically pc)larized,  a

rmgnetic   anomaly   is   generally   distorted   such   that   it   does   nct=

reschle the  crape of the causative body.  The reduction to the pole
filter  will   re-aloulate  the  magnetic   field  caused  Er  the   same
ancmalous   body   with   a  vertical   rerrianent   polarization,   and   in   a

vertically  polarized  afroieut  eaTh  magnetic   field.   Follawimg  the

develcxpeut  in  Q]rm  (1974) ,  I  derive  this  aperator  in  the  ffeqiieney

dcmin racw.
-For   a   sirgle   mgnctic   mrmerfe,  rna,    at    (x,y,h),    the   scalar

rmgnetic potential is ,

u(X,y`,A)---rna(ed,P,d).-V
i tx_djlt  t y_F]a + ta-A

Ass`ming  constant  direction,  a  distrihiion  of  mgnetic  lrmnents  in
half space z<0,  proch]ces a scalar magnetic pcterfeial,

U(x,/,A,
in al ( oL, )     ddLd

( (o{-x)1  i   (F ~/)-t  (4-j)
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wh-a5Fo=Aj}x+m|#+n}-}

I,in,  and n are directicm Cosines,  such that,

1 = =a.-Xi/l=a\ /  in = I:a.;1/l=a\ J  n = =a.Zi/lria\

XLi  yL;  and ZL are  unit vectors  of  the  cartesian  cocndjrmtes.  If  we

irrvdke  the  bchmdary  ccrdition  that  U  (x,y,0)   is  defined  ever]qhere

on a  infinite half plane,  zso,  and is  zero as  z  goes to  infinity.  We

can esq?and the jutegral as a Fourier transform,

idm
0 ti ia

-,

YY\ a. ( d. , b  , 3 ) _d±_d_BLk3r_

{  (ck_;)`V+   (p_y')-:   (A_5)2}ys       --

col  i   Bcuwl  ;tut+vL;'L5   {"x_\vy

u=-to    V=-oo

Utx,yj]=k-a(E£Bt«,v,€-"i+v%

€
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u(x,y,',

The Fcn]rier transfomL is,

(+[u|+  ivm  +  (u+vL)`yzn)  B(u,v)  #

-ur.+v-;hb    :`Nx -.Lvy

~u(u,V ; i)   -_  -( [tlk + tvm  +  (u2+VZ)I/I ^)   B(u„

rtuz+vz>y=5

[EQ  5-4]-
Since the rmgnetic field,  H(x,y,z) ,  is defined as

a ,*,y ,,,--- a u (x)y,5,

>H(x,y,a,---V,LUE(`uA+tvm+if+VLJhn,*

B-€-`"'tv'J",€-,"x-,v,j
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If  L,M,   and  N  are  the  direction  cosines  of  the  measured  magnetic

field vector,

L-in
lil

then'

N = ir,
:i,,:

-H(*'„) =  -f i   ( cull+  ,vm  +  (a:+ v`;,2.„,R

u=-" V---fa  ( LUL  +   Lvri   +   (u`+  v`)'ysN ) *

B(u,v) i(ur++V+i /1 5  :ux~`|vy

B=-H(u,V,b`   -~      -(CuA   +   ¢vm   +    (u-+vL)Y±n)*

(CuL   +ivM    +   (u±tvL)'y2N)*

B(u:,v)    i-(uL+vL)I/2>
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c±'
If  we  denote,   HL(u,v,z),   the  magnetic  field.due  to  the  salne

rmgnetic moments aligned vertically in a vertically polarized field,

the

i(",V,~=_"vL)6(„€-"1+VL)%2

H-Ore'

Ill t   vl

(  tw{   +  i„  +   (L(2-t  v2)/2n)(i-w L +  [`VM
i("1+vy,fu)

The  expressicm  cm the  right hand  side  of  the  equa±icm  abchre  is

the factor  (or filter)  used to miltiply to the measured field in the
ffequeney dcmain to give the rech]ced to the pole mgnetic field.

Ne3d=,   we   develap   the   relationship   between   the   rmgnetic   and

gravity pcteutials.  FTcm FQ 5-1,  we have,

bT5kf txiyh> ---[L Atu,v)  {tu2+VL;ft5  k

I(V

€-tux -`lvy   ( [u fl   +   [vm  + (uL+v-)fun)
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Thaefore,

#Ro¢(U'V)a)=-A(u,;),€:(u:+v,I,,)I:5+:\; `c;A    +  `ivrn  +   (v++lr//`n)

Dividing the above equation by EQ 5-4,  we chtain,

RE

tE ¢tu>vifr> --   #; #  atu,v, tr>8 c u) v)

If  we  asslme  a  constant  density  and  rmgnetization  for  the  oormon

source,   then  A(u,v)/B(u,v)   should  nat  depend  on  u  and  v,   and  is  a

-staut term.  Do  find the constant term,  A(u,v)/B(u,v) ,  we consider

a  small  volume    v  at  ='with  density  d  and  rmgnetization  =a.   The

pcteutials are given ty,

i(7,  --   f 'x,y,5'  -##
u(-r)   =    u(x,y,b)   =   4V-rna.i(

It is ncffi that,

I
7?.=

'ria'
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Th-fore,

k#.?(-r,  --   qf z`v (

--
yrlo` . `J

Dividing the thro equations above gives,

W(F)

-fcue,

a,'

-I    -,)

AV#a.  S   ( /  7  -F' I

A(u'v)

b (u, v>

Gf

*f(y-)  =   #  u(?,

Poisson  arrived  at  this  equation  in  1826  and  is  called  Poisson's

thca-.
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ncovENG wINDcw APHzcETlcN oF  rolsscNls  mEorm4

Chandler   and   Others    (1981)    applied   Pc>isson's   theo©   to   a

rmltisouroe  magnetic   and  gravity   data   set   using   a   enall   moving

window.   Ass`ming  a  body  with  a  unifomL  magnetization  and  density,

the   gravity  (¢)    and   magnetic  (U)   pctentials   are   related   ty   (as

derived earlier in the discussion of spectral filtering) ,

For the vectical ccxponat of the magnetic field,  it beocmes,

H'  =  [ (#) #}

Gen©lly,  for a local ancmaly sLperixposed an a regional trend,  A,

where Hz  is the mglretic field reduced to the pole,

G is the gravitation Constant,

Am is the magnetizatian contrast,

Ad is the density corrtrast,-
k® is the direction of I[iagnetization,

3 g(z)/a z is the first vertical derivative of gravity.
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This  assumes  that  there  is  no  interference  frcm  su±mding
sources,   and  the  regional  field  is  adequately  represented  by  the

term  A.   That  means  the  wavelength  of  the  regional   field  is  rmch

larger  than  the  windcw  size.  Because  the  vertical  ocmpanent  of  the

magnetic  field  is  usually  cltained  by  the  redLrfuon  to  the  troth

pole   aperation,    the   ancmalous   body   mat   be   polarized   in   the
direckiorl of  the alfoient  eaTh  field and there  cannot be a  rertanent

lnagnetizaticm for this relation to hold.
Irpits are grids  of rmgnetic  f ield reduced to the pole and the

fiJst vertical derivative of gravity.  A least square fit of the data

prints  within  a  small  moving  window  estimates  the  intereqpe  A  and
slape  (Am /Ad)  of the above linear eqLration.

Three   terms,   the   corrdaticm   Coefficient,   interogiv   A,   and

slape  (Am/Ad)  mere detemined  cm each grid node.  The windchr vas  then

displaced  1.6  ]m to the neDd= grid node and the calculation repeated.

This  method  allows  the  ccfroined  analysis  of  gravity  and  rmgnetic

data.   VAlues   of    (Ant/Ad)    should   provide   clues   to   rock   type   and

dimensions  of  the  soime.  Interpretation  of  the  results  is  limited
to areas of high ao±1ation between the gravity and rmgnetic  fields
and  stable  interoqpe  values.   Imr  cormelations  are  assured  to  come

front areas with interference  fro nearpy souroes,  ar frenL areas that

violate  the  assurgiven  that  the  ancmalies  are  caused  ky  the  salne

body    with    uniform   density    and   uniform    inch]ced    magnetization.

unstable   iteroept   values   may   indicate   interfenenoe   frcm   cTher

souroes or presence of a large ocxponent of rer[tanent lriagnetization.
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syNIlmc SUN IIII]mVAHcur

qapthetic sun  illumination of map data helps to  identify subtle
features.   The   map   data   can  be   any'   apatially   dependent   rfuxpical

quarrfeity,    such   as   elevation,    gravity,    or   maquetic   field.    Marry

previous  works   describe  this  technique.   13om   (1981)   reviewed  the
historical  develcxperfe  and various  approaches  in  generating  chaded-

relief  maps   of  tapograchy.   Batson  and  others   (1975)   amlied  the

1-el.I.Seeljger  law  to  produce  reflectanee  maps  of  the  tapograrfur.

while  Giimess  and  cThers  (1982)  used  the  technique  on  tapogramie,

grmrity and thermal infrared irmge data.

Srtyedie  sLm  illLmirmticm  of  gravity  data  will  allow  easier

percqpeion  of   relief   in  the  data,   and  detection  of  directional
trends  and pa€terns Er varying the azjmTh of the  sun  illunhatien.

It  is  s`perior  to  the  ffequeney  trend  pass  filter,  which  tends  to
elongate anomalies in the filter directicm.

Since qiiite diffe± sets of trend lines are derived fro the
sane   map   by   differut   chsea*rers,    one   has   to   be   cautious   in

interpreting   each   individual   trend   line.    It   is   therefore   moa:1+a:ie

apprquiate to  interpret these  lineaments  collectively.  It has  been
ncted   (for  exanple  Wise  and  others,   1985)   that  lineaments  derived

fin  tqpograEinic   relief  appear  to  divide  the   land  surface   into
ckmains.    Such   that   within   each   domain,    the   majority   of   the

lineamats  are mc]re  or  less  aligned  in a  certain direction distinct

fro  that  of  the  adjacent  area.  This  localized  srarm  of  lineaments

may  reflect  the  large  scale  dcmainwide  stress  strain  pattern  and

oonmon  stmcid]ral  grain.   Categorization  of  the  gravity  lineaments
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IsoslnHc cnla}IAIchT

It  has  long  been  ncted  that  the  Bouguer  ancmaly  has  a  strng

negacive  co±lalion  with  tqpegrarty.   The  most  ocmonly  accepted
hipcTheses  to  explain  this  phencmenon were  those  put  foTh  by  Airy

and  hat±.   in  the  Airy  model,   the  mass  of  a  colum  of  cm]st  is

mairrtained   aonstarrE  try  varying  the  depth   of   a   rock  beneath  the

cm]st,  which is given ty,

dn\  -  dc
*4

where dc is density of on]st,

din is diasity of mntle,
h is the elevation.

In the Prat± model,  the density of the column of Inass dchm to a

certain dgiv of capensation,  D,  is varied so that the pressure at
that dgiv is the sane everywh-.  For an elevation,  h,  the density,
do,  of a colLm at sea level is altered and is given ty,

dh= do   *    I)

(D  +   k)

rmificalion  to  these  sixple  local  ocxpensation models  include

horizautal  redistrihiion  of  the  oorrpensating  mass,   i.e.   regional

oorrpensation,  and  incorporation of the effect chie to the rigidity of

the cmst,  i.e.  partial ccmpensation.
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The  isostafic  oomection  is  the  gravitational  aoaeleration  due
to  the  rock  system,  which has  a density  oautrast  of  (qn;rdc) ,  in  the

Airy model;  or  that  ch]e  to  the  oolLmi  of  mass,  which  has  a  density

Contrast  of  rdo*h/(h+D) ,   in  the  Prat±  model.   Since  the  sources  of

the isosta±ic oonectiori are at dqu,  it is of very long walrelergiv
and   scmedines   can  be   regarded  as   the   regional   trend   in   ancmaly

separation.   An   iscrfutic  anomaly   is  cltained  by  s`Itracting  the
isostaLic correction fro the Bouguer anomaly.

The   modeling   pegran   uses   fom]lae   far   a   prismTchape   bcxfy

desedbed   by   Goodac=ie    (1973) ,    and   mattachar]qp    (1964).   Reqirired

irpe  prim  parameters  are  density  and/or  suscqrtyility  outrast,
and  the  cartesian  oocndinates  of  the  four  vertices  at  the  tap  and

bottom  of  the  prim.   The  gra:vitatianal  aooeleration   (or  mgnetie

field)  along  a  data  profile  is  calculated.  Caparison  can  be  mde
betueen  the  modeled  and  measured  values,   then  the  prism  pararbeters

are  mdified  to  ir-e  on  the  closeness  of  fit.  The  process  is
repeated `util  a satisfactory  fit  is  reached.  Since there  can be  an
infinite mfroer of possible  sources that oc*ild give rise to a given

anomalous  field,   further  Constraints  on  the  model  using  inforlrlation

deri`rd   fin   geolcgy,   drill   veil   data,   mgnehics,   and   seismic
netheds will linit the mfroer of feasible solutions to a fen.
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cnel'ER slx

nqfl3REiLrmHchT

In  this  drpter,  I  discuss  the  application  of  the  einancernent
methods  to  the  REnsas  gravity  data,   and  nyr  intexprfeation  of  the

enhanced   maps   and   data.    I   chall   peseut   a   synthesis   of   these

findings in chapter seven.

