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GEOETECTR,IC.A.T STUDIES OF THE COTONIA
IMPACT STRUCTURE, SANTO AMARO,

STATE OF SÃO PAUIO - BRAZIT

W. Masero ancl S. L. Fontea

CNPq - Obrcruotório Nacioral, Rwt Gol, &ruce,586,2099t, Rio da Jancim, RJ, Bro¡i,l

Âl¡or¡t 35 k¡n Souüh of Metropolit¡n Sio Parrlo (SD Brazil), in the Preca¡nl¡rinn
crirtr,lline bnnement, there i¡ a rtriking circul¡r nror¡rlrologir:al deprernion, witl¡ ¡
tli¡¡ltetcr ¡¡f 3.64 k¡n. Bn¡ed nrninly on geolo¡gicrl itrforrrration, ¡rrr:viour investigatora
nrrggented t,lr¡t the origin of the Q'olö¡¡i¡ ring-otructure is due to an inrpact of a
nteteorite. 'lhe tlepreerion i¡ lillerl wil.lr Qrraternary <leporitr. tlr ortlc¡ to cnl,inrate
the depth to the basentent, a tocd of 29 ¡¡cal¡r rtr<liorrrrgnetotellr¡ric (AMT) roun(lings
(npectral frct¡ttcncy rangel l-5000 llz) were c¡r¡icrl out, Rc¡¡r¡ltr¡ fro¡n lD nrodetling
rreing both Nil¡lett-Bo¡tick tr¡nafo¡mation and Occ¡r¡¡ invc¡sion rhow ¡ ba¡in-like
rhnpe of the eetli¡nent-b¡¡elnant inte¡face. 'l'he AMT maxi¡nun¡ tlept,h of thi¡ inte¡f¡ce
ir 440 nr ¡nd ir loc¡ted approxirnately nt the centre of the <te¡rranrion.

ESTUDOS GEOELÉTN.ICOS DA ESTRUTUNIA, DE IMPACTO DE
cotoNIA, SANTO AMAn.O, DSTADO DE SÃO PAULO - Bn.ASrL
' Âproxilrrntl&nrente 35 kl¡¡ ao ¡ul <l¡¡ (ir¡n<le Sðo l'ar¡lo exi¡te r¡r¡rr proenrincnte rle-

¡rrernÅo nrorfológica circttlar, coo¡ unr rliô¡netro <le 3,64 ktn, no e¡¡¡l¡a¡n¡nento c¡i¡ta-
li¡ro, Bnse¡nrlo-¡e fun<la¡¡re¡¡t¡lll¡c¡¡te e¡rr con¡irle¡¡çõer gcológica.n, invertigarlorer an-
teriorer ßrtßeren¡ qtte o origettt rla rk:¡rrennio ci¡cula¡ de Colôni¡ eeja devirla no impacto
tle t¡n¡ nteteo¡ito, A tlepreetio est{ prcenchi<ln por se(li¡nentos (l¡¡¡rternlrioß. P¡re es-
tin¡nr ¡ ¡rrofundidatle tlo e¡¡¡bn¡¡r¡¡¡cnto for¡nr re¡li¿¡tla¡ r¡nt tot¡l de 2g rondageno
audiontagnetotehÎric¡s (AM'l') col¡rintlo a fairr erpectrnl I llz . 5000 tlz). O nrodcln-
ntento lD t¡santlo ¡ tr¡rnsfornt¡çio de Niblett-Bo¡tick e ¡ inverañ,o de Occom n¡ost,r¡nt
co¡no ¡e¡t¡lt¡do¡ a fo¡¡¡¡a dc r¡¡¡¡a bncin pnrn ¡ i¡¡te¡f¡ce serli¡¡¡c¡tl,o-c¡¡rb¡¡¡n¡ento cris-
talino e aproxilttatlatt¡cr¡te no celrt¡o tln rle¡rre*sio urna ¡lrofundidade móxim¡ cle

440 rn.

1. INTRODUCTION

Meteorite cr¡rters &re structures rreuolly found
smong planete of the aolnr syatem. It is Êccepted

that cratering was I fundamental procees in the evo-
lution of ühe terrestrial planel,e. Therefore, tlroy ara

important in comparative planotolog)t e.g., the uee

of cr¿ter corrnto to estir¡¡al.e the age of unsanrpled
surface units on the planete ia a well established tech-
nique (Cirieve ancl Roberteon, 1079), Tl¡e nr¡mber of
recognizcd irnpact cratere on the Earth ie relatively
emall, com¡rnred for example to the heavily cratered
st¡rfaces of Mercury ¡nd the Moon. Systernatic tele-
eco¡ric surveya carÌied out over the la.st two decacles
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ehow tl¡al, the flr¡x of nsteroids snd cornel,ß nuclei in
tl¡e E¿rl,h's neighbourhood is aufliciently high ao thaü
the ellecte of occa¡ional collisiona ehould be recog-

nizable in the geological record (Shoemaker, 1983).

However, tectonical and erosional proceeeea alùer the
Earth's su¡fece gradually, affect,ing also the impact
atructures in such a manner that they may loose their
original morphology o¡ even disappear as recogn¡z-

able features in a geologically short time interval,
Dietz (1961) proposed the designation a¡trol¡leme for
all structu¡ee which have their origina associeted to
an anc¡ent impact, The term astrobleme ie derived
from the Greek astro for etar and bleme for wound.

On the Earüh, l,here are about 150 known im-
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¡>oct rt,rttctrtren, divi<ltr<l i¡¡to tlrree cal,egorica: (l)
t)rovon i rr r¡racl, strt¡c t,t¡ ¡t:n w i ül¡ ¡usst¡c iat etl ¡ ¡¡etcori tca,

(2) probnble itrtprrct crater wit h eÌ¡ock ¡rtel,alltor-

phisrrr presenü in targel, rocks and (3) ¡rosaible irrr-

pact crater with ehock rttel,atttorpltis¡ll ¡¡oü esl,ab-

liehed (Grieve ancl lìobertson, 1079). Six of t,hene

irn¡rnct eitee (mixed categories) are ¡rreeenüly recoS-

rrized on Brnzili¡n l,erril,ory end ¡t is very posrible

l,l¡¡rt tl¡eir nt¡¡nber rniglrt lre even Sreeter ((lroal,a,

l 082),

Basc<l on morphologicol rr rgulrteltts, Kollert
e.nl,. (196l) were the ftrst to propoee l,hat tl¡c ori-
gin of l,he C.lc¡lônie dnpression wan tlt¡e to an itnpact

o[ n rr¡eteorite. Ilowever, t,he ltck of <lircct evi-

<lencc, nrrch ¡rs ¡ssocinted ¡¡¡eteorite frtgtttentn and

sl¡ock ¡¡¡et,alrrorphic fenturee in l,lre allecl,etl cotttrl,ry

rock (nlrattor-coneB, altock-mi¡¡ernls), clrussifìes l,l¡e

Cjolôr¡in atr¡¡ctt¡re as a ¡roasible irrrpncl, sil,e ((irieve

¡rnrl lì,r¡l¡erl,sott, 1970),

'l'l¡c (lolôni¡¡ de¡rresniotr l¡as ¿ di¡r¡¡¡el,er of 11.64

k¡r¡ rurtl it is tl¡e stnallenl of l,l¡e six inr¡rncl, sil,e$ ex'

inte¡lt i¡¡ lìrr¡zil, 'llle cerrl,r¡rl ¡rlaitr ie prncl,icrrlly cir-

cr¡lnr nr¡<l srrrror¡¡¡(le(l by a rilrg-elra¡retl wnll of lrilln
rinirrg rr¡r Io 12$ ¡n ¿bove tl¡e ce¡rl,¡e. Tlte tle¡rrrtnrion

ia fìllerl wil,lr Quaternary de¡rositr, riclt in clay arr<l

orgarric cornponentr (Kollerl, et al., l06l), ll.s lriglr

sedin¡cnt ¡rccrrrnrrlation tnnkes it a goo<l eite for ¡ra-

leocli¡¡¡atic stutlies. Âccordirrg to early gravity nnd

electrical resisl,ivil,y cl,u(lies t¡¡¡<lertake¡r by Kollert, et,

al. (10ßl), tlre trritritrrtulr <leptlr of t,he l¡a¡rct¡relrt i¡ it¡
tl¡e cente¡ of tlre depre¡qsion lletween 281¡ ¡¡r al¡<l 400

m cleep.

