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M'STRACT. 

G:rOUj) S~~\!:Jn, !l:C, h(l::; c<Lr:d.·~d O!.~t i\!) eJJ:ct:.:ical 
~e~istivity @urvay cf th~ Valles C~ldexa are~ i~ north-
,., ......... ' r.! .. " !,',,.. ..... , ... ~ f 'J''' .... t...."=t. .. .... - t. •• ~~ .. ')~l~! .,).~+.; . c.,-.j, ! .. ; .• l .... ,~;;\', 0""')'.1 ~() • 0.. ~I· .. , IJUT::.'--'.)·,: 0.1 (J~ )..lH .... , .. llg po-
~:(.:! 11 d.;:: lly Y';r'l...'(luc to i \!:!. (,.;cothc !'m::\ 1. ~~£~ :,cJ:voi): S. !\l1 <1l: c" 
0;; T-;O':D.l·~·('.': 1.'1 1.0,. n:!!;i .~;ti vi ty (l~ss th,.>.n ?;) O:);1-Ji'l~ter.5, 
,.,_ '('1' """'T' ,i.,· ....... \1''''''' 01" l!·ri J ... c "')1#· ···11 r ..... ) 1",j - "p-'f~.r< "" •••• ~; ~·)rl •. J. .. \ l .... ~ .. }_\ .. , .... (".0 .. ..& ...... \:; _ , ........ ~ (' .. \. ••• -' ,'.; .... J,.,. \\,,,,,,,:J ,; . .::...~L,,: .... ~;~ . .r,#t.--· 

.:d.o:"~~ tbn \',0:,tc::n 8dG(~ of th8 p.;:o"p!~r;t, e:x.-i:,·.!r:\:3ing on'\: .. 

!~.i .• :::! of th,:' i-"'T.USpGct. This tX;~i1d of low :L'8!;i::,·d.vity 
:':'t.:.!'J~: s'JL~th\';~::~~~;\'I~l:d :Cl:(1:'1 V;',J.le Scco, tln:nugtl ;-'l;lshrct)~i.I 
::.:').:-i!1 'tt) tb.~.~ \.;icir-ity (xf I·i9r..ser;hO{~ S~.)rin9. ·{;·P2 aL~;i.l 
{'.:;:c:U~:::2d v;i'':;·:;.n thi~~ '~~·c::n.d ir~ ;JI 'i:o 15 :~q:"\.:Il'O:! l:d.h;!s. 
1\.0 !:;;~Tticu.lin:l:,' inte1:f.!:;·~in~~ f'~;}~:u:r.(~!.; an~ p~~ . ..?::,::mt wi·::ld.n 
ti,:'" n"I~'" "",-';-;d' "1" ~, ... :-.'\ of v····,...v ';')'00 r"'c.; ct~ .. .; +., ( ...... c; ....... ., ~.~}. f., •• L .... ~, (" .... '" ,Uh_<'" _. ......\0.. J.., .... , .. ~o"_·."\ ,\. v ......... 1.. -..", 

,. .• ~ .. ;1~ ...... :i-,.,t . ..,) ))"'-"';'}1 ().; ·r{'·.··,,<:>,·~'o~; c.::-·;·/·)·11;1 'Il"d' "10i·tlf~" con" ,1,"'" .~ .. J. 1, ... ........ .J ~.,..,... •• '-'l..;::I .... .'Il ...... \ ... J .......... J c. ~ v'. J . ••• .L., .-, .• !'.J._ • .-0#. 

~';.:(!i1 ,ji' V.:!yy In"!.n=!5:i.r·~ti·,':Lty at t.ile mou',;c! of (\1..:·,:'\O Ci.nyon, 
'i"h~s fiist ,1]: .. ,:4 of 10'.'/ :.:csi!Jti'iity €:,~hib:i.t~; a p<.lttcr:n 
tY~'::L::;<;l or .;'eoth(~r;li31 ~:/:)tQln;S in other p3rts of the \';o;;::lc1. 
D_'lhll t.:) non.·!'Jol':Ol\S bi'.)S(·:i"!'~nt c-pp~;;~:s -t;a b\~ ('.bOl.lt 1.5 
!~:i.10';~(!tc!:':':S in tb~ SuJ.:i'L!r C):eck (\Tea, based O~'1 both 
Cip~le uappi~g datn and electr0~agn~tic sounding data. 
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ELEcnH.Ct.l, GEOPI·IYS):C.I\L SURVEY OF TI;'3 WiLLES 

I i-lTi.WDLX.:T.J. o;-~ 

G;(ot'P S~~v2n, 11"")C. hil!'i c<i1::;:ied out .:m el(~ct:ric(.'l rcsi!;­
ti ,-d. ty r· ~t~.~'!~:;Y Gf thc!· Valle 5 Cl.d.drD~ a a T.C?!O!. in Nort b.·Cent:!:".'l.l f\!(~W 
~.;~?;:j C? :{().L th(2 p;..i.~{J)()5~~ 0J:' ev~.Luat:~n~.J ;) (J!)othcl"rrial. s~Jstenl in 
tC1.·;:I~ of i.t!-5 })oterit1.31 for !)Z':nf'!!.:;tt.i119 !:"!lcctric }.jO~!;2r. 'rb'~ 

!::L·1.·\l·~:-,! '.'<.l~; C;2.;::i:.i.f'd o:.tt on b<:~h{l.U: of the::: U,·d.on Oil Co,:r\p"nv of 
C.::.l.~fox\li". ri(!.lcl.opcr.·,:;tion!"i \'.:0:1:e init.i2.tad on O!,j;·1Y, 1972 
nnd cocplcted on 13 June, 1972. 

The V;:;JJ.·2S C31(10.J:'D pro~PQct (ICCllFies <'11 i1rca 50t1!.0 12 
l~:i l(~ tJ s~: ~ ~i :r{~ i n S~; }1(i0V Ell COUll"'!' ~', I'!~? W i':~exi c r~, j '.IS t. .,I~e s t of. 't h·o 
(;.~. ·1.;.: of l.(!s fI1< .. nW!4. T!,::! ()T:(~':i is includ,,~d ()11 tno U. S. G<20'~ 
- r. - .• \ • '"'\ 1 c. .• • .. 1 ~ 1 r.,' I • •• • .I r.. t .... d 1· . 1 .I.~·:.ll.(' ...... _h.1.·.\..y ..J··j,,:L.h.1~.? .Of.'()9~:;,pn:v~ qu<) r'Jlig, (.~ 1;1;)'98, ... <2 
,)1"2:;('?2 ~;Pl:.i!19S ql'.2:('lj~lJr'gle (.\r~\:i t~,·~~ J~l~ijoles Q\1t3<.irtlT.l9J..e. 'The 
i.~ 'Y: !:~;I i:1 ::·.lG() l:!OV·9 J:'!"::o l)~r 1"/-1/2 fl1int\ tc to}.:"qg r n 1:}llic qu a (1;'- cllig10 

'}",:II'£, 1:~Ht tl-.:.? J,5-;:''-nli.t0. ;Jar's v.e:r"? u!~~t..'l as tht~ l)a~~f! ff)X 

I-)~~ ~ !::r~ [It ::_n 9 "th::! z:e su I 'l s eft the c'l?:(! t ri·(;a 1 SL\ i.."J(! Y • 

T!-1'.:) ": ) .. <::;c·C :r:i c.:: J. ~ 1.\l'"'.I;;:y tl:1(k::Cl;; ken by Groi.lp S''''\''~:n, Inc. 
c~nsiDtGd p~i~arily of ciir<2ct-curx~nt dipolQ c~ppin9 5urvey~, 
(: '-'0)jir~n~: I:~'d \\Ji t h Sch 1.!.u·;'t~t1 Y~~t~ r dirc1 ct -current S(jU.i1(Jin~, s 2- nd 
:.:~h:·ct::(.'!·!.~'9n<~t:i c sOI~n<J:i n~~s. The d.i!:)ole T'1,=;IPpin9 .st.\rvcy~' were 
i r,t';lH.j~·,d to locotl'! t,10 .1.~l te:o.l 3. l:i.r;d ts of 9(~otl:'8nn;ll J:e~;i:'l:v<:;irs, 
but ;·:ul:h titl.l:"VC)'G 'f)):ovi.de vexy li ttle inJL1:C:;lf\:U.cn (lboui: the 
V~ll'j.~;t·i~~l ()£ l:eSi;3t.i.,,~I).ty with ·d·2pth ire:l tlw slJ.rfClc':":. Sl.:ch 
j !1::':C~~;·:lilti0n \,;<18 oh~~,d.ned cIt fi :few loc .. :lt:i. ons using the Schlura~ 
l·)~~l·\jex- f-oUl.ciin9 ll'cthod, c<3pclble of JIIoppi.ng Ch;1l19~S in rcsis­
tiv;i.ty i.\t 62p·tils up to tlbout llOO mete:;:'!>, ,)nd th0 clectnnwg .. 
netic ~(lunc;in9 method, cap(jb.h~ o:~ det(~ctiil~J ch"nges Dt deptlw 
:t".Jn~)ing :[~V,l 1 to :I kiJ.o'i1l:.!ters. 

Xn .3 (]ip:.>J.(~ l7li\pping stlrv(iy, ~ cun:cnt :f)..8.ld :1.:; (1cvelop,~d 

in the e:::!:th by p[l~;s:i.lI'J il L":9'-~ ;.\iW'Junt ox Cll'O.:(:nt bt::t\';c~n two 
el~ctrodc ccnt~cts, sepn~Dted ll~U211y by ~' distRDce of sever~l 
lci.·l(l:;l(~t(~r;.;. Th(:! bt.::h;lv:i.cr of th2 C!)Zrc;lt f5.1'!ld iii th .. :n mr.ppr::cl 
in d(~L:;il by L1'!cl!:'U"J::in9 th2 V()~t<J~;:J drop bt~t"een CJ.O~3<2:i.y spaced j 
!",j.I'S of (~1(!ctrod(,5. Til'.~ r~2jl.:;viox· of tIl(' currc'nt iit::ll! j,$ I 
:ini,i;~;)t(.dy :Lc1.(itcd to Vi,,::iclti0n~, j.n tL,.: ):csi~;ti\)ity of the I 
~: ::c .. \;d t () ,J (k ;-.': l! C :;):li"X)l"':) cd i:' tot!'0 0:':1:" s,: t . (lj. S t <dlC;~ f "(,0;-) t bl~ 
. ":V)l-> t..;"'''' .. '.'' .j.' \··lllt'" l"··,,,,"-,,..,..(,·-·,rll·' -)',Co r';(·.·., ·11) tt1··' '·l'l·\'~>·'·· I .... I.\.. ! .. , l_ .. l.. t,~ J .... '{.. (\.. .' '".. , •..• ( ........... il&'-;.. • ..J co.J...... ...,.1.......... 'L.,; .... '. \.:. > .:""J 
,·) .. ···:'·,·1 ('It _I·e .L').) 'I··IJ'" (''''.I-''':(>.r'' r· c·"c.tl:r"·'I'I1-<·c \,,~, .• ,··,),·1,.., ·Jt I ~., ...... .J........... ,t t l II <..; '(.": •••• _.~ .... 1 •• ~.I ... 1+.' ;,t.:.(" .• ,) ..,1. ' •• \. •• 1 .... ::.a,.\.. .. l!,h .• ' •• •• ~ 

d3:.;t;;nc,,:~; llO;) to.r; or 6 J:iJ..)u .. ;tl.~J.·s. P:::O'.Ji(U,llg <:1\1 ~l(kq\\,")t~"! depth 
-_ ... _------_._-----_._---_ ...... --- ---.-.~----, 

GROi.j!"' S~YEN 
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of j llvest.i(;..:tioT1 to dctcc\' the pr:e':.cncc of a ~lcothc:rnFll H'S{·:l:­
voir ;;t ~ny (k:p\h of CO(hriicrcinl jnterest. S(·~\":::n <iiF,ole .scu.rces 
~0rc userlto provide covexagc of tb2 V~llcs C~ldara prospect, 
,d. -eli ov:n:l.<1Pix:.riCj L1:::.Jt;un::r;'o.:'nts cc5.nq Pl(ld8 in th.\~ most r.n.'o:.d~;ing 

ri):"('<I. OVPJ: 600 l"2iJ$I.\;l.· ... 'r.;:wt~, '·;CT.U );::1d~~ about ttw SE:\I(~n· dipole 
S()t::CCQ~;; • 

Schlu~hcT0~r ~~rGct-c~rrunt soundings'were made using a 
tccl~niqL\(! which bas lonq b,::en t0~~cn 2!5 standard (!5(lC i~.cnler 

ar',j Fd.~·ch!~n0ch"i: f lS67, for (I c1ctc'oiled di~;cu:::;gi()n of );'(!5is­
t.ivi-cy r-;ounding). R~""!::;i!,tivity meaSll .... ements ,""cre m'1<1e with cui 
arr~y of four electrode cont~cts, spaced along n ntr~ight line. 
Cu.:-rcnt was prov:! eled to the ~)l:oui\d thrcu9h the outer:no~;t pcd.r 
0": elcct.1:o-.l:'?s, ~\h:i.le volt~(j(~ was li"'(Wf,Ure<1 \"lith thz innc:Y: p3ir. 
'J.n., depth to \':hich a bOllndi,ry in l:{~:;d.sti vi ty cDnbe c16:"tect~d 
it; J:"o!;ljhl:'! hal.f the sepC!X"a tion . bet;o,;een the ct'.L):"ent 01ectrod ... ~s. 
In making a !"ounciin9, th5.s sep<.>.:ri:ltion in incr.ea·f,cd inGrelnCn­
t.:'lly to pxov:i.de successively 9,;cater depths. of :i.r.vesti9Cltion. 
S?,:::.cin9s r[lf;9iI'i9 ttc:n 3 l'!ctey'"!j to li-50 lilcters (11::;1£ t bp. cu.rrent 
<"].'~ctJ:odc 8\:!FK':':ntion) were UGcd :to!" the sOtHlc1ings dcsc:cibcd in 
thi~ report. A total of seven 90undings were made in areas 
c:;: ,s~'.2ci<-11 in t,~rcst, as indica ted itom the :n~sul ts of tbe 
dirolu mapping survcys~ 

In electro~agnctic soundin~, th~ magnetic field g~Deri\ted 
b~.' tn1h:.'.::i tt:Ln") ;:; current fJ-,ep th>.:o!.tgi1 a ~IXQl,.md~d lCi"~Jtb of 
nira sGveral kilometers long is used to explore the subsurf~cc. 
'Ill;:: r.ia,;:metic fid.d is detected \d l;h un induction coi 1 Inid on 
th~ ground ot ~ site where a sounding is to be ~ad8~ The 
1;c-1":i.!\lior 0:( the mafinctic :(icld when ZI current !,tep :i.s i:rans­
Dit-.:c(l t:1rough the SOl~xce \'lire c.;)1. D'Z used to deterr.J;i.n~ the 
c l<~c tricn 1 !;l:.ructure of: t hr·! gl:OU11rl il t depths np to ; .• oou t onl':! 
h~li th~ oiisat distancQ ~t nhich ~easurene~ts ()~e bci~g ~ode. 

I ' _....., •• . ...... ,... 1 .... C": • 0 .... n d I ..... ·f 0': •• ", ... dOc t r o ' ." oF?': t ,; .1 ,lie SllI..Vo.:,,:, .c"",cr).J.'''- lex,>, 0 .• .L~"., .~., i)r._c~, o~ .Y") 0 I 

kilo:cc teL'S were used, pruviding p~!nctril tions ranging from 1-1/2 
to 3-3./2 !dl()m~~tc:r.s. Eighteen elect;:or.lagn(~tic soundings were 
m;;dc a'~ t~eV'-'lles Cald>2raprospcct. 

The details of·field techniqu~s, data reductioh procedures 
"no tl12 ticol<idata nre includcrl in <lpp~ndices at the end of this 
rt~p()rt. The r2sistivity structu:n'lS reco9niz~d at tho·V'llles 
C~lJ0r3 pro~ract are d36crib~d in the sUGtion ~hicll folIous 
il::' llerli(1tcly. InferencL's r"~9:.1rdin9 the prob~blc (::'xist.~\l)c(·~ of 
;. ~.l(~utile:;:l:l(ll ):~s\-~.rvoir c(\pable of su!";tuining PO\'.'8X' production 
;:i rc drLlvm in the ::f:ina 1 ~<~c ti on of til.:.:: rcp.::>rt. 

'----_. __ ._---
Gf10UP SEVEN 
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Stn;MMri.' O~· THE HESULTS Oi:- THjj; SUnVi:'{S OF nIE 

V.'\LJ_ES C!\LDErU\ Ff~OSPECl' 

fJipoh: l~~;:;p~~;:i.ng r:,L\:rv~ys v;0.:rc c.\)rr:i~:d out at the· Valles 
C;:\ Ide}.;) proql'2ct ll~"in~l !:;!~vcn di pole: ::;OI.u:CP.S I loc<I ted a:;; 5110\'10 

O!1 Figuy.c l (the b.J~;c r.t;l~) in F:~9t'~:c 1 is " rec;uC:Gd··SCiIJD 

cOp)' uf pOTtior,s of the .J:?i'r:;~2 Sp:c:i 119 s and Frijoles 15-1;\inutr~ 
tOi,>or.n:'ophic c;u,.,dX'ang'l.es}. COll,\:ou:r DLlpS of the vall'.c5 for 
('lppiir~?nt r8~.;istivity ,H:e given Oil Fl:1tcs 1. 3, 5. 7 ;::.lld 9, 
<'iCCO~!lp .. ny:i.ri~1 thi~, report, \;;hiJ.~! contour u,'ps of volu~~s for 
apparent cc~ductancc ~~c given on Pl~tcs 2, 4, 6, 8 and 10. 
J. t ShCllld lH'~ noted th~ t [.evera 1. (if these pJ 2. tcs con'\:vin 
cat;) ;frOlj\ t:';o dipole S(\l~)':ces, .,nd i:h~"! contours for the two 
S8tS of d~t;) so pres~nted are not continuous from one part 

oi the r.wp to the oth2:r, 

j'Iis-Lo.;':t:D:,l!; showin9 the dis td.butions of ob:;erv-2d v3lucs 
0';: re~;::i.~31:::.'!ity ::\!ld cGn(tuctanc~? (\:t'c~ givi.>.n in Figtu:es 2 ,'nd 3, 
~csp2ctively. Th3 median value for some~hot more than 600 
(:,.!t,=rr~:i.;w tion~ . of <"p?(;\l~r~nt :cesi ~;ti vi ty is 31 ohUl-m.;:d.:o!.'s t 

~'.h:i.l'-? th':)' n:d:ii'n v01u€: for conc:uct"nce iron the S,Hce ~Jl:OtlP 
o:f n~-\~:;:\GUl"(-:i..l~:llts is. 80 j;'tb05. (~ci'lsidc.rin9 tii2 de:fini tion of 
"ppnrsnt .:::olldu'.:;-i:C:lil·::;e;:, thl~ <.Ivcr<!qe thi(~kl1t:!:;:; of' the surficial 
p0r~I.1S r(;-cl.::c; ill th.:! PJ:OSP-2ct ar.,.!a is no 9.;;cnt(~r tlwn 2.4 km. 
(th~ product of th(~ s;:zdian n~s:i_~li\"ity Clnd the mcdi;m con~ 
dLH.:tanC{!) • 

The 1J(.!n':H.~l f('at\.~r.(!s of th~~ vax-io!).s dipole maps (PIa tes. 