TIE  Exx]G[]ER cRz`vlTy  mp

A  simmary  of  the main  features  amarent  on the  Bouguer gravity

map  of  RAnsas   (figures  13  and  15)   follows.   The  gravity  magnitudes

range  fro a high  of +5  mgals  in norfuceutral  RAnsas  (labelled  'H')

to  a  lchr  of  -150  mgals  near  the  lfansas/Oolomdo  border  (just  nc)rfu

of  'L`) .  The  most  prdrnent  features  on  the  Bouguer  gravity  map  of

REnsas   (fig.   15)   are:   a   steap  vestrdiaping  gravity  gradient   in

vrestem  REnsas,   which   is   caused  mainly  kyy  the  thicnrming  of  the

cm]st to the vest;  a noTheast trading gravity high  (labelled  'H')
with  flahking   lows   in  norfuoeutral   RAnsas,   which   is  the  gravity

sigml  associated  with  a  late  hecatrian  failed  rift;,   a  broad

gravity  higiv  in  sChTheastem  ransas  (labelled  'R') ,  e\hich  Coincides
with  rhyslitic  basenent;  and  a  gravity  higiv  near  the  southeastern

end of  the  Central  fansas iplift  (labelled  'C' ) .  The  abchre  ancrmalies

will be dise]ssed in more detail in the following sections.
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Figure  15.  color Bcnguer gravity map of REnsas.  Same as  figure 13.
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IsoslEHc rm7icHCIN

It  is  clear  that  there  is  generally  a  negative  co±1ation
between    Bcnguer    gravity     (fig.     15)     and    elevation     (fig.     16),

parti±ly  in  vestem  Fansas.   As  mentioned  in  chapter  5,   this
negative co±laLion  is due to an Airy  isostatic rock  system at the
base of the cmist.  to better isolate the geologic sigml  fro within
the onist,  it is desirable to correct for this isostatic effect.

The  aanFiter  program  "AIRIFrm"  develqped  at  the  United  States

Geological  Survey  (USGS)  by  Sjxpson  and  others  (1983)  res  adapted to

calculate  the  gravi:ty  ac>celeratim  of  the  Airy  rocrfe  system  for  a

regicm  that   is   ceutered  abchrfe  the  observation  point   and  extends

166.7  ]m  radially  Chrtward.   The  isostatic  map  ccxpiled  Er  RArici  and

cthers  (1961)  vas  used  to  estimte  the  gravity  effect  of  the  root

system  beynd   166.7   kin.   The  sim  of  these  calcula€ions  gives  the

total  isostaLic oc>neckion.

The  prog-  "ArmzEorU  takes  advantage  of  the  fard¢er  algorithm

(1972)   which  uses   the   fast   Fourier  transform   (FFI')   to   calculate

pctatial  field  ancmalies.  This  efficient  algoritin  allchred  me  to
exprirut  with  differut  Airy  isostafic  models,  using  a  range  of
lower   onist/lxper  mantle   (c^)   density   Contrasts   and   sea   level
cm]stal   conmi   dgivs.   Since   the   faHci   map   used   a   qfu   density

cutrast  of  0.6  gin/oc  and  a  sea  level  cmistal  oolLmn  of  30  ]m,   a

diffe± set of parameters used in the "AIRIrIor"  program will give

rise  to  a  rmocTh,   long  iravelength  mismatch  error  of  several  mgals,

as   estirmted   by   Sjxpson   and   cThers    (1983).    It   has   been   ncted

(Wtollard,   1966)   that  the   qptinal   thicamesses   of   the   sea   level



79

Figure  16.  TtxpograEhic map of fansas  in meters abcnre sea  level.
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cmistal  colLrm]s and a/in density contrasts  for isostatic calcalatians

are  nat  oonstaut  and  depends  strongly  on  the  particular  geola7ic

province.    These   parameters   chosen   were   siwh   that   they   are   in
agreement  with  the  seirmically  determined  cmstal  thic]messes  and

velocities of the stuQr area.  Therefore these parameters are usually
different fro the RArki values given abcnre.

Since  the  tapc)gFpic  relief  in  REnsas  and  adjacerrt  area  is

relatively  gatle,   a  5 by 5 mimite  tcpogra;chic  data  grid  vas  good

encn]giv  far  calculating the  roc>t dgiv.  The maximm errors  are  1  and

3   mgals   vinen   using   a   3-   and   5-minde   tapogra;chic   grid   in   the

isostatic   calailatioris   of   the   entj]re   acmtinental   tmited   States

(Sjxpscm,1983).   I  have  also  calculated  the  isostatic  cor±ions
for a  one degree kyy two degree area  in central  RAnsas using a  1.6 by

1.6   ]m  and   11.2   Er   11.2   ]m  tapographic   grid   of  the   state.   The

avenge,   maximm   and   mihimm   differences   in   the   two   resultant

isosta±ic    correction   grids    are    0.036,     0.1    and    0.00024    mgals

respectiwhy.
Silroe the gravity data vas Collected at various elevations,  the

Bauguer gravity map res  leveled  to  an  chservation  elevation  of  1.28

]m above sea  level,  which  is abchri the highest point  in the state.  A

leveled    gravity    grid    is    needed    because    the    AIRIZFcOI'    program

generates a conection grid at a horizontal chservatian plane,  which
vas   choserl   to   be   1.28   ]m   above   sea   level   in   this   study.   The

follcwimg procedure was used to priepane the leveled gravity grid.

Because  our  FIT  pmogram  requires  a  grid  with  no_ undetermined

values,  the missing values  in  the gravity  grid were  filled  in with
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interpolated  or  estirmted  values.   Sore  grid  nodes  ha:ve  a  missjJrty

value  code  assigned  to  it  for  the  follcwimg  reasons.   First,   the

gravity data  in southonestem ransas have nut been incorporated.  This
area  vas  filled  in  with  cede  estintes  based  an  the  few  gravity
stations  dbtained  fro  the  Defense Ma:pping Ageney.  Seoand,  the  grid

node  gravity  value  cocasionally  carmct  be  reliably  estirmted  fro
the  su±nding  measurenends  because  of  an  insufficient  mrfeer  of

data prints.  This usually happens near rivers,  lakes,  sand hills  or

qul   rarges.   Ifissing  values   in   the   grid   vere   filled   in   with
interpelated values.

The  residlting  filled-in  gravity  grid  res  \qurard  cantimed  to
seven diffe± horizons  from 150 in  (500  ft)  to  1050 in  (3500  ft) ,  at

in±s  of  150 in.  These grids vere used  later to differentially
`Frard catime the gravity data to  a ocmm datim level.  Sirme the
original gravity data vas Collected at various elevations,  each grid
node  had  to  be  `prard  ocnrfuimed  by  a  different  amcn]nt  to  produce  a

final  Bcnguer gravity grid `p7ard  candirmed to  the  sa]me  level,  1280

n  (4200  ft)   above  sea  level.   I  ass`med  that  the  gravity  data  were

taha  aE the  grid nodes,  and  at  an  elevation given ky the  te-in

grid  of  the   state   (fig.   16),   which  was  prEpared   frcm  the  data

provided  ty   the   National   oceanic   and  Atmodyeric   Adrinistration

(REAA).   The  ancnut  of  `prard  ocutimation  needed  for  a  particular

grid node  is equal to the difference betveen the elevation there and
1280 in.    The    \prard    oontimed    gravity   value   vas    cltained    ty

interpolating   betueen   the   grids   at   tro   adjacent   horizons.   For
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exaple,  a  grid  node  at  an  elevation  of  800  in vas  \p^zard  catimed

by  480  in,  and  its value was  determined by  interpolating between  the
450  and  600-in `prard  ocutimred  gravity  grids.  Sources  of  emr  for

this amroach are that the gravity data were neither measured at the

grid node,  nor  at  the  elevation given by the  terrain grid,  and  the

aperation   of   `p7ard   caITtimation   amlied   to   data   Collected   at
differing   elevaticms.   Althougiv   this   axpa=oach   of   point   by   point

`prard cutimation is nat rigorous,  it at least brougivt the entire
data grid to aEpraxirmtely the same level  of observation,  at 1.28  ]m

ahare  sea  level  (fig.  17) .  A]most  all  gravity grid  nodes  changes  ty

less  than  0.5  mgal  per  150  meters.  Therefore,  the  error  introduced

kyy  making  the  above  ass`rtyions  vas  usually  less  than  the  0.1  ngal
aoouraqr of the original data.

The  1.28  ]m  `perd  oontimed  isostafic  comec±ion  grid,  which

vas  generated  Py  the  .Armz±W  program,   vas  subtracted  fro  the

leveled  Bouguer  grmrity  map  to  give  the  isostatic  residhal  lrlap.  A

wide  range  of  cmistfuantle   (c/in)   density  oonhasts  and  depths  for

sea  level  onistal  oolLrms wet:e  attercted  in Order to  ocmie `p with  a

set   of   qptirml   parameters   for   RAnsas.    Correlation   coefficients

betwcai  residiral  iseda€ic  gravity  and  elevation were  calculated  in
arden to chcrse the aptinal c/in density Contrast.

to test these  isostatic  Correction prooech]res, - I  first  studied
scme  h|ENetical  cases,   assuring  the  same  tapogrE|Einic  relief  as

given  by  the  5 kyy 5 minute  state  grid,  a  homogeneous  density  in  the
`xper  cm]st  and  Airy  root  system.  The  resulting  isosta±ic  residual

map  vas  a  flat  zero  ngals  surface  as  expected,   while  the  Bcnguer
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Figure 17.  Bouguer gravity map of fansas  leveled at 1.28 ]m above

sca level.
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gravity  rna:p  rapreseuted  the  gravity  effect  due  to  the  Airy  rcxit
system.   A  c/in  density  oantrast  of  0.45  gin/oc  and  30  ]m  sea  level

can]stal   ooluni  vas   used.   Isostatic   oo-ctions   oorreapondiJxp   to

density  contrasts   frtm  0.05   to   0.99   qu/oc  were   aEplied  to  this

h]pcThetical  Bouguer  gravity  grid.  The  crarrdation  ooefficierrts  for

these isostatic resich]al grids and the tapogra;mic grid are clown in

figure  18.   It  chchrs  a  chaxp  discantimity  at  the  comect  density

contrast,  0.45 gin/oc as espected.

The  se±eeess  in  finding  the  qptimal  a/in density  oon:tract  in  the

h]quctical model  above vas  encouraging.  It prtyed me to try art
a  me  scmisticated  trypethetical  model.   Randm  noise  of  10  mgal

maxinm axplitnde and an additional vestrdiming gravity gradient of

ro.01875  qqu|/]m  in  vrestem  REnsas  vas  introduced  irfro  the  ideal

medal  abchre.   The  p]rpose  for  so  doing  res  to  simlate  the  acfa]al

gravity  meaourenents   in  ransas.   The   10  mgals  noise   reflects  the
shallow localized density anmalies,  while the ro. 01875 mga|/]m west-

dimiJT7  gravity  gradierfe  reflects  the  thickening  as  veil  as  the

lowering  of the  average density  of the  H]anerozoic  sedilrents  to  the

west   Owcollard,   1959).   The  resLiltard=  mpathetical   Bouguer  gravity

grid  vas   again   sifojected   to   the   same   isostatic   oomections   as
disa]ssed   in  the   last  paragram.   The  resich]al   isosta±ic  gravity

grids  vere  then  a]rrdated with the  tapogramic  grids.  The plct  of
the carrdation coefficients  against  c/in density contrasts  is  charm

in  figure  19.  The distinct disccutirmity  at  0.45  gln/oc  is  no  longer

dbservable.   Instead,   a  smooth  bend  connects  the  tinro  lnore  or  less

straigiv:t  lines  on  the  tin7o  sides.  Sirme  the  localiCh.I  of  the  bend  is
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Figure 18.  coarelation coefficient versus lowerlcm]st/`xperimntle

density oarrtrast.  Surface tqpogra;cry res oo±lated with

the residual isostatic gravity for various lowerlen]st/
`xper+mantle density Contrasts.  A hcmogeneous `xper

cm]st,  a 40-]m cm]stal colimi,  and cxplete isostatic

ccmpensalion at lrfuo were assumed in this h]pcThetieal

"rfu.
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not as vell defined as the disocutimity  in the case with no noise,
only  an  qptinal   density  carrtrast  with  quite  large  uncertainties
cChild be determined.

Cme way  of  estimting  this  qptjmal  density  ocutrast  is  to  f it
two  straight  lines  to  the  lower  and  hither  ends  of  the  density

contrasts.   The  qptimal  rangeo  of  density  contrast  is  indicated  by

those points  on the plot that  deviate  significatly  fro these  thro
straight lilRE.

I   nesd=   rapeated   the   caloulafions   using   the   acd]al   Bouguer

gravity grid.  Figures  20  chch7s  the  oo±lalion  coefficients  plctted
aquinst  qfu  density  Contrasts,   with  the  sea  level  cmistal  oc>nmi

held  -starfo  at  40  ]m.  A  density  ocutrast  of  0.4  to  0.45  gin/oc

ama±1y  fits  the Airy  isostatic model  best.  The `xper linit  for
the  density  oorTtrast  is  0.6  gpi/oc.   The  density  contrast,   0.4to.45

gni/ca,   was  chosen  because  it  also  aproxinately  agrees  with  the
evidence  ffu  seialc  reffacticm  studies.  I  chall  disarms  this  jn
more detail  in the ne3fe section.