Only n few rnngnel,ol,ellr¡ric sl,t¡rlien were r¡¡rrkrr-

taken in area.¡ of meteorite ilrr¡rnct clnlern. 'l'lrey

urrrally invcstigated tl¡e olfect,s in tlre strucl,tt¡e of
the u¡rper crusl, (lue l,o the irn¡racl,. A¡rnrl, frotrr ¡rossi-
ble conducti ng fr¡rcl,rr res, scal¿rr nucl iornnglrel,otel I rr ric

investigations in t,he Charlevoix (lrater ((iannda)
¡lrow ¡ lerge vnrirrl,io¡r i¡r co¡rtlttcl,tlrce (cotrrlrrctiv-

ity x tlrickness) in tlre ru¡rerficial cc¡ver ((ilrorrleur,
l08li), Recerrt rrrnglretol,elluric inveetigntior¡s ilr [he

Be¡rìe crater (Murccslrnl rtrd Cjhotttrrau, 1000) n¡¡rl ir¡

t,lre Siljan Cjr¿l,er in Sweclen (Zhulry,, 1080) nhow a
complex fracturing of tlre up¡rer cruet.

The m¿in objcctive of this eturly is to esti-

¡nate the depth of the sediment-basemenü interface
of the Colônia craüer. For t,his purpoae, seve¡al ÂMT
eoundinga were carrietl or¡t. Niblet,t-Boetick transfor-

¡n¿l,ion (Jonea, 1083) and Occam inversion (Coneta-

ble el, al., 1087) wcre employed to model l,he <lata.

'Ihe lriglr level of cultur¿l noiae, dttc to the rel¿tive

¡rroxitrrily of ùhe crater to the city of SÉo Paulo, af'

fected strongly l,he sound¡ngs in the lower frequen-

cies. lt tlrue prevented further invcetigation ofetruc-
turea in tlre upper c¡ust caused by the poseible im-
pact of a rneteorite.

2. GEOLOGY

'l'he Cjolônia st,ruct,ure is located in the P¡ecam-

brit¡r cristnlli¡¡e of the Ribcira Fold Belt, which is
corrr¡ronerl of metnmorphic rocke of the 'Ilansama-

zorric CJycle (1800 - 2200 nry), later re¡r¡obililized

rlurirr¡¡ the Brazilinn Clycle (450 - 050 tny) an<l pene-

trnl,crl by grarrites of severolagen (Hnnrriet, nl., lg75).
'l'lre regional sl,rr¡c.l,r¡re of l,he b¡rstr¡r¡ent is character-

izlrl lry l¡locks fc¡r¡¡red by a ayel,en¡ of [¿t¡lts, with
r¡ gc¡¡cral t,rerrrl ilr t,he BNIì-WSW tlirecl,ion. After
[¡,1¡¡¡:r'rlo (1080), the Riheit¡¡ Folcl llelt' repreeenta a

zo¡¡c of lit,hos¡rheric convergence ocurritrg tluritrg the

'[]r¡¡sili¡uro' Cycle, so that the fault-eyntetr¡ ia conel,i-

trrtetl by rlee¡r cruutal dieconti¡¡r¡ities.

A ceries of c¡¡¡all taplrrogenic basins, e.g., Sõo

Paulo, 'Iaulratd, Resencle, ¡re fort¡¡rl along t,he re-

gional l,rcrrrl ir¡ the Ribeira Fol<l Relt. Tl¡c formetion

of tlris t,aplrrogenic syrtcnr in of Oligocene nge (Ric-

eo¡nir¡i et nl., 1087).

Â sirrrplilie<l vereion of (.lor¡tinho'a geologicnl

map of tl¡e are¡r eroun(l Colôni¿ (Cout,inho, 1980; ln:
Riccornini et al., 1080) sl¡owe a great variety of base,

ment, rockn (Fig, l). 'l'lre mnin types are gneiesee,

nrigmatitee, rliorites, nric¡ rchint¡, quartzites, my-

lonitea, nret¡rbruil,ce nnd granil,en.

Sar¡rlsto¡res out,croping alolrg t,he S ancl SE bo¡-

<ler of the strr¡cl,r¡re ¿re ¿ttribr¡l,e<l l,o l,he São Paulo

Format,iorr, an Oligocerre de¡rorition of the Sio Par¡lo

llnsin (lìiccor¡¡i¡¡i et al., 1089), Tl¡e interior of the

tle¡rreesion is fillc(l witlr ()unternary alluvinl and col-

lrrvial de¡losits ricl¡ irr ckry nrrcl organic com¡ronente

(Kollcrl, ct al,, 1001, ll,iccolnitti et al., 1980).

'l'lre ¡lrolrnble ege of ntr iln¡racl, ie ba¡ed on mor-
phologicnl ¡rreeerval,iotr ¡rnratrretere of impact cratelo,

wl¡ich ore <livitlcd i¡¡tr¡ scven levele. The clegree of
preeervaüion of t,lre (.lc¡lônia sl,n¡cture lies between 3
ancl 4, i,e., the sürr¡ctr¡re lrtu partly preserved crater-

fill products ¿n<l a parl,ly ¡rreservecl rim, although
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doeply erodcd (Riccomini cl el.' 1980). According to
an empirical reletionehip between ege, diamotor end

preservation lovel (Grievo ¡nd Rpbcrtron, 1979), thc

Colônia impact craücr, with ¡t¡ 3.64 l¡m of di¡mo'

ter end prororvational dogroo bctwccn $ ¡nd 4, ha¡ ¡
maximum egc of impect batrrrcn 36.,1 ma (Eocene

Oligoconc boundary) and õ.2 me (MioccnePliocone

boundary). Thc cxi¡üoncc of oligoccnc rcdimcntary

rock¡ from thc Sõo P¡ulo Iìo¡m¡tion in¡ide tho m¡tcr
sgrae¡ woll with an Oligoccnc timing fo¡ thc m¡xi-
mum tge of ühc imPect.

3. THE AUDIOMAGNETOTELLURIC
METHOD

The magnetotelluric (MT) aounding method al-

low¡ thc dcüormin¡tion of ¡ub¡urface conductiviüy

dietributionr, barcd on thc propagetion of natu-
ral olectromegnetic rignelr. Whcn applicd for fra
qucnciee in thc ¡udioficqucncy tônte, ühir tcchniquc
i¡ cellcd thc audiomagnetotclluric (AMT) aounding
method. Det¡ilod diecue¡ion¡ ¡bout the theory and

applicaüion of tho AMT method ie given eleewhere,

e.g. Sürangway oü al. (1973), Hoovcr et al. (19?6)
and Strangway end Kozi¡r (1979).

