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ELrCCHTCI\L GLOPliYS}:Cl\L ~;URVEY OF n;,~ VliLLES 

Gn.wp [)~~\.'8nt Inc, hels (;;lr:;:ied out an cl(=ctJ.-ic21 rcsj~;

ti'.:ity ~.'~l~·'.'(;:Y cf tbe \'311cs C,d_<]r.~J~() ar('-~2, in No.t'tb .. C:::nt:.c.'ll New 
;"~'.':·::.i CD :f nr t h"'~ rn..i.'{ J)t)S:~1 Q;: {~1,.7;;: .tl1;J t:~ nq ~ 9:; ot he i:TCD 1 Ei V $ te,~l in 
t~.:.1:::~S· 0:( J. t!3 i:I{)tc.~r~,tJ..:}J. :ft)-l' ~~z;n0.!.'?\tj_n9 f!J.cctric r;(j'.:jF~r.. T'b(~ 
!::Ll·'r\,f.:::/ '·D~; Ci);::r.""5.cd (}',.tt orl b{::h(~l~r c~J.:= t!le::~ U"d:l..C')l1 OJ 1 (:Oj~(I.pZ,i1\;t of 
Ci.:·l .. ~i();'~l.lj.[1~ fi(!.ld cpcr.·L~ti()n["~ \\:<~~\:~: irlit.i2.tGt::] 0!1 ~;[I~;:~y. 1972 
nnd CQcJl~tEd on 23 June, 1972. 

l~~il(~'~ ::](~~i2i.I'C in ;-;~".i1C:'()·VE~1 

c5. 'i.y of TJ>s t\l~\ll:C~!:;. r!1:: 
1 U;j i C;J 1. ~)\~ ]~\:'~~ Y 1~; ... J,tir~ tJ t".? 

\oj :~'~'.,(.; 7. ;; p).4 i ~ q ,:"i q_<J. Z': 1::1 j~4 [i n ~11 e 

COU\1'~y, I'I.;:-,-; ;:C?xicr~, .:5u~;t )I:(::!~t of 'th2 

iJT(:;.~ i!-:~ i11Clu(}~:d on t\,:o Uj" S. G.?o .. · 
t Of)()~)~: ;'l)f'-: i '-'~ qu...: dr;j n 91~~ 'I;1~ ~)~: 1 t b Q 

2.n-::i ~~L·-~: J~!.·ijol{~'c.; qUdllri)n9J(~;t' 'Tbe 
D .\' !::;.' 5. , .. .., ;-! . .l :~o (; C:V2 j:'2d 'b~t ;' .... 1/ 2 1il i r! t\ t {~~ t()r~C(} L (1 !)h.:lc qu 2: (1r: CJ 1J91 .. ~ 
l··'=.tr·':-: ~ t~t~t tI~:.~ 15w-.::·\i~nli..,I,",,:-:! r:~Clrj~.l '.'I··::~:i·'} U:~0'.'tJ <IS tht-!. l)0.~~c:~ fr).c 

l)~~0!:~r~!lt::~~-i~J 'f~h~:! :r.eGU~L'ts of t:ll~ (:J.f:ct.ric8.l fit~.l:"r!y. 

Th".:! ~': }.(-: c·t r:5. C <.; J. s u r'CJ(':!~y U!1J,? J:"'t :::: k:en 'by (J~~() i.1F· S~~!\~(::rl, I I1C 4 

c~n~i~t0d p~iuarily of clircct-curx?nt djrola D~pping surveys, 
':: '-\~':l;ir..:.'n~: '~' d v·d. t h Sc h l.~.u·:·!t'"Q Y~,:;'? i' [::i 1:' c:c t · .. en r 1:011 t SOUi1C1:i. Cl~1 [:i ~~'. r1d 

!.:~ 1 'C"c t : .. c\?~!;.\ gn<: t:i c ~·O!~ n <j ·.i n~, s. 'I'hQ d.l ~')ole r'i.!~ j)r' i n9 S UT.vey s \li0re 

j D t ·.:.:nt14'. d to .l.OCL\ t ~:~ t h:2 .It:~ t Q )-: fj J. 1 i Ll:l t S (.,I 9(-!O t1:.(;.: t'H1:l1 re S{.:' 1:- \/(:;i r S t 

l)~).t ·-"ll.(~h ~H1,r·\·'cy'::.; pro\l~~.d~.! T,J·~l"y li ttJ.Q infC>,(?:~)r\:tj,cn nbout tr'l(":: 

\/dr3_~jti.c:--l ()f rc~;if5t:l.\'ity t~ith ·t1':?rJth J-L"~: .. ';:l th(~ s\;):fCtcc:. Such 
jn::."c~~;;~;)t:i.0n \';[12 ()l)'~;lil1(?d c\t a fen loci1tions u:;ing the SC111uI:-;= 
L::::cc;c.'( f'ol_u,6inq Il'C'thcd, cilj.),\ble of l1\~pp:!.ng ChiHl9'2S in resi!',
tiv5.ty ,It (L::ptit~; IlP to <lbout llOO mc'ters, and thr::, electrcnZlg", 
JiC:I,.:IC ~;(l'.m(ill1';J l\!ctb)(~, capi.ib.l(;~ o:f c1etccli"~J cll.;,ng8s C't depths 
:t:";Jn~ling :fr-V,l 1 to.3 ]-;:'LJ.o,~l:!ter~,. 

In tl'J.~~ c:::rth by P~!;:;i.ll() ;, l.,,\;~r;Ji"~: ~J!:;':'junt c~f CUi~J:(:r1t l1ct\,,'0c.!n two 
c:l~?ct:rc,:j(~ ccnt2:cts, ~~C:;';JJ~'ated u:,1);1.1J.;,.' 1)/' <~ (li[~t(1n':.~c; c·f :,~e\'(~J(ll 

k:ilu:,1(?t('Y:~. IL.:: br.c);:IV;tCJ: of th2 cu:.o:r.nt f5;:~1c1 }.!; -Ch';:il m;:;ppr::cl 
in l1(!tDil 1):/ L~(~~~~ux:inq th2 VO]tii~i~~ d~c()p b\!t\'.ecn clo~~i;(::iy spaced j 
I I d j, r s () }~ (~1 (~C t t· 0 c1 e ~\ .. T 1'1 '. -: t~ 2 i 1.3 'V i (i )... () f t h .~~. C II r' r Cqi t ~l.i t; 1 ( ! i S I 

, (11 ),~;:_ ~;1 ~~:~ 1 '1';~ Y,) }-'~ ,::~.i, ~;; de (~l~P~:: ,:' ,i, ~II:~ i ~'~~:~' t ;\ ~ :~:~~ S,l:~: s ~~; ~ 7:~: ~ ~:~ ~;t)~~ h~ h,~ I 
I 
I 
1 
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I 
, I 
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of )l)\,esLl(·;;t·icr. to dctcc"r th2 p):e-:·(,~lce 0:[ i) ~!coth8:rr:)Cll .rE·~){·:l:

voi;' at Z.I!1Y <1ep~h of cct:;,r,;c.rcinl jnt(~!,r;st. ~;(·~\'"m dir:,(JIt.~ sources 
\';C~LC u.~~ec1 i;o p~-o\'id,,: COt;e,'(~H)C-'- of th2 V;:,lles CDld2.ri) pro~>p8ct, 

,\i -eli ov:~~rl,:)p;:·,·.:.n0 Li;:~dtiU.\"(·:jnc.?nt!:'i l:'i::;inq tlv.d8 in th.'l; l'U{)St r):CO:.!~if.irlg 

Schl\.l.r"\l·;'~r<:I'Zrdi}:ect-cllrT.(:nt c'ounding:.; 1,,(~:rC 1:1odc n,.:tng ,1 

tccLniqu(~ \':hj.ch hDS lC):"lC) tn::en t;l~((~n c:[; ~;t:·lnja1~d (~:;()C 1~.(~11(~1.'· 

a~"d F).:i~.chl-:nclch·cf J.~()7, :::01: il (i0tc~ile{J (1:L~;cu::.:[-)icHl of :r."(~sis-

t.ivity SOulld'Ln9)~ R~::?~-::i~:.tio:.Jity l;:C(JSUZ'(?Hi;:,nts v;er(:~ fn~cltl~ v,·ith. C1.r1 
~I:rrt\y ()f iOL\,!.' eJccti:c)cte CCt:(lt:tct!:;, S.P3CC~(} 2Jlc .. n,];) !,t:-c'ai~lbt 1:1..r1<: .. 1. 

Cu::-rcnt ,\:,3:; J.:.~.rov:l (led to ~~l-\e ~J]~O~(HJ th:rcuqh tl1G outexra(.'~~t p[oI . .-i.r 
0:( e l<-::c t 1:0(1::.: s, ·~\·hi 1 (-~ \;01 t;:-: ~.i(? v.';:~ s !~'(~,D ~"7. ur~:(l r~d. t b t,h2 in nC"! :t,. 1-1.3:i r. 
"r.h~:; d;,~rJth to \':bich a l"';()l.lnC\cJ:ry in r·~~)ist~ 'Ji ty C(1fl l:3C C:c'tt~ct·:-,;~j 

i!.5 rot.!shl;7 h~ll.f the sej)(~LDti0n 1>2t'f\:{·JE:rJ the C:"~L):-('!nt ·~..JlectJ:o(3~·~~~. 

In F!ak.in9 a !·~0urldin~11 tbi.5 neF2t~,:ition in inc:('2CJscd in~:~·'-~l~("!n .... 
t~\1.1y to l)TOv:1.:.:~e !·;ucc{~~~si\/t'~ly <J,:.(~at:~r d21Jtb~; c;i :i.~vE~.ti~Jati()n. 

S~)';\ c i li.~~ S r ()i .. ;f~;i 1';0 i r. c:n ::; j:!e t ~~!~!:.~ L () LL5() DC.! te j~~:; (b.:J 1£ t br··! cur:r'~ n t 
c' J..~~:c ·c ~!: odr: s '.:: Dt~i::"~ t j, on) ,\'S :r(~ tl.~C (1 for. t 11'2 sonnc1i ngs de s·c ~(i l)(~tl in 
thi.:,: 1~{)PO!.:-t!l A t(\tal of SQven !,.10t!ndings t,·-ferc' r:1r1de ir, ci:re~lS 

0:;; ~,1.:<:c5.a1 i1': t".'Tc~;t, as inrJic<l t~?d f: •. oli\ thz J.:c~~ul ts oj: tile 
diF'(,I(~ l:~;jpr~ing SUr'VC):'S. 

J. n (:! l(~c"'~ :rG~',-:,~ 911eti (:; sCJundi ng, t h~ r.1.)gnr.:!t i c f:i. e lei 9~ricr c! t cd 
l)~/ tj:1.1n~,~;1i tt~_il·~l ;::, curr0:nt btcp tb~e,q~i1 LA ~lx"r)'.,!n(12d It?il~{th of 
r<\.l"(~ ~3(J\"(J):ill ki},o,;1~te:r~; hmq is U,-;Ccl tf) e~'·[)l.c.::t'e the Sll.b~Ul:ftlCC, 

'I h·:: r.ii.l'Jnctic ficJd is dct~~ctcd \d.tb 211 induction coil l.Did on 
th~! 0y.0L1nd ,:\ t 2: si tQ v:l~tc?:r8 i}. sounding i:~ tel t,e ~~ad(=:. "j,~h(~ 

l)~,::.'hD\;iol: c~:( "the r~!a0nctic :(icl(J vfh'2t1 ~~ Ctl:t."xc~nt titer) is yxans
r.1i·::'~c'J t:lJ':ou~}h the sot.\:LC1: i'I:i.:n~ C;Hl b'c uSi::d to c1etet'r.l:in8 th~~ 
el(:ctricnl !i'tructuxt? of tb:·~ gl..·0unr{ ;3t (}-81)th~) U!) to ;.ltJQUt 011.~': 

1"1;~ l~;~· t h f;~ 0:[ f ~:;? t di [, tan Ct) c\ t "J b:1. C 11 !·~,e;·; S U .(f.=:X'\e (I "i, ~.~. .J r.8 tJ-'.;.: i:) -;] 171£1. (:8. 

Iri "',"he su;:-v:'!ys dG:scrihe(1 here!, o.f:i.:"·s·~~t distl)~~.~e:.; of 3.S to '/ 
k:i.lo;~ctQr5 \':i.:~.re u!;cd, pn;' .. 1j,ding p1ne·trat:i.o:;-)s nm9ing from 1-1/2 
to 3-J./2 !d.l('li'p~c(n:s. Ei~lbtf~('n elcct;~0raagrwtic sor..mdings Viex"e 
made a~ the V~llus Caldara prospect. 

The details of field techniqu~s, data reductioh procedures 
vr;d tt12 fiel.d data .l:n:~ in;.:ludeo in appendices at the end of this 
:t'ej:':()l"t. TilP. :uc's:i.~; ti \lily s true tlln'}~; recoqniz(-~c1 i} t the V.:\11es 
C,i J.d,,! ;.~:J pro cT;1 eta xe cl2 ~,c r i l.v.? din t h;.~ e; '': c t i (If) \';hi c b f 011. O'i.~~; 
i i ~;.'l·.::(~i atc.J y • 111~f(.' z'e n <":l~ s r,,:~\~F' xdi n () 1, he: I)X()l)~; f).L~ co xi s t ~.n1CC of 
;1 ~.1~;: uti} .'2 :::"~l'ln.L )~":"~ s i.~ rvoi T c;'\ P Ll b ic e,f s u!"~ t ().L 11 i r, S" r)OV,'2:r l~rD dl1t.: t i ('.in 

cil:{' cir,Hm in tile :tinal ~<:ctiGn of I.he n::j";)rt. 

. ...... _ ... __ 1 

') 
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V.'\LU~:':; CflLDErU\ FaOSPEC'l' 

Dipole ~~p~Qng surveys w~re cnrri~d out at the Valles 
CDJ.L1CJ.:'a p:ro::'I"2ct tJ.~,irl~l ~:;\.,vcn cEpo};;:; SOUH:es, loc<1tcd i.I:,~ sllO\'iD 

G!1 Fi~JL\1:(~ J (th2 b.:J~:c r,t,~!) in F:;·9li.;~C 1 is " reduccd·-~'cLtI-c 
CO}»! l.>f pu:rtic';"Js of ttle .)::~r;.(~;.~ ~3!.):(i )l~JS a.nd !7.rijoles 15 ... ·!~i!lutr! 
'f-o'->"(-x."'p'l-\·;" "'I" ,-11"'1,-·(,'1 pc;) ,...·('·l~-(J· ',yo 11~1)'" ()1 ,cI'I" "-\] \'.,',. f()r '"' 1. -"-' .. ' (...J ........ _ .... .... t ...... f;.J..J.._C "0,:3 .>-#"_ ~ \.... Ji \. \. __ •. t.~ ... ) .- \. ......... l:.- •• ~ ..... 'I .' 

"ppi'lr:cnt :r0f.:istivity ,.\):<:1 ~d.vcn Uil 1"J.::;t05 1,3,5, '7 ':::lld 9. 
i.\ccc)~nr-"(lnyir:,~i thi~~ repo.rt t \';hiJ.~~ c()r~tour rJ;'f)s of valu··.Js for 
"'prZd:f,:nt cC:lJ.::!.lctallcC; .. ~):G 9:i.ven Cr •. PJ.Dt(!S 2, Ll-, 6, (>, unci 10. 
It sb.Gu}ci l;\:~ not{·~(1 t}j2t !:~'v(-~r.al (if thG~':';:! I']i~tes c()n'~oin 
C.~~,tc3 :fror:t t~.:;O c1j.i:"O]..C; t~(ll~~~C(:;S, a11(1 i:h,::~ (~ontC)l.~l"S for the t,,;o 
S8t§ of d~t~ so pres?Dted are not continuous from one part 
e)i th,~ r:l,-11) to the oth:?~::-~ 

)-lis ~L\.>.~l): D:il S 5 fltH'Jj 119 t il(~ tii~, t ri l)tl t:-L ons ()£ ob~;(.~ r~J..::~~J v31uc s 
o:f re :'~ i ~.; T:. ~)~~ t;/ .':\ nd c ()n d,uc; t a nee a:c t~ 9i V(_~11 i!1 l"i 9 tl :t·e s ~ r:~ n d 3. 
J:c~;p;~~~'i;i\'(':i..:.r. Th8 ni~di(.\ll \.'C)lt~c fo'''' sc;m~~dF·t HOr(~ th(~n 600 
c::.! 1. (~rr::i.i1r} t i on!:, . of ;: yJ ;.;\=:~ l:r.:?n t xc 5 is t i v:L ty i!.; 31 C)hnluoIil~:; t u : .. "!~ ~ 
',~. hi IL' t h':! ~'"'!_':d:l;~ n \};::, 1U4::~ :f01: c()n ·::uc t (t neG f).~c·r·l the St=.!rh!2. ~) l~Otll') 

t;"~):.~;,'1·(,'2n t r;onc1us"i:()n·:::<;: ') tht;~ a'J-2:r.;~~~7e t :'licl(ne!~;) of i. he su r.ficial 
pC)r:}\j~) TGC'.::' ill nh'! 1)J:O~;P-2Ct LlJ:I,,;" i~; no 9.;:'Z!ot(=r th£ll1 2.4 km. 
(th" prodm>i' 01 tl.'.l(~ n~:d:i.al'.\ r:es:i.stivity ,':!ncl the l!lcdi;ll1 con~ 
1.1i..l,,;tance) • 

The IJf;lLH(11 :(,C'att;Y:('!s of tl::~ v<\):iou,s dipolc,: maps (Plates. 
1-10) th;.\t sl!nald be n,-)t£:~d ,11:e ()S :folV)',~G: 

.!?:~'Y'():l.(2.).:.. (Su 1 f,p: Cn::ek):. TtH~ t·'.!:;!. sti v:i, ty and cc!)duc t anee 
r,.10ps for this sou~.:ce (J~:~ cb.£1r()ctcxi::ec~ 11Y tbe IJI'(~.seD(;;! of. a 
SWGl t h of 101'; rcs;i.:, ti vi ti<.::s, gencJ:Lllly less t hp.n 20 OhC-iiH::~ter.~:;, 
tX(!l1cliTl9 ;fnlfJ. nOi:th~i'}s-t to sOl.1th\·)\~st, <.\bOl.lt if- miles in widtl1, 
hut ceDtcrnJ on Sulfur Creek. Wit~in this sw~th. sever~l 
sT.laIL~T: ;)n.)<\~-; \';itl1,. :r!.'sistivity ls~)s th;lll S ohlll··m,~ters ,H'e 
pn~~;Qnt, as on tIle r.im north 0:;; 1-:crsC:~31w:,: Sp:.:ing, sou thv;est 
o:~ Snl.fl~:C Spring, and ;-\ t the moutb ~)f i\J.2.11l0 C;Hl;,'on. Ti18 
CO:1J~'C tC\n,'(~ in tl>c SI'!') th of In", 'u~,.;isti_'ii ty "l]Ol'nts to only 
J.!;D-:'.CO l;ihn,c., ";iti1 tl1n C!xcr,:~r"Lio;i'; of' the th~:ce ilroas ju::-,-(: 
Ll~~nT~;_onc:(i; 'sh2J:C the conuuct;,)ncc c:{ce(.:~(l!~ l~tJO jtth03. 

1 ov.; ')~-llu~~~J fC)j~ f't':7pcl1"r2nt ~(~-:!.;i!-~t:~ vj ty, J.0S~, "1:11L:ln 5 uhr1·-~:12tC:CS ~ 
_I~ or the 0 .re :.\ n f)J: t ~l G:i.: t {o.:r ~:.; ~~'J h 0'2 ~-) P i'_"i. nij S. 'fll·r

-=- Z~ rC:J 0.[ ~1<2 n',.~ r a 1 
1r.1',t,: rl(~si~.;ti\;ity .Jnd viith C(Jn(1u.ct~:)}ce :i,.n the ;::f.~n\~c~ 2e8 to 250 
I'.,hos (!):"L2n~_~:~ :f:rcr:\ tbis t1J:(;i) C!~_~::; t\\,~), Iod i.h::t)lJ~.dl SuI fUl~ ~~;r)1::.i r~0s t.() 

-----'--_. ----_ .. _-- .... ------------ ... ----
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Number of 
observations 

lOa 

80 '-

60 -

20 -

Conductance bciund, mhos 

l'i(iLlrc~ 3. Histogram 5110\\lin0 distrihution of vpp:n:ent 
condnctELnc(: \)iiluQS f()'X all rne<lsu!."f!HHl!lts }fl(l(le during 
(1.i.pol(~ 111apping ~}urvcys in the V;lll.0S C()ldcx<1. 

I.~ c; g C)tJ F S L \/[ i'~ 

. , 
i 



J 

I 

I 

-------_ ..... --...... --------_._----------

the V;(~!,t ·side of Hedondo ?Qak. HoweVfH', the feature becor:H!S 
discontinuous <IS one moves e~lst towilrch Redondo }>c,lIc. 

nj.J.~~I~.-.3. (Villle San 1\11i:onio): The maps about thiG SOllt'ce 

are c.;h;lli.lctcrlcss Vii th the exception of a small region wi. tl1 
r(!si~;t:ivity leSt, th£HI 6 ()hll1-nH~t(!n~ and conductance of 400 to ~O) 
mho~.> ;\J (In\,J SOil Lu:i s C:(eek. 

!~jp.(?);.9_lt (Va lie Grande): Mca~;un!lllcnU.:; madc from this 
source pJ.:ovicled tllc:! hi~Jh(~st >:'esistivities (gI:'(!atcr than lOO 
ohiU-r;J;:~ters) ObSCl:vud in the Val1'~s Caldf!ra pr.o3p,ect. Then~ 
is ()Pl):lJ:untly very little porous l:ock in tht~' soUth8C\st qllartet 

of the C01dora. 

!1)),l,11. 1:!:.,,)_ (V.-die Santa Rosa): No fi!l,U-P chon9(:t~; jn resi !,
tivi ty' or conclLlc't;)licl:! were ohserved in the rlrea rill.lppcd fU)jj) 
thi.s ~:;(l1I:rc~~. 'T!J'i~ l'csist:i.vity is hjgh (;It Cert"os (3\::1 f,brigu, 
orf.ldu;~,; 1y d,::;cre;JsinI,J towarrl the north rim 'of ,the cf.ll(!eril. The 
cOl1duG ';;\l1ce in lllw cc\ld{~t'(\ mO;lt, alon0 Valle S;'lii Antonio clnd 
Vall;1 ~;'ol(::d(), x-'e;lch,~S <.bout <~OO mhos., 

I 
,:>.~ ~:ES_(:.._0. (r?c~dondo Creek): Thi 5 ~~OL\):CG is c ha 1"<'>c teri zed 

by the p'('e~-;Cllce of an anomaly at th\! lw;~d of Redondo Creel: 
v,ith il;' apP;'1).c':nt n~sistivity of '7 to g ohm-Hlut(!l;oi. j., :,watb 
of mod"\cIlC H~~;ifitivily «SO ohm'-l~(!ter!;) .collen>!'; nl~clUlj\h'} 
Cl:et>l,'o th(! $outhwest. I~csisi.ivitle:) obs(!rv(?d ;·II.Ollq Sulfur 
Creek ('J:~ Lf ) to 70 OhlJl.·.lo'2ters, consick!J:."C1bly hi9h,:~r than Vi\lI\VS 
ob,:,(!rvlc1 ,It th(~ s<une 10C,JUonS'usin9 clipole 1. Hov;(!vel', thc?.re 
is () ~';\.';Ith of lUocer(\tl~ly h.i.<;'lh conductance (lEON2U() ohns) that 
p(lsse~; -Li1n)U011 ~;;\n I\ntonio t,lountain and l-!m;lll-OO[.'l n:"j~;in, 
genex;!f.lv pal';\lh~ling the rim of th~::! Caldc.ri.l. 'fh(! fact th.lt. 
<lbOllt ,-h,,~ sallie condllctiH1ce is S{!(~n in this region usJng source;, 
1 Clnd (1, while tlw rcsist).viti'2S difLer, indicilh!!:' tllilt thi:~ 
low rc ;istivity ,zone is reJ.ntivcly shal].o~. 

0,(:~r.~?(: .. 2" (Valle S(?co). r·lcasurelOC!nts from this source 
pxovid.~ COV'~l:C19Q over th,,'~ areas sccJn ,IS having low resistivi ty 
irom ""uxccs J., 2 and 6, The results c(Jnf:~rJ\\ the existence O:f

1 
low T(~~)i.st.Lvjties «ZO ohm-l,wters) Clnd hi<Jh condllCtr\l)CC (L30~ 
180 mht"~,) nl(ln~J the Sulfur C}:cek - t·!ushrocUl B;)~;in ~ Sin) l\ntoni 
i'.jollni.i:l.:[) tn'nd. This Illajor tl'cnd .1;1101'.'5 a lJIinor Splll: extendinQ 
to t b:! h~'.:H.l oJ !~!:'!d()ndo Creck. 

T1H.~~'(;, results (Ire suiMnarized on Fi~Jures Lt and 5. m::lp!:; 
showin'.! thr2 loci)ti()n~; of rcrlions with 10\\' t'CSi!3tivity Zlnd 
hi~lh c'Jndllt..:tjvity, n~srh:ctively. In thit~ Pl:l~~Clltat.i.oll, il 101'1 
rcs:l!.,tivity is i;,tl-:CI1 to b(~ () vZllu8 of lD ()l,rI1"~I\;(>c()l:S 01' If!ss, 

TilOX:r.: • 

I 
I 

I 
I .. _~_ .. '--" .......... _-.. ---.. -... -....... -- --.'.--'.-- ---- .. -. ._.~ ______ .~. __ .. _ .. , .. ___ . __ ._ .. __ .. _._~ .... _._ ... _ ... _ .. _ ..... _ ..... __ ._. ____ .1 

7 



1 
] 

,I, 

,i! 

I , 
: I f I,' 

I',' J , .. 

': ~.' 

'" ~. i.,. ' -

I';) "~C ," 
I,r. 1'1:- / 

F1.\'Jl\l:C if. 
t)\"Jf} 1 0 

------------_._----

l\PP') J..'cnt re :ii s ti vi ty con tOln:~~ 
Oill:l"l,~l!tcrs :fOJ~ va:ci,ot1s dipole 
pro~,pC'c t. 

A.. ' 

i ",' . ~ 
_, i~.; 

" J' 
", 

for resistivities less 

~; ourcc;s in the 

l;r~oup SEVEH 

• i 



<t 

:, 

I 

I 

_.-_._----------_._----

.,1 1 

,. /t /' 

Fi9l!:t(~ 15, \\\)~)tern paJ:·t of the V<,llcs 
r;h(j\\!ip~i thn :~OO""l;lltO contollrs Ol)t~l=in<::d 
s cltl rc (~['1 0) 

1-- ~---~---- ~.--- ---.--.~.--------------------.--.. 

~) 

CClld(~:r0 prospect i 

th various rlipole 



i -
: , 

...J 

I 
III 

J 

____ ._ .. _~ __ .... _'", ......... _ .. ~ ____ ... _____ .. _._ ......... _ .•. __ ._~ •. ____ ~ ._w _________ • __ . . _.,_ .• _. ___ . ___ .,~_ .. ~---~ .• -.... --.-.--0.--.- ---~ 

Ti:",~ n~:,ul"('~, :(1'1.;.1 tl.<; v;lriolts d'ipol{~~. do not ~;t~i.'~m to '\~\1.'~'(~ 
cit :(1)",1 :~xiIL\in;,lt_;(';JI l)llt 1:II':~ f,lilurc to dbl';\in d~jd,lar \'tllue!; 

of ;lpp,'.1r(~lli n:~,i.~il.:iv1ty i"l'l ,I cj"i.v(!l1 sit(~ lI~J:i.I1<) ~;C:\lc;I';;ll (LiJ(I~n')nt 
dipo](! ~;Oll'('Cl!S i!; '10 be ,;xp~.'ctcd :i n ,n') i,Ir.(:" v; ht! l:(! Lhc C01H!IlC

t:i.\'r~ f'\\.l,'j'i,(':L!,l J:'n")'.~) ZIJ:('! rcLltivc'ly tbin. !·!n(ls\t1:"!~,L~l1ts i:I:J(I,! 

at a C(!!'j::;idej',I'ult: 1,:"i.:·,t:lI,)CC :C(,~"'i ,I !;OllJ:(:'.~ \·!ill ~;bo., h-j~JlI('r 
rc!',l~;'[:) v.i I.:i(::~ 'lll;,'ll 1:':i\~'I,:l"'-r:'I,;dt.~; ji).' <1(: Il':!,!\' ,I S(lU)'I;c! b(,c;I\\~:~: o'{ 
th\; lll'. J,c',":-".:.! l,r:C(:I,:~ ()"t il'iq!: l',~:.:i!>!.i\',i·ly lH~',(:l:,(!nt locI:.!. O)l 

n,(!;':'''"\f'(.''Ji'dl:~ l,< ... i,~ :\L iii,! ~1)"~~li('I: d.i.!·;1:nl l .':'·. C()n\!(:·f.': .. ·.1~/, ckt',-'j'-
)t:ijli~t.j.(lrf'·' II} ("·~:l·)';\.,:t,IIP, ..... • JH:l~·.·I"~ .!.).~(j). )l)C;l~;!lt'("i'~~'~nl~i t~j\}:;(! tt) ':1 

SCll~·l:(~ 1:L'!1 1..>:(\,·.v;,I,;" ,I,',ll'.,!'" \'.h1CII ;:J.'L! tc·(, ~)J",.:;J.ll;:~:;\u',;\~ curr'-~li't 
Pl;'IV 1)<')'; !l.\,V~~ ,"!i '<':'''))·I.ltliity tu ~;f'J'(,(1d 1.0 ];,\!·;UiJCn.'( ':-It c]o;;(! 

or')~;.: !:LV; t ::. en pl,;i '11 1. ~'" Tk!l:eJ OJ: (", i nc"\(,:tcC,l'i i'J i l'i'J t ll~~ r'~l t t C l:n', 
u.t: L(;~.i:"ti\·i.,\.:v v;(;,i';,tiull :ill thc! GHr.fic-;rd. r--,ck:;, 'll·ce.:3 \di"il 
J()'ql l:(~;·\i~:~i.i\,fj 'I.>' 0:;' b.i (:-111 C{J~}Otlc"'c:\rj{~.n (\!; ~~{~r.!ll .C:rO:il th(~ ~:jC~\;;.:~j dt 

(Li}'l(/tc":'.;':I:·CI::~: :';::;",;1;; l\',~ (;('.");;\1:;<.1, Trl ~:() dCI,iIIIJ! it ;i,~, p,/<,il..1;: 
1 () (JU l':~ 't ~I:'~ ;\Tl :~;LI.~·" 0,; :L()\l 1'\..::.".1. ':;'i' i \,~.i Ly (:>:'~c:I!\~i 119 !~()U\ h,·,:t!~·;t\·.<'.J..d 
j~J:'(';'iI V':'l.Le ~)I'~~(J, 't~Lc.:··tl~~d~ l·h{~;n~c(,!)·.j !):~~;ili 1,'" t:~(! v.i.(,''i.ni·~y of 
l)()1 .. !\e~~:'~.i(~~ ~.:r;T·-~t·,~;'t ,':.'; ::;fl()\".n on !'~'-~.J"))'\': 1. 'ri:"l_~l:';J ;~)"(! ;:~C!V(!J~i.\] 
~·~J·il;~.lj {.\I, ~-l)Jj J}',J i.'\~'\~J.i C'):"j (jf 1,>,-, j.(!~.).i ~.)'~1 \1'; ty t OJ"ll-~ t'l tOri':' ~;;nl l,ui ~'J 

.;iJ'~·.~\:··1 e.L' c~.r;'...'\:ii.tliy 1e:"; .tc~;j !~t:i v'; -lY \'.1 tl~.l.d thi[; 'I~~~~j() . ...: tTvn<l, 
(il!;~ 1..:'.: (' C;I,! ill ',I.: \.i; Clll1 'i.:' ot ll',n::ojlc" ~;p.tL'11J ~.n<.l ,;llC)';;h;'J 

