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Alxdrwc(.  'l`l]rw-dii)lcI)  sior)al l]~:igl)ctic I)]o(iclirlg oftllc No[-tl] AtlaI~(ic  aIld Nortl)cast  I)acificis
jmrforlnc4~ :i[ jn[crmcdiatc  wavclcmgllls  using [hrcc models for lhc acquisition of a namrd
I-crll:trlclll Illagrlc[i7:lli oil. llisshownttmt  arc[llaIlcll[l  llag[)c[i7aliorlw  ~lliclli sdcIk.IldcrlIorl [hc
c.rustd 2\1:c. istl~cc}()]llillarll  sourccfor tllcirl[c.rlllc(lialc  w/a\~clcr]glll IJal[crll irltJo(lllJasirls.
] ]owcvcr,  a pure Lllcrlllo-rc.lllarlc.rll  nlagnc[izilion  of layer 2 a]orlc  is irlsufficicnl  10 rnodc]  l]IC
iillc.rlsi[y  ard shaj)c  of lhc crbscrvd  mafylclic anomal  ic.s at sNcJlitc  allitudc.  Wc concluclc  lha[ lht
lmsl filling nlaglm.timlion  model for bolh b:~sirm,  is a combination of a chcmic.al  rc[nanc.rlt
Ill;lgllcliY.:iliorl  irl lhc allc.rd  upJxr crust and a lhcrmoviscous  rcmancn[  magncliza[ion  of [hc
slo~i?lyc (~lil]gl ow~crcr~ls[artcl  (rlJ~)cr  l[~arl[lc.  -l’llc Nor-[ll Pacific rcquimsa  t)ulk nlagnc.ti~.a[ion
wllic[l  is 50% higllc.rtl~an tlmtof the Norh A[larttic  in order [ofi[ lllcMa~sat iickl. Gcolo~ical
1)1 OCCSSCS  awociatcd wilh a fasmr spreading mtc. such as a faslc.r  hydrothermal al[c.ralion and (tic.
gIow[h  of a thickcI- gathro  layer al IIIC cxpcnsc.  of a wcald y n~agrlc,ti~,c.d  shcctcd dike layer arc
l)lausit)lc  cxplana[ions for (1IC ltigllcr  Nor(t) l’ac.ific n)agnctixa[ion.  l’hc lincatcd positive n]a~:r~c.tic.
;tr]or~l:ilyot)scI-vc~i ovcr(hc  Nor(l]  Atl:ir)[ic  sj)rc:idil)g  ccrltc.risllo[  well rcpro(iucd  byourmodds.
‘1’l)is anomaly is likely (1uC (0 a highly  magnc[izcd body along or in the vicinit}of the sjma(iin[~
Ccll(c.r.’  l’llist ligl)ly]  llagl)cticl)ody  c()[]l(l  lx; trllrrlslal)lcs  cr[)cr]lirli7.cdlcl  lSofcr' Lls(alr]latcrial
youngm llIalI  2(I rn. y. wllicli dcvcloj)s  witllil) [k 7mc  coo!cd by hydrollmr[nal  circulation.

lntrwluc[  ion

‘[’IK’  Viw’ arrd  Mflflhfws {1963] hyJ)olhrsis  [k’flllcs a
rcl:iliolls})il)  l)clwccl I lhc ma~,llc(ic  rcvclsal  (inlc sczrlc alici tiIc
a{:c of [IIC occallic cl~lsr mtd is a coIIIcIs[OI)c” of i)ia[c lcclollic
llIcoIy. ‘1’IIc hyl)o[l)csis s t a r e s  llIal rhc ocetioic cr(ls[ srcqoircs a
11:11111:11 r(~j~]ii])cl)i l))agllc[i~a[ion (Nkhf) in IIIC f[)ll]) of II ICI IIIaI

Icll)811cIIi  ]l)ag]icli7,atioI] (1’Rhf) a[ tlIc titl)c o f  magma[ic
crll[)laccnlcn[ ald cooling at li]c. s})rc.aciing axis. AltlIough the
IIyl)olhcsis IHis t)ccl) cxlIcrIIcly socccssl_LIl  iu lIIC sluciy ofplatc.
ICclollics, Illis sim})ic r]lcct)a])is])) c a n n e l  cxi)lain solIIc
cl)alac[ctis[ics  of sca floor sJ)rcaciing l))a~,llclic almmalics no r
Iilc mii~i)cliz.ali(m  of {ircdgcd  occallic cruslai san)~)lcs.

l;O1 cXal Illllc, C’fftldc [1976 ]discusscs  wlIy st)a[)c asyll)lnclry
0 1  skew, IIcss ill llw. vlap,rlctic sca floor si)sca(iillp, al)omaly
j)al[cr II cxtlil)i[s ~;I atlorr)alou.s colt)i)ollcr)[  wllictl cannot l)c
C.xj)liilllc(i I)y l):ilcol)lagllclic })olc. l)osilioljs. onc  liolat)lc
fcalmc of :ilm)):ilous skewness is Ih;it il valics for ildividoa]
lilagllctic almm?rlics,  Valious mo(lcls wcfc ])rol)oscd  10 cx})laill
[ilc almnalous  skcwicss  conlpoIIcIIl inclu(lin~ a (liffosc t)ourl(i-
aly I)crwc.crl u{)iforjllly m:ignc.(iz.c.d bdics w’iti~in iaycr ‘ 2 A ,
ondclcclc(i reversal cvcnrs, wd  slopiltg Ilo(lrl(iarics in a
m[iglw[i~. cd p,al)l)roic layc.r.

Sysrcnla[ic v a r i a t i o n s  irl lllagllc[i~,alioll ir)lcl]sily w’ilh
Icsl)ccl to cl~islal agc h a v e  I)ccll WC]]  (Iocurncntc(i. I\o(lr mag -
Ilc[ic aIIolIlaly invc]siojls  ald dilcct srimJ)lillg o f  I}lC scarloor
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show lhrIl l}IC upper crusltil nlagnclir, ation dc.cays by an orckv
o f  magrliluclc Cturillg IIIC firsl 2 0  m y .  o f  crosla] cvolrrlion
~lrving  C( a l . ,  1970;  Wci.md  wui llaycs, 1972;  A!wu{cr atid
hfuriie, 1973;  hfacriotiald,  1977; Johmoti  atuf Atwater, 1977;
7’ivcy and lohn.rorj.  1987]. ‘llIc  NKM compilations of the
lkc}) Sea I)rilling  l)rojcc[ (l)S1)l )) clr31a scl made by l{lfil and
Pcfer.ww  [ 1983] dis})lay a  consis[cn[  cnhroKwncn[  o f  NRhf
d~jrillg LIIC 1,oJtg Crclacc.oo.s  Norlnal (84-1 18 m y . ) ,  ill g o o d
agiccmcm wilh the his}) anqdiludc  qoasi-lirlc.alc.d  rnagIlcIic
allolllalics obscI vcd over lhc Crclaccous  Qoicl X,oucs (KQX) of
the Nor[h ald South A[lan(ic [e.g., LnBrrcque and //abit/owifz,
1977: Vogl and I<irlwich. 1 9 7 9 ;  I.al!rccque rmd I/oytnond,
1985; vo~l, 1986].

“1’lic. incrcascd ijl[mmi[y o f  KQL n]agrlc.[ii.a(iorl h a s  bc.cll
cxj)laillcd l]y at least f o u r  cliffc.rc[it nlc. cllar]isms: (I) Mairl
l;icld: all incrcasc  in llle gcomagrtclic  f i e l d  irllcrlsily as a
collscqucrlcc of i]]vigoratcct core corivccliun arid dcslroc[iorl af
llic 1)” layer [/’01  andI/obcrl.s,  1988], (2) IIldllc[ioll .arloltlalics
aswlciii(cd wi(ll Ilic lolmglap}]y of l}Ic Cur ie  isolllcrtl~  [(~ohc?l
(r/r/f Achrzchr, 1 9 9 0 ] , (3) Ctth4 (cl)clliicsil ICmarICIII
Ill:igllctiza[i(lll): ‘Inc. glowtl)  o f  a  lirllc-(lcJ>cl tClcrll sccmdary
lrla~llctiz,a(ioll i n  ltw ul~pcr cIust [Rrly~no)d  atrd I.al)rrcquf,
19S7],  (4) ‘1’Vl<h4  ((t~c.111~<~-viscf>Lls  Ic.rnallcl)l  rlla~rlcliz,atiorl):

‘1’IIc [ill~c-(lc~)crlclclit acqLlisi(iol)  o f  NRh4  as a  r < . s u i t  of
lilllc)sl,llcric coolirlr, lluoo~:lI Lllc sl)cclluIIl o f  blockirig
lc]lll)cralurcs al>l)roJJrialc for occailic  li(l~olop,  ics [Arkatii-
IIatnrd,  1989].

‘1’}icp,[’llcr:i[ic~Il ofloII~,  l~criod variatiolis  irl tlm ll~ain f i e l d
iri(cilsi(y is a colll JIlcx ltlcolc.!ica] problclll of core. ll\agl\clo-
IIy[ll{)(lyll:{ll]ics  [Mcrrilf orul Mcljfhinny, 1983] Ltiat may bc
c{ II ILIollcd lIy IIIC rllagllctic Rcy IIolds rlllll~l)cr, R. Ari ir~crcasc.

illclcascd core convection gcriclalcd a ~rcti[cI field irl(c[lsity
d(lril]~ IIIC [’rctaccous 1.OIIU  Norlnfil  ald cilc a s  cvidcrlcc
~corllaflnclic Ilalcmilllcllsily nlcasurcr)lcrl(s ill lfincous
saIlll I)cs aIId ~)alco.jIcal ftow csllnlalio]ls. ‘I”he ir)crcasc ill heal
f’lo\v i s  a$s(,cialc(l I\,i(l) LIlc (Ilclll]al disirllcg7a[iorl o f  lltc. 1)”
Iaycl (Illar)llc })lulllcs) duc 10 I}lc Slrorls core Cclllvcclioll.

l)filco))la~nctic cvictcllcc f o r  arl cllharlccd r]laill f i e l d  i s
Lxlll!lovcjsial (e. g., SCC.  hferrill  and Mcl<lhitttly [1983] f o r  a
(ll{~:{~u~,l} discllssiol~ o n  Illc rcliatsilily  o f  J]alco-irllcr]sily
rllc:lstlrcll!cllls), IIlorcovcr suc]l a ltlccllallisrn ncill]cr JJ1cdicls
the. olMc Ivcd almlnaloos skcwIIcss i n  sca floor anonlalics  rlor
dots i[ ckl]l;iiw ll~c slow decay of n]ap,rlcli7.ation aw,ay frol;l llic

I  IUc[ua!iolls ill LIlc Colic isotlicrnl sulfacc  lIa\IC \~cclI
sllfi~cs(cd :is a SOLIICC  Itlcclutllisro fOr L}lc. Ma~,sa( fjcld, Lfayhcw
[1985  ]113s irlfcr, cd Coricisoltlcrin  dc~lll~s  flon~ aldilivcrsioll
(If lI)c Afagsiil field for llIC v,,cslcIII ccrrltillclllril  U . S .  In/{rfcquc
atId A’ayr?tolid j1985j strew a Tlcgalivc Cor[c.lalion tlc.lwccrl the
hfagsal fic]d alwl LJIC C u r i e  isothcrln dc.pl( o v e r  t h e  North
A[]a[llic sJ)rcadillg ccr)lcr. (.’ohctl arLd Achmhc  []990]  ~IIcscI!(
aII ili(crcstillg lx)silivc corrclalior) trclvwcu mafytclic a n d
~coid arlofllalics ill IIIC NOILII  P a c i f i c  wliicll m a y  ]~oiri[ [o
ulidul:iliorls iu lllc Culic isolllcrjn o r  valia[iorls  irl cruslal
IIlickrlcss a$ a source Il]cchanism f o r  lhc inlc~lncdialc

‘.