The m¡in Bourco of aignale in tho audiofrequency
rango ¡ro worldwide lightning stornu, which are par-

ticularly concentr¡ted in the üropice. Tho cnorgy
genereted, reforred to in thc litcr¡üure ae apheriø,
propagatee around ühc wo¡ld ineide ¡ wavoguido ly-
ing between the E¡rth's ¡urfece ¡nd thc boütom of
tho ionocphcro (Strangway ct ¡1., 1973), The on-

crgy ie reflected maqy timoe bctwccn thc lowect layer
of tho ionocphero (D-lryer) aud the ¡urf¡cc of the
Earth. During tho night, thc D-layer diaappeara and
tho waveguide changer ihe height from 60 km to g0

Lm¡ thie cro¡to¡ ¡ diurn¡l va¡i¡tion in ühe n¡tu¡o of
ühc rignal dcriving from thc activity of di¡t¡nt ¡torm
ccnürc¡ (Kollor end Fli¡chknccht, 1960). Thc ¡ourcc
of thc rphoric¡ cont¡in¡ e widc rpectrum offrcquen-
ciæ, but thc wevoguido ha¡ a preforcncc for ccrtain
frequoncioe, thc ¡o celled Schumtnn reron¡nco¡ ¡t
8, 14, 20, 25 ¡nd 32 Hz, where fairly rtrong cnergy
peakr erc obocrvcd (Sürangway eü al., 1073).

The elcctromagnctic rignal ir a¡sumod to be a
planc wave propegating vertically downw¡rd into thc
Earüh. Thi¡ condition i¡ v¡lid whcn both tho onorgy
sourco i¡ ¡cvc¡l wevelengthr away from thc point of
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mcrsurcmont and tho dirplaccmcnt current¡ in ühc

E¡rth c¡n be neglecüed (Hoovcr et al., lg76). For the
eubaurf¿co thic energ¡r i¡ likc a ffucüuating magnoüic
field inducing clectric currcnh (Fareday'r law) callcd
talluric currcnt¡. Thoeo currente ara reponaible for
the horizont¡l eloctric field (E) mea¡ured at the ¡u¡-
faco, which ia orthogonal to thc a¡eociated horizontal
megnel,ic ñeld (I/). Tho r¡tio of the induced elcctric
ñeld (ø) to üho associated inducing magnetic ñeld
(H) h thc ¡u¡f¡ce impodancc (Z) and üho apparent
reeiativity po ie determined by the following equation
(e.g. Hoover oü al., 1976):

I lDlz
P"= 61ffi (l)

whe¡e f ia ühe frequoncy in Hertr, E is the eloctric
ñold in microvolüc per meter, B ie the magnctic field
in nT, end p6 i¡ üho epporont rceieüivity in ohm-
metere. Two oüeol sü¡kcs - urually a fcw ten¡ of mo-
toru epert - ¡ro u¡od ¡¡ elcctrodec to mea¡uro tho
horizontal electric lleld (E). An induction coil placed

orühogonally üo tho electrodoc ir u¡ed to mea¡ure ühe

ho¡izontal magnetic ñeld (H). E¡ch AMT aounding
coneiat¡ of meaeuring aimultanoouely tho electric ¡nd
magnetic fiold¡ in two pcrpendicular di¡ecüione (XY
and YX). For a onedimeneional (lD) Earth, thc re
eietivity verioe only with depth rnd the apparont ro-
sieüivitics raoumc the eame v¡lue¡ for any orientation
of the elcctrodc¡ ¡nd üho induction coil. Dietincü ap
parent rceiativity reaponsð for ühe üwo perpcndicular
dirocüion¡ in thc rame ¡tation are ôn indic¡üion of lat-
cral v¡riation of the conductivity of ühe eubeurface,

i.c., two (2D) or lhroo- dimon¡ional (3D) atrucüuree

yield dioüinct reeponeoc dopending on the mearur-
ing directionc of thc horizonü¡l oloctric end magnoüic

ffeld¡.

Tho pharc botnren the ho¡izont¡l eloctric ¡nd üho

magnctic field rignrb i¡ anoühcr importent tðponæ
parametcr ¡nd for ¡ onè dimen¡ional Earth, ir givcn

by thc r¡tio of thc imaginery to the reel pert of the

tudôco impedanco (e.g. Szarka and Fi¡chor, 1989):

ptD = tn-rllma¡e(u)/RcZn(u)l (2)

(c.r = 2tl ie thc anguler froquoncy, Z ie üho

impcdancc).

For ¡ uniform conductor of reei¡üivity p, thc
rurfacc impedance i¡ reduccd according to Ficchcr

(198õ) to
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Z(u) = Írt,rpl'l' ex¡r(ir/4) (3)

tl, ic wcll k¡¡ow¡¡ l,l¡at, ft¡r ¡ rr¡rifrrrln ¡netlir¡¡¡¡ t'l¡e

electric lieltl ie 450 nl¡urtl of l,he msgnetic fielcl, n's iu

ensily scen in et¡ttttiotr (:l). lrl a lnyered ll¡¡rtlr, t'lte
phase will rlil[er frot¡¡ 45o, 'l'he st¡rface irtr¡rerlatrce

cn¡r be trxprcssetl nccortlittg t,o l'iscl¡er (1085) by alr

ap¡larent resict,ivity po(ø) arttl n plrase rp(ø) betwccn

0o antl g0o, if n ti¡r¡e rle¡rcttrlertce of erp(+døt) is

assr¡nrerl:

Z(u) = Írttupul'l' ex¡r[dg(tr)l (4)

4. FIELD WON.K

'l'he fìel<l work wnc do¡te il¡ lwo cnrn¡rnigns nt¡<l a

tot,al of 20 srrnl¡u ÂM'l'sotrtlrlittgn were cn¡rietl ot¡1,,

Most, of l,lre firsl, l7 norrn<liugE were t¡l¡t¡ri¡te<l follow-

ing a ¡rrofìle rorrglrly orl,hogotral to tlre regiotl¡rl st,rike

of the cristolli¡re b¡sellrent, ctrtt,itrg the sl,rrtcl,r¡¡e ra-

dially, Twelve ol.l¡er tl,atio¡tn were tlistribtll,od i¡tnide

tlre cleprcrriott aitrrirrg l,r¡ ¡evcnl ¡lossible l¡rl,ernl vari¡r-

l,ions (t,lre stnl,ir¡lts locnliolt nre ¡¡l¡owtt irr l"ig' l). 'llre
relal,ively ßlnall lrl¡lnlxrr of r¡l,nl,iot¡n ir rlrte l¡ol,h l,o l,lre

dense nnrl tlrick vtgclal,iolr n¡¡<l l,o ûlre lrrr¡çe nwttrt¡r

are¡¡s innide t,lte <le¡rresriolt, MoHl' of l,l¡e l,rncks, itt-

clurlirrg tlre profile crtt,l,irrg tlte tlc¡rre*riott, lrtrrl to be

openerl by rrrnclrcl,e ¡¡l¡<l ¡rickle <lrrrirrg t,lre fieltl worlt

operatiott.