~.,; 1 :1.L.L,· 0; ),,: ;i'L d".: r:,,'J\ \ L h 0::" !'.liQ7JlJ e;\ 11 :ion • 

j\(·:::i"t";.()l)~I.J ~ )'.:i n.\."·.~lt·i (Ir) (~DOtlt tb·(~.~ t~. ~.,ttl (~">:Lt,~llt (I:C til;'!~,:. 
;.r!\'>\;:~·1\:', l·i."' ~·,.I,lj"·,-!~·:- /;"',:, 'i)' .. ~ <1:'l'.i.vccJ :(l'(;)'! .\ !'·'·U(:>l C(;' lL-' (i.Ljd.Jl. t

.' 

t.:~:.lJ.~.t:tJ·J_;:l.},.i.!~.!·" Z\!.: ,~~ JiJ'.~i.::·t:L()·ll c:~l tll'::~ t;i/:'l;·~ll:'.~C~ '.1.X'(f;t ll~· .. ! ~·jUHJ~·C~~ 
;,t '.',b:i.(,j, tll'~y \':,:r~'! I,;:", .. I,il\;:.:::d, LInd :f,ro','! \,(1:; ~;chll',;l.J.'J:ll::L ".r~d 
~::t...::.ct:,:( ,1 ::·,<,(,!U.c ~~c",'nl,l.inq d,~·i.[\, It VtlJ~~(~:; of c<,pi",;lr; lit l,,~~~j,,;,", 
l:i,1)-i.ty 1.:',:,:;1.1:" d :(J:'::"') ;\ cliy>:::.d.e ~:;Crl\l',--:\' ;\)'(, plo'\.·cv,:\ ,:", a :~UiJC'l1 (")"11 

(Ii' tl.'.,: <i,;LJil:';':: :(1'0:,: t:)(: n{~ilr(',l' l'i;cl (.l:l ttl:; :';O:,\L'{:'~ 'lilH:, th.), 
\-.:\.11 ;,1"" i: :,,':;\':I):,]i,::<,/ Cll',:V[: (;Cjuj\';Jlu,'c ';,(' ,(,\;,:'t r.lLi,el , l,jn!"L'; 1:::,-: 
::j't) l:.:.in.' ~i \Ji tb :1 C(':ii\),.:,J t:'.i..\·:'~1C)1 ::lc~llt;::iL.~·J'~);·~.: (l.J.J.';\':/, l·":(,l·,·l.r~ t.}J~l 

th.~'.t t! .~l::'; ~l:tt": 1'1(.) 1;·,·(,( ..... 01 c:~;'.Jj:j::!~; ·jn )'c:~;Jt.)li1 ... :i.t:,r i·,) di!.,tol''i. 
tLJ [Il(~:' ·,n·~:(,:;'.~I:J)1~1( r.d~c.h cqll.'j \);!) '.::1.1t ~~(".:\rJrj:i ~.~~J CU:'·\ .. I.:!~~ ;j:r.',,~ !'~ih)V,lJ 
:i IL r.-j,s!'. ,','S () "·L~ f(n: (l:.~ L,:l fl'c,) \!;\ch ('1 'l t,::: r,;J_l'C'! i .. ~:,. III cclcL 
Ci.:,',[:, il.: :::'':;,It;.:~J." uf the d.'\'(il ,ie, (·X'i;1.;:I''<,~, :llj(;jC;.t'j,Jl(j tL,J'c 
Ln,:r:,'I l'l)lilr,::, ,in j·,,,,ir,tiv'it:.r h:,;\'{~;d ll::,,~-,t ;1" l;ll.'~)': :Il) Cf:;:l~ct 
on th':ld.·')~'·".i'(:'l,:111.:,; ,\~; do clui1(j(,l; ill )'c'(;i",ti.vity ·,;i'i.il (j'· .. ;fai ) , 
!"';:'l',,;, 'i., .( I.':; :,;c,,·~ l.():(, tiL:! <Ida illdil.:ai.c! <1 :;'L'('-:'I1 IJ i.l:I1(I..::nc.y to 
~inC1.l';(·, ':? in 'I~i·~\~_":)l''(:i.l~;.) "'co c1i!~td·.)L'{; • .!i 1),.~h~4v.\oj~ 'liL-!~, t.b cL,:1:',· 
;Il. (.e:,} ,.li,l~ (,f '~it;:~ C;'"C' in vii:.,) ell iI )'el',d:~VC:J.y c:orj~i'..,,:'::'i \'c' SU~'1 ilC~: 

,. :., C C ; ; <, ,', '.l , J", ',I i" ~; 1 i:: t'.:i i i (; ~'. ~ ~ F ;,:1 J (: :r 'i;) " ,n '( L, \ 1 : ~ I ) t h t u L:, ~. ',! i., <! n C " I 
i.1,jc;·:i;·~:j.:;:f' III l·,~:·.i.~:'(i\'.i.ty "jilL ~i,:jClllq ~'·h,.';\Jd fJi'i,\Vll 0\:\, I 
\',.i. i:~1 J.'~.~ i~:.i;; \':,: \\. \.1.-, tu·,::.:'~ lj\~'il)(~J tl1':'-,:),~~ ;!:."i:I·':')i·ll:j.;-'.t\~ ~u 'l;~/~J ~ t~:(r~l(~(: 

I ...... '~ I: 1'::~' •• ' .• , :";.' ~:::' "~ '(::' {"; ~ : :": "~",:,;;;:, "I~~:/d" ;,~::: ~:" ::, ~ ,I, ~"; ': ;:c;;: '::.~';' ;,,; 'I' 
Cl·:l'lJI' ~)i '.,'(:i·j 
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Thl.'(~0 cOtlventi.onal resist:l.vi ty soundings wi th a IlJ;)Xil1111m 

5p()c:i,n~J of 4)0 iileters were carried out along Sulfur Creek (see 
Fi~Jlln:! 1 for location!», and four Bound.il'l9S \~el':e made alo119 
H(:!dondo Cn,~c:k. Tbese two sets o:f sounLli tlgs are shown on 
Fi~lul:'(~~' :)11 Clnd 5B respectively. They 011 have a very s:i.mil<u 
ch(jr()ct(~r, and pnwidc (~ssent.i.Cllly the Salll(! intcrprc1i1tion 
nlwn (~\lall1i1ted I'lith a st()ndal:d cllrve-matchlng pr.oC(;dUrl~. For 
the soulldin~Js lIlade along Sulfur Creek, tile slwpe of the CU1'V\c~S 

.is dor!1:ln,jtl~d by () thin sl1rJ.1cc J;jy(~r of hiqh resistivity, v,ith 
a tbic\(!w'.is of only ()··J.5 mctcn:s, iJlld a re:;istivity of 200 to 
300 ol1;il-l,.·eter~;. Ihis layer. i.s L\nd\;~r:liJ:in by ruck~J with pro
g~cssively lo~er xesistivitics, until a l'csistivity of 12 to 13 
ohtn-1li(~teJ.s :i S y.cClched ,It a (kpth :for liOO to li50 meters. At 
loc3tion 8, t.ho 17esistivity d1. depth is especially low, de
cn:'ad.]:';J to only If ohw··lI1eters at ?'30 Jnetcr~) depth, but thell 
1)8~,rin~; to incn~.1se at D,n~atcr depths. 

Alon~J 1~0dol1do C1'(~el<, the thin surfnce L1yor is only about 
g mctr~)'S thiek,. but II;J5 a re!::>istivity of 150~LiOO ohm~'Ti1r;ten!. 
Tim rc:~,i.sU,vi tyl then clccrcilscs to a vallie of g to 12 ()hTl\~r,j(!tor~; 
at (kpih~~ of 150 to 11)0 mnt~rs, increar;ing ilg;lin at greater 
dcpth~;, 

In iln~<:IS such as the V;\lll~s Calder;l "ilwn~ Llt.(:!Lcll ,n~sis
t:i.vity (:h,)n~Jcs an~ ['i,\1:'k,(~d, it is not pos~~.i.blf' to cxp:;nd a 
SchluLll2i:t,jfn: an:<.IY to the LH'9C f,ip;\ciIlgS :t:(~qul red to <!(!t(~ct 

baS(,lI1C'),t, and yet: meet tlw X'(!quin=~lTlc'(lts fo:c later"L uniformity 
ir~po!';'~d by intcl~pl:'etilt:ion p:coC(>.f.lun3s. IblvGver, electro.n"0J1(~tjc 
!::.:oundir,gs p:ro'Jidc a partial solution to th(~ proh~J em of ohta:i n
ing in~'o:cmat:\on from gr.eater depth~). Electro)l\cHjr;e-6c sound:i l1~P: 
cannnt be inturp}.:ct(:~d with as much rc!:;olutioll Zl5 Sch]um[lt,n:9cr: 
soundir.~J.s, but iH'(~ f3).' less Clifccted by la leral chiln~}E!S in 
xed. st:! Vl t y. The j ntc)':pr.cta ti on of e lec tl'fJIiIZ3QIW tic ~;oLlndin9s 

is d:i;;(;us!,eci in Appendix II. 

Ej ~lhtc(m electrOlllagnetic !>Oltnr..Jings 1~(n8 mdd(~ as p<'rt of 
the Vil,dcs Caldura elc<:t:r:Lcnl Sltl'V(!Y, and the diltil ill1d !'Cc1lH.:0.d 

Cllrve,; i'l.n} <11so includQd in App(~ndix II. Thcs(~ sO\1ndin~ls \\C:.'Te 

made »:.i.nI:Jrily in Sulfur Creek Vi\ll(~y (Ind Hcdondo CX'l',~k Valley, 
C1S ind:icatcd on the 1Il1.IjJ in Fi9UJ:(! I, The inte:cpl'l'!tations 
ptovicl>:d an ':lver<j9(~ rC!si[;tivity for the conductive sllrf",ce 
rocks ,inc1 a depth to re:3istnnt basement, llS li~;tec! in the foll~ 
(}~IJ:ing 1.\.\(~1)1C!: 

'Lble. Elc::ct rOlflagnutic interpret':'tions 

Surface resistivi ty DCptil to b2.~)c:mcj', l 

501 
,)'o>? 

