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AbsTRACT

ile.ver,    `.JilliaL]    Vincerit.    'ii.S„    Pur.due    Univer'sity,    August
1987.         Tne     l'i'ichita     i.:agnetic     Low,      Southeastern    Xalisas
i':ajor   Professor:       .i\'illiam   J.    Hinze.

Sever.al    hypotheses    have    been    pr`oposed    concerning    the

source   of   a   linear`,   east-w`est   tr`ending   aiagnetic   low   and   a

Correlative    boundar.y    between    basement    Pr.ecam`Drian    ter.ranes

of   different   at:es   and    lithologies   in   southern   Kansas.      The

l`'ichita     i.iagnetic     Low     is     an     accentuated     and     .broadened

segment    oi`    the    regional,    linear    magnetic    minimum    in

southeaster.n    Kansas.    No    distinct    gr`avity   anomalies,

correlative   with   the   I;iagnetic   low,    are   obser.ved.      Analysis

of   gravity   and   magnetic   data   +tith   isolation   and   enhancement

techniques    and    modeling    denonstr.aces    that    the    Wichita

Magnetic    Low    Hay    be    inter.preted    as    the    geophysical

expression    of    a    southerl}.-dipping       suture    between    two

contrasting    magnetic    terr.anes    that,    have    similar   densities

and    associated    shallow,     nearly   non-niagnetic    Gr`aniteville-

type   plutons   that   extend   to   nidcrustal   depths.



I  . INTRODUCTION

Based    on    drill    hole    data    Van    Schmus    and    Bickfor`d

(1981)   noted   a   distinct   east-west   demarcation   between   two

pr`edominantly     different     `oasement     terr.anes     in     easter`il

Kansas.     Based    on    this    geological    information   and    spectr`al

analysis    of    aer`omagnetic    data    in    Kansas,     Yar.ger    (1981)

proposed   that   a   sutur.e   zone   occurs   in   a   line   from  eastern

Color.ado,    acr.oss   Kansas,    and   into   I.lissouri.      This   sutur`e

zone        is     best     delineated     by    a     linear    series    of

discontinuous       magnetic    lows    transecting    the    state    of

Kansas     (Figure     1).     The    "Wichita     Magnetic     Low"     (Yar.ger.,

1983)       is    a    pr.ominent,     oval-sha.oed,     negative    magnetic

anomaly    in    southeaster.n    Kansas    which    occur`s    in    the

hypothesized     suture     zone     of     Yarger     (1983)     (Figure     2).

Elongate,    high-wavenumber,    negative    magnetic    lows    with

conspicuous    ii]arginal    highs    ar`e    superimposed    upon    this    lo-w.

Gay    (1984)    pr.oposed    that    these   magnetic    lows    witnin    the

•w.icnita   I.]agnetic    Low   are    a    result    of   'tin-gr`aiiite'    plutons

which   are   similar.   in   natur.e   to   tin-granites   (C-raniteville-

type)    found    in    the    St.    Francois    !`1ountains    of    i.!issouri.

Linear`,    negative,    magnetic    anomalies,    siuilar    to    the

east-west    trending   uiinitlua   that    extends    across   {{ansas,    are

associated   with   sutur.es   in   the   Car.adian   Precambrian   S}}ield.
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Tile   Slave-Churchill   suture   along   tile   Thelon   fr`ont   (:.,.indley,

1983)    and    the    Grenville    cry-.Dtic    suture    (Gibb    et    al.,     1983)

are   associated   witli   disco.|tinuous    linear   Lagnetic    lows.

fi.notiier   example   of   a   proposed   suture   h'nicn   has   a   clia5nostic

linear    magnetic     loh.    is     the    AltaliaLila     a.rloL]al}'        whic;'i

separates   the   Charleston   t,errane   from   the   northern   Florida

terr`ane    in    the    southeastern    United    States    (Hi3iins    and

Zietz,      1983).        Although    these    pr`oposed    sutures    have

associated   linear  [`a5netic   lows,   they   also   have   distinct

.Paired     gravity     anomalies     (Gibb     et    al.,      1983)    +..ith    ti`e

exception   of   the   proposed   suture   in   Kansas.      The   lack   of

this    diagl`ostic    feature    focuses    attention    on    the   proposed

suture    ln   Kansas.

This     study     investigates     the     hypothesis     that     the

L'ichita   Magnetic   Low   is   a   result   of   the   conDined   effects   of

a   suture    zone   and    of   emplacement   of   granitic   plutons.       Tl`e

purpose   of   this   investigation   is   to   analyze   the   geological

and     geophysical     data     in     or.der     to     synthesize     an

interpretation    of   the   V.'ichita    I.iagnetic    Low.     Empriasis    will

be   placed    on   magnetic   and    gravity   modeling   of   the    lJichita

I.lagnetic    Low   in   conjunction   witli   isolation   and    enhanceLient

techniques   in   an   effor.t   to   separate   the   long   wavelength

anomalies    due    to    the    hypothesized    sutur.e    zone    (Yarger,

1981)    and   the   short   wavelength   anomalies   due   to   plutons   in

this    region    (Gay,    1984).      Direct   geologic   data,   .such    as

dr`ill   hole   data   and   isotope   age   infor.14ation,    as   L'ell   as



information   concerning   the   nature   of   the   crust   fl-om   seismic

methods   will   be   used   where   available   to   aid   in   constraining

the     potential     field     models     and     to     aid     in     tile

interpretation .



11.     GEOLOGICAL       SETTII.JG

An     understanding     of     the      r`egional      Pr`ecambrian

geological   setting   of   the  nidcontinent   is  complicated  by

thick    Paleozoic    sedimentary   roch'    cover.       Therefor.e    the

infor.nation   concerning    the   undel.lying   Precambrian    basement

is   derived   from   r`elatively   spar.se,    cluster.ed   drill    holes,

scatter.ed     exposures     of    the    cr.ystalline    basement,     and

geophysical   and   geochr.onological   data.      A   bias   occurs   in

basement     rock.   samples     because     dr.illing     is     primarily

clustered    over.    basement    highs     in    sear.ch    of    potential

petroleum   reservoirs    and    is   normally   ter.minated   before   or

shor.tly   after   crystalline   rock   is   r'eached.     Exposures   of

Pr.ecan.or`ian     rocks     within     the     midcontinent     are     widely

separated,    but   outer.ops   such   as   the   St.    Francois    Mountains

of   southeaster.n   i.]issouri   provide   very   important   inforij`ation

about   the   basement   of   this   area.      Outcro.Ds   of   Precambrian

rocks   along   the   ii)idcontinental   perimeter   in   the   Caiiadia.I

Shield,   the   Great   Lakes   region,   and   the   Rockies   are   oft.en

used    to    extrapolate    the    nature    of    the    basement    under`lyil-ic;

the    Phanerozoic     sediuentary    cover.    in    conjunction    witi:

geophysical   and   geochronolo5ical   data.

Tile   Precani`oriali   roe:*s   of   the   Eiidcontinent   re3ion   c;a!l

De    divided    into    four    :eneral    rock    types:        1)    plutonic



granite   and   DetaDorphlc    rocks   similar   to   those   exposed    in

the   Canadian  Shield;   2)   anorogenlc   nesozonal   granites;   3)

rhyolite  and  epizonal  gr`anite;   and   4)   basalt,   gabbr`o,   and

sedim.entary   r.ocks   associated   with   r.if ts   (Derilson   et   al.,

1984).      The   basement   terraaes   of   the   midcontinerit   region   of

the   United   States   will   be  discussed   chronologically  with  an

emphasis     on     the     basement     geology     in     the     centr.al

midcontinent.      Figur`e   3   is   a   compilation   of   the   pr.oposed

basement   terr.anes   of   the   nidcontinent   region   which   will   be

over`viewed   in   the   following   section.

Regional  Geology

Archean   rocks,    defined-as   those   dated   at   greater   than

2500   n.y.,   are   exposed   ill   the   Canadian   Shield   and   the   Lake

Super.ior   I.egion   and   ar.e   tr.aceat)le   with   geophysical   data   by

west-southwesterly  trends   that  extend   into  central   North

Dakota   and   northeaster`n   South   Dakota.      Archean   rocks   are

also   fouad   in   Wyoming   but   are   separated   from   those   in   the

easter`n    Dakotas    by    youriger    norther.ly    trending    r.ocks    which

under.lie    the    western    Dakotas     and     easter.n     Montana     and

Wyoming     (Denison     et     al.,1984).      Mesozonal     gr'anites,

granodior.ices,        gneisses,     and    greeBstone    belts    ar.e

char`acter.istic   rock   types   of   the   Archean   province   of   the

nor.them    nidcontinent.       A    linear    trend    extending    fr.on

southern   Wyoming   to   central   Wisconsin   is   infer`r`ed   as   the

southern   boundary   separating   predominantly   Ar`chean   frohi
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Proterozoic    rocks    (Goldich   et   al.,    1970;    Vaa   Schmus   and

Anderson,1977;    Hills    and    Houston,1979;     Vaa   Schmus    and

Bickford,      1981).

North,     no.rthwest-trending    magnetic    and    gI`avity

anomalies   truncating   the   southwester.n   trends   of   the   Ar.ehean

Super`ior   Province   in   the   western   Dakotas   are   interpreted   as

southerly   extensions   of   the   Trans-Hudson   or`ogen   (Churchill

Province)     of     Canada     (Gr`een     et     al.,1979,      1985).     Felsic

volcanics,     gr.anites,      gneisses,      and    nafic    and     felsic

schists     ar`e     common     rock     types     with        tbe        gneisses

pr.edominatirig    ia    three    northwesterly    trending    netamor.phic

belts    betweea    the    two   Archean   cratoas    (Deaison   et   al.,

984)  .

The   tectonic   history   of   the   Trams-Hudson   or.ogen   is

Controver.sial.    One   hypothesis   is   that   this   terrane   was

involved   in   an   or.ogeny   or   collision   between   the   two  Ar`chean

blocks    appr.oxinaLtely    1700-1900    n.y.     ago    (Goldich    et

al.,1966;    Dutch,1983).       Others   pr.opose   that   the      Wyoming

and   Super.ior  Ar.chean   cr.atons   were   or.iginally   continuous,

but   that   the   Archean   crust   Was   I.eworked   by   a   later   orogeny

(Muehlber.ger.    et    al.,     1967;     Van    Schmus    and    Bickford,     1981).

The    Archean    Wyoming    Pr'ovince    is    tr`uzicated    to    the

south    by    the    Cbeyenae    Belt    (Houstorl    et    al.,1979),     a

Prominent    fault    zone,     and    is    bordered    by    tbe    Color`ado

Provirlce    (1700-1780   in.y.    old).       The   Periokeon   Province,    a

1830-1890   in.y.   old   or.ogerlic   suite,    truQcates   the   Archearl
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Super`ior   Province    south   of    Lake    Superior.       Drill    bole

samples   between   these   two  ear`ly  Proter`ozoic  provinces   in

the     buried    Didcontinent    basement     indicate    a     lateral

continuity    of    these    1800    in.y..old    provinces    aLcross    the

central   midcontinent   or   at    least   the   Colorado   Pr'ovince

extends    to    the    east    (Van    Scbmus,     1976).       The    soutbern

extent  of  the   early  Pr'oterozoic  pr'ovinces  occurs   along   a

broad    transition    zone    fr`oD    appl.oximately    southeaster`n

Colorado   across   souther.n   Nebraska   and   flor.them   Kansas    into

central   Wisconsin   (Hinze   and   Zietz,1985).      However,    the

appar`ent   northwest-trending   magnetic   anomalies   observed    ia

tbe     centr.al     and     southern    midcontiaeat    r`egions    may    be

evidence   that   the   early   Proterozoic   terr.anes   uriderlie   a

veneer   of   anor.ogenic   graaites   and   rhyolltes   (Hinze      and

Zietz,      1985).        Sins     and     Peterman     (1986)     relate     these

northwest-trending    magnetic   anomalies    as   paLrt   of   a   buried

early  Proter`ozoic   or.ogen   whicb   they   call   the   Ceatr`al   Plains

orogen.        According    to    their.    hypothesis,     the    nortbwest

tr`ending   magnetic    anomalies    in   Missour.i    and    Kansas    form    a

rloticeable    'bend'    in    western    Nebr.aska   where   a   southwestern

trend   extends    into   the   Front    Range    iadicating    that    the

uplifted    ear`ly    Proterozoic    foldbelts    exposed    in    Color`ado

and   southeastern   Wyoming   ar`e   the   wester.n   extension   of   the

Central    Plains    orogen.        The    eastern    par.tions    of    this

terrane   in   souther.a   Kansas   and   Missouri   ar'e   obscured   by

younger,     over`lying    anorogenic    granites    and    rhyolites.



im

Appar`ent    polar-wander   curves    and       nor.thwe8t-trending

geophys}ical    anomalies    in    Kansas    aLnd    Missour.i   nay    indicate

southwestwar.d   accretion   oblique    to    the   aLpparent    trends    to

the    nor.th     (Dutch,1983).