A  sinilar pecech]re res  used  to  estirmte  the  aptirml  depth  of
the sea level cm]stal colLmn.  Figure 21 plots the oamelation coeffi-

cieuts  against  sea  level  on]stal  colLmi  depths  for  a  Constant  qrfu

density  cutrast  of  0.45  gin/ac.  The  estirmted  aptjmal  depth  of  the

sea  level  cm]stal  oolimi  is  armmd 40  to  42  ]m.  Eac3ept  for an  esti-

mat=ed  cm]stal   thic]mess  of  abChrt   36   ]m  near  Gc>nco]rdia   in  aent]al

fansas,  these values  are  in  agreeneut with the  cm]stal  thic]mess  of

Kansas  determined  fro  seismic  refractions  (Steeples,  1981;  Sten7arf,

1968) .
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Figure 20.  Cbrrdatiori coefficient versus lower+cm]st/i]pper`+mantle

density Con:tract.  Surface tapogra;cry res corrdated with

the resich]al isostatic gravity for variChrs lct7erL±/
`xpea=`IImantle density Contrasts.  Acin]al gravity data  (fig.

17)  vas used.  A 40-]m cm]stal  colulrn "ras ass`med.
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Figure 21.  comlation coefficient versus cm]stal col\mn dgivs.

Surface tapcperfur res corrdated with residual isosta€ic

gravity for various cm]stal oc)limi depths.  Acid]al gravity
data  (fig.  17)  was used.  A lower-on]st/`xper+mantle

density ochhast of 0.45 gin/ac vas assured.
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Althangh    this    method    of    cormelating    residual    isostatic

ancmalies  with  the  tapogra;my  was  very  parmising   for  the   first

kypcThetical    case,     it    failed    to    yield    any    significant    new
informaLiori abcnri the  qptirml  c/in density candrast  and dgiv of  the

sea  level  cm]stal  aolulm  for the  acfu]al  lneasured data.  The  ralxpe  of

a/in values  estimated by this lnethod res  abchft the same as previously

suggested  in  the  literati]re   (see  for  escalrple,  Woollard,1966).   The

esti"ted range of the depth of the sea  level  en]stal  colLmi res  32
to 42  hi.

Sirme   the   isostatic   cozrection   is   rmocTh   and   of  very   long

waveler",    the    resniltarfe    isostatic    resich]al    maps    using    arty

reasonable  density   oorTtrast   and-  sea   level   ca]stal   dqu  do   ncrt

differ  significantly  ffu  one  another.   Figures  22  and  23  chcmr  the

isostatic  a3rrection  and  residual  maps  for  a  density  con:trast  of
0.45 gin/c= and a 40 ]m dear ca]stal ool`rm.

The  isastatic  correction  map   (fig.   22)   shch7s  a  west  dipeing

gravity  gradiat,  which  is  steeper  in  vestem  (0.18  mgals/]m)  than
eastfrm  (0.05  mgals/]m)   RAnsas.   Ea3apt  for  a  anall  gravity  high  in

schTheast-   ransas,    the   monctonous   eastThrest   gravity   gradient
dominates   this   map.    If   the   isostatic   rock   system   is   a   t"e
repesentation of the ca]stal  thic9mess,  then the Mcho has  a gentle

relief  in  eastern  RAnsas,  and  dips  almost  linearly  to  the  vest  in

we- KaB-®
The  residual  isostatic  gravity  map  (fig.   23) ,  ccxpaned  to  the

Bouguer map  (fig.  17) ,  reveals  more  details  of  the  local  ancmalies,

particularly   in  vrestem  fansas.   nri   there   are   still   very   long



97

Figure 22.  Airy isostatic Correction gravity grid of REnsas.  A 0.45

gtt\/oc lower-cm]st/\xperllmantle density coritrast and a 40-
]m on]stal  oolLmi vrere ass`med.
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Figure 23.  Airy isostacic resich]al gravity grid of REnsas.  A 0.45

gn\/co lower-on]st/`xperllmarrtle density Contrast and a 40-
]m ca]stal conmi vrere ass`med.
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wavelength    ancmalies    that    are    not    renloved   by    the    isostatic

comection.  Bread  negative  ancmalies  in  eastern  and western  REnsas,

arrd  a  large  gravity higiv  in  Gen:tral  RAnsas  Could be  caused kyy  large

intraTcmistal   or  s`ib-cm]stal   density  anmalies,   or  new-Airy  rock

behavior of the en]st.

The -30  to  -40  negative ancmaly  (fig.  23)  in the east  coincides

with  a  negative  free-air  ancmly   (fig.   24)   of  sinilar  magnitude.

Mfirmis   and   cThers'    (1979)    free-air  gravity  lnap   of   the  United

States  chch7s  this  anomaly  is  part  of  a  larger  anomaly  that  eatends

ilto  westfan  Missch]ri.  This  jn  ti]m  is  orre  of  a  chain  of  free-air

gravity  lows  that  eutends  frcm Wisconsin,  Ichra  and  into  Tesas  on  a
long Thravelength flee-air gravity lrlap.

Flee-air  gravity  ancmalies  are  calculated  withcnle  oomecting

for  the  mass  of  the  rocks  between  the  observation  poirrt:  and  sea

level,  as well  as  the kypothetical  isostatic  nocts  at the bottcm of
the   en]st.    Irmg   wavelength   flee-air   negative   gravity   ancmalies

reveal   regional  mass  deficiencies   in  the  underlying  oust-mantle

a,|un.
father than  attrihrfee  the  cause  of  the  regicmal  isostatic  lcw

in  eastfrm fansas  to  an exceptionally thick arust  (which would  also

ac"]rfe  for  the  mass  deficieney  indicated  on  the  free-air  map).   I

prefer  the  explanation  as  depicted  in  figure  25.  It  shows  an  east-
west  a=oss  section  of  the  on]st before  and  after  rifting.  The  east

dipjng horizon at abcait  15  ]m below sea  level  is the bottom of the

zone  of  lchr  reflected  energy  dbserved  by  Emm  and  cThers  (1983)   in

their  Crx-   seismic  reflection   line   jn  norfueastem  fansas.   I
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Fig-24. Ftee-air gravity map of RAnsas.
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Figure 25.  Cfoss sectional model of the en]st in eastern RAnsas

before and after rifting in late Precatrian tine.



BEFORE          RIFTING

AFTER             RIFTING
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assume that this  is  a detacinent  (Wemic9re and mrfufiel,  1982)  that

separates the brittle `xper cm]st fro the more ductile  lCh`7er cmist.

Relative  mct=ion  between  the  \xper  and  the  lower  cmlst  caused  by

rifting  resulted  in a  net  eastrard  translation  of  the `xper  on]st.
Ass`ming   increasing  density  with  depth   (the   dash   line   indicates

rocks  of  equal  density) ,   this  eastrard  translaticm  resulted  in  a
negative density ancmaly at the midrca]st level.  Because the surface

elevation  of  this  block  of  translated  `xper  crust   was  relatively
lower  than  the  '`mdisturfeed.  cmist  father  to  the  east,   it  eroded

less  and  consequently  ended  up  with  a  thic)¢er  `xper  cm]st.   I  have

ass`med  that  the  rate  of  isostatic  riebamQ/ocxpensaticm  vas  slchrer

than  the  rate  of  erosion.  I  should  ettchasis  that  eastern  RAnsas  is

now  in  isostatic  equilibeiim  in  apite  of  the  negative  isostatic
ancmly   chserved.    In   general,   a   ocxpensated   negative    (positive)  .

density  ancmaly  in  the  `xper  cm]st  will  give  rise  to  a  negative

(positive)  isostatic anmaly because the gravitational attraction of
the  Airy  rtx]t   is   smaller   (it  depends   on  the   inverse   square  of

distance)  than that of the density ancmaly in the `xper cmlst.

The  -15  ngal  broad  gravity  larr  in  vestem  Kansas  (fig.   23)   is

party   die   to   the   thickening   of   the   lower   density   Thanerozoic
sedilnatary rdcs tchrard the vest,  which is nat acochmted for in the

isostatic  a]rrection.   Woollard   (1959)   estimated  this  effect  to  be

aberfe  -6  mgals.   The  remaining  unexplained  ng  mgals  appears  to  be  a

level  shift  for  the  entire  state  that  is  caused  by  a  deep  low
density   souroe.   In   sLmnary,   the   isostatic   oonection   calculated
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using  an  Airy  model  fails  to  acoaLmt  for  all  the  long  vavelength

ancmalies,  and is  inadequate for purpose of anomaly separation.

Next,   I  consider  the  question  of  cm]stal  thic9mess  in  Central

and   vestem   RAnsas   by   aorrparing   gra:vity   results   to   a   seialc

refraction  survey.  Do  model  the  gravity  gradient  in vrestem  REnsas,

a f irfe Order trend s`rface res  fitted to the western ransas Bouguer

gravity  grid   (profile  A-A'   is  chChm  on  figure  13).   A  westndipping

gradient  of  0.255  qEp|/)in  vas  cftained   (fig.   26).   Steeples   (1976)
evaluated   a   reffac*iori  pefile   chat  Er   the  USGS   betueen  Agate,

Oolarado and Cmcardia,  RAnsas  and derived  a cmistal  thic9mess  of  48

]m   at   Agate   and   38   ]m   at   Ooncordia.    I   used   this   seismically

determined  diming  lrfuo  to  model  the  regional  gravity  gradient  in

western  RAnsas.  Sirme  a  mall  pact  of  the  Bouguer  gravity  gradient

is  due  to  the  thickening  (abari  600  in)   of  the  sedimentary  Cover  to

the west  (Cble,1976;  Zeller,1968;  Memiam,1963) ,  a  oorrecticm  for

the  lChl7er  density  H]anecozoie  rocks  is  needed.   Fro  Vargas   (1983) ,

the average density of shale and linestone  in a normal  Pernylvanian

section was  calculated to be  2.27  gn`/ac and  2.51 gin/oc  respectively.

If  ve   assime   these   densities   are   representative   of   the   entire
H]anerozoic  section,   the  average  density  is  estirmted  to  be  2.43

glt\/a=.    This   assines   that   the   manerozoic   sectiori   oc>nsists   of
amraxirmtely  one  third  shale  and  two  third  limestone  (as  estirmted

frm  Plate  1  in  Zeller,1968).  This  is  o.24  less  than  the  density

2.67  used  in  the  Bouguer  correction,   and  oorreaponds  to  a  6-mgal

difference  in  the  gravity gradient  on AA..  Woollard  (1959)  drained

a   similar   value   jn   his   "geologic   correction",   which   asslmes   a
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Figure 26.  Grmrity model  of the Mcho  in vestem RAnsas along AA'

(fig.  13) .  © to lrfuo vras detemined kyy seismic
refraction  (Steeples,  1976) .  Density Contrast befroreen

the lChrer cmlst and `xper mantle vas varied to fit the

chserved gravity gradient.
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lateral  density  change  on  AA'.  This  oonection  vas  arplied  to  the

Bouguer  gravity  gradient  and   is   chcREi   in   figure   26.   The  density

Contrast at the Mcho  (betveen the crust and mantle)  vas varied util

the modeled gradierfe lnatched the Corrected Bcnguer gravity gradient.

A  density  contrast  of  ro.45  gln/oc  was  fctmd  to  give  the  best  fit.

This  result  is  Consistent  with  density  values  of  2.9  qu/cx=  in  the

lower  cmist  and  3.35  gin/oc  in  the  `xper  mantle,   which  are  normal

values  far  ocutineutal  cmist  in  stable  cratons   (see  for  exaple
Fleitout and Ftoidevaiex,  1983;  Hinze and cthers,  1982) .

This   10  ]m  cm]stal  thickening  to  the  west,   as   indicated  by

gravity and seisric data,  is nat predicted ty the Airy trypcThesis of
isostasy.  Using  elevations  of  0.48  ]m   (1600  ft)   at  Oonco]dia,   1.09

]m  (3600  ft)  at Agate,  an `xper cm]stal density of 2.67,  and a cm]st-

marrtle   density   Contrast   of   0.45   gn\/oc   (as   derived   earlier)   the

prdicted Airy ca]stal thickening is amrmzimately 4 ]m.
Using  the  cmistal  thic9a]esses  derived  frm  refraction  studies

and  ass`ming  the  Airy  trypcThesis   is   oamect,   the  eqiiivalent   sea

level  cm]stal  colLmi  thic9messes  at  Agate,   Ooncordia,   and  near  the

RAnsas;Alissouri  border mere  derived  and  a]=ie  chchm  in  table  2.  It  is

chvious  that  the  cm]st  is  thirmer  kyy  five  to  sir  kilcmeters  aE

Cchcordia in narthoatral REnsas.  It is most unlikely that  isostatic
equilibrilm has nat been attained after  1.1 b.y.  Quite possibly,  the

tc€thy  is  ocmpensated partially  at  the rmo  level  and  also  at
the base  of  the  lithodyere,  where  a  large  low density  body may  be

present.  Evidence  for  siwh  a  body  near  the  lithoaphere/asthenoshere
bchmdary   vas   reported   kyy   lfahn    (1982).    He   detected   a   large   lchr
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cHJsmL       HEVAH           hmr       SEA IE\m
TIHaoiEss            ( 104)                 ROOI'           cRI]sIAL

(mt)                                            (RE)          cOIImT   (m4)

A-,
CD

*
48                     1.09 6.47              41.53

*CEN©IA,             38                  0.45              2. 67            35. 33
rs
rs/rs                       42.                 0. 30              1. 78            42. 22E-
Table 2.    Ch]stal thic]messes,  eleva:tions,  and derived Airy

isosta:tic roots at Agate,  Ocmoardia,  and the RAnsas/--.
(*  ffu Steeples,  1976;  .  fro Sten7aft,  1968)
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velocity  body   in  the   `xper  mantle   beneath   central   REnsas   using

teleseismic    Plirave    residuals.    Velocity    and    density    of    roc9es

generally are positi`rely oa±lated  (Clark,  1966) .
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rmiD  stmACE  Arnljizsls  -  REGlcxptAL

A  second  order  trend  surface  fit  (fig.  27)  to  the  gravity  map

(fig.  15)   is  a  good representation  of  the regional  trend within the
state.   This  vas  judged  kyy  visually  inspecting  the   first  throirty

ninth   order   resich]al   gravity   lnaps,    as   veil   as   e2rminjng   the

closeness  of  fit  via  the  rock  mean  square   (m4S)  values.  R4S  values

for  the  first  througiv  seventh  order  fit  were  16.59,   11.01,   10.01,

9.36,  9.13,  8.93,  and  8.82  mgals.  Raising the  order  of  fit  fro the

find   to   seocmd   ixprmned   the   fit   by  niore   than   5   ngals,   while

suec3essiirely higher order fit only gave a moderately better fit.