.'io :1 
'jl) (j 

3:300 
2,)OiJ 
2]00 
~~~'IUO 

! -,----,---,--, 
C;liOUP Si: VU,~ 

I L 
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I t should be noted thdt even \~i til high-quali ty data, 
elcctrumil~lnet:i C, sounding cllrves for the C.1se of a buried 
resist •• ,- p,ro\'icL~ L~ resolution in clc!pth detennin<ltion of 
no bet;eJ~ than i;t' 20 percent. Conbi();::l:ing this, the electro
loagnet:: C 501..lI1di'ngs indicate tl1<lt the po,touS surficial r.ocl~s 
have il }'(~sistivi ty ~wtw,lally between 10 and ~;() ohm-wetel"S 
in the: l'{edondo [111(3 Sulfur Creek an~i's, wi th 1:118 dCptil to 
baSC,OUi, t ueil1(l ilpprC»'.irna tely 1/100 H1(>.ters in the Sulfur Creek 
an~" '(lnd i)ppl'mdm"tely 2000 meters in the I~edo\lcl() Cl:e,~k <~n~d. 
Along 'llw northern moat, in the Valle ~;;m /\ntonio an~a, tll0-
r.esistivity is so.nm'lhai: higher, being <;j(~ller<llly ;Wohm-meters 
or morl;, nnd the..> depth to baSelllent is gn~ater, b(~ing approxi
II\ah~ly ;~500 to 3000 metel."s. This grei-ltcr d(~}lth to bascn\{~nt 
in tl1'~ Valle [';"n /\ntonio expl,lins till"! moderately high values. 
of con<.luctill)Cf1 obs~"l"\led aloh9 the llorthern rim of the Caldera 
on sev;:ral 0:[ the: dipole wnps. 

C('l1sidedng nIL these data, it appears. that the swath 
of gr0l11ld wi th lclw resistivity parallclin9 SI11fur Creek ItLlS 
i)n ave:;:,a~w n~~;istivity of 10 to 15 ohl\l~rocters to.:l depth of 
II/DO r:l~:ters on the avel(\g(~. The strong Clnl~milly north 0:( 
flol."se:;I\c,c Springs pl'olJi)blY representB rocks wi th a comparable 
thicl:rh'~;St but: with a resistivity n~du.ced to 3 to l~ Oll.lu-Iilete:r:S. 
This p;;ttcrn of resistivity -- a sl1i)rply bOlll1c1c::d region ~\lith 
resi~jt.ivity of 3 to 10 'ohm-meters ~- is typical of 9cothcI:lI1al 
systenl~; in otheL 113rts of the wor1<i. The totill conCluctzmce 
obsQ):v(:d jn tbe anomalous areas is considerilbly lower. than that 
in l1<C):;t Cj8othcrm,l1 fieldS, Typic2l],ly, conductilllec n~acl1~s 
Vill\ws o:f 1000 to ;~OUO mhos il t pL(1ct~~, stle 11 il s \\!;!i T.'ilki. The 10Yi 

vdluc~, :in tlH~ Valles Ci)ldeJ:~1 prohilbly rc~;ult frOID thc combined 
--f{"C:" ",./' ~ ",,1"1·;''',1\' ·'!'i" ~/"r·'~"·l ~)[ n"'ru·"~ ··O·~I' <Jl1d:l '~ __ '-.L \.J.L £..1 J.l:J..C,_.I.Vt-.:_ .. ' ~L . .!I :Jl:·~l • ...L\".J'!.I...~ t·JLJ u~') .~. \'_of\,: .... 

p(}ro:;.;j·iy tiL3t is sc:n(~\\:hdt lo\';(-!r on th~ (1V0l'"{}9!2 tht~n in n1C}~:.t 
()Qotll"l'I.l'\ 1 fi eld~; fO\1nd in volcanic rocks. 

C~f::C)UP Sf:V[r~ 
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EVALUATION OF RESULTS 

In addition to using the resistivity data d~scribed in the 
preceedin(J section in d(~linci~ting the boundaries of conductive 
arcus a:i.'jociatQd with the ()ccun~nce of hot ,v~t(~r in the :)Ub~ 

surface, these dat<, may somotimes .also lJe used to inLer other 
ci1aractcl'i!;tics of thcnni,l a:ccas. It is \~ell knovm that the 
resistiv.L ty of a porous rock is detwrmillcd <:Ilmo,;t entirely by 
the amount of wnt(ir contained in tile .rock and the :rcsistivi ty 
of. thi)t water. The n~sisti.vi ty of ,~nter is in turn determined 
by salini ty and tcr:1perature. The v(lriatlon in rcsisti.vi ty of 
a volcdnic rock as a function of. water contCllt should be 
similar to that shown in Figure 13, taken from n compilation of 
delta for' volcanic :cocks frOM the s0uthw8st'i.!I'n lJili ted States 
(l<clJ.m:, 1960). ,The amount of wator~Iilled port}si.ty in a 
volcnnic rock may bo (~stil;\died from its resis tivi ty I if chn 
resi!,ti.vi tyof. the water cont;)ined in the pore spilce is knCH~l1. 

Tlv~ porous tocks in the Valles Cillc1nra appeLlr to' be 
staurntcd vii th low-snlin.lty surfilc~~ W(lt\:~'Ls, ,,~hidl is XU.:lsonable 
considcY.inO the elevation of the Cald~ra and the 098 of the 
volc(\l1:lc i:ocks cO::lprisin9 the porous s(~ctioj). Unfortul1iltely, 
whcn.<l . .r·)ck :i.~; Si)1;l.u:ated with wtlt<n: hi.lvi.n~J;) sil.ljnity of le:3s 
tl1t1n a :t:;!VJ thousand pt:lrts per million dissolved !)()lid5, the 
conductivity of tile water in the pore stx:uctU1'05 is d(!teJ:l1tined 
more by ca tion eXCll.:ln~j(! effects and !5l1riace conduction than 
by £re\O: !.;aJ.inity. Therefol.'H, dGtel'mil1otions o.f si\lillJty on 
water !3c""plcs t~lken 'frOln spr.i.n0s or dri1l holes ()1:(! of Ii ttle 
use in c:.tirnating tlH~ cffecti\Je resistivity oJ th(~ W:ltCl' in 
plLlee in d rock. The degree to I"hieh Viiltel.' cOfldL\ctivi ty i;} 

i:l:ffec ted by ion exch~I11~~18 ;:Illd surfZ\c(~ condLlc ta nee d~Jr)(mds all 
tile clay content 0;[ .1 rock Clod on the v.t·ain sic:+': (li.stdb\it.i.on. 
HOW8vet', f01: f.r:esh'"I'it:lter s<t~cll.."i)t(!d rocks.in thi) :;()l\tlmi!~it, it 
lws \)Q(111 ()bSClrV~!d that wate): in pL'{ce nt room t(;:'lp'.:!r<ltur(~ helS 
a resistivity of approximnt<>.ly 1.,) Oll1il-lilcters. For lack of 
bett(~r ill.forillCltioll, thi~; value mi9ht be l\ tX~(.r also for volcanic 
rocks at. the Vi.lll.es Calciw'(l (Keller, 19(2). 

In ot'dcJ: to estima te p01:05i ty, . \~D need to sQlect n?pre·· 
scntntiv',·; v(·llu(!~:; of resistiv:ity fl~O~T\ the fielcl (L~ta" C()nsidcrir~~J 

the ll.i~;Lu(J1:ams iIi Fi9ures 2 and 3 ,-\lor~9 \~ith tlH~ variou5 soltndi!l\J 
data,~9 Might ~clcct the following resistivities as re~resunti(o 
the ~;u:rfi.cial rocks in v(H:io\l~ pal:ts of the V~ll.lcs CtllderLl: 

1. 

2, 

V~ll~ Grnncie (aren showing 
t he :rrt1.1 1 e f:f e c t 5) : 

least 

North,~nl moat (Vall{~ San Anton.ln) 

I :3 ~ ~; II 10(!l 1- en, (~ Ie t~: end 
I~~.-~_-.-... -... ----.. --...... -- .. -
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[1. llorsc5ho(~ Springs and J\l{lffio Canyon 
1l110lll<.i 1.:i.o S 

The v<ll:iZltion in resistivity f:.:orn one .1rc.1 to ,mother may 
be a COn!5,;~quel1cn of u chan~le in p01':'05i ty :from one arci' to 
;ll'101:l1e1', a Cl!i11190 in tcmrJcratur(J which <llter!,; th.e l:<~~istivity 

of tlH! pOJ:C! w<lter, or pot;sibly a c:hllnge in w,lte;.: S;'lili:i,ty. NO 
illi'onr.a\)ol) is ilV.dL.lble ;(xo;u the elQctric"l surveys to indicate 
\',hi,ch iclctor j s tbe clCtlW.1. ci1u~;e9 ':lntl indeed, the V(\r:iiltions 
);lay be the i:csult of changes in CM~h par.1r.letnr s:imult(1neOllsly. 
/IO\'iCW!'L, \',;e Ciln (:!stimate wbat th(~ ll1~\x:i.mllm ch;.IJ19C in <:Iny one 
Pcll""llIC'U';r lIli9ht be! fyom ilJ:('?<:l to 3rca by 3!;~')mlt:i.ng tlw ctJtln~J(> j n 
Tt''!sistjvj ty is c.:lHscd only by [I ChaI19(] in th;\t p(Jr;lm~:tel:'. SLlch 
m(lxilnl\l~ ChMl~IQS \\ould hE' ,IS foll(lws, if the clwn9ps V;i~rG due 
only to \.'i>:ri., tions in avc:ca9c pOTosi ty of the porous illterva 1: 

Valle Gr('lnde 

Valle San Aritonio 

SuLfur Creek Trend 

1I0rs(~shoe Sp:r:i nSls 

Poro!"ity for water )'C51.5-
tivi ty of 1.5 ohm··li!e tel'S 
at surf~ce temrerotures 

. 05 

.13 - .17 

about .6 

Thc,:;e values are subject to er:r:OTS made in ClsSlllllinl] the 
prop,~r ",It er r:Qsi~;tivity. t,1orn reliC'lble estiHl,lt(~S could' be 
m'ldc: by combinin(1 the rt!!;istivity in:forf;\(\tiOrt with seismic 
vl!locity rh?tenllill,tl:ions (for ,ll1 ind(~p{~ndcnt estilJl;Jte 0:1' 
poro!';) ty) 01:' grnv.i.ty datil (for ,HI ei,til1ltltc of l:ock dOllsity). 

The varintion of electrical resistivity with temperature 
in dilllh! solL\tic)\ls of :ionic elecirolyt.:s b'lsbE~en studi(!c\ by 
nuist M,cl Halshall (196(" 1968) I and on the bc\ds of their dtlta, 
(.I cOl:"nx:tion cll<3l."t for the effect of tempCl"Ll'turE' on the resis
tivity <,r water C;,ll1 be pr.f1pClred (Figure Ill). At pJ."p's~;uJ:(~s (lnd 
tewpcx'"lnrc:, b0!low tlte cd,tici.ll point for vli1tcr (Tllf.Llo C ()))d 
218 b,lrr;), tl](;: n:sistiv:i:ty of Viater:, decn!tlscs with increasing 
t(:JiJPC:;:"tllH~ until th(~ boiU.nc] poi))t ;is :reacheci; abo\,(! 1110 

\.Jo.i.l:in~l i~o:i.nt, tlw n~~;if,tivity is f:fJ0.ctiv(-)ly infinite, Ncar 
the: e):::i. i iC(1 1 poi nt, thp behavior is somc\';hnt diffcn:l1 t": the') 
n.'sisti\!ity still clOCre;lS(~S ,lith ;ilJcn~;Jsil19 tel.1p(~l."()t\irc, but 
()WI1, )";,UI'I!:' th"n incJ."p';,sjn9 ,\bruptJy Dt the bojlin~) point, the 
n~.'5i~;ti\:i(.y p::\~;!i(i!; (}r,1(\u;d,l~/ t!n:ol'CJh ;) nJiniFll'.f1 va.1l1~ vnd ,It 
hi.~jhCJ~ i('L}P~l':\t[lr(~~; jnc:cvi\s(!~-j 9T.'ddLi.nllY(l As the boilLnq l)oint 
is L';Jis,'d by illCTc:Clsir)(] the .llnbjclll PL(,~;~iu:t"e, the (!llIli\l)Celll(!nt 

in C](,C'! )'.1.cil1 con\illctiv:i ty b( C()l1:cs !l:o)'e Pl'oIlOllr,cQd, ;1f:ipulltin9 
lo (J fdctO': oi 'J by tl1<:.: tiu!;; the: CJ:,itic,d, 1,":('~;::;UH! "!lei tl:]'lp("r~ 
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ature are reached. In volcanic rocks. pressure increases with 
depth (It a rate pf at l(~ast ,030 b.n's per IIlpter of burial, if 
pressure is simply hydrostatic. For reservoir depths of 1 
kilometer, ~e would eXp8ct rcsisti.vitic5 to he lower by a 
f<Jetor (If h to 5for rocks heated to just l)nlow tho bOl] in~) 
point, \,hi1e the resistivity would be vory (J1:eat if the temp
cratll:n~ ,",ere 9t'ec,\tc~r th,ln tlH! boilinq point. 1\t dcpth~1 beyond 
3 kil()m('tcr~;, t('f:\peratl1xcs hi9h cnollf)h to cause hiu h n.'~,istiv
ity C':'llll)(Jt occur., vnd so, in dc(~p n:?scrvoirs, then~ shuuld 
al\~ays be all dl1oHli.llously 10\'1 resistivi ty. 

If the temperature is exactly at the boj.ling point, steam 
and wai;c',l' CDr! exifcit siuJI.11taneously in the x·ock. In slIch a 
c()~;e, tl]{2' enhancC'lIipnt :in conductivity is less (1nd Ild,9 ht not 
provi(jp i.l );c,")~;c>n(.lbl(~ tell'get for el(~ctl'ic()l ("~xplo):(lti()n. However. 
a l"(~s(':r\'()ir in which a J;;l}:gc i.tuct:i.(l)1 of tl:(~ pC>l:'(~ fluid is 
51'<:<1l11 ni')uld 110t providQ Wl.lch cap~city J01' POI'I<::l" production 
bCC;)l\~~('! of the low cnthZllpy per unit volume of ~jte(lm ill com
parison \tlith thClt of hoilin9 v:ater (see Fi0un~ 15). 'fhe 
enth"lpy of \)oi1. iiIl9 wilt(~r passes thro1l91, a maXi);lUrt1 at i\bout 
3;~O() C. At the- S.'IW?: temperaturo, th(~ entha1r;Y l'e:( unit vo1ur,Ie 
of St0.2!1 is on1,/ 10 percent that of \':ater. 1\t ~;ome\~h<lt lower 
tempcra:uTC~s, tl1(;) enthallJy of SiCillil 'drop:; to ] ess than 1 percent 
that of boJ]j 11<) "icltel:. The:r:ciore, ~ fWClth2 nili'll r.ef;('rvoir wi til 
CI hi~lh Cl1f.;!nJY content wi Jl alway!'} bG Ivet ;U1(] exhibi t iin ZlnOrl

.llously low resistivity. 

Cons:tcJering now t h~l t t he chan~'JE'Js in 1:05i sti vi ty from a rea 
to area an< i) cons(>quence only of ch.:tnges in t(~mp8rature, i~nd 
that pOJ'os:Lty l'C:lIlains f;i)~cd, using tho curves £:('0111 Fi9ur:e ILl, 
l\C ;)J.r.i.ve ,)t the followj ny tempcr.1tu:res for the .four arcClS: 

Valle Grande 

Valle San Jintonio 

Sulfur Creek Trend 

Hor.seshoe Spl'in9 S 

o 
130 

Not eX'plainable in terms 
of teQPCratll~0 alone. 

It is 8pp:nent hel7c, tlwt the extremes in resistivity .lre 
too lc.\:::~)c~ to I);:: explained only by tcr;jp81"iltU}"(; P)':f(:'ct~;. <'1!1(] <In 
:increac:e in po:un,ity mur,;t ;l1so bo ob~;e:cvQd in the <Ix-cas of 
p:ll:ticuJcn:ly low r<~sist:i.vj ty_ 1\n incH'ilse ill POl"osj t;,' mily be 
i::ti1(JI,:d off agninst an incl"ci.,!;e ill teillpeJ:<.lture ill cxplnininq 
tl~(~ C!!iHl:;0 j n resistivj ty frow ,IXQi'! to ill"QiJ <Ie) shown by the 
curvc~; j Jl FirJun, 10. Fx'ow tlw~;0. ('urvc's, j t i~, oppZln'tYt th;lt 
() r8.l;-ttj\l\~1~.' I~iino):' ch()nqc in l)orosity \'~ill c}cgr{\c!c th~ tcr'Jp
eratllrc cLiifcn~nc<:~; to d ~ll'eDt(~l: (~xt,~ni 1113)) 1.S COlfJp.lt:.ible with 
l.CliljW1."il'!I\:(('S iJIJ:e.lcly ob::;el:v('cl in d,dll holc!:; jn the SulLur 
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porosities are 9cnerally low in the Volle San fll1tordo ,\Dei. 
5\\l£ur Creek an~as I perhaps only 10 to 12 pC!tcent, but llro 
loc,dly hi9her ~t llorsc5hoc Spl:iu9s and i)t tho mouth of AlalUO 
Canyon, 

These speculations mny be lt~iecl to estilllatn the m<\XimUTIl 

m:lOlll1t of ()!1C!l:OY available! from the therm;ll nH~"S nlappl!d '-It the 
V<lllcs Cillde rLl. The ilrCQ of the cHlomillies ;3 t H01'SC!.;I)0(} Spri n9 
and Alamo Canyon is approximately 1,-1/2 sqLl;ll:e l<ilometcrs. The 
thickncs!; of the conductive sequence'! is about 1~1.2 kilom(Jter.s, 
giVlng '-I reservoir volume of 6.75 cubic: kilometer~3, Assl..Hl,ing 
an average porosity of 25 percent gives a volue of l.fi8 cubic 
kiloi1leh~J.s for trl~: hot water in th.:;! :n~s()l:;vo:ir. According to 
the cm:'v ~:s in Figure 15, the fI1()ximum en£?r9Y eontf>.nt for thi.s 
Hotor Hoald be sliohtly more thon 200 calories rrr 1000 ee, or 
in terl\\~)' of the clnctJ:ical {~qu.i')(llcnt, 2,66 x .lO"WII,\pgilwatt,. 

years P2C 1000 cc. For t he en til'c l:eSeXVOil~ volull\~~, t hi S J;W<HH; 
then.! v;oClld be a maximum o:f 

4.5 x 103 r.!egawatt-ye.:1l~S of energy 

repx(~!;c:()t(~c1 by the el1thnlpy. 1 t has been (~stir.Ji:) t(~d that frum 
2 to ;~o percent 0:( the Clh·)l:gy in a reservoir c.:)n be comwrtc'cI 
to clcct.ci.c<:ll (~nerCJY, so the lna,druul!l l'eco'J()r~\ble eW21.'qy in thlJ 
10\~-r'esLjtivity allOL\l31ous areas of tt1l:J ViilU~s C<lh\:':r{\ l'IO\.\ld be 

90 to 900 Megawatt years, 

In addi tion to the energy ilvL\.i.lnb1f) from the:.€: tViO sma 11 
nxeas, OilU might also con~d_dt<l.· the {mer0Y dVi.l:i.lilbll'! :fr.ortl thQ 
Sulfur C.:epk tnmd o.t -low resistivity rock<;, Tbi.~; t1:(;nd ha!; 
iI much Lll'9(~t' i.\r(!<l, ornountinq to Clbont :i0 sqll<lt:C kilo!.wtQn;~ 01" 

assulninq a reservoir tb:i.ckncs~l of 1~.l/5 lei lOlilct,:rs, " volume 
of ItS cubic ki lometer s. ~'i.i t h il poro::,i ty 0:[, L;. I) p;nceot, the 
, .. alume of "ater pn .. 'scnt would be 15,62 cubjc kilometecs. The 
enthalpy of this water would be at its milxlmum 

82 x 103 Mugilwatt-ycars' 

or assuming the same efficiencies for en8rgy conversion, the 
convur U hie electd.cal (lI1C1.·gy wOLlld. be 

With a low-porosity reservoir. some di.fficulty in locating 
pcnncClble zones for production may be 1\1et. On tllQ other haud, 
bt,C;ltlSe preduc tinn would be Lu'uc1y throu<jh ;tl'ilcturc channels, 
it is l.ikply the rescl:v()i.r wCluld ~_\ct·as i1 11dry st{~·alHft rcse):.'voil.',,1 

It should d1so be pointed out that the ('nergy calcubtcd herra , 
is on~y -;;h" energy in th<.~ :fluid content oJ the rocl<, III i) low I 
POt"<lSl ty U)Ck. <1Jl equ31 .1moun t of 'JII{!J:~JY I or (~Veil lTIOi:(~, Wiiy be I 
:; tor'! d ;i~) h (? (\ tin t he ~J () 1 i {,1 ph (\ E; \:: S ~ 
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IIPPENDIX I: DI POLE MIIPPING SURVEYS 

In (l dipole mapping 5ur\lf~y, as the expression is used here" 
a larqn i\Jn(JUl1t of (;Jectric Cllu:ent is c{"\u!;ed to flow in the 
earth LI~::t,,'(!I211 {dect:rode contacts IJi tHd in the general vicinity 
of the 1:lt'get nrea, 115 the Cl\rrent flows tl1r0\19h the ~)round 
from th:i r; dipole ~ourcc, the [low pattern will be ~lovel:n(!d jn 
dc~t;dl hy vi)riation~:; in r<~!:;ist:ivity in tile qround to a dcptll 
CCHllpilr'lbJ.e to tl1<' o:(f~,et distance at which the J1le(l!:'l\n~mc:ni:s are 
bcdll9 T'\(I(ln. ReC;lll~'l~ the dipole source is ii){cd in 10c[lt.ion 
\~hih~ W,\llY 111\~aSl!n!mcnts of elQctl:ic field C\n~ IDade ;Jbout it, any 
clectriud. non-llni:l:ormit:ics lle<':l: thc !;OU1~Ce v;il1 ;lifect all the 
1\1_C<,SllJ:Cl;ent5 Sil!li Lq:ly, ilnd th~ V~\riiltion in tll(! characteristics 
of th<.; (>{\~ct)::i.c f.l(~ld £1:'01'1 Ob!H~i:v<ltion point to observation point 
will ll(-~ j ;-jdicativc of the elect:ric<ll strl\ctun~ of t.he 0rOllUd 
)Jriwzn:i 1y in trw Vl cini ty of thr~ rleiJSUrClll(~nt si t<:!s. 

Th0 0enero1 scheme of a dipole mapping survey is indiCilted 
on F:L~jlJn! 1'1. Fen' tlK' surv(~y!:; c3:rric!d Ollt on 1 he V(ll1.e~j 
C,-iJ.dPr..l p;.o::.:p<')ct,: dipoJe lenSlth~5 of 1.5 to ,2 •. 5 k:i Jomcters IWl'e 
used. 11"1 lIJO!;t Cclhc!?>, thl'! clipolps ",erc 0Tounded Clt lTIct01 Toad 
cl\lv":rt~;, In 01": or two cas(~St grotHldinQ V;(l<; obt;d_ll~_'d Un:ou9h 
'contact I,l th \Vi.d.l c'!Sin~/s. Power W<JS taken :frolTI c) lO-Kv/\ f,·;oi:Or. 
<;](;;'rw;::'<lto:, ~;'>.t. The ?20··volt sing](~ml)hi1S(! (lO Hz outpU"i,; of ·the 
~Jencr(lt()!: I\'as [3tepped up to 6Go or 880 volts vii th ,: tTan~,iormer t 
n2ctj.[jc;,·, to ion,l ci:i.:r.ect cu:n:cnt cHId ;\J.teTnately swi tchcd to 
CilllSt"-Ct11':cnt to :[101'1 first one we1y and then tl)(~ othei: in the 
Cil})le cCJi_:,(!ctinCJ tb(;! })()\\CI' supply to tile clcct:z:od(~ cont(lcts. 
The pericJ 0/ n:"!verc,,·,ll of the current flow Wi:\S select(~d to b;~ 

;28 sC'cor~(·!:-;, so tha t thcircC]L1CIlCic5 contained in the wnveIorill 

(1£ the CIl1~n~nt \\ouJd be su:.Cficient.lv lo", to avoid problt'ms id th 
(dpctrO{I)~l:!lleti(; .Jttcnuatioll of the cun:0.11i: field i\IHl lack of 
penetr:Jtj{)n Cilll~wd by !..;](:i.n-d(~rth efJ(3C1~~. 'Jlw cun:,-'nt 1\<Jvc.fonl, 
\-Ia~; tlc;YJi !t:d_c.Jl, with the duration of ClIr:relit 1'1011 jn one 
di:n:!ction bejnQ .:1\)l)ut liO pen;cnt 9XCiltC'l" til,H) the c]uri"ltioll in 
trw attlL!:; this pl::o"id(~d il I1lCiJns for oss~ ~'lnin9 a polari ty to 
the volL'de d(!t(~c1~!d (.~t tl!p X"cceiv:i1l9 :-;itc5. The ~lilipJ:itucle of 
i)l{~ Cllrl.'Ult stc:p~; \\(JS rC!co:rded wi. than ona100 n~COi'.cl(~l' Clnd 
lI1on:ito:r.(~t:; visl1iJl1y hith ;In illdic.Jtin~1 rnel.Cl'. 'USUdUy, cun:ent 
~)teps wi th illilpli tndl's rClnging from 10 to 20 ampel'cs I';el'e used, 

ThC' curn'nt field irpm <I SOLlrCQ dipole "'[IS rn"pped by 
H~ea~lul:j,n~l volt.(l~}c;.=~ L/c;t\\c:(;n eJcctt"odp p~Li,J:s (Jt !(t<Jny po:.int~) al)Ollt 

the sou· ... cc> dipu 1.e. r)(!CiHISe tlw ciin!ctiull of Cl1l"A:ent :flow at a 
m':~tISllrt'r\C;jt pClint j:, quite unprcdicl;\bh-, the total volt;J~JL~ drop 
l!jU~_;t be: (; ,t(~na:inl'd hy lllilkiIl() 111(~;:l~·;ur{:lJIent~-, with tl',Q clc:ct:r.odc 
p,,:ir~, nr:i - ntl?d ii t ) .. i~lht illlQ1.cs to Olle! '-11J(lilll..'1' and DrJcli_nq th{'~;p 

voll"CJ(':_i \/(:cto:ri"Jly, Tlw (! lectr-ic field is th,-'n <lc;sUlnecl to he 

---------------------- ._-------------- - -- ----- -----~---------------I 
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the ratio of voltagc drop to the sepilration between the me'lsurin~ 
electrodes. r-!easun~mel1t5 were TnCldc with receiving electrode 
separations of 30'or 100 meters, usually, with the longcr sepa
rLltions be.iIl~J used in ,)}:cas where the signal strength W3S low. 
The rccei\'er consisted of a sensitive rx.: voltmeter, on which the 
deflection os current flow reversed was measured. At its maxi
mum scnsitivity, deflections as small as 5 or 1.0 microvolts 
could be:!" n~cL)9nizt~d on the voltmeter. Readinqs of 1.(!SS than 20 
microvolts were not normally recorded ,IS useful data. 

The primary <lLIta obtained from the e:i9ht dipole mapping 
slIrve,Ys carried out in th~~ Valle~.i Caldr:;l'a axca are listed in the 
TalJle <lccOlnpanyinq thi s appendix. These data Wily lJe con-
verted to ilpDilrent t'Qsistivity v;;lucs using several cliffer~nt 
forr;1ll1i.l~~. The conventional 1ll,Wller of definin9 app<:lrent resis
tivity is to consider \~b3t resistivity a uniform earth would 
h{\\I\::! to 11';H'e to provid() the voltil~les actUally observed in the 
reLll c8rth. In 3 uniform earth, CLlt:rent spreads aLIt il'om il 

sinqle eJl~ctrode with splwrical sYlllIOetry. The electric :field 
on the sliriace ofi thc c<l1:tl1 at a distance I~l from a 15i1191e 
electrodE' through: which () CU1:rent I is pLlssin9 is then: 

! 
1,1 "" 
~l -

where p :i s the resistivity of the Llssumed uniform earth, When 
() dipol(! pair of cdcctrodes i s u~;(!d Jor a cun:ent source, therc~ 

is a seccJi1d cOlltri bution to the electr.ic field frolll the current 
flowing '( hroughthe second electrode: 

where R" is the distance frow the observntion point to the 
second ~;l1y.rent electrode. 

The cl(~ctric fields E1 and Er) are vector quanti ties, and 
so must l)(~ Cldded vectorially. The \Iector sum ,15: 

(

' '-1 2 911/2 1': pI . (Hl) (n)') . "r :::: --~. l' + ~, ... , - 2 -[;2- cos (a 1 ~;\ 2) _ 
211 H 1 '". l~ 2 \ _ " 

Solving this expression for p provides the means for COIDI)uting 
, I <1PP(l1'OOt j'C'sisbvity undl~T the assumpt.ion of spherically SylIl

metric spn:cll'ling of current in a uniforlii earth, Valu(;,; fOl: 
ilppcll.'Cnt J:esistivity cOIxpllted with this formula are listed in the 
T(J lJle ,\ccompclllyin9 t hi s Appendix. 

Th(' PILltes show.1 11<;) contour. maps of appin:cnt resistivi ty 
: dbout tIll: ri dipc)lc~-I (Platc~s l,3,,£),'/,9) indicate tll~{t ':lpparcnt 

I 
n:sistiv:ity :illcreaSl'!i consistcntl~' ,1,lith increasir]{) dif,t,;nce 
fro!'l tile O;C)llrcC'. This lwh;3vior 'is typiccd of dipole: mapoing 
<'l'l'\Jf'V" C"ll'rjnz] out :ill ,In ZI}'C,l II'h~:r(! conduct:i\lc )-ocJ..:.~-, o\l(=cl:i.e 

L'~"~ __ ': __ ~~ __ ., ." 
C~f~OlIP SEVn'~ 

I 
I 

'," 

, 
" , 



I 

1 
j 

I· 

;,,' 

( 

-----------------------------------------
higl11y resi stan t subst ra t urn, such a s cry stLl lline b(l sement rocks. 
In this C,lse, the ilppilrent resistivity il)cr(!(ls(~s linearly with 
distance from the'source dipole for distances greater. than the 
depth to the resistant rock. Because the current is constrained 
to flow (llmost entirely in the surface lilyer of conductive rock, 
the cnlcul,\tion of resistivity on the b<lsis of an Clssumed 
spherical spreading of t he current seems inappropri<lte. In 
this C,1!-;(!, a !narc mO<lllin~J[ul \'lay to reduce the field d3tn might 
be to U~)l:: a forrnLl.l.~1 bilsed on the <l!)Slllllption of cylindrical 
!;prei1din~l. For CUIT(-:nt ~pre.:idin9 throuqh (j plate, the electric 
field dq)2nds on the! ratio of pldt{~ thicknp.ss to .resj stivity, 