The    petrology    of    the    early    Proterozoic,     central

midcontinent   basement   is   chaLr.acter`ized  by  a  wide   suite   of

lithologies.           Sohists   and    quartzltes    ln    Nebr.aska   and

Kansas   are   associated   with  gneissoid  gr.anitic   rocks   that

yield   dates   of  about   1700   in.y.   ago   (Bickford   et   al.,1981).

Tbe   grleissoid     granitic   I`ocks   that   dominate   the   basement   of

tbe    cerltral    nidcontirierit    ar.e    distinguished    by    mild

foliation   caused   by  pervasive  shearing   and   cataclasis.     The

exact   timing   of   this   evenLbetween   1480-1800   in.y.   ago   is

uacer.Cain   because   it   is   not   knowa   whether.   it   correlates

With    one    per`iod    of    extensive    Detamor.phisD   that    I-eached

anphibolite   facies,    or   whether   the   netanorphic   terr`ane   was

involved   in   an   earlier.   period   of   regional   netamorphisn

which   affected   schists    and    quar.tzites    associated    with    the

gneissoid   granitic    rocks    (Deaison   et   al.,    1984).

After    the    early    Proter.ozoic     orogenic     events     the

midcontinent   r.egion   appar`ently   stabilized   and   was   dominated

by    depositioa    of    quar`tz       sandstones    and    by    anorogenic

activity   except    along   the   .continental   margins'    to   the

south   and   east   wher.e    or`ogenic    activity   contiriued.       Besides

the    nidcontinent     of    North    America,      major    episodes    of

cratoaizatioo    ended    at    approximately    1600    in.y.     ago     in

wester`n    Austr.alia    and    South    Africa    (Plumb    and    James,1986).
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The   anorogenlc    activity   of   the    Diddle    Proterozoic    of

the   midcontinent   can   be   divided   into   two   fairly  distinct

terranes.      The   first   anor.genie   suite,   dated   between   1450-

1500   a.y.    ago,    was    the   most   widespread   and   occur`red   in   a

500-1000   kin   `'ide   belt   from   southern   California   through   the

central     midcoatinent     and     nor`theastwar`d     into     Labrador

(Silver   et   al.,    1977;    Anderson,    1983).    In    the    midcontiDent,

this    ter.r`ane,     as    shown    in   Figure    3,    has    been   named    the

Eastern    Granite-Rhyolite    Proviace    (Bickford    et    al.,     1986).

The  most   abundant  magma-type  gener.ated   in   this   terrane   is

the           rapakivi    granite     (Anderson,1983).-A.    smaller

aaorogenic     event,     dated     between     1340-1400    in.y.     ago

(Bickfor`d   et   al.,1986),    occurred   in   a   belt   that   extends

from   southeastern   Kansas   ana   western   Missouri   southwestward

into   Oklahoma,    northel.n   Texas,    New   Mexico,    and    Colorado    as

shown   in   Figure   3    (Bickfor.d   et   al.,1986).      This   terrarle

has     been     termed     the     Hester.n     Grariite-Rhyolite     terr.ane

(Bickford    et   al.,     1986).       The   aor`thera   boundary   of   this

terr`ane   coincides   with   Yarger.'s   (1981)   boundar'y   in   Kansas

between    the   aor.tbern    mesozonal    gr.anite    terr.ane   and    the

southern    epizonal    gr.anite   ter`r.ane.       Rocks    ia    the    southera

or    Western    Granite-Rhyolite    ter.rane    are    predominantly

biotite-bor.nblende,     biotite,     and    two-mica    gr`anites

(Ander.son,     1983).
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The    anorogenlc    terranes,     dominated       by    felsic

volcanics   and   eplzonal   and   mesozonal    felsic   p:Lutons,    form

the   basement   for.   much   of   the   south   and   ceatral   nidoontinerlt

ill   an   ar.ea   south   of   souther.n   Kansas   and   souther.n   Mlssour`i.

Some   of   tbe   unusual   features   of   this   middle   Proter`ozoic

terrane   is   the    lack    of   sedimentary   and   metasediDentar`y

r.oaks,   a   scarcity   of   lnternediate   to   mafia   rocks,   tbe   over.-

all   extent  of  this  terr.ane,   and  the   volume  of  tbe  gr.anite

and     rhyolite     that      compose     this     terrane     (Van

Schmus    and    Blckford,     1981;     Ander.sori,     1983;     Denisoa    et    al.,

1984).      Undeforned   graDitic   to   quartz-monzonitic   plutons,

which   iatrude   irlto   the   older   terr.anes   in   Nebraska,   northerrl  .

Kansas,    and   Missouri,    areJnterpl`eted   to   be   deep   seated

manifestations   of   the    epizonal    aDor.ogenic   graaites   arld

rhyolitic    terranes    to    the    south    due    to    their    similar

compositions    aod    gr.aDophyric    textures    (Van    Schnus    and

Bickfor.a,      1981).

The   St.   Francois   Mountains   in   soutbeaster.n   Missouri

are    some    of    the     few    good    exposures    of    the    anor.ogenic

ter.r.ane     in     the    nidcontinerit.        Epizonal     gr.anites,        an

extensive   terl.ane  of  r.hyolite  ash   flow  Cuff,      and   snall-

scale   rhyolitic   aLnd   daLcitic   flows   have   been   reported   there

by   Sides   and   Bickfor`d   (1978)   who   interpreted   the   area   as

one   or   sever.al   deeply   er.oded   calder.as.      U-Pb   dating   of   r`ock

ia   this   area   yields   consistent   dates   of   1485   in.y.    (Bickford

et    al.,1981).        The    I.oaks    of    tbe    St.     Francois     Mountain



14

terrane   are   found   in   the  subsur.face  of  souther'n   Missouri,

southern   Kansas,    northern   Ar.kansas,    Oklahoma,    and   the   Texas

Panhandle   r.egion.       Mesozonal   gr.anites   are   also   found   in

this   souther`n   terrane   along   the   Nemaha   ridge   in   Kansas   and

in    tbe    eastern    Ar.buckle    Mountains    of    Oklahoma.       The

E]esozoaal   character  of  tbese  granites   suggests   that   they

ar.e   a   deeper`   seated   equivalent   of   the   epizonaLl   granites   and

rhyolites   of   this   ar`ea   that   have   been   uplifted   and   exposed

by    erosion    (Denison    et    al.,     1984).

Van     Schnus     and     Bickford     (1981)     theor`ize    the.t    a

northL'ard-dipping   plate   that   was   being   subducted   at   the

paleocontinental   mar.gins   to   the   east   and   south   of  KaDsas

may    explain    the    volcanic    r.oaks,     granites,     and    the

undeformed     plutons     of    the     anor`ogenic     ter`rane.        Magma

originating   from   melting   of   the   lower   continental   cr.ust

above   the   subducted   plate   would   for.D   plutons   that   would

intr`ude    into    the    upper    cr'ust.       A    recent    Sn-Nd    isotopic

analysis   of   sampled   midcontinent   basement   suggests   that   the

1400    in.y.     old    anorogenic    terrane    may    be     r`elated     to

subduction   in   the   Llano  pr.ovince   to   the   south   (Nelsorl   and

Depaolo,     1985).     An    alternative    explanation    for    the

anorogenic    terranes    is    that    it    is    a    result    of    an

extensional   eveat   (between   1450-1500   in.y.)   which   occurr`ed

after    accr.etion    of    the    1650   in.y.    old    Central    Plains

Pr.ovince    (Bickford    et    al.,      1986).        These    arlor`ogenic

terranes   for.in   a   thin    veneer   over.   older`   crust   from   which
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they   were   derived   as   evidenced   by   the   ubiquitous   nature   of

the       large    voluz)Ies    of    felsic    r`ocks    in    the    anorogenic

terr.anes     and     Dy     the    Sn-Nd    isotope    data    of    l`]elson    and

Depaulo    (1985)    which    suggests    reBelting`of    older    crust

(Bickfor.d   et   al.,1986).

After   the   voluminous   intrusions   and   extrusions   of   the

middle    Proter.ozoic    anorogenic    periods    the    midcontinent

exper`ienced   an   extensional   period   in   which   the   continent

began   to   r.ift   in   a    line   which   extends   from   the    Gr`eat    Lakes

Region   to   central   Kansas.       This   incipient   r`ift   has   been

called   the   I.lidcontinent   Rift   System   (Wold   and   Hinze,    1982),

and   the   geophysical   expression   of   this   feature   is   ter`med

the   Midcontinental    Geophysieal    Anomaly    (i.IGA).       Geophysical

evidence    shows    that    although    the    gravity    and    magnetic

anomalies    of    the    MGA    are    greatly    attenuated    south    of

centr.al    Kansas,     these    anomalies    continue    into    Oklahoma

(Yar.ger.,1983;    Lam,1986).       Geophysical   .data    suggest    that

tnis    failed    rift    is    cnaract,er.ized    tiy   deep   seated   nafic

intr`usive   rocks   along   the   central    axis   ol-the   rift   with

shallower   mafia    volcanic,    mafic   intr.usive,    and   elastic

sedimentar`y   rocks    that    formed    in    axial    rift    basins    ancl

iaarginal    basins   that   developed   along   the   ril`t   as   the   crust

subsided    (Van    Schmus    and    Hinze,     1985).

In    suuiaar.v,      the    Precambrian    geolotsy    of    tl.ie    Unitei`

States     midcontinent     can     oe     catejor`ized     as     soutiiwar.dl}'

you{15er   belts   of   crustal   accretions   to   t,he   Archean   Su.oer.ior
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and    W'yoming    cratons.       A    very    r'apid    and    still    somewhat

puzzling   period   of   crustal   accretion   occurred   between    1600

and     1900    in.y.    ago    (]!elson    and    Depaulo,     1985).        This    was

followed    by   two    periods    (1420-1500    n.y.     and     13no-1400    in.y.)

of  extensive  thermal  activity  in  which  felsic  anorogenic

plutons   and   extr`usive   rock   were   formed   and   derived   fr.om   the

melting    of    the    previously   accreted    arc    terr.anes    (BicKfor`d

et    al.,19S6).     Extension    in    the     late    Pr`oterozoic     (1100

in.y.)     resulted     in     formation     of     the     :`.1idcontinent     Rift

Systefl.        Subduction    along    the    eaLstern     and    southern

midcontinent   resulted   in   formation   of   the   Gr`enville   and

Llano  provinces  respectfully.