1--:10) that siloald be noH!d are as :follo"~G: 

Thet-u~;i.8t:i.vi ty and conductance 
J.,: .·,,)1 '.1 J (c:ul--'-ll" r.yr",.,lr)' ~:~.:::~~_ • ...:.. "-) J. _... J ••• '"~:''' .' 

r,10pS for I,llis sou:rce '.I).:<a cburactcl:izf:d by the pI'(~sencc of <l 

!:w!uth of 101'; res~stivities, gencJ:nlly J.ess thp-n 20 ohtl~~li1eters, 
t1",~nding :fror:J. nm·:thQ;)st to soutlH';est, "Ibout 4 miles ;in width, 
but centered on Sulfur Creek. Within thiG gw~th. several 
snallf.!:r: ;)nw~, with' rcsistivi ty ls~)s th<lIl 5 ohln~lli\?ters are "" . ' . 
pr8~;ent ,cl$ on the rim north 0:;; 1'~Grs(:sl!02 Sp:.:.-ing, sou thviest 
o::Sul.fur Spring, i)l1d '-!t the mouth ()f l\l2.mo C:Hlj'on. Th2 
con:.hlctance in tbe s\';.:lth of lo\\' r<~sisti"ity ;U10L'.nts to only 
l!;O-:~OO l;lb{)~~, ~·;i th the exception:; of the tln:e(~ aJ:(::as just 
f.l8nt~_oncd, where the conduct;.Ir\ce c:.;cced!; l.:OO 1,,1105. 

n'i.Dol~ 2 (SOl.lthv;e.st \'!no o.f R'2ciondo Bo;::c1cr): Th(::se r.wps 
cor:fi-;;;~'-i;rSi~-vdlues forcoilc.iuc tclTlc:.~ I excccd.i. n9 'IOO mhos, ,)nd 
Jow v(llucs for ;1f.'par(2ntn~!:ist:i.v:i1:)', less than 5 ohn-:actcrs, 
iOl: the' <ll':ea nOl't!l G:t' Ho.rs(~·.:;hoc Sp1.·inlJs. Tllf~ i1rc~() of 0cnexally 
1 (V,') l"f'sisti\;ity and viith c<:)nOllct,mce in tile :r;:~n~:c zoo to 250 
r,ihos oxt'en(!::; from tbis aHJiJ C<'I:3t\"<lrd thr~)L\9i) Sulfur Springs t.o 
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Number of 
observations 

100 

80 

60 

20 

',' 

o =-t=~-+ -r-, .... _, -,-1-I-l--L-I~-~-1~= 
'5 10, 20 L~O' Bd . 160 . 320 640 

Conductance bciuncl, mhos 

Fi~jure 3. Histogrnm shO\ving d'istdhution of apparent 
~ond"ctanccvalues for all measurements made during 
dipole mapping surveys in the Vcl11~s Calder'a. 
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the v)e~jt 'side of Uedondo f'Qak. However, the feature becor:1es 
<.liscont:illuous as one mClVes e~lst toward!; Redondo PCClI<;. 

g!.n£.!,~.2 (Valle San J\ntonio): The maps about this source 
are ch:il."<lcterlesf, wi th the cxoc::~pti()n of a small regi.on wi til 
renii sti vi ty Ip.ss th£ln 6 C)hlnMII\(~t(Jrs and conductance of 400 to 50) 
mhoti' ,dono Sn 11 Lui s Creek. . 

Qil?~.~!:.-4. (vuJ.ie Grande): Measurements made from this 
source provided the hi9hest r.esistiviti.C!s (grooter than 100 

. ohill-meters) obse)~ved in the Vall,~s Cal<.lel·a prosJ.~ect. There 
is app.1rcntly veq' little porous rock in the'southeast quarter 
of the C:lldcra. 

P},l!('!J,e..1 (V.l.lle Santa' Rosa): No l'>hnrp chiln~W5 in resi 5-

tivity'or conductoric~ were obs~rved ip the area mapped from 
this ~~(,Jtlrc~. 'Tb~ 'resistivity is high at Cetros del Abrigu, 
gradually decrensing toward tho north rim'of ~hc caldera. The 
C/OllcJ~II'::,::al1~e inl:~lC Cc~ Idera m?,<l. t; along Vnlle 5';111 Antonio Clnd 
\all'J ,!ol.(~do, xledChe!:i about ·~.OO mhos., 

I 
, 2.=~'fE!:..-<? (!l~edondo Creek): This source is charncterized 

by the pX'cscnc(! of an anomaly at the lw'ld. of HedondoCrcek 
\'.ith ,li'! [lppanmt H'!sistivity of 7 to g ohm-lII~te):~j. A swath 
of n\o:.!o,\:',lte xesiBtivity «50 ohm-lilctel:'!» fOU,("H.,:' R{::dundo 
Cr(,!'l~k' '::0 the sou thvmst. He~i sti vi tie::. observed ,d,Ctll9 SlIlfur 
Cree;>k ilJ:e LI~ to 70 ohln-meters, considcrilbly high,:ll" them va llW5 

ob~,ervj~c1 (~t the same 10cf.1.tfons 'using (lipole 1. Hov;ever, tlw.re 
is C), s\,;t.lth of. mocp.r<ltl?ly h.i.r;lh conductance (1t:O-2U() t~h()s) that 
pi.\sse~; through San J\ntonio t,lount~-lin and \'!Ilshroo[;'l B;Jsin, 
gener~11y pafallelingthc rim of the Caldera. The fnct that, 
nbolltLh'i'! sClme condllct.lnce is sncn in this region uslng s()urcer, 
1 and (', while the rcsistiviti • .1s <.lifter., indicates that th8 
low re:;:i.stivity ,zone iB r'elntiv~ly shallo\'I, 

§.!'.~.~!"..!~~_z. (Valle Seco). r,leasureracnts from this source 
provilb (;C)V(H'8ge overth{! ar(~(lS seen as having low resistivity 
from ~~ullx'ces J., ,2 <In<.l 6. The results confi):'l1\ the existence of 
low resistivities (<20 ohm-I.\~ters) and high conullctnnce (130-
180 ,lnh,)S) along the Sulfur Crc~k - t-Iushrocln Bil!.iin - San J\ntoni 
r.lountzd.n tremel. Thisruajo:r tl."cnd ,shows <:, minor spur !!xtending 
to th(.~ lH?."Id of I~(~dondo 'Creck. 

, These- resul'ts are suinrnrtrized 'on J7igurcs l~ and 5. Tn.:lpS 

show:i.nsl ,the loco tions of :regions wi til low resi sti vi ty ilnd 

high c'Jrlductivity, respectively. In thi!.': presentation, a 101'1 

resif1t.i,vity is taken' to be a value of 10 ohrll--:Jr;r~tel:S or l<:!ss. 
and ,I llicdl conductC'l)1ce is takcnto .be fl' viJlue of 200 mhos or 
morc. 
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Thn'!c c()l)venti.ona1 resistivity soundings with a llJ:lximllm 
spacing of 450 uetars were carried out along Sulfur Creek (see 
Fi{}urc' 1 for locc1tions), and four soundin9s we:r:e made along 
H(~dol1do Creck. These two sets of sounuings are shown on 
Fi~lure~. 51\ <lnd 5B respectively. They all h<'\le .1 very s;tmililr 
char()ct<n:, nnd provide I1ssentia lly the S:ilUH interpreta ti on 
,~hen evaluated with a stilnd;11'd curve-matching procedure., For 
the soundi IlCJS made a long Sulfur. Creek, til e sll<ll)t~ of the curv~~s 
is dominated by a ~hin surface layer of high resistivity, with 
a thic!mc5s of only ~ .. J.5 lnetcrs, IIlld a nwistivi.ty of 200 to 
300 Olllil-J,1eterD. This layex- is L\nderlain by rock!; wi ttl pro­
gressively 1o~er resistivities, until a rcsistiv~ty of 12 to 13 
ohm-meters :i s renched {It a dC1pth for I~OO to 1~50 meters. At 
location 8, the resistivi ty at depth is especially lovi, de­
Cl:I?!;ld,j';y to only If OhlO.-I.J1{!ters CIt ;no lTIetcr~; depth, bu t then 
begins to increase at oreatcr depths. 

Along Redo~1do Cl'eek, the thin surface layer is only about 
8 metrn's thick,! but lws a rCbistivity of 150-~OO Ohlll-'f/1I;tcrs. 
Tim rc~;i,&t.ivi ty!, then clecn:~;tSC5 to a value of 8 to 12 ()hm~r,l(?tcrs 
at dept bs of 150 to la() meters. i l1creasing ag,-dnn t greater 
depths, 

In arnussuch ;15 the Vi.ll1t~s Ca1dHr~ vihera Inti:!ral ,resis­
tivitychan£jcs [in>. JiHlrk.\~d, it is not possible to cxp,:lnd a 
Schlu!aL',):qjnr arLo}' tc) the 1ill'ge SP<lCillgS :required to d8t(!ct 
bascnnel1t, find yet meet the requirements ,for lateral.. uni.ionllity 
irl\po~;cd by intcrpr(;~tiltion procedu:res. H0\vCVCr, clectro';n<Jgnetic 
soundir,gs provide a partial, s()l~ltion to the probJ em of obta:i n­
ing in;or~ation from grenter depths, Elcctr~Rnynetic soundings 
cannot be interpl"eted wi th ns much resolution [\5 Seh] Ul,llH!r9Cr 

soundir.~Js. put <lrH f8r less affected by la teral chatl9E!S in 
xerol.st:i,vity. The j ntcr:pretntion of electrO!i139lwtlc !;oundings 
is Jiscussed in Appendix II. 

Ej.ghtecn electrOlnagnetic soundings wcn'c made as part o:f 
the V.:\LlcsCnldurn elcctxicnl SUl.'V{:Y t and the datil ()nd X'(?duc0.d, 
curves ar~ also included in Appendix II. These soundin9s \\ere 
IUiH.le, p):int~ rily i.n Sulfur Cl'(~ek Va lley and Hcdondo Cn>~k Valley. 
as ind:i.cnted on the In<.lp in Figure 1. The intm:pl'cta tions 
p:o:ovidc)d an -average rosi!lti vi ty for the conducti va surf<lce 
rodes .:iI1d n d(~pth tc) r~5istnnt bas(~ment, uS listed in the fol1-
ol'ling '.\.'.-Ib1e: 

T,'lhIe. ElectrornHgnetic interpretations 

Sounding number Surface resistivity Depth to b6~emcnt 

501 
)02 
~; (>:-~ 

50{j 

27 ohm.·,,) 
19 
flO 
le) 

3500 lIIeter.s 
2500 
2100 
;;(:00 
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k' .-

Figure 5A. Tlll:ee Schll.'.mberger resistivi ty soundings run along 
Sulfur Creek between Sulfur Springs ·and.Alamo·Canyon 
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Figure: 7. J\ppill:ent :r.esisti.vi ties measured .about source 6 
plotted as a function of· the distance to the nearer end 
of·the source dipole. 
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507 12.5 ohm-m 21100 meters 
508 18 3200 

601 13 1350 
602 12.5 1'1'10 
603 ;w 1020 
60,," 19 1170 
605 18 l l l00 
606 3.8 820 

, '101 19 >2000 
702 21 >2300 
'10~; '22 1800 
706 17 '1850 
7()7 19 1950 
708 10 2.500 

• ! 
It should be noted. that even with high-quality data, 

"elcctronw~lOetic' sounding cllrvesfor the! case of il buried 
resistt·)}. .. p~ovi(~e a resolution in depth detcnninnti,on of , 
no b~t;er than I:t. 20 rnl"ce.nt. Considnring this, the electro­
magnetic soundings indicate that the porous surficial rocks 

, have () resistivity generally between '10 and 20 ohm-umters 
in th(~l~(H:londb and Sulfur CX'cek a 1:(;1<'5 , \\li th the depttl to 
baSCmf1ilt 1.>ein9 clpproxiJnLltely 1/100 llluteX's in the Sulfur Creek 
are" ·,mel apprO)dmately 2000 meters in the Hedontio Cl:!,!'~k arc~a. 

'Along '(\l(:!, northern moat, in the Valle San Antcmio area, the 
resistivi ty is so.newh"lt higher, being generally 20 ohm-meters 
or more, and tl)? depth to basement if.; gr.eater, bC!ing apPl"c>xi­
lI\at~ly 2500 to 3000 meters. This greater depth to bnsement 
in tll'J Valle San Antonio explrtins the moderately h19h V(lhi(~S, 

of conl.1nctanc8 .observed <lloi1g the northern rim of the Caldera 
on sew:l:al'of the dipole HW.pS • 

. Considering nIl these datrl, it appears,t'lwt the swath 
bf ground with low resistivity paralleling Sulfur Creek h<.l5 
an av{~rage resistivity of 10 to 1.5 ohlll...:rncters to n depth of 
1 /100 w:ters on the <lverage. The strong anqmaly north of 
f1()rsesl.t~'e Spring's probal;ly' represents rocks wi th a comparable 
thickn\:~5s, but with a resistivity reduced to 3 to it ohJil-lIIeteX's. 
This p~ttcrn of resistivity -- a sharply bounded region with 
resis t.i.vi ty of 3 'to 10 'ohm-meters '-- is typic.ll o'i geothcl:mal 
systems in other parts 0;( the world. 'The total con(iuctance 
observed in the anomalous ,areas is considerably lowei than that 
in IYlost geotlwrm"l £j elds. Typically, conduct~llccn~aches 
vnlues of 1000 to 2000 mhos at places such as Wairnki. The low 
valuers in the Valles Calrll?r~ probnbly result from the combined 
effect of arclaLi.vely thin section of porous rock, a11cJ .:l 

poro~;:i ty tbatis somewhat lower on 'the (lv(:!rc3ge th,"l)) in most 
geotIH:'l:l:lnl fiald5 found in volcanic rucks. 
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EVALUATION OF RESULTS 

In· addi ticm to using the resistivi ty d<'lta d(~scribed in the 
preceedinusectiol1 in d(~linci\ting the bouittl;uics of conductive 
a~eas ~ssociatcd with the occurcncc of hot w~tc~ in tho 5ub­
surfa·co, these' da tn Inny somotimes .41 Iso be used to infer other 
characteristic~ of thcrm~1 areas. It is well known that the 
rosi5ti\1i ty of a porous rocl<. is determined almost entirely by 
the aruount of water contained in the rock and the l:'esistivity 
of that water. The resistivity of water is in turn dGtcrmincd 
by salini ty and tCI:lperature. Tht! variation in resistivi ty of 
a volcCln.lc rock as n function of watf!r con tent should be 
similar to that shown in Figure 13. taken from n compilation of 
dnta for"volcanic rock's frOM the southwest~rn Ullited States 
(Keller, 1960). i'fhe amoul)t of watCl:~fillod porosity in a 
volcanic roel<: may 'be estirllated from its' resis t.iv i ty, ix 'he 

. resi5ti~itY'Df t6e water cOntained'in the pore sp~~o is known. 
i 

. . i . ' 
\ Th>:) porous focks in the Valles Calc1nra app(~[lr to' be 

': staurat~d \'lith lOI,'J-salini ty surfuce \Vc1h~'('s, which is reasonable 
considc.x.tng the alevation o:f the Cald(!raand the ogco;f th~ 
volcani(; rocks CO::llHising the porous section. Un:t'otttll1" t(!ly. 
when ~.,r.ock is s<lturatnd with water hilv.i.n~} a s<l1inity of leGS 
thml"a :f.nw thOUSfll1d purts per rni I J.i on di ssolvcd solids, the 
cond,uct.iv.i ty of tile water in the pore 5tX:UctUl'(:!S is d(!tcknlined 
more hyeation exch.:ln~lC effects and sur:t'ilcc conduction th<lil 

. by free ~~al.in:i.ty. '.fhereiore, determinations of salin.i.ty on 
water sf.H,'plcs t.:lk~m '[roln sPd.n9s or drill holes art! o.f li ttle 
use in c::;tirna t.i n9 the effec tive r(~s:istiv:i. ty of th(~ \~:I tel' in 

'place in arock •. The degree to ",hich water conductivity is 
affected by ion exch~nge and surface conductunce dopends on 
tho cl<lY content 0:( a rock and on. the Vol'uin size dis tei bll t.i on. 

'However, tor fr:esh~\'intcr S?'~i.\l:'ilted rock.s in tho ~;ol.\thwQst, it 
hasbcon observed that wa.tel: in pJ.ncc ntromnt~r1p'.i!ratur(~ hilS 

a t'esisUvity.oi approximntely 1.5 ohm-meters. For luck of 
bct.ter informatiop,. this value might. be l\ $d' n~5o for volcanic 
rocks a.t, the· Valles CaldeX'a (Keller, 1962). 

In cirdeX' to estimate porosity,·we need' to select repre-
sentative vnluds tit resistivity from the field datn. Considerin 
the histograms in Figures 2 and 3 alo~9 \d th thl~ various sounditJy 
dnta, ',~~~ f!light 'r,e1cct the followiWJ resistivities as rCl>resonti10 
the 5uri.icinlrocks in various par.ts ·o.f 'the V;)11es Cnldern: 

I. 

2. 

3. 

Valle Grande (aren showing least 
t herm3 1 effec ts) : 

Northern mont (Vnll'~ San Antonio) 

Sulfur Cr.eek trend 

80 to 100 ohm-me te 

20 to 40 ohm-meter' 

l __ ~ ___ ---..,. ____ · __ 
________ 12 to 15 ohm~JlIeter J 
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\",0: 

:', 
o I ~. ,: :1 

:: ... 

t', 

.' tI . .c. 
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Volume fraction of water 
present in p0re space. 

Figure 13. Empirical relationship' between rock resis~ 
tivity and water content forpyroclnstic'rocks. 
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Pl 
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~. "orso5ho~ Springs and Alamo Canyon 
anOliW licH:i 3-5 ohm-meters 

The v<ll'iation in l'esistivi t)' irma one nred to another lUay 
be a crn1saquenca of a chanoa in porosity from one aroa to 
;1I'IOthel~, a c\HlJ1ge in temperature which alters the resistivity 
of the PO}:o wClter, or possibly a cl'wllye in \IJatex s;:llili;. ty. l'io 
iniorll'i{Ji;:i.oo is <1\1(1i1able irom the el.ectrical surveys to indicatc! 
~hich factor is tb~ actual cause, and indeed, the variations 
may be the ~esult of changes in each parametor simultnneously. 
Ho~evar~ ~c can estimate what the maximum clwnge in anyone 
pCll:i'lll1etE:r mi9ht be {rom .1l:ea to ;.!reaby aHsllliting the. change in 
:n'lsi stivj ty :i. s caused only by a Ch~lllg(1 in th:.I t parillue ter. Such 
m<1Xilllt\l'l :ChM1DC5 would, he ,IS follow!i, if the:.' Ghan~Jt>s were due 
only to , ... ll-i ... ' Hons in CJverage, pon")si ty of th(! porous illtervcl1: 

Arca 

,val.lerGrandc· 

Valle San Antonio 

Sulfur C.reek Trend 

Hors.eshoe Springs 

Porosity for water resis­
tivi ty of 1.5 ohm.·meter.s 
at surt.:\ce temper[l·tures 

.04.:. .05 

.13 - .17 

: 24- .30 

about .6 

The se valu(~G are subject to en:ors triade in t1ss11illing the 
proper\':<lt at :r.a~istivi ty. r.1orc reliable estiJn(\tes could' be 
maue by combininn the resistivity information with seismi~ 
vl!loci ty dnterlllill('lticins (.:for nn inClepcmdrmt qstimnte cd 
p6ro!:;ity) or 9rrlvity d.atn (for an est~l1liltc of rock dcnsit.y). 

The variation of electrical resisti~ity with t~mperi'ltute 
in dilu te solt\t ions of ;i onic electrolytes tHIS 'bNm studied by 

'nuist Or.e} Hclrsh<.lll (1966,1968), and' on the bC\sis of their dnti'l, 
il corr0ctfo11 chilrt for the effect of tempern:ture on the resis­
tivity 0f water can be prApared (Figure 14). At pres~ures (\nd 
temperatnrcs below tlw cri tic!.l1 point for VI()ter (3'1l l./lo· C und 
218 bars), the resistivi~y of wate~ decreases with increasing 
telliFx)X'?ture until the boilii1g point :i srcoche:dj ClbO\IC the 
boiling point, ·tll(! resistivity ;is effectively infinite.>. Near 
the criticnl point, the behavior is somewhat d!fierent: the 
r.csisti\lity stJlldecre<lses with increClsing teJ:lpcrntlire, but 
tlWl1, l:[!ther thill1' increilsin9nbruptJy c1t the bo:i.lin~J poi.nt, the 
resistivity PdSSt~G graduiilly through a J\linirnti.tI va.1l1e und Cit 
h.i.9hcr t (~1:IpeT.<\ tut'{'!$ • .i nc:nwses gradeolly. As the boil ing point 
is r .. lis~~d by increasing tll(~ I1mbicnt pt:es~;ure, the ·cnhnnccmcnt 
in cl<?C1.r.ic'Il conductivity. bCCOlT:cs lI:o)~e pronQllnced, ;1I:lpunting 
to a :facto); of 1. by the time the cri ~ic:,\l p~':cs!'>urc! C\nd tC::l:lper-

---_._-_._-----------------'-----
GROUP SEveN 

2;! 

" ' 

... ', 

\ , 

'(.~' 

"'~. 

,.1 :. 



... 

... 
. , 

. . _ .. __ ._---------------

o 
o 

__ ----.----.. ----:-.------ f.2 

=1 

.Q 

I 
!. 

I 

____ 1° 
12 

() 
(J 

~ 
+, . 
:1 

.-1 
'M 't' 
'0 ,; 

rJ 

CI 
" •. ~I o :J 

;.1 
:>'rJ 

1.1 ) .• 
• r{ '(\1 
;;. (). 
''; 11 
i" (ll 
111 +-i 

,r( 
(.01 .{~ 
() {' 
H •• ~. 

~ 
(!) 
.c r) 
..... ·v. 

·rl 
c.: H 

".0/ 0 
,:.~ 

r: .!~ 
o U 
'd 
;.1 I~ 
(\) ~, 

·d .,.( 
~I '0 
r; 0 :.> l'J 

. -. ' ------_ .. ---,---_.-.-.-_ .. _-------, ... _-_ .. _---_._------------=---
(;RPUP Sf:Y(+~ 

, :. 