h/p,-a qU2Intity which is 0150 know as - the conductance of the! 
plat{!, S.The electric field <1t the surface oithe plcde for a 
current I to a single electrode is: 

"here f{l Zlgain is tlw distance. from t1w first curr.ent electrode 
to the Oh!:::E!l'Vation point. with the addition of a ~econcl elec
trode to comrl~te the dipole curre~t source, the contributjon of 
a second electric! field at the obs(~rvation point lllllst be con
sidered: 

Th~ vector sum of these two electric fields is: 

Solving this expression for S provides the m(~an~; for computing· 
apP;:lrcnt c()nduct(;\nc(~ uncle): tbe assumptioll of cylindrically SYlil
metric ~ll'rc(\ding of cun:ent in a uniform conductinq plate. Val
lies for <,PP~lJ.'(~l1t conductance cOlilputed wit.h this formula are ,l1so
li.sted in the Table accornpilnyillg this- J\ppcn<lix. 

It 1\I\.I5t be stl.'(~ssecl that the apparent v<:l.lucs for resistiv-
i ty or c(,nc1uctal1ce are the actual vi:I1_Ltes only in the case in 
which the> ~;tructllrc of the earth is as simple as tl1"t a~;sumcd in 
dE.!fininCI th(~st2 quantities. Th<'lt is, the cilrih must be cOlltplet(~ly 

uniform ];) 1..e1:<'1 11y. I!ol,ever, if a conductive geotherJ)l~'1 reservoir 
:i s prL: sent i 11 t he !ill rvC)! area, we expect t hi s concli tion to be 
violated. \'Jhen lateral changes in l-esisiivi ty occur, the 
comptlted villucs of apparent l"csistivity and <lpp.::lU!111 conductance 
\\111 b0. "LfC!ctcd, but it it; unl.1kel.y tl<.::I1, the observed vDlucs 
will thel; be close to the values dctu;:t11y existin0 ill the 91:ound. 

I J n i..! li_ S Cl ,; c. :i t .i. s d (~ s1. :r: <J b 1 c 
I v:,lups ;1) C c,ff('ct(>d-by !;irnp](~ 
1st rue tun: 0; • 

1 __ -

to cZllcuL,te how ill() i1pp;II(~nt 

rnod(~l~; ~)f inhojl1ogeIieOll~j cdxth 
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Behavior of apparent resistivity and apparent conductance 
\~h()n t be cart his layered. 

Th(~ eli pole maps shown on the iollowin9 two pages nrc typical 
of tho!;c [or Cl simple t\',o-layor earth, In caell ea ~,e I it is 
assuliled that a dipole with unit length is placed on the surface 
of an e,lrth in which a lCl)'er of unit tldclcncss lies on top of an 
i))finit(,~Jy thick :·iubstr'ltl.ltn. '1'110 dipolc! maps on the first of 
these two pages (FiguH~!) 18 and 19) pertClin to nn infini tely 
resi~;tant bcl~'cm(:nt. The surface layer is DSSUlIlC'd to hav(;~ unit 
rcsi~tivity, As may be seen, the contours of appa~ent resis
tivity forr,) elliptical patterns about the source dipole, Cl 
behavior that iE; characteristic of l;1y(~ring on dipole lllrlpS, 

The eccCl.tl'icity of tbe ellipses reflects tbe well-kllo\,iJ) fact 
ti1;Jt mea~~lln~m(~nt S fil<:lde aJ ong the polin: Clxis of () dipole ~;Ollrcc 

do not dc\t(~ct tll~ prCSenCI.1 of a resistant bas('l1lent until 1~Jt'9cr 

spc'cin9s ;:,n~ reached thdn arc required when measurements arc 
mack ,,10119 the cqucd:orial axis (Keller, 1966), It should ,d,so 
be noted that tllcra nre two smrill regions about the ends of'the 
dipole \.lllc;>J:13 thQ '(1pp<.lrent l'esi~;tivity is lo\\c~r than unity, the 
1'e5i stiv.i,ty a~;signcd to the surface Jayer. 

In contrast to the large variations in apparent r~sistivity 
as a )':'tnH'tion oj' distance from the source, tlH~ vcd.ucs of app3x
(~l1t c:ondll:.~t(lnce f,IIOW very Ji t tIe ch;1t)9(~ over raost ().e t he! lila I' , 
;liter' r(~(,cbin~J SOill,~ 70 per.c(mt of trw correct v,11ue of S 1:01: the 
surface Jayer at a distance of about one unit fr.om the dipole, 

The patterns in Fi911H~S 18 and 19 were computed for a 
layer of unit rc~sist;ivity and unit thickness n~sting on nil infin· 
it(~ly thjck suh~,trC\tnm viith ,I red.stivit:y of 0,33. llere, both 
th(~ apP;]Jlmt conducta1lce and the Drlt-.arcnt rC515tivi ty v(lry 
stronqly ,dth d:i.~;t<\l'lce frol.1 tile sour.ce, It Ilwy also be noted 
that in ihis case, the depth of p(~lletl"i\tion for mei:l~,urcr,)elils 

In.3de illoL~l the polar axis of the dipole source is about the same 
n s for Hll'il suru.mCl1t s mado a long t hQ cqua t oria 1 (.lxi s. 

I 
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A. Apparcnt condllctallce 
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B. Appa)'(~nt red stivity 
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I ~'~1 ~~~ ::0 ~~(,,;;:: ;'nc~i ~~ l~;h~~ ~ i ~ ~l~ V ~ ~~o~~/ ~~~::~ ~ f ~r a t ~~~ r ~ ~~ ~ ~~ ~.~ l~ ~~: 

I
I "nel the :_,\ll'[,lce l;'Yl'J: h<ls unit tC'si!;tivity, TIH~ thickness of [I 

the ~·,urJ.lc(, ]ilYl»).-.is 0118 UJlit, <lnc1 the o',()\\rcc~ djpoJ(~ lQ!l~Jth is 

I~' leu il i t.~. _______________ ~ ____ ~ ______ .~ ________ .. __________ ~_ -----~I 
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1\. I\pp:nent con due t arlcn 

B. AppaJcnt resistivity 

.5 

.8 

Fi~lun: lC). Dipole res:i st.ivity pZlttcrns for the C(1se of a 
tWU .. ].ilycr sequence ill widell tlw first j;\>I(~r hi'S unit resistivity 

I ilild th,~ ~"'col1d lavvc has d r(~~;isti\lily Df O,?, The tiJiclcll('SC; of I 

I 
the surfdcc LI)lc.r is one unit, and 1.ht: souLe.-: dipole .lellljtll is I 
OI1Q 11llil, 

, .-.~~~-. ---.~------------.--.~~-.--- -~ - ~--- -~_~I 
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B. Behavior of app<lrcnt resistivity and (lppnrcnt conductance 
in the presence of a dike-like conductive structure. 

The <Hpole maps. shown on the folloVJin9 two pa9cs \~ere 
computed for (\ souJ:'(;e loCuted vt the cd~J(! of and pf.l):aJ.l(~l to 
a cliJce~,l.-jkl· f'eatul:e ilSSUlCl(!c] to h,,)Vc il lcm'0.r resistivi ty than 
th~ country rock, The country-rock resistivi,ty is taken to 
\)2 io units, while the resistivity within the dike it; taken 
to be J unit, or sm2>ller by a factor of 10. The maps in 
Figure ;?O (lrc computed for (j vel:>' 9rerlt depth to insulatinq 
bcl~;(!nwllt, \';hile the l~ldp::; in Fj~Jurc 21. aXE1 COlilputed for a depth 
to insul<:lti119 basement 'of 1 unit. 

Thc: rnost stl"iJd ng ;f0.() tun>. of these maps in the :(.)cto th9 t 
tho'contrast in appa:fent conductance valll8s ot" appi1rt~l1t l'esis~ 

tivi ty \1~l1\.1(:S lox' 11\(~().sI1J.·'-~lP\.c;nts !)l,Hle insid~ of and oltt!iii(lf.~ of th8 
condllct.ive strip is lfll.lcb smaller thnn 1;IH:! actll,l1. contrast, 
The tnlC' conductance ol\tsidi~ the dib::, for the CCl!.;C ~;ho\'.'n in 
Fi9uro 20, is 0.1 Ulil t, compell'ed to 1 llni t for the di k(!. The 
(1)~5crH!cl conduc'Lances ou t 5i de t \18 dike bru too 1a )~f)e by 0 
factor c.f ;~ to 3.. w<.!inly because luuch of the curnmt thil t 
\'iOllld llcn:,,,lly flow in ~;t1ch regions h,IS b0<:<ll divel:tt:.'d to flow 
inside 'dh~ dike. Silllili1rly, the higber tbi.ln normal current 
COllccllt)'(lt:i,on hi thin ill\.! dike makes the conullctance values 
ohscrvc,j there so:ne\,ha t too loy.;, 

I I 
I I L " ________ . __ ._ "" __ " __ "--______ '. ------."_ -__ , ____ " -- --- ----,._-------------- ----,-"-----.--------.--'''-- ---------__ "i 
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1\, Apparent cOllductance 
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R. Apparent res{stivity 
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Figure 20. Dipoll~ resistivity pdtte,rns for the ('else of (l 

conduct) 1)(> dike~like feature. Dipole source is 2.5 units low); I 
(Like widLh is :~ llllit~; ;nHl the.> dc~pth to insulating b;;s(?m'-=nt J.::'; II 

ilitinitc. Dike resistivity is 1 unjt, while enviroi1m~~nt.11 l'csis= 
tivity JS 10 units. 
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1\ • 1\ PP;I len t conduc t a nee 

B. Appcn-(>llt red.stivity 

7 

figure 21. Dipole resistivity patterns fo~ the cas~ of a 
conducti"(: clikt~-like feature. Dipole SOll1:ce is 2.'; units 1011<], 

deF1th to insuldtinq bd~~cracnt is 
llni t, \\hile Cn\iil:olllli(~lltill x:cr:;:l s= 

cl i l(\? \\ i cl l h j s ;.2 un its, and the 
1 unit. Dike r('si~;tivity is 1 
t i v i t y i~; J 0 II n:i U; . 
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C. Beh.avior of apparent resi !iti vi ty and clppa rent conductance 
in the pr."CSEl'lCe of a dike-like resistive structure. 

C01,lPll ta tions for thi s case complement the computa tions 
for the pn~ce('dinD C\lse of a conductive dike~"like featur<!. 
1\9;)i\) , th{~ sourc(~ dipole l(!l1gth is tidwl1 to bE: 2.5 units 10n9, 
situ"t(~d parallel to the (~d9C of a rcsi~;tant dike-like featu:x:<'! 
of width 2 units. The cOIJ.l1try-roc:k re~dstivity tC"!Oclins 10 
units, but the (l.ike is now <'lssfgned (J re~)istivity ot" 100 units, 
or 10 t.il'l(!S grerlter than that of the country rock. The maps in 
Figure 22 ore cumputed for a depth to basement that is very 
large, v,bile th(! w"ps in Figure 23 are computed for a depth to 
in su 1,1 t:i.119 ba f,(!Irlen t of 1 un it. 

A,) in the pn~cQed:i.n9 C,\Sf!, the contrast in observed resis
t:i"\litie~J and conductivities beh~eml the dike and the slIrround:in(;) 
rock i~) subdued, 
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II, /\pfJClH:!nt condllctilnC(~ 

Dipole resistivity patterns for the ca~,(~ of .:I 

l~c~;iDt~:\l)'L dik.c:·~likc fcature~ J)ipule' ~:;OUl"CC: is ~~~5 ul1it.s long; I units, and the cJc:pth to insuJLltinc] basement is 
n~sistivit.): i.s 100, \\hile environmental :r.esis-

I 
~l.i.I< ~? I.', j <1 L his ? 
.llli.lIHi.(', Di.ke 
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A, j\ppilr(~nt concluctClllce 
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13, P.ppilJCnt resi'stivi ty 

50 

Dip ole res i s t i v i t y p [\ t t e r 11~; for t 11 e cas Q 0 f ,1 

l'l;si~~t,}llt uik,~-ljk'-~ ieatuLC! .. L)ipolu S()LL(Ce is ~! .. S units long, 
ciii((0 \,.idth is ~2 units t c1ild depth to insuJ.tltin~j b~i:;Cincnt is 1 
uni.t. J\jl;(~ n~si~~tiv.ity ;i~; IU(), while ellVirOlllT:ellicll resistivity 
j s 10. 
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APPENDIX I: Tabulation of Data (observed data from dipole 

resi~tivity surveys) 

The following quantities are listed in the tables; 

N Station number, keyed to Plates 1-10 

Rl Distance from observation point to one end of 
source dipole, measured in kilometers 

R2 Distance from observation point to the other end 
of source dipole, measured in kilometers 

D 

T 

The angle detween the two lines RI and R2 running 
from an obsurvation, point to the two ends of the 
source dipole 

The angle between the two dircnctiol1s in wtd ch 
(:!lectric field mcasurer.1ents were mauc at eacl1 
si~e (nominally 90°) 

i 
Vl Vdltage measuxed between one pair of receiver 

electrodes, in microvolts 

V2 Vol U\ge mea sUl:ed betwee n t he other pili r of 
receiver electrodes, in microvolts 

X Length of receive~ line, in metors 

I Amplitude of current steps, in amperes (average 
CLlrrC!nt \vas one-half this value) 

RT Appilrent resistivity computed using the magnitude 
of tile electric field, in ohlJ1-II\Cte:rs 

SA Apparent conductance computed using the mal]nituclc 
of the electric field, in mhos 
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N Rl 
1 o. g 110 

~) I • II?O 
~3 1.19() 
LI 

5 
(, 

7 
g 
9 

I (l 
11 
12 
1 :3 
I /1 

I 5 
I 6 
I 7 
U~ 

19 
?() 

21 

? :~ 

2/1 

25 
2(, 

'? 7 
2R 
29 
30 
~ll 

32 
33 

, =~ II 

o. 4 L!() 

3.200 
3. (;30 
;1.900 
II. F~ /10 
S. 2 ~o 
110 r: ~lO 
II. n 70 
J. ~'OO 
J. ~,OO 
2. () (j 0 
3. r 50 
3. 1.50 
:3. ~"~ 0 
]. ~,<;~() 

:l~ () ()O 
3. ') () 0 
~l. 'l~) 0 
3. (liO 

p. F; 00 
3. ~,~')() 

.].)I\IJ 

~\. (00 
~1. (00 
I, 100 
O. n /10 

o. ~<)() 

o. f\ 10 . 
I • ~) SO 
2. ]?O 
:3. (, SO 
~l. 0;') () 
~i. r,?O 
::i, '1 (,Cl 
{;. ~<,< () 
(.. ~ 'I () 
~,. i) i~ 0 
~i. I i\ 0 

.'1. I,~) () 

;l. ~\ I,!) 

:1, (JI() 

H;~ 

p. fW 0 
;~.n60 

3. ) AO 
P.. (,20 
1.0'10 
I • ~)~) 0 
I • f) ~O 
2. '/00 
3. 090 
2. 600 
I. () 00 
1 • ~) f) 0 
).~3~,O 

, O. 9 :)0 

J. 310 
1.97(1 
~~. :350 
P.700 
II. ~'») 0 
4. ~-;,OO 
).900 
I • ~)') 0 
~). 100 
5. (.~)O 
(,. ) 00 
5. Ii .q() 

5. '{gO 
P. 070 
~~ 0 0 ~O 
2. 670 
3. ORO 
~l. ROO 
'I. ~) ~O 
5. '100 
~). I ~'O 
~l. ~))O 

11. ()l) n 
II. 700 

<I. 9 on 
LI. ~)no 

/'. () ~)O 
3.,).''i() 

'I. () roo 

Source 1 

D T 

36. 

93. 
7R. 
9 /J •. 

39. 80. 
27. 91. 
23. 8 'I. 
P?. 102. 
III. 99. 
12. fl6. 
9. 93. 
'I. 100. 
o. 'IS. 

16. 107. 
37. 98. 
'1-4. 96. 
41. lOt). 
41.1. 93. 
liS.. 93. 
:53. 166. 
~)~). 92. 
31. 102. 
27. 87. 

1 • 93. 
1 • 93. 
5. 93 • 
H. I 06. 

10. 9 O. 
H9. 97. 

100. 89. 
/J-I. 100. 
16. 90. 
7. 9 o. 

I I • 9 O. 
1 /J. 9 O. 
ILl •. 90. 
! R Q 91. 
19. Bg. 
17. 98. 
W. i39. 

i () 5. 
93. 
f~ 7. 

VI 

'150. 
2r~ O. 

- Llf) O. 
.. 9 ~)O. 

/.j00. 
.. ~~()(). 

- '10. 
SS. 

.. :m 0 

60. 
100. 
- G ~). 

~? 7. 
I I 5. 

. -f~60. 
- illS. 
-:m. 

- ) (, 5. 
80. 
70. 

- 6 '1. 
t LI~). 
.. 20. 

L.j'f • 

:n. 

- 37. 
- 12 so. 
- 1 LII:1 O. 

/JOO. 
~oo. 

'I B 5. 
F) O. 

105. 
,- 9 o. 

o. 
- iiO. 

- 32. 
- 3f,\. 

- I DO. 
-j:lO. 

V2 

70. 
.. 75. 
- 35. 
120. 

- 120. 
1 10. 

- I I 'I. 
P ;3. 
~:) . 

- [10. 

-2~~~~. 

- I?B.· 
- P[) O. 

- ~39 • 
50. 

- 1 () 5. 
- 1.1:3. 
- In. 

(, s. 
) 70. 

50. 
. ~l~. 
~30 • 
I ~). 

110. 

t 3 5~ 
') 50. 

-8 ~)o. 
900. 
370. 

'15. 
310. 

30. 
O. 

- Lj 5. 
- 6. 

- 1 g. 
23, 

x 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
30. 
~lO. 

30. 
30. 
:30. 
~W. 

30. 
.:30. 
30. 
:30. 
30. 
30. 
30. 
30. 
30. 
:30. 
30. 
~W. 

JO. 
30. 
30. 
~1O. 

30~ 

30. 
9 O. 
9 O. 
9 O. 
]0. 
30. 
30. 

I 

13. 3 
1 ~3. 3 
1 3. ;3 
13. 3 
I ~~. 3 
1 LI. 0 

1 'I. 0 
1 'I. 0 
1 I,. 0 

14. 0 
III. 0 

J 'I. 0 
I Lt. 0 
I/h 0 
I Lt. 0 
I/h 0 
I 'I. 0 
1 'I. 0 
J Lj. l) 

I 1,. 0 

I 'I. 0 
1,4. [) 

I 'I. 0 
I Lj. 0 
J Ll. 0 
1 II. 0 
) 4. 0 
111. 0 
14. 0 
14.0 
I 110 0 
) 'I. 0 
I II. 0 
14. 0 
) Lt. 0 
! I). 0 
i 4. U 

I 'I. 0 
14. 0 
I Lj. 0 

: ~;: 6 I 
O. 30. 1"1.(,) 
o :30. 1//.0 I 

/1. ~) () () :l ~l • f\ () • -" // () • ~) 1 (L ] 0 • 1 Lj. () 
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N 

I 
:? 
3 
II 

5 
6 
7 
n 
9 

1 () 
1 I 
12 
1 3 
\ II 

'15 

1 6 
I '{ 
lR 
19 

20 
2\ 
22 
23 
2/~ 

27 
'?R 
29 
~30 

31 

Source 1 

Rl 

O. R liD 

1. 1120 
1 • 190 
O. /!/{o 

1.0,,0 
1. 520 
I. R 50 
2.700 
~~. 090 
2. LIOO 
I. fWD 
1.200 
I • ~~ 50 
0.9:)0 
t. 310 
1.970 
~). 350 
2.700 
3.900 
3.900 
t. ') 00 
1. 590 
2. ROO 
:3. ~3 50 
3. '7f) 0 
3. 600 
3. (,00 
1. 100 
O. g /10 

O. 530 
O. RIO 
I. 550 
:? 320 
3. 650 
3. O~)O 
3. ~)50 
lie OC) 0 

~j. :?? 0 
11.900 
L,. ~)OO 
Ilo O~)O 

J. g /10 

] 69 U 

/, :; 
i .J 

HT 

5. 'f Lj 

I 1 • ~) 3 
I 2. 1 ~) 

3. 10 
,7.81 
9. g Ij 

8. 6:? 
9. B 6 

1 1.10 f) 7 
1 1 • '1'-1 

(,. gg 

I,. Of) 

1,.26 
7. B 5 

10. 77 
19.30 
26. 61 

10".72 
;38 • 'I ~j 
1 I • "{ '7 

6.gl., 
'7.0., 

I 'I. 76 
1//005 
I R. 1 ? 
"3.67 
2. ()o 05 
I 7. J 3 

Li. Sf'. 
6. 5~3 
B. \ (~ 

1'1 • ~)O 
I 1. B 7 

6. \ 3 
1·3. 613 
j R. 36 
25./10 
':,0.7/, 
SO. ()2 
7:3.00 
(,? "77 

S/\ 

9'1 , :~ 

BO.3 
1~:~7.~-) 

106. 5 
1 t 6. 7 
1 58. ~ 
18 (). LI 

1 3B. 0 
1'11.1 
I g 2. [" 
160.2 
2. Lit" 1 
I g 6. 6 
I Ij~3. 2 
1 Sg. 9 
J 1 S. 3 
1 02 .• II 

~~ 6. R 
10;3.0 
127.0 
I '18'[~ 
~~ 55. 9 ' 
1 L12. 5 
1W.? 
12.6. 6 
:'3.2 
1,5.9 
53.8 

101,. 3 
99.[-) 

J 3~). II 

1~37.5 
206.() 
~l:32. '{ 
I R 2. ~) 

13/j.(, 

100. 'f 
B I,. 7 
~)9. I 
6 S. 1 

1 60. ;J. 
II Lj I 
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, .. 

5:33 Lt. 100 
5 ~l I , J . 950 
~ ~15 J. 600 

I",' 5;16 Ll. L!OO 

I :' I, 

5~n ( " JOO .) . 
5 J!"~ G. S ~~o 

.' ;!~ . " 
" 

5 ~\'J 7 . 000 
~) I,n 7 . (,0 () 

~ i /ll 6 . (, ~i() 

~) / 12 7 . LIDO 
'51, ] 6 . GOO 

, I 
5 111, (,.9 0 0 
~) /I ~ L,. g OO 

-------

e, l 

5 

RT 

52.93 
31 • '17 
19. P 5 
I L,. (-,7 
liO. C C" 

~ ~) 

2 7. fi ') 
2].27 
1,9.97 
21.1') 1 
2'7.')2 

~l ~~9 • 117 
92.?0 
n 2. 6// 

12'). I (, 
\ 715. 52 
109. I I 
\ 119. 73 
33 /,.39 

Sri • 3" 
38. 3/1 

36. ~S 
2 /1. f) I, 

57. /I(l ' 

3 ~). \n 
(, 1 • \ I 

\ 5 -I. ~)() 

(>9 .9 L, 

SK. 110 
;!() • 11<) 

~l3, g 5 
\ 5. 71 
3 / ,. 3'1 
28. ()3 

L,~) • 32 
~6. g9 
66 . ':: 7 ' 
' 17 . 85 
313 • ~~ () 
B O. 1 ::; 
~~ 9 • I () 

7 :3 0(,)(:'. 

~) ~) ~ (\ 7 
3 S. 79 
JJ . J.Ij 

SA 

'17. 6 
101. S 
23/,. 3 
382. a 

71, LI 

\ 09. 7 
\ SF>. Lj 

~) ) . 6 
\13 I,. 6 

"/7. I ' 
(" 0 

2 tJ' 5 
~) ~). 0 
2 (). 0 
~~ I! . ') 

1,6. 2 
;,2. ~2 
18. I, ' 

1 I ;3. ') 
I :j') • G 

;j 1 • g 
~~ 6. ;5 
23. 6 
/13. 2 
33. I.j 

\ 3. ') 
~l S. 2 
'? '/. 0 
/If~ • ~l 

36. C' 
J 

2'1 ',. 3 
123. [3 

1113 . 2 
[s Ij . 7 

\ 3 ~). 3 
57. 7 
') 8 .Lj 

1 5 ~). 1 
7I . () 

2 () ') . Cj 

loa . 2 
1 ~~9 . J 
1 -W • • 6 
I J :'.. / 1 
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Source 5 
,;;;:s. 

N In HZ D T VI V2 X I 

Sill, 5. 700 6. 000 2/1. t 18. - LIO. 32 .. 30. 1 1 .- 2 

5,(l7 ~). f; Cl 0 6. 600 :::.~ 1 • 92. 25. 0'- 30. 1 t • ~~ 

:; ,-:'lf1 c :iO () (,. 100 ~.~ 4. 93. 23. .. 1 2 .. ~lO. 1 I d~ 
:>. 

~)49 /1. 'Ion l- IDO 2<). 89. 60. - 225. 30. t I • 2 
,)0 

:i5C1 II. 1100 5.900 r)f) 79. 125. 80. 30. 1 t .. 2 
C-l .•• 

5~) 1 . 40 so 00 6. /100 20. 105. - 22. - 30. 30. I 1.2 
,. C(') :j. (,DO 7.000 19. 84. - 22. o. ':30. 1 I • 2 

' . ,'~ i : 

;) ,) .,. 
S ~)3 :::~.900 'I. GOO 30. t 0 ;~. ~~ I O. - 9 O. 30.- It. 2 

~) 5 LI r) 100 J. gOO 38. gR. - I 5. 400. ;w. I 1 • 2 
C\,I 

S::' ::i ~: ~ ~\ 00 LI_ 100 :\ 6. 95. -190. .' /i 5. 30'- 1 I..' 2 

S~) 6 1 • ',~on 3. ~'oo 1jC) • B 6. 620. - 130. 30'- I 1 • 2 

5 :)7 3. oon 6. 100 '/ . 95. -8 O. I 2 ~). ~30" t 1. 2 

"R c.: L· r.- /1. noo 6. 500 2. 85. - 60. 20. 30; 1 1" 2 
,J ,) J 

.J 559 II. gOO '1. 300 1 • B 7. - 130. 30'- ;\0. 1 t • 2 

S(,() 5.?00 7. '/00 3. 9 O. - 1;3. 70. 30.' I 1 • 2 

~. 5 (, I 1. jWO /1.200 I 1 • 80. - 370. - 350., :30. I 1. 2 

,,'r S62 ! • Clon 3.000 ~.3. 9 O. 3100. 1050. :30. 1 I. 2 

5 (, ~3 o. f< SO ]. )00 /10. 90. 3 1100. 2250. ~)() . I 1.2 

1r· 
5(,4 1 , () no ~j.gOO ~) ~). 9 O. 37(). I 70. ~30. 1 1.2 

5 (.~) 6" c'; (l n R. 100 J e,. 95. I 5. o. JO. I 1.-2 

'J h '/ ~~ " M)() I!. gOO 19. B9. 37. - I 62.' 30. t I • 

56g 3. ;·;O() 3.[;00 40. 9 O. 1110. 1 40. 30. 1 I • 2 

l' 569 :3. ~JOCl '/.900 ~>.g • 93. - 95. 2B 5. 30. t t • 2 

~"dO 5. 300 S.BOCl 26. 1 I I • 85. - 95. 30. I I • 2 " ' 

" 
5 -/1 it. C) () 0 5.000 29. 9 O. - 19 O. 285. 30. 11.2 "o"":;r,; 

J 
'" ~)7'? ~-). 700 f).200 LI. 13 5. - 2 r,. 25. ~30. I 1.2 

57] 6o(JOO g. 1,00 'I. 100. 40. 40. :w. 1 I. 2 

':..7/1 6. 100 H. (,(H) 1 • 90. 30. 25. 30. I I • 2 

J 
575 ~). /100 7.900 D. 96. ) 00. O. 3D. ) I • 2 

576 Ij, 'Ion 7.200 I.J. 93. O. - )/10. 30. 1 1 • 2 

577 I~ It ~)(J 0 6. fWO 9. 9 ) • 65. ~ '70. 30. J 1 • 2 

57g :3. ;r~ ::,0 5. 700 3. Fr.' - ~~B O. 1100. :lO; I 1 .' \ 

~ 
J ::>0 

k , 579 J. 2 SO 5. 700 3. 8 " - 28 O. 400. 30'- I 1. 2 ;) . 

. 1 
ill 
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:J ,'{-b~) , ' Source 5 'fJ 

1 N In RT SA 

-,J 
~) Ill') 5. 700 63.9 t 89. 5 

5'17 5. ROO 110.06 1 3 ~3. 5 

5/i~~ t" 500 3/Je ~3g 1~)~:).3 ;:;. 

5/19 I,. 700 199. /,0 23. 6 

-j 550 I,. 1,00 9~. 31 36. g 
5~) 1 /10 C) 0 () 39. 51 96. 7 

~) ;I~? 5. 600 ;''.9. 0 7 I 53.8 

'1 S~) :J ~~. '/00 1,9. ~) 6 Ij7 " 
,-
;:; 

5:)1.1 '> 100 /j2. ~~() Ij 1 .8 
( . 

5~) 5 2.BOO 113. 02 57. ,-
,) 

J 
5 ~)6 I • 1100 ~) 6. 6/1 116. b 

5 ~',7 3. 600 ~)2. BH Lj ~J. 7 
r: t" ,.: I,. 000 31. 36 79. I .J " :J 

~) ~)'); il.gOO 102. 56 2H.3 

j 560 ~). 200 7(,. '27 Ill. 0 

~) (d I. gOO 3 Lj. 67 37. ,0 
5 (,~~ 1.000 6 5. ~)2 13d) 

.1 
,-... :i (, J O. t~ 50 sa • ~~ '/ l. ~~. 5 

~) (, /1 1.900 3:1. <) 7 /15. Ij 

~) (,5 6. H 00 ~~ Ilo 58 1 :)7. 3 

1 
567 ~~. 600 28.9 lj 63.9 
5(,f~ 3.200 12(1. ~) 6 25.0 

569 3.200 B 6. 6/1 29. 5 ...~. i 

570 5. 300 130.~?1 1,0. 3 

1 ~) '/1 II. '/00 ] 1 J. 1 7 1 5d3 

57? t- 700 II~). 07 75. '/ :J. 

:) '7 ~l 6.000 g 1-1.0 I /1 ~). 6 

1 57/1 6. 100 5 !I. 56 65. 5 
':,,'/5 5. /jOO 102. g 3 31.2 

576 'I. 700 I () O. 53 28. 6 

~ 577 I,. 500 62.80 '15. 3 

j ,: 57g 3.000 <, (-' 
~) 79 0Q 250 I /19. 19 13.9 

I ' " 

", ' 

I 
L~--~---------~--~--~----,---- -
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N IU 

601 0.900 
(J02 1. I!()O 

l)O:1 2. L!C)(J 
(,O.lj ~~. ?OO 
(,0 5 ~~. 3 ~'O 
(,06 3. gOO 
60 -, 3. UlO 
60() 3. (, ~,(J 
()09 9. ~~OO 
(,)0 11.:"-'00 
(d 1 ~). 000 
612 S.O~)O 

61 ~3 S. ?ll 0 
(;lll fl.~\OO' 

(0 J 5 llo? ~)O 

(,16 11.150 
617 3. !WO 
(>I U ~). :)00 
(; 1 '). 3. 1 ~)() 
(,~>.O ' ~~. '/50 

621 3.H50 
() ~~ 2 3. /J()() 

6;~ 3 ~l. 200 
6?.I1 It. :)00 
625 /j. '7 ~)O 
6~~ 6 ~). () ~)O 
6'2 7 ~) < r; (l () 
628 (,.~) :,0 
(,29 6.900 
()~30 6. 'J 00 
(:, ~1l ;:;.:) ~,O 
632 2. '/00 
633 3. () ::,0 

. «lLJ ~3. 700 
6] 5 fl. ~?O(J 

H2 

3. 000 
~3. F(()O 

4. ~! 50 
110 S 50 
LI.9~)O 

~i. 1 ~i 0 

'I. (00 
'I. 2 :iO 
II. ;! 50 
1/. ~)ClO 

',. 300 
7. ~300 
'] 0 ? 50 
6. 'laO 
6. 1 DO 
5. 700 
~). 2 ~-)O 

IldHJO 
II. <) 50 
110 H 00 
4. (yf)() 

3. 700 
~3. :)00 
~). :::<00 
11.<)50 

S. 2 ~jO 
6. 100 
7.200 
7. fWO 
B.OOO 
II. 700 
5.000 
5. :100 
5.900 
6. 300 

Source 6 

D 

O. 
I 1 • 
?l~ • 
1 3. 
:2 h. 
::~ (10 

~12 • 
3/j. 
~3 3. 
32. 

C' 
:J. 

7. 
1 ~~. 
I 5. 
1 7. 
fJ.2. 

2 '1'
? (,. 
2~, • 
26. 
32. 
/10. 

112. 

26. 
~~ 13 • 
27. 
23. 
19. 
1 7. 
1 ',. 
I 7. 
9. 
9. 
') . 

I O. 
9. 

T 

9 O. 
9 O. 
90. 
9 O. 
9 O. 
9 O. 
9 O. 
Elf) • 
9 o. 

I I f3 • 
n9. 
90. 
90. 
90. 

1 O~). 
90. 
90. 
B 7. 
9 O. 
90. 
9 O. 
90. 
92. 
90. 
90. 
90. 
90. 
95. 
96. 

100. 
90. 
90. 
92. 
9 O. 
9 O. 
9 O. 

Vl 
3200. 
800. 

105. 
60. 

70. 
9 (). 
~l (). 

- 110.-
- 12. 
- 1 (). 