Basement GeoloEy   9£ Kansas

The    geology    of    Kansas    is    characterized    by    a    thin
•olanket    of   Phanerozoic   sedimentary   rocks   overlying   the

Pr.ecambr.lan     crystalline     basement.         Precambr.ian     r.ocks

outcrop    only   as   granitic   xenoliths   in   per.idotites   in   a

siilall    area   of   Woodsori   County   (Bickford    et   al.,     1971)   and    as

basic     i5`neous     rocks     (peridotitic)     with     inclusions    of

sediDentar.y    r`ocks    in    Riley    County    (Jewett    and    Herr.iaBi,

953 )  .

Tile    Pr.ecambrian    baseaent    rocks    of   Kansas    have    bee.1

divided   into   a   norther`n   and   souther`n   terr.ane   (Bic.kford   et

al.,     1981;     Defiisoli    et    al.,1984).       The    Precambrian    rocks    of

northern    Kansas     ar`e     doLinated     by    granitic     to     quartz-
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monzonitic   intrusives   that   ar`e   characterized   by   cataclastic

to    extensively    sheared    textures,     estimated    depths    of

eBplaceDent   between   6.5   to   13   kin,    and   ages   of   emplacement

of     1600-1700    a.y.     (Bickford     et    al.,1981;     Yar`ger.,1981;

Denison   et   al.,1984).      The   basement   of  souther`n  Kansas   is

dominated    by    felsic    volcanic    (rhyolitic)    and    epizonal

granitic   rocks   which   lack   evidence   of  extensive   defor.nation

(BicKfor`d    et    al.,1981;    Denison    et    al.,1984).       Rocks    of

this    souther`n    ter.rane    yield    ages    between    1300-1400    a.y.

(Bickford    et    al.,     1981).       Undefor.ned    epizonal    granitic

intr.usives    with    compositions    similar    to    those    in    the.

southern    terr`ane    are    found    extensively    throughout    the

older,    defor.ned   nesozonal   g_r.anites   of   the   northern   terrane

in   eastern   Kansas    (Bickford    et    al.,1981;     Van   Schnus    and

Bickfor`d,1981).       North-northeaster'ly   trending   rocks   of

Keweenawan    age    (1100    in.y.)     truncate    the    older.    norther'n

ter.rane.      These   mafic   igneous   r`ocks   and   f`lanking   arkosic

elastic    sedimentary    r`ocks     are     associated     with     the

Midcontinent   Rift   System   which   has   been   inter.preted   as   a

late    Precambrian    aborted    r.ift    (Ocola    and    Meyer,     1973;     Van

Schmus   and    Hinze,    1985)    that   extends    frozD   the   Lake   Superior.

region    into    Oklahoma    (Yarger.,     1983;     Lam,     1986).

Figure      4    shows   a   nap   of   drill   hole   locations   and

lithologies  of  Precambr.lan   r.oaks   later.sected   by  drilling   in

the   vicinity   of   the   study   area.      Drill   holes   ar.e   clustered

over.   basement   structur.e   in   search   of   hydrocarbons.      Note
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the   predominance   of   r`hyolites   and   granltes   in   southeastern

Kansas,     nor.theaster`n    oklahoma,     and    southwestern    i..:issour.i.

Dr.illing   over   the   Midcontinent   Rift   System   has   encountered

arkoses,     gr`anites,      quartzites,      and    some    nafic     rocks.

Metamorphic    rocks    are    alno`st    exclusively   found    in    the

northern   terrane   and   are   found   in   an   east-west   trending

band    across   southeaster`n   Kansas.

The.    configuration    of    the    Kansas    basement    has    been

relatively   unciianged    since    the    late    Paleozoic    Er.a   (Yarger,

1983).        The     }iemaha     r.idge,      a    najor`    nor`th-northeasterly

trending    featur`e    in    eastern    Kansas,     is    faulted    on    its

easter.n     edge     by     the     Humboldt     fault     (Figur.e     5).         A

structural    contour   map   of`   tfae    Precambrian   basement    surface

was   made   using   information   from   drill   hole   data   (Figure   6).

This    nap    shows     the    tr`end    of    the    Nenaha    ridge    and     the

Humboldt   fault   as   well   as   the   major.   basins   and   ar`ches   of

eastern   Kansas.      In   southeastern  Kansas,   the   Nemaha   ridge

se.oar.ates    the    Sed5ewicx    basin    froi]    the    Cherloxee   basin,     and

the    Bourbon    arch    separates    the    Cherokee    basin    from    the

For`est    City    basin    (Figure    5    and    6).
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0                          loo   KM

Figure    6.    Pr.ecambriaD   basement      surface   map   of   southeaster`n
Kansas,     Western     Missouri,     north-eastern     Oklahoma,      and
northwestera   Arkarlsas    derived    from   driill   bole    iafornation
compiled   by   (after   Lidiak,1986).   Coatour.   interval   is   0.1
kn  relative   to   sea   level.
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Ill.    GEOPHYSICAL   SETTING

Much     of    the     bur.led     Precambrian     basemerit     geology

discussed   ia   the   previous   chapter   was   interpolated   aad

interpr'eted    across    the    midcontinent    With    magnetic    and

gr`avity    data.         Results     from    seismic     cr`ustal     studies

confirBs   the   var.iability   of   the   cr.ust   ill   the   midcoatinent.

Ibis   sectioa   will   first   investigate   the   large-scale

geophysical    setting   of   the   midcontinent   region.       The    area

of    irlvestigation    will    then    be    tied    into    the    I.egional

picture   so   that   the   geophysics   of   the   study   aLrea   can   be   fit

irlto   the   larger   scheme.

Regional   Magnetic   Data

A   portion   of   the   composite   magnetic   anomaly   map   of

the    United    States    is    shown    in    Figur.e    7.        Dark    shades

iadicate   magaetic   highs,   while   lighter   shades   repr`esent

magnetic    lows.      A   linear`   ser.ies   of   magnetic   lows   betweea

broad   magnetic   highs   to   the   south   and   lows   to   the   north

par.allels       the    Kansas-Oklahoma    border    in    souther.n    Kansas.

The   Wichita   Ma.grietic   Low   is   located   withia   the   pr.oninent

white   ar.ea   in   southeastern   Kansas    (Figur.e    7)    and   occurs

along   this   major.   lineament   between   the   magnetic   terr.anes.



•.,TX    ,,r,.',\

500  KM

Figure    7.     Composite    magnetlo    anomaly    IIIap    of    the    south
central   mldoontlnent   (after   lllnze   and   Zletz,     1985).    Contour
inter.val   ls   200   gammas.
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Other     baseLient     terranes     or     f eatur.es     that     are

discernable   on   the   composite   magnetic    anoualy   hap    ar`e    the,

t,r.e    `'est-northt/esterly    striking    hizhs    of    the    Soutiiern

Oi:lahoma   aulacogen   in   souther.n   Ol<lal-iona   and   northern   Texas,

and   the   nor`theast-striking   hishs   and   f lanking   magnetic   lows

related     to     the     Midcontinent     Rift     System.      A    pr`oninent

niagnetic   nigh   extends   from   `i,test,ern   Aricansas   to   Colorado   and

south   into   easter`n   I..'eh'   i.i exico   and   nor'thwestel.n   Texas,   arid

corr`esponds     to     the     'I;ester.n     Gr'anite-Rhyolite     Province

(E,ickford   et   al.,1986).

The    2°       aver.aged    iJIAGSAT    scalar    magnetic    field    nlap

(Star`ich,     1984)    over   the    midcontinent    region    of    the    United

States   is   shown   in   Figure   8.      The   data   were    recorded   at   a

hiean   f light   elevation   of   400   kin.    Yon   Fr`ese   et   al.,    (1982)

denonstr`ated   that   MAGSAT   data   is   useful    in   napping   crustal

magnetic     anomalies.         Fr`ey     (1982)     suggests     that     }`]AGSAT

scalar`    anomalies    I.ef lect    `ooundaries    of    major    tectonic

terranes   in   Asia.       He   also   states   that   sutur`e   zone.s   should

produce    magnetic    anomalies    since    these        lineaments

juxtapose    crustal    blocks    of   contrasting    susceptibilities,

varying   crustal   thicknesses,    and   possibly   differ.ent   depths

to  the  Curie  isotherm.      A   large   magnetic   high,   the   South-

Central   United   States   Magnetic   Anomaly   (SCUSMA),   extends

from   west-central    Texas   across   Oklahoma    into    the    Great

Lakes    region    (Star`ich,    1984).      A   steep   gradient,    sep`arating

the   Positive    anomaLly    to    the    south    fr.om    a   negative    anomaly
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Flgur®   8.   20   averaged   HAGS^T   scalal.   Dagnetlo   field   map   over
the   Dldoontln®tlt   (&ft®r   Stal.lob,    198q).    Contour   lntorvel   18
18aDDa.
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situated   over   Nebraska,    occurs   on   the   northez`n  mar.gin   of

the   SCUSMA   ln   aorthernmost   Oklahoma   and   acr.oss   Kansas.

Regional   Cr.aLvity  2L±£ji

Figure   9   is   the   Bouguer   gravity   anomaly   map,    that   Was

separaLted   fr.on   a   data   set   conplled   by  the   U.S.   Geological

Survey   and   the   Society   of   Explor.ation   Geophysicists    (1982).

The    Bouguer   gravity   anoDalles    show   effects   of    lateral

density   variations   below  sea   level,    because   the   effects   of

mass   above   tbe   datum    level    (sea    level)   have   been   removed.

Isostatic   effects,   vhlch   are   related   to   compensation   of

topogr.aphy   by    var.iations    in_  subsurface    maLsses,     complicate

interpretation   of   the   Bouguer   gravity   anomaly   map.      A   good

example    of    isostatlc    effects    is    illustrated    over    the

Rockies   in   the   western   portion   of   Figure   9      (Salleh,    1984).

A    northeast-trending    positive    gravity    anomaly

extending    fr`on    central    Kansas     into    northwestern     Iowa

cor.r`elates    with    the   Midcoatinent   Rift   Systen.       A    large

negative  gravity  anomaly  in  wes¢ern   Missour`i   and   eastern

Kansas   may   relate   to   the    1800-1900   in.y.    old   Central    Plains

Province   as   shown   in   Figure   9.      A   positive   gravity   anomaly

occurs    to    the    south    of    this    negative   anomaly   and    in    a

regiorl   designated   by   Bickford    et    al.    (1986)    as    tbe    Wester`n

Gr`anite-Rhyolice   ter`r.ane.      The   west-dipping   gradient    in

western  Kansas   is   related   to   thickening   of   the   cr.ust   and
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Figure    9.    Bouguer   gravity   anomaly   map   of   tbe   midcontinent
(after    Society    of    Exploratiorl    Geopbysicists,     1982).     Heavy
coatour.   iaterval   is   50   nGals.
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the    sediDientary   rock    cover    to    the   west    (Lam   and   Yarger,

1986;Lam,    1986).      The   most    importarit    cause   of   this   gr.adient

is    crustal    thickening   (Lam,     1986).

Magnetic   Studies   in Kansas

Pr`ior   to   the   statewide   aer.onagnetic   sur.vey   of   Kansas,

CoDiprehensive   early   magnetic   studies   of   the   Precambrian

basement   r.ocks   in   Kansas   were   restricted   to   mainly   profile

studies.       Hanbleton   and   Herr.lam   (1959)   interpr.eted   magnetic

lows   to   be   a   result   of  structural   basement  highs   and   the

combined    effects    of    basement    and    sedimentary    r`ocks    in

nor.them   Wilson    County,     Kansas.       Far`quhar    (1957)    suggested

that  magnetic   love   in  Kansas  could   be  caused   by   the   lover

susceptibilities   of  granites   with  r'espect  to  metamor.phic

host    rock.       Heiland    (1929)    cites    susceptibility    corltr.asts

between   basement    lithologies    of      gr.anite   and   scbist   in

Butler   CouQty,    Kansas    (along   tpe    f lanks   of   the    Wichita

lriagnetic   Low)   as   a   cause   of  a   local   magnetic   low.      Woollar`d

(1943)   reported   that   tbe   magnetic   signature   over   the   Nemaha

r`idge   in   easter.n   Kansas   is   not   correlative   witb   the

basement   structure,    but   the   magnetic    character    is    a

reflection  of  basement   lithologlcal   var`1ations.