The  seocmd  cnder  trend  surface   (fig.   27)   chChrs  a  steep  vest-

dipping gradierfe  in vrestem RAnsas  and almost no gradierfe  in eastern

REnsas.  It  cm]dely  resefroles  the  iscrfutic  correction map  in  figure

22.   They   bcTh  have   a   relatively   steep  westTdiming  gradient   in

vestem  REnsas,  and  beocmes  more  gentle  in  the  eastern half  of  the

state.  nit  the  isostaLjc  correcticm  jn the vrest  and  east  border  of
the  state  are  -120   and  -32  mgals  respectiwly;   which  are  quite

diffe±  fin  the  correaponding  values  of  -135  and  T59  mgals  for
the  second  cnder trend  of the  Bouguer gravity map.  while the  second

cnder  resich]al  map  essential  levels  the  entire  data  set  about  zero

mgal,  the  isostatic  resich]al  map  leaves  a  broad gravity  lchr  in bcTh

eastern and western edges  of  the  state  (or  a  broad  gravity higiv  in

c± Kzm5as) .
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Figure 27.  Second order trend of the Bouguer gravity map chch7n in

figure  13.  Root lriean square of the fit  is  11 mgals.

Ncte the steep v7estrdiping gradient in western RAnsas.
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rmiD  SURFRE ANAnzsls  -  IocIAL ANCRAlus

For  the  follcwing  discussion  in  this  section,  please  refer  to
figure  2  for basement  prcwirmes  and  use  plastic  overlay with  onmty

nanies and bamdaries  (in bac]c pocket of this volurie) .

To  enghasis  the  local  ancmalies,   a  resich]al  map   (Fig.   28)   vas

dbtained Py renaval  of the  regional  f ield which  is best  repeseuted

by  a  second  order  trend  surface.  The most prrminerfe  feature  on  this
map,  which vre  call  the  Mideondinent  gecrfeical  ancmaly  (lffiA) ,   is  a

gravity  high  with  flanking  lcms,  that  trends  south7est  through  the
state  f- Marfuall  ooundy at the fansasitebrasla border,  to lfaxper
ochmty     at     the     ransas"clahrma     border.      NImemis     previous

imrestiqutors  (see  for exanple Van Scin]s  and IIinze,  1985  for a goes

source  of  references)  halve  iltexpreted this  featLne,  which  also  has

a  magnetic  expmession   (fig.   29)   and  e]d=ends  noTheasterly  to  the

Great Iakes  region,  as an aborted late Precahorian rift.  The Central

gravity high and  flanking lows  are ch]e,  at  least  in part,  to a rift
basin   filled  with  Precandrian  armosic  sandstcme  which   jmcludes  a

aeutral trougiv of basalt.

Prmrious   il"estigatoms   have   develaped   a   variety   of   eross-

sectional   models   for   the   lffiA.    King   and   Zietz    (1971),    based   on

sirmltanEm]s  gravity  and  magnetie  modeling  ac=oss  the  Iowa  portion

of  the  lffiA,  sLxpst  a  fairly  challchr basin  (8  ]m  deep)   filled  with

basalt  that  a]bcraps  at  the  present  hecahorian  surface.  Ocala  and

Meyer    (1973),    based   on   gravity   modeling   ocutrolled   kyy   seismic

refractim results,  suggest that a large part of the gravity high is
due to the priesenee  of  a high density  rock  intnrded  ito  the upr
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Figure 28.  Second order residual gravity rna:p of REnsas.
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Figure 29.      Aermagnedic map of ransas.



120

-EEt-

NANOTESI.AS



121

cmist.    The   cross   sectional   crape   is   also   roiunly   that   of   a

symmetrical  basin  with  depth  of  25-35  kin.   Chase  and  Gi]mer   (1973)

suggest  a vertical  prism of maf ic material  extending to great depth

ito the \xper mantle.  Ifore recently,  Serpa and cThers  (1984) ,  based

on  a  dear  seismic  a-  line   (fig.   30)   in  norfueastem  REnsas,
suggest that the basalt  coours  in  an  asylrmetrical  basin.  The tap  of

this  basalt  is  sore  4  ]m below  the  pmesent  rmecalrbrian  surface  and

is   overlain  by   several   kiloncters   of   arkesic   sandstone.   Scmtanas

(1984)  reprocessed the a- seialc line and derived a model using
corng5traints  fro  gravity,   magnetie  and  drill  data.   Iie  suggests  a

rift  basin  filled with  irteefoedded basalt  and  clastic  rocks  at  2rf

hi  beneath   sea   level,   and   flarmed  by  thro   bodies   of   rmecafrorian

elastic  rcxis.  A  thin  dike  of  jrfu]sive  rock  alting  thrm]giv  the
elastic  rock  body  in  the  east  acochnds  for  the  secondary  rmgnetic

high thine.  Three moderately mgnetic to nm-rmgnetic deep bodies at

16-30   ]m   carferihie   the   -aiming   pcution   of   the   gravity   and

rmgnetic sigrals.

Althougiv  the  aforeTmentioned  models  are  thought  provoking  and

have  scme  attractive  featines,  they  are  nat  without  vea]messes  and

do  nat  -lude  alterna±ive  interpretations.  For  instance,  although
the  CrmRP  line  passes  near  a  vrell  located  near  the  crest  of  the

gravity higiv that encountered Lecafrorian ar]sosic rcds,  most of the
±  fct]nd  in veils to the  Pre±rian along the gravity hi€b  in
ransas  are  gatha:oic.  Af]sosic  rocks  are  fct]nd  predcminantly  over  the

flanking  gravity   lows.   Scmanas'   model   suggests   that   the   Central

trm]!gh of gabbro  is Pysically separated f- the  flanking wedges of
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Figure 30.  Location of cocrm seismic line 1  in no]Theastem REnsas

ovea:lain on the Bcnguer gravity map.  R,  M,  and  ® indicate

location of veils enoc*mtering Precandrian Rice

formaLicm,  mafic rocnes,  and granite reapeckively.
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ar]sose.    ltd:y   these   bodies   are   not   in   Contact,    but   separated,

presumably  ky  granitic  rocks  is  unclear.  FiTher work  is  needed  to
distinguish  between  the  various  pxposed  cross-sectional  ndels  of
the m®

A sjxple  caossrsectional model  (fig.  31)  derived  frcm the east-

vest  gravity  profile  Erel   (fig.13),   is  useful  for  estimating  the

mindmm ama`ut of basalt and ar]sose within the rift  zone.  The c=oss-

sectional  area  of  the  basalt  and  sandstone  dbtained  fro the model

were  mll€iplied  by  the  estimated  length  of  the  prism,   350  ]m,   to

arrive  at  the volime  of  each.  Using density cazTtrasts  of +0.3  gin/cc

and  -0.3  gD/ac  for  basalt  and  sandstone,   reapeckiwely.  The  mindmm

volLme  of  basalt  and  sandstcme  in  norfuem  ransas  vrere  fctmd  to  be

36,000  ai ]m and  16,000  ai ]m respectively.  This  ocmsiderable volLme

of  hecanbrian  sandstone  lnay  contain  giant  kydrcx=arbc>n  reservoirs

and is of great .interest to oil cattpanies.
The   lffiA   is   characterized   in   rmThem   Ifansas   hr   a   60   mgal

gravity  high.   Although  this  positive   gravity   featine   is   easily
traced  schthresterly  to  the  RAnsasclklahma  border   (fig.   28) ,   its

axplitnde  abI`atly  decreases  to  amrmzimately  2o  mgals   in  Saline

cChmty.  An  eastThrest gravity profile  (a='  in Fig.  13)  across  the lffiA

in  southern  fansas  res  also  studied   (fig.   32).   A  regional  trend,

indicated by the dashed line in figure 32,  vas  find subtracted fruri

the  Bouguer gravity profile befarie modeling.  This  regional  trend  is

due to the adjacent Nchaha ridge and  is nat directly related to the

rift.  The resulting erossiectional model  is  chchn in  figure  33.  The

predicted minimm amounts  of basalt  and  sarrdstcme  in schThem REnsas
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Figure 31.  Cfossrsectional gravity model of M=A along latitl]de

39.ol°  in northoentral REnsas  (RE'  in  figure  13) .
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Figure 32.  The regional gravity ancmaly along ac'   (fig.  13)  in

saThc±l kansas along latitude 37.5° res s`utracted
to esctract the gravity signal related to the lffiA.
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Figure 33.  Ctossrsectional gravity model of lffiA along ce'   (fig.  13) .

Regional gravity ancmaly was snELracted f~ the Bouguer

gravity profile as chchm in figure 32.
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were appraxirmtely 1500  ai ]m for each.

A bread  +30  mgal  ancmaly  (fig.  28)   containing  several  positive

closures  is  present  in  esdrEme  sChTheastem  ransas  in  the  ca`uties

of  Monrt:ganery,   Iabette  and  Cherokee.   These  small  cirm]lar  featines

may be dapicting mgpa  feeder pipes which supplied the rhyolite that

makes  `p  the  basenerfe  in  this  area  (Bickford  and  others,   1979) .   It

is unlikely that the acidial sources  for these positive ancmalies are

rd:yolitic   rocks,   because   rhyolite   is   generally   less   dense   than

granite   (Clark,1966).   These  ancndies  lnay  rapt?eseut  a  more  mafic

Phase  of  the  magma  at  dgiv   (lHielland,   1986)   ar  possibly  a  later
iud-ive -.

The   Ntmaha   ridge   chchm   bc*mded   Er   the   mfrooldt   fault   in

rmTheast-fansas   (fig.   1) ,  has  little  gravity  expression  (fig.
28) .   This  is  prfuably  ch]e  to  the  lac]c  of  density  oonierast  bedueen

the  uplifted  baseneut  rock  and  the  s`±mding  sedimentary  rocks

(Woollard,   1959) .  Also  the  prmcinity  of  the  lffiA  may  mask  any  small

signal  the NImha  ridge might produse.  In  sChThoenhal  RAnsas,  a +15

npel   naTheast   trading   anomaly   in   S`rmer,   Sedgwick   and   Emtler

caurhies  overlies  the  Nchaha  ridge.  This  anomaly  is  located  on  the

west©   part   of   the   Wichita   magnetic   lcw,    a   large   prorichmced

mgnetic low in the region  (fig.  29) .

Tb  the  east  of  the  Nemaha  ridge  gravity  high  in  schThcentral

RAnsas,  fit  still  within  the Wichita  mgnetic  lcw,  is  a  triangular

shaped   (-20   mgal)    lcw   in  Greemrood   achmty.   The   souroe   for  these

gravity   ancmalies   is   poorly   understood.    The   change   in   gravity
ancmaly polarity within  the  uniform magnetic  low  suggests  a  oorrplex



132

rmecafrorian geologic history in this region.

A   anall   positive   closure   in   extreme   nartheastem   ransas

(Doniphan  ocnmty)   has  a  coneapcnding  rmgnetic  high,   indicating  a
mafia  source  body  in  the  basenerrt.   Basenent  mafia  rock  underlying

the  Salirm  basin west  of  the  Ida  in  noThcentral  RAnsas   (Republic,

Tcavell,  Sinith,  and Mitchell  Crmties)  is the prfuable source for the

+15   mgal   ancmaly   in   this   region.   This   could   be   related   to   an

jrfu]siwe event that led to the forlnation of the.Saljma basin as has

been  suggested  for  cTher basins  in the  midcon:tineut  (e.g.  REirmis,

1970) .

A broad  +25  ngal  higiv  in  Bartm  ocnmty  and  a  +15  ngl  hich  in

Nocton  acxmty  oc±1ate with  the  sctTheastem  and  rmrfu7estem  ends

of  the  Oeutral  fansas  `plift.  A  +15  mgal  high  oc>incident  with  the

Norten and Ehillips  cchmty  line  suggest  an  jlftraTi]asenent mafic body

in  this  region.  This  body  also  gives  rise  to  a  positive  rmgnetic
ancmaly.   A  positive  ancmaly  with  a  very  steep  gradient  alor]g  the

Rawlins/becatur   ochmty   line,    in   narthrestem   fansas,   sineests   a

fairly challow baseneut intn]sive body.