..:~'. 
.$"::(j:'!. " .. " .... ...... 

~~. 

~; 

.. ~;~ 

1,'-

t ~ .: 

'.; 

~'. : . \ .. : 

. , 



8 
m 

•"J:. 
-' ) 

i .. 
~ . ',,,:,, 

I:, 

a·
·~···· 
. . 
'.'. ,.,:, 

, ., 
"I 
. ! 

'.' 

ature are reached. In volcanic rocks, pressure increases with 
depth nt a rate of at lenst ,030 bars per meter of burial, if 
pressure is simply hydrostatic. For reservoir depths of 1 
ki lometcr, \l:e would exrJ(~ct resi sti vi tics to he lower. by a 
[Dctor (If h to 5tor l:OCl<s heated to just bnlow the boilino 
point, ,,,hile the r.esistivity would he v~lry {!r.eat if the temp­
erHture ,',ere 9.t'eat(~r th;1n the boiling point. At depths be}lond 
3 ki lome ten" t(!mp~:?ratllxes high (mollgh to cause: hi ghrc!>'i 5ti v­
:i.ty cannot ()CCIlr., und so, in de(:)> reservoirs, . there should 
alwa}ls he an <InoJnalously low resls"tivi ty • 

'If the temperature is exactly at the boiling point, steam 
and watc-'lr can exist sillml taneousl.y in the rock. In sllch a 
cuse, tho' (~nhanccm(mt :i.n conductivi ty is less •• nd mi9ht not 
proviuc- u rC;lsonabln t<lrget t01,· e10ctl'ical (!xplon,ticm.· However, 
a rQ.s01"V01r in "jttich a large !rilction of the pore! fluid is 
stC<HTlW()llld' not provide lnuch capad. ty 1~(lr power pX"odue ti on 
,hect)use of the IO\'lcnthnlpy per. unit volume of steamin'com-
pa ri so)') with th<\'t of boiling. water (see Fig\ll"(~ 15). The 
entga:py cif Loil:ing water passes throu9h a lTla~:iYilllm at. nbout 
320 C. At' the ;sM,le temperature, th(~ enthalpy per um.t volurae 
of, staill') is" only: Ie> percent that of ws·tel'. At somev,h<lt lo"ler 
temperatures, the enthalpy of stc'1Jn'drops to Jess than 1 percent 
that of boiling water. T.herefore, a geoth:? l"lrlnl reservoir wi th 
a hi9h eneroy content wi.ll always be wet and .0>:l1ihit ,In anom-
alously low resistivity~ . . 

Considering now that the ~hanges in resistivity from:src-o 
to area are D consequence only of cl1on~e5 in ~emperaturet and 
that porosity remains fixed, using the curves from Figure 14, 
wea~rive at the following yemperatures for the foul' areas: 

Va lIe G,;ancle 

. Valle San Antonio 

Sulfur Cicek Trend 

Horsesh6e.Spl'ings 

o 
1.30 

Not explairiable in terms 
of te~perature ~lone. 

It is aPP:ll:-ent here. that the ~xtrcmes in resistivi ty are 
too lClrgc~ to be explnil1ed only by ter.lpel.'atUl:'o eilc:'ctS. and an 
increase in porosity must also ~o observed ~n the areas of 
p':lrticlllarly 10\'1 r<~sistivity. lin increase in porosity melY be 
trnded off Clguinst an increase ill'telllperutur.e in explnining 
tb{!ch;H1iF! in r(~sistiv.:i ty trein 'Irea to area ,IS shown by the 
Cllrves ill Figun~ 16. From th<'lsC curves. it is nppal:l~nt that 
() n'!l;,ti\'\~ly minor chll11ge in pcirosi ty will degri'\ce the tcrop­
er<l1.uTc dl.:.Lfer<:7I1CC1i to a 9reat(~1' ext(mt thall is compatible wi th 
tcmp.Cl.'at.i.lrcs all.'c<ldy observc'd in drill hole!;; in the SuLfur 
Creek arca. The l,lO!>t rc:asOTwble .cxplnlltltioll at this stage is 
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Elevation of temperature above 
boiling point <It '1 atmosphet"e' prCS5t1Y.l~ 

Figur(~ 15. Enthalpy per uni t volume of boiling w.,h:r and of 
St0Luil nt tlw boiling point. 
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Ratio of resistivity to that 
at Vallo .Grande 

,- ! 

Temperature, °c 
Figure 16. Effect of clwl1gin9 porosity on the tempcratul'e 

differences interpreted from resistivity values obacrvcd 
in v~rious parts of the Valles CL\l.c.h~1:a. 
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porositi0s are gcne:rally low in tho 
Sulfur Cl'eek <lrens, pcrh"ps only .to 
locllily higher at Horseshoe Springs 
Cc.lllyon. 

',' 

V<llie Silll Antonio nnd 
to 12 percent, but ure 
and nt tho mouth of AlalilO 

These speculations mny be used to estilllCltc the milximufll 
amount' of energy c1Vnilabl(~ from the thcrlltal Dr<.~i\S ruapp,!d at the 
Valles Ci\1dera. The nrea of the anori1il1ies at Hor!:)p.sho~1 Spring" 
and Alamo Canyon is approximntcly 4;'1/2 square IdlomctCll"S'. The 
thickness o,t the conductive sequence is about 1-1.2 IdJ.orneters, 
givlng a' u.!servoir volume of 6. 75 cubic Idlometers. Assuming 
an av~ra0ep6rosity df 25 percent gives a volue of 1.68 cubic 
kilometl.:~rs for the, hot water in the reservoi r. According to 
the cm:v:!s in Figure 15, the rnnximun\ eM!rgy contfmt X()l: this" 
wotdr would be sliohtly more than 200 calorie~ p~:r 1000 ce, or 
in terms . ,.of the electri(;al equi v'llent I 2. 66x 10-i°r.h'~'9aw<l tt­
y(!,prs pc r 1000 ce. For t he en ~ire reservoir volume, t hi S fJ0nJlS 

there<,~ould be " maximum 'of ' 

4.5 x 103 NegnwCltt .. yenrs of ener~JY 

repr'esented by the enthalpy. It has been estinla ted that irof".l 
2, to 20 pcr-cen't of; theen~H"gy iila,rcscrvoir C,ln bu comwrted 
to, elect,rica 1 ener9)', so the tnaxh'jtiiil'recoverable enel:DY, in the 
,low.:.resLi ti vi t'y anomalous areas of thl~ Valles Cn Id<~ra would be 

'!' • . 

90 to 900 Megawatt years. 

111 addi tion to the energy tlvnilabV~from thene two sma 11. 
oreas', O,'H! Ill:lght. also consi,dcr the enerflY i'wai1abJ.4'.l fr:om the 
Sulfur' C,(cek tnmd 0.( -low reDistivity rocks. ThiH trend h~!, 

a much larg~~r ar(!()" amounting to about 30 squ()re kilonl!te:r.s, 01' 

Clssulni'n9 a reservoir thickness of 1~1/5 ki lOlilctcrs, a volume. 
of h5 cubic kilometers •. vii ~h a po"(osity oi.lZ. 5 'f>21-ccnt ,the 
volume ,of water present woul~ be 5.62 cubic ~ilorneters. The 
enthalpy of this water would be 'at its~axiroum 

or assuming the same p.~ficiencie~ for;en~rgy conve~sion. the 
c'onvcl"tible electrical C-!1Cl:gy wou:~(r'be 

fiI ;\j;)\",: \Ili th' a low-porosi ty, re~e:rvoi r, some dii'ficul ty in loca.tin" M {'i'I I\."· ~ 
, ,'jU·:~,~ permeable zones fO,r productionmayee J\let. On the other lWlld" 
? ;. !.,~,:.. . " ,because production would 'be lar~JclY through .fracture ,channels, 
~:,t::~' itl:,s Hkely the :reservoir would act· as a "dry st(~am" :rcse:rvoil.'. 
ru \!.I-,c 1 ~'should also 'be pointed out th,~t the (!llcrgy caicul" ted he~l"e 
• 'Jill)'is only tho energy ,in theiluici 'content of the rock. III a low 

~~;~,i;L/ ,', ,.,' ~,~ ~'~, 6",: ~,I,>",.,t,'>,.,~,;", 5,:', .•• "",:~>'~~; ~ ~ ~ ~~ a! 0 i {:t ~~ a ~!.s ; n e"9 Y ,or ~v Ql, '"0 re, ro" y be 
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J\PPENInX I: ))1 POLE MJ\PPING SURVfiYS 

In n dipole mapping survey, as the expression is used here,. 
a lar{Jc illOOL\llt of ClJ.cctric current is cilu!;ed to flow in. the 
earth L~tneen electrode contacts sited in the general vicinity 
of til(! t:lrget .u:ea. J\5 the current flows throu9h the gro'und 
from th1s dipole source, the flow'l~ttern will be governed in 
det~il :.hV'variations in rHsisti vi t~, in the 9round to a depth 
co~parable t6 the 6!tset distanco at whi6h the measurements are 
being m'ldf.l. B~C,IlI!1e the dipole source is fixed in locntion 
~.~hilo 1l1<\1ly ."l',!&lSllr(!1rl'~nts of eloctl:ic field an~ Jilu.de· about it, any 
electric .. d. non-uni:i.'Ol:illi t-ies n('!.nr the source \'Ii 11 af.fect all tile 
JileaSUrem01,lts s:i.l!1i 1 nrly, Dnd the varia tiOI1 in the cbarnc teristics 
of the P-J I!ctl.-ic field :frohl ob!3crva tilm point to ob5ervil tion poj nt 
will b,~ indica tive of the electric'II stl."Hcture of the ground 
:l),r.,~m')l:.ilS' in the vicinity of the'r,leilsun~mellt sites. 
,"-,'." >:_",\-:.':" t, 

~.~ ::TheDene~a~ ~chcme of a dipole 'mapping survey is indicat~d 
'o!i!:-Fi'gura:17'·': Fpr th~ surveys carri<'!u Olit on th~ \lillies 

> pn"lspect,/ d:ipo]~ 10noth5 o.f 1.5 to .2.5 kilometers \~el'e 
Xn IIlOst cap\2!fi, thedipol(~s were grounded at mot"l :.cotld . 

.cuJ.vert,5~ . In: ol1Hi or two cases, grounuing ,,;(1$ Obt'l,iJ1!..'d throu91i 
·S~l1tnct"~j.i,th)ve.l1r~a,~in{ls. Power was t;ilwn {rom Cl lO:-KW\ rwtor 
::$r~rier.jto:;:~Sf~C ''the 220-volt singl<-'!"'}Jhn.st<! Go Hz output of the 
:~(m;erat9~t~v,)S !3teppc~d up to 660 or 880 volts vdth a trClnsfo)~rnert 
;ie(!tifi c('!'to form direct curr.ent and ;Iltm:na te Iy . swi tchcd to 
cilllse "c,~~n::rGnt· to ;( low" :first one way and then the othex: in. the 
:c<lhle cC'lr-.~lecting tbe power supply: to the elec trodt~ con tacts. 
The peri.c-d of l:i.~v.ersal of the current flow was selected to b2 
28s(?conc'i~.;, sotilat the 'frequencies· corit,Jim!d in the llJ;wclorm . 
iq#'the cnrrcmt. \\ould be sufficient·Iy 10\'i to nvoid problt~ms wi th 
H~'l'.ictrotli<l\Jlletic attenuation of the curnlIlt field C\nd lilek of 
i)~·nctJ:.:ltj()n caused hysk:i.n-d(~pth ~ffcct~,. Tlw cun:ent wavc.fo:Ch) 
VJ~s:~s>'Jj;.!tric<:llt with the .duration of Cllr:rellt flem ill one 
direction belng .about [4.0 pel.·c<.mt 9X'cat('l' th<.in the cJux()tion in 
theothf.::t; this pl:o\Jided iI riH~()IlS for nss:i ~~J\1in9 il pol;ll:i ty to 
tile,,;y()lt'afledc! tech!d (;\ t ·the rec<::d vi 119 fii t cs. The ,:JmpJ.i tude of 
:ilie,;c~~lp,:liqtstcps WL.\S reco:t'(1c~d with 'fin 011<110g rccor:clc!r ';\I1d 
iilOnifor(!d \lisuc.illy ,-;ith 'lI1.indicntinrl·rtIe1.er •. Usually, current 
'ste'pswithClmplitudl?SrClnging' :from 1.0 to 2.0 amperes v;erc usmJ •. 

, . . 

The current ficl~fr~ma source. dipole was mapped by 
.mnasl1rin9 vo.l.tfI9C'!sbGt\~ecn electrou(! p<d)~·s ~t ),wny.points Clbout 
the sou:(c·(~ dipole. Bcc<1l1se the din!ction of Cllrr<mt :flow at a 
mCClsur(~n\(!nt })oint is qui te unpr<?dict~bl(~ I the total volttJDe drop 
lfiJ..\St be <j,3!terJained by makin9 IHCd $U H;l1len 1. i. with t",o vlcc:tr.oc.lc 
"pairs or::i.,:·n ted Cit ri~lht <H)~.tles to OIlO ')1)l)tl1or ;lnd <:id.clin9 tlle1;(! 
vol'tilgcs v(!ctorially. The c.lcctric fic,Id is tlwn <\SSltJnf!d to be 
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the ratio pf voltage drop to the separatiGn between the measurin~ 
electrodes. t-lcasurements were made wi th receiving electrode 
separations of 30'01' 100 meters, usually, with the longer sepa­
rations beillg used in areas where the signal strength was low. 
The receiver consisted of a sensitive DC voltmeter, on which the 
deflection os current flow reversed was measured. At its ~axi­
mum sensitivity, deflections as small as S or 10 microvolts 
could be n~cogni2ed on the voltmetct'. Readin9s of less than 20 
microvolts wore not normally recorded ~s useful data. 

I .. , .. 

'.' .~< The. primarY'data obtained from the eight dipole mapping 
surve.ys carried out in the Valles Caldera area ·arelisted·in the </,;", 
Table '. ~lccompilnyin9 thi s appendix.' These data may be con-:-' .. " .. ",~R;·~; 

t~, 

ft,·, 
~;r"\ 

verted toapparentl'esistivity values 'using several c1iifer~nt 
iorlilulris; The conventional manner of defining clpparent resis-
tivity is to consid6rwhat resistivity a uniforM earth w6uld 
have to h\\\fc' to provide the voltages~ctually observed in the 
real earth. In al ' u,niform earth, current spreads out from a 
singleel oct rode with sphericalsYliuoctry •. The electric field 
on the surface,ofl' th~ earth at a disi~nce HI from a single 
~lectrode thrOUgh, w~iCh ~.current I is passing is 1hen: 

I' - nI ' ':'1 - ....c.::._ . 
'., ' . ZnU1

2 ,. 

~here p is th~ re~istivity oi 'the ass~med uniform ~arth~ When 
a dipole pair. of electrodes is used for a current source, there 
isa sec(lnd contri bution' to the eiectric iield' from the current 
flowing throu9~,the second electrode: 

E2 = . .:.pl, 
4 2~ 

u 

where R0 is th~ distance from the ohse~vation point to the 
1'- . 

second c0rrent electrode. 

ti\.}/'~ . The electric fields~l and EZ are vector gUiIDti tics ~ and 

it!.u.:: . so' must be added ve~tOr.i?ll~ .• ;Tbe v;ctor sum is : 1/2 

f'ii;t; III [ (Rl) (Rl) .] 

:~,:,j,;:~.;.:,;.,: .. ~;~,.:!,'.!,;::.',:: ••...•. :,'.~;' ;~~~ ~:~ t ~;~ ~i ;;;;;.~ i:~;d!~: t i>e :;~~ ~~~: ~;;e:;:;;;~ ~~~" ~~~I'~ ~~~9 
l " '~,;, niet:ric spreading of current in a unifol:tn earth. Values' tor 
T~:,{I;:; :;~; ()pp~lrent resistivi ty cOlilputed with this formula :are listed, in the 
~)jf;fr'~:: ".Table accompanying th~s Appendix. 

\~/-."/' ": " 

',.1',:';'" 
:t' , .. 

:~:' 
f~' 

~{ .' 

I·~i;({~i 
.... ' 

The Pliltes showing c'ontour, maps of appnrentresist ivi ty 
about thl? 'l dipo).es(Plates l,3,:;,17,9r'indic<lte thnt t1pparcnt 
resistivity :increases con~istentl}''''.lith increasing dist.,nce 
from the source. Tbis behavior ~s typic~l of dipole mapoing 
~\lrvcys cal.'i:icd out in .HI .D:eLl where Gonductive rocks overlie 
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highly rc:~sistant substratum, such as crystalline basement rocks. 
In this case. the apparent resistivity increases linearly'with 
distance from the'source dipole f~r distances greater than the 
depth to the resistant rock. Because the current is constrained 
to flow almost entirely in the surface lilyer of conductive rock, 
the c,'llcul,\tion of resistivity on the basis of an a·ssum(Hl 
'spherical spreading of the current seems inappropri'lte •. In 
this case. a moremeanin!1ful , .. jay to r(~dllce the field datn lnight 
be to use a formula based on the a s'sumpU on' of cylindrica 1 
sprC?ndin9. For' current sprenclin9 thl'ou~,h a'plnte. tho electric 
field depends on the ratio of plate ·thickness to resistivity, 
h/p.·.a quantity which is also know as' the conductance of the 
plate, S. The electx-ic field at the surface .of ·the plaOte fora 
current I to a sin~le electrode is: 

I E ::: 
. 1 '2JlSn

l 

;\~h£l;Pdh·.a9ainisl the difjtancc, froln the fi:rst curr.ent ~ lectrode 
f-o>the>observa tion poi nt. \",i th the' addi.tion. of a second elC!G­

'lrodcb to C()iUpletej the dipole ctirren.t source, the contril?ut1on of 
a second cICCo trici field at the observation point .1l1llSt be con-
sidered: 

The vector sum of these two e1ectric fields is: 

Solving this expressionior S providosthc means for computing' 
apparent concll.lctanc(~.unclcl: the assumptioll of cylindric.Uly SYlIl-' 

metric sl';reading 0:[ current in a uniform conducting pl<lte. Val~ 
.lIes for •. ppal'cnt conductance computed wi t.h tl1is' formula are also· 
lis~ted in the· Table aCCOIllptHlying this' Appendix. 

It 11;U,st be· 5t~essed that thci appnrent va,lues for resistiv- . 
ityor.conductance are the actual val~es only in the case in 
which the structure of the earth is as silnplc as thnt assumed in 
d~fining thesequn~tities. ,That is, the earth must be completel 
uniform laterally. lfowevcr,' if a co"nductive geothermal reservoir 
is 11resentin the sllrvey area, we expect ,this conclition to.be 
viol(lted .. \')hen lateral chLlnges in resistivity occur" the 
coinplltecl va lues of C:~I)paren't l'csistivi ty and ClppLlrentconductance 
.\\'ill be <.l'fectcd,. but it i!i unlikely thLlt tlHo:! 'observed 'v,Jlues '. 
will th(;~n be close ·to the values actually exi5ting in the ground. 
In .this casc, it is desix<.lblc to'cJlculate how the ,1ppaxcnt 
v;du(~s ill.e affected' by simple models of inhomogeneous cilxth 
st rue t u l:t: ~-;. 
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A. Behavior of apparent resistivity and appar~nt conductnnce 
when the earth is layered. 

The dipole IntlpS shown on the following two pages are typical 
of those for a simple two-layer earth. In each case t it is 
assumed th;Jt a dipole with unit length is placed on the surface, 
of an ear.th' in which a la~ler of unit thickness iies' on t<;>p'ol' an 
:i.nfiniteJy thick ~llhstratl>l". The dipole mnps on the first of 
these tw<) pages (l'igurcs 18 and 19) pertain to nn infini tely 
resistant ba~ement.The $urface layer is assumed to have unit 
tesi~~ivity. As may be seen~ the, contours of appa~ent resis­
tivity form elliptical' patterns about the: source dipole't'a . 
behnvior that is characteristic of J.;~y(~ring on dipole ll1C1pS. 

The eCC:~!I'itd,city of the ellipses reflects the well-known fact, 
tha,t me;wurement 5 mnde alonn the polar axis of Cl dipole Sc:?HFce~' 
do not 'dcfect the presence of a resistant' basE-ment until'li.i"rgcr 
spacings iire ,rcacbed, than are, required when me .. \surements:>~a;:c,,; ;": " 

,;mildoalolig t~e ,eq\1C\ t"orici1axis (K~ller, 19'66):1 t shou)..'tf::f"#fso'\f, 
be noted that ,there nre t\~O sm;lll regions about the ends"of';the 
dipole, ii/here' the lapparent resistivity is lo\\or than ~ili t~~ ,:the 
resiKtivit~'~9sig~cd t~ the ~urf~c~ laycr~ 

\ . . . -" ,".=~ ;.,! '. ~',r- • 

,lncont,rast to the"1argc var~ations in apparent r~'si'~:f;{vi1:Y 
as'a fun~tion of distance ~rom the source t th~ val~cs of appar-' 
oilt ,C;On(lllct<lflCC show very ,Ii ttle change, over raost o'.f th~lOap, , 

'aftcr"XC!i\cbin9 sOllie 70 percent of the correct, value of S for the 
surface la~erat ~ distance of about, one unit from the dipOle. 