Recently   an   aeromagnetic   survey   over   the   state   of

Kansas   has   yielded   lDportant   information   concerning   the

basement    geology    of   Kansas.    Yarger    (1981,1983,1985)    baa
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summarized     the     details     of    the     surveying,      processing

techniques,    and   interpl.etatiori   of   these   data.

Since    the    Phanerozoic    sedineritar.y    r`ock    layer`s    nay    be

consider`ed   essentially   non-magnetic,    the   total   iatensity

aeronagnetic   nap   of   Kansas   (Figure   10)   yields   a   great   deal

of      informatioQ      coricerning      tbe      sedlnent-blanketed

Precambrian   basement   in   this   area.      Oa   a   broad   view,    the

northwest   magaetic    trends   are   truacated   by   a   nortbeast

tr.end    in   northceritral    Kansas.       This   nor`theast    tread    of

linear    magnetic    highs    and    f lanking    magnetic     lows    are

inter.preted   to   be   an   expression   of   a   Precambriarl   failed

rift   and   r`elated   sedimentary   rocks.      Gabbr.oic   and   basaltic

rocks   of   KeweeDawaLn   age   result   in   positive   anomalies   while

negative   anomalies   ar`e   gener.ally   associated   witb   thick

elastic    and    felsic    rocks    (Yarger.,     1981).       Tbe    magnetic

anomalies   cor'r`elated   with   the   Midcoritinent   Rift    System

appear   to   ter.niaate   against   an   east-west   tr.eridiag   riegative

magaetic   liaeament.      This   linear  magnetic   featur.e   can   be

traced   from   easter.n   Colorado   into   western   Missouri   (Yarger.,

1981).      To   the   east   of   the   terminatioa   of   the   Midcontinent

Rif t   System   in   southeastern   Kansas   tbe   character   of  this

magaetic     low    chaages    as    it    becomes    much    wider.,     has    a

gr.eater   negative    amplitude,    and   has   higher   wavenumber,

oval-shaped   lows   with   encircllag   highs   superimposed   within

it   (Figure    10).      This   prominerit   area   of   magrietic   lows   is

Centered   over  the  city  of  Wichita,   Kansas,   and   therefore
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Figure     10.     Total     lntenslty    aeromagnetic    map    of    Kansas
(after    Yarger    et    al.,      |985).   Contour    interval    ls   50   gammas.
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Yarger.    (1983)    aamed    this    negative    anomaly    the    Wichita

Magnetic   Low.       Using   spectr.al    filtering   techniques   Yarger

(1983,1985)    illustrates    that   tbe   southern   edge    of   this

negative,  .  linear   anoDaLly   forms   a   fairly   distinct   boundary

and    interprets    this    souther.n    Dar'gin    as    aLn    area    of

contrasting  rock   types.      He   further.  postulates   that   this

boundary  may   be   1)   a  paleoplate  boundary   (suture)   between

the  nor.therri  aad  souther.ri  terrarie,   2)   a  subsided   granitic

slab   over`lain   by   a   sedinerltary   or   netasedinentar.y   wedge,    or.

3)   nob-nagrletic   gr`anitlc    t)asenent.

Gay    (1984)    napped    basement    plutoas    in    the    Wicbita

Magnetic    Low   based    on    the    criterion    of    characteristic

magnetic   signatures   of   magnetic   lows   surr`ounded   by   Dagnetlc

highs   (Figure   2).   A   core   from   a   dr.ill   bole   sample   in   the

Western   part   of   the   Wichita   Magnetic   Low   yielded   an   age   of

1380   in.y.       Gay    (1984)    also   noted    the    similarity      of   the

magnetic    sigriatur.e    of    the    plutons    withia    the    Wichita

Magnetic   Low   and   those   ill   the   St.   Francois   Mountains   region

of     soutbeaster.n     Missouri.        These    magnetic     lows     in

southeaster`n    Missour.i    are    associated    with    quar.tz-feldspar

gr.anites   witb   few   nafics   that   Kisvarsanyi   (1981)   ter.ned   the

Graniteville-type   graaite.     The   char.acteristic   magnetic

signatur`e   of   Gr.aniteville-type   intrusives   is   a   featureless

central   magnetic   low   surrounded   partially   or.   fully   by   a

encircling   high    (Kisvar.sanyi,     1981;    Gay,    1984).
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Kisvarsaayi    (1981)    aLnalyzed    cor.es    associated    witb

Granitevllle-type   granites   and   coacluded    that   these   rocks

are   two-mica   or   tin-gratlites.      Tia-gr.anites   or   two-mica

granites  have  ver.y   little  nagrietite  associated  with  then

since    the    majority    of    the    iron    content    is    taken   up    by

biotite    (Bash,     1984).       Thus    the    magnetic    lows    over    tbe

Gr.aniteville-type   plutons   I.eflect   the   lack   of   magnetite   ia

these   gr`aLnites   as   compared   to   the   host   rock.

Gay   (1984)    suggests    that    the    ringing   highs    ar.ound    the

featur.eless   lows   nay   be   due   to   mineralizatioa   around   tbe

plutons     r`elated     to    pr`ecipitatiori    of    magnetite        I)y

hydr.othernal   solutions,    an   example   of   this   is   the   Idaho

batholith   in   southern   Idaho|Criss   and   Champion,1984),    and

nagnetization     effects     sucb     as     the     effects    of    tbe

iaclinatioa    of    tbe    ear.tb's    magnetic    field    aad/or    a

conponeat   of   remanerit   nagnetizatioa.      Gay   (1984)   further

postulates   that   the   incorisistent   patterns   of  the  ringing

highs   nay   reflect    differ.eDces    in   petrology,     perneability,

and     str.ucture     of     the     countr.y     r`ock     surr`ounding     the

Gr`aniteville-type  plutoris.

Another`   significant   feature   in   the   total   intensity   nap

of   Kansas    is    a    discontinuous    series    of   high-amplitude,

steep   gradient,   circular  Dagnetic   highs   that   extend   froE

northeastern   Kansas   south   iDto   east-central   Kansas   `there

these     highs     seemingly     ter.minate    or    are    atteauated     at

approximately    the    eastern    end    of    the    Wichita    }]agnetic    Low
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(Figure     10).        Basement    cor'responding    to    two    of    these

pr'oDlnent  posltlve  anonalles  ln  northeastern  Kansas  were

saLnpled  by  dr.illirig.     The   results   of  analyses  from  these

cores   yield   U-Pb   zircoa   ages   of   1350   n.y.,   petrologles   of

epizonal   granites   related   to   those   of   the   southern   ter'rane

of   Karisas,    and   magaetite   contents   of   2S   by   weight   (Steeples

and    Bickford,1981).       Other.    magnetic    anomalies    With

magnetic   signatures   siDilaLr.   to   those   sampled   have    been

inter.preted    as    epizonal    gr.anites.       Figur`e    11     is    an

inter`pl.etatlon  of   Pr.ecambrian   ter`ranes   inferred   fr`oD  the

total     intensity    magnetic    DaLps    of    Kansas    and    isotopic

determined    ages.

Gravity   Studies  ±p  Kansas

An   early   gravity   study   of   the   PrecaDbrlan   basement   by

Woollard    (1959)    demoastrated    that    the    largest    gravity

anomaly   one   could   expect   from   basement   structure   in   Kansas

(such   as   the   Nemaha   ridge-Humboldt   fault)   is    less   than   one

milliGal,   because   the   basenerit   is  capped   almost  exclusively

by   limestone   that   has   densities   neaLrly   identical   to   the

uDderlyiag    basement.       He   concluded    that    laLrge    r.esidual

anomalies   must    be    relaLted    to   deasity   coatrasts   within   the

basement .

A   Bouguer   gr'avity   anomaly   nap   of  Kansas,    compiled   from

the   statewide   data   set     of   the  Kansas   Geological   Survey,    is
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Figure    11.    Inter.pr.etation   of   Precambrian   terranes   in   Kansas
(after.    Yar.ger,      1983).
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showa   ln   Figure   12.      Detailed   lnfor.nation  concerning  the

gravity    surveying,    processiag,    arid    corrections    aLre

availaLble    in    Lam    and    YaLrger    (1986)    arld    Lam   (1986).

Prominent   features   of   the   gravity   map   (Figure    12)   are

a  steep,   west-dippiag  gravity  gr.adient   in   western  KaLnsas

ref lecting   cr`ustal   thickening   to   the   west,    a   northeast

trerlding   gr.avlty   high   with   f lanking   lows   ln   nortb-cerltral

KarLsas   relating   to   the   Midcoritinerit   Rift   System,    a    long

Wavelength    gr`avity    high    in    the    soutbeastern    cor`ner    of

Kansas   tbat   occurs   over  a  rhyolitlc   basemerlt,   and   a   br.oaLd

gravity   high   near    the    southeastern   end    of   the    Central

Kansas    Uplift    (Lam,     1986).

Lam       (1986)       recent.Iy       coznpleted       a      regional

irltel`pretatioa   of   the   Bouguer.   gravity   nap   of   Kansas.       A

sunnary   of   his    findiags    is   as   follows.      Yar.ger`ls    (1981)

suggestion   that   the   Midcontinent   Geophysical    Anomaly   (MGA)

Day    extend    at    least    to    the    Kansas-Oklahoma    bor'der    is

supported    by   analysis    of    the    gr.avity   data.       Lam    (1986)

speculates   that   the   abr.upt   attenuaLtiori   of   the   amplitude   of

the    MGA   fr`on   central    Kansas    acr.oss    the    proposed    suture

boundaLr`y   (Yarger,1981)    into   southern   Kansas   is   a   I.eflection

of   a   change   in   the   physical   proper`ties   of   the   cz`ust   from   a

br.ittle,     cooler,     Dor`ther.n    terrane    to    a    more    ductile,

hotter,   southern   terrane   at   the   time  of  the   initial   rifting

event.     The   higher   geother.Hal   gr.adient   over.   the   southern

terr.ar}e    was    related     to    anorogenic    activity    prior    to
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rifting.       An   interpr`etation   of   the   gr.avlty   dataL      suggests

that   tbe   loDg   wavelength   compoaerit   of   the   Wichita   Magnetic

Low  maybe   related   to  a  nan-znagnetio  granitic  body  at  Did-

crustal   depth,    while   tbe   short   wavelength   component   is

correlated    to    reversely    magnetized    nafic    intr.usives   near.

the   basement   surface.      Lam   (1986)   also   suggests   that   tbe

broad   gravity   anoDalles    in   soutbeastern   KaLnsas    ar`e   caused

by   intrusions   below   the   veneer.   of   anorogenic   granites    and

rhyolites   in   this   basement   ter`rane.

Seismic   Crustal   Studies

Seismic   studies   in   the.vicinity   of  the   study  a.rea  give

clues   to   the   cr.ustaLl   str.uctur`e.      The      results   from   seismic

refr`action    and    ref lectioa    sur.veys    are    important    to

constr.ain   the   potentiaLl    field   models.      Figur.e    13   shows   the

location    of    the    refr`aLction    and    ref lection    surveys    in

relation  to  the  area  of  irivestigation.  In  tbis  discussion

the   velocities   r`eferenced   are   for   conpressional   w-aves.

Steeples   (1976)    interpreted   a   U.    S.    Geological    Sur`vey

refraction   profile   in   eastern   Colorado   and   nor`thcentral

Kansas.      His   results   suggest   a   4.5  kin/s   layer   to   about   1.3

kn   depth,   a   6.0   kin/s   layer   from   1.3   kn   to   8.1   kin  depth,   and

a   6.1    kin/s    layer.   from   8.1    kn   depth   to   the    Moho.       This   model

shows   a   west-dipping   Mono   at   38  kD  deptb   in  nor`th-centr`al

Kansas   increasing   to   44   kD   depth   in   easter.n   Color`ado.      An
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upper`   mantle   velocity   of   8.25   kn/s   was   observed   oa   this

line    (Steeples,     1976).