^ 
S^G/\X scnlnr ÂM'l'er¡tti¡rtttcttl, ((inrruln) was

tutcd i¡¡ tlte itrvesl,igr¡l,irr¡t. lt is ¡ritt¡il¡r¡ lo tlre o¡¡c cle-

ecriberl by Strnrrgwny el, nl. (l97il), 'l'he elccl,¡iç61

fielcl wru l¡tcusttrc<l nl cnelt rl,nl,iolr ilt two l)er¡)en'

diculnr rlirecl,iotrs lly lwo clccttotle¡¡ ll¡nrlc of ¡¡l,eel

st,aker, ¡¡etrernlly nc¡tnrtl,crl by 20 rrr. At¡ ilr¡lrrct,ion

coil plecc<l ortlrogorrnlly l,o l,l¡e tlirect,iot¡ of l,l¡c t,wo

electrotles wns usetl to n¡c¡u¡trrc Rit¡rttltalleot¡sly l,he

horizontal rnngnetic fìeld.'l'lte ttterusttrittg directionn

wme N60E nnd N30W, respecl,ivcly parallel ancl per-

pelrdicrrlar to the regionnl sl,rike of tlte b¡uscment,

or¡tsicle l,he deprensio¡1, Bol,h directioltr nre rel¿l,etl

l,o the tnngtratic Norl,h, whicl¡ in ¡rrenetrtly allor¡t l7
Wesl, of tlre geograpl¡ic¿l Nortlr in l,lre (iolô¡tia area,

5. FIELD DATA

Tlrc mea¡urementg were carried ottt, at selectecl

diecrete frequetrcieo in tl¡e rango between 4600 and

I llz. The nounding resr¡lts are preeente<l in double

Revist¿ llr¿sileira cle Geoîlsiea, 1992, Vol. l0(l),

logarithmic plotn of freqtteny versua apparent rerir
tivity.

The equiprrrent ttee<l in t,his work does not, pro-

vi<le information ¿bout l,he pltase, but l,he errr¡lloyecl

invcrsion ¡chetr¡ee rer¡uire the phase for calcrrlal,ing

the conducl,ivity rtrrrctr¡¡ee. Thcee schcmee ate uru-

ally more efficient t,han t,hose operal,ing only with

the apparenl, resistivity. Accorcling üo Fiacher ¡nd

Schnegg (1980), the phase can be calculated from

a srnoothed eingle-valued fr¡ncl,ion Po, so that the

computerl plrase and the correaponding apparenü re-

siutivity are compaùible with n tabr¡lar strr¡ctt¡re ancl

suitable ü"e ¡nput for lD invernion scl¡e¡¡¡es.

For r¡ lD Earth the pha.se.p cntt bc declr¡ced from

l,he n¡r¡rtrent resistivil,y po throttgh the approxinla-

tion

p(r)=î-î(,.#) tur

wl¡ere 'l' ie the periorl in seconda (Weidelt, 1972).

Silrce rlor¡hle logarithrnic plote of po nre ttsed, the

¡rlrure cnn l¡e obtninetl fiol¡t tlte Rlope, i.e., from t,he

firat, rlerival,ive of t,l¡e eottlrrling curves.

For l,lris pt¡Ìpoae, a polynotrúal lìt of the apparent

rcnint,ivity

M

logp,(T) = oo* f n¡(log?')ß (0)
ß=l

rrairrg genernl linear least eqrtare criteria (Preas ct

al,, 1087), 'l'hc resr¡lting polyttotnial fit, i.e., the coe'

lìcie¡¡t.q (¡È B¡r(l tl¡cir ttncertaint,ien ó¡ nre obl,ained by

minilnizilrg t,lre ¡- ñ(lunre fttnct,ion

,, = Ë 
[r"gp"tnl 

- D-f=, "tt¡"sn)t]' (?)

using tlre r¡retl¡od of no¡n¡al equationn (Prese el,al.,

lg8?). 'I'he vnriable a¡ ia t,hc error of po. Since the

polynomirl fit is a goocl opproxirnation of the po data

curve, the phrue c¿n tl¡ue be obtainccl by analytically

<lifTerentiatirrg the abovc polynomial flt, of degree M,

the¡efore originating anot,lter polynomial fit of degree

M-1.

cllog p,(T) M

=tlr*f&a¡(logT)l-t (8)
dlogT

l¿=2

The uncertainLy runociated with the calcr¡latecl

phase can ¡¡ow be determinecl using the errors of t,he
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ct¡eficiente of tl¡e sccond ¡rolynotnial' The ntand¿rd

error dù of a fr¡¡¡ction of voritlllce Y¡ ancl conntante

&¡ of the form u = Èo * å¡Y¡ ir given bY

tlz

travcrse, Peeurlosectio¡rs ¡¡llow tl¡e ollscrvat,ion of lat-
cral and vert,ic¡¡l varinl,ir¡t¡¡l ¡¡in¡r¡lùaneor¡nly (Sl,rnng-

wey et nl., 1073).

In Fig. 3 tlre peerrrlosection for both rounding
cli¡ecl,io¡¡s (XY an<l YX) ulrow a eimilnr bel¡¿viour
in the ¡¡riddle of the <le¡rreeriorr, but dirt,inct, depth
cliatribr¡tiona of po at t,l¡e borrler, wlricl¡ is rtrlated
to tl¡e al,cep resietivity contrult between sedimenüe

filling tho deprcssion and the cristalline rocks of the
rim.

Peeudoaections calculatetl lor tl¡e rrrost, eiln¡rle 2D
¡trucl,ure - tÌ¡e vertical f¿rrlt - tre prercrrl,cd by VozofI
(1072). For a profìle crossirrg tlre fault, tlrey preeent

¿ amool,h r¡ratial vari¿tion in l,lrc a¡r¡rnrerrt renistiv-
ity vnlrren in tlre rlirectioll ParalL,rl l,o l,l¡e et,rike of
l,l¡tr fault ntrtl a jutrrp in l,he n¡r¡rarel¡t, resintivit,y filr
t,lte per¡rcndicrtlnr <lirectiolr, 'l'his l¡nh¡rvior¡r is gee¡r

irr Fig, 3, wlrert-. tlre XY- rlircct,ior¡ - pnrtllel to tl¡e
l¡o¡<ler - sl¡ows a r¡¡rool,her v¡¡¡i¡rl,in¡¡ of l,he n¡rpnrent

resistivity conr¡rnred to l,he YX- tlircct,ion, perpe¡r-

<licttle¡ to the borrler.

7. DEPTH OF PENDTN,ATTON OF TTIE
ELECTn.OMAGNETIC (BM) FrELD

'l'lre rle¡rt,h of ¡rctrcl,rnl,iolr of tl¡e DM lìclrl is nat-
rrrally controlled by tlre grenter ¡renet,rntion of t,he

lower frtr<¡ue¡rcica èn(l by thc contlrrcl,ivil,y of l,l¡e

¡r¡etliurn in which the wnves ¡rropagate. It can be

relatctl to tl¡e fre<¡uerrcy e¡¡tl ¡esietivil,y - irrverse of
conclrrctivity - by tlrc conccpt of t,l¡e ekin-(le¡lth, given

tLg

o = 600(pT)tl2 (t0)

where o is the skin-dc¡rt,h in meters nnd 'I is ühe

periorl in sccorrdn, 'llre skin-depth ie tlefinctl a¡ the
tlcpth where botl¡ electric and magnet,ic lielcls nre

reclr¡ced to l/e of their surface values, The concept

of skin-tlepth is not nynonimous, åa often assumecl,

but closely relatecl to t he clepth of penetral,ion (S¡riea,

l 080).

Due to the relative proximity of the atudiecl struc-

ture to the city of Sño Paulo, the nat,ural EM eig-

nals can be much influenced by the high level of cr¡l-

tural noiae characteristic of populatecl aroa¡, This
behaviou¡ ie wcll rcflectecl on the high graclient of the

apparent reaiativity curves at, tl¡e lower frequenciee.