● ✎✎✎

w,avclcrifT,  [li field ill lllis rcgioll, Rccamc ll]is J)lrrl,oscd  soorcc
lqw is al dcj JllIs of scvcra] lc]ls of kilolllclcrs  a n d  I!lay bc
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Srssocia(cd w,ilh subllc c.hmgc.s  in the surface morphology of
Imlll lIJC cmsl arid lllc gcolhcrm, kl(c.r  Scisn]ic slid IIc.al fm
IIICaSOICIIICIIIS  coukt l)rovidc. (IIC da[a nwdcd t o  v e r i f y  this
Illodcl.

Arkmli.lImm-d  [ 1989]  and I?aytnond and I..aBrecque  [ 19S7]
have. show’]]  Uia[ the TVRM and ~KM rnodcls crm rcprodom the
C.ld1311CC111C.Il\ ill fllC.  bUlk CILISlal  111ag11Cli7.a[iOll  ObSCr VCd fOr
occallic cr Llsl of GcLaceous s7gc as well rrs other aspccls of the
ncc:illic c1 usla] nlagllctiy,alion. I’llc Sinl])licily o f  (Ilc nlodcls
atld dlcir dclrcridcIicc on [tic geologica l  Ivoccsscs  associa[cd
Wi(ll (tic cvolulio!l of llIc occa;lic crust ]xovidc.  slrorlg illlpclos
10 for[]lcr [CSI L}IC  validity of these rnodc]s.

1]) il)is }aiI)cr V.rc pcrfornl 3-IJ lnodcling of t}lc Nor~ll A[lalllic
aid Nor Lllc. as( I)acific b a s i n s a s s u m i n g  lhcsc ]ong lcrm
n)ap,llclic acquisition ruccl~anisrns. Wc v.’ill 1101  i n v o k e
nlodulatiorls  ill l)alco-field iritcllsi[y o r  discrc.tc ma~,lictic
sources  M,il}lil) IIlc lower crust a])d up[]cr IIlallllc. We have
CIIOSC]I  tlic Nor[ll A[lal]tic wld Nor[llcast Pacif ic  ocean basirls
bccausc ll]cy may bc. colmidcrcd crld n)cn)bc~s  in a sl)cctrunl of
~)ossil~lc  Inodc!]s.  A lsrrgc scale lest of the NKh4 fic]d over tl]csc
t}asil~s w,tis colductcd  by Isotli ~~ohcn  and Acha.shc [ 1994] and
Y’off a~ld A/kntti-/lantcd  [ 1992]. In Lhis s{udy wc will dcvclolJ a
lti~l} lc,soll]lior)  kirlcnlzilic accluisi{ioll  Illodcl 10 sill]ula!e tl)c
;ic(i~lisilioll o f  rlla~licliy.a[ion by lhc a~ing occarlic
lilllosJ)llclc. WC t)clicvc Itlc rCSU]lS  w i l l  jJIovidc 1)1oIC  irlsiglll
irllo [Ilc Illilfi llCli/,alioll dis[ribul ion o f  llIc occal)ic crus[,
~;oltc~~ and Achachc  11 994] did no[ u[iliz,c a]] agc CICI,C]ICIC]I[
Ill:i[:rlc(iz.:iti<>[l  Inodcl wllicli w c  bclicvc  is Clilical 10 dcfillillg
[tic 1)1 ol)cr n]aglic[iy,a[ion nlodc.1 for oceanic. crust.

‘J’llc Nor[}l A[laritic (f;igLlrc  1 ) is c}larac[criz.cd  t)y a  s l o w ,
sl)lcaditi~,  ra[c sirlcc its opcrlillg ill ttlc Midd Jc Jurassic  (  --?
cJI)/yr, A’fi(gord  and .’7c/zouIen [ 1989]), a SIIISIll  N-S COIIIlmIICII[
of diS])lilCClll  CIll, a n d  a  s i m p l e  2-1) nlagrlc[iz.:i[iorl pat(crri
(t’ir.ulc 1 a). ‘1’l)c sca floor s}xca(lirig n)agr,clic a]lo]llalics of
i!][crlrlc(iia[c wavclcrlg,~ll forl~~ a  l~cally lillcal NNI; tlclidirlg
IJ;il[erl) wl]ic[l cx[cr)ds from [I)c ridge axis 10 lIIC Aflicmri ald
NIJIIII Alllclicalj corl[irlcn[a] m:irgir)s. Bccaus(’ o f  ltlc
sillll)licily o f  Il]c s{)urcc l)a[[mn, af,c-dqxmdcll[ 2,-1) foIW,ald
III:i~,I]clic  III(J(ICIS  were :i]]]]licd  10 [lIc rcgio]t by I,4d{rfcque  arul
A’ay?riarzd [ 1985],  ltoyrtl(JIid and I.al{rccquc  [ 1987] arid Arkatti-
llattu-~i [ 1989]. liqui~’alcnl  layer irlvc~sion Scl)c}ncs  have also
bccrl aj)l~licd MI ttlc. Nor(l\ Atlan(ic  b y  ]Iayling  and llarri.sot~
[ 1986] arid ArLrt~i-f/atm-d aud .$ frangway  [ 1985]. All of these
s[(ldics stjov.,cd clltlartccd magnc[i~.ation  V,,i[liin [Iic KQ/..
//ay/it/g  and //arf ison [ 1 986] concludcct thal llIc n)agnc.lic  lows
ol)scI\Icd almig ttlc older flanks of LIIC. North A[lall[ic KQZ arc
rclalcd 10 Llrldulaliolls ill Lhc cruslal gcoLhcxm  ind~ic<d by sccii -
r{)cli( Ioadi]lg.

,.. ,

(hI dIc ortwt Iland, IIIC NO ILII I)acific (}~igu~c 2)  wa~ forlnc(l
;I[ :1 IL>] dti\J~]y  ]li~,ll s])]cadi[t~ rak trld [!ldcI%r~l)!  a lar~~
Iloflllward disj)lacclncrll v’illl ICs[)ccl 10 Ll]c gconlagilc[ic field
[ /{II~c/,IcI.so,J  e[ al., 1985]. l’hcrcfmc  LIIC  NRM  is a func[ion of
[}IC  ]ali[udc of CI us[al Cnll]]accnlcnl and lt]c pal}l of IIIC ])acific
}JI;iIc rl)i:ration.  ‘f’lIc Nrmh l)acific rrlagnc[ic anomaly  pattc.rn
is also conll~licatcd by large age. of fscl amoss fraclurc z.ones
Wl)icll rcquilcs  a 3-1) mode.ling appoac.h.

Analysis of LIIC irl[clmcdiatc  wavelength c.on]ponc,n[ over
IIIC hlol[}l I)acific IIas p r e v i o u s l y  b e e n  rcs[lick-d to two

‘.
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dilncllsionrrl  profiles. IIarfison  md Carlc [1981] cxmclodc.d
fro]]] tile slscctrsrl analysis of a rrrsrL1l-souttl  \,rofilc. alos~g  210°1:
111:1[ dc.c}j manllc  or highly nlagnclimd  occallic Crus[a]  sources
collhitnl[cd  10 the inlrmnediale  wavclcnglh magnclic  anomaly
pal[cr IJ. ]Iowcvcr,  Shurf?  awl Park-r [1 9 8 1 ]  Crilici?.ccl lhc
s])cctral analysis of single profiles on Lhc tsasis of slrikc
aliasing due. to an improperly saml)lcd IWO ctinlcllsional ficlct,
wllicil would Ic.ak powc.r from shorter wavclcllgt}ls in[o tllc
ii)~clnw.diatc.  wavelength band. Ln[irccquc C( al. [ 1985], slvmvcd
(l]a( a gliddc.ci compiia[ion of all sc.a sLwfacc da(a in the region
fillcrcci al illlcnllc<iialc wavclcJigllls  (300 < A < 3000 km)
c o u l d  lcIlrociucc sigllifican(  conl J)oncnl  anon) alics o f  lhc
h4a8sa[ fic.kl. Usil,g forward modeling, )drt-cque t-f al. [ 1985]
also slmwcd [hat the E-W  anomalies of the Norhast Pacific
(i;i~,ul c. 2c) arc ,sJ)alially rclalc.ci 10 lhc fraclme m,,c pal[crii a]ld
could [)c n]miclcd by tllc juxtalmsition  of norlnal and reversed
rl)a~,llclizdlio]l across tl]c. f[aclulc  m]ics.

Tllwry Nnd IMctho(lology”
W C  lI:IVC  cm!]sicic.red [Iircc diffclcllt n)odc]s f o r  IIIC ii~,c

dcl)clldcri[ NRh4:  (1) a lJUIC ‘1’RM - wliicll  is basically [IIc. Villc
a!i[l hfat[i~cws tlyl~o~hcs is, ( 2 )  lirl~c-dcJ,c’l](lcll[ ~RM - tlIc
acquis i t ion  of  a sc.colldaly nlagI]cliz,alioll in lhc uljlx-r crust
[A’aytnotid aid la[irccque, 1987],  and  (3)  Iilnc-cicl)cldciil
‘1’VRhf [IIC viscmus rcnlallcri( l])a~rlc[i~.a~ioll  model of Ar,karli-
//rrt~wd [ 1989] .  l’hc mo(icls arc flrs[ apl)licci 10 LIIC Nor IIL At-
lall[ic wiIcIc  Raytnotld am’ l~[{rccquc  [ 1987] ard  Atkarli-Ilatncd
[ 1989] l)avc .sIodicd Iwo {iilnmlsioilal soorcc distributions.