An   investigation   of   a   r`evel-sed   profile   ia   Oklahoma   by

Mitchell   and   Landisman   (1970)   yields   a   crustal   model    in

which   the   upper   crust   is  .approximately   16  kin  thick   and   is

under`lain   by   a   thin   low   velocity   zone   that   thickens   to   the

southwest.       They   interpr.et   the   Moho   at   approximately   46   kin

depth   and   an   upper.   mantle    velocity   (Pn)   of   8.2   kin/s.

Stewart    (1968)    inter`pr.eted    two    rever`sed    refraction

profiles   ia   norther`n   and   souther.n   Missouri.      The   inter`pre-

tation   of  the  northern   line  indicates  a  cr`ust  composed  of

an   8   kD      thick,    6.1    kin/a   upper    layer   under.lain   by   a   6.2

kn/s   layer   to   20   kD   depth,   end   a   6.6   kD/s   layer   between   20-

40   kin  depth.      AIL  upper.   maritle   (Pn)   velocity   of   8.0   kin/s   ls

suggested.      All   of   the   crustal   layers  dip   to  the   west  so

that    tbe    crustal    thickriess    is    appr.oximately    38    kin    ill

nortbeaster.ri    Missour`i    and    42   kin   ia   nortbwestern    Missouri.

Results   of  the   soutbern  pr.ofile   Her.e  difficult   to   irlter.pret

since    the    crust    ln    this    area   seems    to   be    laterally

inhomogenous    and    could    not    be    appr.oxiDated    by    assuming

uniform    layer.s   of   varying   dip.       However,    Stewar`t   (1968)

suggests   a   44   kin   thick    crust   with    a   Pa    velocity   of   8.1

kin/s .

Miller   (1980)   interpr.eted   Pn   residuals   from  earthquake

events   in   order   to   characterize   the   Crust   over   various

earthquake   monitorlng   statioris   in   eastern  Kansas   (Figur`e
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14).       His    interpretations    (Figure    14)    are    that    high

velocity  cr`ust   occurs   over   the   Midcontinent   Rift   System     in

northcentraLI   Kansas   which   is   related   to   nafic   r`ocks   ia   the

Crust.  ,   A   low   velocity   crugt   occbrs  west  of  this  area  and

may   be   a   result   of   thick   elastic   sediments   {Rice   Formation)

that   f lank   the   failed   rift.      A   conspicuous   low   velocity

anomalous   crust,    located   over.the   Wichita   Magnetic   Low,    is

interpreted   to   be   related   to   tbe   sutur.e   zone   proposed   by

Yar`ger'    (1981).

Serpa   et   al.   (198u)   outlined   the   results   of   a   COCORP

ref lectlon   survey   in  northeastern   Kansas   (Figure   13).      A

pr'ominent    boundary    separating   a      shallow   transpar.eat    zone

fr`om   underlyiag   I.ef lections   arid   diffr.actions   occurs   at

appr.oximately     5s     (aLpprioximately     15     kin).         The     shallow

transpar.erit   zone   is   interpreted   by   Brown   et   al.   (1983)   as

diffr.actions   and    layering   related   to   mafic   iritrusioas,

gnelssic    bandiflg,    or   possibly   metasedimentary   rocks

emplaced    by    lar.ge-scale    over.thrusting    (subduction?).       Tbe

interpreted   depth   to   the   Mono   of   appr.oximately   36   kin   ls

speculative,    because   it   is   based   on   an   apparent   decrease   in

the   density   and   number   of   ref lected   events   and   not   on   a

continuous   ref lector.

Br.aile    et    al.    (1984)    have    compiled    the    I.esults    of

seismic   r'efractlon   profiles   aLcr`oss   the   coriterminous   Uaited

States.    The   average   cr.ustal   velocity   (Vp)   was   der.1ved   from

tbese   refractioa   pr.ofiles   arld   plotted   oD   a   map   projection



Figure    15.     Avel.age    oru9tal     veloclby    map    of    the    United
States   coDplled   from   I.efractlon   profile   data   (after   ,Bralle
et    al.,      198u).   Contour   interval    ls   0.t   I(n/a.



43

of   the   United   States.      Figure   15   shows   the   average   cr.ustal

velocity  nap   of   the   United   States.      The   average   crustal

velocity   is  defined   as:

VP= [Z} hi/  Z:(hi/vi ) ]

Where,   hi=Cr.ustal   tbickness   of  the   ith   layer

Vi=velocity   of  the   itb   layer.  (excluding  tbe

surface   sedimentary   layers).

The   average   crustal   velocity   znay   be   used   to   relate

crustal    structure    and    crustal    gr.owtb    (Snithsoa    et

al.,1981).       The   most   important   feature   of   this   nap   with

respect    to    this    investigaLtion    is    the    Vp   gradient    that

sub`par.allels    the   Kansas-OklahozDa   border,     separating    lover.

average  crustal   velocities   to   the  north   fr`om  higher  average

crustal   velocities   to  tbe  south.
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IV.     THE    MAGNETIC    AND    GRAVITY    ANOMALY    MAPS

Total    intensity   aeromagnetic    and    Bouguer   gravity   data

sets   of   Kansas   were   obtained   fr`om   the   Kansas   Geological

Survey.      The   aer.omagnetic   data   set   was   recorded   at      a   fixed

barometr.ic    elevation   of   0.76   kin,    an   east-west   f light    line

spacing   of   approximately   3.2   kin,    and   a   north-south   tie   line

spacing    of    approximately    32    kn    (Yar`ger`,     1983).        A    Bore

detailed    accouat    of    the    aeromagnetic    survey,     the    data

acquisition,    and   the   data  reduction   are   available   ln  Yarger

(1983).         The     Bouguer`     gr-avity     anomaly     data     set      in

southeastern   Kansas   was   measur`ed   at   approximately   6.4   kin

nor`th-south    intervals   and    1.6    kin   east-west    intervals    (Lan

aad    Yarger.,     1986).        Lan    and    Yarger    (1986)    and    Lam    (1986)

descr.ibe   the   field   procedures   and   data   reduction   used   in

preparing   this   data   set.

The   two   data   sets   were   gr`idded   in   order   to   facilitate

the    isolation,     enhancement,     and    modeling    techniques.       The

magnetic    data    set    was    gr`idded    using    3.2    x    3.2   kn   grids,

while    the    gravity    data    set    was    gridded    at    4.1    x    4.1    kin

gr.ids.      The   gridded   data   sets   were   then   plotted   (Figures   16

and   17)   and   compared   visually   with   Kansas   Geological   Survey

maps    overt    the    same    area    (Yarger    et    al.,     1980;    Yarger   et



Figure    16.    Total    ilitensity   magnetic    map   or   soutlieas.tern
Kansas.   Contour`   interval   is   50   gainmas.



Flgurie    17.    Bouguer   gravity   nap    of    southeastel.n    Kansas.
Coneour.interval   18   2   DGals.
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al.,1985).      Plots   of   the   r`egridded   data   sets   are   nearly

identical   to   those   of   the   published   maps.

In   order   to   make   a   visual   analysis   and   interpretation

of    the.riaps,    a    variety   of   isolation    and    enhancement

techniques   were   applied.      The   techniques   used    on    both   data

sets    include    upward    continuation    and    vcr.tical    derivative

wavenumber   filtering.      In  addition   the  aagnetic   data  set

was    reduced-to-the-pole    before    applying    the    upward

continuation  and   vertical  derivative  filters.     The   residual

magnetic    field    was    also    isolated    by    the    intersecting-

profile   method.     The   isolated   and   enhanced   features   present

in   the   data   sets   are   used   as   aids   in   interpreting   the   maps

and   constraining   the   modeli-ng.

The     magnetic     data    wer'e    reduced-to-the-pole     before

applying    filters.       The    reduction-to-the-pole    technique    is

useful     because     it     removes     the     effects     due     to     the

inclination   and   declination   of   the    earth's    maLgnetic    field.

Reduction-to-the-pole   shifts   the   anomalies   to   their   proper

Positions   above   the   causative    bodies    and    thus    inpr`oves    the

comparison   of   the    magnetic   and   gravity   aa-omalies.       This

technique   assumes   tl]at   tl]e   effect   of   remanent   nagnetization

is    negli6Jible    which   is   generally   valid    in      Pr`ecan.Drian

r.ocks    of    the    midcontinent    (Hinze    and    Zietz,     1985).

Ti}e    reduced-to-the-pole    map    in    Figur.e    18    was    produced

assuming    an    inclination    of    68°   and    a    decli:`ation    of    S:O       `...'.

Conpar`ison    of    the    reduced-to-the-pole    map    (Figure    18)    `tit,a



Figure    18.    Fteduced-to-the-pole    magnetic    anoDialy    nap    of
soutlieastern   Kansas.   Contour.interval    ls   50   gamunas.    Same
scale   as   Figure    16.
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the    composite    total    intensity   magnetic    nap    (Figure    16)

reveals   some   inter.estlng   differences.      Positive   aLnomalies,

for   example   the   strong   positive   anomalies   in   the   southeast

Corner   of   the   unr.educed   nap,   are   shifted   slightly   to   the

nor`th.      The   high   wavenumber   east-west   trending    lows   within

the   center.   of   the   Wichita   Magnetic   Low  are   significantly
•oroaLdened    by    I.educing    the    data    to    the    pole.        The    most

prominent   featur.e   enhanced   by   this  method   is   a   steepened,

east-west   gradient   which   trends   between   37o   45'   N   and   38°

N.       This    gr`adient    approximately    delineates    Yarger's    (1981)

proposed   suture   zone.      The   gr.adients   on   the   nor.th   of   the

Wichita   Low   are   greatly   r.educed.

Compar`ison    of    the    reduced-to-the-pole    map    (Figur.e    18)

witn   the   Bouguer.   gravity   anomaly   map   (Figur.e    17)   shows   a

cor.relation   between   positive  gravity  anomalies  and  positive

magnetic   anomalies   in   the   southeastern   cor.ner`   of   the   map.

The     oval-shaped     IIiagnetic     low    at    37o    45'N,      96o    30'N    is

correlated   with   a   prominent   Y-shaped   gravity    loh'   whici]   `.Jas

inter.preted    by    W'oollar.d    (1959)    to    be    due    to    a   granitic

body.       The   `oroad,    northeasterly-striking   gravity   higr.   (+14

ngals)   in  the  southwest  cor'ner  of  the  nap  col.relates  witn  a

broad    magnetic    high    (+200    gammas).       The    long    w.avelen&th

character.   of   this   magnetic   anomaly   suggests   that   it   is   a

deep-seated   feature.      Tne   na8netic   and   gravity   data   also

suggest   that   t}iis   feature   is   terminated   at   approximately

the    pr.oposed    suture    .ooundary.       Significant    uncorrelatable



50

gravity    and     magnetic     anomalies     are     the     two    cir`cular

positive   gravity   anomalies   within   the   Wichita   Magnetic   Low

at     37o     45'N,      96o     45'W     and     37o     45'N,      96o     15'W        and     the

prominent    cir.cular`    negative    magnetic    anomaly    at    37o    15'l`i,

970   35'W   that   is    located   over`   a   broad,    gr`avity   high.