M M-I M

6u=
l=l í=l J=J{l

wlrere a¡ are the uncerl,ai¡tl,iee of Y¡ attd o¡¡ the co-

vnriances between tl¡e variahlen; Rektorye, 1060).

'Iypical aouncling curves and the approximðted

¡rlrue valuee ¡re ahown irr Fig. 2, for stations 4 ¿nd

20.

Sl,ntion 20 is local,erl ¡¡ear Ll¡e cenl,re of tl¡e st¡r¡c-

ture (Fig. l) ancl is reprercntative of ¡r¡ost sl,ations

insi(le the depreesion. 'l'lre sor¡nding crrrves for the

tellr¡ric lines in tl¡e XY- rlirection (N60lt) arrtl in l,he

YX- rlirection (N30W) are nearly eqrral (Fig. 2b),

irrrlicrrtirrg a ll) atn¡cl,r¡re of tlre sr¡hsurface, St¡¡tion

4 in locntecl on l,he borrler of the <leprea;ion (Fig.
l). 'l'lre r¡r¡rnrerrt renintivity vrlrrer of st,al,iolr 4 are

clenrly lriglrer tl¡n¡¡ tl¡e o¡res in al,nl,iotr 20. 'l'l¡e ho-

¡noßcneoua belr¿viot¡r of boil¡ corrntlirrg rlirectio¡rn in
cl,¡rl,ion 20 is not obse¡ved in et¿l,io¡r 4. 'lhe a¡rparent

reaistivity dnt,¡ for the YX- clirectiol¡ in l,l¡is lnl,ter
stal,ion preaento higher valr¡es tlrnn tl¡e o¡res in the

XY- <lirection, in<licating ¡ lnteral vari¡rl,iolt of resie-

l,ivity. Thie is rrrainly tlue to tl¡e f¿ct tl¡nt etation 4

in rlirectly al¡ove l,lre cristallir¡e ba¡t'l¡rc¡¡1,. 'll¡e l¡nse.

¡¡rent ¡eoches l,hc su¡face at t,l¡e bortler of the et¡uc-
trrre fonning the riln. 'lhe crintalline rocks of l,he ¡iln
u¡d the sedimente filling the tleprearion builtl a rtee¡r

electrical interfnce, The mont sinrple 2l) l¡¡otlel cor-

rcaponding to such ¿ eitr¡ation is the vertic¡l f¡rrrlt.
'l'l¡e effect, of higher a¡r¡rarent resistivitics in the YX-
<lircction of etal,ion 4 is dr¡e f,o ita per¡rcn<licr¡la¡ ori-
elrtotio¡¡ relet,ively to l,he border of t,l¡e st,rrrctrrre, i.e,

ll polarizrtion mocle, Opponitely, tl¡e XY- rlirection
sl¡ows lower valr¡es for tl¡e np¡rarent renistivity be-

cer¡se it is orientaterl pornllel to tl¡e bor<ler - l,he E

¡rolrrization nrocle.

6. PSEUDOSECTIONS

Peeudosections are plots representing t,he tlistri-
bution of the apparenü resietivity as a function of
frequency along a traverse. The ordinate ir propor-
tional ùo the logorithm of the frequency (clecreasing

clownward) and the ¿bscissa ie the distonce along the

Revist¿ B¡asileir¡ cle Geofísica, 1992, Vol, 10(l),
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Figrrro 1. Simplifìed Beolog¡c u¡sp of the Colôni¿ impact ereo, Bl¡owing nricaachieta, quarl,zitee, locally myloniüee
(l), migmatil,ee, elao locally n¡ylon¡tcs (2), dioritee (3), sedimentary rocke from tl¡e Sõo Paulo Formation (4),

Quaternary allr¡vi¡l tleporits (5), crater rirn (6), etrr¡ct,ural ürencl of the Preca¡¡tbrian basement (7), and the
loc¡l,ion (l-29) of ühe ÂM'f sounrling aitee (after Corrtinho, 1980; In: Riccor¡¡i¡ri et al,, 1089).

(Mapa geológico sim¡tlifìcxlo rla áre¿ de irrr¡racio Colônia, mos|¡ando cl¡istos de ntica, queîlizito, miloni¿as
Iocaic (l), migmatita.s, milolitæ locaìs (2), dioriha.s (3), rochæ sedir¡er¡ts¡cs <le forma,ção de São Paulo (4),
depósitos alr¡viais Quaternrórios (6), crateræ (6), estrutur¿ de base Prccambriann (7), e as locaçõcs (l-29) dos

sond¿do¡es AMT (segundo Coutinho, 1980; em Ricco¡nini et al,, 1989).)

I't

aa' aa

II

O¡
a

'll
a'.tl'

rll

Jr. ll

.lla
a ¡ll

,q

l0
i.ltl

..ll
'l .t.ll . .lt.

|l

, .¡
.t .

Revisl¿ Brasileira de Geofísica, 1902, Vol. l0(l),



ô
a

XY
YX

o
ô

ÒJ
a

^
a¡t a

qot

W, Masero e S. L. tr'o¡¡úes

3l

coL4 co¡¿0

i
E

Ë

E

E

Ë

I

XY
r1(

o
ô

e
I

! ô
-a

a
'a¡
o{ro.oo

a

E:
ä
Ea
E

a

Åtlt
rÌ 

r
C

¡00,00 I k#* I
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lJcltrw ¡ Its¡1,¡ctllr¡r frer¡ttcttcy ' i¡¡ t,l¡e c¡we t¡f cl'¡rl'iot¡

20 for frtrr¡ttencies nt¡¡nller l,l¡¿¡¡ tlO llz (l'ig. 2) - l'lre
elope has an inclinnl,ion exccerling 450. Iìeccl¡t, sl,r¡tl-

ies rrsing indrretrinl noise a¡ a nigrrnl for itrvcstignl'irrg

l,he Da¡tlr'n sl,ructure reve¡rl i¡r tltc lte¡rr fìeltl, i'e',

Eorrrce is witl¡in l,ltc rutge of ol¡c-l¡tlI skilt-<le¡rl'lt, a

nlope in l,he tp¡rarent resistivity cttrve of 4l¡o and the

phasc valrte er¡ttal to zero (F<rlttce, l[)9 l; Qinn and

Petleroen, lggl). Accor<ling to Weitlelt (1072)' the

grarlient, of l,lre n¡r¡laÌcnt re$isl,¡vit,y tltl,ir ctlrve crl¡-

not, exceed ut¡ity for n I D Errrl,lr' (lo¡¡seirlrtcltl,ly, l'lle

plrrure varies llcl,weett 0o n¡ltl f)Oo (Wcirlclt', lf)72; er¡.