- 125. 
- 3 ~3. 

- 100. 
I 40. 
150. 
100; 
140. 
240. 

60. 
10. 
110. 

0; 
25. 

O. 
O. 

120. 
. - 50. 

- 50. 
ou 7 (J.' 

V2 

- 650.' 
120. 

~10()'-

50. 
- LlO; 

50'
- 55. 

70.' 
-90'-
- Ss; 

20; 
- 1 7. 
rc' ;.: :J. 

~l5. 

-EO'-
9Q'

- I ~)O. 
- I,E 0.-
- () ".' 

- 2 SO; 
- 1 5; 
100; 
30. 
o. 

- 50'-

- 2 S. 
- 10. 
- 30. 
- 1 5. 

- 750'-
'- 700.

- 65.' 
190 • 

I 

I 3.' 
I 3. 
I 3.' 
13'-
1 3.' 
13; 
13'-
1 3. 
1 3. 
1 ~); 
13'-
1 ~3; 
1 3. 
13'-
13'-
1 3. 
13;, 
1 ~l. 
1 ~3. 
13; 
13; 
1 ~j.' 
13; 
I ~3. 
1 3. 
I ~J. 
1 3. 
1 3. 
13; 
I ~h 
) 3; 
1 ]; 
I J. 
13'-
1 ~l" 

X 

30; 0 
30.' 0 
30.' 0 
~30. 0 
:30; 0 
30;0 
30;0 
30.0 
~W. 0 
30. () 
30.0 
30;0 
30'-0 
30.0 , 
30;0 
30; 0 
30'- 0 
30'-0 
30.' 0 
30;0 
30; 0 
30."0 
30;0 
30;0 
30;0 
30. 0 
30'-0 
30'- 0 
30.0 
~30. 0 
30.0 
30;0 
30'-0 
30.- 0 
]0;0 
~30.' 0 

Kl7 ~'~Q~3()() ].1100 II~j. 130. 370. 5;?(l. I~l.' 30.0 
6 ]?) , J. () ~j 0 ~3. 1/00 II ~). 9 0 • - ? 0 0 • - ;:; ~) 0 • 1 3. 30 .' 0 
() 3 ,) ?, /,00 =1. '7 00 Ii 0 • 9 5. ;3 I o. 2 I O. I 3. 3 (). [) 
6/10 ~).:PO fl.?~)O 3S. 90. BO. --80. 1:3; 30.'0 

I
I 6 'lIe 0 j 00 -1. I :,) 0 1 ') • 9 0 • () • - 2 s. II ~:.' ~lC). CJ 

[.~i~ ~.)Q ~):in 6" :-;00 ~-~Oe H Lie OJ> 35~ ...;- :30a () 

Uj:Lyri~ J ~;;:;J}~Jf::_ ··~gL __ JE __ iL ~g:_~_ 
GI\Ol!P SEVI:.l-..l 
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Source 6 

N Rl I~T SA 

I 601 0.900 47. 50 1 Ll. 9 

60 ~,) 1 • /100 :10.37 ~~ Lj. 1 

603 ? 1100 JR. OS 98.8 
(,0/1 2.200 12.07 127. I 
60S ~~. :1 ~)O 21.67 122.~ 

606 3. BOO 2~~. 2/1 13 S; II 

(10 "I 3. 600 33. 13 100.0 

6CJ~~ :1. 650 1J:3. [) I 8 2.' ~~ 

(,0') 'I. ~~ ~)O 3Lj.37 9f1. 7 

610 I,. ~~OO ::m.oo 1 1 1 • g 

61 J 5.000 ~3~. 06 86.3 

61? 5.050 1 6. 67 186. I 

613 5. ~200 23. g 3 1/1:3;2 

614 I,. [; 00 1J7.F31 69 t' ~~ 

615 /1.2.50 92.2,g :)2,' 5 

616 Ll. I 50 50. :n 6 /1. 1 

617 ~l. fWD 65.22 46;'1 

6U3 3. SOO 1'/2.95 1 6; 6 

(>1 <) 3. 1 ~)O ~39. 61 59.' 'I 

b~~O ~~. "150 ~)0.99 '10;9 

6~~ 1 3. g 50 'I~). 3 Lj 81 .8 

6?'~~ 3. 1./00 51.0 LI 6H.0 

6?~~ 3.200 61 • 28 53. 1/ 

M~', 4. 500 '12. 72 9B;2 

625 II. "ISO '10. 67 1 1 7.9 

6:-;6 5. 0 ~)O 37; 57 1~3~).7 

6'2 "' 
S. r;OO 35. 79 162. /1 

6::::("; 6. ~)50 ~ /j. 06 1 1 11. (, 

629 6.900 70.21 B 6.9 

f,30 6.900 33.35 1 7 S; 7 

631 2. S~)O 11~)./j5 I :h 7 
6:12 2. 700 1 19. I 1 1 S; 1 

6:~3 3.050 I.jl.07 118" S 
63/j 3. '/00 71.89 32.'9 

6]5 Ilo 200 29. (,3 9 O. ~) 

(.. ~ .... ( 
\) \) 1,.) /f~ ~~,50 113. ~:i~) 6 ~~." ~3 

617 2.ROO 1 12.8 (, ~~ 5. 0 

63') 3. CJ~jO 69. 33 'IS. I 
(,3') 2. 1100 51 • ~~o III .9 

(, /10 3. ~1/10 3 / ,. ~)S 9!" 2-
() 111 6. 100 39. 50 1 3 :3. II 

(, /!~:) ~) f; ~) ~o .Ii If< g 9 1 OS • ~ 

(,I.{~l 
,--'. liO () /10. 12 I ~~9 • :) 

(,/1/1 () )llO 
,: /j '-. /, _ (~nn .c. ., , "7 t:. 50~' 2 
"-·J--f...,..' ~ I Q f. \,' \./ \..l \J e I ~ 

----."--~-.-~------.~==~---. --,--- --~-"-------' 
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APPENDIX I. 

N 
6/1 () 
6/1'1 
6Llf~ 

()Li9 

650 
651 
G:i? 
(, ~)J 
6S/, 
6 ~):, 
(, 56 
(,,57 

6 5~~ 
(, :i9 

660 

IU 
3.()(10 
Ilo 550 
LJ.gnO 

5. ~200 
5. 1/ SO 
?, ]50 
:=~. 050 
1 • '/00 
1.7()0 
?OOO 
~', 9 00 
1 • 9 SO 
) • n ~)O 
~L ~) ~ ) O 

(, b I .(I 0 ~:, ~j 0 

6t,?. I" JOO 
() 6 J ' (). :l~) (l 

66'1 O. ()OO 
()6S 1. SClO 
666 ~). I/SO 
667 30100 
() ('r; 3, ~,~ 00 
669 1/. 650 
(,70 f). 00 0 
671 (h '{SO 
672 :). '/50 
6'f3 3.950 
6 '1Lj ] . ~50 
675 J . OOO 
() 76 J. " 50 

, (> 7 7 L!. Cl 0 0 
67R lio 700 
679 I .JOn 
()f~ 0 I • ? 50 
0:; 1 ,() ' () CJ 0 
(g 2 lJ • f~ ~) 0 
m 3 ? 000 
(~ /j ? L 2 00 
(-,~.5 5 ~) . 7 () 0 
( ~) (, ~ • L) /ifJ 
(, r: ., I , (,OD 
C.Wi 2.7 00 

H2 

L/. '100 
6. 2~)() 
6.2.00 
(). 2. SO 
b.3S0 
2. 350 
2. 0)0 
3. ~~ () li 
3. '{ ~)O 
I,. ~)() 0 

S.POO 
I,. ~J () 0 

'I. 100 
~). [, 50 
(). 550 
7. ;~ OO 

3. (,(JO 

2. 7 :iO 
f~ . R :iO 
~1. ~) 50 
/ j. ;:~OO 

Ii. '/00 
5. 11:,1) 

6. / ! ~:iO 

7. [100 
(\.:)00 
7. 700 
/j. 1 50 
3.8 :iO 
/1. 000 
II. <100 
S. ~30 () 
(" ?OO 
I . / , 5 0 
1 .[s OO 

~~. :300 
2. '/UO . 
/ 10 3 ~) 0 
Li . so n 
I,. 750 
:3. L,OO 
?. 7 ~)o 
~l. 700 

D 

31. 
1 s. 
2 (). 
20. 
22. 
(,O. 
61 • 
L16. 

I 1 • 
~3 • 
O. 
o. 

3i3 • 
29. 
29. 
2 s. 
28. 
1 6. 
12. 
10. 

33. 
38. 
36. 
? 7. 
2 5. 
19 . 

1 I (j • 
10 3. 
85. 
51> 
'J' 

s. 
R. 

I C) • 

L, s. 
GO. 
110 . 

Source 6 

T 

90.' 
9 O. 
38. 
9 o~ 
<) O. 
95. 
90. 
<) o. 
95. 
95.' 
9 O. 
9,0. 

9 O. 
9 S. 
9 O. 
9 o. 
<) ~~. 

9 ~:.;. 

90 . 
90. 

105. 
92. 
9 O. 
9 O. 
90. 
9 (). 
9 O. 
9 O. 
95 . 
95 . 
9 O. 

') O. 
f) ~. 

9 O. 
9 :i . 
9 O. 
95. 
g 5 . 
9 O. 
<) I • 

1 09. 
~) 3. 

Vi 

160. 
- LIO. 

w 30. 
SO. 
30.' 

•. L,O o. 
1 7~). 

- 1 J 50. 
-2 /10. 

28 O. 
1 1 ~) O. 
I 150. 
~200. 

, 270. 
,·120. 

0. 
6 7 ~). 

3 '100. 
, - ~)OO. 

-IBO. 
- 3BO. 
- 21 5. 
- ~) 50. 
-, 200. 
., I 10. 

- 7 S. 
22(). 

7 S. 
, 100 . 
300 .' 

50. 
- I 60. 

,- 190 . 
- 1 SOD . 

B 70. 
. I 57 5. 

5 JO . 
- R O. 
- ti 0 .' 
, u o. 

- 2~20. 

- ()OO. 

1 3 D. 

V2 

- 120. 
0.' 

50.' 
0'- , 

- 30. 
- 300. 

, ,- 330. 

- 1 300. 
- 6 J O. 

- 15tH). 
(j 20. 
3f; O. 

·'100'
- 1 5. 

50. 
500. 

1 I DO. 
1 100. 
- LiOO. 

O. , 
210. 

- I 2 ~). 
1800 
- 3 S'

O. 
- 19 O. 

- ~) 3. 
- ?OO . 

. 1:3 5. 
- I g O. 

60. 
- 1 10 . 

67 rs . 
- 1 /,/,0. 

1 3 ~O. 
- I UOU. 

- 1 50 .-
-2 1Cl . 
- 2 f lO. 

( )() . 
S~)O. 

1 ~l D . 

I 

1 :3.' 
I J. 
1 3. 
1 3. 
13'-
13.-
1 ~l. 
13'
I 3'
I 3. 
1 ~3. 
13'-
1 3. 
I 3. 

X 

30.0 
30.0 
30.0 
~W"O 
~)O. 0 
30.0 
30.' 0 
30.' 0 
30u' 0 
3U.O 
30;0 
30.0 
30.0 
~) (J D ' (J 

30.0 
1 30' :30. 0 
13; 30.' 0 
1 :3. 30. 0 
13 . 30.0 
130' 30.0 , 
1~~. 30.'0 
13.' ~30'-0 
13. 30.6 
I~l; 30.' 0 
1::3. 30.0 
13; 30.-0 
I 3. 30. 0 
13 . 30'-0 
13. 30.-0 
1 ~.~ . 30. 0 
IJ . 30 .- 0 
13 . 30.0 
1 3. :30 .' 0 
1 3. ~1O; 0 
IJ . 3 0 . 0 
13 . 3 0 '- 0 
1 3.' 30.0 
1 3. 30.- 0 

·1 3. 3 U. 0 
1 3. :1O; 0 
1 3. :10. 0 
I J. JO.O 
I J. 30 . 0 

---- .. ---'---------'--'----
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APPENDIX I. 

N 
6/16 
6//7 
6 /13 
6 /19 
650 
6~) 1 
l' ~)? 
653 
6 ~:i/f 
655 
656 
657 
6 ~{~ 
65') 
()60 
661 
662 
66~~ 

Ed,!/ 
665 
666 
6() 'I 
66g 
669 
67() 
6 'II 
6 '{? 

67'J 
674 
675 
676 
67 '/ 
(,'W 

679 
6L~ 0 

In 
3.000 
Lj. 550 
L/_ n 00 
5.200 
~). II SO 
2. 350 
2. 050 
1. 700 
1. 700 
2.000 
2.900 
1.950 
1. S SO 
3. 5:50 
4.?00 
Lie S 50 
I • ~100 
O. 350 
O. 600 
1 • ~)OO 
~~. 1150 
3. 100 
3. fl 00 
4; 6 ~)() 
6.000 
6. '150 
5. 750 
~~. 9 50 
3. 550 
3.000 
3. '750 
4.000 
LJ. 700 
1. ~WO 
1.250 

u)! 0.900 
6f32 O. B ~)O 
0$ 3 2. 000 
of) II 2. ?OO 
(,g 5 2. 700 
6S 6 ?. 8 LIO 

(,f:; 7 I • 600 
6138 ~~. 700 

Source 6 

RT 
II 6. 2[1 
26. ~)() 

117. (Ji~ 

~)~3. 25 
119.94 
47.94 
29. 5~3 

100. LJO 
39. (;0 
Ill •. 30 

383; 1J9 
11?.1~) 

30; IlL/ 

t 66. Il~i 

60. 1 7 
~i 5. 77 
27 .. S~1 

8.:::0 
6.93 

19. ~n 
5 1/. ~j ./f 

7 II. 65 
l09.'O~~ 

186.02 
1 ~17. ~>. 1/ 

1/1~).96 

36U. S II 

/13. 51 
73. I~~j 
79.-92 
79.90 
97.' 1 5 

1 (,S. I 5 
30. 79 
36. 3 () 
29" 2? 

1 !j.B::> 
r~ 3. 03 
/13. 6 (, 
/1 ::.{. 1 1 
3 LI. ~~ ~3 

~lO. 73 

SA 
Silo' 4 

1 ~~/I. 9 
B 0.' 2 
132.9 
98;9 
119" 0 
7?. 6 
1 5; 1 
32;" 
.33;4 

12;0 
Lj2.'R 
1 .'3. ~l 

81;0 
:3/'1. B 
37 .. 9 
7 :.i. 7 
60~ 7 

35" 3 
32. 1 
28. 6 
1 7. (, 
2 ~) .. 6 
30;6 

'-).2 

92" 0 
/.19" 2 
3/1. g 

.~'IO" LJ 
3.IJ.2 
21 ~ 9 
/)/1"3 

3f3~' 2 
~i?. 1 
3]; ! 
92.7 
6 s. 1 
Lj:j.8 
6 (,. 9 
/iG" I 

: I 
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N in 
flO I O~C}OO 

R 02 I • '/00 
8 0 3 ~). Ill,) 0 
80Lt 3.250 
B 0 5, 3. B :;0 
806' /1.170 
P.O" 3. <)00 
nOB 1,.1160 
g 09 II. ~:,(,O 

g 1 () ~:;. noo 
811 I.~?OO 

gl2 I.noo 
R 1 3 1.:l AO 
FlJ/,3.0S0' 
8151.'100 
R I 6 p. ~) 50 
8 1" 3. 6'10 
818 3u')~O 

f)J9 II.»~)O 

f{?O S, s~;o 
g::-!.J 20700 
822 ,3. 3~0 
8?3 /1. 550 
fi?4 5.200 
f1 :-:? S I,. :OJ :)0 
8:-~6 s. ~i'/O 

B2'7 5. 9~1.0 
f) 28 I" Cl ')0 
829 Lt. OLiO 
1) 30 I,. :)110 
G 31 (,.0:W 
B325.f)(,O 
[133 ;). '100 
133Lt :).160 
R3S II":/';() 
f) ~~ 6 ~l. f: 2 0 

H2 

2. ~)so 
2. 9 ~30 
3.3LtO 
3.B~3() 

II. 230 
L,. 170 
Lt. :lO () 
5. I :30 
5. 5;,\0 
3.900 
2. g 70 
3. (000 
~). 200 
/,.930 
:3. I 50 
LJ. 100 
1,.800 
4. G20 
:> • .1,00 
6. 7 '{ () 
Lt. ~)l.)() 

5.200 
6. 3 /10 
6.9 DO 
(1.0 / ,0 
(,. 8 on 
7. 3iW 
5. g 30 
5. 7~~0 
6. L,l,O 

6.820 
6. 1;30 
6.030 
5. 250 
II. BS 0 
5. 1 60 

B3? ~~.:l/IO /1.')00 
g JF\ ,J. ()'{O 5. 1,30 
g 39 ~) < 6/!0 I" I!OO 
g /10 ll, 1100 5.960 
B /j 1 ~)" ~) 0 () 7. 2:J 0 
fl Ii? ~i, ~)':)O 7, /i~)() 

g .I!] ~) ~ ~) 6 (I 66 9 ~3 (l 

H /1 II II,,:; ~:, () C,. ~2 () () 
1\ /1 S J. '/ () 0 ~i. ():3 () 

Source 7 

D 

35. 
~l<) • 

36. 
;31 • 
27. 
27. 
26. 
22. 
19. 

2 LI. 

I 6. 
4. 
Li. 

31. 
26. 

21. 
I 3. 

4.' 
7. 

12. 
10. 
I 6. 
I II. 
1 I • 
8. 
II. 

I • 
1 5. 
I 7. 
lB. 
21 • 
23. 

1 5. 
9. 

12. 
t 2,. 

O. 
I • 

6. 
~) 

T 

90. 
9 (). 
9 O. 
90. 

'<) o. 
g 5. 
9 O. 
90. 
9 O. 
9 O. 
92. 
88. 
82. 
£12. 
93. 
87. 
g 6. 
94. 
92. 
83. 

100. 
90. 
9 O. 
9 o. 
90. 
9 o. 
<) o. 
9 o. 
9 O. 
9 (). 
9 Lt. 
86. 
98. 
93. 
<) 5. 
9 O. 
() ..-) 
"/0· 

93. 
95. 
9 O. 
9 O. 
9 O. 
<) (). 

') (). 

90. 
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VI 

20:30 .' 
320. 
130. 
95. 

132. 
SO. 
9 O. 

- 50. 
.. 3 ~) .. 
200. 

- 6()(). 

- I 60. 
- 600. 

- 55. 
- LIDO. 
, gO. 

- 125. 
. - 105. 

- 115. 

60. 
130. 

- I 60. 
65. 
70. 

c: J. 

O. 
25. 

- B O. 
O. 
O. 

- 20. 
f) r" <- :). 

1 0.' 
- ~~O. 

- /10. 

90. 
~ i SU. 

60. 
- 9 ~j. 

- 3D. 
GO. 
! o· 

_f)(). 

~ ') ~). 

-100. 

V2 

- 71 O. 
- 35. 

- I 10. 
- 135'-

- LIO. 

20. 
75. 

O. 
B o. 

1 115. 

- 1200. 
- 1 60. 
- 320·. 

:.. 50. 
- 30. 
250. 
n ~). 

- 9 ~) • 
- ;w; 
95; 

55. 
5. 

~w. 

110. 

/10. ' 

'10. 
O. 

135. 

I 10. 
'- 30. 

30. 
O. 
O. 
o. 

100. 
I 1 () • 
- 60; 

! O. 
C" C 
~) .) iii 

- /10, 

- g o. 
- lj~. 

I 

19 .. 
19 .. 
19. 
19. 
19. 
19 e' 

19 .. 
19. 
19. 
19. 
19. 
19. , 
19; 
19. 
19. 
19. 
19., 
19; 
19 .. 
19. 
19'-
19. 
19'-
19";' 
19. 
19. 
19. 
19. 
19. 
19. 
190' 
t9. 
19. 
19. 
19. 
19. ' 

x 

30.0 
~lO. 0 
30.0 
30.0 
~w. 0 
30.0 
30"0 
30.0 
30'-0 
30.0 
:30.0 
30.0 
:,W.O 
~lO. 0 
30.0 
:30; 0 
~30. 0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30;0 
30.0 
~30. 0 
30.0 
30. 0 
:W.-O 
30;0 
:30. 0 
30.0 
30. 0 
~lO" 0 
30.0 
30.0 

19. :W.O 
19; 30.0 
19. :30. () 
19. :w.o 
19. ]0.0 
19. ]0.0 
19. 30.0 
19; :)0. () 
19. :30"0 

, ~' 
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Sourco 7 
,,-.~ 

"1 
N Rl 'in SA 

ROI O. C) 00 ~~1.33 3 LJ. (> 

rw~~ 1. 700 13. 35 109. 2 

'1 
B 0;3 ~~. II GO J 7. 63 123. (I 

BOil 3d? ~)O 36. 111 86.9 

no::, 3. B 50 1.'19.26 77. ~) 

nor, LI_ 170 a3 • . 3 I 125; 2 

l' f\Cl7 30 l) 00 1,/,. 1 3 87,° 1 

gOS II. I!GO 26. 63 1 5 LJ. 0 

B09 II~ 560 117.70 79" 0 

1 
({to 8.000 1 LJ. 75 89;7 

811 1.200 25. 58 3:;. 7 

R12 1. fWO 10. I,D 122;0 

1 
SI3 1 • ~3 60 1 6. O/j 59. 7 
gIl, 3.050 1 1 • 53 1 6"'; 7 

815 .1.'700 1 6. 7S 80 • I 

S16 2.950 Lj~~. 'f 2- 56; 3 

"1 g 1 7 ~3. «/0 LIS. gO (lL,; II 

1 818 3.9 SO 61.26 'j 7" L, 

R19 lie f:) ~)O 37. L!S 122. 5 

1 r-
(;20 5. :) ~)O 9 6. 1 ~3 L,I:8 

B;~ 1 fJ.. 'JOO 1 6. 1!9 103. 7 

B 2~~ ~3. 350 ~) 5. 1.17 59.0 

1 
g 2 ~3 Lj, ~~ ~)O ~29. 29 102;0 

82 / 1 5.200 50.20 66; 3 

825 Li. B 50 2"'. ') 0 1 LI7; I, 

;, fi ~~ 6 5. 570 35. 54 1 1 6'- 1 

1 
f'l?7 5.920 L,6. B 6 85; 2 

821;-; I,. (I ~)O 27. L17 ') 1 • 5 

829 4.0 /10 L13. 21 49;g 

R :10 I,. 5/,0 ::-m.36 69. 5 

B 31 6.030 1 ;:-39. 77 36;8 

832 5. B GO Lj(J, • 2 LI 1 12; 9 

s 33 5. 700 37.87 1 LIS.' 0 

834 5. 1 60 1 6. /19 3) '10' 6 

835 4. 513 0 ?J. 66 192~'B 

836 3.820 2[1" 50 98 ~ 7 

g 37 3. 3 //0 32e GO 690' I! 
, (l ~li3 J. (,'70 , 31.98 7~~" 3 

Fi J9 2.6 LjQ I (H /,1/ 106.' 2 

B I,D /1. 1100 f2') • " S 97. 7 

r; ill 5. ~)OO N) • 7 / j GOof) 

G /,;:: 5. :) :)0 ll~?. ::>9 ',Llo 8 

gll3 '" ,) . ~)(,O 92.91 ~i /, .. 11 

f) /1 ":j .I. ",",", 
4-fo ,,-) ,,)l) 

1:,-, .I, II 
.. JUet> "-IU 

c~ () '} 
.. ) (:. 0 ..... ) 

H /IS ~h 7 L>l) 30& 63 "I Lj. ') 

i' 
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N 

R 116 

8 '17 
n ~g 
n /if) 
ti 50 
R ~) 1 
B 52 
n :j3 
n ::;// 
n 5~) 
r; 56 
g ~)7 
g Sf) 

g ~)9 
8 (,0 

IU 

3.JOO 
2. <) fA) 

2. 1 ~: 0 
2. lon 
2. :)00 
I,. <) no 
.(1. gOO 
1/. LIOO 
5. (l(l() 

.(/. 6()() 

:3. f? ::'0 
if. () tl U 
II. :i :)0 
5. I :>0 
I!" (; 50 ' 

gGl ~~. 100 
8 62 ~l. (,00 
g 63~3. 33CJ 
f) 6/~ If. 100 
n6S ii. "ISO 
fl 66 '. ~;. il[.; 0 
867 S. ·'f 10 
H 68 ~). (B 0 
8695.070 
870 1'0 <) ~~O 

g 71 5. M)O 
B 7 2. ~). ~)() () 
f~ 73 6. ;::00 
(37 / 1 ~;. S:jO 
R75 II.bOO 
876 I" noo 
877 3.}:j() 
f~7fl 2. :>:)0 
8 79 I , 7 () 0 
[lRO I.OOD 
flf)} 1.1~:;O 

FW?' O. :)00 
iWJ 1.100 
gnJ ,i.iOO 
f~gLi I.()()O 
K~;5 J.:3S0 
Ef" (, 1.:; ~,() 
f\ G 7 (L }; () () 
f=;flg I. () :J() 
fW9 I. ')O() 
WII) 2. I Of) 

R2 

5. 1 50 
If, f{ /.10 

'I. oon 
3.8(,0 
.(1.000 
5. 350 
5. 600 
5. 600 
6. '{ SO 
6. ~)OO 
5. 70{J 
5. gOO 
6. L/SO 

6.950 
6. 300 
.(/. 6()O 
5. O~W 
.(1. 770 
5. h~O 
6. ~jOO 
7. SOO 
7. I ~w 
6. 6JO 
6. -420 
6. ] 00 
7.250 
7. 0 ~iO 
7. Lj(JO 
6.8 SO 
6. 300 
5. /.100 
.1/. 500 
.II. 000 
::~. JOO 
2. 6 SO 
20 500 
1.900 
!,,200 
I.~:~OO 

I. OOD 
1. <) SO 
2. 2 ~)U 
2. 700 
2.')()D 

3. o~o 
~\. JOO 

D 

5. 
I • 
6. 

I I,. 
21. 
21. 
1 <) • 

1 7. 
B. 
I • 
n. 
6. 
]. 
~) . 

1 O. 
1 '7. 
1 3. 
190 
1 1 • 
8. 
5. 
(3. 

) 1 • 
1 LI. 

. I 6. 
9. 

I 1 • 
1 J. 
1 ~. 
I II. 
I 6. 
21. 
23. 
26. 
35. 
50. 
8 ~? 

1 ! Ij. 

I I 1/. 

57. 
(,<) • 

5 ~). 
o. 

2') • 

Source 7 

T 

9 O. 
9 (). 
9 O. 
9 O. 
<) (). 

'{2. 
f.59. 
90. 
9 ~3. 
90. 
88. 
9 :3. 

100. 
<) 7. 
9 O. 
90. 
<Jes. 
s ~1. 

103. 
9 S. 
90. 
9 O. 
9 O. 

1 0 ~3. 
<;B. 

90. 
9 O. 
9 (). 
<) 3. 

105. 
90. 
9 O. 
9 O. 
<; O. 

90. 
9 O. 
90. 
9 (). 
9 (). 
9 O. 

I 0 :'i. 
9 o. 
90. 
9 O. 
90 
<) ~i. 

VI 
- 120. 
- ItO. 
~ I 5:">. 

205. 
O • 

- 50. 
50. 

- 70. 
O. 

- 1 () • 
- 10. 

35. 
-' 55. 
- 22. 
- 30. 

O. 
19 O. 

75. 
130. 
-90. 

O. 

95. 
/j0. 

O. 
- /10. 

30. 
- 20. 

o. 
O. 

//0. 

8 O. 
120. 
1 30. 

I L/~~O. 
2 'f()(). 

- 1 700. 
- I 'IOU. 

500. 
~·<)O(J. 

- "/':JO. 

2.200. ' 
j 000. 

<) 50 

900. 

V2 

1 5.' 
- 1 /j 5. 

19 O. 
-220. 
- ~{50. 

- 30. 
- 30.. 
- I/O. 

o. 
:; ~). 

- Ij S. 
O. 

- 1 7. 
o. 

- 120. 
- 270.' 
-. 19 O. 
- 3~) O. 
- 280; 

- 60. 
'" 2. 5. 
- 35. 
- 65. 
- 20. 

O. 
27. 

- 25. 
- 35. 

70; 
70. 

-3 O. 
180. 

70. 
-800; 

31 .1100. 
I 1 GO. 
1 1004' 
- I.jOO. 

-1900. 
! ~o. 
300. 
'1 ~iO. 
2600 

~·2(JOO. 

I 

19'-
19. 
19.' 
I <) • 

19. 
19; 
19; 

19'-
19. 
19'-
19. 
19. 
19. 
19.' 
19. 
19 • 
19. 
1 <) • 

19. 
19. 
19. 
19. 
19'-
19. 
19. 
19; 
19; 

19'-
19. 
19" 
1<); 
19. 
19 .. 
19. 
19. 

" 19. 

19. 
! 9. 
19 .. 
1') • 

19. 
19. 
19. 
i '). 
19. 
19.' 

X 

30;0 
30;0 
30.0 
::30. () 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30;0 
30;0 
~lO" 0 
30.0 
30.0 
~lO" 0 
30.0 
30;0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30;0 
30.0 
30.0 
30.' 0 
30.0 
3().0 
30.0 
30.0 
~1O" 0 
30.0 
30.0 
30.0 
30.0 
38.0 
~lO. 0 
~)(); 0 

30.0 
30.0' 
~lO. 0 
~H). 0 
30.Cl 
30.0 

i 
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Source 7 

1 
N [U RT SfI 

8116 30300 2LJ;S2 83,; 2 

f3 Li7 2.950 27. 72 6(,. 1 

'] 
B lj~3 2.120 t 6. n 6 33.0 

13 119 2"100 20. Ij2 70,' 3 

g :,Cl 2. ~OO 37.05 49.0 

851 ".900 37. 60 126. 1 

~ 
U ~)2 1,.!300 38. 55 Ion.' 3 

, fI ~)3 /.1. IJOO 36.27 9 I; 7 

f) 51, S.OOO 23. () 3 1 ~~9': ~ 

j 
() ~) 5 I,. 600 /,. 67 577; 5 

g ~)6 ~~. ') 50 18; 31 1 3~~. 9 

g S7 Llo 000 13.'~)5 J 31; 3 

J 
8513 110 550 25. 2-1 106; L, 
B 5') 5.' 1 50 18.91 1 (,0. 7 

P. 60 /,.650 1 :i. 1 1 196.' 2 

f) 61 3.100 L16. 58 46; II 

] fJ G2 3.600 59. 03 LJO'- 7 

863 3. 3::30 61. 18 39. (, 

8 ()LI I,. 100 70.1" 37. 'I 
'] 0 

nos 110 7 :,)0 20 IJ. Sf) 1 II" 3 

866 5. 6l~ 0 2 / ,2.07 1 3.' [) 

n 67 5. III 0 I.j / l. 25 75. 5 

1 
uw ~i. OG 0 22.97 1 1,5. J 

869 5.070 6/,. 39 56.2 

B -/0 1,.920 1,6. 39 8 0.7 

B "/1 5. 600 1 6. Ij 1 21 5; ~) 

1-
B72 5. ;>00 31.83 1 1 "; 'I 

B73 6. ;;!OO I,f.). 3 /1 
9 ,- ' r: 

;.). ,) 

fI, 7 II 5. :> 50 28.61 138" 6 

I· ' 
[175 II, gOO 20. Oil 1 66. (, 

g76 LI,OOO 2Lj.88 1 Ill; 3 

H7'l 3. 150 1 5. 411 15~:<;9 

] 
~ 78 2. 550 12. 57 I 51 .' II 

, 879 1. 700 8.93 1 /13.' 9 

. I, 
SH (l 1. 000 1 • fj 3 Il/jS" 'I 

, I SO 27.06 3f3. 1 fin 1 I • 
BB~ o. ~)O 0 g '~/. /18 So' "/ 

fiB :3 .i. ! 00 ! 3. g ~~ g 2.'S 

BP,3 1. 100 I 7. 51 6 ~. /1 

I 
f·;S II 109 uo 2 S. 62 71.0 

HE ~ 1. ::3 50 50.82 2U.O 

B86 I • f) 50 35.00 5L;;n 

F;g 7 o.goo 1 7.' t 6 36.0 

nEg 1 ~ 0 ~)O t 7'e :J 5 Li ~). ~) 

gr;C) I • :)(j 0 :30 • 61 ::m" ° 
;:) 9 (l ~ 100 1f) 9. 1 [) 9.2 .. 
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N IU 

891 3.950 
H92 3. 300 
89 3 ~~. 700 
g9 4 ~~. 300 
g 9 5 O.~; ~)O 

B960.';'ClO 
8970.970 
(1') 8 I • (l(\ 0 
F:99 0.900 
900 2. 1 ~)O 
90 I 3. (;:)0 
<) 02 3. 2 ~)O 
90~~ ~i.15CJ 

SO I, ~{. ~,OO 

905 Ij.('OO 
9 0 6 .I,. '/ 50 
907 5.Cl()O 
90g, 5~ :,00 
909 2.~)50 

910 LJ.I~jO 

911 LJ.H00 
912 II.~)OO 

91 3 I,. ~)OCJ 

9 I Ii 5. :;no 
915 5.(;00 
9166.'/00 
917 6.~)~;O 

<) 1 B I,. ~)()O 

9 1<) :i. 1 no 
920 5.'/:)0 
921 2. ~)OO 
9 ? ~~ ::-'. (, () () 
C) ~~:3 2. /I~:() 

9;) I( 2. /!?O 

<)26 
9 2~ -I 
9 ::>r:> 
') i~ <J 
9 :;0 
() '1 1 
/ cJ , 

~3. rJ(,() 

:)0 ;:'00 
5. «W 

R2 

5. 100 
.II. 700 
5. 300 
3. 7 ~O 
2. 'I ~50 
I. ?OO 
I • 6 ~iO 
1 • '100 
1.9 ;lQ 

2.250 
.I,. 2 ~)O 
3.700 
3. :3 ~)O 
3.800 
'I. ()oo 
5. :}OO 
5. (,(If) 

6. ~~ ~)O 
3. L,DO 
4. () 50 
5. 700 
5. tOO 
I,. 7UO 

5. ~:'~jO 

5. 9 ~iO 
6. 7UO -
6. 1(50 I,. (, 50 
5. 100 
~). 900 
2. 620 
2.')1(0 
~3. 090 
3. 5~30 
Ii. 9 ~)O 

II_ 200 
6. ]00 
6. TID 
7. I ~)O 
7. 700 

D 

19. 
19. 

1 'I. 
2S. 

6. 

92. 

27 • 
30. 
3/,. 
30. 
2' ~). 
21 • 
20. 
1 H • 
35. 
25. 
19. 
21. 
21. 
20. 
19. 
1 7. 
1 7. 
2/(. 

22. 
19. 
1, / ,. 

1,0. 
~~3 • 
32~ . / 
! Oa 

? 6. 

1 5. 
I ]. 

Source 7 

T 

102. 
100. 

S 6. 
95. 
90. 
') O. 
80. 
90. 

tOO. 

1 10. 
B 7. 
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APPENDIX II : PHOCESSI NG AND INTERPHETATI ON 

OF TIME-OOMAIN EM SOUNDINGS 

In the time-domain electromagnetic sounding technique, as 
it \~as lised in tlH~ Vall(~S Caldera nlcctrical surv<;,:y, an 
electrom~gnetic sign~l is generated by passing a step-wave of 
current through a grounded length of wire. The magnetic fi(~ld 
fro~ this current is detected at a receiver site with a multi
turn loop of \~ire laid on the ground. The volt()~re indllced in 
this co~l of wire by the cl~ctroma9netic field incident at a 
~eceive~ location was recorded on an analog recorder. 

The smne source lines used in the dipole loapping surveys 
\Vera llsed for 'tile time-domain electromagnetic soundings; the 
locations ilr8 indicated on Figure 1. • l\eceiver locations 
v,ere H~lectec1 in (JrCilS of interest severnl kilometers aWcly 
from d dipole source, generally along the equ.Jtorial (Jxis of 
the source. The induction coil used as a receivei consisted 
of a lOUD_foot lengtll of 26-conductor cable, laid on the ground 
in the form of a square and connected 50 that tho 26 conductors 
were j n ~;eries [Illel formed a continuous loop. The vol tage gen
(~ratecl :\n tilj.s loop was filten,!d to ath'l1Uilte hi9h fr8C)uenciE~s 
(above- ;;5 Hz) <ind then recorded on an analog oscillograph. A 
typical oscillog17aph record is shown in Figure 24. 

Tho observed voltages, such as shown in this Figure, must 
be subjected to extensive data reduction procedures before they 
may be ~valuatcd ill terms of an earth conductivity structure. 
The trilIlsient voltage as recorded is distorted to some extent 
by the \\~;C of th(~ l(}w~pass :filter, with the distortion being 
most seV(~J:e in the early pilrt of the signal. Also, noise <ldded 
to the );(~c()rdcd signClls makes reCo9nition of the signals with 
the des.i.red accuracy difficult. The first stage in reduction 
of the i'i(~ld obscrv"tion~ consisted of efforts to T.educ(~ these 
probh'l1I!i. This initial reduction of the dd~CI consisted of the 
following steps; 

1. Use of synchronous stacking to reduce the level of 
rulldol1l lloise iii cases where the signal to noise 1:;::,tio 
was luw, or selection of the best signal in cases 
where the signal to noise r.atio was high; 

2. deconvolution, to minimize the effect of distortion 
in the recording equipment; 

smoothing with all exponcnt{ally time-varying 
to further reduce the llllcorrelatf'd noise; and 

I 

I l, 
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Figure ?L1 • Example of the voltage recorded as an electro
rnn~JI1cti(: 50lmdin0. The vertical scale is 5 lllicrovol ts per 
divisioll vncl the horizontal scale is 0.1 secolld per division. 
Thi s reeoX'd is p<-Irt of sounding 605. The di stance from SOUl:ce 

6 VlilS 11350 meters. 
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comp~rison with theoreticnl models. 

S>.~~cl~yu_s· stackin9 or si~!!l.1l_ selectio~: Signals from ' 5 
to 10 tl'cln.slnissions were recorded ,Jt cach rl-"!ceiving station. 
This multiple recordin9 permitted the selection of 0 si9nal 
with :l loinimulll (\!lIount o.f added ralH.lola noise, which was dOlle 
in C<lses in which the si911n1 level was much hiS)lwr th~\11 the 
random noise level, or synchrollOus addition of severill si9nals 