~he patterns in Figures 18 and 19 were computed fo~ a 
layer of unit resistivity and unit thickness' resting on aninfin. 
itely thjcl~ suln,tratuTil ·vJith ,\ resistivity of 0.33. Here, ,both 
the apPi:lrent conductance and theuppLlrent resistivity ,vary 
~tr~hgly ~ith distancef~orn the source. It may also be noted 
that 'in thiscasc', the depth of pCllctration for.' Dlcasurcr.lents 
madc~Dlong the polar axis of the dipole source is-about the sa~e 
as for mcusuremerits made along the cgutitorial axis. 
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A. lipp;nent conductallce 

B~ Appa~ent rcoistivity 
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Fjgure 18. Dipole rcsisti~itypatterns for the case of a two­
layer sequence in which the second l~yer is a pcrfac~ insulator 
lind the !'>\Irface 1.,Yl'.J: has unit resistivity. Tbe thicl<.ness of 
th(~ sur!;lcC:'. layer is one uni t I ;Ind tile S(lll\"ce dipole 1(!/19 th is 

One un! t .. 
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Figure lB. Dipo],e resistivity patterns for the case of a two­
layer sequence in \';hich the second l<iyer is a pcrft:?c't in~,ul.)tor 
lind the :..;\Irf"ce 1,'Yl'1" hC's unit resistivity. Tile thickness of. 
the 5uri.'lcC' Jayer is one uni t; ,Ind the sOllrce dipole lCIl9 th is 

one uni t. 
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A. Apparent conductallce 

B. Appa~ent reoistivity 
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Fi gure 18. Dipole rcsistivi ty patterns for the C<lse of a two­
layer sequence in which the second l;iyer i 5 a periQct insulator 
OInd the GtIl:[ace l"yeJ: has unit resistivity. The thicJ<ness of 
the 5uri;.c{;' l()ye>: is one ulli t; ,md the sOllrce dipole lc!1l9 th is 

one ulli t . 
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B. AppaJent resisti.vity 

Fi~luJ:'e 19. Dipole res) stivity pilttcrns for the elise of a 
two-layer. seqllence ill which the first layer hils llnit resistivity 
and the ~;0col1d layer has a l"(>~:;istivit'y of 0.'3 Th,,' thickness of 
the surf,lce l()~/er is one Llllit, (Inc! tIl(! source dipole lel1g,th is 

one uni t. 
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B. I3eh;)vior of apparent resistivity and apparent conductance 
in the presence of a dike-like conductive structure • 

Thl~ dj.pole maps, shown on tho following two pages were 
computed for (1 source Ioc;:ated at the cd9t:! of and pfoiJ:allel to 
a dikc·,likl' feature ilSS\-lllleU to have H lower H!sistivi ty than 
th~ country rock. Th~ country-rock resistivity is t~kcn to 
b~ io 1.Illit!3, while tbe resistivity within thc'dike is taken 
to be J unit, or sm[lilel: by a factor of 10. The maps in, 
Figu rc ;~o are computed for a vel:Y 9reil t dlO!pth to :i.ll!:ula tin9 
h':\5\7!I'i\(~11\.. ,';hilc the l;lC'IP::;' in F:i.9urc 21, axe cOlliputed )"Ol: ;1 depth 
to insulating ~as~ment 'Of 1 unit. 

Th(: most striJd Ill] feature of these maps in the :fac.to th(,l t 
the' con1'r.1st in appan:?nt conductance val lies or appLln~llt l'esi s­
tivit'y valu(!s for 1I\\!<.lsu:r:mr(~J)ts made insid~ of ar:d,()llt~j(h~ of the 
COI1ClilCtj vr2 strip is lflucb sm<lller thnn th(-! actual contrnst. 
The tnH.: conductance ol\tsid(~ the dike, for the case ~;ho\'in in 
Fi9ure 20, is 0.1. Uli} t, compen'cd to 1 uni t for the (~i lee. The 
ol)sCT.\·(!d concJllci'H1cer. outside the dike <.\n~ too l;j17~Je by oJ 

:(aclor c.r :2 to J. w;..inly because llluch of the curnmt that 
,,!0111tl 'n(';n:~.111y flow in ~;llch regions h;:IS hel;!n-dive):tf~d to flow 
inside 'dli~ diLe. ~,il!lil<1rlYI the bigher tbo)) nornJZll current 
C:Ollcclltl',ltion hi thin ill\.! dike lnnkes the conductance values 
observed there so:nc\\h(1 t: too loyv, 
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Figure :20. Dipole resistivity patterns for the CCls(~ of (\ 
conductive dike-like feature. Dipole sourc'~ is 2.5 units 1011<]; 

dike width is :~ units, ;Illd the depth to insulating b"SQ!fIfCl1t i~;, 
iIi fin i. t i~ • D i 1< e n~ s i ~.; t i v i t y i sIll tJ it, w II i 1 e e 11 v i l' 0 n llW n t ill res i s-

tivity lS 10 units. 
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1\. I\pp;' rent conduct ance 
__ ~ ____ r-__ -r----TI----' 

B. App':Jr(~llt re~;isti\lity 
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Figure 21. Dipole resistivity patterns fo~ the case of a 
conducti~e dike-like feature. Dipole source is 2.5 units long, 
dike \~iclih is 2 units, DncJ the depth 'to inslllatjnq b(J~,cr,H,mt is 
1 unit. Djke rcsi~;tivity is 1 unit, while cnvirOlllnclltal re~;is-
tivity i!; 10 units. 
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c. 13eh;:Jvior of apparent resi!1tivi ty and clpparent conductance 
in the pt'ese.nce of a dike-like resistive structure. 

COllplltatiotls for this CBSC complement the computations 
for the preccl'dinO cnse of l\ conductive dike-like fe;ltur<!. 
I\!J i.i in , tl:p source dipole: lenSJ'th is till~en to be 2.5 units 10119, 
situ4\t:!d paralhd to the C!o9C of a resistant dike-like fe;ltUl:<,? 

of width 2 units. The cOlmtry-rock rc~dsti.\lity rc-mclins 10 
units, hut the d.i,kc is now C'lssi'gned n resistivity of 100 units, 
or 10 t.i1'1(!S greelter than that of the country rock. The maps in 
Figure 22 Dre cumputed for a depth to basement that is very 
large, ".hile thc! W<3pS in Figure 23 arc computed for a depth to 
insulil t:i.n9 ba!',(!Jflen t of 1 llni t. 

I\s in the pJ.(~C:i.~edil1~1 case, the contrast in observed 1'e5is­
tj.\Ii tic!:\ and conductivi tics hetween the dike Clnd the surronnd:i n~\ 
rock i~) subdued •. 
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riDuJ.e 22. Dipole resistivity patterns for the case of ':1 

re~i~~L~1)t dike-like fc'1ture. Dipole' SOU1"Ce is '!.5 units long. 
dike Id<llil is;~ units, ':Inu the depth to illSlll;)ti n 9 basement is 
infini.t(,. Dike }'csistivit)! is J.OO, I,bile cl1virOnmelltill resi!>-

t1\1it\l j S 10. 
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A. Apparent concluctilnce 

I~· 

13. Appal r! n t res i' s i i v i t y 

50 ----
Figure :~3., Dipole resistivity pntterns for the coseof (J 

resist<lllt dikl!-ljke feature. Dipol<:: source is ?'5 units long. 
clikl~ w.idth is ~~ units, amI depth to inStlJ..lting b~j~;Clllent is 1 
unit. l\il:(~ resistivit.y is lOO, \\'hile cllvirOnlT:cllL11 resistivity 
is 10. 
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APPENDIX I: Tabulation of Data (observed data from dipole 
resi~tivity surveys) 

The following quanti ties are lis ted in t he tables i 

N Station number, keyed to Plates 1-10 

RI 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 

Thcangle detween the two lines Rl and R2 running 
frolU an obsc!.t"vation, point to the two encls of the 
source dipole 

The angle between the two direactiolls in wid ch 
electric fiel<1 mcasureraents were made at CilCh 

si't(~ (nominally 90°) 
I 
I 

Vl Voltage measured betwe~n one pair of receiver 
electrodes, in microvolts 

V2 Voltage measured between the oth~r pair of 
receiver electrodes, in microvolts 

X Length of receiver line, in meters 

I Amplitude of current stepo, in amperes (average 
current 'was one-half this value) 

RT Appnrent resistivity computed using the lOagniiudc 
of ille electric field, in ohlll-meters 

SA Apparent conductance computed using the rnagnituda 
of the electric field, in mhos 
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Rl 
O. B 110 

I • II~)O 
I • 19 () 
O. 4L!() 

3.?00 
3.(,30 
~\. q 00 
/10 H 110 

S. ? ~O 
4. {~!O 
1,.070 
3. ~.'OO 
3. ~,oo 
2. <)'jO 
3. r 50 

. 3. 1,50 
]. ~~r~ 0 
~~. ::-? () 
3 ~ () () 0 
3. ') DO 
:\. '/~~ 0 
3. (/iO 

? . F: f) 0 
3. ~:.:)O 
3. '1/:; () 

~l. (UO 
:1. (00 
1. Ion 

H:~ 

p. fHW 
~\. :1(.0 
~3. I AO 
2. (,?,O 
1. 0110 

) • S~~ 0 
I. g ~O 
2. '100 
3. CI" 0 
2. bOO 
I. gOO 
I • ~~ f) 0 
I • ~3 ~10 

. 0.9 SO 
) • J 10 
).970 
~~. :350 
p. 700 
I,. ~i I () 

. <~. 200 
1.<)00 
I • ~)() 0 
~). 1 0 () 
s. 6~)() 
(,. 100 
5. H .qo 
5. 'IBO 
2.0'10 

o.g,'iO ?.O~O 

O. ~<3 () ? 6 '7 0 
O. B I O· 3. OR 0 
1.550 ~l.ROO 

2. 3;:?O II. ~)~O 

:3. () 50 5. 700 
~l. O? 0 ~) • 1~) 0 
S. ~)~)O ~l. 5 SO 
5. '160 I,. ()<) 0 
{;. :",< () II. 700 
(Oo ~: 7 0 5. ~)? () 
:-'.»HO 1,.9(J0 
~j. InC! 4. ~)OO 
4. /,00 II. (l~)() 

/1. (\ ~)() :{. ') 110 

:l. f, I, n II. 0 IS () 
:{. f.,() () II. ?OO 

D 

36. 
39. 
27. 
23. 
22. 
I II. 

I ?. 
9 • 
7. 
O. 

I 6 • 
37. 
II LJ. 

4 1 • 
4 LI. 

LIS •. 

33. 
3~) • 

31 • 
27. 

) . 
I • 
5. 
H. 

10. 
H9. 

100. 
L! -I. 
I 6. 
7. 

I I • 
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I II •. 

JR. 
19. 
) 7. 
tH. 
2? • 
2 'I. 
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. 3 ':1. 

:3/1. 
~13. 
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T VI 
9 J. 1,50. 
7R. 2BO. 
9/h - I!f) O. 
80. - 9 :>0. 
9 I. 0400. 
B LI. - ~~()O. 

) 02. - 110. 
99. ~ 5. 
g 6. - ~m. 

93. 60. 
100. lao. 

7f3. - G~). 

107. 27. 
98. 115. 
96. ·-f~60. 

106. -illS. 
9 3. - ~3i) • 

93. -165. 
) 66. 80. 
92. 70. 

10?. -6'7. 
B7. t/l~)o 

93. -20. 
93. j~'I. 

93. :'>7. 
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f3 9 • - I IIU 0 • 
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90. SOO. 
90. IUS. 
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9 I. O. 
gg. -.t10. 
98. -32. 
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IDS. II? 
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B 7. - 1'30. 
0tp, • _ 1 O~? 
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no. - 110. 

V2 

70. 
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- 35. 
120. 
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I 10. 

- I I ',. 
2] • 
5 S. 

- f{ O. 

_ n 1')(1 
c. (,,-,. 

- I ~)n •. 
- 2G O. 

- :39. 
50. 

- I (, S. 
- 11:3. 
-- In. 

(, 5. 
I 70. 
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:lG • 
:30. 
I ~). 

110. 

I :35. 
9 5C). 
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o. 
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O. 
O. 

2 J (). 

X I 

30. 13.3 
30. I :3. 3 
30. I 3. ;3 
30. 13.3 
30. I 3. 3 
30. 1 /1.0 
30. 1 Lh 0 
30. 1 /,.0 
30. I/~.O 

~1O. I 4. 0 
30. 1 /1.0 

.30.ILI.0 
:30. 14.0 
~10. 1110 0 
30. I 4. 0 
:'50. II,. 0 
30. )/1.0 

:30. I 'I. 0 
30. I 4. 0 
30. 11j.0 
30. I II. 0 
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:w. 1 II. 0 
:30. I Li. 0 
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JO. 111. (J 

~IO. I 4. 0 
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90. I<~.O 
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:30. 14.0 
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Source 1 

N Rl 

O. 8 I,D 
;:> 1 • 1J20 
3 I • 190 

'/ O. 1!/jO 

5 1.0'10 
6 1 • 520 

7 1.850 

B 2.700 
9 3.09() 

1 () 2. /./00 

1 I I.SOO 
1 2 I. 200 
1 :3 1 • ~~ 50 
I 1/ O. 9 ~)O 

. I 5 I. 3) 0 
1 (, 1.970 
I '/ ~!. 350 

18 2. 700 
19 3.900 

20 3.900 
21 1.900 
22 ) . 590 

23 2.1'300 
21.1 :3. :350 
f) ,-
f:, J 3. '1f)O 
2 (, 3.600 
27 3. (,DO 

?H I • 100 

29 O. r~ L,O 
~30 O. 530 

31 O. RIO 
~~ ? I. 550 
:3 :3 2.320 
:3/1 3. 650 
:3 S 3. O~)O 

36 3. ~).50 
37 'I. OC) () 

:3 r) /j.700 

39 5.2~)0 

L,O 1/.900 

III I,. 500 

II? 1/.050 
I,] 3.9 /,0 
/1,', 3.13',0 
/IS 3. 690 

I:> 

HT SI\. 

5. 'I/j 1 ~1:·~. c.: 

1 I • ~) 3 9'J. :~ 

12. 1 '" ,) BO.3 

3. 10 I r~ 7. ~~ 

·7. S 1 106. 5 

9. g 'I 1 1 6. 7 . .~ .. : 

8. 62 I 58. ~ 
9.8(, 186. 'I 

1/j.B7 138.0 

1 ) • /I/~ 1 'il • 1 
(,. Sf) Ig2.f{ 

5. ~,n 1(:,0.2 

'I. OB 2 '1(,. 1 

11.26 H) 6. e, 

7.85 I 1,:3. 2 <:~rl 
, :.¥.:'!ti' 

10. 77 J 5R.9 

19.30 I 1 S. 3 

26. 61 102. IJ 

IOLI.72 36.8 

38. II~ 1 0:3. 0 

I I • 7 '7 127.0 
6.8/.1 1 '18. g . : 
'7.0., ~~ 55.9 

1 I,. 76 1 112. .. ... »*1 
J 

1/.,.05 1 6B. 2 
.~.~ 

18. 12 1 f~ 6. 6 
/j 3. 67 ~3.? 

2 (). 05 ·'1 ~). 9. 

) 7. 13 5:3. p, 

.q. ~r: 1011. 3 

6. 5~3 99.H 
13. Ig 135. II 

I 'I • 50 137. " J 

I I. B 7 20b.() 

6. 13 ~3:32. '/ 

1·3.68 182. .. 
J 

18. 36 1 6a. 1 
25. /10 I 3'1. f, " 

40.7" 100. 7 , 
SO. ()2 B //. 7 

73.00 59. I 
M>..77 65. 1 

' :., ,-,~."~ :=; 

l,2. 1,6 9]. g 

2/1. ~3~3 1 60. ~>. 

B :3. ~~ 7 II Lj. 1 
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3. t) '/0 
II. 7 '10 
I,. li~!O 
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S. o:!O 
5. 0 'W 
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S. 5 :l(l 
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5. ?gO 
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9 O. 
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<) 6. ' 
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I I I) • 
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917,. 
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l) 3 ~ 
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B ~). 
H f) • 

10 1,. 
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1011. 

C) 1 • 
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7 ~h 
') J ~ 

R o. 
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') o. 
') 4. 

B 7. 
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') o· 

1 1 ~l. 
') O. 

VI 
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62. 
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- 4~lO. 

- 600. 
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1 1 ~. 
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25. 
- 10. 
.. 35. 

1,2. 
~)O • 
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3D. I 3. ~3 
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30. J ~l. ~3 

30. 1 ~l. 3 
~W. 1:1.3 
:.W. I :1. 3 
30. 13 •. '3 
<JO. 13.3 
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~W. 1 I,. 0 
30. I II. 0 
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]0. 12. (, 
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30. J 2. (, 
30. 12.6 

._---------_ .... _-_.-
GROUP SEVEl'1 
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i 
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:J 
') , ~\ 

j ,~ 

1 
'l 
i ; 

~
") ,': . 

. ~ . ". .' 
Jr .:i." . . ' , 

.J 
'1 

.. ' 

~ 
, 

. t't 

I"." . 
) . 

. ,'I,; 

J ~:" 
':;, . 

j' ]': " 

i,' I~: • 

t. ,i 

1 " 
l -.. 
.J ; 
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1\ PPENDI X I. 

Source 1 

N In RT 

116 3. 570 56. 79 
117 3.9(,0 I H • LJ I, 

LiB Ij. 30n 'I') • '!6 
49 L,. 3[\ 0 110. '/3 

50 /,.920 5) • 02 

~) I I • Of3 0 ?B. 0 3 
~)? 0.H:30 " .) . ~) 1 

s ~~ I • Ign 29. I 0 
~/I ~~. 0.110 If~ • II} 

55 ? 110 12. ~l II 

5(, 2. I?O 7.02 
57 2. ~:'60 16.0 S 
~~R 2.310 I 5. Li5 

5« 2. I ~~n 6.25 
60 Lj. g ~~ n Il,. 1(, 

61 I~. 500 '1'1. ~l6 
(,? /,. O'~O 21. 315 

63 3. '-):w 2 :' •• :37 
6/1 3. 3~ 0 31 • :.lJ 

6" .) 2. 650 ~: '{ . 6~ 
66 2. 5(,0 2~) • er, 

.,)r.. 

67 3. {,P, 0 10f.,.~30 

(,R 3.9'/0 S I • (,J 

69 L, __ 7 '10 If). 5~ 

70 Lj. LI?O (, 5. B 3 

71 Ij. Of) 0 <) /1. ? 6 

'l~~ ~). ? 00 'C 7. SI 
7 ~~ 6. '/ '70 :~?. ;.lJ 

'1 LI 2. ~~~~ 0 I 5. i~S 
7':.1 () 

('- . 1/10 2n. 70 
76 :? ?n () 7. Sl 

77 2.270 9.99 
7R 6. !.tOO 1 06. ~~ 7 

79 7.0:W g 3. '/1 

RO Ij. BOO i~ lL !) 1 

HI 'I. 790 6 t'. 9 6 

H? 5.070 ., :l. ~~ 3 

r·; J 'I. :)00 3.'" rn 
R /1 :3. :no 5 / ,. 59 
R t· .. ) 3. 2 ~)O 2B.20 
f) (, J. Of) 0 32.1)0 
f37 3.000 :12. 67 

nn J. N}O :)0 :3 (, 

/{9 3.1120 J J • ~) ~? 

9() :1. ~) :lD ?O. ::,'l 
~. 