Upwar.d   continuation   of   the   data   sets   recalculates   the

poteatial   field   data   at   higher   elevations,    effectively

attenuates   higher   wavenunber   signals  due   to   near-sur.face

sources,     and    enhaaces    larger.    wavelength    signals.       The

reduced-to-the-pole,    upward   continued   nagnetic   maps   ar.e

show-n    in    Figures    19    and    20.       The    5   kin   upward    continued    nap

(Figure    19)    highlights    the    steep    gr`adient    along    the

southern   margin    of   the   1`Jich`ita   Magnetic    Low   and    the   broad,

high   to   the   south   of   the   Wichita   Low.      The   steep   gradient

along   the   southern   side   of   the   Wichita   I.lagnetic   Low   and   the

high   to   the   south   are   still   evident   in   the    10   kin   upward

continued   map    (Figure   20).    Analysis   of   the   upward   continued

naps    suggests    that    tl}e    anomalies    r`ef lected    by    the    \.,:ic.rlita

Magnetic   I.ow-ar.e   not   only   high   wavenumber   lows,as   seen   ill

the    reduced-to-the-pc+1e    map    (Figure     18),but     also     long

wavelength   negative   anomalies      whicn   are   seeii   in   the   u.I)ward

continued   maps.       If   the   high   and    low   frequency   anomalies

correlate   with   shallow   and   deep   sources   res.Dectfully,    this

implies   that   the   ``'ic}iita   }`tagnetic   Low   is   a   ref lectioii   of

two    sets   of   sour`ces.



Fit3ure`  19.    I{educed-to-the-pole   and   upwar`d   continued   5   kin
liiat;net,ic      anolwaly     map     of     southeastern     Kansas.      Contour
jillt;r.vdl    i3    2Lj    gamtdas.    Same    scale    as    Figure    16.



Figure    20.     Reduced-to-the-pole    and    upward    continued    10    kn
iiia811etic     anoliialy     map     of     southeastern     Kansas.      Contour
interval_    is      25   gammas.   Same   scale   as   Figure    16.
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The    gravity    data    were    upward    continued    to    0.76    kin

above   sea   level   (flight   level   of   the   aeromagnetic   data),    5

kn   above   sea   level,    and    10   kin   above   sea    level.      The   nap

..continued   to   the   flight    level   of   t.he   aeronagnetic   data

(Figure     21)     has     very     few    short     wavelength     sour`ces

attenuated.       Note    that    the    Bouguer    g`ravity    anoiDaly    map

(Figure    19)    and    the   gr.avity   map   u.oward   continued    to   flight

elevatioa   (Figure   21)   are   contoured   at   differ`eat   inter.vals.

The   most   signif icant   change   in   the   gr.avity   map   continued   to

the  f light   level   is  the  change  in  the   character  of  the  Y-

shaped    gr.avity    low    and    bordering    gravity    highs.          The

gr.adient   north   and   east      of   the   gravity   high   at   37o   50'Ni

930   50'   W   begins   to   reflect   the   shallow  density   contrast

betweea   the   sour.ce   of   this   anomaly   and   the   I-shaped    low   to

tie    east    and    nor.th.       Analysis    of    the    upward    continued

gravity  maps   (Figul.es   21,   22,   and   23)   shows   a   progressive

attenuation    of    the    high    frequency    anomalies    (near`-surf.ace

sources)     and     an     increasingly     noticeable     east-west

termination    and    attenuation    of    anomalies    between    370    45'}J

and    38°   tr'   which    is    best    illustrated    in    the    10   i{n    upward

continued    map    (Figur.e    23).

An    interpretation   of   the    relative    depths    of   given

contrasting    density    sources    is    warranted    from    this    upward

continuation    analysis.       The    two    circular`    positive    gravity

anomalies    located    within    tne    Wichita    lv]agnetic    Low    (Figure

17)    are    systefflatically    att,enuat,ed    in    the    upward    continued



Flour.e    21.    Upward    continued    bo   0.76   kin   (1.light    ele`/atlon    of
the   aeromagnetic   survey)   Bouguer.   gravity   anomaly   map   of
southeaster.n    Kansas.       Contour    inter`val    is    1    mGal.    Sauie
scale   as   Figure    16.



Figur`e     22.      Upwal.d     continued     to     5    kin,      Bouguer    gravity
anoDialy   map    of    soul-heastel.n   Kansas.    Contour`    interval     is    1
nGal.    Sanie   scale   as   Figure    16.



Fitjure    23.     Upward    continued    to     10    kin,     Bouguer    gravity
anoiiialy   wiap   of.   southeastern   Kansas.      Contour   interval    is    1
uiGal.    Sa{iie    scale    as    Figure    16.
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naps.      This   suggests   that   these   features   are   relatively

shallow    bodies.       A    similar    analysis    r.eveals    that    the

northeast-striking   positive   and   negative   ahonalies   on   the

western   half   of   Figur.e   17,    the   Y-shaped   gravity   low   in   the

centr`al   par.t   of  Figure   17   and   the   br.oad   positive   anomaly   in

the   southeast  por.tion  of  Figure   17   are  r.elatively  deeply

extending   features.

In   order   to   isolate   the   geonetries   of   var`ious   gravity

and   magnetic    aaomalies,     vcr.tical    derivative    filters    wer.e

applied.        Because     vertical     derivatives     enhance     high

wavenunber`s,   the   2   kin  upward   continued,   r`educed-to-pole,

magnetic   data   wer.e   used   to   I.educe   the   effect   of   noise.      The

second   verticaLl   derivativLe   map   of   the   magnetic   data   is

shown   in  Figure   24.      The   zero  contour   level   of  the  second

vertical   der`ivative   map   roughly   correlates   to   vertical

source   bodies.      Within   the   Wichita   Magaetic   Low   several   of

the    pr.oposed     plutons    of    Gay    (1984)     (see    Figur.e    2)    ar.e

outlined   by  the   zer.o  contour   level.        Figure  25   is   a  plot

of   the   fir.st   vertical   derivative   of  gravity.      The   first

vertical    der.ivative   gives   an   approxinaLtion   of   the   anomaly

source    as    the    zero    contour    outlines    the    points    of

inf lection   from   the   origiaal   nap.      Interesting   aspects   of

this    map    ar`e    the    nor`th-nor`theast    tr`ends    .in    the    nor`th-

westernmost    part    of   the   nap   and   delineation   of   sever`al

anomalies    such   as    the    circular    positive    gravity    highs

within   the   Wichita   Magnetic   Low   pr.eviously   discussed.



Figure     24.     Second     vertical    derlvative    on    2    I{m    upwar`d
continued,    reduced-to-pole,     magnetic    anomaly    map    of
southeastern   Kansas.       Contour    inter.val    i.a    10    gammas/kLD/kD.
Sane   scale   as   Figure   16.



Figure   25.   First   ver.tlcal   derlvatlve   of   Bouguer   anomaly  map
of   south;eastern   Kansas.      Contour   lnter`val   ls   1   mgals/kin.
Same   scale   as   Figure    16.
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V.     MAGNETIC    AND    GRAVITY    MODELING

The    Wichita    Magnetic    Low    is    not    associated    with    a

corr.espondingly    pr.ofound    gravity    anomaly.        This    is

illustr.ated   in  Figure  26  by  several   magnetic   and   gr`avity

profiles    along    coinciding    traverses   plotted    across

southeastern   Kansas.      It   should   be   noted    that   the   magnetic

profiles   have   not   been   r.educ.ed-to-pole,    and   therefore   ther.e

will   be  ainor  pr.oblems   in   directly   cor.relating   magrietic   and

gravity   aaonalies.    However,    these   north-south   prol`iles

illustrate   that   the   prominent   magnetic   minimum   does   not

have    a   correspondingly   distinct   gr.avity   anomaly.       This   is

unexpected   because   the   sour.ce   of   the   magnetic   minimum,   in

particular   felsic    igneous   rocks,    commonly   have   a   negative

density    contr`ast    with    the    country    rock    and     ther.efo.-e

gener.ate    a   negative    gravity   anomaly.    Further   complicating

the  correlation   of   the   gravity   and   magnetic   anomalies   is

the   gravity    effect    of    the      Midcontinent   Rift   System   whicn

has   dramatically   affected   the   gravity   field   in   the   vJestern

portion     of     the     study    ar.ea.        Broad    rlortheast-tr`ending

gr`avity    anomalies    occur    acr.ass    the    western    end    of    ti}e

Wichita   i`1agnetic    Low.      A   subtle   corr.elation   appear`s   between

the   gr.avity   and    magnetic    anomalies    (Figure    23    and    20)    t,^1at

were   upward   continued    to   10   tcn   in   that   ther'e   is   an   east-
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0                   IOOKM

Figur.e   26.    Magaetic    and   gravity   profiles   over.   the    Wicnita
Magnetic   Low   in   soutbeastern   Kansas   (dots   =   gravity,    curves
=   magnetics)   plotted   on   datum   level   coincident   witb   pr.ofile
location .
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west    tr.eadiag    gradient    in    the    magnetic    data    and    a

noticeable   truncation   or`   attenuation   of   gravity   anomalies

between    37o    45'N       and    38oN.

Modeling   magnetic    and    gravity   pr.ofiles   aLcross   the

h'ichita   Magnetic   Low   is   complicated   by   the    lack   of   obvious

cor.relation   between   the   magnetic   minimum   and   the   gr.avity

data.      Choosing   a   profile    per`pendicular    to    the   Wichita

Magnetic     Low     that     could     be     modeled     two-and-one-half

dimensionally   using   nagnetics   and   gravity   pr.oved   to   'De

difficult    across    the    western    por.tion    of    the    magnetic

minimum  due   to   the   dominant   effect   of   the   Midcontinent   Rift

System   previously   descr.ibed.      Two-and-one-half   dimensional

modeling   takes   into   account   the   str.ike   lengtb   of   the   source

per.pendicular   to   the   profile   to   be   modeled.      The   effects   of

a  .I)ody  sligntly   off   the   profile   or  not   per.peDdicular   to   the

pr.ofile    make    two-and-one-half    dimensional    modeling   a   poor`

approximation.      For   this   reason,    a   gravity   and   magnetic

pr.ofile    was    chosen    in    the    eastern    end    of    the    Wichita

i4agnetic   Low  as   shown   in   Figures   27   and   28.      This   profile

inter.sects   an   oval-shaped   magnetic    low   at   370   45lN   and   a

proflinent   Y-shaped   gravity   minimufl   pr.eviously   mentioned.

Two-and-oae-half    dimensional    modeling    programs

developed`DyShueyandPasquale   (1973)   and   based         onatwo

dimensional    modeli[ig    pr`ogran   Dy   Talwani    et.   al.    (1959)    were

used    to    model    these    prol`iles.        S3ismically    determined

deptns   to   the   l`]oho,    dr`ill   hole   lithologies   and   depths   to



Figur.e   27.      Bouguer   gr.avity   map   showing   location   of   profile
used   ln   two-and-one-half   dlmenslonal   modeling.      Contour
interval   ls   2   mGals.