to reduce the <lpparent noise level, which was done in cases 
in \vhich the noi se level \~a s ' signiiicililt. The analog records 
were digitized on 0 serni-iiutomatic digitizer CIt · an interv;)l of 
o . 0 1+ sec 0 n d 5 • For tho s c r e cor d s VI i t h \v hi c h s y ncr 0110 U S () d cJ i t ion 
lVCl5 used, il statistical ' test was applied to f~ach .datCl point to 
sec if ~ t lay "itl1il1 a reasonable distance of the average for 
the group of si~)nals being added. If not, that data point 
would nCl t ue included in the synchronous stacking . With the 
stackin~1 of a nurnbC?r, n, of signals the random noi se level 

. ) / ') 
should he reduced by a factor (n-l ) . ~ , for LHge n. \vith the 
5111a11 numbers of, signals added synchronollsly in these measure
ments, the rel;)tive noise reduction '~ilS tlwfoicl to threefold. 

Dcconvoillt i 1oll: After stocking , the effect of t.he low-pa 5S 

fi 1te;-·~;:·;~-P~;t:i-;T.ly removed hy (]ecollvo 111 t ion. To accolnpli 5h 
this, the! trCln!jfe r function of the H!cording system was com
puted from a record of the reSpOnSE! ' to a step input voltilg\?. 
The FOlli-l e r tr"llsfona of each d;)ta s et "as c omputed and . divided 
by tile [; tep - re~;ponse st(!ctrum. The resultin9 compensated 
spectrum was the n transformed uack to the time domain. 

Sm o othin(J: Deconvoltuion has the effect of enhancinq the 
high -i-;:'~:;~luc~C'y' components in the recorded 5i9n;:l1. The stacking 
proces ~; re s ults in a randOln scatter of succc s sive points on the 
stacked signals ,~hich hLlS 0 dominant f r equency equ()l . to the 
nyqu.ist fl'Cqll(~I1CY for the d()to sCllilpling r<ltc . lis a cons e qucnce, 
t he de conv o lved data are rouch wore "noisyll in ilpp(,~Clra nce tlwrJ 
the orj ~lin(J1 stacked c!'ltil . Line:~r filtering cannot be ClppU.cd 

.because ~; ll c h a p roce du r e s()uld merely r educe the efficien c y o f 
deconvol ution . 1\ nOll - linear filtering process was used to 
s mooth the deconvolved signals. 

This non - line<lr f il teri ng method was b3 se d on th e s hape 
invilri~lrlt }H'operty of transient electrolllZlgnc ti c s0undin9 curves 
wl1 c n th c? )! (I re i) lotted to logar i t hlrlic c o()rdiIl Cl t(~S . I\ s will be 
clC' ~;crib c d lat e r, int e r p retatio n is a cccHllpli s lle cl by a gL'pllic al 
comparison of fie l d d a t il with tll e o re ti ca l c u r v es wh e n both Clrc 
plot t ed to 109il:r ithmic c oordina t es. \vh e n t Il e line,uly s<dnpl e d 
fie l d di-1 t a Clrc p l ott ed t o l ogar i t hmic coo r di llates , t h e ear ly 
rint of " signal c ppeal's to be spin-sc l )' S3111plcd \"hile the late 
p.Jrt <lppears to be dense l y sZllIlp l ccl. l'.eca u se t he noise t hat 
pCl'si~;t~; ;1ftcr s i~lnClls ha ve bepn stacked ha s a half - period 
equc11 to tIle di s tance bet\';eelJ t \\·o "uccessivc <l.Jta points, the 

. noise "}'I':lC' Z.HS to i n cn~Llsc in fl'equ~r.cy [or pro0ressively lilter 
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pnrts of the signal, when data are presented in the logarithmic 
format. MOreOVf!r, the signal to noise ratio is higher in the 
early pnrt ot the signal thiln in the later part. Tbis variation 
in signal to noise ratio as the apparent frequency varies pro
vides a bilsis for sep;nating the si9nal from noise during the 
Lite part of the 5ignlll without undoing the effect of decollvo
luti.on on the early pllrt. This j s accomplished by ilpplying a 
linear !;mootld,1l9 filter in the l09cll:ithmic dOlllilin, which is 
equivalcTlt to applying a logarithmically time-compressed filter 
in the original linear-time domain. 

- ~o~~yer~j.!~!2~app,,<,ren_~~sist!vitl'.: The final step in data 
reduction WilS the conversion ot the mensured voltages to values 
of appal'cnt resistivity. Because there is no unique relntionshi 
bet~een observed voltage and apparent resistivity for illduction
field electroma9netic soundings, a value for apparent resistiv
ity can be computed only by assuming some asymptutic condition. 
I\n e',pression given by Vanyan (1967), valid only for the early 
part of a sign81 il was llsed in converted the observed signals to 
early-time QPp~lr(mt resistivity curves, This expression is: 

2nRit 
3/\ tvI-c-' (-) -5 -(-.) V ( t ) 

wlwre !vI is the moment of the source (product of current and 
w:ire lenqth), f\ is the arcn of the J:eceiving loop, (J is the 
')l1g1e bct\\'(~en th8 e<]uatorial axis of the source line and the 
radius vector from the l,lidd1e of the source line to the receiv
ing station, R is the distance between the center of the source 
wire ·and the center of the receiver loop, and V(t) is the 
recorded voltage as a function of time, t. 

The initial data reduction described above is intenc1(~d 
prirntlrily to COllvert the observed data to ,1 standardized torm 
for intcrpretution. For the early p.:Ht of the signals, the 
npparQrrt resistivities as computed with the forl1lul<.\ Llbove will 
have SOlile loose association with the actual ,resistivity in the 
earth, but tor th~ late part of the signal, the apparent 
:resisti\'itie~l may bl~ r.1L1ch different than any resistivity in the 
earth. 1I0wever, despite the fact thut these values hilve no 
meaning in terms of (lctlfal resistivity distributions in the 
e,n'th, the u~e of the fonnula is convenient fOJ: comp<1ring the 
field delta with theoretical curves presented in the saine 
nonn.) 1i 2:~d fa shion. 

I 
Procedun:':!s for interpreting electrOluagnetic souneJlng 

curves ~re not yet as fully develope~ as procedures for inte1'-
I prcung I:..... sou!lcJ:inC) CLU\IC;S. In IHinciple, field data drc inter 

I 
preted hy cOftlparison ,~itlJ thcol~etjc(;J_ Clll:ves computed for 
specific rnocllds of earth elect)-iCiiJ. structure>, The thl:?oretical 

1 __ ~l~l~~(~ ~._ll~~~ i ~~_ i~l t~-=:~~!_!.2:..:~~~the c!:.1 t a oilL, incd_j_I_1_t __ h __ J_' --------1 
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, were computed for a sequence of 

t \W or three hOl.·izontal layers (Frischknecht, 1967) and trans
for med to a time-domain pre se ntation l.JY Silva (l9Ci9). A repre
sentative set of theoreticill curves for a seCJuencE:~ of two 
layers is shown in Figure 25. In these curves, the ratio of 
resistivities betVieen the two layers is fixed, wilile the ratio 
of sep<1J:cltion bet\H:!en source and receiver to the thickness of 
tile upp e r layer varies from curve to curve. As may be seen , 
and <~s Iwuld b(~ expected, the eal:ly-tillle upparent resistiv:ity 
values approach the actual resistivity in the surfilce layer. 
If the thickness of the surfC1ce layer is sm31l comp()red to 
the separation bet~edn source and receiver, tile apP()l.'cnt 
resi~tivity value begins to depart from the value for the 
surf<lce layer at Inter ti11les and C'lpproach the v()lue for the 
second li)y(~r. Ho\\cver, 3t still later times, the apparent 
resistivity values arc grossly affected by the ilssumptions made 
in develor-ment. of the cOloputationCJl formula, ,wel rapiclly drop 
to low values ~hich have no real si.gnificance. 

It Il ~ S · bnn.n' tile u ~~ experience of Group Seven, Inc. that 
gr<lphicnl curve cOlnparison between observed electromagnetic 
soundinSJ curves clll<1 thl'!orctically-coiT,\)ut('d curves is not an 
~!ffecti\'c lueans of interpretation b 2 Ci)ll SC the Ch':ll:~cter or 
shapc of the t.he(jn~tici3l cur.ves varies so little from · C,.\!;C to 
casc. In rnatchin9 a field cllr.·ve . vlith a model curve, not only 
must ·· the sl!iq:H" of the field curve correspond to tl18 shilpe of 
the mockl Clll.'V8 with which it is mLltched, but the horizont,ll 
ond vel:tical positions of the coordin<.lte axes on the two plots 
must provide the S;1me valuc lor first - layer conductivity \\hen 
the cun;es ilrc watched. To accompJish this, .1 techniquc ha s 
bc!(m ·devised to 'l !;~j .i.st in cll.'l:iving cit C\ self-cons is~ent inter
pretati o n. The! techniquc consists of In<1tching a field curve 
with til e:' e(Hly~timc theon:~ tic()l curve for a uniform hill.f s pace, 
wi th the Clilphas :i.s on rn~ltchil1g beillg placed 011 the portion of th 
curv.e \\!I t.lre the trelnsi tion from early-tirne to late··tilll(, 
behavJ.o}:tClkes plClcc. The lll Ll tch provide s two values for first 
layer c();lductivity -- one fl:om the reLitivc positions of the 
v e rtica.L sC<.lles on the two plots when the curves clre lUatchcd, 
and one :from the relative positions of the horizontal scales. 
The two values ()r e the same if the field curve is that for a 
un iform ~ arth, but will di ffer if the field curve is not 
c il<.Jr a ct er.ist ic of a lln ifol"nl cart II . If the s(?cond l " y er is mo re 
cond ucti\.e t l1 ;:10 thc SLll.'iilC(~ laye r, th e n~sist.ivity detennined 
fr om t ·he ver ti cal sC(j l(~ , PI' will b e l ower thDn t h e resistivity 
d e te r milw d from t he ho r i. zontal sC ille (thi s val ue is COT'ipllte d ' 
as t o/uo J ~:!, wh ere to is t he t ime on t he field plot th('lt corres
ponds to t h e tilne origin on the theolt:.> tici.ll plot, Uo is the 
IIl Llg neti c permeability .:wcl H is the Sl!pClril t ion from source t 
receivc-'r ) . Tile :L0tio of Pl 1..0 t o/ llor(~ I~Cly then be lls e d to 
find tll(~ d e pth to tile conduct.ive ~;econcl lJycr with t h e oid of 
the curves s hown in Figurc!"?(' provicled one lllJY Uldke v crude 
8 5 t1.r;1;)tc' of the c ontra st in cO llductiv :ity het \~ ec! 1l ttw fir~; t c) nd 
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case in ~hich the thic~ness of the first layer is 1/16 the separatio~, R. 
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Figure 26. Interpretation chart for evaluilting an 
electromagnetic sounding marle over a sequence of t~o 
lilyers in which the second 13ycr is morc conductive 
than the first, The reference time to is obtained 
by matching the field curve v.:ith the theoreti,:ill curve 
fOl~ a uniform earth. The first-layer resistivity is 
Pl' mag~cti~ p~rmcability is Uo and source-rccdiver 
s{q)iJr~1tJ.()!1 15 H. 
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second layers. 

This procedure works only if the second layer is more con
ductive than the first layer. If the second layer is more 
resi 5ti ve, the raU 0 of Pi to t o /UO H2 wi 11 be slight ly 9 rea ter 
tllan unit~,. but the value for the ratio will be nearly indepen
dent of the dc!ptll to the second layer. Therefore, an alternate 

approach 1Ill\!5t be used to m(\ke an interpl:(~tiltion. The dia9no~ltic 
feature of an apparent resistivity curve for a buried insulating 
b8sement is that the value for apparent resistivity will rise ' 
from the value for the surface layer and pass through a maximum 
before it drops off to assume late-time behavior. The height 
of the maximum may be used to determine the depth to the insu
lating second loyer, again providing that one may estimate the 
resistivi ty contl:ilst between the first and ~,ecund layers 
approxjpatcly. A ratio is formedbet~ecn the maximum apparent 
resistivity and the npnarent resistivity for the fir~)t layer. 
Then, th(~ depth to the second lilyer lUay be determined Llsing 
the cur'\'t~S shown in Figure 27. 

Thest:' two procedures v;ere used to carry out tlwinter
pretiltion~J of the' electromagnetic !;ounc1i n 9 s reportl>d in the 
body of this report. . 
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Figure 27. Interpretation chart for evaluating an 
electromagnetic sounding made over a sequence of two 
li3yers in whjch the second layer is more resistive 
than t be fir s t .1 n t ~ r p rc! t i) t ion is" b il sed 0 11 the ratio 
of the p€ak resistivity recorded on the sounding to 
the first-layer r.esistivity. 
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APPENDIX II: Listing of electromagnetic sounding data. 

The following quantities are tabulated: 

TUlE 

NUMmm 

AVEHAGE 

ST. DrW. 

W1SISTI VITY 

The length of time following the beginning 
of a transient at which the voltage is 
sampled, in seconds 

Tho nutnber of individual samples added 
together to form an average 

The avetage voltage at a given time, 
in millivolts (exponential format) 

Standard deviation of the voltage samples 
from wllich the average \'JilS formed, in 
millivolts ~exponcntial format) 

Apparent resistivity computed using 
Vanynn's formula, in ollm-meters 
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FL n: TWPl/\("\) F TI C S(Q U\) D I,\) G D(\ 'f A 
lj\)J(~N OIL. rX)!'<lp,\)AY vALLES CALDER 50l}\)DING 501, 1972 

0FF'FST DI S'i'ANCF= 5:300. METF..F<S 
s n U ReF L P.J G TH = ?~) no. MET E. R S 
RFCFI \jFf~ Ar~E'f\=. J 66/j SOLJAr~E KH 
C U l~ h F'\) T S T E P = 1 J • ? () (\1"1 P E' Ix F S 

Ii r G r TI 7 r N G 5 C{lL. F' J S 

Tl M ~;: N U\1 P F R 
O.OLJ (, 

n. ()'I 6 
()~l? 6 
O.·lb 6 
(),~)O (, 

n.?I, (, 
n.?f<6 
0, ~l2 (, 
n. :366 
o. I,n 6 
n./,l, (:, 
(I. Ij~~ 6 

·n. 52 (, 
(). ~)() (, 

n, An 6 
n .6/1 6 
(). 6» (, 
0, '12 () 
(), 7 (:, 6 

OuRO 6 
n.nll () 
O. fW () 
O.C)? (, 

('1.96 6 
J.()n (, 
I.OIJ (, 
1. em (, 
J • 12 (, 
J • 1 6 6 
I • ~)O 
1 • ? II 

J • ?fl 

) • J (, 
1 • /j (I 

5 

AVFI~AGE 

n. /d9E.-OII 
n. 67 II F- () LI 
(). 7 (, 7 F - n .1, 

O.74SF-OLI 
O. 7().I,F- () II 
O. 6J 7E-OII 

0.53] F- 01, 
(). IJL,9 F- 0 II 
D. 3r{ () r,·- 0 I, 

D. :W9 F- 0/, 
(). 2 S) F- 0 II 
(). ?) ) [0"- 0 I, 

O. 1 :'>9 F·· 0 I, 

O.))f)/::-OLJ 

0.9 7R f- 05 
O. R 3~W- 0:' 
n.(,/13E-05 
o. ~36?E-05 
O.J26E-05 
(). 2:)11£0- os 
D. 199F-O~J 
0.906£-:-06 
O. ) 09 F- 0 ~ 
D.906E-06 

-0. ]R) F-06 
o. S/,3E- 06 
O. 45~H'~- 06 
o. II 5 ~l E - 0 (, 
n. I, 5 :IF - 0 6 
O. I III [;: - 0 :> 
o. i/lll~~-O~) 

O. ) Ij J F: - 0 ~) 
O. 1 III f·:- Cl~) 

0.1 ,Ill [- ()~) 

n, 1 /Il F - 0 :> 
C). ! II i [";' (l ~) 

D,I/jIF-()5 
(). Iljll. ()~:i 

O. I I, 1 F - () ~) 

5T. UF. V. 
o. 79 ~) F - 0 ~) 
O.ld)/JE-05 
O.35IE-O~) 

o. I,~:n~-o~) 
D. ~)f{ :) E. - 0 5 
n. 6')IIE-O~) 
O. (3) ~,- 05 
O. :'K7F.-05 
0.69:3[-05 
n. ~J ~ I F - n 5 
O. ~)I{ 0 F~- 05 
D. 7 J ~) I' - [) ~) 
O. I,B I [- 05 
O. :39 () [- 0 5 
n. 119 3E- 0 5 
O. liR ] E - 0 5 
O. :, 1,9 F- 0 5 
O. LlO I F,- 0 5 
(). :{ (? f~" 0 5 
0.312[-05 
o.309r·:-Cl~ 
o. ~3 0 9 ~ .. - 0 5 
O.;3:l1E.-05 
o. LI55t-()~i 
O.~?R 5X- 0 5 
O. 3 /1'1/;.- 0 5 
O. 3~lJE-05 
D. 333!~- os 
0.33]E-05 
n. H i i) /::- () Ij 

o. f\ ) K [;.- 0 4 
D.f)lf~F-()/j 

o. RIg t:- 0 I, 

D. P, 1 7l'=~ O/j 
D.I07E-()J 
0, ! 071,:- 0 J 
O.I07r-O] 
().1()7L-OJ 

(),107E··OJ 

r~ E SIS TI \; I 'I Y 
) 5. 55 
2Li.99 
~)g. 1~5 

27. 6) 
26. ) 0 
2~~. SF; 
1 <). 68 
I 6. 66 
1.1103) 

) 1 • 45 
9.30· 
7. F; 3 
5.91 
II. 37 
3. 63 
3.09 
2. 39 
J • 34 
1. 21 
0.9'1 
O. 74 
O. 3 /j 

(J. l,O 

().34 
-0.0'1 

().20 
o. ) 7 

O. 1 7 
O. 17 
O. 52 
O. ~)? 
O. ~2 
O. ~)2 
o. 5;:) 
o. ~)2 

o v ~)2 

(). S~~ 
D, ~)~) 

(). :)? 
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FL. F C Th'(j ,'-'1 fir;\) FlI C 5(1 LN Dr N G ()f'll f'I 

U\JI0 ,\j OIL. CO~lPANY VAU_FS CALI)Er~A S0U\)DING :;02, 1972 

o FT E' S T Drs T A.\) r: f= 67 50. f'v1 E 'j EJ~ S 
50 1I R r. F' I., F,'J G TIl = 2 SO O. M F 1 F r< S 
r~ F (; H \J E: H {\ I ~ t~ A = • I (, (-, I~ S [WAld': I( M 
r:LI[~ f~' fo ' ,\.) T S'j Fl' = 1 1.20 A:vlI" ERI· :S 

nrr,rTI 7. 1N(i SC(lLE', IS 

FDt TFf.) A'\) D STA(;!< FD DATA 

T 1',1 F' N U'·l n E r~ 
n.0/, 'I 
(l. (1f:; 7 

O. 1 2 7 
O. 16 7 
(J.?O 7 
n. ~) /J ' / 

O. ?R '7 
(). J~' '/ 
(10 J IS 7 
no LO 7 
().I,/J 7 
n. L.r~ 7 
() 0 5? 7 
n. ~dJ '7 
(). (~ O 7 
n. (, I, '7 
(). 6G 7 
O. 7'2 7 
n. '7 G (-, 
() . IS 0 
O.fiLj 
(1. BK 
I).,)? 

n. 9 () 

1 .00 
1 0 0 LI 
1 • m~ 
10 12 
1 0 1 6 
1 • ?O 
J • ;.l i , 

I • ?f~ 
I • 3? 
1.36 
I • 110 

I • /U'l 

1 , 11/\ 

I • ~-I? 

I • :') 6 

, ' 
7 
7 
7 
(, 

7 
7 
'7 

'7 
7 
6 
(, 

() 

( ) 

(, 

6 
(-, 

f, 

(, 

() 

() 

A\.iER(.IGF 
O. 1 3~)F- ()II 

O. 1 79 E- 0 I I 

(). 2 Og F - 0 I, 

0.21?F:-0/1 
0.2151::- 0 11 

0.216[-0 /, 
0. 2 11j[-OLj 
0.19:W- O/J 
O. I R :1 F - 0 I, 

O. I (, ~ 1-: - () It 
n. 1 5 1 f' :-O/l 
o. 1 39 [- 0 Ii 
O. I I 9 F. - C I I 

O. 11 I E- ()Lj 

O. 10 3[- 011 
0.B7IE-OS , 
O. 739 [- 05 
O. 6 1 :n.'- 0 S 
O. 560[- 05 
O. Ij '/71~ - 05 
O. II I GE- os 
O. 323[- 05 
0.20 5[- (15 
0 .3 11 [- 05 
O. ~W2 [ - 05 
O. 3 5 I~ t:: - 0 5 
0 .222[- 05 
0 .225[- 05 
O. IO LIF - OS 
0.2:)0 F- 0 5 
O. I ()2 F~ - 05 
0 . 11 9E- 0 5 
O. 7 1 B E,- () 6 
0 . 11 5[-05 
O. I Sf:; [0 ' - () ~) 

0 0 1 ~r.., f.~- 0 S 
O. ]99 1~- () (' 

(l.IGn:- 05 
O. 17 ?F.-0:J 

----,-----------------

S T. Df.\J. 
(l. 1 ~) i j [- 0 5 
O. 12 S [ - (] ~ 
O.91 2 F~-06 

D. I? SE-O~ 
O. I L, ~ [- 0 ~) 
O. IO!)F:-05 
O. I ()(1 E - 0 5 
0.112[-0:' 
O.917[-OE 
O.IIOE-OS 
O. 1 3 6E:-· 05 
0. 1 :3(,[-05 
0.1]1[-05 
O. 1 I [I E: - 0 ~) 
O. 608 F- 06 
O. 19~ [-05 
0.9~9[-06 

0.152[-05 
O. 1 K,) [- 0 ~ 
0 . 132[-05 
0 . 11 L,F,- 05 
O. I Ij 5 F.- 05 
O. 1 (, iJ [- 0 5 
O. 1 'f I E- 05 
O. 1 5,1 E- 05 
O. 19:~E- (l 5 

0 .9 62 F- 06 
O. 1 Ij tl E - 0 5 
0 . 13 3[- 05 
(l . ?LII E- O L, 
o. ~: 39 E·· Cl iJ 

O. 23'7E- 0·<'/ 
() . ~~ :3(J[- () I, 

0 .2 J 7 E- OA 
(J . ? .1 9 I~ - 0 t , 

0 .2 37[- OL, 

O.17~)E- OS 

O. I It 2 I ~ - 0 Ii 
O. Ij 112 [o,~- () L, 

}~E SI SlI \/1 TY 
12. 76 
1 6 . 9 (, 
1 <). 6/1 

~~ O. 1 0 
?O. 3 Lj 

20 . "2 
20.?2 
1H. 27 
1'1.:l 6 
1 5. (,2 
I /~. 25 
13.?O 
I 1. 22 
10. L.j 6 
'). 70 
13.25 
6. ')9 
5. B 0 
:i. J 0 
I,. 52 
3.93 
3.06 
I. 9 LI 
2.9 L.j 

2.[I () 

J.35 
2. 1 0 
2. 1 3 
0 . 9') 
2. In 
1 • ~3 
I . 1 ? 
O. 68 
1. 09 
I . 5 0 
1 • SO 
O. :lK 
1 • S 3 
1 • ()J 

G r~oup S[V U~ 

:.' .. 
, ',. 

.. ' 
.': . 

, 

·l/ 

" : 



1 " 
J 

._-----------------------_._--------'---. 
FL F CI j;'(F,'j {\ (;1...) E TI C so LH Dr I'J G DATA 

lJ'JHl'J OIL Cy)!Vlf'{\NY Vf\LLF'S CflLDH,A S0u\)DING ~)03, 1972 

(1 F F F. S T f) t S T /V-J C I;:::; 7 7 50 • MET E R S 
.c:(~l!f\CF LI::'·J(;TH= ?::iOO. iVIF'IU<S 
IxFCU VFf~ M,Ff\=. 1664 SOUf\I;>E KM 
C:UIH<Fi\j T STEP:.: 11. 20 N1PU<l':S 

IlICiITI7.INC1 .sCALF IS O. 02~:~MI cr~0 V0L TSI DI V 

E'fHTF:D A:\)I) S'!f\n<ED. DAT(~ 

TI H F 
0.01, 
0.0;;;; 
0., ) ~ 
O. 1 6 
(). ~?O 
O.~1.j 

(). ~)R 

O. ~~? 
O. ~16 

. O. 110 

O. Il/j 

O. (If~ 

O. ~)2 

(l. 56 
O. bO 
O. 6/1 
(). 6R 

n.72 
n. 7 (, 
0.80 
O. f) II 

O.f)f) 

0.9 ? 
(). 1) () 

1 • 0 () 
1 • () II 

I • OR 
I • 1 ? 
). J() 

J • ? () 
1 ~ ~) I~ 

) • ~) ii 

) • =l:::' 
I • :3 (, 
1, /10 

N l.J.'1 F1 Et, 
? 
? 
? 
2 
2 
2 
2 
? 

2 
r) 
C 

~ 

? 
2 
? 
2 
2 
? 

2 
2 
? 
2 
? 
? 
2 
2 
o 
L. 

() , 
? 

rJ 
(. 

AVERAGE' 
().2~)IE-04 

n.257[-0 /1 

o. 2 60F- 0/1 

O. 2 Llg F:- 0 Ij 
O. 22fH~-O/~ 
O. 2 2 ~! r: - 0 .II 
(). 2 1 B F- O/j 

0.)<) 1 E-04 
0.195[-0 / , 
O. I 119 F - 0 // 
().IOSE-OLI 
0.9 -m F- n:> 
O.IOSt:-OLI 
O. 9 / ,6E- O~) 

n.fmOE-OS 
O. (d) 3 E - (l ~) 

O.565E:-05 
n. Ij~)7E'-05 
O • .q~~ II E - 05 
o. 37(JE- 0 5 
(). i>.9 ~{E: - 05 
o. 21 7 [- 0 5 
O. 207 E- 0 5 
O.~~61[-05 

(). 22F~E-05 
O. ~?17E-05 
().337E··05 
0.239E:-05 
O. ?:39 E- 05 
O. ~) 39 E - () 5 
O. 1 (':3[- 05 
O. 1 63E- os 
D. ?~~g E- 05 
G. ~!?f-) F- 0 ~ 
O. ~~?g F- () 5 

o. ~'? i) f::·· (l 5 
O. ?~) (~ F - 0 5 

, . 
(',(l 

ST. DE\i. 
0.1,116E':-05 
0.261 E- os 
0.761 [-06 
O.OOOF+OO 
O. B '70 [- () 6 
O. 3261':- 0 (;. 
O. 228 E:- 0 5 
0.261E-05 
O. Lt f I6E-05 
O.5fl:H-06 
O. 120 [- 0 5 
O.109E-OS 
o. :>L,3r:.-06 
O.51J3E.:-()6 

o. S1J3F-06 
0.978 E- 06 
O. 130E-05 
0.) 7 LI[-05 
0.761 [-06 
().2171;-06 
O. ~) 4:3 E'- 0 (;. 
O. L135F-06 
O. I 2 () E:-· 0 5 
O. 652 E- 0 6 
0.9 -m r:- 0 6 
o. '135E- 06 
O. I 6 ~3 E - (l ~i 

0.652[-06 
0.652[-06 
0.6521::-06 
0, I 0') [- () 6 
D. 109 F.-Ob 
O.5L,3F:-06 
o. ~)/j:3E- (l6 

0.51<3[-06 
o~ ~/!~3E-06 

Oe SL1JF--OL) 
(). s,~ :n: - 0 6 
().5 f ,:3r-06 

rWSI STI \II lY 
I~O. 8l) 
Iii • 78 
L12.31 
40. ](, 
37. 1 7 
~3 6. 29 
35. Sf) 
31. 1 6 
31. 69 
24.25 
I 7. I 7 
1 ~). 9 3 
I 7. I 7 
1 5. LIO 

I LIe 3/1 
10.80 
9. 21 
7. LI3 

6.90 
6.02 
Lt. 78 
3. 5LI 

~3. 36 
4. 2 S 
~3. '/2 
3. ~)IJ 

~. LJ9 
3.t39 
3.f~9 

~~. g 9 
2, 66 
2. 66 
~3. '/2 
3. 7~? 
3. 72 
]~ 72 
~31i 72 
J, 72 :,. -(~) 
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~L F r;'r I~,;)·tJAG,·--J ETI r; S(-1lj\) Dr I\) G DATA 
VALL E S CAL DE:FA FI\1 Sf:) L\\) DI N G ~o 6 

0FFFST J)l STANCF.= 6900. Mr~TEI~S 
S(Hmr;F lJN (iTH= ? soo. M E1 U~5 
I~FCFr \iF I.: M';}" A = • I 664 50UAI\I~ KM 
ClllmFNT STFP= II,~ 50 Ar1pF'r~FS 

DIGITI7.I1'lG SCAL.E'. IS o. Oi~2M I CfW VOL lSI Dr v 

FOJ TED A·\) D STAC\.\ ED DATA 

TI t·l [ N U"1 Rr.I~ AVEI~AGE ST. DEV. 

r. 011 c' :::> O. 1 1 SF- O/.I O. I 3 /;[,:-05 

n. (IH c 
J o. I :3/11':- 0 II o. 627[-06 

n. I ? t 
,) o. I ~)OE.- 0 LI o. I I 7E- 05 

n. 1 (, c-
,) o. I ~)6E:- 0 LI O. 1 ~>':J E- os 

(I. ?O 5 D. I 671::- 0"-; n. 102E-O~ 
n. 2/1 

: 5 n. 1 71 r~- 0.11 o. 1 :3 1 F- 05 

Cl. C'f) 
I I' o. 1 () ~l;~- 04 O. I 3 '), E- O~) I ,) 

(I. 3? c 
:::> o. I 1/ :d~- () II (). 79 I F- 0 () 

c· • :16 I' 
J O. I 3 /J F - () Il o. 100 E:- ()~) 

n, Ij() l' 
:::> o. 1 I 6F-O/1 O. 109E'-()~) 

n. 1111 5 0.970E-O:) n. I 61 [- os 
n. lig ~) n. ') (,1 1::- 0 5 o. 1<)9 E.'- ()~) 

·r', :)~? 
I' 
j O. 70 M:- 05 o. J 89 E:- u 5 

n. ~)6 5 O. 571 I~:- 05 O. ?02F-OS 

O. 60 l' 
J O. 3<) r. r,- 0 ~ O. I -f?~-OS 

(i. ('/1 5 O. J07E:- (l~) o. 101 E- OS 

n. (,'l 5 O. 2HIE-OS o. 1 1 OF,- 05 

(\ . :7 ~~ 5 0.21 61<- 0 S o. '-) ~~::5 [:: - 06 

(\. -u) (' 
,) o. 19:1[-05 o. LI9 Lir- 06 

n. n (1 ') O. 1 g 6f::- () 5 O. 7~{ ;:'~E:- 06 

n.g/j " -) o. 1?'6F-O~) O. 1 l,~)F- Of> 