Maglldiza(  iot] Models

‘i’ R M

(1)

~vlwrf
. .
I Itlcall agc of [Im cruslal Rlid clcli]cl]t (1[1.y.)

1 geological lime (]n.y.)

a, tilllc COIISIWI[ of ‘1’RM  decay
/~ il]~c)lsi~y COII1I1OI]CIIL  of tlfirlsicjl~ l’Rhl
<x ilttc]isity con]lmncnl of fixed ‘t’l{hi

(/t’/Jymod and f,cr[lfecque [ 1987] fmu,d il~al lhc
t)cs[ fit of the clcr~~agr~c.;iz,atioll  curve is ot]tail~cd
wi[}l a= 1/6; fj: 5/6 and al = 5 my.)

~ff @,] nlagllctiz.a[irm vcc[or a[ [imc t a n d  ]a[ilodc @.

*..

‘j’JIc jnagllc.[i~a[ion vcctor Ai[q$t ]  i s  C4rIllpUlCd  uli{icr tilC

riss(lllll)lio:l of riri a x i a l  dil)olc fic.ld W’llosc in[elisity a]d
dilcctiorl is [icfirlc<i by [Afcrrill atjd ~fc[~ihitmy, 1983]:
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I Fl, = F. (1 + 3C.0S2 ~, )x

Tnrd,  = 2.CO  tall ~,

whet c
1 ‘{~ ]Ilap,llc.lic fic.ld al ll}c Cqurltor (0.33 C)c)
II magnclic  i]iclirlalior] (axial di~mle.

lion).

(2)

al)proxirna -

Ii,) If/ r
M c.cplalorial :mrmalim.d  magllcli?.alirrr]

(e.g., 10 A/m )
= Ifil ~ K Rf(t)

K magl]clic  susccj~libilily

❑i! Ilrlilary vcctcrr of nla~,nc[ic dircc;iol)
=  (/iii m,j-1 n,?]

It, Ilif, Ill dircclioll  cosiflcs cxlncssil)?, Lllc dircciioll
of ll]c palconlagllc.[ic field v,, i[h rcsIJcc[ [O
II]c cruslsrl c]c]nc]]l  al lilllc 1.

‘1’lw It.vcIsal Iilllc scale 11~1) is a Iilovi]lg  avcrfl~c of l}IC lrL1c
~,collla~,r)clic rcvcrs:il lime. scale. R(l).  “l’lie. moving average
lCXII]CCS a~c aliasirlg wi[llill LIIC. c.rastal grid clcn~cl][s.

(w{ 1) /{(/)-+ ~(m-i+ I)(I/(f+ iAt)+ R({- i.Af))

/(,((): -
il —

(/?1+ 1 )2
( “ l )

whet e
R(l) (;conlagrlctic  Reversal ‘1’illlc Sc:ilc

(1: rmjnal,  -1: lcvcrscd)
1 = (). 1 rll.y.

III = 5 (I):icifrc);  ?(J (A[lall(ic). ‘1’IIc lari:cr wiridow ill
the Atlantic is doc to its SIOWCI  sca floor
Sl)lcadill!, latC.

(.: R M

‘1’lw (’}{h’f  m o d e ]  i s  a  gc.llcralifation  of Raymold  slid
1.allrccqw 11987 j  irl which  LIic dccxiy of a ~~rimary ‘1’Rh4  is
])loJx)rlio]lal  10 llIc  grow[h  of a  sccor)dary  rllri~llclimlior)  ill

IIIC  I’01111  of a ~Rh4  ill Ll)c dircc[iorl of tl)c. arill]ic]l[ field a{ [tic
Iill]c o f  (lie cllcrllical lcacliol]. ‘1’his c}mr[lical rcacliml,  crrlc
follli of Wl]icll may bc siccorll~llishcd  by Llic alteration of sloi  -
chionlc[ric  Iilallor[la{:l)cti[c. 10 [i[arl(~]lla~tlcrllilc  fo]lowcd by
i[s l~llasc s}llil~illg

*..
into I:c-rich lilarmmagllclitc  srnd lilal]m

il[)lclli[c, is ass~llllcd 10 corllilluc for several Ir)illior) years
~i,i[llili IIIC cruslal laycl. IIydrotllcrjtlal  circula[ioll may bc IIIC
kcy clcrncr~(  for Lllis clustal  o x i d a t i o n  bccausc l}Ic irllcrlsily
cslillla[cs o f  IIyd IollIc IJIlal circulation V.,i(ll c111s181 a~,c
rcscrllblc LIIOSC.  of ‘1’Rhf decay or) IIIC s[)rcadirlg ccrl(cr ffarlks.

‘1’IIc g,row[h of this secondary NKM is awumcd  to bc Ihc
ln(~duct of a first o r d e r  c h e m i c a l  rcaclion [Raymrmd md
I<ll{rccquc.  1987]. ‘1’lIC Talc of a firsl order  chcmica] rcacliml
(A->])] call IK cxj)rcsscd as ~l,o.wrga,  19S1]:

. .
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(M -A—.. ,  -—
d[ Ac

(5)

u,tlich means tllrrt t h e  rcaclion  ralc. i s  l~ro}rorlirrnal [0 llle
atnount of rcaciivc  A prcsrmt at any time. A can bc associa[cd
wilh [Ilc ullallclcd lilanonlagllctilc  millcrals  w}]crcas 11 i s  t h e
al[cr alien prodLlcl. i n  lhis syslcm a fracliorl P  o f  the total
allloulll o f  frcs}] rnale.rial & i s  avail ab]c fol tllc cl)c]n ical
rcaclirrn. C;ivcn LIlis irlilial Comlitioll, IIIc }~roclm-1 11 al a givcrl
lime can be c.slimatccl by solving c4JLlaliorl  (5) ald by assumirl~
a clrrscd sys[cm:

.( ) ~ (6)1{= PAO-PA=PA ~. ~-IIG

‘I”lIc ~lov.tli of a secrn)dary  magnc[i?.atiorl  hl ald L},C ~moduc[ 1]
mLIS[  t~ lillkc.rl in SOIIIC  way. Assrrfl)illg that tllcy arc lirlcarly
rclalcd,  Ihcrl:

Af = yli= yl’Ao(l - e- “A<)= /’Mo(l - c- “a’) ( 7 )

M’)1O c

Y is [Ilc conslant  of ])lo]mlliorlalily  ;
N40 Il)c olir, inal l]u]k rna~nc[iz.a[ioll O( (tic rcacti~,c

At).

‘t’hc sccmtdary lna811cliz.aliorl is acqLlirc4i irl lltc dircc[iml o f
tile al)ll~iclil field a[ I}]c Iimc of lhe Cllcrllic:il rcacliorl, Illclcfole
h’1 ill cquriliori (7) bmxrmcs  a vcclorial lnagniluclc Illal has 10 bc
irllc~,la(cd frorll Illc Iirllc of forma liorl 10 llIC })icscll[ ill order 10
~c[ [IW lc,[al NRM irl tlIc form ~RM:

A{<.R,,  ((r,, 0,, 1’) = M,R,f  (r#r,,(), ,7”)

(8)
+ Mof’At/Ac  ~~~(r),)c  (I-w)..

10
M’}w  c

[ Iin)c illcrcmcnl
l’lui I[iliorl of ll]c migillal Illagllctiz.a[ioll

( C.g., 0.66)
2,. [irj]c coris~arl[  of ~Rhl  grow[ll,

‘1’IIc fllsl lCII[)  on ltlc right IIald side is IIIC l)urc l’Rhl o f
Iiqu:ili(lrl (1) ,  IIle sw-ond lcrl[l accourlls for  lllc gfov.’ltl o f  a
secondary lnagllcliy.atiol[ U,liich is a ful)clion of tile. lmlarity,
ir)lcrlsi[y ard dircclioll of tllc mairl f i e l d ,  IirIlc, ])alco-la[iludc
aII(i 01 icntatior] of hc b lock . 7’hc Cx[mncr)tial fultcliorl
]Il(dulalcs Illc ]l)~~tlc.[ic acquis i t ion .  ‘f ’t]c faslcsl  ~rowl}i ir)
C“l{h4 is achicvcd a[ IIIC [il]~c of crnj)laccincrl[ 01 t’= O. “1’hc  ac-
qLlisi  Lion o f  ~Kh4  rcacl)cs  a  sa[uIatioI] Icvcl w’i(ll a  (irilc
collstari[ A{ .

It is Ihoupj]l Il]al lhc secondary l[la~nc[iy.aliorl  is ac41uilcd  a[
CXIJCIISC of (lie clcltlfigllc~iz.a[iorl  of tl]c origirlal ‘1’Rh4,  lIOUJCVCI
[Ilc ra[c of lhis Cllcr[lical rcac[ion is unccrlain. In our mmtcls wc
a(k~l~l 2( = AT as a first aplmoximatiorl, which mc.arls lhal the
(lclll:i~[ lcliya[i(~ll -l)lagr)c.(i~.al  iorl l)a[h i s  trca[ed as a  sin~lc
gcocliciliical rcac(iorl. 1( ll]c m a i n  f i e l d  ctilc.clio]l cllar!gcs
ct)lllillu:illy, Ltlc licl cffccl o f  Illc sccolldaly  r[lagricliz.a[iorl
Lcrlds [ 0  z.cro, 011  II}c olllcr hard,  dLlrillg a lor)g ~)criod o f
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cxj]lsia]it }x~lrr~ ity, Ihc rqoircd ~Rh4  wi l l  rkrminatc d]c h u l k
cruslal  nla~ncli~.  atirm.

Al[lIou&lI  [I]crc is significant c.vidc.l]c.c. for low tcll)pcraiurc
allcvd[ion  of nlrigllclic minerals  wilhin lhc occmic  Iaycr, lhc
irlflllcncc of 10W lcmpcralorc allclalioll on lhc  bulk

nlfigllcliz.alirrrl  rc.mains unresolved. flrrll c1 al. [1986], IIall  C(
rrl. I 1 987], and I/all and Fisher [ 1 987] rc]x)rl  strong  C.viciu]cc

of hyctrolhcrmrd allcralion (hrouglmrt t h e  cxl~osivc arid

Slicclcct dike,  c.onq)]cx  o f  Ihc q’roodos o~)}]iolilc  comj)]cx,  ‘f’lic

cvidcIlcc  for hydrokrn]a] a l tera t ion in  t}lc shcc[cd d i k e
con)l)lcx i s  accompanic.d b y  abundani sc.co]idary  r~~agllctitc
wl)ich dinlinisllcs  towards IIIC lower plo[oliic n~c.mbcrs. Kclso
c1 al. 11991] h a v e  shown that low tcmpcra[urc allcra[ion  of
s}’lltllC.liC [ilallOIllafYIClilC  lCSLI]l  in  [he.  growlh  of cRM  in I}IC
direction of dlc ambicrlt mag,nc[ic field and is or)affcclcd by tllc
)Irccxistil]g ‘1’tthl. llowcvcr,  Ilc.ske-Diehl  [ 1 9 9 0 ]  rc])orls rlo
cvidc]iccof  CRM in ancxtcnsivcarld  carcfu] s[~)(l}~ofI)SI)l)arlcl
drcdp,c sallll~lcs from a varicly  o f  Lq)ljcr clmsla] IOca[iolls  and
a~rs. .Sttlil}l atui I{atmjcc  []986] ald Pari.w  a n d  Joha.Tot/
l1991]1c}w11dla[  a slroog secondary lll[ig,llCli?,aliOI1  rc.sul~ilir,
froll] hyd~olhcrmal  alteration conlribulcs  10 the n)agncliz.alien

al 01>1)  si[c 5011{ (lIIooghoo[  t h e  prcscIItly  sarnplcd  scc[io]l.