Figure   28.      Total   lntenslty   n)agnetic   an.omaly   map   showing
the   location   of   the   pr.oflle   used   in   the   two-and-one-half
din)enslonal    nagnetlc   modeling.       Contour   interval    la   50
8alnma a .
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Dasenent,   and   r.elative   depth   and   geometries   of   anomalous

sources    derived    froa    the   pr.ocessing   analyses   were   used   as

co}istr'aints   on   the   modeling.   The   stri<e    length   ol-eaczi   oody

was    estimated    .oy    inspecting    the    gravity    and   magnetic    naps

as   well   as   tne   vertical   de^-ivative   maps.      Since   ther.e   is   a

I-airly   large   sampling   of   depths   to   the   Precaifi`Drian   oasement

oy   drilling,    a   grid   of   these   depths   were   used   to   coristr`aia

tne   top   of   One   basement.      A   simplistic   two-layered   cr.ust

with    a    hor.izontal    contact    between    the    upper    and    lower`

cr`ustal    layer.s    and    a   gentle   southerly-dipping   l`]oho   was

assumed.      Although   the   depth   to   the   boundary   between   the

upper   and   lower   cr`ust   is  Dot   well-defined,   a     depth  of   15

Kn   to   this   assumed   horizoatal   coatact   was   an   approximation

derived   from   the   COCORP   survey   directly   to   the   nor`th   of   the

study   area   (Ser.pa   et   al.,1984).      The   Mono   depths   of   42   kin

and   46   kin   were   taken   from   Stewart   (1968)   and   Mitchell   arid

Landisman   (1970)   respectfully.      The   density   used   for   the

sedimentary   rocks   in   this   study   was   estimated   to   be   2.6

gin/cc   (I.am,    1986).      Since   these   roctcs   are   relatively   flat-

lying,    any   gr.avity   anomaly   caused   within   the   Paleozoic

sedimentary     sequence     would      have      relatively     long

wavelengths.       The    upper    and    lower`    crustal    layer.a    were

assigned         densities     of     2.7.0      gD/cc      and     2.95      gB/CC

r`espectfully.    An   upper`   mantle   density   of   3.30   gin/cc   was

assumed   to   be   constant   over   the   entir.e   study   area.
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Allinghan    (1976)    iavestigated    susceptibilities    of

outcr`opping   crystalline    `Dasenent    rocks    to    the    east    of    the

study   ar.ea   in   the   St.    Francois    Mountains   of   Missour`i.       His

results    were    that    Graniteville-type    granites     in    the

Belleview   pluton   had   sus.ceptiDilities   of   near`1y   nil   to

0.002   emu/cc,    while   other.   granites   had   susceptibilities   as

nigh    as    0.003-0.004     emu/cc.

In    this    investigation    the   sedimentary   cover`   over.   the

Precambrian    basement    was    assumed    to    be    non-magnetic

(Yarger`,1983).       The    crust    was    assuoed   to   be   magnetic   to

the   Moho,    while   the   upper   mantle   was   assumed   to   be   non-

magnetic    (Wasilewski    et    al.,     1979).

Wichita   riafnetic   Low

The   magnetic   profile   Was   upward   continued   to   10   kD   to

attenuate   the   effects   of   shallow   sources   and   to   obtain   the

magnetic   field   due   to   r.egional   crustal   variatioDs.      Tbe

problem  of  ambiguity  with  respect   to  the  direction  of  dip

of   the   sutur.e   was   investigated   by   modeling   the   10   kn  upward

continued   data   with   northerly-dipping   (45°),   souther.ly-

dipping   (45°),    and      ver`tical   suture   models.   Figures   29,    30,

and   31    show   tbe   r.egional    magnetic    field   calculated    for`

these    models.     Susceptibility    contrasts       of    0.0015    and

0.0025    emu/cc    wer`e    needed    in    the    upper.    aad    lower    crust

respectfully    to    znodel    these   upward   continued   data.    The
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Figure    29.        Two-alid-one-half    dimensional    model    of    the
10    I(in    upvar.d     continued     IDagnetlc     anoinaly     data     using     a
nor.ther`ly-dipping    cr.ustal    boundary   model.       Susceptil>ilites
are   emu/cc.       Dashed    line    is   calculated,    solid    line    is
observed .
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Fit;ure    30.    T`to-and-one-half   dlmenslonal    model    of   the    10    kin
up`iar.il    corit,iiiued    iuagnetlc    anomaly    data    using    a    soutlier.ly-
dippint;    cruistal     boundary    model.        Susceptibilities    are
eliiu/cc.      Dashed   line   is   calculated,    solid   line   ls   observed.
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Fit3urc    31.    Two-and-one-half   dimensional    model    of    the    10    kiii
I)t7`,.&irJ    co[ilir]ued    mag[]etic    anomaly   data   using    a    vertical
ci.t`L>l,ul     uoiiiiuary     model.         Susceptibilities     al`e     enlu/cc.
Da*Lit3il    line    is   calculated,    solid    line    is   observed.
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souther.ly-dipping   and   vertical   models,    as   shown   in   Figures

30   and    31    respectively,       closely   approximate    the   I.egional

magnetic   field,    while   the   northerly-dipping   model,    Figure

29.       does   not   approximate   the    10   kin   upward   continued   data.

Shallow   sources   were   added   to   the   initial   10   kin  upward

continued   southerly-dippirig   and   ver`tical   sutur.e        models   to

approximate    the    observed    magnetic    and    gr.avity   data.

Magnetic   and   gr.avity   models   with   coinciding   bodies   were

achieved,      however,      some     of     the    gravity    and     nagnetie

anomalies      do      not      have      cor`responding      density     and

susceptibility   coatr.asts   as   shown   in   Figures   32,   33,   34,

and   35.

In   the   magnetic   models   (Figures   32   and   34)   there   are

lar`ge   susceptibility  contr.asts   ttetween   the   major   juxtaposed

Cr`ustal   blocks.      It   Was   found   that   the   upper  crust   in  the

souther.n   block   had   to   have   a   much   higher   susceptibility   if

the    contr.ast    between    it    and    the    nearly    non-magnetic,

granitic   plutons   wer.e   to   fit   the   high    wavenunber.   negative

anomaly.      On   the   other   hand,    the   gravity   models   (Figures   33

and   35)    have   relatively   minor   density   eontr.asts   in   the

lower   cr`ust,    while   density   contrasts   in   the   upper   crust   ar`e

r.elated   to   local   sour.ces.   The   subtle   gravity   anomalies   are

reflected    by    the    small    density    contrasts    in    the   upper`

crustal   bodies   and   between   the   lower   crustal   blocks.
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Figur`e     32.      Two-and-one-half    dimensional     inodel     of    the
oL>ser`ved     Lfiagnelio     ano[ilaly    data     using     a    southerly-dipping
crustal    boundary   model.   The   susceptibilities   denoted   by
lelLer.a    are:    a    =    0.0015    emu/cc,    b    =    0.00J15   eiilu/cc,    and    c    =
0.0`128    eiiiu/cc.
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Figure     33.      Two-and-one-half    dlDenslonal     inodel     of    tlic;|
observed   gravity   anomaly   data    using    the    southerly-dipping
cr.ustal    boundary    lnodel.    The   density   denoted   by   a   =    2.68
gin/cc.   Dashed   line   is   calculated,    solid   line   ls   ob£:erved.
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Figure    311.        Two-and-one-half    dimensional    liiodel    of    the
obser.veJ    iiiagnetlc    anomaly   data   using    the    vertical    crustal
boulidary   model.1'he   susceptibilities   denoted   by   letters
al`e:        a    =    0.0015    emu/cc    and    b    =    0.00P5    emu/cc.        Dashed    lirle
is   calculated,   solid   line   ls   observed.
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Ficsure     35.      Two-and-one-half    dimensional     model     of     the
observed    t3raviby    anomaly    data   using    the    vertical    crustal
boul.}dary    iilodel.        The    density    denoted    by    a    =    2.68    gin/cc.
Dasiied   line   ls   calculated,    solid   line   is   obser`ved.
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P i e d iB o n t Anonair

A   three   dimensional   modeling   program   called   XMANIK

fu.as   used   to   model   a   circular   nagnetic   low   in   the   easter`n

'yi'ichita   I.{agnetic   Low   that    Gay   (1984)    termed   the   Piednont

pluton    (Figure    2).       This    modeling    pr.ogram   uses    horizontal

laninae   to   approximate   an   anomalous   source.      In   this   study,

the     oval-shaped     magnet.ic     low    at     37C'    45'h',     .96°    25.w    in

Figur`e   16    will   be   termed   the   Piedmont   anomaly.      The   very

steep   gradients   of   the   Piedmont   anomaly  suggest   that   the

sour`ce    extends    close    to    the    basement-sedlmentar'y    rock

i n t e I. f a c e .

The    isolated    residual    nap    (Figu`re    36-),    that    was

determined   by   the   intersecting-pr.ofile   method,      was   used   in

the   three-dineasional    modeling.       The   isolated   Piedmont

anomaly   is   the   oval-shaped   low   in      Figure   36   (left-hand

side).      Note   that   this   residual   map   does   not   completely

isolate     the     the     anomalous     Piedmont     arionaly     from    the

r`egional   east-west   linear   low  r`elated   to   the   suture.

Results   of  the   two-and-one-half  dimensional   model   were

used   for`   an   initial   three   dimensional   appr`oxlDation   of   the

Piednont   pluton.      Adjustnents   to   tbis   thr.ee   dimensional

model    resulted   ill   a   calculated   magnetic   field   as   shown   in

Figur`e    36.        Figure    37    is    a    comparison    of    the    observed
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Figur`e    36.    Plot    on    the    left    is    the    isolated    residual
inagnetic   lnap   over   the   Piedmont   anomaly.      Plot   on   the   right
is    tlie   magnetic    field    calculated    by    three    diiiiensional
modeling   over.   the   Pledmont   pluton.       Contour.   interval    is   50
8amlnas .
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Figure    37.          Comparison    of    the    obser.ved    (solid)    arid    the
calculated    (dashed)    inagnetic    anomaly    over    tl]e    Piedlnont
pluton   along   a   nor.th-south   profile   acr`oss   the   center   of   the
a n 0 ,n a I y .
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Fit.lit.a     38.         Bloc.{     dia5.ral     oj-     bodies     used     to     t;ir.ee
iiiL]e;1siollally    ulodel    the    PieJuo[it    p.Iuto.1.       Soli'j     liiles    ar`e
the    tc)p    edges    of    tile    I)odies    aiiJ    sHall    dasiied    li}ies   are    i:ie'oobbo-edjes   of   ti`,e   .bodies.      Dotted   .oatteril   iiidicates   t!:e

Ltottol   a:1d    bo.a   of   tile   Piedidorit   plutofl.       Susce..tiDili;i3s
are     eLiii/i`c.
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L]agnetic    data    versus    the    three    dinerisionally    nodeled

magnetic   dataL   along   a   north-south   profile   over    the    center

of    the    anomaly.       This   model    has   a    very   good    fit   of   the

gradients   and   the    low   itself.   The   Piedaont   pluton   shown   in

Figure   38   has   a   nearly   nil   suscepti`oility   and   inwar`dly-

dipping   to   nearly-ver`tical   sides.      The    low   susceptibility

body    to    the    north    of    this    pluton    may    'oe    a    mixture    of

scattered    gr.anit,es,     netaigneous,     aad    metasedimentary    r`ock

as   evidenced   by   the   drill   i]ole   data   (Figure   4).

Signifigance   of   the Models

The    potential    field    z]odels    in    the    eastern    WichitaL

i4agoetic    Low    o.Dtained    by-two-and-one-halt-gravity    and

magnetic    and    three    dineflsional    magnetic    modeling    have

produced   geologically   significant   r.esults.       The    generaLlly

subtle   gravity   anoaalies   and   cor.respondingly   small   density

contrasts   make   integr`ated   modeling   difficult   and   ambiguous,

;n.owever,       the    two-aad-one-half   dimensional    3r.avity   and

d]agnetic   models   ar.e   consistent   with   the   observed   geological

a.|d    geophysical    data    in    the    area.       In    a   gener`al    sense,

tliese    zpodels    show    that    tnese    data    can    be    modeled    by

assuming    that    two    distinctly   different   crustal    blocxs   ar`3

juxtaposed    in   the   ar.ea   of   the   Wichita   i`!agnetic    Low.      Ti:e

long    wavele.nc5ch    coiiipo:1eiit   of   the   nagnetic    low   rei.lects   t;]e

magnetic   el-I-eat   caused   Dy   tne   high   susceptibiblity   contrast,
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and   edge   effect   between   the   upper   and   lower`   cr.ust   across

this   crustal   boundary.     Felsic   intrusives   cannot   solely

explain    the    long    wavelength    component    of    tile    magnetic

miiiimum.        This     is     suppor.ted     by    the     lack     of     lar.ge,

Corr`elative  gravity  anomalies.     The  subtle  I.egional   gravity

anomaly  across   this   crustal   boundar.y   is   r.ef lected   by   the

Small   density   contrast   .between   the   two  cr`ustal   blocks   in

the   lower   cr.ust   and   the   density   aontr.ast   produced   by   the

southerly-dipping    Mono.       The    450    southerly-dipping    suture

model  is  believed  to  be  the  best  model   in  the  ar.ea  of  study

because   it   explains   the  gravity  gr`adient   in   southeastern

Kansas   and   also  best   approximates   the  aagnetic   low   in   the

easter.n   part   of   the   W.ichita   Magnetic   Low.