Cther  significant  anmalies  include  a  130  ]m  by  loo  ]m  ''L''-

shaped +25  npel  high oeutered  in Wichita  and Chant ochmties  (ancmaly

A  in  figure  28),   +20  mgal  higiv  in  Stanton  ocrmty   (anomaly  8),   +15

nqul  high  in  sch"7estem  ltodgernan  cormty   (ancmaly  C) ,   A  -15  mgal

eastirest  trending  low  in  She-n  and  Thcmas  Counties  (ancmaly  D  in

northmestem   ransas),   and   a   -15   mgal   nortinrest   trending   law   in

Jackson,  Jefferson  and  Tchnson  coimties   (ancmaly  E  in  norfueastem

RAnsas) .  Anomaly  E  is  the  norttwestem  end  of  the  Missouri  gravity
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lcw,   which   is  probably   a   failed   Ifecarbrian   rift   (aiirmess   and

oth±,  1982) .

stJEuncE aRrm FrslHJAL

To  better  study  the  shallow  basenerfe  sauroes  requisible  for
the gravity anomalies  and trends,  a  seveTh order trad  surfacf was
renChred  fro  the  original  map   (fig.   15)   resulcing  in  the  resichral

map  chchm  in  figure  34.  The  symietrical  nature of the lffiA  (a  aendral

high with  its  flanking  lows  in  oatral  REnsas)  and the  cantirmation

of   the   anomaly   to   the   oklahma  border   chow  \p  Irore   distinctly

(labelled   'lffiA'    in   figure   34).   The   northeast   trending   positive

graviqr  ancmaly  of  the  NEmaha  ridge   (labelled   'N')   eBd=ends  furfuer

to the  ncTheast then  ori previous maps.  The  saTheastem  end of  the

Oatral  REnsas  uplift   (labelled   'C')   and  the    sChThem  end  of  the

NEmaha   ridge   (labelled   'N')   are  situated   eynmetrically  abChft  the

lffiA.   Cnild  they  have  been  cme  entity  before  1.1  b.y.   ago  and  then

separated  dharing  rifting?  The  right  lateral  offset  of  the  Oeutral
ransas \plift ancmaly along a northwest trend at the

Fuch,   Bartm,   and  Parm]ee  ochmties   (labelled  C)   coincides  with  the

trend  of  basenent  faulting  in  the  area   (Oole,1976).   An  esd=ensive

northuest-trending  lineament  that  passes  thrm]giv  the  state   (FR'   in

figure 34)  sineests the existence of an ancient  (pro 1.1 b.y.)  ceoss-

state ffachire zone.
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Figure 34.  SeveTh order resichral of the gravity map in figure 13.
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CEN  Off  GRHN"

@rtyetic  illunina:tion of the RAnsas Bouguer gravity grid  (fig.
15)   vas  done  for  azimThs  at  20°   intervals   frmrL  o°   to  36o°.   This

resulted   in   a   suite   of   18   reflectarme  maps   for   ifeexpretation

(figures 35 and 36 are exples) .
The  sLm  horizon  res  chosen  ky  trial  and  ermr.  For  sun  angles

tco high above the horizon,  many  interesting patterns are  suapa=essed

ky   higiv   reflectanees   thrmghout   lnap.    Sinilarly   low   sim   angles

proch]ae a Inap dminated by low reflectanoes.  The gravity values rmere
scaled  a]ch  that  the  steapest  gravi:ty  gradient  in  the  data  wc]uld

have  a pseudo tapograpic  slape  of about  1.  A sun horizon of  3o° and

scale of 1.2 mga|rfui  (0.75 mga|/]m)  vas  found to be aptjrd.

The  reflectanee  map  with  the  sim  azin]th  at  12o°,  as  share  in

figure  35,  highlights  the  noTheasterly  trend  in  the  gravity  data.
his rna:p reveals the es±eut of the rift zone.  I estinate the easter
and west- amarent fault bamdaries of the rift to be i-ted at
QQ'  and  PP'   (fig.  35) .  QQ'  cndncides  approximately with the Hifroldt

fault  zone  (see  also  figure  1) .  No major  fault  zcme has  been rna:pped

along the trend of EP' .

Figure  36  shows  a  reflectanee  map  with  the  s`m  azirm:th  at  180

degrees,  which stresses the eastThrest trends  in the gravity data.  It

reveals  an  easti.Iwest  bchmdary,   "',   separating  the  state   into  a

north-  and  sChTheni  region.  Trl   follows  apprcndmately  a  chain  of

high   reflectarmes,   and   tnmcates   the   ne]Theastem   trending   hiepi

reflec±anoe  associated with the lffiA  jn  Central  lansas.  South  of  Tr'

in    eastrrm    RAnsas,    the    reflectanoe    patterns    exhibit    longer
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Figure 35.  Srtyetically illLminated gra:vity map of ransas.  SLm

horizon = 3o° ,  azinTh = 12o°,  and gravity to vertical

distanee scale = 0.75 mgal/]m.
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Figure 36.  Syrrthetically illunimted gra:vity map of lansas.  Sun

horizon = 3o° ,  azinTh = 18o°,  and gravity to verfeical

distanee scale = 0.75 mga|/]m.
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Figure 37.      Gravity lineaments  in RAnsas.
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There    is    a    swarm    of    nearlJparallel    norfueast    trendin7

lineaments,   labelled  D  in  figure  37,   near  the  sChrmeastrrm  end  of

the  Oeutral  ransas  `plift.   These  lineaments  cculd  be  the  gravity
signature of  irfuisive dikes or bloc]c faulting,  which are asscoiated

with  the  late  Precafrorian  rift.   Ppl   and  CX2'   (fig.   35)   define  the

bChmdaries of the rift  zchre because most of the northeast  ljmeamats

in   figure   37   are   within   these   bChmds.    Althougiv   the   noTheast

lineaments  along PP'  and QQ'  are relatively short and  irfeermxpted  in

lnarry places,  their  cantin]ation  ac=oss  the  state  is  qiiite  evident.

The rift seerns to widen sligivtly  f- norfu to scrfu,  such that the
divergat  angle made  kyy  EP'  and  QQ'   is  abchit  17  degrees.  Within  the

rift   zone,    defined   kyy   PP'    and   QQ',    there   are   more   northeast

lineaments   in   sChThoeutral   fansas   than   in   no]Thcendral   REnsas,

suggesting  mre   eutensive   ffach]res   or   faulling   in   schThoentral

RAnsas.   on   the   other   hand,   gravity   signals   fro   any   naTheast

trading  faults  in  the  granitic  on]st  in  naThceutral  REnsas  wtnild
be atten]ated Er the thidc layer of overlyirg Frecatrian sedineuts.

RElry  northorest   trading   lineaments   are   fctmd   in   fiqure   37.

Althougiv they are  iutempted  in mny places,  they are more  or  less

aligned.  These  lineaneuts  are  intexpa]eted  as  gra:vity  expressions  of

pee-rift  frach]res  in  the  basenent  because  of  their  cross  a]:thing
relationship  with  the  northeast  lineamerrts.   (The  relative  ages  of

tro  sets  of   irfeersecting  lineaments/faults  arie  determined  ky  the

assumptions that the older linealnats are irfempted kyy the youiger

lireameuts. )  Since there are no amareut oftscts  of these lineaments

(see  also  FR'  on  the  seveTh  order  resichral  gra:vity Ir`ap  in  fig.  34)
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aca=ic)ss  the  rift  zcne,   it  ixplies  that  no  strike  slip  lro`maat  has

taken  place  along  the  rift.   The  aaamilated  lineal[rmt  length  in
eastern and western REnsas  are plotted against the lineamerfe  azjmTh

(fig.  38).    Beaks   which   oo±apond   to   both   the   norfueast    and
rmrthh7est  trending  lineaments,   are  present  in  bcth  histograms.   The

nortinrest   trending   lineaments   in   Threstem   RAnsas   appear   to   have

rctated,    relative   to   norfurest   trending   lineaments   in   eastern
Fansas,   5 to 10  degrees  clockwise.   This  suggests  that  the  cm]stal

cBd=ension  die  to  rifting  vas  progressively  larger  fro  rraTh  to
scnTh.   The  rift  bchmdaries  at  the  beginning  stage  of  rifting  rna:y

have  been parallel.  A  larger  ancnut  of  erfeension  in  sctThem  ransas

resulted  in  the  divergerfe  rift  boundaries   m'   and  QQ'   chserved.

Altermatively,  the  final  gecmetry of  the  rift  observed now oculd be

the result of a wider initial rift zone in the south to begin with.
I  ne}d=  estimate  the  cm]stal  esctension  and  the  initial  width  of

the  rift  alorny b7o  eastThrest  lines,  cel  and  FF.,  as  shchm  in  figure

39.  The  esstension  ratio   (b)   is  defined  as  the  fiml  width  to  the

initial  width  of  the  rift.  I  assLne  a  ocmstarrt  extension  ratio  (b)

thrmgivmrfe   the   rift.   The   first   line,   GGl    in   northern   HZ±,

overlaps   the   C-   seialc   profile.    Sexual   and   Others    (1984)
estimated  that  the  central  main  rift  basin  in  no]Thcen:t]ral  lansas

has  widened  fin  an  initial  width  of  50  ]m  to  the  presen:t  width

lIF79  hi.   That  means  b   is  79/50   or  1.58   for  this  partien  of  GG'.

Assuring  the  salne  b  for  the  entire  length  of  GG',   the  begirming

width of the rift zone  is  106 ]m  (the present width of the rift,  167

]m,   divided  by  1.58).   `Therefore  the  esd=ensicm  along  GG'   is  61  ]m.
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Figure 38.  IIistograms of amilative length of gravity lineaments in

eastern and western REnsas.
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Figure 39.  Map of ransas chChrimg the bchmdaries of the rift zone.

The esd=ensicms and initial widths of the rift vrere

estimated along FF'  and GG' .  ce'  overlaps pa]±ially with

the C- seismic line 1.  'W'  is the width of the
Central basalt filled basin which is aFpraxirmtely 79 ]m

Wide jn the eastrlArest direction.
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The present width of the rift  zone along FF'  is  205 kin.  his  ixplies

an  eatensian  of  76  ]m  along  FF.,  using  the  sane  extension  ratio  as

before.

The  Constant  b model  discussed  above predicts  a  4°  rda€ion  of

the   naTh7est   lineaments.    It   is   based   cm   tine   facts   that   the
eatension  along  FT"   is   ]5  ]m  lnore  than  that  along  GG'    ,and  the

peapendioular  distarme  between  GG'   and  FF'   is  200  ]m.   The  inverse

tangent of 15/2oo  is 4°.

SchThem RAnsas  is  qiiite differerfe  fro noThem ransas  in the

ancnut  of  esd=ensicm  across  the  rift,  altplitudes  of  the  M=A  Central

gravity and magnetic high  (figs.  15  and 29) ,  reflectanoe patterns  on
s|rtyetically  illiminated gravity maps,  and the  amcnut  of  noTheast

trading   gravity   lineaneuts.    This   division   into   noThem   and
schThem termnes  has  been  observed kyy  Bic]cford  and  cThers  (1981)   in

radicmedrie  dating  and  petrologic  stLmr  of  baseneut  ooze  samples,

and   hr   Yarger    (1983)    based   ori   aercmagnetic   data.    The   younger

so`Thfrm  granitic  termne  prchably  overlies  a  thirmer  on]st  and/ar

lithdyere,  a  higher  geothermal  gradient,  and  Consequently  a  Inane

ductile  cm]st/lithodyere.  The rare  ch]ctile  lithoaphene  resulted  in
a  wider  rift  zone  in  so`Them  REnsas   (this  is  eqiiivalent  to  the

laded  or  resistance  zchre  in  Ccp.]ftillot's   (1982)   prcprgating  rift

ndel) .  The  atten]ated gravity and mgnetic  signature  of  the lffiA  in

sorThem  ransas  ca]ld  be  related  to  this  change  in  lithoapberic

character.   Sirme   the  more   ductile   lithoapere   did   not   achially

npture  in  sctThem  fansas,   a  mjar  oendral  rift  basin  vas  nat
formed.   Injection   of   igneous   lnaterial   vas   of   a   smaller   scale,
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linited  to  the  infantile  aeutral  rift  basin  and  fissures  bethreen
tilted  fault  blocks.  whereas  in  northern  REnsas,  the  more  brittle
lithodyere vas  ruptured  and  a  Central  rift basin res  develaped  on
the  Etecafrorian  surface.  This  depression  was  filled  with  Lpelling

basalt  that  gives  rise  to  the  chserved  prenounoed  Central  gravity
and rmgnetic hi8hs of the rm.