A s  v.,itll  [Ilc “1’roodos ol)llioli[c, Cvictcllcc for hydlollmrn~al
allcIa[iol) dinlil)is}lcs toward tl)c dccl}cr scc[iolls of IIIC sllcc [cd
dike co]nl)]cx (layc.r  2~).

‘1’vlthl

‘!’!IC “1’\rl{h! lnodc),  pTO~)OSd t,y Arkatii-llottlfd  [1989] ,
~cllcr a(cs slrr))ing boondal  ics for lllC lilllrrsl)}lcric
lll:l~,llcli~,:ilic][l colltlasts.  ‘1’l)c.sc.  sosfaccs alc dc~cvmirlcd  by  I}]c
d{>IvIlward llli~,r:i[ioll  o f  IIlc isolltcrlllal sLlr Pdccs durili~ tlic
cc][)lillp, o f  Illc liltlospl]crc.  ‘Jllc allcrrla~ioll o f  lna~,llclic
Ixlla]ilics durirlg clus[a] cooling wi[l)in  a vcl[ica] li[llos~~l]cric
colun]r] rcsul~s ill a scl of sol] -tr]ocks nlaF,llcli7.cd  irl allcrli~lil]~
(Iilcclio!ls. lf I1]C lmlarily  of lllc gcornasllclic  field is raI]idly
valyil~g  dulirlg Illc coolir~g o f  l})c lil}losp]lcrc, tllcll lllc bo]k
lll:i~,llcliz,[tli(~[l  of [Iic. vcllical  c.olurnll is rcducc41 Collsidcral)ly.
I)ilri[l{:al)c’[i(>(lof rm geomagnetic rcvclsals  (c. S., ~rclaccous
lx)lt~ Nor Jnal) [IIC vcr[ical coILlnul  is  nla~ric[iz,cd  ill a siriglc
dircclioll, and cxllil]ils a slmng lna,p,llclic almnaly.

‘Illc ‘1’VRhf nmdcl assi~ns  a  sigrjificatl[ viscous
IIlaglicliz.alioll 10 lllc crl[irc. li[llosllllcrc  w,l)cri it cools below
l}lc ~’u]ic })oir)l  of Ll]c rlka~rlcti[c (580 ‘~).  A slatrlc rcnlal!crl[
lll:~~,liclif.alien is ac4plircd  after cooling below a :Iol!]irlal
t,lc,ckilip, lc[ll~)clatorc  (400  ‘~). lr) l}iislnodc] lt]c cxlrusivc ~]d
ill[tusivc basalt layer (Iaycls 2A, 21i, and 2~)  la~~idly acquilc
IItcir rctllal)crll nlsigncliy,alion. W h i l e  Ihc gabbroic Iaycr
(Iaycrs 3A and 311) and  tile o})pcr  rllall[lc. (>8  kIII)  l o c k  irl a

rcjlla!ml)l  rlla~r)cliy.alien following a con(iuc[ivc c o o l i n g
lx,liod ~llicll ilicJcascs wilh dcplll, ‘1’hcrcforc, li[tlosl~tlcric
ri~agl]c{i~rilion is acquired lo dcl]tl)s of a~j}]roxir}la[cly  40 kl)i
Iorig af~c] (lIC cll]})laccn~clit  al]d n~a~llc~iza~iorl o f  [t)c u})}~cf
cruslal  scclioIls.

A  ul]iforln lnagnc[i~.ation irl[c~lsi{y  i s  assigrwl  10 a l l
SOLIICCS  l>CIOW [tic sllcctcd dike  con]p]cx  (layer 2A).  Wc ]Iavc
owl valocs 1.6 A/m for  the  Nor[h Atlarl[ic }lasin rnodclirlg,
!vllilc [lIC l>acific ~[lodcl valom alc 50% IIigtlcr (?.4 A/JII).  “1’lIc
1.6 A/ln~’al~lcisirl  acc()rclarlcc w'i~llttlc  ll]os[rccc`]lfly l])casilrc(l

.,



v a l u e . s  f o r  iositu gabbros at 01)1) site 73511  [A’ikawa md
}’arai.so,  1991]  bul higllcr lban son)c conll~ilaliol)s s u c h  8S

IIayfing  and IIarrison  [1 986] and Ilarfison  [ 1987] wbo give
values rrrllging  from 0,6 to 1.3 A/m dcpcr]dirig o]] die clcgrcc of
SC.] l>cl}tiT1iz.atiorl.  Maglictiz.ation i~ltcnsilics for tbc mantle arc
IIlorc ullcc.rlaio. Wasilcwski  <f a l .  [1 9 7 9 ]  suggcsl ll]al Ihc
nlal}tlc is nonrLlagnc[ic while I/arrison  [ 1987] suggcs(s that
ICC(OI  li?.cd and sc.r}w.ntc.niT.cd  mantle mate.rial may form a
magnc.ti~.cd layer on the or&r  of 5 A/In within IIIC ]owcr crust
and upper rnant]c,

‘lhc ‘lVRhl nlagrmliz.atinn of a vcr(ical COILII~LII of occaliic
lithosIhc.lc. is a foncxion  of the geomagnetic field dircc[ion at
tbc time of cooling below its blocking tc.rnpcraturc. I’hc time
dc])clldcrll coo l ing  of  lhc Ocean litllos~~llcrc i s  p r i m a r i l y
acl)ie~, cd Ijy Iljcrlnal c o n d u c t i o n .  }Iowcvcr, l]lc Ll~)1M3  ].5 knl
of occalkic.  C.ILIS1  c.00]s  nmrc qlLickly due. to ac[ivc hydro:bcrmal
Cilculalior] clurillg ll]c. f i r s t  2 . 0  nl,y. of cruslal cvolu[ior],
‘1’l)crcfo]c  layer 2 is assumed 10 ac4plilc i[s ma~rlctiz.alien
IICtiI  ly ilts[;~l~(al~cc)ilsly  cornpalc.d ~o (bat of tl]c low,cr czust and
UIJI)CJ  nlaljllc.

‘1’hc lbcrmal cvo]ulion o f  lhc Occallic liltlos])llcrc is
alJl)loxirl~a[c.d  by a 2?-1) conduction cooling, nmdc.t [c..g., f’arb
and Oldrrdmrg,  1973; h4cKptlzir, 1967] .  Jr] this model IIIC
dcl)lli 10  a  given t)lrsckirtg  isotbcrm al tinlc ( ’1’-1)  aflcr lhc
c(mlill~ of llIc uj>jscr  nlost Occallic crusl is

11, =- O’b,m,d  l’- f . (9a)

11, rcj)rc’scllls [tic Occarlic li[llosl)l]crc Sc.cliorl M,lliclt  l)as
already rrC41uircd a rcmancn[ nlagsicli~.aliorl. 7’lm pro}) orlional
faclor (lL)IOC~  is  a  fLlrlcliml o f  llIC b]ockiflp lcrnlwralurc. usc41
(e.g., (x5*~~ ~- 4 .3 ,  (z~~~o ~: 2 . 8 1 1 ,  {l~~~o (: 1 . 4 0 5 5 ) .
Af[cl all illtc]val o f  t Itlillion y e a r s ,  Llic rllagllc[ic Iaycr
ilicrc.ascs l,y

(M))

v.,llilc ac{luilills a  NRM l)rojmrlional  [o Itlc alllbicll[ magnc.tic
f i e l d  a{ fi~[L#,] (c<lua[iorl 3). I’IIUS, Ihc tmlk nla~nc.ri~.ation  o f
llw Crllilc lil}l(lsj)llcric section of cruslal age ’1’ can bc Wvillcll
al)})loxirl)alc]y as:

WIICIC  }:, i s  llIC gcomc.rric factor w,l]icll accoLlll[s f o r  lhc
dislallcc  froln lhc soorcc 10 [he observation lmin[.

/
1’, ~ ‘“ [Z. + //, ]2 (11)

lf 7.., Lhc al(ilode of obsc.rvation, i s  IIlucl) lar~cr Illan l}ic
s o u r c e  lllickllc.ss  11, lIICJI I;t aj)}~roacllcs  1. 111 I]raclice, illslcad

of usill:  LIIC aj]l)foxima(c.  cxprc.ssion of h~~v~, (cqua[icm (10) )
\$)C COIIIJIUIC  dlC  CffCCl  Of CaCh  CIUS[a]  C] Cll)C1lr,



‘1’lIc usc of  Ai,w(rj,,0,,7’),  is a mrrdificalirrn of the Origilial
fmmula{irrn of Arkmi-}lumcd  [1 989], that allows for [hc
observed Cicolaglw{iralirrn  of the spreading ccnlcr fhllk. I’hc
sunllllalirrn of llIc sccolld lcrm s[arls al LJIc l i m e  in w]lich [he
IOJ) of LJIC gabbro l a y e r  i s  m o l e . d  1X.1OW  i[s b l o c k i n g
Lcoi]wxaturc ( -2  nl,y.). IIIC last tcrfn rc}>rc.scrlls  tile. v i s c o u s
lnagllcli?.alirm of a ]aycr boumtc.d try the blocki!Lg and ~ulic.
lsolllcrms.

(hn]xrring A~rvlM  a n d  ~fcRM (equations (I(J) arid (8)
lcslmctivcly),  wc Ilavc a conll)]on first lcrm w}lich is a “1’KM
nlagrmlin[ion  of  l~ic Ll})pCr  mosl occa!)ic  CIOS1  (layer  2A,  ( ) . 5 -
1.0  kn]). ‘l?Ic second tcnn rc~xcsents a secondary nlagl)ctic
acquisiliorl lllroug])  Iinlc. In both models lIIC rate of f,rr)wlh  of
[his sccordary  magl~c.tic. phase, dczrcascs  in [illlc, bol riot a[ IIIC
safr)c. ra[c.