2,30),

tìelow e partinrrlnr freqttcncy wltir:lt v¡¡ries elighl,ly

for encl¡ nil,c, all t,he sott¡ttliltg ct¡rvcfl of (iolô¡¡in

exl¡ihit grnrlients greol,trr l,ltalr l,lre trtril,y, 'l'l¡in i¡
atrorrgly llelicvctl l,o be cettncrl lry crrll,rrrnl ¡¡oisrt af-

fect,irrg l,lre lowtrr frcr¡rtettcics (i.e. frr',¡ttcttcier krwer

l,l¡¡ur il0 llz i¡¡ ¡ltt¡rl, l¡t,ra¡ttrcrl sil'r's). Srt¡llrrlrl,irrg

l,hnl, irlc¡r is ll¡e fncl, tl¡nl, l,l¡r' rlc¡rrcssiott is local,ct]

in ['reculrbri¿rlt rc¡¡isl,i vc crisl,nl I i l¡r' rrtcks, wlr iclr il¡l-

¡rlioe tlrnt l,l¡e rrntr¡rtl rrigrrnl in rlisl,r¡rlrcrl lry l,llr: cttl'

turrll noise beirrg origirrtl'od in Sño Parrlo, dt¡c to l,l¡e
grea[er rkirr- <leptlrn of l,l¡e EM nignnln. llowever,

l,he rlaprr''ssic¡rr ir¡ fillod wil,lr firirly co¡¡tlrtcl,ive Qrrnl,er'

rrnry rle¡ronil,n, rich irr clny trtt<l orgnttie cottt¡rottettts,

lr¡ l,l¡ir¡ errvitott¡¡¡ent the tlc¡rllr of pcltel,rnl,ic¡¡r of t,l¡e

IIM nignal in al,roltgly rtrtlttctttl ' l,lrrrn l¡rlildilrg n gootl

shicld ngainsl, Ì(!u¡ot(! tli¡¡l,ttrl¡¿¡¡¡cer¡ of l,l¡e EM fir:ltl.

As mentic¡ned enrlier, l,l¡rl ( iolôlria <le¡rlersiott rr¡ltl il'e

arrrroutrtlinge &re covíÌretl hy llrick vegel,ation, wltich

mñkeß it, a frirly noi¡re fiee region, lt in t,lterefore re¡-

sonsblc to asst¡me tlr¡¡|, in l,lrc higlrer freqtteltcy range

nntr¡ral Bourcee arr<l/or trrírrr- tt¡¡ule platre wnveu tlottt-

inate tlre EM eigrraln.

^ll 
l,hê Rrgtttrtottl,n r¡rtl,li¡te<l in l,l¡ir sectiol¡ lesd

r¡s to n mnin workitrg lry¡rr-rtlrcrie, For ench ÂM'l'
sorrn<ling in thc (lolô¡rin tle¡rressiott, the t,rannitioll

lletween aedi¡¡¡e¡¡ts atttl bn¡¡cl¡tettt occttr ilr tlre rnttge

of freqrrenciee for wlriclr l,lre gradiellt of Lhe 8pp8r'

ent, resiet,ivity assrtnre v¡rlttes higlrer thnn one, cor-

renponding to a chattge in nignal of the phaee frorrr

posit¡vo to negative.

8. DEPT}I ESTIMATION AND ONE.DI.
MENSTONAL (lD) MODDLLING

The Niblett-ßosl,ick trangforn¡ation (Jonee,

Revisúa Br¿¡sileir¿ de Geofísic¿, ],992, Vol. I0(l),

lg83) a.rsoci¿tes t,he a¡lparent reeiativil,y data with

a reairl,ivity pß l,o t clepl,h lr

,, = |"ff),'f"' (r r)

pB = poÍ'l (t2)

wl¡ere ? io tlre period and rn(?) i; the gra<licnt, of

l,he n¡rparent reeistivity ct¡rve in double logarithmic

plot,u atr<l nr(?') - ffi The rlepth lr ie equivnlent

to a ¡rettel,rntion tle¡ltlt in a lrnlf-n¡lace mecliurn of

resinl,ivity equal to t,he ap¡rnrenù reeietivil,y at that,

particrrlnr period,
'l'l¡e Nibblet-Rosl,ick trannformation is o partic'

rrlnrly goorl rleptlr csl,imator i¡t a sittlttion of increa¡-

irrg colrrluctivity with tlepth. llowever, the depth

rc¡rolr¡l,io¡¡ ia ¡roor for tlre opposil,e eitr¡ation of de'

crensing eon<lrtct,ivil,y wit,lr tlepl,lr. 'lb alleviate l,l¡is

¡rr,rblerrr, .lo¡¡cs antl Fo¡¡l,er ( l{)tì6) propose consider'

irrg ùhe 2"d rlerivative of l,l¡c a¡lptrettt, resintivily tlata

c ll rve,

rrt,(I',)-M (t3)

Accorrling to the sstno sttthors, when m(?)
nrrcl rn'(?) are botl¡ posit,ive, the npparenl, resi¡tiv-

ity crrrve at, the periotl of i¡rterest, indicntes ¿ dif-

fr¡nion of ùhe EM signnln into an increasingly recis-

l,ive ¡¡re<lir¡m. lf rn(?) trrtl rrr'(7') are both negative,

tlre op¡rosite l¡olds trt¡e. [b¡ the for¡r¡er case, Joneo

an<l Fosf,er (1986) i¡rtrorluce a ¡nodifìed vereion of t,he

Niblel,t-llosLick tr¿nrfor¡rtal,ioll in te¡me of generat-

ing eharper variatiotts in resietivity at, a depth ñ:

prr = p.i+:iäitTiìii# ('I4)

for aign(rn) = sigtr(rtt'), wltcre r¡ = çþ for nr(l) ) 0

or rt = fi tor nr('I') < 0.

When eign(nr) f aigrr(rn') t,he Niblett-Bostick trans-

formation re¡nains unalterecl (eq, l2)'
To eetimnte l,lre clepth to the basement, both

vereions of tl¡e t,ra¡¡sfo¡rnation wcrc employed for all

al,¡tions. The t,ransition from secliments üo crist¡lline

rocke is given by the change of signal of the gradient

nr(?), wlrich is eqrtivalent, l,o alr un¡rhyaical negative

phase. 'Il¡is transition, duc to noise nignala travelling

I * n¡(7')
I - nr(Î)
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tong <listances in tl¡e reeintive cristnllino basenteni,

i¡¡crea¡¡ecl the grnclietrt rn(7') to value¡ higher tlrnn

one (ns cliact¡Bsc(l in scctio¡t 7). Âccording to Weidelt

(1972), tlre gradient of thc a¡r¡rarcnt resistivity dota

curve (the rrr(T) value) does not excccd unity for a
consiste¡rl, res¡ronse of e one-dilnensiottal Bertl¡,

lbr eacl¡ sounrling (both rlirectionn) in Colônin

obt¿in a set of rn(?) valrtes, t,l¡e first fcw negnt,ivea

followerl by poritive otres. 'Il¡e ¡ninir¡lurn depth to
tlre ba¡cment w¡u nssocial,ed with the la¡t of the neg-

nt,ive rl(?) valr¡ce while the r¡raxitntt¡¡¡ <le¡rth to the

b¡¡sc¡r¡ent was associrte<l wit,lr t,he fì¡st, ponitive rn(?)
vnlue, (lotrsidcritrg tl¡nt, tlrc workilrg hypol,herie in

correcl,, l,l¡e ¡¡ri¡rir¡u¡n tlc¡rl,h esl,i¡¡rnt,it¡n ie clearly a

low enl,ilnntion of ühe l,rrre de¡rtlr to l,lre seclin¡ent-

bnge¡r¡cr¡1, irrtcrfrce, n¡ it, in rlerivc<l lrr¡llr ut i¡tvenl,i-

gnl,iorr circle nt,ill insi<le l,lrc ¡e<li¡ncllts.
'Iab. I nl¡owe rcsr¡lts for both versions of thc

Niblcl,t-Bostick l,ra¡rr¡for¡¡¡otio¡r [or sl,otion 24, lo-

cntecl in t,he cenl,ral plnin of tlre <lepression (nce Fig.