._-_._---------,--------_._---

45 

SI\ 

SR.7 
~~06. I 

S2.0 
1 06 • ./1 

97.2 
Lil. 7 

J 79.2 
IJO.9 
f) 6. 6 

1 28. 1 
221. Ij 
10B.3 
1 OO.f3 . 
?JO.6 
22 ~.l. 0 

813. 5 
1 61. 3 
1 ? 5, 6 

K 5. 0 
HR.? 
9 O. B 
21.j.9 
52.3 

J ~>6. Lj 

./j2. B 
30.2 

I (,//.8 

WO.3 
13 Li. 9 

76 • .// 
31 4. 9 
2~'O. 7 ' 

59. 5 
B .//. 3 

206.8 
78.0 

I ::~9. :l 
50.2 
87.0 
6g. L/ 

«3. 7 

900 B 
I 62. 7 

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

N HI R2 

9 J II. ~)60 'I. 6(,0 
9 2 I,. f)'~ () ~. 5:lO 
9:3 2. CIt) I,. T?O 
94 ?nno 4.070 
95 ,./!IO 3.S00 
9 (, ? ~)7(\ J. S90 
97 I."/~)() ].180 
9R I,. ,!') 0 (H 100 
9 9 :~.~) /If) S. I g 0 

70 I lj. 6()(J S. 300 
., 0 '? 11. (. 5 0 ~j. ? (I 0 
'IO~l ~).():>n 5.350 
'/0 II ~). -',(JO S. L;(JO 

705 3.900· 5.?OO 
7() (, 3. ~,OO 5."2 ~iO 
707 3. (,00 ~). :>SO 
7ng 3. ~.i~)O 6. 000 
709 'I. ~;'ClO 6. ~jon 
'II (l 4, b ~)O 7. 1 ~)o 
71 l'/l~ (,(JCJ (,. <) 00 
712 4.Ci~)0 (:..?~)O 

713 3.800 5.900 
714 3.n:::,0 5.700 
71~) lj. 700 ()o 70(l 
716 ',.EOO 7.000 
'i'1 '7 I,. <) ~·.)O '/. :300 

'II 9 3. I [I 0 ~lo 300 
"( ? () ?. () :) 0 5. f:~ ~; 0 
7? 1 2. <; ~:, 0 ~). O~) 0 
722 3. ~OO 5.650 
723 3.9~O 5.200 
'1? I~ lj. /:00 5. '? 50 
'72 5 iJ. I ~)O (,. Ij() 0 
726 3. '/:iO G.050 
'I? 'I ~i. '/ ~,n 6.050 
'/?7 I,. I,~i(l 5. IjC)O 

'I;Jf) 5. (lOO '7. 200 

D 

PH. 
(') .. 
r. ;). 

1 6. 
20. 
26. 
I,n. 
.lIS. 

19. 
2? 
~~ 7. 
r~ 6. 
2'7. 
25. 
25. 
2?. 
1 O. 

7. 
5~ 

9. 
1 :l. 
1 R • 
12. 
g. 
O. 
6. 
3. 

I 5. 
2. 
9. 
3. 
O. 
O. 
O. 
9. 
7. 

Source 1 

T 

90. 
101. 

<) n. 
B (,. 

93. 
I I S • 

9 (). 
9 I • 

I 1 O. 
I 10. 
90. 
70. 
Fj ~~. 

I n ~). 
I O?. 
1 0 ~i. 
91. 

1 () O. 

9 o. 
8,)" ' 

1 03. 
') -I. 
B9. 

I 1 O. 
I 1 (J. 

90. 
') S. 
B 5. 
f) 7. 
') 1 • 
Fl ?. 
9 7. 
')"7. 
80. 
99. 

VI 

- ?O. 
9B. 

- 120. , .. 
;). 

- 3?. 
30. 
'2 -,. 
12. 

. - 35. 
51. 

- 1 5. 
27. 

, LIO. 

I S. 
g. 
o. 
O. 
O. 

- I 5. 
8. 
o • 

- 10. 
10. 

- 55. 
- 17. 
1 30. 
- 1 5. 
- 30. 
'- 1 5. 

O. 
- 5. 
- 5. 

o. 
- 1 7. 

V2 

- 3?'. 
O. 

75. 
90. 

2 iJO. 
20. 

- 120. 

- 20. 
- 3~l • 
- ?2. 
- 1 o. 

1 S. 
. 50. 

- 12. 
I 5. 
10. 
o. 

o. 
25. 

- 110. 
- I 5 •. 
- 1 5. 
- '2~ •. 

- 100. 
O. 

- 55. 
- 22. 

. - I S. 
3 s. 

-" 5. 
- LI S. 

50. 
- I 5. 

x 

30. 
30. 
30. 
30. 
30. 
30. 
3U. 
~30 • 
30. 
30. 
~30 • 
30. 
30. 
30. 
30. 
30 •. 
30. 
~'lO • 
~lO • 
30'-
30. 
30. 
30. 
:JO. 
30. 
3D. 
:30. 
~W. 

~30 • 
~lO. 

:JO. 
30. 
30. 
30. 
~30. 

]0. 

I 

I ~?. (, 
1 ~~. (-, 
1 ~l. 3 
13. 3 
I 3. 3 
13. :-s 
I 3. :1 
I :1. :3 
I J. ~J 

13. :3 
13. 3 
13. 3 
I ~l. 3 
1 ~~. (. 
I ?. (> 

I?. 6 
1 'I. 0 
I 4. () 
I 4, () 

1 ~3. :3 
I]. 3 
I 3. :J 
I ]. 3 
I 3. ] 
13. 3 
I ;3. 3 
12. 6 
I ~~. () 
12. 6 
12. 6 
12; 6 
12. 6 
1 ? (, 
12. 6 
12. 6 
I ~~. (, 
12. 6 
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1 

1 
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N 

9 1 
9? 
93 
9 / j 

95 
96 
9 '/ 
98 
99 

-/0 I 
70? 
70 :~ 
704 
705 
7Q(, 

70'1 
'lOR 
709 
710 
711 
712 
-11 :3 
7111 
71.S 
716 
71 '/ 
719 
'I?O 
721 
7?2 
'72 :3 
7'24 
7? 5 

'726 
727 
727 
72;) 

._---------

Hl 

4. 560 
4. BRO 
?. 670 
p.()OO 
1. 410 
2. ~)70 
I. 7 ~o 
'10 li90 
3. ~i/jO 

4. 600 
'I. () 50 
5. () ~o 
5. '100 
3.900 
3. 500 
3. (,00 
3. 5~O 
'1.200 
LI.850 

'10 6(l0 
4.050 
3. Bon 
3. R ~)O 
/.1. '/00 
4. HOO 
4.950 
3. 100 
~:.. 9 ~) 0 
2.9:,)0 
3.300 
3.950 
'I. 400 
4. 1 50 
:3. 750 
3. 750 
L,. 450 
5.000 

rn 

35.02 
~m. 37 
12.70 

'7. 60 
9.08 

18. 19 
'7. 69 

23. BO 
1 1 .9 1 
?'6.0~~ 

17.0B 
33. 69 
54.25 
25. 111 
9. 1 7 

1 ( •• 50 
s. g 5 
~3. :38 

I (,. /19 

6.00 
9.61.1 
5. 65 

1 1. 3 /1 

'2 6. ~iO 
1?.03 
1 1 • :5'~ 

t 'I. ~l:3 

2 1 • t'~~ 
?7.<)O 
1 5. ~i 5 
21. 56 
1 6. S 1 
1'7,./16 
17. 52 
1 7. ~)2 
LIS. 69 
19.82 

SA 

1 31.2 
1 ~!. 1 • 9 
I II ~i. 2 
l<)O.g 
120.0 
1 31 • 7 
202. ) 
1 /10. 7 
223. B 
169.2 
2. 65. S 
150. I) 
99. 5 

) 26. ') 
~'~R 5. 0 
Ill).B 
:-ll:~9 • 0 
7 (, 5. 'I 
1'16. 4 
468.0 
266. 6 
L,L, ~:h 2. 
2/!0.8 
1 ) (). ) 
2 /,8. 1 
260. I 
I I 5. 7 
ns. 4 
72. ) 

I J~. 9 
1 I 5. :3 
1 53. 1 
1 Ij 110 2 
132. 1 
132. 1 

62.9 
15 /,.9 
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APPENDIX I. 

N 

201 
?02 
20 :3 
PO/j 
PO ~i 
206 
2(17 
?OR 
?09 
PIn 
?1 I 
~~ I ? 
~) 1 3 
? II, 
? 1 5 
216 
217 
218 
219 
~~20 

221 
~)?2 

?~3 
~)? 1, 

IU 

(). 760 
1 • ~)~)O 

O. 'ISO 
9.1100 
?. 9 ~)O 
:0).1) SO 
3. :3r~ 0 
:i. r! 00 
110310 
1,. () 60 
I,. FW 
1,. ~);,o 

I,. 3 SO 
~~.H90· 

3. :350 
:~. () 7 0 
II. () '/0 

~J< () 7 (l 
S. (,fJO 
~). «w 
~). iWO 
~3. :l :;0 
,~, 000 
l~nl,90 

H2 

2. 300 
J.500 
?. ~: 7 0 
~l. ~9 0 
3. 600 
3.9 (JO 
1,.lno 
II. (,00 
~). oon 
5. ~) '/0 
~). 400 
5 •. 61 n 
5. ~70 
11. JI ~)o 

140 9 ~Jn , 
:'. I ~~o 
~). 213 0 
6.010 
6. 5:~ 0 
f,. 3') () 
3. 350 
,]. fW () 
II. 390 
4.900 

22S 5.350 5.650 
? ~:! 6 ~i. ~:\g 0 :'. 6 7 n 
2? 7 (,. ~)O() (). 5:,\ n 
?'~:'8 

? 29 
230 
? 31 
2:;2 
233 

. ? ~l/l 
23S 
?35 
237 
? 3~~ 
239 
::' L,O 
:>'11 
P1,2 
? I~] 
~) II I~ 

6. L,OO 6. 730 
~). ~wo 6. 'In 0 
II. :.; 00 6. 6 I () 
:l. '/0 () ~). 'If) 0 
.Ii. ,(:,90 ().7BO 
5.700 7.~Y;;O 

5. 790 7. Li(lO 
1 • poo :l. 7f~ 0 
J • (,1 () I,. 130 
~'. 0') () /.,. 6 I 0 
·~).7JO ~).20() 

(l. '/50 :~. ?~)O 

~) • ) ? 0 '7. (01 0 
"i. f! /10 7. :ll'IO 
S, 1100 'f. 970 
1/, l\ ? 0 (,.:If) n 
Ilu:I~)() 6.900 
3. 7110 6. 300 

Sour.ce 2 

D 

1 5.110 
61. 
57. 
51 • 
.Ij 5. 
ill • 
:3 '/. 
:32. 
33. 
:33. 
3/1. 
112 •. 

~n. 

35. 

30. 
~~ 7. 
~~t) • 
47. 
41 • 

31. 
2,/. 
26. 
2 ]. 

T 

90. 
I 00. 
8(). 

100. 
I Ml. 
87. ',6. 
RO. 
92. 
r, I • 

I 00. 
103. 

9 O. 
B9. 
90. 
9 S. 

103. 
g ~:i •. 

108. 
C} O. 

10/,. 
l) O. 
90. 
95. 
9 O. 
93. 
97. 

?2. 9~~. 

20. H2. 
19. lOS. 
19. 90. 
I 5. 93 • 
15. 1)0. 
I 7. 9 ~j • 

I R • 9 6. 
12. 99. 
8. 95. 

10. B7. 
23. 90. 

7. '10. 
R. 9 O. 
5. 9 O. 
/1. 9(J. 

3. 90. 

VI 

600. 
!JOO. 

2. son. 
- 1 ~~O. 

- (-,0. 
- 110 • 

- 30. 
- 10. 
n 5. 
:)0. 
20. 
75. 
50. 
30. 

- 20. 
,- ~)O. 

- 20. 
12.. 
2 ~). 
2. 5. 
30. 

- 70. 
O. 
O. 

- ~W. 

25. 
- ~;(). 

27. 
1 5. 

. - 30. 
- 3~. 

O. 
- 270. 
- 2CJO. 

- 15 O. 
- 9 O. 
B 70. 

D. 
::)0. 

o. 
~l 1 • 

-----------------" -,----

V2 

375. 
~~OO. 

- 1150. 
- 1'20~ 

19 O. 
100. 

- 2 50. 
- 1 05. 

300. 
- Ij 5. 

-8. 
(' - ~). 

- 8 O. 
3. 

65. 
~,~ 5. 
17. 
? 5. 
'/ (J • 

- 5. 
- 70. 
- 35. 
- ~~. 

X 

27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
27. 
2 'I. 
~~ 7. 

2" • 
27. 
27. 
2 'I. 
27. 
2.., • 
?. " • 
27. 
2. 7. 
~? '7. 
2 'I. 
2 '7. 

I 

12. 6 
12. 6 
12. 6 
12. (, 
12. 6 
1 fJ.. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
1 ~~. 6 
12. 6 
12. (, 
1·2. 6 
12. 6 
I ~~. 6 
12. () 
12. () 
1 ~~. 5 
12. 5 

- ~30. 27. 11.9 
- 25. ~~7. 11.9 

70. 27. 11.2 
O. 2"1. 

- 50. 27. 
45. 2'1. 

- 55. . 27. 
27. - 27 • 

o. -2.7. 
O. 2 'I. 

-20. 27. 
- '/ O. 2'7. 

-1/,0. ~~7. 

- 30. 27. 
-220. 27. 

-So JO. 
- 30. 30. 

O. ~w. 

s~ :30. 
-16. 30. 

O. ~lO. 

I 1 • 2 
1 I • 2 
1 1 • 2 
11 d3 
I 1. 5 
1 1. 5 
1 1 • 5 
I 1. 5 
I I • 5 
I 1 • 5 
1 1. ~) 

1 I • ~ 
J 1 • I) 

1 I. B 
I I. g 
I 1 • 2 
1 1 • 2. 
1 1 • 2 
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J '~' 
J' 

APPENDIX I. 

Source 2 

N Rl 

POI O. 760 

20? 1 • :)00 

20:~ o. '750 

2 (J " 
~3. 390 

?OS ~~. 9 50 

206 2. H 50 

?07 3. ~mo 

? Of) ~. HOO 

?09 'i. ~H 0 
~~ 10 ".960 

211. 'I. 7['.0 
~) ) ? L,. ~)"O 
2 I' :~ I,. 350 

? I I, 2. H9 0 

~~ 1 5 I 
3. 350 

216 ! 3. 670 

2)7 L,. 070 

21f~ S.070 

219 5. 600 

220 t' 
~. (,30 

221 2.800 

22~) 3. ~~50 

22] 'I. 000 
22" II. 490 

??5 5. 350 

2?6 5. ~:).\~ 0 

:??7 [ .. ~IOO 
??R 6. /100 

2?9 5. ~OO 
230 /1. ROO 

231 3. 700 

232 '1.690 
23:1 c' ., . '100 

23 /1 5. 790 

2:35 1.200 

?:35 I. '61 0 

237 :;>.090 

? 3~~ ') 
f,' '110 

? :3<) 0. 750 

2 / ,0 5. )20 

~~ /I! I,. f~ l,O 

? II;~ ~:i. 1,00 

~/I] II. g ;:'0 
? II/I II. :350 

2 /,5 :1. 700 

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

l19 

RT. 

6.80 
59B. In 

? LI. 09 
<) R. 2:~ 
B 1 • 18 
21.0'7 
7 ~j. (16 
1,2. 60 

1 713 • 7 /1 

61.8(1 
I ~. Cd 
~,o. :33 
55.7:3 
6.26 

20. 1,6 
20. '/5 
11.8?' 
2 I,. 3f< 

IOO.9f-) 
31'()~) 

I /,. I :3 
1 1 • 27 
29. ,,6 
67. 75 
~n. 03 
~3 /1. ::m 

I 63. J~I 
55. 6~~ 
g)./1/1 

5 /,. 27 
? II. ~) 6 
31. 77 
Lif3. 7 II 

" I:, 

R. n 3 
'13.81 
18. 515 
I g. <) ) 

10. 7 ~) 
7.C)2 

~)? 2 /, 

:JO. /,0 
<). JF; 

13.9 /1 

SA 

134.0 
2. I 

37.0 
3 / ,. 0 
3'1. B 

1 3~)o /1 

II !:i. /1 

89.2 
2 I,. t 
1) 0.2 

30().2 
B 5. (:. 
7 J. " 

4~?O. 3 
) II ~). 6 
I Sf~. ~) 

321. 5 
1C)f).9, 

52. I, 
I 7 (). B 
20?. II 

30 I. ) 
I :3'1. 2 

66. " 
1 Ij 5. 6 
163. 3 

LID. 0 
I I ~. ~~ 

5 I. 7, 
6'.).5 

) 07.2 
t 00. f; 
B 3.1 

1 O~. 9 
R 5. 4 
'Ie,. 3 
96. " 
~,f). 1 

399. l) , 
I J 6. ::.~ 

92. LI 

;>i\ ~. 9 
) 6'7. II 
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Source 2 