(1. H r.; 5 O. 12 M:- OS o. II?OE:" Db 

(). '} 2 5 O. 1(111[<:- 0 5 o. ~)O I [- 06 

0.96 {' 
,) 0.909 f':- 0 () o. IjB? E- 0 (, 

1 · no ~) O.B66F.-()6 O. 19 IW- O() 

J • QLi ~ o .~? 6/j~~- 0 LI 0, S] It:- 0 I, 

] · OR 5 n. 26:;[-04 o. 51 1 [- OLI 

J • 12 5 O. 26 '::lE- OI., O. ~i 10 F- OI.l 

I · I (, ') D. 2(,:)[- Oil O. ~) 1 1 E- 0 I, 

I , ~)O :) 06 ? () 5[':- 0/1 o. S iO E- ()/t 

J ?II 
I' O. ? (, ~n:- 0 II O. ~)O 51:- 0/1 , ,) 

1 f) () I' · ( I) ,) O. F) '-) -, F·, n 5 n. 1 59 1:,- () /j 

I ~{? " O. f';', '/ E:-' 0 ') O. 1 ~)') F- () II · ,) 

I · :3 (, ~) (). R (I 7 r:·, 0 5 0, 1 ~)')r-:-Olf 

1 · 110 C, n. ~'~9 '/F- ()~) n. j 'Jr) f'~ - Cl il 

I · /,/1 
(-

oJ n.wJ"if-,-OS n, I :).} l; - () /1 

1. /i':~ ~) ()" n () '1 f· - CI ~) (I. I 'f) F,- CJ II 1 

I cn I (l. 1\ ')!I; - ()~) U' I ~n F- () Ii , .. ! ,) 

l, __ '~_~, i :1 () :j (I. ;-; () 'it:>' 0 :) (i. j ~/i l<~' () /1 

· .. ---~~----- -- -- - _.- --.~--~"-~-~--~----~~------ -- . -~-----~----- .. 

8'1 

1< E 51 S'fI VI TY 
I 2. ..-;5 
I 4. ~O 
1 6. 19 
1 6. B "I 
]g. 06 
lB. It] 

1 '7. g '7 
1 ~. 7~: 
I LI. LI6 

12. 59 
10. /1(~ 

9. 31 
'/. () :3 
(,. P3 
1.,. 30 
3. ~l2 
3. 011 

2. 3 / 1 

2. I I 
2. 01 
I • 36 
1 • 36 
1 • 12 
O. SI:3 
0.9 /, 

2f). 5/-j 
~?8 • ~)9 
2B. 63 
2r) • ~9 
28. DC) 

~)I) • If 1 
9. 69 
SJ • 6'-) 

<J • 69 
() . UJ I 

() . (:.<J I 
') , (,') 

I () . (/) 
~) '4 (,ei ~,_,_J 

---"--", ---
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1;1. Fe 'J'1«.1 ,1 /\ (~\J F'II C ~:(" IN [) J N G D/\ 'fA 
V(\LLFS CALlWF'A F['1 Sr"HNDING 507 

0FFFST Dr STA0JCE= 7500. METfRS 
50 U f~ C F L H·) r; 1 H == 2 500 • M F: T U~ .s 
I<H~FI VFF, ArHA=. 1 664 SOLJM~E 1(1'-1 
ClIl"(I<F'!\),[ STEP:: I J. 50 A~PF.f<ES 

ntGITl?ING SCALE IS o. O? 2M I C IW VD L T SI D I V 

FDITFD Ai\) f) S.TA CK ED DA lA 

T1!~ E N L,vl fi E R AVfRAGF ST. [lEV. 

00 0.11 ] o • .111 J[- 05 O. 1 I 6[- 05 

(I. Of~ :~ o. 725[-05 O. 12 ()[- 05 

n. I? :3 O.9P.RF-05 O. 739 E- (J 6 

CJ '. I 6 :1 0.9 '1?[-O5 O.~:()5F-06 

().PO <~ o.993r~-05 O. 571 [ .. 06 

n.2/, 
I~ 

0.986F-OS o. J JI [-05 

(). ?)~ 0.9 LI9 [- 0 ~ . O. 1 51 F:- 05 

Oo3? 3 Q.B33F-05 O. ill or:.. 06 

n.J6 13 O. "/H3E-OS O.r)87E-06 

O. LjO ~l O. 6LI~)E- ns o. I I g E- 05 

(J" LI'I ~~ o. SLI:3r:-O~) O.8R7F-06 
O.I('~· 3 O. L15710:-05 O. 1 LI~) I~:- 05 

.n, 5~) 3 O. LI20 E- os O. I I/IE-OS 

n. ~) () :3 O. 333[-05 O. I 78 r·~- 05 

n. 60 ~~ O. ?J2E:- OS O. 16SE-OS 

O. 6/j ;3 O. ~~2 5[- O~) O. 1 ?B E- 0 5 

O. 6P 
'.) 3 O. 1~30E-05 O. 9 fS 8 f·:-· 06 

n. 72 :3 O. 152E-05 0. 71 (H:- 0 6 

(). 7() ~i O. 123E-05 O. R9 3F.- 0 (, 

(L fsO ~3 o.n70[··0(' o. 1()6E:-O~) 
0" R Ij :-1 n. R 70F.- 06 O. 106E-OS 

o. r{ B J O. 7?~E-06 0.f)9:n;-:-06 

(1.92 :3 O. /13~E- 06 o. 61 5E:- 06 

0.9 () ~~ 0.217E:-06 o. 532 r~- 0 (, 

I • () 0 :3 O. 1135[- 06 O. 615[··06 

I • 0 II 3 O. 1135[-06 O. 61 s'E.:-06 

I • Og J O. 113 :)E- 06 O. 61SE-(l() 

1 • I ~? 3 0./135E-OG O. 61 S[- 06 

I. 16 3 O. II~l5E- 06 O. 61 ~)F- 06 

J • ~) 0 3 o. I,] 5 F.- 0 IS o. 6! 5[- 06 

i. ? /j 3 O. 4:35F>06 o. 61 5[- 06 

1 < ?F) J - O. I 3K F:- n 5 o. 232f;~- os 

I • J~) :\ - o. ]0 /1[- 04 O.1f3?E-O/j 

i . J (, :1 - O. 30/if:~- 04 O. /1 :l2 ~- 0 Ii 

1 • Ld) ;3 .. O. 3() IIF:- 0 II O. II :1 ? F .. () II 
, 

/1 Lf ~3 - O. :3C) /ll'~"" () i1 () " Ll::'V F- () I, I • 

J " LII~ j - (). ~)(J;! 1':- ().I1 (J. Lj:3O 1-.- () /j 

1. :);? ') ~(). ~)7]r::-0/1 (). JK 9 I:, - () <'j 
" 

1 • :) (J .'3 - (l, ? '/ J E - 0 /~ O. T< () [- 0 II 
,">"-~-- .. ---

88 

RESI STI VI TY 
6. 66 

1 1 • U3 
1 .II. 9 S 
1 ~. ) ') 

I 6.00 
1 5.89 
1 5. 30 
13. LI3 

12. 62 
10. 40 
8. "6 
7. 36 
G. 'If!, 
5. J 'f 

3. 74 
3. 62 
2. 10 
2. 45 
1 .99 
1. 40 
I • LjO 
1 • 17 
O. 70 
O. ~3 5 
O. 70 
o. 70 
o. 70 
o. 70 
O. 70 
O. 70 
O. 'If) 

. \ 

.. 2. ~~2 
- 4i3. 9 5 
- LIR. 9 5 
- 48.95 
- <'If). 9 :) 
~ LIS. b6 
- <'1:3. ') tl 
- LI ~L 9 f) Ii 

C)!;OUf' SEVEH 



1 
] 

lr 
1 

-----,------------ ._---------------, 
FL F'CT/':Otvl f\ G\J rTf C so lJ\J DI N G DATA 

VALLFS CI'\LDE'HA E}1 S0U\)DING SOH 

0F'F[ST Dr STANCE::: 7000. METEHS 
S0URCF LFi\lGTH::: 2500. METE1~S 
I~FC[I \lFl~ Af~FA;;:. 1665 SOl){\f,[ KM 
CURlW,\) T S rEP::: 1 1 • 50 At<J P U< ES 

DICi1 TIlING SCALE IS O. 022M I Cf~0 V0L TSI 01 V 

FDITED AN Ii STACf< ED DATA 

TH1F N LJlYl Fl [f~ AVERAGE ST. DEV. 

n. 0 L, 5 o. 190E- OLI O. I Ld E- 05 

n.nR (' 
.) O. 20JE- 0 II O. J ? "f~~- 0 5 

n. J 2 5 O. ? 0 ~l I~ - () II O. 1~3/IF-OS 
() . I (, " .) O.20JE-O/I O. 1109 E- 06 

(J.~~() i j 0.21 1 E- 011 O. I07E:-05 

(). 2 'I 5 O.20 //l"\-OL/ O.g22E-06 

(J.?R (' 
~ O. 18SF:-O/I O. 1 51 [,~- 0 ~ 

D. 3:? 5 o. 169t:-04 o. ~<15r-· 06 

().~l6 
(' 
~ o. 15 L,F-(lLJ O. 120E-05 

(). L,O 5 O. 1 ~10 E- () LJ O. 1 1 7 E- 05 

0. LJLI 5 O. 1 ()9F~- D II O. 1 of:) E- 05 

n. L:g c 
J O.9~:'7[-O5 O. I (, 7£0.',- 05 

O. ~)2 c O. 7f) I,fi:- 05 O • I 2'/E- 05 ..J 

(). 56 5 O. 621 [- 05 O. g 56[- 06 

(l. 60 [' 
;) O. 552E-05 O. I ~J) 10:- 05 

n. () LJ 5 O. LJ7Rf;:-05 o. 122E-05 

(I. l)R 5 o. LJlt:>E-05 0.9 50E- 06 

n. 7? 5 0.3111[-05 O. 13<5 E- 05 
(I. 76 5 (). 27? E- 0 :, o. 17~H:~-05 
n.f-;Cl ~) O. 2~)9E-O~) O. 127E:-05 

(l.F~/1 c 
,) O. 21 1 E- () 5 O. 1 n 1 E- 05 

Cl.gg c-
.J n. 22 /1F:- 0 5 (J.~~02r-06 

f). C)? ,-
~ o. t6/IF-OS n. 53R E- 06 

(1. ') (, 5 O. 121E-05 o. 'I'm [- or) 
1. no 5 o. R 19 E:- 0 () O. 1<6Q[- 06 

1.(ILJ 5 O. 690[-06 0.977[-06 

I • (18 5 O. 733f;~-06 O. SSg E- 0 (, 

1 • 1" c 5 O. 560[-06 D. 690[- 06 

1 • 1 () (" 
:J O. 560E-U6 O. 69 0 E- 06 

1 • ~) 0 5 o. S 60 E.- 0 {, o. l'90E-06 
1 , ;':' il c 

,) O. 560F- 06 o. ()9 0 [- 0 (, 

J • :;:, [\ 5 o. :i (,(1 [-.;. 0 (; n. mOE-Of) 

1 • :3? s o. ::i60F-06 o. (/) 0[- () 6 

RESI .s n VI TY 
20.2j 
? I • ~)F:i 

21. 63 
21. 5B 
22.50 
21.76 
19.74 
1 'I. 9 5 
1 6. ]9 
13.82 
1 1 • 5'7 
9. S 7 
8. 36 
6. 61 
5.BS 
5. 10 
4./JS 
3. 63 

2. 76 
2.25 
2. J9 
I • 7/J 
I. 29 
O. B 7 
o. 73 
o. 78 
0. 60 
O. 60 
O. CO 
u. 60 
O •. 60 
O. 60 

I 
J • : ~ 6 5 O. 5 6 (l !~ - 0 6 D. [,<,J 0 E - 0 (, (). 60 
1,1'0 5 O.S60F-O( O,()90F-O(, D.110 

I 

I
' l",ljl{:.s Oe~(I{)i::=()L) O"o,)OF-06 (c~')):({~)'(oJ 

j. /,g :) o. :S()()F'- 06 O. 6'}()!:- 06 " 

I 
].:i2 5 O.560F-O() O.(-.00f-06 O,(,O 
1 • ~) (, ~) O. ? 1 ~) F" (1/! (). /) () 'I F - () I, ~; iJ., ~):) J 

I ____ ~· -' ,--.--.. ----------... ----.---.--~-- G Rn [I p C' f:\/f' I,,! 
. \..J J'. .J ._'. . I " 

8) 

, ' , , 



:J 

1 
;I' 3 ' 

I, 
1 , 

, I 

FL FCll,()'1A (;N 1-:1 I C SO LN DI N G DATA 
U\JION 0IL COi'IPA,\JY VALLES CALDEI~A S0LNDING601 .. ' 1972 

. 
0FFE'S'f 01 STANCE= 3650. METEHS 
SOURCE LENGTH= 2350. rvJETERS 
F{F:(:U \lFR ArH~A=. 166/1 SOUAriE Kt-l 
CUIW[N T STfF'= II. ~,iO N1Ff·RES 

DIGITI7.II\)Ci SCAL[ IS O. 5:361'-1 I CT\0 v0L 1 SI DI V 

EDI TED AI\) D STAC}( ED DATA 

TIME 
O. Oil 

0.03 
(). 1 2 
O'~ 16 
O.?O 
O. ~UI 
D.?f) 
(). 32 ' 
O. J (, 
O. LIO 

O. Ijlj 

O.l.lg 
O. ~.i2 

0.; 56 
o. 60 
O.6 Ll 

O.6R 
Do '7? 
O. '76 
0.80 
0" (s L, 

() • fH~ 
O. 9~) 

0.96 
1 • 0 () 
1 • 0 Ij 
I .08 
I. 12 
1. 1 6 
1.20 
1 • ~'/j 
1 • 2() 
J • 3~) 

NIJ.'v1nER 
6 
6 
6 
5 

,6 
1(, 

i6 

',6 
'6 
i6 

6 
(, 

() 

6 
(, 

6 
(, 

6 
6 
(, 

5 
6 
6 
6 
6 
6 

5 
5 

c 
.J 

(, 

6 
(; 

6 

() 

6 
(, 

AVERAGE 
O. 1189 r- 03 
0.9 LI9 E'- 0~3 

0.10IE-02 
0.857E-03 
O. ()37E-()3 
O. LI'1(,E-03 
0.321 [-03 
0.2321<-03 
O. J L,6[- 03 
0.112E-03 
O.73:H::-0/.1 
(). 52H E- 0 II 
O.411E-0/! 
O. 1.11 1.[- 0 L, 

(). 1 2 ~) F. - 0 <'I 
O. 2 6g E- O~) 
0.B9 LIE-O(' 
O • ., 1 5[- 0 ~j 

-0.107[-04 
- O. 7 1 ~i ~~- 05 

o. ~):36F-05 
-0.62(JE-()~ 

-0.984E-05 
-O.f)05E-05 
- o. 89 LIE- 05 
- O. 1 3LIE- OLf 

-0.161 [-OLI 

- O. 1 (, I 1,= - 0 I, 

- 0,. J 61 E- 0 Lj 

-D. I tOt [-04 
- O. 1 6 1 F~- 0 "I 
-0.1 :HE:-O/I 
- O. 1 ] /d~ - 0 /1 

-0. 13 l ,E-OLJ 
- O. I 3/JE:- 0/1 

- (J. i J .!II:: - 0 Ii 
- D. I :j/,r: c

, 011 
- CL, I :3 Id'~- () II 

ST. DEv. 
0.131[··03 
O. S36E-OL, 
O. III E-OLI 
O. 31 4[- Oil 
O. 26i;[·· OIl 

O. 370 [- 0 LI 

0.222[- OLI 

O. 32 -I E·· 0 /f 
n. 1 :> (, F~" 0 II 
O. 3 1 f\ 1:- () /1 

0.190['-Ol, 
(). 1 59 F- n I; 
0.1 I/'/[<- Ol, 
O. ~207L-OLI 
0.800E-OS 
O. 1 Llf~ I-~ - 0 ,~ 
0.1/10[-04 
O. HW [.:- 0 <'I 
O. 619 E- 05 
0.101[-04 
o. G SF; E:- 0 :i 
O. 785[- 0 5 
0.187£::-04 
0.123[-04 
0.115[-04 
0.123t-rH 
0.67eE-O~) 

O. (''1fH~··()3 
0.6'7f)E-03 
(]. 6 'If) F:- 03 
O. 6'/U ):;:- 0:3 
o. I 2 ] I:: - 0 .q 
O. 1 ~~:3 [ .. 04 
O. I ? 3 f< - 0 /1 

O. I 2 =1 F: - 0 Ii 
0" i ? 3 F:- () .cl 

D. I ~~][- 0/1 

(). J ? J F: - () /1 

0. 1 ?JF.- 04 

f<[S1 STI vI TY 
'/0. 79 

13'1. 32 
1 4~. 60 
12/40 09 
92. 15 
6f) ot) 5 
L16.116 

33. 52 
? 1. 10 
1 6. 18 
1 O. 61 

'I. 6 II 
5.95 
S. 9 5 
1 • f) 1 
O. 39 
O. 1 3 
1.04 

- I • 55 
- 1.04 

O. -18 

- O. 9 1 
- I. 1;2 

- I • 1 6 
- 1 .29 
- 1.94 
-2.33 
-2.~.l3 

-2.3:3 
- 2. 33 
- 2. ~U 
-1.91; 
-1.9<'1 
-\.9<'1 
-1.91j 
-1.9 L{ 

- I • ') /i 

- 1 • <) 4 
-1.'1/{ 

GRC)lJP SE\/Fl~ 



'1 

1 ,-": 

',J :, ' 
] 1" 

'1 

'lr 
1 

J 

1 

I'.; , 

FL Fe lI(i·) ~'1 f\ GN FTI C .so LN IJ 1 N Ci DA TA 
LNI(JI\J OIL COr-1Pt\JAY VALLES CALDE}~A S0U\JDING 602, 1972 

o FFFST DI STAN CE= 39 50. ~1 ETERS 
S0lJl'lCE LENGTH::: 2350. ~1ET[RS 
RECEl VFI\ AREf\"'. 1 66/, SQUAI~E KM 
CUf\I~F:i'lT STEP::: I 1. ~)O N1PEI\ES 

DIGITIZING SCALE IS o. 02 1 ~11 crw V0 L T SI D I V 

EDITED AND STACK ED DATA 

Tnl F: N U"1F3EI~ AVERAGE ST. DEV. RESl STI VI TY 

0.0 11 :~ O. 1,27 F.:- 04 O. 56H E'- 05 7. 67 

o. on 3 O. 6({? E- 0 II O. 157E-O~) 12.27 

D. 1 ? ] D. 677F:- 011 O. 19 f3 E- 05 1 ?. 1 E:J 

(I'. 16 3 0. 573[-04 O. 2 6 ~lf:~" 0 5 1 O. ~30 

0.20 3 o. IJ76[-0/, o. 267F~- 0 ~j g. 56 

0.24 ~3 o. 3:]7[- OLI O. 1 19 [- (1 5 6. 06 

(). i~R h 0.2/171::-- 04 o. 70 SE- 06 4. /1 ~) 

O. ~l2 ' I ~l O. 1 'n[- O/J 0.1-5721::-06 3. 19 
I 

O. 3 () 13 D. 13 /,E"-04 0.211 [-05 2. IJ 1 

O. 110 ] O. 110E-OL, O. S 61 E- 06 1.99 

D. 114 3 O. 776E-OS 0.1:106[- () 6 I. 40 

o. f,8 :3 o. L;f) I,E- O:l n. 10~)E-OS o. B 7 

. O. 52 J O. ~~/J9E-05 O. 12 Lt!<- 05 O. I, 5 

O. 56 3 O. 1~,0[-05 O. I It'J [- 0 5 0.27 

O. 60 :3 O. () III 1;:- 06 0.923 [0.- 0 6 O. I? 

O. 6/, J O. 2B 51~- 0 6 0.S2/1E:-O() 0.05 

n. 613 3 O. 1 IJ21::- 06 O. I 12 F:- 05 0.03 

Cl. 72 3 -O.2g~E-06 O. '139 E- 06 - O. 05 

0.76 :3 - O. I 50 E- 05 O. 1 0 61~:- 05 -O.2'! 

0.80 3 - O. 99 71,:- 06 D. (,61 E- 06 - O. 18 

(l.f,;/, 3 - o. 570[- 06 O. ~)6IE-06 - O. 10 

(I.gB 3 - O. /127\::- 06 o. ();::9 E- () 6 - O. 08 

0.92 3 -0. ~~~i(,F-06 O. 533r-::-06 - 0.06 

(i. 9 6 ~l - O. 712[-07 0.20IE-06 - O. 01 

1 • DO 3 0.21 / j[o:-06 o. 3Ii9E~-06 0.0L! 

1 • 0 II .3 O.214E-06 o. 34(/ F- 06 0.04 

I. 08 3 O. 3 /,0 f~- 0 II o. 4'/5r~- 04 6. 12 

1 • 1 ? ~~ O. 3 /,0[- 0 I, O. 475[-0 1, 6. I 2 

1 • 1 (, J o. 3 /,01,:- 0.11 o. 117 ~)E- 0 i, 6. 12 

1. ?O 3 O. 3M1F:- 0 / / O. ij 7 5r~- () 'J t,. 12 

I • ;.> 1/ :l 0. J l,CI [0:- (I L~ o. L~ 75 F- 0/1 6. ,n 
IC-

1.2Fl 3 D. ] 1,0 [- 0.11 O. 4 '/5 F:- 0 I, (l. 12 

1. ;32 :3 0.21/,[-06 O. ]N) [- 06 O. 0 II 

1 • :3 () 3 O. ~) 1 i, F - 0 6 D. ] N) t::- () 6 0.0 /, 

I. /if) ') O.?tL,E~06 O. 3 I'~I F-' () (, O.O/j 
-.J 

1. I, /1 ') (\. 21.!Jf·:- OC, O. J II) [- () (0 0, 0 I! 
"1<1 ,) 

1, /l:':-) :3 ()" ~:' ! Ill:: - [) 6 (1. J 1!9 i::" (i () - 0.0 /, 

i. :) ~:~ ~l (). ? i iii·=- () () o. ;3 /;9 I:~ - () C, Cl. 0 /1 

! • ~) (, :l [). ~) 1 1,[- 06 (), JItJE:-06 0.0 /, 
--"~ .-----------.-.. -~'--~~"-~~--

GROUP SEVEH 

~Jl 

, : ; 



""'~ ! 
~ ) i 
'. , 

'1. 1 "j 

1 i, , 

:J t 

:. I 

j' ). :. 
,
', " , ' 

](" 

l 
J 

[" 
, ' 

I , 
, 

F1.. F (: TWJ i'l f\ C\) [TI r: Sf.) LN [) IN G DA Tf\ 
l.NHJN 0IL CI)~lF'ANY \,If\LLES CflLDEIM S0UNDING 603, 1972 

C1FFFST DI STANC[',~::: '1~50. METE.~S 
so UI~r.I~ L E:N GTlI::.' 8350. M En:r<S 
r;FCr~T \iF)~ (\)~[A=. 1661.1 SOUAf~E KI·1 
C lJ I\H EN T S lET' ~~ I 1 • 50 AM PER E S 

DIGIlI7.TNG SCALE IS O. 05'IMI Cn0V0LTS/DI V 

EDITED AND STACKED DATA 

T I t·1 F 
0.04 
G~ em 
O. 1 ~ 
G. I 6 
G. ~?O 
[). 2 LI 

G.?? 
G. 3~? 
0.36 
n. L;O 
O.L;/I 

O. ·i':'s 
o~ ~i2 

n. 5 (, 
O. 60 
O. (, Lj 

0, 6~ 
0. 72 
O. 7 (, 
O. EH) 

O. ~'~ LI 

O. 9? 
0.9(' 
I • () 0 
I • 0 II 
1 " (m 

1 • 1 ? 
I. J(, 

1. ?G 
I < ~) II 

1 • ~)r-; 

1 e ~)~? 

I. J (, 
1 ·M) 
i • '1/1 

1 • /1:--; 

5 

5 
~) 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 

5 

5 
5 
5 
5 
5 
5 
5 
5 
S 
5 
5 
5 
5 
5 
') 

AVERAGE 
0.1.19 /1[-0 /1 

0.11?F.-03 
O. 1 ~)O[- 03 
o. 1 0 51~- 03 
O. f3 1 :~ E - 0 Il 
O. 643E- Oil 
O. II73E- Oil 
O. 3'1 / 1[-:- 0/-1 

n. ?/IOE:- Oil 

O.176E-OLj 
O. 1 21 E- () II 
O.B37E-05 
0.3U)E-05 
O. 2 Sf~ F. - 0 ~) 
o. 1 (, 1 E- 05 
0.751[-06 
O.377E-04 
0.396E-OLj 
O. 3R 7E- 011 

,,0. 536E-06 
-0.107E-06 
-0.64 /1[-06 
-0. 20/1F:-0~) 
-0.IS0E-OS 
-O.llf~E-05 

- O. R 5f) E- 06 
-0.311E-05 
-0.8L;7E-O/I 
- o. 2 LI7 F.- 0/1 
- 0.2/17[0:- Olj 

- o. ?.LOF:- () 'I 
-0. ?,/I7E-O/I 

-O.2?6E:-01l 
- O. I i H E - [] :i 
~ o. 1 I G }~ - 0 ~) 

~ .. o. 1 i n r: - 0 J 
- o. 1 I () l': - () ~j 

- (). 1 1 g F - 0 :) 
,,(J.I1BF-O\:> 

ST. [)[V. 
o. 13 /1[- 04 
o. 3~)5F:-O/I 
O. 1163E- 011 
0.4 /11 [-0'1 
D. 3~l(,['" 04 
O. ? (,~~ F- () II 
0.23L;1::-04 
O. 1 g 0 [O~- 0 II 
O. I :IF; [- O/.I 

O. ) 0 ~~ E: - 0 II 
0.63 /IE-05 
O. ]/10[-05 

O. 7 S9 [- (J 6 
D. I 6/Il~- 05 
O. JI,O [0.'- 0 5 
O. 1?~)E-05 
O.7L;3E:-OLj 
0.733[-04 
D. 7 ~k; F- 04 
O.3 /IrJE-05 

O. 2/11:1 [- 05 
O. g S(3 [- 0 6 

O. 1 112 F- 0 5 
O. 1 1 5[- 0 5 
0.526[-06 
0.f)"'?r":-06 
O • .I1l2t~-05' 
O. /169 I~ - 0 L; 
(). 1169 [- 0 II 
0./169F-O/I 
CJ. 1Jl,9 [- 0,,11 
O. II UJ t:- 0 II 
n. 11?9 [- () II 
n. :,)? ()[;:= 06 
O. ~)2l)['- () 6 

u. 5~) 6 I,: - () (, 
O. ~):::: (,r~" 0 6 
().5?(,k-()6 

l~ESI S TI VI TY 
10. S3 
23.91 
2 ~j. 56 
22.33 
) 7. 35 
1 3. 71 
10. 09 

7. ~~ 5 
5. 13 
3. 75 
2. ~9 
1 • '1<,) 

0.80 
O. 55 
0.34 
O. 1 6 
t~. 03 
S.Il/! 

8.26 
- o. I 1 

- O. 02 
-0.1 Il 
- O. 113 
- o. ~32 
- o. ~:. 5 
- O. 18 
.. 0.66 
- 5. 26 
- 5. ~~ 6 
- 5. 26 
- 5. 26 
- 5. 26 
=1,.53, 
= 0.2:; 
-0.25 

(, i) l, 
.... Vo- ,-" J 

-0.::'.:) 
- 0.25 
-0.25 

CROUP SEVEt'~ 

'I' 

" i 

'I:' ' 

,'I'; 

) ",'.' 

, ;. 
1 I 

I 
I 



, 
] 

j 
~ 

:1 
.J 

1 
] 

1 

J 

1 
j 
'J 

( j 

I' 

I , 
I 

I 
I 

-----------, -----------------------------------
FLFCTr,O\1ilGNFTIC SOUNDING DATA 

lJ!\jIf~N OIL CC1MPMJY VALLt~S Cf\LDE)~A S0LNDING 604, 1972 

o FFEST Dr STAN CF= 39 00. METERS 
S0lJl~CF LFNG1H= 2350. 1'1ETF:RS 
l~FCF:I VU\ AI"E{~::;. 1 66LI SOUAld~ f(M 
CURf~ENT STEP::: 11.50 AMPEr<ES 

DI Gl 1'J ZI N G SCAL E I S o. m: s.'vl I cr~0 \.I0L TS/ DI V 

EDLTED AN D STAC)< ED DATA 

TIME' N Ui"1 BI~~f\ A VEr~A G E ST. DEV. 

0.0 /1 6 O. 711 ~)F- 04 O. 196[- 0 LI 

o. ()~\ (, o. 1 'II F- 0 ~~ O. 1 TIE-Oil 

O. J?' 6 o. 192 E- 03 O. LI30E:- 0 5 

o e' 1 6 6 O. 176[-03 O. 1 CJ I.j E- 0/1 

O. ~~o (, O. 1 .~ 61::- 03 o. lOR [- OLI 

O.~)/I 6 O. 110E-03 O. B 66E- 05 

O. ?f") 
I 
(, O. 7 ~3 6 r,~- 0 Lj O. 9 1121~~- a 5 

O. 32 6 O. 517[-0 /, O. SB 3 [- O~) 

0, 36 (, O.3('OF":-OLI 0.323[-05 

O. I~O () O. 2 (, :J F.- 04 O. 1,/13F~- OS 

00 /1 I, c-
,) o. 196[-0 /1 O. LI 5 :, [- 0 5 

n, Iii) (, o. 1 1 :) E- 0 Lj 0.2 63E" () 5 

D. S2 6 O. 7/1~jF'-OS o. 1 7 Lt F:- 05 

0. :) (, 6 o. 559 E- 05 o. 129[-0:) 

O. 60 (, o. 1.j57E:- 05 o. 1 LtO E- 05 

o. 6 /1 6 0.250E-05 O. 198E-05 

o. 6R 
[' 

J O. 239F,- 05 o. 12 7E- 0 II 

n. 72 ,-
,J o. 1 'If) E- 0 5 o. 1 2 ~E- 011 

0< 7(, c-
,) O. 10~~E-05 O. 123E-OI, 

0.130 (, O. g LI7r:- 06 o. J R 3[- 05 

(l.F-;/j () O. S9 3E-' 06 00 1 59 E- 0 S 

() c () g (, o. 3:~<)E"06 o. JIJ3E"OS 

0, 9 ~~ 6 0.1j~~J~-06 o. 115E-O~) 
(). 9 () 6 o. 127r~-05 o. 167[-05 

J 0 00 6 o. 1 19 E- () 5 O. 1 B 7E- 0 5 

I. 0 II 6 O. 106E-05 o. 10 .IrE- 0 5 

10 OFs (, o. 1 (,9 E- 06 o. 107[;:-05 

I • 12 5 O. 15?[-()6 0.207f-05 

1 • )6 6 - o. 1123[- 06 O.92IJE-06 

1 • ~'o (i -0.2i?F:-06 0.909E-06 

1 • ~~ 11 (; o . .112 :-H~" 0 (, o. J J 1 E- 05 

I " ~;3 6 O. 720 E:- 0 f, 0.B731;~-06 

1 • ~)2 c' 
.) o. I ? 71~- 05 O. 1 18 [- 05 

I • ~3 6 (, - O. !6CJF-O() O. 1]1 [-OS 

1 < .110 6 O.G/OF:-07 O. I I 7 [- 0 ~) 

1 ,) ./~ L: 6. - O. 6:3 SF- 06 O. 279 [- 0 5 

1 • /!:~') () - O. ~l~) J [,~ - 0 {) (). 20/Jl:~-O~) 

1 D 
co 
.) (~ (, O. f; I, '/ f<- 0 'I O. ) ~)~H:-O~ 

I. ~) 6 (. O. i r: 'I E- 0 () (1. I C) ? f~~~ 0 S 

-----~-~-----"--------~-~--~---~-' ,-." 

9:l 

RESI STI VI TY 
9. S5 

20. g 3 
23.36 
21. III 
1 7. -/9 
13. 35 
B.9/, 
6.2R 
L,. 3f.) 

3.22 
2. :38 
1 • 110 
0.91 
o. 6» 
O. 56 
O. 30 
0.29 
0.22 
O. 12 
O. 10 
0.07 
0.0 /1 

0.05 
O. 1 5 
o. I II 
o. 1 ~~ 
0.02 
0.02 

- 0.05 
-. 0.03 

0.0 S 
0.09 
O. I c' 

J 

- 0.02 
0.01 

- O. Clf) 
- O. O~) 

0 Oi 
n n') 
\.J ~ \J r, 

C;RC)lJP S[\/EI"~ 



1 i] 

"J 
, ,-.." 

1 

1 
"1 

1 
'1 

-j 

i " . 

J( 

I 

:,1 , : 
" 

i 
," 

r'1_E(;n~01'-l(\CNFTIC S0LNDIN(i DATA CALDEI<A SDLNDING (,O~, 
U~r0N OIL COMPANY VALLES 

o FFI~ST Dr STAf\) CE:: 4100. M ETE/;:S 
S~JlJRCF LENGTH:: 2~350. MFTfl<S 
R~~r.EI VFI~ M~FA=. 166'1 SOUARF I(M 
CLJrm EN T STEP::]]. 50 AM PEI~F:S 

DIGITI/ING SCAL[~ IS 0.05 / ;''1 I CRG V0L lSI Dr v 

EDIT[D A\JD STACl<FD DATA 

TIME 
0.0 /1 

O.()R 
O. 12 
0: ! (-;, 
0.?0 
o"~).q 

0" ?f) 

o. :3? 
(), ~'16 

00 110 

C1. ill, 

O. Jig 

o. ~'2 
o. ~:; (, 

O. 60 
n. 6/j 

O. 6fi 
O. '12 
O. '/6 
O. gO 

O. R. 'I 

o.gp, 
o. ') 2 
O. () 6 
I. no 
I • 0 'I 
1 • on 
I • I 2 
I • 16 
1. 20 
I • ~) II 

N U"1RFR 
c-
;:) 

5 
(, 

6 
!6 
,5 
i5 
15 
:5 
~) 

5 
5 
~) 

5 
5 
5 
5 
5 
,-
::> 

6 
6 
6 
6 
6 
(, 

6 
6 
6 
6 
(, 

(, 

AVERAGE 
0.77tE-OIl 
O. 1 ,,5[- 0~3' 

O. 1 67 E:- 03 
O. 157[- 03 
O. I 3 J IE- 03 
0.]0'/E-03 
0.766E-04 
0.556[-0'1 
O. "IBE-OLI 

O. ~lOIIE- 04 
0.21'IF-O'1 
O. ] 30[- 04 
0.606[-05 
O. "76[- 05 
0.476[-05 
o. 3] 1,[- 05 
0.119[-05 
0.152E-05 
0.238 E- 0 5 
O.271E-OG 

-0.17IE-05 
-0. ,,51 [-06 
- O. 7 22 E: - 0 6 
-0. ,,51 E-06 
-().126E-05 
-0.135E-OS 
-0.IG2[-05 
-0.lBO[-05 
-0. }1)9[-05 
- o. ! g 9 l~ - 0 5 
-0. ji10[-OS 

ST. DEV. 
0.187E-04 
'0. I 56E- 0'1 
0.361[-05 
O. D5/ir'~- 05 
o. 71 ~)E- 05 
O.J23E-OI.I 
O.610E-O'1 
O. 5~J2E- Olj 
O. I:B 1 [. - 0 II 
o. /139 E- 0 II 
O. '!02[- 0,11 
o. 36;:-~[- 04 
O. 233[- 0 II 
O.2f~~)F-04 

0.293[-0 /1 

O. f~9 ~)E- 0 Lj 
o. 29 ~H::- OLj 
o. 2~)LIE- 04 
0.~:96F':-O/I 

0.350[-05 
O. 3 ;l9 E- 0 5 
O. '10' /1[- 05 
O.433E-05 
O. ,,25 E: - 05 
O. 32 J E- 05 
O. ;31 'fE-- 05 
O. 305[- 05 
O. 301 E- [) 5 
O. 301 E- 05 
O. 30! E- 0 ~ 
0.~99E··05 

r~ [SI STI VI TY 
10.20 
19.26 
22. 06 
20.80 
I 7. 79 
III. 12 
10. I 5 

7. ~17 
5. 53 
LI.03 

~~.glj 

1. 72 
o. B 0 
O. 63 
O. (,3 
O. 42 
O. I 6 
0.20 
O. 32 
O. 0 LI 

-0.23 
- O. 06 
- O. 10 
-0.06 
- O. J 7 
-0.18 
- O. 21 
-0.24 
-0.25 
-0.25 
- O. ~~ LI 

1 , ?f) (, - o. 1 fHl E- 0:' O. 29') [- 05 - o. 21J 
1.J;'~ 6 -C).lf)oE-05 O.~.:9<)1·~-O:' -0.24 
1.:36 6 -0. 19Bf':-()S O.301E-OS -0.26 I 
)./10 6 -0.1913[-05 0.301F-05 -0.26 
i./j/j () -O.i9fn:-o:) O.30iE-05 -0.26 I 
I " /If\ 6 - O. I C) ::1 E - ():-> (j. :m I [- 0 ~ - O. ? 6 I 
Jb~)? () -O.19l)I,:-()~i O.;I()IF:-O~ -O.~)6 
l ' ~i (, 6 (). 1 ') B L O:i Cl. J () I t;: ~ 0 'j .. (). 2 6 
~ ~ ... ~-~~---~- ~~----~--~~--~---.,---~~-~-- _~~~--.---~,---------- --------------~-,I 

C,i(OUP SEYEi'j 



1 

I 
I' ... ' 

',' 

" ., 

I 

I 

I 
I, 

El.F.CTI\OiiAf':--JETIC ~,0LNDING DATA 
U..JI0N 0IL C0~1PAI\jY VALLES CALDEr~A S0U\JDING 606, 1972 

0FFF:.ST DISTANCF.:: 5500. METEI;;S 
S(i!Uf<CE L[N(ilH::: 2350. METEf~S 
r~f.CF.I VEl'; f\f~FA=. )66L4 SQU/\f,E KM 
C urm Fi\j T .c; TEl'::: 1 2. (, 0 . Ar,1 P E 1\ E S 

Dr GI TIZli\jG SCALE IS O. 022M I CI<0 VOL T 51 DI V 

EDI TED AND S TACI<F:D DATA 

nt>1E N Ut1 REF< AVEHAGE ST. DEV. F<E:SI 5TI VI TY 

0. Oil 7 0.535E-05 O. I ('()E- 05 2.09 

0.03 8 O. 1 12 E- 0 Ij O. 301 E- 05 110 38 

n. 12 7 O. 16~[-0/1 0.21/'{E:-05 (,. Lj II 
, 

o. 1 6 7 O. 19S F- 0 LI O. ?~m E- 0 5 7. 73 

0.20 :8 0.219E-OIJ O. 135£0:-05 8. 59 

0.2/j ig 0.217E-OLI O. 1 ] LII~- 05 [3 ~ LiS 

0.2[5 I ~I O. 197E:-OLJ O. 3 /10E:- 0 /) 7. 71 

O. 32 I 
7 O. 1 7gt~- 0 L4 O. 3 ~3 /j E - 0 LI 6.96 

0.36 ! 7 O. 156[-0/j O. 3261:;- CJ /j 6. 10 

o. LiO 'I O. 122[- OLI O. 3 1 :1 E-' (l LI LJ. 'In 
O. Lj II 7 O. f) 9 LJ E - 05 O. ~w LJ I~- CJ Lj 3. SO 

0. Llf) 7 O. 71 1 [- O~) O. 29({ E- 0 LJ 2. 78 

O. 52 7 O. 609 [ .. 05 O. 2~~(H~- O/.j ?. ~lr) 

o. S6 7 O. 560[- 05 0.28 3E- ()/j 2. 19 

O. 60 7 0.3g0[-05 O. 3 61 E·· 0 /j I. Lj9 

(l. (/) 7 O. 238 E- 05 O. ?'9LiE-OL) 0.93 

(l. 6!) 7 O. 1 79 E- 05 G. 367E- OLI O. 70 

(I. 72 7 O. 186[-05' 0.29 5E- OLI O. 73 

(). "/6 7 O. 139E-OS O. 13JE-OLI O;SLJ 

O. fW 8 O. 59 5F.·· 06 (). fj 0 1 E:- 06 0.23 

().flLJ 7 0.LJ33E-06 O.998E-06 O. 1 7 

0.88 g O. 56g E- 06 0.9f:)OE-06 0.22 

0.92 "I 0.3LJOE-06 O. 1 02E:- os O. 13 

O. 9 (, B O. 16~)F.-06 O. '1) 6E- 06 0.06 

1 • () 0 g - O. 109 E- 06 O. 100 [- 05 - O. 0 II 

I • 0/1 'I o. 186[-06 O. I I /.jE- 05 0.07 

) • 08 7 - O. 1 55[- 0 6 O. 3 LJ 3 E: - 0 I) -0.06 

1 • 12 'I O. 9?'S F- 0 "' O. 3 /!?E- 0.1) O.OL) 

1 • ! 6 7 O. 6! S E- 07 o. :j/j:::~[··O/j 0.0;::: 

1. 20 7 - o. [) J !) t:-· () 'I (). ] /1 :n: - 0 II -0.02 

I • ?.Ij 7 - O. 110 2 [:~- () 6 o. :3..:'j/jE- Oil .. o. 16 

1.2>3 8 - o. 541 E- 0 'I O. 106[-05 ... O.O;~ 

1. 32 '/ O. 12/,E-06 U. 125E-05 0.05 

) . ] [) H -0 379 [- 0 n o. I ] 5[~- O~) - (). 1 ~) 

j " LtO 7 - o. 1?/IF~-06 U. 902; E- U (; -0.0:'> 

I • II LJ 7 - O. 15~)[-O() O. lClll~-05 -(l.Ot, 

J, Lin 'I - o. () ~)H F- 0 7 O. iCl9f/-(J5 ~O.OLj 

i, r" f) "I - (). Ii') :+ - 0 (- 0# 1 9 LI f:' - 0 Ij ,- O • 19 