l), For both XY- and YX- directions, tlre b¡r"senrc¡¡t

is esl,i¡nnlcd to be ¡t, a tle¡rl,h het,weer¡ l4f) nt n¡rd ilStl

nr, arrrl lrcLwee¡¡ 147 ¡¡r nrrrl 210 nr, rcs¡recl,ivcly,

For tl¡e XY- rlirectior¡, tlre associtl,erl Niblett-
Bosl,ick resisl,ivil,y aù l,l¡e ¡¡¡¡rxi¡¡ru¡¡r clc¡rl,lr of 358 ¡¡¡

cor¡lcl nol, be cnlcrrl¿tctl, beeRuee l,he grulierrl, rrr(7')

is less l,hnrr one, thr¡.q inrlicrl,irrg n rt,rolr¡g l)reßence
of cr¡ll,rrral noise irr Lhe ¡¡al,rrral electrornngrrelic sig-

nal. The lr¡irri¡¡rru¡l ent,i¡¡¡¿rti<¡r¡ [or tl¡e tlepl,lr to tlre
baser¡¡ent liec 140 rn urrl thc ¡ekrl,ively low rerirl,iv-
ity value st&nrlr well frrr l,lrc sedit¡rctrt-fillilrg of l,he

dc¡lresnion, A nlrraller rle¡rth-cstirrrÈtio¡¡ is obteinerl

f¡otn l,l¡e rlnl,¡ of l,lre YX- rlirectio¡r. 'Ihe ll¡usr:r¡renl,

liee nt ¿ ¡nnxi¡r¡r¡nr de¡rl,lr of 210 nr alrd llre tuso-

ciatcrl Niblett-Bostick rcsislivil,y in vcry lrigh, As

c¡r¡¡ be seen in Tal¡, l, Llre result of tlre lrrotlified
Niblet,t-Bostick transformntion givcs an cven highcr
reeistivity value, elrowing n sharp increase wil,lr dcpth
on enüering the higher reeistivity zone re¡rresenl,ing

the basement,. Roth resietivity vah¡es are dr¡e to t,he

m(1) vrlue, which is nearly one, generating a plrase

close to 0 nnd therefore lrigh resistivities,
The Nil¡let,t-Bogl,ick transforrr¡¿l,ion for nlI otlrer

st¡tions thue reaultetl in a series of rnininu¡m n¡rtl

maximum clepthe for t,he bnscment, il¡tcrfacc inside

the deprcseion. Despite the e¡rarse quantity of dsta
yielding de¡rth eetirnation¡ ineicle t,he clepresaion, one

was l,empted to plot the reaulting epntinl distribu-

Revist¡ Br¡rsileir¿ cle Clectfísica, I9!)2, Vol. l0(l),

Table 1. Dcpths ancl resistivitics for both versions
of tl¡e Niblett-Boel,ick l,rangformation for the XY

and YX rounding <lirections of etetion 24.

(Profuncli<lacles e resistividades pars &e duas ye¡sões

d¿ trtnsfo¡maçôes Niblct t-Dostick psra a.e cliregões
de sondagel¡s XY e YX, rra estaçã,o 24,)

DEPTII

ff¡

RDS

Om

RDS.
(morl. vers)

Om

XY YX XY YX XY YX

30
36
47
40
86
f¡0

il7
t40
3!'¡8

l0
23
29
29
4t
6l

t47
210

43
t0
I
4

ll
4

23
54

+++

ß

5
fi
l¡

I
t8

1,50

4277

43
t7
6

4

ll
4

30
132
++*

fi

6

,5

6

I
27

441
r 6868

tiolr, tlrus rcarrll,ing in a topogro¡rlric view of r¡ mini-
rr¡urn an<l r¡¡Rxi¡r¡r¡trr srrrface lor tlro basernenl, (Figs.

4 ancl 5),

Alt.lrouglr exhihiting distinct pnttern for e¿ch

cnse, tlre ci¡cr¡lar sha¡re of tlre rlepreesio¡¡ ie well de-

¡rictetl in all plotn. lt ia l,lrerefore consietent, with
the hypothesis of a¡¡ irnpact crater. For botl¡ XY-
anrl YX- directions, l,Ìre mini¡nrrm anrl msxinu¡m ea-

ti¡n¿ted clepth to l¡nsenre¡¡|, in l,he centre of the de-

presaion is nror¡nd 200 m nnd 440 m, res¡rect,ively

(Figs. 4 arrcl S).

Bnsecl on ¿ l,heorctical relatio¡¡ship between

rlepth ancl rliamcter given by Grieve and Roberü-

son (1979), a clepth v¿h¡e of 430 m i¡ obtnined for

the l¡aser¡retrt at t,he centre of tl¡e Colônia depres-

sion (Riccominiet al., 1080). I'his vslr¡e ia very close

to the ¡naximr¡¡n <leptlr estim¡rtion obt¿it¡ed in this
etudy,

Ânot,her attempt to moclel l,l¡e data was per-

formed using OCCAM's lD invereion olgorithm
(Conatable et al., 1087), which u¡cs an arbritary
etarting model and a set of eountling data to gen-

erate a emooth ancl.aimple flnal model, This fin¡l
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Boslht min. deplh-esl;moiion lor lhe bosemenl in 0T)

Boslict mar. deplh-eslimoiion for lhe bosemenl in ()(Y)

Figure larb. Curveo of thc minimum (a) and maximum (b) depüh to thc ba¡cment (in motere), obù¿ined ¡ftor
thc Nibleùt'Bostick tran¡form¡tion of the XY- dircction dat¡. Ths circlc corrcaponda üo ühe caücr rim.
(!ryry d1 mfnimo () c mlxinn (b) da prcîundidrde À baee, om matræ, obtìdæ com a tranaformtçlrc- dæ
d¡dæ da dircçfu XY do método dc JViblctt-Bo¡ tick, O chculo conæpondc À bcirada da cralen,)
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Eoslicl min, depth-eslimolion lor lhe bosernent in (ll)

Ðr

BoslicI mox rjeplh-eil,:r:'i,jn lor lhe bosemenl in (t)()

Figure õa,b. Curvee of the minimum (a) and ma:rimum (b) depth to the ba¡cmcnt (in meterc), obtained afüer

th; N¡b¡ett-Bo¡tick üranaformotion of thc YX- diroction data. The circlc corrcrponde to thc crater rim.

(Como r,eimq psrs o¡r dados da dìroção YX,)
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model doee not, neceasarily rcproeent the beaü possi-

ble liü to the d¡ta. OCCAM'¡ inver¡ion rcerche¡ for
the smoothest poeaible model, which fit¡ tho d¡t¡
according to a required toler¡nce. lt is well known

that diecrete modele obl,ained f¡on¡ diecontinuoue lD
inversion echomee, c.g. Jupp and Vozoff (1976) or

Fischor ot al. (1081), would indeed reveal more de
tailcd ¡tructuree, but ühey would also most proba.

bly be atrongly influenced by the noi¡c in thc deta,

c¡uaed by Lhe proximil,y of metropolitan São Peulo.

The en¡ooth and ¡atl¡er conl,i¡ruou¡ nrodel¡ obtoined

in ühie worl¡ with the lD Occ¡¡n inver¡ion ¡cheme do

noü define e aharp transition between ¡edimonte ¡nd
cristalline. A¡ a m¡l,tor of fact, ühe applicrtion of
the lD Occam inver¡ion in ühi¡ otudy wae more an

attempt, to cre¿te eimple ¡nd arnooüh modele, thua

avoiding the oxtra etructu¡es tlrrl, could be ceuced

by tlre preoer¡co of noise in the d¡t¡ end ¡re in no

way related to l,l¡e geology.