N Rl R2 D 

::>'16 Ll.OOO 6.?'IO 5. 
. '2.117 ~~. n ~~ 0 ~i. 50 I) 1 1 • 
? t;H ~). 700 5.0 id) I '7. 
f-' 11'-) .~). g 1 0 I~." 9 (). ? 'I. 
? 50 ? • .(;00 'I. ;.i20:~:3. 
2:'>1 I.~',()O 2.7'::>0 6B. 
~'S~, 1.!~(!O :~.~iLIO II~~. 
?~J ?.()(1f) ll.(l70 ~n. 
~) ~) II ~). ~}. ~() 110 ~1? 0 ~? O. 
~~~)5 1.(00/1.1'10 )2. 
? ~-16 

? ~;'/ 

? ~)~ 
2 ~/) 
? (-0 
? 61 
? ()? 

~..l {,J 
:> (~ II 
265 
266 
::'67 
? 6~.{ 

? 69 
270 
? '{ I 
~ 'l? 

273 
27/1 

~~7 5 
?'l6 
~27" 
~~7g 

?79 

i?n ~~ 
r,-:; 3 
2g ,~ 
?H ~) 

?g (, 

2. I ~)O LI.750 
L,. ;:;00 6. B ~~() 
~)o?lW .7.690 
~3. L, ~)() 6. (J?' n 
:3. (, 0 (l ~J'~) 50 
3.1(10 5. ~:;50 
3.000 5. ~):)() 

J. :'00 5. (-no 
. LI ~ p~) 0 (.. 720 
3. {() 0 (,. I ',0 
Ij. (I (l 0 6. :{; 0 
Li. (: :'>0 7.:::' ~JO 
II. f; :)0 7. ':00 
~~. ~.·oo 5. n 'fO 

'" '( J(l 6. B no 
3. ~i I n f..>. I SO 
'I. 09 0 5. g 9 0 
6. I (J() 7. t) I 0 
3.1:; '/0 5. 350 
3.060 II. 1,00 
3. (~I:O ',.6:·0 
2. ()~~O 3.290 
2. (l~)O 2. n:?o 
2. : i9 [) :3. I 00 
Li. prj 0 11. g]O 
II. F;~?O 5. 600 
6. :J:'~O (,. (,90 
I • (JO() ~l. Jon 
I • 'W 0 :3."{ 00 
2. ,1,0 (J LI. JOO 
3. ~I(l() S. 100 
3. C) O() ~). ~iOO 

/J. -I () () 6. n 0 0 
~). :1(lU (" 600 
s. ','(i0 '/. 000 

O. 
5. 
6. 
3. 
0.-

1 1 • 
7. 

I. S. 

5. 
O. 
o. 

I 3. 
1 f:. 
I 6. 

I ~)o 

~~ 7. 
86. 
3 ~). 
5~! • 
f) O. 
S 4. 
32. 
~.~ '/ . 
23. 
L10. 

36. 
2') • 
? 6. 
2 5. 
~~ It. 

22. 
?O. 

fI ., • 
C) O • 
9 O. 
90. 
9 O. 
g 5. 
f) 7. 
C) 2. 
r: ~~. 
B 3. 
91. 
p, 7. 
79. 

J 01 • 
. 107. 

9 (). 
I O/J. 
120. 

9 O • 
9 1 • 
88 •. 

1 ():>o 

103. 
10( .. 
93. 
H'I. 
92. 
gB. 

I I }. 
')"1. 
87. 
') 5. 
H2. 
B 6. 
B O. 
69. 
90. 

I 01) • 
') O. 
') O. 

106. 
B .,. 

90. 
~I O. 

109. 
---_ .. _-------_._---

VI 

- 20. 
6(). 
? ~2. 

- 30. 
O. 

- 1160. 
350. 
. 135. 

35. 
- I 50. 

7 S. 
n c· 
1:. :,>. 

o. 
- 1 7. 

O. 
- 1 6. 

1 '7. 
1 5. 

O. 
10. 
o. 
I). 

- 1 5. 
- 2? 

- g. 
LjO. 

- 20. 
25. 
27. 
20. 

I 65. 
I B O. 
100. 

..:. 220. 
- 105. 

95. 
- ~)O. 

9 O. 
60. 
30. 
~30 • 

- :30. 
O. 

25. 

V2 

~~ It. 

- 115. 
- 120. 
- 100. 
~ 1 g o. 

50. 
170. 

'/ ~) . 
- 100. 

I '1~. 
I 6. 

O. 
- 30. 
- /10. 

I 5. 
O. 

. - 20. 
- 3 S. 

7. 
- 1 5. 
- ~). 

-9. 
1 3. 

- 1 7. 
I 3. 
32. 

- 2"1. 
10. 

- 'iO. 
- :., 5. 

. B O. 
I OO.~ 

- 21 o. 
-21j:h 
- 100. 

9 O. 
o. 

300. 
- 1;0. 
- "10. 
- 1j0. 

o. 
- 120. 

112. 

~) o. 

x I 

JO. 11.8 
3(). 11.B 
30. 1 1.8 
~3 () • 1 1 • P, 

30. 1 1. S 

:w. 12.6 
;.w. 12. 6 
~30. 12.6 
30. 12.6 
~.w. 12.6 
~W. 

30. 
30. 
30. 
3(,1 • 
30. 
30. 
~1O. 

30. 
29. 
:::~9 • 
29. 

~lO. 

30. 
~)O • 
~30. 

30. 
30. 
30. 
30. 
30. 
~30 • 
30. 
~30. 

~30. 

:.lO. 
30. 
~IO. 

~W. 

;w. 
3(). 
~JO. 

30. 
JO. 

12. 6 
1 ~~. (, 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
1 1.9 
1 1 • 9 
1 1 .• 9 
1 I. 2 
1 1. 2 
1 O. ~ 
10. 5 
IO.S 
10. 5 
10. 5 
10. 5 
10. 5 
10. 5 
10. 5 
I 1 • g 
1 I. g 
1 1.8 
1 I • f) 
I I. 2 
1 I • 2 
1 1 • 2 
I 1. 2 
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APPENDIX I. 

N 

2,,6 
247 
?/IR 
2/,9 
? ~O 
? :>1 
2 ~):::' 

? ~i3 
? 5/, 
?55 
? ~)(, 
257 
?~R 

? !)') I '?f..O 
? 61 , 

?M~ I 
? (,3 
? 6iJ 
2 (.~) 
26(., 

267 
2 6f~ 
? 69 
270 
? '/1 
27:--: 
27J 
27 / j 

275 
276 
277 
27)3 
? 79 
?B () 
?f~ 1 
?~) ? 
?n 3 
215,.1, 
?R ~) 

?f) 6 
?H 7 
2HG 
?g9 

290 

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

Source 2 

HI 

iI.noo 
3.02(1 
2. 7(l0 
2. B I 0 
2. li(lO 

1 • 1,00 
1.200 
f~. 000 
? 2 ~)() 
I • 600 
n 
(: . 150 
iI. 300 
5. c:OO 
3. 1/50 
~j. 000 
:3. 100 
:3. 000 
3. 300 
Ij. 250 
3. ()OO 
iI.oon 
L,. 6 ~)O 
4. E ~)O 
3. 500 
I,. 7'30 
3.9 10 
II. 090 
6. J (,0 
3. g 70 
3.060 
3. 6 / ,0 
2.020 
2.020 
2. 390 
It. OR () 

'" B ~)O 
6. 330 
1.000 
I. 700 
2. 1,00 
3.200 
3.900 I,. 700 
~)o JOO 
~). ',on 

-'--

H T 

1 s. LI! 
1'1.20 
~?1.f,1 

20.89 
2 L,. ~~ 1 
16. 36 
10.0 /, 
12.97 
12.0B 
12.?:' 

7. I, ~3 

12. 69 
2 !,. 10 
1 ~3. 9 5 

~3. ~H' 

3. 6" 
iI. '12 
9. iIiI 
f3. It) 

5.0R 
I,. C) ~) 

5. F;H 
1 I • 56 

FJ • B ~~ 
I R. 01 
1 It. g 6 
2 5. n~ 
36.3H 
~~1.~~9 

16.3G 
:36. 55 
19. H 5 
I R. 9 I 
~m. 33 

1 36. ') 6 
1,35. 1,9 
19 / ,. 14 

5. 77 
6. OJ 

1 ~). 70 
12. 13 
1 IJ. 63 

101.06 
117 • 60 
5 ~~. 5'1 

SA 

1 60. 4 
1 1 7. S 

H 7. 6 
100.3 

R 0.0 
f{ 5. B 

1 '0 I • ~) 
I 2 I • 3 
1]/lt8 

<) S. B 
199.2 
210. '/ 
)~~6.P, 

1 57.8 
5RB. :l 
5 6:~. 1 
Lil 7. B 
? 3~). 1 
3?8. B' 
I, S) • I, 
502. 3 
L:g 2. (J 

2!)/1.8 

?6 /,.7 
192.3 
IHO.6 
1 ;:0. S 
122.0 
1 50. ~ 
1 66. I, 

92. II 

9 'I. 4 
1 Q6.H 

63.9 
2f_< • .II 

~3 3. B 
32. 6 

I 11'/. 2 
??9.H 
) 1,7. 2 
;~o ~3. 2 
? 1 ?. " 

]9. ;3 
9 J. 6 
fiB. 1 
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APPENDIX 

N HI 

29 1 (,. 100 
29 ~J 6. ~wo 
~.'9 3 7. (,00 

29 'I Li. 650 
?95. f' 

,) . ~.'J ~jO 
?.96 5. B 50 

??7 (,. (, ~:.,o 
~~9 fl 7 ~:OOO 
?9 () II. "100 

~100 il. ,~~ 50 
7 ~)6 ~. i\ SO 
757 I • 150 
7 ~:,n 3. (l()0 
'7 :)<) p. I 50 ' 
760 p. t)OO 

7 (, I I • 1100. 
"l6? 2. /IOt) 

763 3. :":!so 
"76 L, :1 .. g ~10 

7 (.. S' S. 300 
766 7. 3 SO 
"'6 ., ~;. ? SO 
"7 (,f{ ~). g CiO 

769 6. (,50 
"I "/0 (,. ~~oo 
'l'l3 il. son 
"174 It. 7 ~)O 

775 3. ,WO 

I. 

Source 

HZ D T 

7. Jon t 9 • 95. 

7.900 1 B.; 90. 

}: • H 0 (l J(~. 9 O. 

6.200 21. 92. 

(,. 160 23. 92. 
t,. ~) :')0 22. 79., 

7.000 22. 9 O. 

'/. :,W 0 20. SB. 
5. '{ ~)O Po 6. <) O. 

:). (;00 2 S. 90. 

S. 400 3. R 5. 

3. 6 ~iO 6. 9 (). 

/{. :~O(l 3B. <) O. 

3. "ioo LJ? • ') O. 

2. ~)Oo 70. t 1 6. 

3.900 1 (,. <) O. 

L:. 700 21. 9 O. 

5. 'I ~'O lB. 100. 

6.~~~iO I I.,. 9 O. 

7. 300 1 I • 90. 

9. son 10. [W. 

7.2UO I 6. <J O. 

7. non 1 3. 90. 

n. 7 :,0 '12. 90. 

B.I,OO 12. <) (). 

6. (,00 I A. <J O. 

6. ~)oo 18. <) I • 

6.'200 II • 100. 

2 

VI V2 X I 

25. - 10. 30. 1 1 .8 

O. - ~~O. 30. t 1. g 

O. - 10. 30. t 1 • 8 

~ 22. 5. 30. 1 1 • 5 

20. o. 30. It. 5 

0" O. 30. t 1 • 5 ''''.'-~,~.; 

1- ... ). 

20. 20. 30. t t • ~) 

20. 00 :;0. t t • 5 

to. - 50. 30. 1 1. 5 

10. - r~ s. 30. t 1 • ~ 

- 1900. 350. 30. t 2. 6 

t 9 O. 1 110. 30'. 12. 6 

97. 6 ~). 30. 1 ?. 6 

7'-::.)0 - 70. 30. 12. 6 -''e'~-

3 ~)o. -9 O. 30. 12. 6 

1 ~~ 5. 0.. 30. 12. 6 

O. - 50. 30. 12. 6 

3~h O. 30. 12. 6 

20. - 10. ~1O. 1 l) 
L •• (, 

20. 10. ~1O. 12. 6 

10. O. 30. 12.£> 

O. - 20. 3(J • 12. 6 

O. I 5. 30. t 2. (, ..:1; 
1.+'.1 

o. - 10. JO. 1 2. 6 ~,... 

- 1 O. 20. ;w. 12. (, 

20. O. JO. I ?. 6 

I (J. - :3~. 30. 12. 6 

- 20. 20. 30. t r:. 6 

. ~ 

; I 
, I 

I 

Cf(OlJP S[VEI~ 

'( \ . 
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APPENDIX I. 

N HI 
291 6. 100 
29 ? 6. BOO 
W)3 7. 600 
29 /1 Ih 650 
29 ~) 5. 550 
29 f, 5. B ~)O 
'?27 6. 650 
?9B 7.000 
~)99 I,. 700 

300 '" 2. 50 
75(, 2.850 
757 I • 150 
7 ~:g 3.000 
7 :,<) 2. 1 50 

.760 2.000 
761' 3.900 

76? ~~. LiO 0 
76] 3.250 
764 3.13:)0 

'I 6~; 5. 300 
766 7.3S0 
7 (,"' 5.2 SO 
7 (R 5. n 00 
760 6. 650 

770 6. ~?OO 
7'11 I • ? 50 

'I "I? , 1. 600 
7'13 1.1. ~)oo 

77/1 Llv 7 :'0 
775 3. BOO 

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

RT SA 

,-,2. ~m 120.9 
II~i. 9 LI 133.2 
29. 3~~ 216. 6 
1 "I. liB ~~O 7. ~ 
26. 1 1 195. 2 
1,0. 10 1 3B. '-I 
(,a. 66 109. 6 .~ 

'r .f.~ •. ; ;: 

52. ) 9 1 3 /,. I 
'-11. 1,5 102.0 
1 (,. 53 214. L, 

36B.33 5. I 
5. 75 1 52. 7 

25.1.:6 106.9 . ", 

10.09 I B 7. L! 

24. 08 88.0 
63. /.,/, 112'.9 

6.2B 2.77.9 

9.29 24:·.2 

s. 61.1 2')9. 5 

21. I 5 1 62. 1 

21. 5'-1 220.2 

1 7. ') 5 ~20 6. 1.1 

I 7. 55 222.R 

1 6. 2B 2,
Y /2.6 

29. ",5 1 37. 6 
I,. 55 2B S. 0 

n. I 7 I B 5. 3 

1 1.85 2. biJ.. ~3 

26.20 1 32. L' 
-). 

9.87 251. 5 

' . . . ~.: . 
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d 

:1d 

Sl' 

j 

~t) 

1 
]' 

N 
301 
~W~2 

30 :3 
~H1 /1 

30 ~) 
306 
307 
~W:,:~ 

~30,) 

31 n ' 
31 ) 
31? 
~~ I J 

Rl 
O. G SO 
I. noD 
2. (,00 
~~. () ~jO 

II. rwo 
5. (, 50 
~, 2 ~}O 
/1. ?OO 

5.: 100 
2. :iOO 
1.900 
?, 'IllO 
3. :.:~S() 

31/j /'0050 
~11 5 3., ':I 00 
ale, '1,10n 
:3 1 7 /.,. 9 50 
3 J g 3 c, <) (J 0 
319· ·3.150 
3~?0 'I. <'100 
3? I (). '/00 
:-1?2 1.550 
323 ?. ~)oo 
32/, 3. ?OO 
3?'~ 'j,050 
3 ~~ (, ~). n () () 
~~27 ~). :lOO' 
:32B (:,. 600 
~?9 ~).f)~:'O 

:.1 3() :I. 750 
3~q :3. '/00 
3 :J?. /1. 1 0 0 . 

33:3 LI.fiOO 
:j 3 /1 /,. ? ~)O 
:3 3 ~i /:. /1 ~)O 

337 ~). "DO 
~.ur:: ~'. 750 
3J9 ? O~)(l 

3 / ,0 1 • 1 no 
] II 1 J. '100 
:3 I,? I • ~;OO 
:l I:] /1. Fi ~)O 

:V~ /, ?. 100 
:1 I, ~) ;.'. • ') ~)O 

H2 
3. f~OO 
/1. 1 ~)o· 
S.ooo 
6.000 
7. I SO, . 
f).000 
7. (.50 
(). (,00 
7. 500 
/1. B 50 
1,.:150 
4.500 
~). bon 
5. ,L,50 
1'.950 

'" 4 SO 
5.200 
4. MH) 
5.3no 
6.000 
~l. 050 
~j.noo 

I;. n 00 
:" ~; 50 
6. '100 
7.350 
[;. 3 ~)O 
g.900 
5. 1 ~lO 
~i. I) 00 
S. (lOO 
~). BOO 
(,. /100 
5. 600 
5. ~) 50 
::1. r~ 00 
~l. 100 
? /jO() 

I • sno 
1.000 
? 0 ~)O 
5. 000 
:3. N10 
/,. 300 

Source 3 

J) 

9. 
O. 
3. 
1 • 
1 • 

'1-
I • 
1 • 

1 ~}. 
? ~). 

25. 
2 L/o 

2H. 
33. 
2r5. 
32. 
22. 
2(). 
I 5. 
I 3. 

6. 
7. 

6. 
3. 

10. 
12. 
I 7. 
20. 
19. 
23. 
? 5. 
39. 
Ij"/ • 
6/,. 

I LIO. 

g. 
85. 
2r~ • 
1,5. 

T 
C) O. 
90. 
g L1-

89. 
9 1 • 

, 103. 
90. 

1 I 'I. 
91. 
p, 7. 
97. 
89. 

101. 
r3R. 
92. 
[3 4. 
92. 
9 O. 

106. 
SS. 
86. 
92. 
9 O. 
92. 
9 O. 
95. 
90. 
9 O. 
8[3. 
W7. 
91. 

100. 
9 O. 
9 ~l. 
9 O. 
9 O. 
g L,. 
R ~l. 
<) O. 
95. 
90. 
B 5. 
9 I • 

100. 

Vi 
1,,00. 

I ~~O. 
70. 
I 5. 
40. 

O. 
O. 

- 1 5. 
O. 

I ~). 

10. 
50. 

1 10. 
o. 

- 30. 
-? ~. 

o. 
- 1000. 

70. 
1J2. 
L,O. 

- 1 .,. 

- 130. 
- 1 :3. 
9 no. 

70. 
- 3 ~). 
- ::>0. 

. - 1 '1. 
- 35. 

O. 

o. 

O. 
100. 

-.330. 
1 7. 

- ~lO. 

50. 

V2 

250. 
- ~~20. 

O. 
- 10. 

O. 
O. 
0" 
O. 
o. 

- 57. 
- 50. 
- 3 ~;. 

o. 
O. 

LIS. 

O. 
- 3:). 
- 25. 

1200. 
20. 

- 60. 
- ~15. 

" ... 
- J:~. 

- I 10. 
r 
~ . 
• 1 

X 

30 .. 
30. 
30. 
~W. 

. ao. 
30. 
::w. 
30. 
30. 
, :lO. 
30. 
:30. 
30. 

I 

) 2. 6 
12. 6 
12. 6 
12. 6 
12. 6 
12. 6 
I? 6 
I:.?. 6 
1 2. 6 
12. 6 
12. 6 
12. 6 
12. 6 

:lO. 12. 6 
30. 12.6 
30. 12. 6 
·~W. lC.6 
~W. 12.6 
30. 12.6 
30. 12.6 
30. 12.6 
~W. 12. (, 
30. 12.6 
30. 1 2. 6 
~lO. 12. (, 
;)[l. 12.6 
~W" a 13. 
:-30. 1 2. 6 

130(). 30. 12.6 
12. :w. 12.6 

-10. .30. 1 ~~. 6 
-lB. 30. 12.6 

30. 30. 12.6 
17.· 30. 1~~.6 

. O. 30 • 1 ~2. 6 
- "5. ~l 0 • 1 ~2. 6 
-30. 30. 12.,6 

30. 1 ~~. 6 
:30. 12.6 
30;0 1<3; , 

- 8 0 • :30 • 1 2. 6 
I O. :w. 1 2. 6 

:-~15. 30. 1~~.6 
o . 3 () • J ::~. 6 

---_._-_-._--------_ .... _._---------Gf{OUf> S[VE!'l 
\ 
I 
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r' . -.~ ~ 

; 

".i 

I " ',l , 
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I t' ~ , 
1 

I ~ 
r) 
I 
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APPENDIX I. 

Source 

N Rl 

30] 0.850 
:W~: ]. BOO 

303 2. ()on 
304 3. 6 ~)() 

30~ 4. noo 
306 5. 650 
~W7 5. 2 ~o 
30~ 'I. 200 
309 5. 100 
:310 2. ~)OO 

~q I 1.900 
:{ 1 ~ 2. 700 
313 3.250 
31 /, 4. 0 ~'O 
315 3.900 
316 4. 100 
317 11- 9 50 
31B :3. <) 00 
319 3. 150 
~1~~O fje /100 

~l21 O. "/00 
3~~2 1 • 550 
323 2. 500 
32 /, 3.200 
32 :, /1.050 
326 5. (lOO 
327 5. 300 
:j?n f:.. (,00 

329 2. f3 50 
330 3.750 
331 3. 700 
332 II. 100 
333 L,. 600 
~~3 I, 'I. 250 
337 3. 700 
33~) 2. 7'~)O 

339 2.0:,0 
3040 1 • 100 
~~ It) 1.000 
3LI2 ) • ~iOO 

3L!3 1,.1350 
:3 II Ij ~. 100 
J/15 2.9 so 

5') 

3 

RT SA 

]8.3 /, 36. B 
1 6. 6/, "' 5. ~) 
10. g 3 15f~.~3 

6. 39 3 SS. 1 
27. WI 103. 1 

~ ~. 

B.07 318. ] 

f3. 69 19 O. 6 
I ~l. 31 101. K 

<). 1,2 216. 5 , 
S. L,3 1,60. 0 ! ; 

1 3. (,6 239.9 
~~ 3. 5:~ 1 '17. 6 
:,6. g I 'l3.0 

39.06 127.9 
I :j. 92 27;~.2 

l?.O() 190,9 
I 5. ~) ~ :::~ 1 g. 2 
13. <) 0 111 • II 

I 1.97 9 I,. 1 

10. 57 I 57.0 
If). 29 I 1 3. 0 -, 
2 I,. 0<) 1 ().~. :j 

30.98 97. B 

22. 31 1 7';.~. 5 
~IOO. II? ()o 3 

26.96 9 1 • ~~ 
13. <) Ii 185. a 
1/10 gO 205. 5 
~'.6. ~30 1 37.8 
?~~. 02 I 56.£' 
1 ~). B ) 236. 5 

5. 1 I; :) so 0 1 
5. f) 5 36'1. (;, .. 

) <). 37 (J:3. 7 1 

. \ " 

. " 

I 1 • 6 ~5 I 110. 1 
I ~). '7 J 31 1.2 1 oc--~'-

?O" /11 9 LI. 2 
1 I • .110 21fl.O 

: I 

I 
I 
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'n ;: 
tj ·1 . 

. ',' 
.( .. 

: ," 

~] '!,"', 

\ )'. 

J,

' {~: 
" ' 

" . 

J',!, 
, , 

J0 
J:' 

N 

J II (, 

3 /17 
3'11~ 
3 / i9 
~~ 50 

351 
:3 ~)2 ; 
::l5:~ 

~5 ~) /, 

355 
~-l5(, 

:3!) 7 
3~i8 

3~9 

360 
:3 t- t 
:) 63 
36" 
3 () 5 
~~6 6 
367 
3 Os 

I\PPENDIX 

HI 
3. llO 0 
3. ~!.~iO 
2. !)?O 
t.6S0 
2. JOO 

3.900 
3. ~~::~o 
5. I} ~')o 