.. )(. 

1 • ~) 6 '/ ~ O. ')? ()[~- 0 6 n. J()/IF-(}/i (Je~~l 

C:,ROUP SEYf:N 

95 



'.-.1 . 
. ~ 

'1 
] 

'lr" 
'1 

"',. 

J 

FL r':CTI~vH'l{\(~\j FTI C So U~ DIN G DATA 
V/~LL E S CAL DE I~A 1::f\1 SO U\J Dr N G '{ 01 

(1 FFEST DI STAN CE= 3950. METERS 
93URCF:' LENGTH:::: 1900. METE.f~S 
I~E:CTI \/E:r~ A}',;FAc;. I ()6~) SOUAnE f<~1 
CURREN T STEY:.: 19.00 ,Aft)PE/\[S 

DIGITI7.ING SCALF. IS O. 054"1 I CF-i0 V0L TSI Dl V 

EDITED AND STACKED DATA 

TIME 
O. 0 Ll 

O. OR 
O. 12 
O. 1 6 
0.20 
(l.2 Ll 

O.2g 
o. 32 
(). :i 6 
O. ItO 
O. LI/I 

n 0 /I::~ 

, (). S? 
O. 56 
Cl. 60 
(). tV, 
n.6g 
O. 72 
O. 76 
(1. gO 
O. F) 4 
n.Sf:) 
0.92 
0.9 () 
1.00 
J • (l/I 

10 OS 
1. J 2 
J • I 6 
1. 20 

NU:'-18[R 
5 
5 ,. 
J 

;5 
5 
5 

5 

5 
5 
5 
5 
5 
5 
5 
c
,) 

5 
5 
~) 

5 
5 

AVERAGE 
O.124E:-03 
O.161E-0~~ 

O. 122 [- 0 ~~ 
O. BIllE., 0 I~ 
O. ~)~?~~E- Oil 
o. 3 1 I: E'- 0 I, 

0.166[-OLI 
O.90SlE-OS 
O. ~41 E.-05 
(). (? LI9 [- 0 ~) 
0.195F'-OS 
(). f; () M~ - (l () 

-0.325[-06 
-O.P,66F:-06 
- O. 6LI<I 1::- 0 6 
- o. [~ 66 E - 0 6 
-0.54IE-06 
-0.7S()E-06 
-0.541[-06 
- O. ~~ 2 5 E: - 0 6 
-O.32S[-06 
-0. SLIl [-06 
- O. (149 E- 06 
- O. 7S6 E- 0 6 
-0.3~!5E-0(1 

-0. :325E-06 
- O. 7 ~)p, E- 06 
- O. B 5 3 [~- I .II 

- O. 6 LI9 E- 0 6 
-0.B66[-06 

1 • ? /) ,. 0 • g 5 3 E ~ I Lj 

1.2>:3 5 -().325[-06 
1.32 5 0.931[-05 
I • ~,6 5 O. 6] 5 [- 04 
1. 110 ~) O. 63'7 [- () 4 

I 1. /1/ , 5 O.6 Ln[-OLj 

I I • I;)) 5 O. 6:; ~>l~ - () II 

I 1 Q ~)? ~) (). (,:) 111':- 0 "'I 
1 • ~) (, 5 (). :) () ') f'~ - () II 

I~~--~~~ .--~. ---....... ---- ---~--~ .-----~-'-. --.-----

e)6 

ST. DEV. 
O. lSI [-011 

o. 1 f~ 1 E- 05 
0./I6?E:-05 
O. 269 F>~ 05 
D. 21 5 E- 05 
O. 2/l'7 E.- 05 
0.?OIE-05 
D. B l,6[- 06 
0.1 LISE- 05 
O. 55~~ E- 06 
O. () 11<) 1',:- () 6 
O. I ~j9E- OS 
0.106[-05 
O. I 1 1 [- 05 
O. 116F.- 05 
0.943[-06 
O. 1 2 3r~- 05 
0.139t:-05 
0.12:3[-05 
0.121[-05 
(I. 1 ~~ 1 F- 05 
0.123[-05 
O. 1 30 [~- 0 5 
O. 1 39 E- 05 
0.121f~-05 

0.121E-05 
O. 1391:~- 05 
O. 1 LJS[- 05 
0.130[- 05 
0.152F:-05 
O. 1 'I Sf', - 0 5 
O. 121 f- 0 ~j 

O. 2 1 I \::- 0 it 
(). J 29 F- 0 J 
n. 1 ~~9 [- O~l 

n. 129 t- 03 
O. 1 29 F- 0:1 
0.1;)7[-03 
O. ! ! '/[- ()] 

RESI STr VI TY 
11. 32 
ILl. 68 
1 1. 1 0 

7. 65 
II. 75 
2. [) 6 
1. 51 
o. g 3 
O. 119 

0.2:l 
o. 1 S 
(). ell3 

-0.03 
- o. on 
- 0.' 06 
- O. 0[1 

-o.oS 
- O. 07 
-0.05 
-0.03 
-0.03 
-0..05 
- 0.0.6 
- G. 07 
.. O. 03 
-0.03 
- o. 07 
- 0.00 
- 0.0. 6 
- o. Ot) 
- O. DO. 
-Cl.G3 

O. f) 5 
~). ~18 

~. B 1 
~. [; 3 
~. 'n 
:>. 03 
50 1 f\ 

I. 

i j' 



] 
.~ '. 

r 

1 
j \i 

j 

] ~\ ! 

) 
"'" 

r 
j 

,I. , ' , 
; 

J 'f , 
I 
I 

f-LFCT/;:O"li\('7'\lFTI C S0lNDING D/\T/\ 
V0LLES CALDERA 702 

o FFF.ST DI STAN CF== L1600. METERS 
S0 URCf~ L fN Gll1::: 1900. M [TI:]< S 
r~FCF.I VFJ~ AHEA:::. 1 (d)LI SQUMH.: I{M 
ClJRH[NT STEP= 19. 00 Af'1PElH:'S 

DIGITIZING SC0LE IS 0.053MICR0V0LTS/DIV 

F.DITEI! (\i\ID STACK ED DATA 

TH11<: N LR·1 BEi~ A VF:t~A (it":: ST. DE:V. 

0004 Ij o. g 1j()1':- Oil O. 11 /19 E- 05 

n. 0\3 Lj O. 1 1 (,[- 03 O. 116E-05 

n. I? /1 O. 10 Li[- 03 0.30::)[-05 

o. I (, L, o. '/99 [- 0 II 0.339 [- 05 

O. ~~O : Ij o. 57g [- 011 O. LI6 5[- 0 5 

O. 2/j , I, O. 3901~-04 O. ~n[~E- O~) 

O. ~)R 1/1 O. 2 3~:l r-=- 0 LI 0.205[- 05 

O. 32 ' I o. 160F:-:OLI 0.262[- 05 
I I 

(). 3 (, ill o. 9 7~)1~- OS O. 3 7B E- 05 

O. L,O 4 O. (, Lj 1 r~ - 0 :1 o. 259 E- 05 

0,. /IL, 4 O. 29 l!l.:- 0 5 (J. UK 6E:- 06 

O. L!f~ II 0.BOI[-06 O. 8Fl6E- 06 

.0. r- r) 
~)c ./1 MO.ROIE:-06 O. i2 LI()E- 05 

o. 56 Ij O. 000[+ 00 o. 3~~ '{[- 05 

n. 60 Lj O. 1 3 Id'~':' 06 0.308[-05 

o. 6 L, Lj o. 21 1,[- 05 0.352E-05 

O. 6f~ /4 O. 107E-05 O. 3 L!8 E- 05 

O. 72 II - o. 2 6 7 r.: - () (, o. 1 1 6 [- 05 

(). 76 Ij o. ?6'/F:-06 o. 1 53[- 05 

o. RO Lj 0.26'1["06 o. 1 79 E- 05 

O. R Ij Lj - o. 2 (,lE:- 06 O. 1 34[- O~) 

O. ~Hl LI - O. g 0 II~'- 06 O. ~63f~- 06 

0.92 'I O. 13/d~-()6 0.9 5Lj[- 06 

0.9(-, Lj O. I 11 '/ E:- 05 0.291 [-OS 

I • GO II O. 668 E- 06 O. 157E:-05 

1 g 0 'I /, O. 6 611 [- 0 6 O. 1 5 'i [ .. () S 

I • Of) 4 O. 6()~s v:- 06 o. 1 5 'H~- 0 S 

J • 1 2 LI O. 6()fiE-06 o. 157 F- 05 

1 • 1 f, II O. 66F)F- 06 o. 1 5 71~~ 05 

j.20 II O. (-, 6F) E- () 6 r, ! 5 'If.~- 0 :" U· 

J • ? /j /j D. 60H r:- 0 () o. 1 5 7E- O~) 

1 • ~)g 4 O. 6 6F~ I::" 06 O. I 57 E:- 05 

I 0 :32 Ij G. 66g E- 06 O. 1 5 71~- 05 

1. 36 /1 o. bU') F- 06 o. I 57[- 05 

1 • IjO /1 O. 6()f~ F- 06 O. 157F,-05 
\ /1 Ii O. ()6H E"" 06 1 5 7 E~ 0 ~) 
I • L: O. 

I " I,f) /1 O. f, ()('( f·:~· 0 () (J. 1 ~)'fF- ()~) 

1 • f" r) 
~)r. II O. 6 toi, F:~· 06 O. I ~}'/ E~ - () ~) 

, c /' /, O. 6(){) E~ 0 (:, n i c ..... , C'~ f\ c .. 
I • JU " 

,,. J ... ) I C. _T ~J ~} 

-~~.---~--~~. 

9'7 

HESI STI VI TY 
1 3. 6Lj 

18. 75 
1 6. 9 1 
12.96 
9. 39 
6. 3:3 
3. f:) 6 
2. ()O 
I. Sf) 
I. 0 II 
O. /,f) 

O. 13 
- O. 1 3 

0.00 
0.02 
O. ~~ 5 
O. 1 7 

-O.OIJ 
O.O/j 
O.OLj 

- 0.0 L, 

- o. 13 
0.02 
O.2/j 
o e' 1 1 
o. 1 1 
0; 11 
O. 1 1 
O. I 1 ,i 

O. , , 
! ! 

o. I 1 . ! 

0; I I 
ii, 

,'( 

o. 1 1 
O. 1 1 
O. I I 

I 

O. ! 1 I 
0. J 1 

I o. j I 
n I 1 
U. 

~-'---~~I 
G[(our 5EYE!~~ 



" 1 

W ,:. 

] I ' " 

'] I, 
, 

.r. 

s t,:,( 'j ' , , 

'," 

-~ ,', " 
'; , 
, , 

l ' 
I " ] , " 

" ", 
'" .' '; , , , 
~; } 

, 
'i" " 

\ F:LFr.ThO!,)(.\G;\JF:TIC SGLNlJING DATA 
\I AL L F S CL A D E f~ A FJ'1 50 LN DIN G '( 0 3 

(il FFEST DJ STAN CE:= SilOO. 11 El'U\S 
.50 U R (; I~~ L EN G TH = 1 9 00. 1'1 E T [r< S 
rwcu VF:R AI~FA:::. 16()4 SQUAr\[ I{M 
CLJrmHlT ST[P::: 19. 00 AMfJEkl:~ S 

DIGITIlING SCALE IS 0.05/1.'11 CR0 VOL lSI OJ V 

EDiTED AN D STAO{ED DATA 

TI tv1 E N U"1 BE:)~ AVERAGE ST. DEV. RES I S TI V I TY 

a.oit 4 O. lo BE- Oit 0.9 6()E- 06 5. 6? 

0.08 I I 0.3/j5E-OLt O. ~~3LtE-06 10. :31 

O. 1 C) II O. 422[- 011 O. 2 S I [- () ~) 12 . 62 
C-

O, 16 II 0.40?E-OLI O. 189 E- 0 5 12.01 

O.?O , II O. 3~)6E-O/I O. 1351::-05 1 o. 6/1 

(J. (~ /j iLt 0.267E-04 o. 104E-05 7.' 9 7 

0.28 III -0.312[-OLt (). 6 79 I~~- 0 Ij -9. ~l/l 

0.]2 ' LI - (). 34 1 [- 0 Lj 0.862[-04 - 10. 19 

0.J6 III - O. 37 1 [0:- 0 Lj O. R 115[- OLI - I 1.08 , 
O. LIO II - o. 39 ~) l'~ - 0 II 0.831 [-011 - I 1. B 1 

0. I I II 4 -0.410[-0 /, 0.823[- 0 II -12.26 

O.llg II O. 530E-0/~ O. B :311[- 0 Lj I 5.8 LI 

, (1. 52 II o. ~3n 1 L - 0 II O. ()07E-04 I 1 • 39 

(\ , ~ ~ ~ 0 4 0.37:3[-0 /1 o. () 1 I E- 0 Lt 1 I. 1 II 

Cl. 60 Ij O. 769 E- 0 4 O. 1 :32 E- 03 22.99 

O. (,/1 Ij O. 36 5E-'O I I O. 61 M:- OLI 10 .9 0 

(1. ( of) II - O. II II 5 E: - 0 II O. 79 ~~ [,~- 0 4 - 13. 29 

0, 72 ' Ij -O.1j27[-05 ,O.8'l:3E-OS - I .' 28 

O. '76 Ij 0.636[- 04 O. 1 OF; /::- 03 19 . ' 03 

D. K 0 ' Ij 0.21 (,F-OS O. 30 ' j E- 05 O. 6:> 

o. B II 4 D. 271 r~-06 o. 124 F- 0 ~ O. OS 

0 .[38 4 - O. I 22 E- D~) o. ~i? 6 F- 0 5 -0.36 

O. () ~~ I{ - O. 1~35f-06 0. I 6 /,E- 0 5 - o.OLJ 

0.96 II O. 1106E- 06 O. 11 'lE- O~) O. 12 

I • 0 CJ Ij O. 110 (,E - 06 O. 1 1 'j E:- Cl S 0.' 1 2 

1 • 0 LI II O. L,O (,[- 0 (, . O. 1 I 'i l::- 0 5 D. J 2 

1 • (]f; II O. 1106[- 06 0.11'{[-05 O. 12 

1 • 1 2 .II O. 1106[- 06 O. 1 1 '( E- 0 5 U • 1 2 

1 • 1 e- Lj o . I~ O (, F- 06 O. 117E-OS O. 12 

I • ;~ 0 /1 O. L~ O 6[- 06 0. I 1 7 E- Cl ::.i o. 12 

I • ? I I /j O. 110 () r. - 0 (, O. 117f- O~ O . I 2 

J • ?r) I I (1 . LIO C, [ - 06 U. 117 1:: - 05 O. J 2 

1 • J? II O. 1!06E- 06 O. 11'7t:- 0:, O. I I) 
L 

1 . 36 LJ O. 1106[- 0 6 O. 1 1 7 E- 0:) O. 1 2 

1 • L,O 4 O. I, 0 t) E - 0 6 O. 1 1 7L- [) ~ O. 12 

I . I! .'1 .Ii () . I; 0 () I:: - 0 6 o. I I 7 f- 05 0,' 12 

1. I 'R 4 O. I ! 0 (, E - 0 (, O. J I 7[- 05 O. 12 

J • ~)? .II O. Ij9 f3 [ - 0 ,~ o . I) 1,7 [- 0 'I 1 LI"gS 

1 • ~:' 6 /.1 O. 1!9~ ~ [ - 0 It () . H .Ij 7 I:': - 0 I I 1 1/. r,W 

GROUP SEYE I~ 

9B 

, f' 

. I : 
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EL FCTPOf.l II GN F.TI C ~;o Ui'l Dr N G OA TA 
VALL ES CAL DERA 70 '.j 

(] FFEST DI STAN CE= SLj50. M ETEI~S 
S0UlxCE LFNGTH= 1900. ~1f.TEI~S 
[,ECEl VF:I~ AREA::;. 1 664 SQU!\f~I~ I<M 
CLlRIH::NT STEP::: 19. 00 A~lPEI\ES 

DI GI TIlING SCALE IS O~ 022M I CF:0 VOL lSI 01 V 

EDI TED A:-JD STAO<ED DATA 

TIM F. N U\1 f31~r~ AVERA GE ST. DEV. 

0.0'1 'I 0.223E··04 O. 195E-05 

o. (m 4 o. 51BI':-()/.1 O. 1 LII E- 05 

o. 1 2 IJ o. 566[- 0 II O. 1 ~n[-,05 

O. 1 6 'I o. 51 K E- 0 (I O. ?'IJSE:-05 

(I.?O I Lj 0.709[-OLI o. Lj:,6F- 04 
I 

O. ? I~ : II O. 633E-OIl O. Lj9 7 E- 0 Lj 

0.2f) 
I 

577E-04 ~)32 E- 0 'I 
I II O. O. 

o. ;w 
I 

4 O. 521.!E- 0 LI O.~)63t:- OLI 

(1. 36 I 'I O. '!S 6[- 0 LI O. ~)8 M:: - 0 /1 

O. /,0 4 O. Lj~)IE-OLI O. 605E-()~ 

O. 'Iii LI O. /13'/[-OLI O. 61 I E- 0 L, 

() . /,1) Lj O. 39 IIE:- 011 0; ~i'76E-04 

O. Cr) 
,) <- 1.1 0.377["04 O. 5~;IE-OLI 

(1. 56 It 0.37 /1[-04 O. 57 6E- 0 Lj 

O. 60 II O. 36LIE- 04 O. Sf) 0 E- 0 'I 

(J. 6L/ 4 O. 35L"~··O/I O. 5g2E- 04 

o. (0 )0 1/ 0.350E-OI/ ci. ~)() 1 E- () Lj 

(). 72 Lj 0.353E-OLI O. 'S79E-OLJ 

0.76 LI 0.3 /I7E-OLI O. :)g I E- () 4 

D. gO 4 O. 7 Sg E- 0 6 O.f"99E:-06 

O.g4 II 0.9'/LI[--06 O. M~2E- 06 

().Fig LI O. 1j8 7E- 0 () O. ~!r) 1 E- 06 

O. <) 2 Lj O. 11 LiE-05 O. 756[-06 

CJ. 9 (, 11 0.97 1jE-06 O. Sf) 3[~- 0 6 

1.00 Lj O. 108 E- 0 5 O. (,67 E- 0 6 

1.04 4 O. 10K E- 0 5 O. ()6',[- 0 6 

1.03 4 O. 1031::- 05 O. 619E-06 

I • 1 2 L/ o. 103[-05 o. 619 E:- 06 

I • I (, 11 O. 81 ~2E" O() O. S()OE-Ob 

j • ?O Ij o. f) 1 2 E- 0 (, O. 560E- 0 6 

I. ?ll 1/ o. g i 21::- 0 (, o. 5(,OE-06 

1 c ~~g /1 O.RI2E-06 O. ~()OE-06 

1 • :32 /1 O. 8 I ~) [~- 0 (, o. ~)60E-06 
1 • :36 L~ O.gl~~E-O() D. S60E-06 

1 ~ /iO ~/l o " g I 2 l·:'· 0 6 o. 5 C>(J E'- [) () 
I i . Lt L! Ij O~gl~~E"'--06 ~) f,O F- 0 (; I O. 

I 1. /if;; Lj o • r) 1 ~: E - 0 (, D. S ()O [0:- () (, 

I 1 • ~)2 II O. t) (, (, [- 06 O. ~) ~)~~ E:- C! (, 

I 1 • J 6 II O. () (, () l:~ - [) 6 (). ~) 5 ~-' E<" CJ 6 
-------- --<--~--~=-""-~~-----~ ~~---~-~~~~----~-

RESI STI VI TY 
6. g li 

1 ~. 99 
1 -;. ':6 
1 5.9 '7 
21;SB 
1 <). 63 
1 -;.8 1 
1 6. 1 6 
1 LI. 99 
1 :3. <) 0 
1 3. Lj9 
12. 1 6 
1 I • 6 r ) <-

1 1 • :)3 
I 1. 23 
10.9 1 
10.80 
10.89 
10; (>9 

0.23 
O. 30 
O. 1 S 
o. 35 
0;30 
0'- 33 
O. 33 
O. 32 
0.32 
0.25 
O. ::.~:, 

0.25 
0.25 
0.25 
0.25 
0.25 
O.?s 
O. 2~) 
0.27 
u.27 i i 

Ci<OUP SEVEN 
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ELr~r.lr<0)i'lAG:\JETlr. SOLNDINC DATA 
VALLES CALDERA 706 

0FFEST Dl STANCt= 5750. 1'1ETERS 
S0U)~CF: L.FNGTH= 1900. METERS 
RE:CEI VU< Al~EA:.:. I 664 SOUAr~E KM 
CUrniENT STEp:.: 19. 00 Ar~PU\ES 

Dl GI TI!.::IN G SCAU~ IS O. 02 2M I eRG VIiJ L T SI D I V 

ED(TED , AN D STAO< ED DATA , 

lUll [: N U:-1 F:;Ff\ A VF.RA GE ST. DEV. 

O.OL! 5 O.?]OE-04 O. 2f) S[- 0 5 

()~Og 
C' 
J O. LlbO 1;:- CJ <'I O. I 70 E- 0 5 

0',,1 ? 
,- O. S3 /J[- 04 O. 1 I I t:- 0 ~ J 

O. 1 6 5 O. 532E-OLj , , O. 9 78 [- 06 

0.20 ,- O. '16 /d~-O 'I 0.180[-O~ 
J 

O.?L! 5 O. ~m ?E- OLI O. I (lO [- 0 5 

O. ?,f; ,-
J O. 30L!E- 011 O.200E-OS 

o. :32 l ' o. 22'fE:- 011 O. 208E-0~) ::> 

O. 36 5 O. 17())~-O/I O. 1 'IB E- 0 S 

O. 110 5 O. I 2"f [- 0 Lj O. 133F.-OS 

00 L!,~ 
L' 0.996E:-OS O. 21 9 E- 0 ~) ::> 

0< ItS " 0.730E-0:) o. ISS l~- 05 J 

o. c-r.) ,- D. S 7 L![- 05 O • I 3 /1[- O~) 
.Je .. J 

O. :>6 5 - O. 60 LII:::- 05 O. 2i~2 E- 0 Lj 

(). bO 
l ' 
J - O. 64R E- 0 ~ O. 220E- OLI 

O. 6 /1 5 -0.787[-05 O.213[-OLj 

O. bg 5 -0.8??E:-05 O. 21 1 E- 0 II 

0.'12 
[ ' 

J -0.826[-05 0.21 1 [- 0 II 

O. 76 " J - O. g LI2 [- 0 5 O. 2 1 0[- 0 Lj 

0.80 5 O. 157E-05 O. 79 5[- 0 6 

0. f) II 5 O. 135[-05 O. S'f I IE-06 

(). f18 5 O. 1571;~-O5 0.n63r~-06 

0.92 5 O. 11;lE-· 05 o. ()3 6[- 06 

0.96 5 o • I 39f·:-05 o. 'Ig [) [ - 0 6 

1. 00 5 O. 113[- 05 O. 606[- 0 6 

I • 0 Ij C' 
J O. 609 E- 06 O. Lt22[-06 

I • Of{ C' 
J O. 609[- 06 O. 503F- 0 (, 

I 0 I ? 
[' 0.8 70 l~- 0 (, 0 . 790E- 06 
" 

I • 1 6 
,-
:.:> O. 1 1 31~ - 05 O.90Cl[- 06 

1. 20 5 O. 10 li[- 0 5 o. 7"/OE - 06 

1 . 24 ,- O. 100[- (15 D. ' /09 [- () 6 
" 

1 " ;?i1 
,-
, ) O. 100F. - 0~) O. 709[-06 

1 . 3? " J O. l(lOE- O~ O. 709 [- 06 

I • :l (, ' " , ) O. 100 E- 0 5 (J . 709 l~- () 6 

1 • / 10 ~) O. 10OE- OS O. 709 E- 06 

1 • IJ I'! 5 O. 1 00 I~: - 05 O. 70,)v~- U () 

I • 1: ~3 " J (I. J OOI~- 0 5 0 . 709[-00 

1 . ~) ? " -) o. I OCH:- 05 O. 70 ,) F- 06 

I • 56 " J O. 10OL-OS O. 709E- 06 

100 

, " 

, 
" 

RESI STI VI TY 
8. S 2 

1 7. 61 
20. LjL! 

::~O. 3S 
I 7. 76 
1 't. 63 , 
1 I,' 6:> 

" , 

8. 'fO " 

6,' -i2 

11.86 
3. G I 
2. f; 0 
2.20 

- 2. J I 
..; 2. Lt8 
- J. 01 
- 3. I:> 
- 3. J 6 
- 3. 22 

0.60 
O. 52 
o. 60 
O • .t'iJ 
O. 53 
o . L! 3 
0.23 
0 .23 
0 "33 

• f" 

O. L! J 
, .. 

O. /JO 
0 .38 " -, o. ;m 
0 .' 33 

, l 'J 
", 

0 " 3~~ 
O. J;.) 

O. 3d 
o. ;3[3 

0 .' ;m 
O. ](1 , I ' 

GROUP SEVEN 
J 1 
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ELECTr~Oi,jAG\jETIC SC'lLNDING DATA 
VALLES CALDERA 707 

0FF"EST DISTANCE= 6/~00. METEF~S 
SOURCE LEI'JGTH= 1900. ~lETEr~S 
RFCFIVER ARFA=. 1664 SQUARE KM 
CUI\F~E;\j T sn:p= 19. 00 (v~pF.r\ES 

OIGITllING SCALE IS O. 02 1t-1 I C!~0 V(iJL lSI D1 V 

EDI TED AN D STAG< ED DATA 

TH1[ NU,1RFR AVE!MGE ST. DEV. RES! STl VI TY 

C. 0 II 5 o. 17()E:- 04 0.315[oJ-0 5 10. 35 

o. elY, 5 o. 32 ::H::- 0 LI O. 1 19 E- 05 19. 0 LI 

(h 12 5 o. 3~"j FS [:: ~ 0 Li O.9"SE-06 22.' S 6 

(). 1 6 15 O. 39 1 E:- 0 II O.' 130E-05 23.06 

(1.20 i s O. 3 (, 7 [- 0 II 0.L:97[-06 ? 1 • 62 

o. 2 LI I; o. 3(,)(,[- 0 4 O. 1 112 ~~- 0 S 1 f). 05 

o. ~_~g . 0.2 110 E - 0 I~ 0.808 E·' 06 1 Li. 1 5 

o. 32 : 5 ' o. 19 1 E- 0 I I O. 119[-05 1 1.' 2/1 

D. 36 5 O. 1 L(IF: - (llj O. 1 ~) 1 [- 0 ~j R. 68 

O. /if) 5 o. 100[- 0 II O. 1 '1 ~~ E- 0 5 5. '<) 2 

O. I I Lj 5 (). .,? 1 [~- () S O.99 i l[-0() 4.25 

O. /({ 5 O. 2') ? l;: - 0 'I O. I IT7E- 04 I 7. 2Li 

O. ~j2 5 O. ;J.F> I l:~ - 0 LI O. LIG3E-04 1 6. 5<', 

n. S() :> o. 271 E- 04 O. Lli,1 R E- 04 1 5.98 

0. 60 5 O. 2 6 iii;: -, 0 LI O. 119 2 1~- 0 Lj I ~). 51.1 

O. 6LI 5 O. 2 3f) E- 04 O. LiSO E- 0 Ij '14.06 

O. 6() 
L- O. 3(,~W- 05 o. 11'/31::- O~ 2. 1 LI 
~ 

O. 72- '"' 0.1 /!1iE-05 O. 19 1 [- (lS O. U ., 
J 

(l. 7 6 5 - O. 1 3 1 F.-05 O. 37g E·' 05 - O. '17 

n.RO 5 o. 1 1 2 [;::- 0 ~) o. ) '7 ~3 f:-· 0 ~ 0.' 66 

O. R II 
(' o • ) 112 F.- O~) o. 12Li[-05 O. U LI . ) 

(l.gn 
,- O. J ~j~j l~- 0 /1 O. ?l-l " E- 0 Li ') . 32 
~ 

O. '1~:' 5 O. J 5?E:- 0 Il o. 29 0 I~- 0 LI 8 . 94 

0 . 96 5 (). I 5LI[ - 04 O. 2~\ 9 E- 0/1 9" 09 

J. 00 5 O. 1 5 ()I\ - 0 'I O. 288 [- 0 ' I 9.' 19 

1 • 0 LI 5 O. 1 59 1~- 0 LI O. 2HGE-OLI 9 . 39 

) • OR 5 o. 1 5 ~H~- Cl LI O. ?f:l9 E- 04 9 . 0 I~ 

I • 12 5 O. IS 2 [ - 01j O. ? E: 6 E:- 0 II 8.98 

1 • 1 6 5 b. 19G[- ()~ o. 31') [.:- 0 5 I • 1 6 

1 .2 0 5 o. 196[- 05 O. 3 19 E- O~) 1 • J 6 

1 • 2/1 5 O. 1')6r- 0 5 O. 31 9 I~- () 5 1 • 1 6 

I • 2f) 5 O. 19 t,[- 05 o . :319E- 05 1 • 1 6 

I • 32 
(" O. 19GE- OS U.]19f- (l5 1 • I 6 
:.:> 

J • ~3 6 5 o. 196[- 05 D. ~) I '} F.- 05 J • 1 6 

J • 1:0 " O. 19 (, F.- (l ~ O. :11 9 r:: - 0 5 1 • j 6 
J 

J • I , Li " O. 1 ~I () F- 05 O. 3 19i-:-OS i • i 6 
::> 

I • I;g 5 O. 19 (i E- 0 S O. ~ll 9 f, - () 5 1 • 1 6 

I • :') 2 r- O. 19 (,E- 0:' O. ~ll C) [ - 0 5 1 • 1 6 
J 

I • 5 (, 5 () . 19(,F- OS O. J 19 E- () ~j J • I (, 
,-------' , 
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:1 

I 

FL EC'iTeJi'1AG'J En C so LN D1 N G DATA 
V{lLLES CALDEI~A 708 

. 
0FFEST DISTANCE::: 11850. METERS 
S0lJHCE LEN (;TH::: 1900. M ETEr~s 
HECEI VEY.; AI~E:A:~. 166 /1 SOLJARE KM 
Clml,F:N T STET);: 19. 00 AMPEHl~S 

DIGITIZING SCALE: IS O. 022M I cr~0 V0L TSI Dr v 

E61TED AND STACKED DATA 

TI t,~ E N ll!'1 Fl E r< 
0.04 11 

O. Og II 

Do 12 /1 

()~, J 6 /j 

o. 20 '/1 

(l. ~? 1.1 II 

o. ~,:t3 II, 
O. 32 ' /j 

0.36 :LI 

O. /10 Ij 

0./,4, /1 

O. L)o II 

O. 5~~ L, 

O. 56 Lj 

A \lEt~A GE 
O. 2t3S [- 04 
O. 509 E- 04 
O. 519 E- 0 I, 

O. I, II 6 r-: - 0 I) 

(J. 3 3 5 E - 0 II 
O.25JE-04 
O. 177[- 04 
O.121F:-O/j 
o. g9/J\~- 05 
O. ()O ~3!::- 05 
(). 110 11 F - 0 5 
O. 3 () 6 [- Cl 5 
n. 291 E:- O~) 

0.17?E-05 
O.102E-05 
O. 1 1 3[- '05 
O. 647[- 06 
O. 751/[- 06 
0.108E-05 
O. B M~E- 06 
(). 8 6? E- 06 
O. 59 3E- 06 
0.Lt31~~-06 

O. 323E~06 
0.323[-06 
O. 377(:~-06 
o. 37 7E- 06 
O.~377E-06 

O. 377 E- 06 

ST. DEV. 
O. 419 E- O:j 
0.67IE-06 
O. 1 S5[- OS 
O. 5L/2E:- 05 
0.3IBE-OS 
0. ?-06E-05 
o. 90?r'~- 06 
O. 13 /1[- 0 5 
O. 1 1 "I E- 05 
0.1751::-05 
0.20 LI[<-05 
0.1'/2E-O~) 

0.122E-05 
0.92 7E- 06 
0.752E-06 
0.919E-06 
0./l03E-06 
0.4LJ4E-06 
O. 5LJ9 ~.:- 06 
O. 2 () LJ E- () 6 
0.264[-06 
O. 41 /.1[- 06 
O.66LJE-06 
D. f) Ii? r~" 0 () 
0.842E··0() 
o • 8 :; 4'[- 0 6 
0.85/I E-06 ' 
O. 6 ~) II E- 06 
0.8 51/E- 06 

RESI STl VI TY 
5. 66 
9"99 

10. 19 
8'-76 
6. 58 
1).96 
:3. 1/7 

2" 38 
1.-76 
1 • 1 [) 
0'- 79 
o. 72 
O. ~)"I 

O. ~3 Ij 

0.-20 
0.22 
o. 1 3 

0" 15 
0'-21 
0'- 1 7 
0'-17 
0.' 12 
0.08 
0.06 
0'-06 
0.07 
0'-07 
O.O? 
0"07 

O. 60 
O. 64 
O. W 
0.72 
O. 76 
o. t3 0 
D. G I., 
().gS 
0.92 
0.96 
1. 00 
1. 0 II 
1. OR 
1 • 1 2 
1 • 1 6 
1 • 2 () 
I • ? I, 

O. J 7 7 E- 06 O. g 54 E:- 06 o. 0" 

i. 32 
I • ~16 
! J. f\ 

I • "IU 

'O.377E-06 Q.8::iLJ E-06 0.07 
(). J 77 fo:- 06 O. [) S /1 [- 06 o. 07 
O. 37'1 F- 06 O.Es 5 l!l'~- 06 o. 0 '/ 
O.J77E-0(' 0.35/j[-06 0"0'/ 
U. 377 F:- 0 (:, o. f; ~ II [- 0 (, o. 07 ! 

I~ 
1 • ·'iL1 
1 • II~'\ 

1 Q ~~) ~--~ 

1 • 56 

Oe 377[-06 ()Af)SL{E-06 0.07 , 
O.:37Tf.-O(, 0.R::iL;E-06 0.07 I 
(). :17 7[. ~ - 0 6 0 • 6 :i LJ [- 0 (, O. 0 7 I 
n. ;-n 7 [- 0 (, o. !) 5 II f- 0 (, o. en 

----------~-- -----------------,--.. -"----.-~\ 
GROUP 

lO~', 
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Apparent resistivities for electromagnetic soundings made 
from source ~, after correction for system response. 

Soundinu 

Timc,sec. 501 ~O2 503 .. SOb 507 503 

20.21 S(,.02 26. 119 55 O.O/if) 28.00 -31.£)5 23. 

0.051 ,?L) • LJ2 19. 69 :s 1 • 6 /1 ~) 6. 06 - 3 I,. '/'f :2 fl. 9 5 

0.05(, ;~g. gO 19.35 I,(~ • 31 2. 5. 7/1 - 3 (,. ()6 25.9f) 

(l.n(,? ?,<) • I 2 19· 19 /1:). H 6 2 ~). :i2 -3'/.f) 1 26. 59 

O. (1 (,f) 29. 3f1 19.20 II IJ. 19 25. 110 - 38. Lj() 26. 7S 
19. 3f) LI~l. 20 25. ::m 0.077 2<). 59 - 3B. 49 26. Lib 

O. Of; :; 29. 74 19. 7 II /I?. n 7 2," /1 :) 1 1 2" 72 _, :J. - JF>. :J. 

0.0'),'1 ?(). g J ?O.213 .II] • I ., 2. :j. 63 - '37. 20 2 /1. 5B 

O. I O~) 29. g 6 ~~ I • 02 LI/1. I r) c 2. 5. <) 1 - 3S. «1 23.08 

O. 1 1 () ~~9 • II :3 ;? I • () 9 L15. 76 ::~ (If ~~9 - 3~l. 1 (:. 21.31 

o. 1 ?'] 29. Ii II ' 2::-2. 66 lib. ~:', I :.:' (,. r ' - :30. <) 5 20. I 7 :,lO 

O. III;) 2~~ • JLj 2~J. • 31 ·11/0 ~? 6 2. (,. /IU - 31 • 19 20. (,6 

o. I ~)n 2. ()a TI 21. 31 /10. 37 25.99 -:3:3.07 r~2o ?f3 

o. 1 7 (J ? S. :m ? U. 51J 37.[31 ~? ~). E) ') - :36. I ~~ 23. ~?/I 

0.' I CJ ~) 2 fl. 20 ~~O • 1(; 3'" l<~ 2 (,. ~l - ~)<J • 3 I 22. I S () . 
0.21 (, 22. 67 ~!O • 42 Jf3 • :'i ~~ 26. ():) - .110. ~.iO 20. 7 (, 

O. ?L1(i 2n.(J7 J C) • " /j 36. 59 2:'-:.<):) -32./)6 20; 3~J. 

O. 2 {)() J 7. 63 IB.9/4 3 I,. ().I1 2~~ • /11/ - I I • 61 18.9 i>. 

O. 29 (, 1 5. 70 18. 19 31. R 3 20< 00 12. 57 t 6. ::m 
O. J?J; 1 3. JG 1 6.98 29. 21 aG. ~Uj 1 3. 46 I 5. 32 

3( .. 1/ 15 1 C' :)9 i~ 7 < 22 ~17 • 1 I O. 1 1 • ~)O 9. 66 1 3. :37 

O. /10 II n. 56 1].52 20. /18 33. 70 is. [; <) 10. <] S 

O. 1, /::3 (, . 58 I ~2. 10 I c 66 3 I. /13 ~)~~ f). 7S ,Ja (,. 

O. 49 '] //088 10.95 I ~. 1:5 29. ~5 5. 77 6.9 () 

O. ~:, 51 3.05 9. 51 1 3. 9 ~1 9.g? 3. E; 6 5.32 
7. 70 10.96 2. (.>6 O. (,12 2.21 2. 7<) 4.2:) 
5. 78 7. 6? 2. IJl D. C' '/9 I • 54 0 37 3. 6/1 c .•• 

O. 7 :):3 ().9B "1;90 6.2S 1 .9:3 t dJ 7 2.90 

O. 1\ :l~) (). g 2 LJ. 19 5. 3S 1 • 61 2. /1 '/ 1 • 52 

O.9?7 0.9 J 3. (,f:) L,. [) 7 1 • 32 1 • :' () 2. 3U 

I • 0 ;'~\ 1.20 3.' 61 ~). 20 2.97 ! • N) 2.013 

I -
j /, i O. <] :) 

r, 
t .• SI L/. ~) /1 I • (.\r) 

- r, 1 • :in 

1 . ~) (, () O. ~ II j • S/j 3. ? 7 - I "I. ') (J O. 79 

I • /1 () :; O. S] 1 • 20 ~) e :3 I - LJr) • /10 O. ()O 

GROUP SEVEN 
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i\prarent 
H.! 5i s t.i vi t y, ollln··!n 
IOo ' !' ' 
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Q oO 00 (10 00 0 
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o 
000 

() 
U 
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U () , 
0\.1 
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'fj me. ::;cconcl s 
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0 °0 
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Apparent resistivities for electromagnetic soundings made 
from source 6. after correction for system response. 
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Apparent resistivities for electromagnetic soundings made 
from source'l, after correction for system response. 

Sounding 

Time '7 () 1 702 703 70S 706 707 

0&0 /,6 23. 19 22.08 18. 16 1 6. 39 W. 65, 21.23 

0.051 2~3. 07 21. '{2 1 6. Of) I 7.8 I 19. ~)2 2~~. 03 

O.O~j6 ~2. 70 21. ?5 1 LI; L!9 Ig.98 20.28 2? 77 
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JO 

0. 3?f~ o. ) .(1 1 • 3 Lj -1~~.2/1 I J. S6 6. LI:> 8. 6LI 

0.36 // o.os O. <)] -9. 53 1 ~). Iii 11.93 ~)o 'J Lj 

O • .I{ CJ /) - 0.0 I O. 50 - 1 1 • I :-, I 1. 119 3. U) /4.8 / 1 

O. 11/'1') -0.0 /1 D. J 0 -7.8/1 10.L~5 
') 6/1 9. <) 7 
L· 

O. 119 '/ - 0. 1 1 - O. 20 1 I • 59 9. IS 1. 50 20. (,9 

O. ~)~)I - O. 15 - O. I 6 10.9 1 8.29 - 1 • "(9 19. 12 
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FigLl 1'e Electromagnetic soundings 701, 702 and 705. 
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