AcxsordjJrty   to   the   en]stal   ezd=ension   model    of   Artenjev   and

Art]r]chkev  (1971) ,  the  lithaaphea:e  is  divided  into  a  brittle  txpper

layer  and  a  "FTe  ductile  lcmer  layer.   Bloctc  faulting  and  rctatian

cx=ur  in  the  `xper  layer  during  cm]stal  extension.  mrile  the  lcmer

layer  is  eatended  ky  ch]ctile  a=eaping.  The  ne]Theast  lineamenit:s  are

related  to  faults  or  ffacfu]res  in  the  brittle  `xpper  layer  of  the
lithaEife.  Iiarger  extension  in  sarmem  ransas  resulted  in  lrore
naTheast lineamenies.
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sREcmAI. FTIH-re

I   discuss   in   this   section   the   general   cinBracteristies   of

filters  and  gravity  anomalies  in  the  frequeney  domain.   Disaissions

and interpretations of the filtered gravity map will be peseuted in
the nEad= section.

The   freqireney   apectrm   of   an   ancmaly   depends   on   the   size,

depth,   shape  and  density  Contrast  of  the  causative  bcky.  A  large,

dear  body  gives  rise  to  a  very  long  vrah7elength  dcminated  apecthm.

Either  a  laxpe  challowr  body  or  a  dear  body  may  proch]oe  a  apectmm

dominated ty  long v7airelengths.  A  small  challow body gives  rise  to  a

chart wavelength  apecfam.  It  is  possible  therefore,  if  there  is  a
small pcprila±ion of  laxpe dimension challcw bodies,  to use band pass

filters to separate gravity sigrmls fro bodies of differat depths.
Since  the  grmrity  sigrml  of  alry  body  Covers  the  entire  apectnm,

ancmly separation using band pass filtering is never clear cut.  Fdr
e]aple,   a  high  pass   filtered  gravity  map  will   outain  mostly
sjquals  tha:t  are dL]e  to  small  challonr bodies.  It  neveTheless has  a

small  ccrfuihiion  fro  sources  at  greater  dqpth,  or  of  a  laxper
size.   A  low  pass   filtered  gravity  map  will  arfe  off  most  of  the

sigmls  caused  by  small   shallow  sources,   and  retain  most  of  the

±rihiions of a deep or large shallow body.
Catimatim f ilters calculate the gravity field at a higiver or

lower   level.   It   is   ass`med  that   there   is   no   mass   density   (or

magnetic  mmeut),    i.e.   a   free   apace,   bctRreen  the   tiro   levels   of

cantirmaticm.    Because   of   the   i"erse   sqpered   dapendeney   of   the

gravity   field   on  distarme,   the  \prard  carrtimration   filter  will
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attemate  signals  due  to  shallow souroes rmch  faster than those  due

to  deeper  sources.  It  stresses  the  long wavelergiv ancmalies  caused

ty   deep   sources.   on   the   cTher   hand,   the   dot^rm7ard   catimation
filter,  in  effect,  altplifies  chorfer wavelengths  at  the  e]qprise  of
longer  vavelengths.   It   is  a  very  noiey  aperaticm  because  random

noise  mirsed  in  the  signal  also  get  ewhaneed.  Scmetilnes  an  anomalous

body  is  present  between the  two  levels,  jmralidating the  assuxption

of  free  apace.  Thus,  dchrmrard oontimation chcnild be used with great

care.  Scmetines  it  is  good  pmctice  to  low  pass  filter  the  irqut

gravity  grid before  amlying  the  dch7mrard  carTtimation  filter.  This

precaution will  get  rid  of  the very  short vavelength noise  and  the
ocutrjhriic>ns  due  to  shallarr  bodies.  Far  exaple,  a  gravity  survey

with a data apacing greater than 1.6 ]m should detect no signal with

a  v7avelength  charter  than  3.2  )in  (see  Eirigivan   (1976)   `mder  lQxplist

salpling   rate).    Therefore,    a   lchr   pass   filter   with   a   cutToff

wavelength  larger  than  3.2   ]m  is  aRErapriate   for  1.6   ]m  spacing

data,

The  ocutimation  filter  dif fees  ffu  the  band  pass  filter  in
that   the   ocutimaLion   filter   is   based   ori   the   physical   law   of

potential  fields.   The  ocndirmaEian  filter  is  essentially  the  ~
calculation of the gravity  field at a hidyer  (or lctwer)  level  based
on  the  gravity  field  at  the  original  obse]|ration  plane.  An  `prard

catimation   filter   is  similar  to  a   low  pass   filter,   while  a
dcrmrard  outimation  filter  reseholes  a  high  pass  filter.  Thile  a
band  pass  filter  has  a  rather  shaxp  threshold  ffequeney   (a  step

functicm,   a  Ouassian,   or  a  lfarming  functiori  eta.) ,   the  fFTleney
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content of the outpurt spectnm of a coutimatian  f ilter depends more

on the irpe gravity data.
Sirme   the   rech]aed   to   the   pole   rmgnetic   field   is   linearly

related to the  fi]st vertical derivative of gravity  (see  secticm on
roisson  `analysis   in   Chapter   5) ,   the   first   vertical   deriva±ive

gravity  lnap  is  a  form  of  pseudo  rmgnetic  lnap.   The  firfe  veriieal
derivative gravity map provides better definition of the  size  of  an
ancmalous  body.   It  a€temates  long  wavelength  effects  and  enhances

vertical or near-vertical density oond=rasts.

The seccmd vertical derivaEive  filter is  sinilar jn f`mckicm to
the  firfe  vatical  derivative  filter.   It  does  a  better  jch  of
isolating ancmalies and idatifying vertical density oorfeacts.  It is
a  rose   noisy   aperation   and   requires   good   quality   data.   It   is

scmutines  necessary  to  rmocTh the  data before  applying the vertieal

derivative  filter  in  cnder  to  reduse  the  noise  and  to  jxprove  the
aEpearance  of  the  aftyrfe  map.   Vatical  deriva±ive  filters  always

level the aftyit grid abChri zero,  and thus generate unrealistic  laws

aro`nd peitive chosures,  and vice versa.  Furthermore,  these  filters

±e  unstable  at  the  lnap  bchmdary  and  give  rise  to  undesirable
edge  effects.   The  data  bchmdary  can  be  padded  with  a   rifebon  of

estirmted gravity values to alleviate this prablen.
Strike  pass  filters  ethanae  the  ancmalies  with  strike  in  the

desird   direction.    It   can   rmreal   the   directional   patterns   of

ancmalies  in  the  map,  hence  may  reflect  on  the  geologic  strmcid]ral

cinaracteristics of an area.
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CIA- PRE
The  input  gravity  grid  for  apectral  filtering was  prepared  as

follor`7s.   The  1.28  ]m  `prrd  oontimed  gravity  grid   (fig.   17)   used

for  isostatic caloulaticins res  sLmlenented with the defense Ma:ming

Ageney  gravity  data  in  the  area  su-mding  REnsas  to  generate  a

padded  gravity  grid  with  a  riJhoon  of  grid  nodes  armmd  the  state.
This helps to aife dchm on the edge effects caused by sorle  filters.  A

second   order   trend  vas   then   s`Itracted   fro  this   padded   grid,
resul€irg  in the resich]al  grid  in  figure  40 which was used as  irpe

grid in the follcwimg filter apera±ions.
A lalr pass  filtered gravity map with cdeff vavelength at 40 ]m

(fig.   41)   vas  generated  using  a  G]assian  tail  threshold  f`mctien.
This   lChlr  pass   filtered  map  resefroles  the  iud  gravity  grid   in

figure  40,  which  has  a  higher   (abari  10  mgals)   average  axplitude.

The   resefrolance   is   because   most   of   the   energy   of   the   gravity

frequeney  pectrm  is  -cerdrated  in  the  longer  wavelength  (1Chrer

frequeny)  regiori and the a]assian tail threshold f`mction used here

has a geme slqu.
The   20   ]m  cutoff  high  pass   filtered  gravity  map   (fig.   42)

stresses  the  shallor`r  sources.  A cirm]lar positive  ancmaly  (labelled
's')   in  eastfrm  S`rmer  ochmty  lies  within  the  no]Theast  trending

gravity  high  that  overlies  the  NImaha  ridge  in  sChThoentral  ransas

(see also fig.  41) .  It prfuably is caused Py a shallow pluton.

The  bmad  positive   anomaly   at  the   saTheastem  end  of   the

oatral  ransas  uplift,  aU  (.C'  in  fig.  41) ,  has  Considerable  firre

stmch]re  in the  20  )in higiv pass  filtered map  (fig.  42) .  A noTheast
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Figure  40.  Bouguer gravity map of REnsas  leveled at  1.28  ]m abchre

sea  level.  Seacmd Order trend rtHnoved.
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Figure 41.  Iiinr pass  filtered gravity map of ransas,  cutoff

wavelength at 40 ]m.
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Figure 42.  High pass  filtered gravity map of RAnsas,  cutoff

wavelength at 20 ]m.
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trending  positive  anomaly   ('L'   in  fig.   42)   frcm  fa:wnee  to  Barfon

county may be due to an intn]sive dike.  It appears to e3d=ed  furfuer

no]Th to  Oat)orne  County.  A  similar biit  less  evident  ancmaly  is  also

fcund  in  Staffcmd  county   (lM.   in  fig.   42).   Tto  northwest  trending

ancmalies  orfuogonal  to  'L'  and  'M'  in  sChTh Baftcm  ('0'  in  fig.  42)

and central RIsh cchndies  (IP'  in fig.  42)  is parallel to the strike

of  faults napped in the area  (Cole,  1976) .

The  10  ]m `p7ard  cantimed gravity map  (fig.  43)   chows  a  broad

negative  anomaly  in  eastern  fansas,  which  is  most  likely  die  to  a

negative density anomaly in the midrcmist as discussed  in an earlier

section.  The  oenhal  gravity high  (labelled  'Inga'  in  figure  43)  and

the  east  flanking  low  of  the  IRA  are  amarent  in  the  10  ]m `prard

oautimed  gravity  lnap.   In  the  40  )in  `]prrard  con:tirmed  gravity  map

(fig.   44),   the  oerhal  gravity  is  still  present  in  noThcerferal
REnsas  hri  the  flanking  lows  are  no  longer  visible  anywhere.   This

ixplies  thac  the  less  dense  Precatrian  sedinents  on  the  flanks  of
the oeutral  rift basin are at a shallarrer depth than the mare dense
basalt   at   the   oatral   rift   basin   in   norfucentral   ransas.   The
disapearance of any significant REA t©d  in sChThoentral REnsas  in

the  40  ]m `p`rard contirmed gravity grid  (fig.  44)  means  little or no

volcanies   rmae   explaced   at   mid   to   lchrer   cm]stal   levels.    The

northeast  trading positive  anomaly  (labelled  'c'  in  figures  43  and

44)  near  the  sou:theastem  end  of  the  central  REnsas  uplift  appears

to be dear  rocked because  it pea:sifts  in the  40  ]m `prard  oontimed

gravity map.  It  is  possible  that  this  ancmaly  could be  a  dear  root
of  the  REA  which  is  ridy:t  laterally  offset  near  central  REnsas.
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Figure 43.      10 )in `prard ccutimed gravity lnap of REnsas.
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Figure 44.      40 ]m `p7ard contimed gravity map of RAnsas.
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Sinilarly,    the   REA   trend   has   an   offset   just   north   of   the

ransas/Nebras]ca  border  (rot visible  on  ransas  gravity  lriap)  and  just

no]Th  of  the   Ichq^(irmescta  border.   Althougiv  the  offsets   in  the

latter cases are left lateral.
'Ihe  firfe  vertical  derivative  gravity  lnap   (fig.   45)   helps  to

make  indivich]al  ancmalies  shchr  `p  better.  The  cen:tral  gravity  higiv

and  flanking  lows  of  the lffiA  are  even more  apectaoular  on this  lriap.

The  con±imaticm  of  this  ancmaly  to  at  least  the  REnsasrdklahcma

border  is  evident.  The positive anomaly near the  scaTheastem end of

the  Central  fansas  `plift   (labelled   'c'   in  fiquries  43  and  44)   is

rigivt  laterally  offset  by  appraxintely  25-30  ]m.  The  two  saparate

parts  of  this  anenaly  are  labelled  'cl'   and   'a2'   in  figure  45.  A

pessjble intexpretation of this offset is that there was strikerslip
novI± along a northwest trending  fault  zone  at  or shortly  after
the 1.1 b.y.  rifting.

Th±     is     a     simous     eastrluest    trending    gravity    low,
amaeximately 300 ]m lcmg,  in narfurestem ransas  in the Counties of

Shermn,   Thrfuas,   Sheridan,   Ghahan,   Rocks  and  osbome   (labelled   's'

in   figure   45).   This   trend   ocmsists   of   a   series   of   indivich]al

rngtive  clceures.   It  may  delineate  separate  basenent  te]ranes  to
the  noTh   and   south  here-tcrfore  unreoognized.   This   bcundary   is

sdbstantially  to  the  norfu  of  the  bamdaries  pxposed  Py  previous
i"estigators  (Bickford  and  others,1981;  Yar`ger,1984) ,  as  veil  as

the  bChmdary  "'    (fig.   36)   thac   I   have  determined   in  the   last

sedion.
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Fiqure 45.     Firfe vertical derivative gravity map of ransas.
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To the ]ro]mi of this chain of gravity lows are several  positive

closures  in the  ochuties  of Chgyerme,  Rawlins,  and becatur  (labelled
'u',    'v',    'x',   and   'y'   in  figure   45).   These  are   interpreted  as

plutons at or near the baseneut surface.  The anomalies labelled  'u' ,
'v' ,  and  'y'   in  figure  45  aRErcrdmately  Coincide  with rmgnetic  lch7s

and  Could be  erplaced when  the  eaTh's  rmglretic  field vas  reversely

polarized.  The  ancmalies  labelled  'w'  and  'x'  cormeapond to magnetic

hi9hs  and  a  normally  polarized  eaTh rmgnetic  field  at  the  time  of

erplaoeneut.  The  ancmaly,  labelled  'z'   in  figure  45,  at  the  oeuter

of  the  Salim  basin  in Jtinrel  ochmty  oaneapcnds  to  a  mgnetic  higiv

and also has the characteristic of a challow pluton in the basenerfe.