}:i~urc 3 illusLralcs lhc cffccl  of [Ilc growl}]  of Ihc sc.colldary
}>!)asc  ill rXh4 arid ‘lWRhf n]tigr)c. [iz. a[ion under a fixc.d
ltla~,lw[ic field cllvilorL[llc.lt(. ‘lhc. approximation of ‘l”VRh4
nla~llcliy,aliol) by arl cquivalcnl  lnagllc[ic layer Rives diffcrclll
lc,slmrlscs al sea surface ru)d sate.llilc alliludcs bccaLlsc of l}lc
gconw(] ical frrctor 1:,. At sa[cllilc  altilodc boll) rmxlcls, CRM
ald ‘1’VRM, dis~]lay a sinliiar grcrwd~ du[il~g Ltic. firs( 4 m,y. As
[ill]c lmccc.ds,  the CKM mrsdcl a s y m p t o t i c a l l y  rcachcs a
lnaxil))unl bulk II]agoctiza[ion within 10 rn.y. while [IIC ‘1’VRh4
rnodcl Co[l[illucs  growing al a small but conslanl rate.

3’IIC dislirlclivc  pal[crn o f  llIcsc rnodcls is associa[cd Witlt
llIc Irlccllallisnls of rna~nclic acquisition Wliic]l arc aclivc in
cacl~ case, “1’IJc CRh4 is a I]roduci of a chci]lical rcacticr]i w,t)icll
deer ciiscs wilh lill]c cililcr trccaosc of (tic consum~ltion  o f
avail al]]c rlla[cr ial or I)y the change in lltc corldiliolls whic]l
favor I}tc rcacliori (e .g . ,  dccrcasc in lIydIuLIIcIIIIal  circulaliorl
or [c!ll])cra[orc). ‘Ilie. ‘1’VRhl model dcpci)ds on the cooli]lg of
Illc lill]osl)llcric ~)lalc w,hic]l i s  a n  asyjol]lotic I)roccss duri]lf,
llIc firsl IO(J nl.y. of Ltlc. oceanic p]alc.

‘1’IIC  growd) Talc of “1’VRM at Ihc sea surfac-c  conljmcd  10 the
salc]]i[c a][iludc i s  rnrrch  fasler duril!g,  lhc. first ~-d m y .
followd b y  a  s l o w e r  growlh ralc. I’l]is bcllavior i s  a
collscqucrlcc of llIc ~rcalcr nlagticliy,  aliorl of lIIC Shrrl low
(rapidly cooled) li[hos~]]lcric  II)agrlclic soulccs V,,illl rcs])cc[ 10
llIc dcc~wr (slowly coolcci) scrurms.

IIccausc of lhcse ciiffclcrlcc.s ill lhc acquisilio[~ of sccmiciary
rcmarlcrrc  V.IC v.,oo]ci  CXIKX-(  sonic discrc})ancics bc[wccII  CRh4
aIICi ‘1’VRh4 Inodcls, both at 4(JO km anti a{ [IN sca surface. ‘J’hc
ti}il<i tcr]ll ill LJIC. “1’VRM  nlodcl (cqoa[iorl 1 0 ) ,  rcjmcscl]ls t}Ic
v iscous  cojiijx)[lcr~t llla( coulci make a {ii ffcrclicc in rno(ic,ls
a c r o s s  lalgc a~c offscl fraclllrc mIIcs. lr) llIis  c a s e ,  llIC

[tiickllcss of IIIC v iscous  COIII]mICII[  v.,iil  dirfcr by a large
allloulll amoss LJlc flactllrc. mrlc, ~]arlicular]y f o r  yourlg
Iilhosphcre.

Korward Mo(icling: A t l a n t i c  a n d  I’acific Basius

LJsilig dIc rna~,llc[ic r~lmicls o f  LJIC I]rcvious scctiotl, a
syl][llctic l]lagrlctic fic.lci is com])ulcd anti tlICII compared will]
llIc h4a~,sa[ ficlci l)lociuccd by Arkmi-1/mncd  r ind  i’ilrcrngway
I 198S] (ligLmcs lc, 2c) arl(i sca so[facc ciala proccsscd v,,illl ali
i 1[11~1 Ovc(i lccl]lliquc V.,ilosc. c.lcnwIIts arc cicscril>cxi  ill I,flltrccquc
Cl al. [1985].

III I}IC  h4a~sal field of Arbni-llartwd and .$frat~g}t,ay [ 1985]
LiIC CiaWII arl<i [iu~k cia~a wc.rc ]noccsscci scpara[c]y a n d  trand-
])msc(i u,i[hill  a u,illdow of or(icr 17< n <53 ]nirrr 10 surnmin~

. .

..-’
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Im[ll data SCLS. 7’1u3 version of the Magsat  fic.ld l]rovidcd to U S

by Arkalli-llarncd  contains con~ponc.  nts to  order  6(I wit})
sigr~i ficant cllcrgy to wavelengths  of 650 knl. I’hc.rcforc lo
compare our model fields to the Magsat field wc I_iltcrcd all the
anomaly fields to lhc same bandpass  of 2.000 [O 650 km. I“hc
high pass filter cutoff of 2000 km insures [hat core field
srsorcc.s  arc. rcdued 10  negl ig ib le  lCVCIS [I&rigIel  and Estcs,
198’2].  I’hc krwpass cutoff of 650 km may prodocc problems in
(hat lKJOI  Sailor cl al. [ 1982] and Arkani-Jlamcd  and Sfrungway
[1985]  rcporl l o w in[cr-track  cohcrcnccs at wave.lcngtbs
slmr(cr [ban 800 kin. Ilrrwcvcr, a rnorc rc.stric[ivc low l]ass
cutoff of 800 km a~y)licd 10 the Magsa[ flcld mlaccd anomaly
Icvcls by 50% without cbangirrg lhc general form of Ihc
almnaly  field. “1’hc.rc.fore, wchavc ll$d  a broader bandpass in
(1IC hope of optirmi~,ing anomaly resolution.

‘lIIc l)~agllc.ticsrnlrcc layer is divided into a 2-1) grid WIIOSC
clcnwiits alc a}~proxi[natc.ly 1 dcgrcc .squrrrc. Although the low
}):~ss  fil(c] cutoff of 650 kjll canbc sa[isficci usirlg a3 cicgrcc
squalc.  Slid CIC.JIICIII,  a flllcr grid was utili~.c.d to }Mcvcn[  aliasing
c~f])la~,llcti~.alior] disrribrr[ion. A rncan agc is assiglic.d to cacb
clc.i]~c]lt accmdingto tllcworld  agcconq~ila[io  no f(,’andc ct al.
] 1989]. in gc]lcral, wc estimated the crastal  a~c witllil, [I,C KQZ
I>y linear ir]lcrjmlalion. llowcvcr,  some areas of lhc Pacific
lc~io)~ lack good agc COOIIO1  bccaLlsc of a l)oor idcljtifica[iorl
O( cilltcl arlorl)aly h10 o r  3 4  (SUCII  as IIIC KQZ bc[wccrl  t h e
hlmlay  slid C3arion frac[u[c mncs),  As wc will scc later, Ihc
assumption of linear agc gladic.rlls w,ithiil L}IC KQ/, may require
so]))c modification.

()]lcclllc  agcgrid isdcfiT~cd,  cacllgrid  clcj]lcJllis  ~]ositioncd
V,,itl) TCS])CC[  10 tile cs[ima[cd a x i a l l y  oricn[c.d l)alco-di~m]ar
f i e l d  for t}ic titllc o f  crus[al c]nplac.cmc]l[ mid subscqrrcrl[
cooling mar lbc l~alco-s})rcadirlg,  ccn[cr, Wc used  (lIC rcs[atioll
imlcs of k’n~cbrc~sorl  C( al. [1985] for ti]c I)acific and Morgan
11981]  fort llcAtlarl[icr  ccol~s[ruc[iorls,  bo[h of which assulnc
n Ilolslmt rcfcrciicc  flarnc. l:igurc.s lb and 2b .sIlow lllc J)alco -
li\(ilLlclc CJfcac118ricl clCrllCrl[  at Illclililco fcli)l)l:]ccll)  ctll U,i[hi]l
IIIC A~liiJ]tic and l>acifrc basins  rcsl)cclivcly.  “l’tic l~atll of cacll
~,,idclclnellt  iscalculalcd ins[cpsoftn)illion  years (gene.ra]ly
().1). Alcac}l Sic}) tllc rnagnc[iz.a[ion is cmnlI,L]tcd  tllrougtl the
evaluation of I1)C axial dilmlc niagnctic  field, tlIc oricnlri[ion
o f  (l~c i)]ock al)d the g,ivcn n]agrlc[i~,a[ion nlodc]. OrIct. [hc
Iola} ]l]a~licliy.aliojl distribution is dc[c.rtnirlcd,  the magnc[ic
almnaly  f]cld i s  comlmtcd  citllcr ill dic frcqLlcllcy  dorllail)
[l~altocharrya, 1966] to cl,hat]cc calcLlla[iol]  tinic o r  i n  [I]c
slxicc dolllain [J’luojjj,  1 9 7 6 ]  1 0  Cqlhancc  llIC. rcso]ulion. ‘1’hc
]nodcls a r c .  conll)u[cd ass Lln)ing a  fla[ cartll. I)iffc.rcllccs
i>ciwccII sjdlcrical and fla[c.arti) njodcling arc ICSS  lhari 15% al
satcl]ilc  al[i[udc [lzrllrccquc and Candc, 1984],  h u t  t h e
advall~a~cs o f  conll)ulaliona] Cfficictlcy ou(wcigh (11C
ciisa(ivar)~agc of IIlodclillg illamulacics.