According l,o Parker (1982), tl¡ere existe a crit-
ical depth for e¡ch nrotlclling of M'I data, below

wlrich it io not poeeible to obtoi¡¡ additi<¡n¡l infor-
¡nation about, tl¡e conducl,ivity distribution. l'l¡e lD
OCCAM algoril,hrrr requiree, for the al,arting model,
¡ dellnition of a minimum ¡nd m¡ximum depth in
the aenae of Parker (19E2). In ühio work, thoy were

chosen f¡om the Niblet,t-Bostick depthe (æe eq, ll).
All frequenciee up ùo the firal, negative phaeo value

and rrostly also the firaü negative one were included
in tho inversion. The OCCAM'e inversion algorithm
was applied to all the date of the Colônia deprce-

eion. Figa. 6-10 show ¡omo re¡ulù¡ of thc lD OG
CAM invereion along with Nibletü-Bostich tranafor-
mation for ¡cveral atationa. The model¡ illueürate
typical resulte from ühe dopreeeion'e interior (COL7,
COL20, COtlT) and f¡om the border of Lhe deprea-

eion (COL4, COt28). The obtained modols do noü

define a eharp traneition betwoon üho eedimenta and

tha basomcnt. 'l'hey generally ahow ¡ gradual and

smooth increa¡e of l,he re¡iaüiviüy with dopth and are

normally in good accordance with the deptha and

reeietivity valuee obt¡ined from the Niblett-Bo¡tick
transformation.

The final modol¡ for mo¡t ¡tation¡ in the in-
tc¡ior of the depreraion preeent ¡ ne¡¡-eurfoce con-
ductor. The apparent reeiativity datc curves have a
minimum (!'ig. 2b), which could roprecent the pree-

ence of a more conductive layer. According to Spiee

and Eggore (1986), the apparent reoieüivity ie nothing
more ühan a norm¡lizaüion proceae with littlc phyei-

cal aignificance, exccpt for thc rather unreali¡ùic ca¡e

of a homogonaouo half- epace, The game ¡uühors

¡how th¡ù the minimum of an apparent resietivity
curve for a twolayer eüructure, wiüh an underlying
morc reoi¡tive half-epace, ie due to the prorontaüion

of the cu¡ve in the frequency domain, eince thc min-
imum dirappeara when the ean¡e d¿t¡ ie preecnted in
ühc time dom¡in. The arnplitude of thio minimum
depende on ühe reaieüivity contra¡t between thc half'
epace and tho overlying more conductive layer (Spiee

and E6gera, 1986). Therefore, the preoence of a morc

conductive laycr in both final models of thie aüudy

coukl merely be an artifact,
Statione located on t,he rim of ühe depreeaion, or

close to iù, urually do not prescnt thie ncar-¡urfaco
corrductive layor. The reeiativity increescs gradually
wittr depth and thc initial valuce are clearly highcr
than tl¡ose mea¡ured in the interior of the depreeeion.

'l'hin ngreea well both with the ehortago of highly
conductive aedi¡nenta and with ¡ rim of criat¡lline
rocl¡e.

9. CONCLUSTONS

An eetim¡te of the depth to the ba¡emont in
the Colônie depreseion was obtained by ueing lhe
AMT mothod. It wa¡ accomplirhed by ueing both
the Nibblet-tloetick lranformation end the Occam

lD invereion algoriühm. Thc rcsulting minimum end

maxirnum e¡tim¡tion¡ of ühe ba¡ement-depth ueing

the Nibblot-Bo¡tick tranaformetion io approximately
at the cent¡e of the depree¡ion and liee botwecn 200

m ¡nd 440 m. The resulting modela ueing OCCAM'a
lD inver¡ion algorithm are in good ¡ccordance with
the Nibbleü-Boetick t raneformat ion.

The relatively poor depth-ceüimation nuet be

explored furthe¡.
Firetly, thc preeence ofcultural noioc in the d¿ü¡

due to ühe proximity of Metropolit¡n São Paulo is
indioputablo, Secondly, the AMT/MT method doco

not reeolvo wsll tho dcpth in a oiüuation of increa¡-
ing reeiaüivity with depth. Thi¡ aese¡tion ie par-

ticularly valid when comparing the achieved AMT
re¡ults with tl¡e resolution poesibly attained by the
¡ei¡mic method when applied to an environrmnt, lil¡e
Colônia.

Revisl,a B¡usileira de Gæîisict, 1992, Vol, l0(l),
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I-D MODBL FOR SI'I'E CO[,? YX
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Figrrre 6. Resulting moclel for the l-D OCCjAM inversion and the Nil¡lett-Boetick transforrnation of ntation 7

in ühe YX measuring direction.

(Modelo reaultante da il¡versâo I-D OC(-:AM da transformação Nib/ett-Bostíck cla estação 7 nr dircção YX de

medida.)

I .- D MODBL FOR SITE COL2O YX
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Figure 7. Resulting model for the l-D OCCAM inversion and the Niblett-Bostick transformation of atation
20 in the YX meacuring direction.

(Como acima, ps¡a a estação 20.)
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I -D MODEL FOR SITE COLI? YX
x' = 136.
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Figrrre t. Reault,ing moclel for thc l-D OCCAM inversio¡¡ and the Niblett-Bosl,ick traneform¡tion df ¡t¡tion
l7 in the YX n¡easuring <lirection.

(Como acima, para a estdçãø. 17,)
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Figure 0. Rcsulting modcl for the t-D OCCAM invorsion and the Niblett-Boeüick trensformation of süation 4
in ühe YX measuring dirccüion.

(Como acima, p¡¡a ¡ ætrgão 4,)
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Figure 10. R¡culüing model for thc l-D OCCAM invereion rnd th¿ Niblctt-Bostick tran¡formaùion of ¡üation

28 in thc YX mer¡uring direction.

(Como tcímq p¡rs ¡ ættgfu 26,)
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A third atructural roason may conüributc to
queetion of rcsoluüion. For both the Nibblet-Bootick
and OCCAM lD inversion, the modelling reeult¡

did not ehow e eharp tranaiüion of the interf¡ce bc-

tween ühe ¡edimenü-fill ¿nd the ba¡ement. Actually,
a ¡ather gradual and amooth inc¡ea¡e of ühe rcei¡-

tivity wiüh ühe depth wa¡ obü¡ined in most model¡.

Notwithsüanding, one ehould bear in mind th¡t ühc

Colônia depreceion wu probably caurcd by en irn-

pacü of a moteoriüic body with the Earth; ühc deprer-

¡ion ¡hould thue not havt e¡¡ original eimplc ¡urfecc,

Thoro aro eovoral studies in the lil,er¡ture dircueaing

ühe effects of an impact on the eurface end ¡ub¡ur-
face of eites. For instance, Rrgan and llinze (1976)

believe in the ocur¡enco ofa etrongly brecciated ¡one

on the eub¡urf¡ce of the famoue end well ¡tudiod
Meteor Crater, in tho dcsort of Arizon¡. Âe oüher

examplee, magnotoüolluric inveetig¡tions undertaken

in both tho Si[ian crater in Sweden (Zhang, 1989)

and in the Ch¡¡levoix creüer in C¡n¡da (Mareehal

and Chouteau, 1990) ehow ¡ fracturing of the upper

crust due to the impacl,. The Colôni¡ cr¡Le¡ h¡¡ not
the dimcneione of ühe üwo ¡bove mentioned craterl,
but it io vcry roasonsblo to assume üh¡t ühe impact
affected euperñcially tho local basement in the form
of brecciation ¡nd fracturing. Tho intorf¡co boüwecn

ecdirnents ¡nd cristalline basemenü ie üherefore mosü

probably a transiüion zono ¡nd noü a aharp interf¡ce.
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