6. '130 
6. ~no 
,-
_10 (,()O 

7. -, !,O 

'I. :120 
II. /JOO 
::{. 200 , 
S. JOO 
I,. li(lO 

~" ()SO 
(' 
:>. "ion 
3. ~;~ ~)O 

' :1. (, ~)() 

II. 200 

I. 

H2 D 

'I. ?OO 35. 
3. 370 4 ~3. 
II. ~)O(l 31. 

3. 5~~ 0 33. 

3. 560 ,,0. 
1,.370 3~~. 

3.850 38. 

7. '170 1 5. 

8.3?0 1 1./. 

R. :300 1 1. 
7. '1 ~iO 9. 

9. 1.1 SO 6. 

6. t!3 0 1 • 

6.750 I-{. 

,-
::J. 550 2. 
6. "{oo t 'I. 

5. 350 2 !). 

5.900 2 /1. 

!). 950 2/1. 

5. ~:'50 n. 
5. gOO 1 rJ.. 
6. 500 7. 

Source 3 

T Vi V2 
1 Of?. 30. - 'JO' 

1 to. 5. fS O. 

9 O. - 65. 55. 

90. - 1100. o. 
96. -950. 1000. 

90. - 22. 'J 5. 

85. - 10. - 65; 

90. - 5. - 10.' 

<) o. - I 5. s. 
£3 ~J. 1 5. o. 

107. 30.' O. 

8 '7. - 60. 80'-

90. - I ~}. - 55~ 

gs. - 25. - 30'-

90., - L,O. - 75. 

S' ' (h O. O. 

fW. t 5. - 27. 

9 S. 20. - 22. 

93. 1 O. t 3. 

9 O. O. ~lO • 

94. 1 3. 20. 

92. - 20. " - :>. 

X I 
30. 12'- 6 
30. t ~~. 6 
30. 12. () 

30. U~· 6 

30. 12. 6 

30. 13. 
~H). 13. 
30'- I 3. 
~jO. ) 3. 
30. t ~$. 
~10; t a; 
30'- 13'-
~)O • I ~l. 
30'- 13: 
:30'- 13. 

30. t 2. 6 
~W. I ~!. 6 

30. , 12. 6 
:30. 12. 6 
30. t :!. {, 

30. t p. (. 

30. t ~~. 6 
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N 
3//6 
31J7 
048 
3 Li9 
3 ~)O 

351 
3S2 
3:,3 
354 
~{5 5 
356 
357 
3 ~)r, 
3:-;9 
3(,Q 
~ / '"' , .. ' t) J 

3(·/! 
"', I'.. r' 
\.) \) ... l 

366 
') , .', 
0(' I 

36~{ 

Source 3 
Rl RT 

3. L:OO t 4. 76 
3.250 21 • 52 ,., 520 12. ~:, '7 c., 

1 • 650 59.9(:, 
2. 100 125. 6/.1 

3. <) 00 23. B I.j 

3. 320, t 9. :1'-
'" :J 

5.950 1 c 
.10 63 

6. 730 31 • 7 L' 
6. :.~ 30 ~~? ~ f,3 

5. 600 ~33, 25 

7. 750 302.')9 
.Ii- 320 3 /J, ~!II 

/1. I!OO 21 • :n 
3. 200 2 i • (:<1, 

LI. /:CO 21 • ~q 
5.050 27. ~ () 

5. /:00 19', J I 
3. ~~ 50 7.9(> 
~~. (;, ~)O 8, 7~? 
I:. ;::' Cl (I 10.· :36 

----------------

---'---------

SA 

~~2 I. 5 
1 ~)3. 2 
1 (d. 1 
22. (I 

I 4. 5 
I 63. I.j 

t 72. 3 
279.9 
1 Sf;. S 
1 g 3. 3 
1 0 ~i. t-

-' 
I s. LI 

7 /~. 3 
125.8 

') I.j. 0 

1 F: L!. g 

1 69.0 
2"7 ~i. 9 
263.2 
2"75. 1 
253.2 

"'.I!<L~ 
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j , (. (, I) 
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I :,':1 ~). j (II) ~i. ~:)/,() 

I (- i) /" :\1'(\ ;-:-', (/ i () 
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I C? /" :nn ~l, (,'; (J 

j (-:3 .'" /, () n I:. (I~' () 

Source II 
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::~ ] . 
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~., (~. 
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I () . 
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:l .. 

(le, 
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1, 
O • 
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[lot 

7. 
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" . ,. 
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'/: ~ . 
f) ( .. 
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f) (), 

() 'I. 
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iI I • 
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) I? 

F, 7, 
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9 O. 
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() (l. 

SIC). 
9 O. 
() O. 
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9l). 
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2 ~)OOt1. 

1 ;.,~no. 
:l ~;() . 
~·)O(), 

) '/0. 
~~ 1 o. 

() 0; 
1~) ~)n, 
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/:'iO. 
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.. '/ ~'D. 

( ~j t 
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- ~)/(). 
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- 'I ~n. 
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:?u. 

V2 
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I dO, 
- /!OO. 
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.. ~ g ~O ~ 
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:300(J() .. 
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i 00" 
.. J(j. 

-11'10. 
_. :.) (J ( ) (j • 

- II no. 

- I (.CJ" 

-()O. 

(,(l. 
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I") ,-) " 

-. Co. r .. l)(Io 

... ~)" 

.. 9 ~J. 

•. 9 ~:: • 
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~3U • 
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:\0. 
~)() . 
:~o .. 
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:)0. 
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0. 
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~lO. 
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~in " 
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J\PPENDIX I. 

N 

t () 1 
1 ()~? 
103 
10 /4 

l()~ 

10(, 
IO'! 
J I I 
I I ~) 
I 1 :3 
114 
ItS 
I 1(-' 
I I " 
IIR 
119 
I?O 
I ? 1 
1'2? 
) ?'::-i 
I ?LI 
1 2~) 

151 
152 
I 5:.~ 
I 5L/ 
I 5~) I 

1 56 
I ~)., 

, 1 58 
I ~)9 
t 60 
t 61 
I 62 
) 63 
164 

Source 4 

HI 1M SA 

O. ~()O 1 1,0. 78 3.0 

I. B 40 I 6P. ~l() 7.9 

~? 100 83.8/1 lB. S 

2. /,00 9~).B? 20. 3 

2.870 1~~7.75 18. " 

3. S ~)O 171. J B I 6. 2 '.0,' . 

- 4. I r.~O ] 26. BO 23.9 
1. 500 79. B 1 13.0 
I • 4f~ 0 B :3. g 6 1 ~~. B 
1.8 LIO 1'27.(d 10.9 

2. SGO 1:37.I~1 I ~i. 3 

3. t ,'0 190.74 t 3. B 
'" 

'I. 090 1136. GO 17.9 
- 110990 '261 • 70 I 6. 7 

5. /160- I 5 S. <) 6 :1 S. 1 
II. 570 I 70~ 70 .24. I 
0.5HO 2H).BB 1. 7 

:3. 320 6B. L,O :30. I 
II. L! ~jO 29 Ll<). I II 0.9 
5.2)0 189/;.:33 I • 6 
5.750 Ig6.H~~ I 7. 6 
2. 5 ~\O I 78.97 9.0 

0.720 19.23 29. 7 

I. bOO t 1J3. 114 7. 7 

2. ~~LIO I 6g. 69 8. 7 

IJ. 0 L;() ,466. <) 2 5. P 

'I • ., 50 I ~) 5. 59 17.9 

5.890 186. LIO 18. t 

3.260 171. 57 1 I • ., 

2. 730 1617.9S I. I 

3. 5,,0 I 10.139 22.0 
'I. 

2.910 225. 19 9. 5 

3.0 LIO 3S.35 73. 6 

3. 680 ifS ~. 3 ~ I [). IJ 

4.090 9 O. 1;/4 1J5.2 r' 
. " " '. 

4. 580 1 ) 3. 71 40. (, o. ~::' ". 

, 
: I 
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N 
501 
502 
503 
50~ 

~,OS 

~)[) 6 

~iO" -
~)Of~ 

~n9 

~) I n 
511 
51? 
5(13 

51 L, 

515 
~d 6 
517 
SIB 
519 
~)~)O 

S?I 
50') .... (. (~ 

~?3 

sr L, 
'~f) l· 
.. ) r~ • • J 

~)~? 6 

CO. 1"\1"'1 
• J ........ ) 

~):-::() 

~JO 

~<~ I 
5 :-l~~ 
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3.-1 SO 
/j. 100 
~). I :)0 
S. 900 
I.h nno 
Llo 5S0 
~). ';0 () 

:~. (00 
II. 1100 
? ~A)O 

1. () 00 
~'. ~~ ~)O 

2. j 00 

I;. ::<CIO 
~). ? SO 

- ~l. ~)OO -
6. /!SO 
6. 1 SO 
(,. (, ~i() 

6. 100 
1_. ()(l() 

O. -, ::,0 

I • U)O 
? I so 
!="l. '; no 
:3. ::' ~)O 

~3. "' ~)() 
?. ~,()O 
~. 150 
1 • -, ~)O 

/1. ~ino 

I,. ;~ ~~ (I 

5 :3 :~ I:. 1 0 0 
5311 3. I) ~:,O , 

_535 ~~. 0)0 
536 
:.) 3" 

~j3,) 

~1J(1 

~:, Ll1 

5/1? 
S 1,:3 
~iLVI 

~) /, :) 

L,. /.<10 
S. :wo 
(,. ~-)~) () 

7,()()O 

-7. (00 
( •• I-:<"() 

"I. ,:',()O 

6.;; 00 
6. \} on 
Li.~;O() 

R2 
4. gOO 
5. () 50 
6. ::-~ ~;() 

6. (,00 
S. HOC) 
6. MJO 
"I. B ~)O 

4. n no 
5. liDO 
/1. OOD 
::-:~. 'to (l 
2. ('~IO 
3. Ion 
5.8 ~)O 
6. ~oo 
6. i!(lO 
7.000 
6. /1 ~;o 

6. «·0 
(,. /.,00 
1 • (,00 
~3. non 
]. ~;()(l 

IJ. J 50 
L1.900 
5. ~i()O 
(). (JOO 

~. ~i()O 

I,. 600 

/1. ::-~oo 

~:'. ~)OO 

If. 7 () 0 
II. 100 

"I. 700 
"1.050 
:,. 600 
f,. :1 so 
~f. ~)(l 0 

ri • ~,~) 0 
n.90(l 
t).OC'O 
7. L!(l(l 

7.200 
.,. "i 0 0 
~i. 600 

----------------

D 
P.fS. 
23. 
~~ ~~. 

19. 
1 LI. 

I I • 
1 6. 
?n v 

3 "I. 
62. 
(,0. 

~2. 

?;) • 

2? 
2 ~l. 
2~. 

1 ~)o. 
II? • 

?2. 
1 I,. 
I 2. 
U). 

5. 
3. 

29. 
31 • 
3~. 

:3 ~1. 

26. 

20. 
I (). 
1 ~). 
u O. 
?O. 
?o. 
1<). 
26. 

Sour.ce 5 

T 
J 22. 
B 5. 
<J 'I. 
B 6. 
80. 
90. 
9 O. 
90. 
g 6. 
93. 

1 o/~. 
9 O. 
9 O. 

9 'I. 
BC). 
92. 

9 ~l. 
90. 
90. 
90. 
90 • 
9 O. 
9 O. 
9 O. 
90. 
9 O. 
9 O • 
90. 
e; o. 
90. 
n 3. 
96. 
1'38. 
8B. 
()() . 
91"3. 
90. 

10/,. 
1 10. 
- ~.?o. 

h9. 
89. 

1 1 3. 
109. 

(;-(. 

"J 

VI 
1 ~)O. 

/10. 
20. 
10. 
20. 
~~o . 
1 5. 

- 105. 
O. 

19 O. 
- 600. 

gOO. 
ROO. 

160. 
- B O. 
- 70. 

- 1 7 ~). 

1 (J. 

21on. 
- ~~20(). 

-90G. 
- 2 / :0. 
- ~~ 70. 

- L15. 
- 1 (,~i. 

1 Lj~). 
-~~lO. 

-Ano. 

60. 
<) (J. 

- '7 S. 
-10~). 

- 25. 
J O. 

(l. 

- O. 
J 3. 
o. 

If). 
8 . 

- 20. 

V2 

/j5. 

- 45; 
O. 
O. 

-BO. 

'7 1 5.' 
IJO. 
35.­

- !::>5. 
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I 50. 
<; O. 

200. 
20. 
() I­
e. ;_h 

20. 
- 50. 

10. 
- 20. 

- i 600. 
- sao. 
- :.()O. 
- 210. 
- 1 i~O. 
~~W. 

- 17. 
L,K O. 

-180. 
~B O. 
- ::-~O. 

- ?S. 

- 3S; 
O. 

- /jO. 

- 35. 
- J g. 
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10. 

- I D. 
- 1 I,. 

3 ~. 

X 
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~W. 

~W. 

~30 • 
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3D. 
30.-
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30. 
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;30. 
30'-
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30. 
:30. 
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30. 
30. 
~W. 

~30 • 
JO. 
30; 
~io. 

~1O. 
30. 
~lO. 

~30 • 
~lO. 
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~W~: 

~30. 

~30. 

:3 (). 
3D. 
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:lO. 
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:30. 
]0. 
:30. 
~W. 

I 
12.- 6 
12~- 6 
1 r~. 6 
J ~~. 6 
1 f~. 6 
12; 6 
12; 6 
12. 6 
12. (, 
12. 6 
I 1.2 
1 1 • 2 
I 1.2 
1 t • ~? 
I I • 2 
11" 2 
1 1 • ~~ 

I 1. 2 
I 1. 2 
1 1. 2 
1 1.2 
1 1.2 
I I • 2 
I I. 2 
I I • 2 
I I ~-

I 1'-
I 1.2 

I I" 
I 1 • 2 
1 ::>.. tJ 
12.6 
12. 6 
1 ?. 6 
1 ~~. 6 
12;6 
12. 6 
1 ~~. 6 
1 ?. 6 
12. 6 
0.0 

11.2 
I 1. 2 
1 1.2 
I I • 2 
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] 1 , 
Source 5 ~-.• J . . ~ 

,~ 

N IU RT SA 

J 501 3. I 50 52. <) 3 '17. 6 
~)O2 /./ ~ 100 31. '/7 10 J. S 
~)O ~l 5. I SO 19.P5 23//. 3 

~ 
SO Lj 5. <) 00 1 L/. 67 3S?.0 
505 .tlo 000 LjO. 5:1 71 • L/ 

SO (, 1/. ~)50 27.E9 109. 7 
.. ' 

] 
~')O 7 5.700 2~l.27 I ~)B. Lj 

~)Og 3. (,00 i.'f9 • S' 7 5) • 6 
:)()9 .t,. "'100 21.8) 113 L/. 6 

~1 
~j) 0 2. ~'jOO 27.92 77. 1-
~) 1 I 1.900 ~l~~9 • in (,. a 
5) ~1' ~). :l50 92.20 26. 5 
50 :1 f.~ • 100 H?.61f ~) ~). 0 '~ 

"," 

~o 51 // 4.300 129. 1 6 2 (,. 0 
5] .' 5. 2 ~)O ) 78. 52 ~J. //. 9 ,* 

,) 

~')I (, c' 
;;). 500 ) 09. ] 1 1/6. 2 

;1 _ ' 51 '/ 6. Lj 50 I 119. 73 L12.2 

1" 5PJ (). 150 33//. 39 18. L/ . 

519 6. IS 50 58. 'J" 1 1 a. <) 

] 
520 6. 100 3f>. 'J /) 1 5').8 

') 521 I.ono 36. 55 ;j I • 8 
5~2 O. '/50 2 L,.g/, 2 IS. ;,{ 
523 ] . 600 S 7. 118 ' 23. 6 

1 :,? I, 2. 150 35. IH L,:-j • 2 
~;2 5 P. noo (,] . I I 33. 4 

~.J 

"';1 
~)? (, 3. ~') 50 I 57. ~)9 I .]. <) 

J 
5~? 7 3. 7 ~)() 69.9/) a~ .. ~~ 
~-)~,n i!. ?O 0 5K. /10 ?'1.0 

5?9 2. ) ~)O ;lO. /'9 /jf~ • ~1 

~<)() ) . 7S0 ~l3. B S 36. c' 

J 
;;) 

531 Ii. 500 I 5. 71 277. J 
5;12 //. 250 3/,. 37 123.8 
5:3] 4. 100 28. 63 11J3.2 

] 53 /1 3.950 /)~) . 32 8.{f. 7 
~] 5 3. 600 26.89 1 :3 ~). :3 

: ~ I," 
".f,', 536 L,. .<:'!OO 66.27' 57. 7 

] 1 ' 5;~ '/ ,- 300 LI'7. 8 5 <) 8. Lj .) . 
" 

I, ~)Ji3 G. sso 313 • ?O I (' r- I ',',~,,;, ;) ,). 
I, 

5~N 7.000 go. 1 5 71.0 
": ~' .i! ~ :. I' ~)IIO '7. C;O () 29. 10 20<).9 .. . :t·, l' ~ .',\ ~i/ll 6. (, ~iO ". 
If;'·~ 

, .. 
~)/12 7. L,OO 73. '0 c- 100.2 

'5/1J 6. gOO ~)?~ 07 I ::!9. 3 , 
~;/I /1 (,.900 35. 79 I 7H. 6 I ' , 
~i/l ~ ,). f100 ~l J. :3 Lj I J ~). 1/ 
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N IU 

5/d\ 5. 7()O 

S'.7 ~,;. flOO 
~) I.,f{ 5. :iOO 

5iJ9 I,. 'Ion 
:;S(l iI. L,OO 
5~) 1 . /.j. 900 
5 5~~ !.I. flO 0 
~) ~i3 ~~.900 

~5LI n 
r~ . .... 100 

S5~i ~~~ ~WO 

556 I • ~~OO 
557 3. 600 

< 

:;55 II. noo 
559 I,. ROO 
5(,0 5. ~~OO 
5f>l 1. ~wo 
S(,:? 1. 000 
5(,3 O.f~::\O 

5(~4 1. 9 no 
5 (,5 6. c: no 

567 ? (,00 
S fog 3.?(JO 
5 (,<) :3. 200 
S-/O 5. 300 
571 I,. " 00 
57'? ~). 700 
573 6.noo 
~,7LI ; (,. 100 
575 ~). 1/00 

576 11. 70n 
577 I~. ~)no 

57!1 :3. ;:~ ::'0 
',,579 J. 2 SO 

I • 

HZ D 

(,. 000 2/,. 
6. 600 ~~ 1 • 

6. 100 ::~ iI. 
5. 100 29. 
5.900 r) ') 

~, ..• 
6. /100 f-:O. 

7.000 ) 9. 
LI.600 30. 
~l. 8 (10 33. 
/.1. 100 :~ 6. 
3.POn /,9. 

6. tOO '/ . 
6. 500 2. 
.,. 300 1 • 
7. '/00 3. 
/.1.200 I 1 • 
3.000 ~,3. 

3. lOa /.10. 
::io gOO ~j ~'). 

8. 100 I (,. 

/.!.gOO 19. 
3. gOO ~O. 

Il.900 ~~B • 
5. gOO ~~ 6. 
s.ono 29. 
f). 200 L,. 

g. 1,00 'I. 
f). (,00 1 • 
76900 O. 
7.200 4. 
6.800 9. 
5. 700 3. 
5. 700 3. 

Source 5 

T VI V2 X I 

1 18. - LIO.' 32. 30. 1 1" 2 

92. 25. 0; 30. 1 1 • ~~ 

93. 23. - 1 2~' ~1O. 1 1 • 2 

89. 60. - 225. 30. 1 I " 2 

79. 125. 80. 30. t 1" 2 