‘I’}w  goal of LIIC nlagllclic  models  dcsclii)cd ill fl]c ~,rcvirrus
Sccliorl is 10 rclmducc  ihc nlagoclic  rcs}}ollsc  o f  a
ilolllogcllcous oceanic litbosphcrc.. Magllc[ic anomalies
associalc(i Widt sir Llclural fcalurcs,  like Lllc }Iawaiiarl Cl)aill arici
I}IC hfii&l)acific Scanlounls  produce significant arlo]na]ics al
salc]liic al[itu(ic [c..g,., I,aIirccque  and Catu]c,  1984; Fullcr[rm cl
ai, 1989; llra(ilcy  rrlld J~rcy, 1988].
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Wc h a v e  ilwloclcd  in the cwmputcd sy]l[llc[ic f ie lds ,  [IIC
s o u r c e .  c.alcrrlatirms for  the  Mirf-}>acific a n d  I Iawaiian
Sc.amoonts 10 i m p r o v e  lhc Compririsrn,  bctw,ccn rnodcl arid
olmcrvation.  Wc have modeled tllc scamoom with a l“Kh4
nlagocli?.alioo acqoircd a l lhc l i m e .  o f  t h e  scamount
collslruclion. ‘f’hc. volumes of L}lC scamormt  were. dc.tcrll~illcd by
I]atllylnc.tric ccrntours and IIIC scamooo[ magncti?.ation  was set
a[ 6 A/Jn for simplicity. Gcmrally  the cmrespondcncc  was
vc[y good will] the otrscrvcd data, In par[icwlar the. observed
sc.a surP~cc data (Figure 6a) clearly show Lhc I }awaiian  arloltlril  y
wl]icll is rcl>roduccd  try OLM mode.ls (f~igorcs 6c,ct). Certainly
nmc care could have been taken in modcliIIg (IIC scarnounts
~ivcn ttlc cxlcosivc  litcralrrrc 0 0  lhc topic. llow,cvcr, lhc
IIa[uIc of tflis study did not warrall[ a more dc.tailext ap~noach.

Results

NoI-th A t l a n t i c :  Magssrt  Altitude  of 4 0 0  km

‘Illc hlagsat  fic.ld over Ihc NoTth Atlarl[ic ba~ir] is illflucllccd
hy tl)c. col~lillclltal magncti7,atioIl  al troll] flanks, as was first
SO~,~CSICd by Meyer  cf a l .  [ 1 9 8 5 ] .  I’hcrcforc a  go[~d
cl)arac[cI  i~.alirrn  of tlIc crcc.al[ic  crust  n)agl)cti~.a~io]i is difficolt
ill Iltis llasin. ‘1’his colltaolilja[iolt  affcztcd [lIC analysis o f
l~~i!rccqur  atti A’rrytnoml [ 1985] and Raytttotui and Ifil{rccqur
[ 1987].  ‘1’o rcducc llIc cffcc[ o f  llIC co~~til)c])tal  SOUTCC distri-
t]~l[ior],  Illc nui~,tlc(ic  field }Modoct4i  by tllc cqoiva]cnt source
dis[l ibution of Arkani-//atned  and ,$trurtgwrry [ ] 9S5] over tIIC
cor]tillcrl(s h a s  bc.cn rcrnovrd f r o m  t h e  Magsat flcld. I“IIC
ICI IIOV:I1  of the c.stimatcd con[irlcntal  conlponcnt rcdocc.s t h e
irrnplilodcs of sornc anomalies over dic NortlI AtlarI[ic wllilc
lcavilig ol)affcc[rxl others SOCII as IIIC lrosi[ivc wi[}iin Ihc KQz
SOU(lI  of tiIc Atlalllis }~z,  on the WCSICIII flank, its cqoivalc. nt on
[tic  castcrII  side ald LIIC  arml]lalics located lIctwIccII  tlIc KQ/, and
Il]c cci)[cr of lhc b:isin,

‘I”}Ic II Iocicls crt~}~loy  ao aver agc nlrr,r,rlcti~.rrtioll  of 3.833 A/m
(Imr[nalizcd (0 lIIC. cqualo~) f o r  ar) cqoivalcr,[ l a y e r  soorcc
tl~icklicss of 1.S km. as required LO fl[ tllc Mesozoic and
~’crloz.oic sca ffoor spcading anomaly scqocIIccs irl IIIC Norll]
A[lalllic 11’iftnott md Talwani, 1972] at the sca suffacc. An
:ivcl age. rnagllcti?, ation O f  3,833 A/111  i m p l i e s  a]) ilii[ial
sl)rcadili~ CCIIICI  ]jlagllctir.a~iorl o f  20  A/n~ a]ld S.7 A/In ill t}ic
‘1’Rh4  a]dCRM rmdcls  rc.spcclivcly (w’ith ).T= AC: 5  m y . ) .
l:or (IIC ‘1’VKh4 niodcl, l a y e r  2  i s  rlmdclcd  wirll a  “I”KM
rnaf,rmti~. ation of 2.0 A/Jn slid a  layer 3 a n d  trppcr man[lc
lnap,llcti~.ation  of 1.6 A/m, assur]~i]lg a blrrckirig  rcln[wra~urc of
’400 “c.

}’i~urc’ 4 illuslralcs  lhc for-ward rr)a~rlctic rl)odclillg results.
l;i~urc 41J s h o w s  c l e a r l y  tlrat a pure ‘1’Rhf  follcrwirl~, t h e
corls[rairlt.s of sca surface anomalies is riot So fficic]lt to model
rllc satclli~c l e v e l  arlornalics v.,ithin rlIc KQZ sourh o f  (IIC
AllaIl[is 1’7.. Ckmvcrsc.fy,  CKM ardl’VRhinlodcls (I;ig,urc.s 4C

aIId 4d scs})cctivcly) rcj)rodoc~. IIIC observed  alloroalirs arid
sllajm  V.,it}lirl IIIC KQ/,  10 a rcasorlablc dcgrcc..

“1’hoogh M,cllavcatlcllll)tc.cl 10 reo]ovc [tic effect of lhc rlon-
occat)ic crlls[al rlla~rlcliz,alions by irlcludirlp, cstinlatcs  of the
conlirwntal  susccl)[il)ilily  in our models, the dc.sired effect
ril~l)arcrl[ly fell short of our goal. ‘I”hcrclnamnt  magncti~aliorl
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mrrdcls rcproclucc the otrscrvcd hiagsat  field over the. KQ/.s, but
Ihc anon ialics over the eastern margin of NorLh  AnM ica, the
Cal ilrbcan ruld the North AUantic sprc.ading  ccnicr arc not
reproduced. 1[ is likely diat the mismatc}t could hc duc to an
itduccd lnagnctiz.ation contrast m discussed by Counil cf al.
[ 1991]. I;uturc studies should focus on fur[hcr defining this
effect and the resulting nlismatch. I’hc positive north -soulh
al]onlaly associated with the ridge crcs[ is far from the,
con[i!tcfttal masse.s and the high gcnnlagllc[ic rcvc.rsal ra~c. and
thin liLhosldmrc of the yoLmg  oceanic crusl  sLIggcsls  a source

distribution ollmr than rcmanc.rlt  nlagncti~.alien. l,afJmcqrfr  and
Raymond  [1985] model the spreading ccntcr anomaly with a
h igh  sLlscc}~libilily  SOLlrCC  whit}) dinlinis}jcs ex~}ollcIIlially  to
30% of the maxinlum  value at 100 km from the spreading
ccl)lcr.

A g o o d  ca]ldidalc for a highly ma~nclimd  SOUICC  at the
slxcadillg ccn[er i s  a  par[ially  scrpcrltil~iz,cd  lower crust allci
Lll)lrcr nlan[lc. Shivc  c1 al. [1988] rcix~xt that at ll~ctarnorl)hic
?,ladcs Ixlow tllc. anlJd]itmlc.  f a c i e , scrJmltinilc  rc~naills lhc
slablc ~Jlasc. V.,liilc. hi~hcr grade.$ of nlclanlorpllisn) lcIId 10
dcscrpcntini~.c Ihc rock. or) IIic flanks of the s})rcadirig cc]ltcr,
Illc dcgrm o f  nlclarnorjiiisol is mainly Corl[rollcd  by the
~cotllcrmal graclimll,  Stroftg hydrothcrlria]  circu]alirsn i n  t h e
vicilii Ly o f  IIIC s]xcadillg ccrltcr [Anricr.ron,  1972,] n)ay kc.c.})
lhc region coo] enough 10 cllat)lc the. growlh of a slablc  scr-
[wlilirlizcd IJhase.

AT&tson lxmtulatcs that IIIC d e c a y  iIl IIydro[l)crrnal

ClrCllla~ioll away from L}]c sJvcading axis heals t]lc hydrous
l>llasc atwvc L(IC }Iydra[atiorl-dcllydr a[alion lctnj)cra[L1rc  o f  its
co]ls(itucl)l assc]nblagc,  lxoviding a  rncchanism f o r  the
clisilltcgralion o f  lhc I)arlially .Sc.r Iscl~lillimd  layer. I’hcreforc,
l}]c cvo]uliorl  of L h c  hyd]olhcn~~al  circulaliotl  syslciil call
accom)t for a lLVM of of h i g h  suscc.}][it)ility Clusl along lhc
llw slncrrdilt~ cclltcr.

Nor(hcast l’acific: Magsat Altitude of 400 km

“I”llc Iiwdcling of IIIC Nordmast IJacific rc~,ion is coml,licatcd
Iwcausc o f  its l:irgc. lmrlllwarcl  {iis}~laccnlcrll sillcc crustal
forl!m[io!).  ] !OWCVCT,  l}]c. rcliatrilily  of [IIC illtcrtllcdia[c
wavclcllglh field is illl~)roved by l})C fac[ lhal Ilic Conlillcnla]
l[l:trgill  cd:c cffcc[s alc located f:ir away from [hc area of
i]l[crcst and lllc)c is ]]0 significant sI]lc.adi[lg  systclll nca; l)y.

Surface ll)agllctiz,ation models for [hc North Pacific sca floor
s[)rcadirlg patlcrjl [Piltuan el al., 1968] lcquirc  a Inagnctizatioll
or cquivalci,( lllickncss  50V0 grcalcr than the values of the
No~Lh Atlantic, which tran.slates [o a rcfcrcllcc  lllag]lcti~.a[icr~l
of 5.0 AjnJ nolll]alir.cd 10 the cqLialrrr for a 1.5 km source lhick  -
IICSS.  As in [lIC Norlh Atlantic, tile 7“KM field nlodc] (J;igurc
St]) arnl)li[udc.s arc IC,SS dlan 50% of IIIC hfagsa[ field, usirig an
il]itial sJ)Jc:idilig ccI1[cr rtlagl}c.tiz.atiorl of 30 A/n]. ‘Ilm Io]\g
(crl]) l[l:i~fw~ic acquisition lnodc]s (~Kh4 arid “1’VRh4, I:i?,urcs SC

a]]d 5d) rclxoducc the cmt-wcsi  trend in tfm KQ/, arid [hc NNW-
S11 l)lit(cll] ill {Ilc ~cl}(rz.oic .sCqucl)cc v.,illl [I)c al]~)rol)rialc
atl]})li{udcs. ~cxisidc]in~ Llnccrta intics associated u,i[tl sources
o!llcr ihan agc related n~agnctixa[ion,s, lhc Llrlccrtaillly ill lhc.

afic of fllC western Cclllra] ])acific, and the strong 1101  thward
disl~laccl]~cll[ of lIIC I’acific- p]a!c during Ihc Ccnrrz,oic,  tl~c 3-1)
Inagr)c[ic modcliii:, of the Magsa[ field is sur}llisirlgly good.