The  composite  positive  ancmaly  near  Wichita,   Soctt,   and  liane

c"Jnties  in western fansas has a very chaxp Con:tract on the vest and

norfueast  sides  a]ggesting  a  fault  ocmtrolled  igneous  clrplacemeut.

The positive closures  in scnTheastem lfansas  (labelled  'r'  in  figure

45)    have   exz]Epticmally   straight   edges   and   appear   to   be   fault

bcnded.

The   strike   pass   gravity  mp   in   figure   46   enhanees   gravity

anomalies  trending  N30°E,   and  actemates  ancmalies  normal  to  this

directicm.  The MIA,  with  its oeutral  gravity higiv and  flanking  lcms,

eatends  fro lraTh to saTh in central REnsas.  Several no]Theasterly

t±jJg gravity hi9hs are present on the western flank of the main
rmA  gravity  ancmaly  in  saThcentral  ransas   (labeled   'C'   in  figure

46).

Another   strike   pass   gravity   map    (fig.    47)    stresses   vest

northwest-ast  sChTheast  trending  gravity  anomalies  and  s`xpresses
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Figure 46.  Higiv pass  filtered  (cfroff at 10 ]m)  and strjJ¢e passed

(N3o°E ±6o° )  gravity map of ransas.
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Figure 47.  IIigh pass  filtered  (arfeoff at 10 ]m)  and strifee passed

(N3o°w ±6o°)  gravity rna:p  of ransas.
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ancmalies  normal  to  this  direction.   There  are  marry  nortinresterly

trending  gravity  ancmalies  througivout  the  Inap   (fig.   47) ,   except  in

central  ransas  along  the  lffiA.  These  northwesterly  trending  gravity

ancmalies are  irtryreted as  ffachiries  in the granitic basenerfe that

preTdate the  1.1 b.y.  IffiA.
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The  fi]st  vertical  derivative  of  gravity  vas  Correlated  with
the  rechic}ed  to  the  pole magnetic  field using  linear  regression  over

a  small moving windchr.  Praparation of the  ilpri  leveled grmrity grid

was  disa]ssed   jn  the   section  cm   isostatic  rech]ction.   The   seocmd

order residual gravity grid at a ocmnm dabm level  of  1.28  ]m above

sea  level   (fig.   40)   vas  used  as  irut  for  caloula€irg  the  firfe
vertical    derivafive    of    gravity    (fig.    45).    Because    the    long

wawher" regional trend is mostly die to dear souroes at and below

the ltho,  it is aExprcpriate to elininate the regional trend in order
to isolate challar7er sources.

It vas  nec3essary  to  reTlcaloulate  the  gravity  and magnetic  data

grids   so   that   they  were   at   a   ocmm   "chservationl'   plane.   This

prtxrd]re   I-rd   arty   gravity   or   magnetic   gradierrts   caused   by
differences in the abservaLicm eleva±icas.

It  is  also  necessary  to  level  the  magnetic  grid  because  the
a-agnetic  sLm/ey  vas  flcrmi  at  762  in  (2500  ft),   914  in  (30cO  ft),

and   1371 in   (4500  ft)    abchre   sea   level   in   eastern,    Central,    and

vesten  fansas  reapectively.  The  entire magnetic  grid w7as  oontimed

to  1280 in  (4200  ft)   abcme  sea  len:i  Py  reduction  to  the  pole  first

(irrdination = 65°,   declimtion = 7°),   and   then  `p7ard   aoutiming
the  eastern RAnsas  data  ty  518  in  (1700  ft) ,  the  Central  Fansas  data

by  366 in  (1200  ft) ,  and  dchmrard  ocndimiing  the  vestem  REnsas  data

by  91 in   (300  ft).   The  resulting  leveled  magnetic  grid  is  chchm  in

fig-48.
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Figure 49.  IrrfeeREpt map derived from Poisson analysis of REnsas

gravity and rmgnehic data at 1.28  ]m above sea  level.
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Figure 50.  conelation coefficient map derived frcm Boisson analysis

of ransas gravity and rmgnetic data at 1.28 ]m above sea

level,
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Figure 51.  ragnetization oon:tract to density contrast ratio  (in/d)

map derived frm roisson analysis of REnsas gravity and

ma!gnedic data at  1.28  ]m abcnre sea  level.
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higiv peroentage  of  near  -1  conelatian  Coefficients.  The  cx=u±roe

of   high   positive   (white)    and   higiv   negative   (black)    co±1ation

coefficients noTh of this 50-]mwide band are approximately equal.

Sinilar   to   the   oorrelatian   Coefficient  map   (fig.   50),   the

rmgnetizatiamaonhast  to  density-Contrast   (xp/d)   map  in  figure  51

also  chchrs  a  lriar]sed  diffea:enoe  in  noThern  and  sChThern  REnsas,   as

divided  kyr  the  line  TI''.   SChTh  of  the  line  'IT',   most  of  the  in/d

values     are    niore    pceitive     (armmd    +0.03),     oorreapanding    to

coineidenoe  of  mgnctic  and  gravity  hi9hs.   This  j]plies  that  the

rocks  have  a  larger  lateral  magnetization  contrast.   in  the  region
bounded  betireen  Tr'   and  the  dashed  line  in  figure  51,   there  is  a

higiver percentage of negative in/d value.  M/d values between  zero  and

ro.015  are  oChmnorl  farther  north.   I  believe  that  these  distircticms

in n\/d values  and co±lation  Coefficients  in  northern  and  sChThem

RAnsas   co-apcnds   to   the   baseneut   rock   types   as   discussed   by

Bickford and others  (1979) .

Sev-i   rtryions   in   northeastern   REnsas    (two   of   these   are
labelled   'b'   and   'm'   in  figure  51)   have  an  eaec3eptionally  high  xp/d

val\]e  of  ahait  +0.o3.   These  are   locaticms  of  plutc>ns  of  the  Big

Sprirng   type   as   discussed   Py   ¥arger    (1984),    and   Steeples   and
Bickford   (1981).   The  positive  mgnetic  and  gravity  ancmalies   are

caused Py the about  2% magnetite  (ky wei€P]:t)   in the granite.  Similar

gravity  and  magnetic  anomalies  scattered  throuquc]ut  eastern  ransas

are prfuably due to the same kind of lnagnetite-rich granite.

The  Central  gravity  and  mgnetic  hi9hs  of  the  REA  has  a  xp/d

value  of  about  +0.008,  while  the  flanking  lch7s  have  an in/d value  of
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abouc  zero.  Scmanas'   (1984)  model  of  the  interbedded  rift basalt  and

Precahorian    sediments    have    an   n\/d   value    of    0.024    and    zee

reapectively.     The     discoepaney     cculd     be     explained     if     the

susceptibility  contrast  of  the  intefroedded  basalt  vas  One  third  of

the  value  of  0.005  used  jn  his  model  and  the  shallchrer  causative

body   vas   three   tines   as   large.    This   larger   body   of   basalt,

amrmcinately  2  to  14  ]m beneaLth  sea  level,  would  alane  acoourfe  for

the   entire   a"]Lmt   of   dbserved   gravity   and   mgnetic   ancmalies.

Because  its  gravitational  effect  v`mild  be  abchit  three  times  larger

than that due to the smaller challchr bocfy  in Scmanas'  model,  this  in

effect  does  are:y  with  his  model's  dearer  sources.   Sexpa  and  cThers

(1984)   used  a  model  of  the  basalt  basin  sinilar  to  Sonanas'   and
fctmd  that  only  one  third  of  the  chserved  Central  gra:vity  higiv  is

acx± far.
The  prrmChmced  rmTheasterly  trend   (labelled   'I[iga'   in   figure

51),   which   oarreapcnds   to   the   Central   gravity  high  of  the  lffiA,

appears to die art near the 38th parallel.  The rift basin was nat as
well   develaped   in   saThem   ransas,    so   the   rift   basalt   and
hecatrian  sedints  are  nat  the  dominant  sources  of  the  gravity
and magrutic anomalies.

The Wichita magnetic  low  is  characterized by  a  Central  area  of

near zero in/d `ralues.  This suggests that the Wichita lnagnetic lctr is

caused   by   a   lnagnetite   deficient   granite.   A   Coincident   circular

rmgnetic    low   and    gravity   hidy    in    Central    S`mer   County    in

sou:thoendral  REnsas  produced  a  oorreapcnding  cirmlar  area  with  a

xp/d value  of  less  than  -0.025.  This  indicates  a  challchr mafic  pluon
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with a  strong  remaneut reversed mgnetization.  A similar n`/d ancmaly

is  located an the mrvey and Marian ccrmty line.  The  first vertical

derivative  gravity  map  clearly  isolates  this  gravity  low  (labelled
'1'  in  figure  45) .  "is  gra:vity  lowr  is  an  eastern  lche  on the  east

flanking  low  of  the  lffiA,  and  is  pmbably  caused  kyy  a  big  oolum  of

hecahorian sedinends,  v`hich is underlain by a rmgnetic plutan.

to  attem]ate  the  effect  of  challowr  sch]roes  and  to  stress  the

contribution  of  deeper  souroes,   moving  windchr  toisson  analysis  was

also  performed  cm  5  ]m  Lperd  coutimed  data  grids.   The  resultant

xp/d map  (fig.  52)   is  less noisy because the  chaff wavelengths,  which

irmlude most of the noise,  has been filtered ct.

Within the ltiA th- are several  small regions  (labelled  'h'  in
figure  52)  which have  a  o.3  q`/d value.  These  are  prthably  caused by

the  incxplete  rech]ction  to  the  pole  aperation  caL]sed  ky  a  large

renanat  magnetic  field.  The  Q  value  of  the  rift  basalt,  which  is
defined  as  the ratio  of  the  renaneut  to  inch]c3ed rmgnetic  field,  may

be  as  large as  cue.  'the  inclinaticm  and declilraticm  of the  renaneut

rmgnetic  field  are  q+rite  different  fro  the  present  afroient  field

(Sonanas,1984).  Tro  areas   (labelled  '1'   in  figure  52)  have  a  large

negacive  xp/d  value.   These  are  prchably  edge  effects  caused  ty  the

renaner]   magnetic field also.

A  negative  tt\/d  anomaly   (fig.   52)   on  the  no]The]=n  part  of  the

Ravlins/REatur  ca`mty  line  in  rmrtinrestem  lfansas  oc]meaponds  to  a

gravity higiv  (fig.  40)   and  a magnecic  low  (fig.  48) .  It  is  prdably

caused kyy  a  reversely  rmgnetized mafic  pluton.  A q\/d  low  in Wichita

and  Scott  a]unties   in  western  lfansas   (fig.   52)   oorreapands  to  a
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Figure 52.  ragnehizalion Contrast to density ccutrast ratio  (tt`/d)

map derived fro roisson analysis of ransas gravity and

magnetic data at 5 ]m abcnre sea  level.
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p-inept gravity high  (fig.  40)  and a magnetic  low  (fig.  48) .  while
jrmediately  south  of  i±  in  Kirmey  and  Firmey  counties,   there  is  a

xp/d higiv  (orange) .  These  are prchably plutons  in the basement,  which

ocairred  at  thro  different  tines when the  earth's magnetic  field had

reversed and normal polarizations.

CTher  n`/d  higivs   (fig.   52)   correspcnding  to  coineideut  gravity

and rmgnctic highs  in  figures  4o  and 48  are a north trending ancmaly

(pink  and  red)   in  vestem  «allace,   Greely,   and  lfamilten  ochmties

parallel  to  the  Colorado  border,   a  large  anomaly   (pink  and  red)
covering  the  erf=ire  Donichan  ochmty  in  no]Theastem  fansas,  and  tro

10    to    20-}rmlwide    anomalies    (orange)     in   lfontgcmlery    and    Iabett

courhies  in  schTheastem  lfansas.   The  above  ancmalies  are  pmbably

caused by mafic plutons  in the baseneut.

rmring  windchr  Ebisson  analysis  res  next  applied  to  the  15-]m

\prard  catimed grids  to  focus  on the  ancmalous  sourc;es  at greater
dqu.   The  carrdation  Coefficient  map   (fig.   53)   chChs  a  similar

distrihiion of crorrdation Coefficients thm]givcnri the state.  There
is  no  ama±  termne  bchmdary  as  in  the  case  with  the  1.28-]m
`Frard  catimed  data  grids   (fig.   50).  the  in/d  values   (figure  54)

also  chibit  sinilar pa:ttems  th]m]!givout  the  state,  chewing no  sign
of  a  temne boundary.  The hcmogeneity  of  the  gravity  and rmgnetics

souroes beneath the shallow basenerfe  ixplies that the rocks at depth

are   lataelly  hcmngeneous.   This  means   that  the  yChmger  rocks   in

sChThem  fansas  form  only  a  thin veneer  of  a  few  kilaneters  thick,

overlying  the  same  1.6  b.y.   mesozonal  granitic  roc]es  fchmd  in  the

rrorthem temne.  The positive xp/d anmalies  (fig.  54)  in the Salina



• Tarot

eas  a^oqe un[  sT  ie  E];Ep openlban pre fa:TAEz6  sesuEH  Io

sTs^Teue uossTQa umz5  peAiaep  clEan ]ueTOTgIeco troT]:eTa=roD  . cs  ambTE

Z6T



CORRELflTI0N   CDEFFICIEHT   t]F   P0IESOH   f]NflLT5IS

GRflulTy   flHD   Mf]GriETlc   DflTFi   upunRD    COHTIHUED    15   KM   f]BouE   5Efl-LEUEL

- . 855



194

Figure 54.  MagneLization Contrast to density contrast ratio  (in/d)

map derived f- Poisson analysis of REnsas gravity and
magnetic data at 15 ]m abcIve sea level.
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Basin  and  in  haichan  County  are more uniform and  larger that  those

in the  1.28-)in and  5-)in `p7ard  oon:timed xp/d maps  (figs.  51  and  52) .