The    lar.ge    susceptibiiity   contras`t    and    edge    effect

between   the   cr.ustal   blocks   produces   the   regional   east-west

magnetic    low.   iihich    transeats    the    state    of   I{ansas.       The

discontinuous   nature   of   this   regional,     linear   minimun   can

t)e   explained   by   laterally-var.ying   susceptibility   contrasts

and    `Dy    interference    effects    due    to    emplacement    of   sources

after  the   collisional   event.      The   lack   of   a   corr.espondingly

pr.oiliinent   gravity   anomaly   along   the   boundary   of   this   suture

indicates   that   the    two   criistal    blocks   have    I-air.ly   similar

densities   along   this   suture   zone.

Nearly    non-magnetic    .olutons    result     in     a     short

wavelength    component    superin]posed   on   the    longer.   ``avelen:th

col`iponerlb   due   to   the   suscepti`oilit.v   contrast   acr.oss   the   t,wo
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magnetic   terranes.   These   plutons   alone   can   not   explain   the

I.egional   magnetic   low.        The   steep   gradient   oa   the   south   of

the     Wlchita     Magnetic     Low     is     modeled     by     a     large

susceptibility    contr.ast    between    the   steep-sided,    shallow,

Piednont   pluton   and   the   high   susceptibility   cr`ust.   The   low

susceptibility   body   to   the   aorth   of   the   Piedmont   pluton   is

interpreted   as   a   volume   of  DetasedimentaLry   rocks   and   felsic

rocks.     The    east-west    tr.erid    of    these    metamorphic    rocks

(Figure   4)   may   be   indicative    of   a   remnant    metamorphosed

sedinentar.y    wedge    associated    with    a   pr.e-collisional

continental   margin.

The   lack   of   gr.avity   minima   over`   the   Graniteville-type

plu¢ons   in   the   Wichita   Magnetic   Low  ls   also   repor.ted   in   the

St.    Francois    Mouritain   terrane   in   southeast   Missouri   by

Cor`dell   and   Kaepper   (1987).      Nearly   half   of   the    identified

tin-granite   (Gr`aniteville-type)   plutoris   in   the   St.   Francois

Mountain   area   lack   correlating   magnetic   and   gravity    lows,

Cordell   and   Knepper   (1987)   cite   possible   reasons   for.   the

absence   of`   gravity   minima   as   due   to   differ.ent   densities   of

the   plutons,    var.ying   densities   within   the   host   rock,   and

variable   depth   extents   of   the   plutons.

Figure   39   is   a   two-dimensional   schematic   diagram   of   the

general   geological   inter.pretation   of   the   crust   across   the

eastern    end    of    the    Wichita    Magnetic    Low    along    97°w    as

discerned     from    the    gravity    and     magnetic    modeling     and

geological   data.      This   interpr`etation   shows   that   the   entir'e
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Figure    39.     Scheuiatlc    diagram    of    the    general    geologic
inter|>retation   of   the   crust    along    97o   as   determined    by
pot,ential   f`ield   ilioueling   and   geological   data.



63

crust     is    involved.        The       Central     Plains     and    Western

Gr.anite-Rhyolite   Pr`ovinces   are   separated   in   the   upper   crust

by    a    Graniteville-type,     tin-granite,     pluton    and    a

n]etasedimentar.y/felsic     r.oak     fu.edge     to     the     rior`th.         The

relationship  of  the  epizonal,   anorogenic   felsic   rocks  of

the    Wester.n    Gr`anite-Rhyolite    Pr.ovlnce    with    the    underlying

r`ock    is    uncertain,     because    the    coritact    between    the

anor`ogenic   felsic   I.oaks   and   the   speculated   under`lying   upper.

crust   has   not   beea   established.      A   southerly-dipping   to

nearly    vertical    sutur.e   boundary   between   the   major`   cr.ustal

blocks   is   interpreted.     The   r.elationship   between   the   suture

zone    and    the    Gr.anibeville-type   plutons    is   riot   known.       Gay

(1984)    repor`ts    that   gr`anite    in    the    western   part    of    tbe

Wichita    Magnetic    Low    yielded   an   age   of    1380   in.y.       This   age

is   comparable   to   the   earliest   dates   obtained   in   the

aaorogenic   ter.r.ane   to   the   south.      The   Gr.aniteville-type

plutons   in   tbe   Wichita   Magr}etic   Low  could   be   delineating

the   tr`end   of   the   suture   zone   as   these   bodies   nay   have   been

emplaced     along     this      crustal      zone      of     weakriess.

Alternatively,    these   bodies   may  have   been   enplaced   prior.   to

or  during   the   collislonal   event.

The   higher   susceptibility,   slightly  denser,   and   thicr:er`

Cr`ust   to  the  south   of  this  crustal   boundary   is   consistent

with   the   regional   magnetic   and   gravity   maps.      These   results

are   similar   to   those   found   in   modeling   gravity   data   over.

proposed    Pr.oter`ozoic    sutures    in    Canada.       Gibb    et    al.    (1983)
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have   noted   that     in  all   of  the  modeled   sutur.es   in  Canada,

the   thicker.   and   denser   Crust   occur.s   in   the   younger   ter`rane,

although    no    reason    for    this    seemingly    signif icant

observation   is   given.

A   problem   with   ideatifyihg   this   feature   aLs   a   suture

zone   is   that   the   souther.a   terrane   (Wester.n   Gr`anite-Rhyolite

ter.r`ane   of   Bickfor`d   et   al.,1986)    is   overlain   by   younger.

anor.ogenic   gr.anites   and   I.hyolites,    and    little    is   known   of

the   underlying,    presumably   older   basement   (Bickford   et   al.,

1981;    Denisoa   et   al.,     1984;    Thomas    et   al.,     1984;     Nelson    and

Depaulo,     1986).       Star.ich    (1984)    pl`oposed   that    the    southern

ter`rane   coritains   significant   amounts   of   highly   magnetic

lower   cr.ust   which  may  be  a  differentiated  residuum  of  the

anorogenic    crustal    melting    episode    which    bur.led    this

terrane   with   shallow   felsic   equivalents.  .   Sampling   and

dating  of  the   hypotbesized   older   crust   below   the   anorogenic

r'hyolites   aod   gr.anites   would  gr.eatly  aid   in  interpr.eting

the   nature   of   this   ter`r.ane.      Another.   pr.oblen   of   identifying

this    zone    as    a    sutur`e    is    that    ther.e    has    not    been    any

rennarit    oceanic    crust    or   ophiolites    repor.ted.       This   could

be   due   to   1)   a   lack   of  drill   hole   infor.nation   aloog   this

magnetic   low,    2)   an   er.osional   event   which   completely   er.ased

the   recor.d   of   any   oceanic   crust   or   3)   Proterozoic   tectonic

processes   were   dif ferent   thar!   those   ia   the   Phaaerozoic.

However,   the   evidertce   suggests   that   this   linear  ma=netie

low   separating   the   two   distinct   Precambrian   ter`ranes   may   be
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modeled   as   a   feature   which   involves   the   entir`e   cr`ust.      This

implies   that   an   interpretation   of   this   featur.e   as   a   suture

is   possible,    but   it   does   not   conclusively   confirm   that   it

is   a   suture   zone.



86

VI.     CONCLUSIONS

Yarger     (1981)     proposed     that     the     negative     magnetic

lineament    in    Kansas    is    r.elated    to    a    suture    zone.       The

ter.rane    to    the    nor.th    of    this    proposed    suture    zone    is

character.ized   by   r.egional   gr.avity   and   magnetic   lows   as   seen

in   regional   naps   arid   MAGSAT   data,    r.elatively   thinner   crust,

and    lower   avel.age   crustal    velocities   than   the   southern

terrane.       Sever.al    magnetic    and   gravity    anomalies    stri;{inf

into   this   zone   are   greatly   attenuated   or   ter`ninated   at   this

boundar`y.        The    most    pr.ominent    magnetic    low    along    this

series   of   east-west   tr.ending  negative   aagnetic   anomalies   is

the   Wichita   i4agnetic    Low   in    southeastern   Kansas.       Locally

within   this   broad    low,    a   ser`ies   of   discrete   oval-shaped

magnetic   lows   with   encir.cling   highs   corresponds   with   near`1y

non-iBagnetic,    tin    or    two-mica,    C.raniteville-type   granit,es.

These   distinct    east-west    tr'ending    magnetic    miniina    lact(

proniinent   gr`avity   arlonalies.

Magnetic    and    gravity    data   sets    were    coL]piled    for    t:ie

ar'ea   over   tile   Wichita   Magnetic    Low    in    southeastern    !{ansas.

Isolation    and    enhancenent    techniques    reveal    that    the    lonj

w.avelen5th   east-west    coiupone.rlt    of    the    \,'ichita    I.lagnetic    Lo.`,`

is  obser.ved   in   the   10  kin  upward  continued  rna:netic  dat,a   and

is    r.efleeted    irl.    the    10   kn   .Lipward    continued    gravity    Jdta    as
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subtle    truncations    and    attenuations    of   gr.avity    anounalies.

Snort   wavelength,   magnetic   miniina   are   not   eor`r.elatable   with

gr`avity   minima   except   in   the   eastern   part   of   the   `.Jichita

Magnetic    Low.

Two-and-one-half    dimensional    gravity    and    magnetic

modeling   acr.oss   the   Wichita   Magr}etic   Low   shows   that   this

featur.e   can   `oe   modeled   as   the   cont>ined   effect   of   a   suture

zone   and   Graniteville-ty.oe   gr.anitic   plutons.      The   sour`ce   of

this   magnetic   miniuun   cannot   `oe   reasonably   modeled   as   being

solely   due    to   a    sutur`e    or.      non-magnetic    plutons.          The

Subtle   i5ravity   anomalies   ar.e   r`eflected   as   sEall   density

contrasts   between   the   major   crustal    blocKs   in   the    lower

Crust   and   by   local   sources-in   tlie   upper`  crust.      The   steep

gradient   along   the   souther`n   mar.gin   of   the   W.ichita   ]'lagnetic

Low    is    modeled    as    a    result    of    a    large    susceptibility

contrast   between   upper   cr`ust   of   the   southern   terr.ane   and

nearly  non-magnetic   granitic   plutons.      The   timing   of   the

emplacement    ol-the   gr.anitic    plutons    withirl    the    '.','ici`ita

iv}agnetic   Low   is   unknown,    however.,    the   east-west   trend   of

these    lo``.   susceptibility-t)odies    sug:ests    this    `/as    all    area

of   Crustal   `,.eaKness.      The   significance   OLJ-the   modeling   is

that   it   indicates   tne   entire   crust   is   involved,    tiius   a

suture   is   highly   pr.obable.

The    three    diEensional    magnetic    model    of    the    Piedl.iont

anomaly   suggests   tiiat,    an   inward-dipping    to    ver.tical-sided,

near'ly    non-magnetic    pluton    extending    from    the    PrecaL]briarj
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basement-sedimentary   rock   interface   to   midcrustal   depth

satisfies   the   observed   nagnetic   data.      The   o'oser.ved   data

and   models   thus   suggest   that   a   buried   east-west   trending,

southerly-dipping,    Proterozoic   suture   zone   occurs   along

this   magnetic    low.      The   prominent   Wichita   Magnetic   Low   is   a

result   of   the   contrast   bet`+een   tliese   ttJo   different   cr.ustal

blocks   and   large,   Grantiteville-type,   granitic   plutons.
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