‘Jhc cffc<t of anomalous skmvncss  first observed in lbc.
North Atlantic is also observed in the Norh I)ac.ific. In the
I’KM model (Pigtrrc 5b) LJM anomalies associated with [hc KQZ
arc shifted 2-3 dcgrccs of ]ongi(udc  eastward of the M agsat
field (Figure 5a). While the CRM and I’VRM models (I~igurcs
5C and S(J) propcr]y rcprorfucc [hc observed anomaly field.

As cxlrcdc.d, there is a good comcsJxmdcncc  bctwccn the.
CKh4 and IVKM anomaly iiclds since they both at[cmJ>t  to
nmdc] tl]c s a m e  obscI vations usi]lg the gc.omagnclic  f i e l d
his[ory. An obvious diffcrcncc  bctwccn ttm two nlodc]s is the
location of the maximum associated witJl Lhc Murray l~rac[Lwc
7.onc. within the Pacific KQ-- (25°N,  1650-145”W). l’hc TVRM
field anomaly is disp]accd 5 dcgrccs 10 the souilr with rc.spcct
to the hiagsa[ fic]d, whi le  IJIC ~Rhl  m o d e l  rc})roducc.s Ihc
IJlol)cr loca[iori and shaJ,c of the Magsa[ anomaly.

Ihc oceanic crust bctwcco Murray and Molokai I:raclLmc
Y,OIICS is bounded by oceanic crust 10-15 rn.y. older on troth its
norlhclrl amd srm[bc.m flanks (Fip,urc. 2a). IIccamc  of this agc
diffcrcvl cc, along a  nlcridirma] J)rofilc al 155°W,  t h e
inductively magnctimd  crust which Iics bc[wccn [hc 400°~
t>lockillg  tcn~J)craturc. isothcrjn ald L}IC Chric isothcrlll i s  1 . 6
kill [hili]lcr uldcr  the you~lgcr  crust. ‘1’t)c l a y e r  a b o v e  t h e
Illocking tcll~l)cratulc isolllmlll is also Olilmcr and tllc. skewing
effect of Lliis CI us{al nla~l\cli7.alioll is d inlirlis}lc.d. I’licrcforc
!}iis rc~,ior~ o f  rliid-crctaccous  to J}alcoccllc crusl ~~rovidcs  a
~cmd lmil]l o f  con~J]arison  trctwc.c])  tllc ~RM (ud]icb i s
illdcJ)cndcnt of IIIC litllos}~l~c,ric thc,rmal state ant] the ‘tYRhl
1I1O(IC1).

‘J’hc  fi[ of o u r  Ilmdcls is rcla[ivcly  Jmor in tllc. arc.a WCSI  of
1 6 5 ° W ,  i n  f a c t  tllcrc al)lwars LO bc Ilc.arly a ncgalivc
cx)rrc.la[ion t)ctw,ccn our models arid the obsc.rvcd fic.ld. ‘J’his
discrcJ]ancy caI1 bc al[ritxrtcd c.ittlcr 10 c.rrors iTL ttw cs[irl~atcd
ace, or to a rnagllc[ic o~,crl)ri~l[  associa[c.d with the. IIawaiiar}
]slsirds and the hfid-l)acific  Scamorrllts, Wc I]avc at[cn~l,tcd  10
r[micl [}IC  cffcc[ o f  tmtlt [IIC lJawaiiarl slid tlic Mid-l )aciflc
Scartlourl[s, “l”IIc. arlornalics call bc n)os[ easily observed in [IIC
‘IXh4 field a[ 155°W and 20°N and 160°W arid 5°N rc.spcctivcly.

}lr Ic)Is  ir) ltlc  hasc.mc]ll  agc cslil]latcs  c o u l d  t)c. atlrit,ulcd  t o
tl]c Ilallsi[ion bclwccn Itlc nlagnclic  lillcatiol]s of [Ilc IJ}locllix
aTId llawaiiarl  Ni-scqucrlcc (scml alorlg tllc WC. SICII) bourldary o f
ilicsc lna~]s) and LJIC Mici-Gctaccous  QLlic.[ 7mJIc. ‘f’bc trarrsition
tw[wc-cli  the three sl)rcadir)g systcrns is I]o( clear and a rl]ajor
agc discontinuity could exist wilhin lhc rcgirm. ‘1’his
lral~sitirrn  may have dcvclopcd along a triJ>lc junctiol) or as
discrclc. SJM cadins  ccnlcr junlJJs. o u r  conl’idmcc i n  lhc
ohscrvcd f ie ld  dcvclopcd t h r o u g h  t h e  ma[ch to tile Micl-
(’rca[accous a n d  Cc.rloz,rric I)acific n)agrictiz.a[ion dis[ribu[ioll
leads us [o bclicvc  that ihc wcstmn I)acific rnisnratch is due. to
ci[t)cr a~,c m s(ructu:al]y rc.latcd n~agnc~iz.a[io]l anonla]ics ill
[I)is JCp,  iorl.



l)iscussion

lli~her Mtigncliz.ation i n  the )’iicific  w i t h  R e s p e c t
to  the  At lant ic :  A Spreading  Rate lkpendence?

W C .  hrwc shown  Ulat anoma]ics  associalc.d wi[h t h e
inlmncdiatc  wavclcnglh  anomaly pallc.rn over lhc. Gclacecrus
ancl Gnoz.oic  crust of LJIC Nortil Atlantic and North Pacific can
hc rc}~[oduc.cct  using an agc ctc,pcnclcot  Tcmancmt magnclizalion
source layc.r (cRM  or TVRM). In order to match [Ilc. M agsa[
fic.lci using the same source Iaycr t}lickncss, wc found hat Ihc
Nor [h l)acific require.s a bulk nlagncti~.aticrn wl)ich  is 50%
greater Ih:in [hat of the North Atlantic.

Cons ider ing  Lhc CXM rnoclcl,  the diffcrcmcc. bc[wccn the
Atlantic and ]Vrcific bulk nlagnc.ti~,alion can bc cxJdainc.d hy
cliffc]cl)[  rates and dc.pth of pmlctraticr]l for [hc al terat ion
rcactiull Which  gcncralcs Lhc chemical  rcmancncc.  Th is
c})cl])ical  Ic’acLic)Il  i s  ccrntrollcd  mainly  b y  tlic J)allcrll  o f
llycirolllcrlllal circulation within lhc oceanic crusl. I’hc water
flov., l}ir(ju~h  dlis mccfium is scnsilivc. 10 local factols SLIClI as
IIlc. Scclilllc.illary c o v e r  a n d  porosily.  I’lm avclagc scdimcn[
cuvcr diffcls  dIa!lia[ically  trc[wccll dic i’acific aTKI A~laTILic
t>asills. Jn (tic Atlrrn[ic, the scclimcn[ Ihickl]css a v e r a g e s  o f
().5- 1.(J km bctwcc.m  ancmalics  MO ancl 34 [c.s.  Y’uchcrk wrd
Afc(;ay$ 1986], whereas in the J)acific Basin the average
scciil~]cll(al  y cover is o]) LIJC ordcl of 100 mclcrs I }Vimercr,
1989].

If a thicker sc.dimcntary  ccsvcr inhit,its  the hydro:hcrrnal
flow as su~gcsk-d by Ancicrson et al. [ 1977], then wc would
cxlJcct more il)[cnsc hydrotl]crInal circulation]] during tl]c early
s[ar,cs of crLlslal c o o l i n g in ttlc l’acific. }Ical f l o w
rncrrwcmcnls  ccrmpilcd by  Anrfrr.son t-f al. [ 1977] a r c .
cc)nsislcvlr wid] a  much longer  pcrimi of h y d r o t h e r m a l
circula[ic)rl in [lIC Adar)[ic than in [hc J1acific. “1’llcrcforc,  if the
ir]ilial crustal Imlosi[y is similar in holh c~ccarls  [Carlson ami
//ctrick, 1  9 9 0 ] ,  IIicn lhc shcJrlcl ~lcricxl o f  hyckolhcrmrrl
iic[i\, i[y ill (I)c J)acific is illdica[ivc of a mcMc. a c t i v e  illi[ial
citcLlla(ioll allcl a  faslcr  rcduclic)ll ill cluslal J]c)rcJsily Ihrocrgh
lllc l)lccilJilalioll of secondary nlincrali~.atic} l~, }Jcrl~aIls  favolcd
by a highc.r lcnlJJcraturc cnvironrncut.

J:twn tl]c. Ar [l~c.llius c.quation [Imqa, 1981], the Tcactic)n
Ta[c l/2c grc~v.’s cxJ)oncrllially  will] a n  incrcmcrll ‘1’ irl
tcn\J>c] alufc. At high anti intc.rrnc. diatc ralc sJ]rcading ccnlcrs,
IIif,l] [cr[ll,cla[u]c ( - 3 0 0  T) hydrotllcrlnal ac[ivi[y i s
con)mc>rlly  ohscl vcd wllilc Lhcsc high k-.mpcralurcs arc rarely
c>l)scr vcd al s low sJ]reading ralcs [Muccfrmflki, 1983].  “1’his
su~~csts rr cliffclc.llcc. irl hyclrolhcrmal circulation of atroul 50
T [Ancffrson ft al., 1977] bc[wccn fas[ allcl slow spreading
Syslcnls.

‘1’lm reaction rate is alsc) cc)rl[rc)llc.ci by IIIC poorly known
acli\’a  [io Il c]lcrgy  l)ararnc.lcr. According to Lr.?aga [ 1981],  the
acli\, irliol] crlcrgy fcjr most  gc.ochcrnical rcacliorls is in the
rirn~c c~f 10-?0 Kcal/ ‘K. If [his range app]ic.s, the. reaction rate
i]) fasl slncading  regimes would bc about 2 tinlcs the. rcactiol~
rti[c ill S]CJW sJxc.ading rcgirrrcs.

in lhc ~KM mode.t, a rnolc iotcnsc  hydiotl]c.nllal circulation
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fc)r a  s}mr[cv  clula(icm w o u l d  bc charac[crimcl by a fas[cr
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rcaclion  (smaller 2 c- 2-3 my.) implying sharlscr nlagnclic
lx>undarics arid strongc.r magnet ic  anon) alics, charactcris(ics
that wc find in Lhc Pacific region.