This  is  a  result  of the  reduction  of  inderferenoe  caused ty  shallow

sources.  It  appears that bcTh the  Salina  and Forest  City Basins  are

underlain Py large mafic plutons.
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CEE± SEEN

DrscpsslcIN AND  a3Ncll]slcIN

in  chapter  six,   I  fooused  on  the  data  enhancement  methods  and

their resultarfe maps.  in this chapter,  I present a s]rtyesis of last
chapter's findings,  and discuss their jxplications.

OnrmAI. Nrml ADqRICA RIFT s¥slD4 aus
It has been  chchm  in chapter  six that the gra:vity trend of  the

MIA,  which  is the geqphysical  expression of the acre,  e3d=ends to  at

least   the   ransas/Oklahcm`a   border.   The   alrplitude   of   the   central

gravity  high  of  the  lffiA  in  the  second  order  residhaal  gravity  map

(fig.   27)   abruptly  decreases  fro lnore  than  +60  mgals  to  +20  mgals

near  Saline  ocnmty  in  central  ransas.  This  sudden  change  is  caused

kyy  a  resistance  or  locked  zone  of mc>re  ductile an]st/1ithodyere  in
sChrfuem  REnsas.     The  more  ductile  cm]st/1ithoaphere  Th7as  due  to  an

elevated   gecthermal   grdient   which   res   caused   by   the   igneous

activity that  prodLroed the  1.4  b.y.  granite/rtyolite  in the  shallow

basenat jn schThern ransas.

It  has  been  apeoulated   (for  exalple,   Van  Sdris   and  IIinze,

1985)  that the ocutimed extension of the  irroipient  rift,  CRABS,  res

halted   by   a   east.i^rest   ocxpressional   stress   sorrie   1.1   b.y.    ago.

Because   rifting   or   cmistal   estensian   is   usually   accattpanied  ty

normal   faulting   in   the   `xper   an]st   (for   escalrple,   ifemic9se   and

Burchfiel,  1982) ,  it vas thaefo]:e surprising to  find reverse faults

along the  CRABS  in  the  lake S`perior  region  (IIinze  and  cThers,  1982)
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These    rleverse    faults    Could    be    the    result    of    a    pcst-rift
ccxpressional  event  that  moved  the  en]stal  blocks  along  the  normal

faults   associated   with   rifting.    Hinze   and   cThers    (1982)    also

reported  a  thicker  alist  beneath  the  rift  in  Mirmesota/Wisconsin,

which   is   clear   evidence   of   cm]stal   shortening   and   cor[pressional

stress.  It  appears  that  in  the  no]Them  pertion  of  the  rift  near
lake  S`perior,  the  ancnut  of  on]stal  eatension due to  the  CRABS  res

less  than  the  amc*mt  of  stosequeut  onistal  chorfening,  resulting  in

a nat effect of cm]stal shortening.
Afaerding to the  interpretation of the geologic and geqrfeical

data  that  follcms,   a  diffe±  soermrio  develaped  at  the  scTh-
vrestem  end  of  CNArs   in  lfansas.   Se]pa  and  others   (1984)   reported

normal  faul€ing  in  an  asymmetrical  basalt  f illed  basin  scme  4  ]m

belchr the pa=esent  Precafrorian  surface along  CrmRE seismic  line  1  in

naTheastem  REnsas.  Base  cm  a  eastTh7est  seismic  refraction  lirre  jn

western  REnsas,  Steeples  (1976)   fct]nd  a  thirmer  cmist  (38  versus  44

]m)   in  oeutral  fansas.  The  change  frm reverse  faulLing  and  cm]stal

chortenirg   near   lake   S`perior   to   mmal   faulting   and   cm]stal
thirming  in  fansas  rna:y  be  ch]e  to  a  strmger  acxpressien   in  the

norfueastran  end  of  Crams.   fost-rift  oortpression  vas  probably  less

prmcnmoed  in  the  saThrestem  end  in  fansas.  Altematively,  it  is
pessible  that  the  on]stal  esd=ension was  larger  in  the  sCh"restem
end  than  the  northeastern  end  of  the  CHARS.   Hcwever,   this  is  nat

prchable  because  the  alplitnde  of  the  gravity  trend  is  achially
larger   in   the   no]Theastem   end,   which   rather   indieates   a   nlore

develaped basalt basin near WisconsilvMirmescta.
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It was  chchm in chapter six that central fansas  is  isostatical-
ly  partially  oortpensated  at  and  below  the  lfuo.   The  low  velocity

body   chserved   kyr   lfahn   (1982)    at   abChri   125   ]m   dqu   is   a   prime

candidate  for  the  lair  density  body  below  the  rmho.   Assuming  this

body   is   a   norfueast   trending  prism  having   a   riectangular   cross-

section,    and   is   abChft   2%   lighter   than   the   normal   `xper   mard=le

density  of  3.35  gin/ac   (i.e.   -0.06  gin/oc),   this  prism  needs  to  be

aharfe 45   ]m thick in order to maintain isostatic equilibriLm.  If we

fuTher assLnes  the width of the  rectangular prism  is  60  ]m and  its

center of mass  is  125 ]m below sea  level  in Central  fansas,  then the

negative  gravity  anrmlies  ca:used  Py  this  body  are  9  and  30  mgals

near the  REnsas/Cblomdo  border  and  at  oeutral  ransas  respectiwhy.

Therefore,  the  9  ngal  ulxplained  differ`ence  bct"neen  the  isostatic

cx]rrection  grid  and  the  second  order  trend  of  the  Bouguer  gravity

grid  near  the  RAnsas/Oc>lorado  border  discussed  in  chapter  six  oould
be attributed to this deep body.

HREMERIANRASFrmmTrmENE+TrmANEs

Althouch  many  irlvestigators   (for  exaple  Bickford  and  others,

1982;   Yartyer,   1984)   have  identified  an  eastThrest  Precalhorian  baser

nat   termne   bchmdary   in   lansas,    the   origin   of   the   1.4   b.y.

granite/rhyolite  termne  in  sChThem  lfansas  is  still  unkncrm.   Van
Scinrs  and  cthers   (1986)   and  Bickfond  and  cThers   (1986)   favor  an

anorngenic  int€ive  event,  while  rmslie  (1978)   and  Anderson  (1983)

prapose  an   incipient  Continental  rift  as   its  cause.   It  is  also
pessible  that  this  1.4  b.y.  terrane was  aocoeted to  the  Continental
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a=ust to  the  no]Th  in  a priooess  sinilar  to  the present  day  racific
continental margin of no]Th America.

Nelson and  Deraolo  (1985) ,  based  on Nd  isotapic  evidence,   fctmd

that vestoentral United States  is made `p of continental  cmlst that
was    separated    f-    the    mantle    1.7-1.9    b.y.    ago,    which    is

Considerably  older  then  the  1.4  and  1.6  b.y.  U-fo,  RTsr,   and  K-Ar

Crystallization age.   (The ages determined  fro U-Fb,  RTsr,  and K-Ar

isotapic  studies  give  the  date when  the  igneous  rock  solidified  or
underwat a rerqu/stallizatien event,  while the Ira date  is the cmist
formation  tine  or  the  tj]ne  when  the  magma  vas  initially  separated

fro the lnantle.)  They believe that the undeformed  1.4 b.y.  granite/

rhyolite  were  derived  fro  a  mixture  of  rmgma  frcm  the  mantle  and

the  isctcpically heterogeneous  ocutinental  cm]st,  and the rocks with

a  later  arystallizatien  age  only  make  `p  of  a  thin  layer  several
kilcmeters   thick.    These   ycRmger   rocks   cover   an   older   1.9   b.y.

continental  cm]st  and  is  prchably  the  inland  armrogenic  oonsequenoe

of  a  sutxfiJdion  zone  associated  with  formation  of  the  ~1.4  b.y.

Ilano cm]st jn sChThern tinited States.

The  results  of  the  movirg  windcw  Poisson  analyses  of  gravity

and  maquetic  data  in  chapter  six  strongly  sLxpori  the  above  model.

Pcteutial  fields  data  indicate  that  the  challchr  basenerfe  roc9cs  are

distinct    in    noThem    and    sChThem    REnsas,     having    different

co±lation ooefficieuts  and derived mgnetizatiom€ontrast/density-

Contrasts.   trfurd  contimed  gravity  and  magnetic  data  shchr  a  Inore

hcmlogeneous distrihiion of  oo]melation coefficients  and n`/d  ratios,

indicating a homogeneous en]st at depth.
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cROss  sEcncINs  OF  IrmrosHRE  DT IGNSAs

Plate 1 througiv 5  (in back pedcet of this volLme)  are five east-

west  cross  sections  chchrimg  the  st"cfure  and  rock  types  frm  the

surface  denm  to  ^200  ]m  below  sea  level.  Gravity  and  magnetic  data

along these profiles are also diaplayed on tap of the cross  section.
The  `xpermost  line  is  the  measurd  magnetic  field,   follch7ed  by  the

seoand  order  residual  gravity,  and  then  the  Bouguer grmrity values.

The  surface  elevation  is  based  cn  the  ltIAA  data,   and  the  tap  of

Mississjmian  and  hecarferian  basenent  were  digitized  fro ©iaram

(1963)   and  aole   (1976).   The  depth  to  the  rmho   is   Constrained  ky

seismic  refraction  results  fro  Steeples  (1976)   and  Stemarf  (1965).

Dearer  stmcb]res  vere  intexpreted  fro  gravity  and  magnetic  data
and teleseismic sti]dy  (REhn,  1982) .

Plate   2   is   an   eastmest   profile   at   latitude   39.59°   that
overlaps   the   Crx-   seismic   line   1   in  nc>Thceutral   RAnsas.   The

intn]sive dik]e  an the  eastern  flank of the lffiA  is  based  cm  Sonanas'

(1984)  ifeerpmetation.  The mafic body on the eatrene east end of the

profile is related to the formation of the forest City basin.
Plate  3  is  an  eastTmest  profile  at  latitude  38.68°  that  tram-

sects  the  schTheastem  end  of  the  Central  fansas  `plift.  The basalt

ilutmJsion  at midrmist  level  is  the prc>bable  souroe  of  the  chserved

gravity hioh.  Dilte  iutn]sions  trending noTheasterly  are present  at
shallow  baseneut.  on  the  east  end  of  the  profile  is  a  Big  frying

type epizonal granite ilth]sion near the basettat surface.
Plate   4   is   an   cast+`rest   profile   at   lacitnde   38.24°    that

transects  the  no]Them  edge  of  Wichita  mgnetic  lcw.   The  Wichita
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mgnetic  low  is  underlain  Py  a  ncm-rmgnetic  granitic  bcxfy  at  mid-

ca]st.  The Rise fomation at the ETecatrian surface is \nderlain Er
a  northeast  trending  mafic  body  which  gives  rise  to  the  pesitive

gravity   anomaly.    There   are   tro   apizonal   granitic   plutons    in
so`Theastem  fansas  and  two I[iafic  irfuisions  jn western RAnsas.  The

two positive  apikes  cm the Etecarferian  surface  in central  REnsas  are

related to dike iutnision ar faults.
Plate  5  is  an  eastThrest  profile  at  latitude  37.81°   that  ca:ts

through  the  oatral  part  of  the  Wichita  mgnetic  low.  There  is  a

reversely magnetized mafia intn]sian near the basement surface.

Plate  6  is an eastrThrest profile  along latitude  37.11°.  There  is

no  gravity  data  in  the  western  half  of  the  profile.   The  challow

basenat    in    sou:theastem    Fansas    is    made    \p    of    1.36    b.y.

granite/thyolite.   The   ldeoldt   fault   is   less   amareut   on   the
stn]ch]ral profiles.  Neither  is theme arty ctwious gravity signature.

The  positive  gravity  ancmalies  in  sarfueastem  RAnsas  are  ca:used  kyy

irrtmsicms that lie below the granite/rtyolite layer.

CENCHJSICN

The rrmr REnsas  gravity data  reveal many previously unidentified

ancrmalies   and   basenat   trends.    This   regional   survey   should   be

followed  `p  with  I[`ore  detailed  surveys  of  local  anomalies  such  as

the  Wichita  magnetic   low,   the  positive  ancmalies   in   sChrfueastem

REnsas,   and  the  lffiA  near  Saline  county  in  cenieral  RAnsas  where  the

gravity signal decreases abmptly.                                         `
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