IIIC cnhanccnmrt  in bulk magnc.ti~,ation of the I’acific can
lx. partially explained in terms of a spreading rate ciqwnctcncc

of the oceanic crusl slruclorc.  Seismic cxpcrimc.nls [Vera f( al.,
1990; W/life cf al., 1990] and Ibcrinal models [Ku.sznir, 1980],
show that at slow sprc.ading rates (e.g., the Atlantic) a thick
.sIlc.c[cd  dike layer (-2,-3 km) is dcvckrpcd  at IIIC.  c.xpc]lsc of rflc
p,abb~o layer. Conversely, i n  fasl rcginlcs IIIC shc.ctcd d i k e
layer is rcducwt to the advantage of tiIc gal)broic n~agllla
chamber rcsiduom.  Wc assigned tlIc sarnc n~agllc.tir.a[ion  va]ucs
to 1>0111  tlIc. sbcctcd  dike and gabbroic  layers. If I}IC gabbroic
layc.r were more rnagrrctic than LIIC  cfcvclopnmn( of a thicker
~,al~lxoic layer irl Ihc. l’acific (a fast rcginic) could incrcasc tlIc
llu]k lllag]lc.liz.ali~)rl.

CKM v/s “1’VKM: A  C o m p a r i s o n  at the l’acific  Sea
Surface

Wcllavc. sllow,ll illat athigll al[itudcboth  ~Rhl  and’1’VRhl
]]]odcls rcpIod Llcc Olcdonlinajlt  fca[urcs of tllc Illagric[ic  field al
in[crlllcdialc  wave.lcrlgllm, Confirl]lirlg lllc ncal c.quivalclicc of
IxJII1  Ii)odcls  far fronl lllclllagl~cticso~lrcc.  A bc~[cr way to tcs!
lllcvalidi[yof  c.ach rllodcl is 10 compare lllcm at Ltlc sca surface
WI ICIC tiIc rcsolu (ion of tlIc rnafy]c[ic nnomalics is cnb:i])cc.d.  A
lli~llly lna.gllctiz.cd  thin s o u r c e  l a y e r  (CRM nlodcl) and a
moderately rna~, tlcti~.cd thick source layer (1’VKM model) have
dislinclivc  nlagnclic  patlerns  at lbc sc. a surface.

‘I’llcsca stlrfacc ~Rhfmld  rl’VRMn}oclcls  fora  snlal]cr rc.gioll
I)c[wrcclllatittlclc.s  10” Io 30° Narcprcscntcd ill I’igurc.s 6C and
6(1. ll]tllis cascfllc rl]agllc[icficld  iscompu[cd  using blocks of
12111 ill~![cs all(lfil[c~cd toawidcr balldpass of2000t0350 knl.
‘1’hc amplitodcs andgradicnts  of the syn[hctic ma~nc[ic field
~,cl\c~I a[ccll)y tlic CRMr~lodcl  (l~igtlrc6c) arc grca[cr Lllarl tl]osc
o f  tlIIJ l“VKh4 m o d e l  (I~igurc (i) wllilc LIIC b r o a d  nega[ivc
almnaly  flailkc.d by ttlc Mo]ok ai and ~larioll  J;lac[urc Y,orlcs  is
IWIICI dcvclol)cd in the I’VKM field. I’tlcsc diffclmlccs alc the
nalural cOIIsc.qucncc o f  ltlc somce clistrit)ulioll, l’or a n
c(luivalcri[ field al hi~ll altitodc, a col)centratcd shallow source
(CKh4) ~) Ioducc.s stlarl) IIigh intcrlsi[y ariornalics v,hcrcas a
dccl) dis[Iibu!cd source (3’VKM)  contribLl[cs  nlorc [o tbc long,
M,avclcilglll  corl]})orlc.nls (dccpcr source.s).

};i~urc. 6a disl)lays a ncw sc.a s u r f a c e  coj)ll]ila[iorl at (tic
2 0 0 0  [o 350 kln b a n d p a s s  f o l l o w i n g  the [ccbniquc of
l,a/{rerquccl al. [1985 ].l’l]c clalairl llliscoll)l)ilalioJl llavc bcerl
carcful]y cdi[cd for crJors and extc.rllal field effects have been
Icmovc.d.  ‘f’hc da[a :.,2 i.; expanded over Ihat .availab]c 10 the
carlict 19S5 colll~)ilalicrn a n d  Iscttcr clchncs the  rcgiollal
i{l)oll]alics.  ‘I”lm hif,llcs( da[a density is locate.d around llau, aii
wlIcrc lIIC low an)plitudc l~osilivc. ancrnialy soudl and ncgalivc
almlllaly riortll of Ltlc i s land cmjc .spends  to LIIC calcula (cd
effect of a “1’Khf source wi[bin tbc island ctlain.

Acolnl,arison  ofttlcobscrvcd  sca surfaccfic.ld  to IIIC CKh4
a n d  ‘1’VKh4 f ie lds  yields i n t e r e s t i n g  corlclations and
disclcj)allcics.  I’hc anon~a]y gradients  across IIIC.  fraciurc Y. OIICS
or acloss tlIc nlajrrr sc.afioor sprc.adiIlg  anomalies such as 34,
disljlay a sirongcr  correlation 10 hc CKhf field. Conversely,
IIIC lrr IIg v.,avclcll~th conlponcn[s like tlIc prolllillc]lt nc.ga[ivc
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bc.twccn tbc Murray and Clarion Fracture Z,onc.s is better rcprc-
scn{cd in the. TVRM flcld, suggcstinx  that L@ sources arc
likely in [bc region.

71c  strong lM oad negative anomaly wc.st of anomaly 3 4
I)ctwczn Lhc. ~larirm and Molokai I:racturc Zmncs is vc.ry
illfornlativc as to possible source distributions. In the ‘f ’VRM
field wc SM a negative wc-stwsrrd  sloping gradient which is the
skmvcd contribution of the ]owcr crus[ arid upper rnandc while
il)c layer ?. conlritru~ion displays a relatively small ullskcwcd
gradicill dLlc 10 the weak magnc[iz.atiml  of layer 2. ‘I”hc ~KM
field on [be contrary displays a strong westward skew’cd
gJ wlirml across anomrrly 34 bccausc  the cnnlribution  is largely
fl(rnl nca]by soorccs in the highly nlagrlctiz.c.d uplsc.r crust,

‘Il)c obsc.rvcd field (Figure 6a) disl>lays  both a broad
ncgalivc  suggcsli]lg a strong contribution from the dc.cpm
CILIS1  while  cxhit)iling  Lhc  slrong skc.wcd gradiclll slr Ltclurc. o f
[be ~Rhf  field. 1[ is difficuh to asccl[ain  from lhc available sca
sulfficc data wllicb form of nlagticli~.alien clominalcs bul a
s(long deep n)al~llc nla~ncliz.alien is a stIorIg possibility in
ibis region. I’lmcforc,  from lhc comj)arison a[ sca level, i 1
al)}wals Ibat the o c e a n i c  n]a~lwliz.ation slrLlcturc. is  bcsl
nxrdc]cd by a cmnbinalion of rhc. ~1/M and ‘1’VRhf models.

I;OI II]C ‘1’VRM  rilodc], Lllc lowc.r crusi ald U},lWI  m a n t l e  alc
1 ikcl y to have a mean magnctiz.a{ion on tlic oldc.r of ?-3 A/n~
supclin)poscd 0])011 a  sli~l)lly dinlinisl,cd CRM/l”KM
conllmlleli( flom layer 2. More !Ilodclir)g  of rcgiolls with large
of[sc[ flacltlrc mrlcs atd a more c.xlcnsivc conll)ilalion  of (1IC
illlcrmcdiatc  wavclci@ field need 10 bc complc.lcd before a
nmc dcfirlilive magnc[i~.alien model can bc ~mo}wsc.d.  Also
I]mrc work should bc addressed towald Lbc. al)prop] iatc values
for tlic Grit isotlic.rl~~ and blocking tc.mpcraturcs applicable to
rllc ul)J)cr nlanllc. Wc bavc lLsc4t values of 580°C for (Ilc mean
~ur ic iso~llcrm and 400°~  for the rnc.an b]ockirlg tcmpcra[urc.
Varialioll.s in ll)csc })aran)clcrs w i l l  irlflucncc Illc rcsultil]~,
l’Vt<h4 LillOlllaly field,

‘I”llc  scasurfacc. compila[ior~ in  l:igurc (ia s h o w s  tl~a( in
:Iddilioll  10 Lllc. ]llodclcd a~, c dcpcndcrll rll:ip, rlcli?. aliorls, lllcrc
al))}cals to i)c Ottlcr sip, ni~lcanl SOLIICC  mcchanisn)s. ‘1’bc

irltc]lllcdia[c v,, a\’clcngllI nla~llclic field is clearly all illljmrlalll
daw scl w’ilh w h i c h  1 0  s t u d y  lhc  loIIf,  Icrrl)  cvo]ulion  of Ibc

(IccaTI  liltlrrsl)llclc.

Conclusions

1. Al[hough  a sirr~~)lc l“Khf of cruslal layer 2 appears to
rtlodcl lhc g,crmal nlrrrpbo]ogy  of llic o b s e r v e d  irllc.rnlccliatc
wavclcr~g[h  l~~agnc~ic  anomaly fields of tlic. Nortlwast  I>acific
a])d Nrrr[h A[laritic , it is insufficiclll  (o cxl]lairi IIIC in[cnsi[ics
of Ihcsc fields.

,.-

2. A collll)irlation of troll] CRM and ‘1’VRM nlagncti~.  atiorl
nmdcls rcploducc  rnos[ of IILC  feature.s observe.d io the. hf agsa{
aTId sca surface. fields at inlcrmcdialc  wave.lc.ngtbs ovc.r [hc
NOI illcasi Pacific and North Atlantic. ~ttM  is the major
coln}xmcnl of magnc.liz.alien for the ul]lwr  cr usL (Iayc.r 2) while
“1’VRhl  is [bc major ccmqroncn(  of nlagrtc[iz.a[ion for the lower
CIUS1  (Iaycr 3) arid Lli)l)cr nlanl]c.
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3. I“hc bulk n~agnctiz.adrrn  of Lhc Pacific is 50% grcakx than
the Atlantic.  I“his can lx explained in terms of gcrrlogical
I)roccssc.s associated with tbc. sca  f loor sprcarting
cnvirrrltrnc.  nl.

4. I“hc rnag,rlc[ic a n o m a l y  o b s e r v e d  along (1IC A[lantic
s])rcading ccntcr may bc doc to a scrlxm[inim.d layer wi[l)in the
lom,cr CI USI and u p p e r  rnanllc. I’his lransicnt  s t r o n g l y
rr]rrgl]c[i~.cd layer is uns[ab]c at high mc[amorplric grades, rrrId
LhcIc.foIc is continuously destroyed away from tbc spreading
cmltcr.
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F;gure  4. Nor.! Atlantic 3-D  magnetic modding:  a.?agsa: c!a~, 5. TRvT; c. CR.M: d. TVIW;  COTImIJr
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