105. - 22. - 30. 30. 1 1. 2 

8 iI. - 22. ,0. '30. 1 I .' 2 
' .<'~; : 

103. ~~ 10. -90, 3D; 1 1. 2 

8H. - I 5. LlOO. ~W. I 1" 2 
9 ,- - 19 O. - 115.' 30'- 1 ); 2 

;:>. 

B 6. 620. - 1 30. 30; I 1 • 2 

95. -,80. 1 ~'. 5. :30; 1 1. 2 

85. - 60. 20. 30; t 1 .' 2 

B 7. - 130. 30; ~W. 1 1. 2 

9 O. - 43. 70. 30. t I • 2 "'!' 

80. - 370. - 350.: :30. I 1. 2 

9 O. . 3100. 1050. :,30. I 1. 2 

90. 3/100. 2250. :30. 1 1.2 

9 O. 370. I 70. ~30. I 1.2 

9[' I 5. O. 30. 1 t;2 ;:>. 

' 139. 37. ~ 1 62. 30. It. 

9 O. III O. 140. 30. t I .' 2 

93. - <) 5. 2f) 5. 30. I 1. 2 

1 1 1 • 85. - 95. 30; 1 1 • 2 .T • 

90. - 190. 285. 30. 11.2 "~",,. 

B 5. - ? rr. 25. ~30. I 1 • 2 

100. 40. /10. ~lO. 1 I • 2 

9 O. 30. 25. 30. 1 1 • 2 

96. 100. 0" 30. 1 1 • 2 

93. O. - 1110. 30. 1 1 • 2 

9 I • 65. - '70. 30. 11.2 

Fe - ~~8 O. LIDO; ~lO" I 1 • \ 
J ;). 

8 ,-::> • - 28 O. /.jOO. 30. 1 1. 2 

'. ' 

, .:. 
;, ',' 
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,j'; 

Source 5 

N In 
5/16 5. 700 
5/17 S. fWO 
S/1~1 

.-
;:). ~100 

5/19 II. 700 
5S0 LI. 1100 
5~:i I 110 <) 00 
~) ~'I:~ 5. 600 
S5:l }~. 900 
55.!1 f) 

c.. 100 
5~) S 2. BOO 
556 ) . 1,00 
5 ~-J7 3. 600 
r. l" ,.' 
.) ~I;:) LI. 000 
~) ~O, !logOO 

560 ~). 200 
~j (d 1. gOO 
S(,? ).000 
:i (,:3 o. f3 50 
~) (, ,'I 1.900 
:) (-,5 6.800 
567 2. 600 
S (.~~ 3.200 
5(,9 3.200 
570 5. 300 
S'I I II. <) 00 
57? 5. 700 
:)7 ~l 6.000 
~) 7 II G. 100 
~,'I 5 5. /j00 
576 'I. 700 
577 'I. 500 
S7B 3.000 
~~79 3.250 

6 'J . ) 

RT 

63.91 
110.06 
3 110 38 

199. LiO 
9 /1. 31 
39. 51 
~>'9 • 07 
/j9. ? (, 
42. ~:~g 
1,3. 02 
~? 6. 6LI 
~)2. g H 
31. 36 

102. Sf> 
7(,. '27 
34. 67 
65.?2 
sa • ~~ '{ 
3::.~.97 

] 4. 58 
28.94 

1 ~~'fI • ~) (, 

S 6. 6/1 

130.2 t 
~n 3. 1 7 
LI~).07 

B 4. () 1 
5 /~. 56 

102. S 3 
1 () O. 53 

62.80 
<: (; ~ 

1 119. 19 

SA 

89. c· 
;:) 

133. 5 
1 ~)~). 3 
23. 6 
36.n 
96. 7 

1 S3. l3 
117. 

,-
:J 

L!1.8 
57. ~) 

46. 6 
L,3. 7 
79.1 
28. :) 
/Jl. 0 
37 •. 0 
1 3d1 
l. 2. !; 
115. 4 

1 57. 3 
63.9 
25.0 
29. 5 
110. 3 
I 5.8 
75. <) 

113. () 

65. 5 
31.2 
28. 6 
/15. 3 

13.9 

GROUP SEVEN 

, ',' ~. ,: " 

'. 

'. " :r 
,,~' " , 

,:. ; 

I 
;1 
I 

i 
. : . 



I 
' '. 

" ,: , 

1 
i 
l' 

J ) 

1 ' 

I> 
I' 

) 
,,,,> 

1\ PPENOI X I. 

N rn H2 

GO 1 o. <) 00 3. 300 
U)2 1. I!OO ~3. f;:00 
603 2. 6 00 4.250 
6n~ 2.~no 4.550 
(,0 5 ~,. ~~ ~;O 'I. 9 ~)O 
(.06 3. Bno ~). 1 ~iO 
607 3. 600 4. [00 
60R 3.650 4.250 
609 9.200 4.250 
(,10 II. ;'''00 I,. son 
(JI 1 5. 000 'I. 300 
612 5.050 7.300 
613 5.200 i.250 
{;I II 'I. fWO' 6. 700 
6 J 5 'I.? :J 0 6. I 00 
(,16 '1> 150 5. 700 
617 3.1$00 ~).250 

(, IfJ 3. ~)oo 'I. gOO 
(,19' 3.ISO LI.950 
()~>. 0' 2. '/ SO 
621 3.~i50 
M~2 3. / {IO 

'10 H 00 
4. GOO 
3. 700 

(,~~ 3 
6?/1 
625 
6~~ () 
6~~ 7 
628 
(,29 
(,:30 
6~11 

632 
633 

,634 
6:l5 
63 (, 
637 
63f:; 
()3'7 

6 LJ O 
6.:'11 
6/j~J 

(,/<J 
(,i,/l 

()/IS 

~l. 200 3. :)00 
II. sao ~). 300 
/i. '7:'0 II. <) 50 
~). () ~)O s. 250 
~). non 6.100 
6. ~) :·0 7. 200 
('.')00 7.fWO 
6.900 H.OOO 
2. 5~.0 II. 700 
2. '/00 5. 000 
3. () ~'O 5. :100 
3.700 5.900 
I!. :?OO 6. JOO 
/1. 350 6. 650 
r~. ~~ 00 :3 • .'100 

<J. 050 :3. /!OO 
2. 1,00 3.700 
~).]L1() Ij.250 
( •• )007.150 
~). ~) ~i () (,. :'j 0 0 
~). ,:l() 0 6. () 50 
(" 1 00 ().20D 
/~. 200 5.200 

Source 6 

D 

O. 
J ) • 
~l,. 

1 3. 
26. 
::~ 6. 
32. 
311. 
3 :3. 
32. 

I 5. 
1 7. 
r~2. 

~? .t~" 
0' 
r" b. 

2 ~,~ 
26. 
32. 
/10. 
/12. 

26. 
~~f3 , 
27. 
? 3. 
1 <) • 

1 7. 
1 '1. 
1 7. 
9. 
9. 
9. 

10· 
<) • 

"13. 
II ~. 

/iO. 

35. 
19. 
20. 

T 

90. 
90. 
9 O. 
90. 
90. 
90. 
9 O. 
Bf), 

90. 
1 lB. 

fS 9,' 
90. 
9 O. 
90. ' 

1 o~). 
<) O. 
90. 
87. 
9 O. 
90. 
9 O. 
90'." 
92. 
90. 
90. 
9 O. 
90. 
95. 
96. 

100.' 
90. 
90. 
92. 
90. 
9 O. 
90. 
13 O. 
90. 
95. 
90. 
9 O. 
8 LI. 

90. 
') O. 
9 O. 

Vi 

3200. 
8 (W; 

105. 
60. 

70. 
9 (). 
~,() . 
M~. 

- LiD. 

- 12.' 
- 1 (). 

- 12 S. 
'- 33. 

30. 
- 100. 

1 40. 
1 50. 
100; 
1 LJO. 
240. 

60. 
10. 
'10. 
0; 

25~ 

(). 

O. 
120. 

. -!i0. 
- 1 65.' 

- LIO. 

- 50. 
- 70'-
370. 

'- 200.' 
310. 

HO. 
O. 
O. 

35. 
O. 

- t) O. 

V2 

- 650'-
120; 

-100'-
50. 

- 40.' 
50.' 

- 55. 
. 70.' 

-90'-
- 55; 

20'­
- 1 .,~' 

25.' 
:35. 

-r:; 0'-
9Q'­

- I :)0. 
- L,GO; 

- 6',; 
-2 SO.' 

- 1 5; 
lao; 

30'­
O. 

- so; 

- 25. 
- 10; 
- 30~ 

- 1 5. 
- 750; 
'- 700; 

- 65.-
1904' 

5r~0.' 

- 250. 
210,' 
-80. 
- 2 5. 

o. 
o. 
o. 

I X 
13; 30; 0 
13; 30; 0 
J 3; 30.' 0 
1 3; 30. 0 
13; ~30;O 
13; 30;0 
13'- 30;0 
13, ~W.O 

13.' ~30"0 
l~~.' 30.0 
13; 30; 0 
13; :30;0 
13. ~HJ.'O 

1:3; 30.0. 
13; 30; 0 
13. 30;0 
1 ~5;, :3 0.' () 
I :1.' :30.' 0 
I J. 30; 0 
1 3; 30; 0 
) 3.' 30; 0 
13; 30; 0 
13.' 30; 0 
J ;3. 30; 0 
I 3; 30; 0 
1 J.' 30. 0 
I]; 30.' 0 
13; 30.'0 
I 3. 30; 0 
1 ~h' :30. 0 
I 3. 30; 0 
1:3,' 30;0 
13. 30; 0 
13; 30; 0 
1~~; 30;0 
1:3;,30;0 
I :1.' 30; 0 
13; 30; 0 
J 3; 30. [) 
13; 30; 0 
13. :10.0 
13. :30.0 
I :1. 30. 0 
13; 30; 0 
1 ].' 30. () 
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APPENDIX I. 

N IU H2 
6~6 3.000 4.400 
6L,'I 4.550 6.250 
64R 4.ROO 6.~00 
649 5.200 6.250 
650 ~). 450 6. ~~50 
651 ?.:3 50 ?,. 350 
65? 2.050 2.600 
653 1.100 3.200 
65/, 1. 700 3. 7~)O 
655 2.000 4.300 
656 2.900 5.200 
(,57 1.950 1/.:300 
6 s.g 1 • g ~)O /1. 1 0 (l 
(-, ~i9 ~1.~) ~)O 5. g 50 
660 ~.~on 6.550 
(-, 6 I '[1, f; ~) 0 
6t,2 I • 300 
663" O.:~ ~)O 

66// O. (,OO 
(,(,5 I. SOO 
66 6 ~). 1,50 
6673.100 
(,ai 3. ~~OO 
669 /1. 6 SO 
670 6.000 
671 C.750 
672 ~).'{50 

6733.950 
674 ~3. ~i 50 
67 5 ~{. 000 
676 3. 750 
(,77 i!.OOO 
67f7, II. 700 
679 I. Jon 
6F~ 0 I • ? SO 
O)I,()'<)()O 

(,g 2 () • g ~)O 

U,)3 ?ooo 
034 ??OO 
bF) 5 ~y. 7 () 0 
(~i() ?U/IO 
0:7 I. (,Oc) 
({W 2. 700 

7. ~:~OO 
3. (,flO 
2. 7 ~iO 
2. 11 ~)n 
3. ~)50 
Ij.200 
I:. '(Of) 

5./j::.O 
6. I! ~)O 

7. fH)O 
n. ~)O 0 
'{. 700 
Lt. 1 50 
3. 8 ~iO 
/.1. 000 
Lt.900 
~. 30n 
(" ?O 0 
I • /) SO 
1.8()0 
i2. :lOO 
2. '/00 
II. 3 ~)O 

'10 son 
I,. 750 
3 • .l,DO 
2. 7~)0 
:~. 700 

D 

31. 
lB. 
~n. 

20. 
22. 
60. 
61 • 
46. 

7. 

1 I • 
~.\ . 
o. 
o. 
5. 
2. 

33. 
29. 
29. 
2 S. 
23. 
1 6. 
12. 
10. 

2.' 
33. 
38. 
36. 
~7 • 
25. 
19. 

t I <j • 

103. 
R 5. 

5. 
R. 

, <) • 
L,5. 
60. 
110. 

Source 6 

T VI 

90; 160. 
9 O. - L,D. 
88. -30. 
9 o~ 50. 
90. 30.' 
9 5. ~ LIOO. 
90. 175. 
90. -1150. 
95. -2 /,0. 
<) 5;" 280.' 
<)0. 1150. 
9'0. 1 ) 50; 
9 O. 200. 
95. ' '270. 
90. ··120. 
90. 
92. 
<) 5. 
90. 
90. 

105. 
92. 
<) o. 
90. 
90. 
90. 
90. 
9 O. 
95. 
95., 
9 o. 
'/2. 
90. 
B 5. 
9 O. 
9 5. 
<) O. 
95. 
B 5. 
90. 
9 I • 

1 09. 
r~ 3. 

o. 
6 7 ~j" 

~noo. 

- 2.00. 
-IBCl. 
- 3BO; 
- ~ 1 5. 
-? 50. 
-·200. 
•• 1 10. 

- 75. 
220. 

75. 
, 100. 

. 300.' 
50. 

- 1 (,0* 
- 190,' 

- I 500. 
870. 

, 1 575~ 
5) ().' 

- R O. 
- l)Q" 
, no. 
-2~~O. 

- ()OO. 
I 3D. 

V2 

- 120; 
0; 

50; 
0;, 

- 30; 
- 300; 
- 330'-

- 1 3C)(). 

- 61 0'-
375. 

- 1500; 
H20. 
3(; o. 
·',00; 
- t 5. 

50. 
- 500. 
I 100. 
t 1 DO; 
- LJOO; 

O. 
210'­

- 1 '2 ~). 
180. 
- 35,' 

O. 
- 19 O. 

-200'­
. 1:3 5. 
- u~o .. 
, 60. 

- 1 10: 

- 1 /1/10: 

13S0; 
- lB 00. 

- I 50; 
- 21 0'-
- 2 LIO. 

60'-
5:)0. 
1 ~lO. 

I X 

1~3" 30.0 
13.' 30.'0 
1 3. 30; 0 
1 3. 30; 0 
13.' 30.0 
13; 30.0 
13; 30; 0 
13; 30;0 
13'" 30; 0 
13. 30;0 
13; 30;0 
13; 30;0 
1~~" 30.'0 
13; :30;0 
1 ~~; 30; 0 
1 3~' 

13'-
1 ~3" 
1 3; 
13.-
1 ~{. 
13'-
13'-
13'-
13. 
13.-
13'-
1 3. 
1 3. 
1 ~~; 
13; 
1 3. 
13'-
13; 
1 ~3. 
) 3'-
1 ~3" 
13. 

" 3.' 

13. 
13'­
, ~1.' 

I 3. 

~JO. 0 
30;0 
30;0 
30.0 
30.0, 
30; 0 
~JO; 0 
30. 6 
30.' 0 
30. 0 
30;0 
30.0 
30;0 
30;0 
30; 0' 
30,' 0 
30.0 
~JO" 0 
~w,' 0 
30.0 
30,'0 
30.0 
30.0 
3D. 0 
~)O: 0 
:30.0 
30.0 
30; 0 
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.~;t~, 

.- Source 6 

1 N IU RT SA 

6/16 3.000 116.2B Sit; II 

(,/17 /j. 550 26. ~)() 12.11.9 

1 
6/13 'I.'SOO 117. (H~ UO;?. 

6.119 5.200 ~)3. 25 U2.9 

650 5. '150 /19.9 LI 96.' <) 

i 
651 2.350 47.<)4 49'-0 

6~)2 2.050 29. 5:3 72.6 

653 1. 700 100.40 1 5; 1 

(, ~" 1. 700 39. 60 32;7 

J 655 2.000 111. ::10 33.' " 

656 2.900 383; 49 It;<; 

657 1.950 118.1:> 12;0 
: 

] 
6~{~ 1. 8 ~O 30'- "'I LI?''' F) 

65<) 3. 5~0 1 6 (,. /, ~i 1 ,1. ~! 

(>60 Lj.?OO 60. 1 7 112.5 

1 ~' 
(16 t Llo S 50 ~! 5. 7., 81;0 

" 6,S2 1. 300 2.,. 5~i :3 /.1. [S 

663 0.3S0 8. ~:O 37;9 

') 
66/1 O. 600 6; <) 3 7 ~j¥ 7 

I 665 1 • ~)O 0 19. 31 60.7 

666 ~~. '150 5 II.' ~]/I 35.' 3 

66"1 3. 100 7 'I. 65 32. I 

j 
66H 3.nOO 109;02 28. 6 

669 4.-650 ISo.D2 1 7" (, 

670 6.000 I 57. ~~.I, 25.' 6 

1 
671 6. °/50 1 .l1~~. 9 6 30;6 

6°rp. 5. 750 36{J. U 'I <).2 

673 ~~. <; 50 '13. 51 92; 0 

674 3. 550 "I 3 • .I~ ~j Lt<)" 2 

}.:; 675 3.000 79;92 3'1. S 

01' ' 
676 3.750 79.90 .1,0; 4 

:i. 677 /j.000 <; 7.' 1 5 31t; 2 

l :: 67H ,It. 700, 1 63. 1 5 21 Co 9 
. ,:'.~.' 

L" 

, , 679 1. 300 30.79 4,,;'3 

" 680 1.250 36.36 38; ? " 

J " 

(If) I 0.900 29'- 22 :'1?''- 1 

6B2 0.850 23; 6~:l 33;1 

053 2.000 J 11.85 92; 7 f / 

I 

I" 
{It; LI 2.200 ~~3. 0:3 65'-1, '" 

,::' (,g 5 2. 700 43. 6 (, 4~3" g 

:11 686 2.6 LIO /13. r 1 6(,'-9 •• '4::" 

tJ 687 1. 600 34. ~~;'3 Ij 6; 1 

6G8 2.700 30. 73 82. '/ 

~ i I 
I 

Gr<oup SEVEN . , 

, 67 



i 

J 

11"""' 
1.' ) , ',:~ 

1 
] 

J: 

I 
] 

1'" 

jn 
) 

f 
J " 

J \'" 

'" 

" 

''; 
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Ii iU 

fWI 0.900 
802 I. ',00 
803 ~~. 1.,60 
804 3. P-50 
BOS, 3.B~:'() 

806' /1.170 
80" :3. <)00 
50H 1,.L,60 
g 09 4. !.:,60 
BIn 2.DOO 
811 ].?OO 
812 1.800 
R 1 3 I • 3AO 
81" 3.050' 
8 I 5 1. 700 
R 1 6 ,po 'J 50 
81'13.670 
RI8 3.()~0 

H2 

?. ~} ~)O 

2. 9 ~w 
3. 3'40 
3. B ~30 
/1.230 
LI. 1 70 
4. ~H)O 
5. 1 :'lO 
5. 5~,\O 
3. <) 00 
?B70 
3. 600 
~3. 200 
'/1.930 
:'l. I 50 
LI. 100 I,. S 00 
4. 620 

g 19 I,. >:; ~)O ~). L,OO 
gPO ',5. S~i() 6.7'/0 
g 21 2. '700 4. :l~H) 
8223. 3 ~O ~. 2no 
8~~3 .f,. 5~)0 
fi? 4 5. ~l.OO 
B 2 S I,. r; ~)O 
826 5. ~i,/O 

f3 ? '7 5. %~O 
828 I.I.O~O 
829 Ij.040 
530 "'~) 1,0 
G 31 6. O~H) 
B325.g(,0 
8 33 ~). 700 

,534 5.160 
B 35 1/. ~/:; () 

R ~~ 6 :~. 820 
837:\.3 /10 
B :{g , 3. (, 7 0 

B 39 2. 6 /!0 
g 1,0 f,. 1,00 
8/11' ~i.?OO 

B II? 5. ~)~o 
H /1] :j. ~)60 
n IIII .I,. ~l ~)O 

B L! 5 J. 'no 

(,. 3 / !0 
6.900 
(,. 01,0 
(1. ~ 00 
7. 3ii 0 
5. n 30 
5. -, ~~ 0 
6. 4/,0 
6.820 
6. /,30 
6.0:W 
5. ? SO 
II. B8 0 
5. I 60 
1,.900 
5. 113() 

I,. 1,00 

5.960 
7.2:;0 
7. Ij ~() 

(-,.9:]0 
6. ~~O{) 
~). ()30 

Source 7 

D T 

35. 90. 
:39. 90. 
36. 9 O. 
;3 J • 90. 
27. 90. 
27. g 5. 
26. 9 O. 
22. 90. 
19. 90. 

2. 90., 
2 L,. 92. 
I 6. 88. 

4. 82. 
<'1. B 2. 

31. 93. 
26. 87. 
~~2. B 6. 
21 • 94. 
21. 92. 
13. 83. 

4.' 100. 
7. 9 O. 

12. 90. 
10. 90. 
16. 90. 
1 / /. 90. 
J J. 90. 
S. 9 O. 
II. 90. 
1. 90. 

t 5. 9 It. 
17. 86. 
18. n;. 
:?I. 93. 
2 3. 95. 
18. 90. 
15. 93. 
9. 93. 

1 2. 95. 
12. 9 O. 

O. 9 O. 
I • <) O. 
L,. 90. 
6. 9 O. 
~. 9 O. 

VI 
20:30 .-

320. 
130. 
95. 

132. 
80. 
9 O. 

- ~)o. 

- 35. 
200. 

- 600. 
- 1 60. 
- 600. 

- 55. 
- LIOO. 
, B O. 

- 12~. 

- 105. 
- 1,5. 

60'-
130. 

- 160. 
65. 
70. 

O. 

- u O. 
O. 
o. 

- 20. 

10; 
- ~~O. 

- 1,0. 
90. 

- 1 50. 
60. 

- 95. 
- 30. 
go. 

, 10. 
- 9 O. 
- 9 ~i. 

-100. 

V2 

- 71 0'-
- 35. 

- 1 10. 
-135'-

- /10. 
2(). 
75. 

O. 
80. 

I /,5. 
- 1200. 

-160. 
- 320,. 

:.. 50. 
- 3D. 
250. 

g ~). 

- 9 ~i. 
- :-30; 

- 55. 
55. 

5. 
~W. 

LIO. 

/10. ' 

'10. 
O. 

13 s. 

I 10. 
;.. 30. 

30. 
O. 
O. 
o. 

20. 
tOO. 
110. 
- 60'-

10. 

- 40. 
-3 O. 
- It 5. 

I 

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

19'-
19. 
19. , 
19'-
19. 
19. 
19. 
19.: 
19'-
19'-
19. 
19'-
19'-
19'-
1.9'. 
19. 
19. 
19. 
J 9. 
19'-
J 9 • 
19 .-
J 9 • 
19; 
J 9. 
19'-
19. ' 
19. 
19'-
19. 
t 9. 
19 .-
J 9'-
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 
30; 0 
:w.o 
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 
30'-0 
30.0 
30'-0 
~30'- 0 
30.0 
~w;o 

30'-0 
30.0 
30.0 
30.0 
:30. () 
:30;0 

" ___________________ 1 
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r APPENDIX ) I. 

-".·r.~"f Source 7 
... 

N Rl in S/\ 

HOI 0.900 21. 33 34. (, 

am! 1. 700 13. 35 109.2 

B 0 ~~ 2. 1,60 J 7. 63 128; (l 

nOli 3. r. ~)O 36. 1 LI 86;9 ' 

" 

, L19. 26 77; ~) 
no~:, 3. H 50 

"I;; 
80(, II .. t 70 a 3. ~31 125; 2 

flO 7 3.9 00 '1'1. 13 87" 1 

H08 /1. 1!60 26. 63 1 54; 0 

f{ D9 'I. 560 /~7.70 79'-0 

n}o 2.000 1 I~ • .,;, 89;7 

81 I 1.200 25. 58 35; 7 

" R12 1. fWO 10. 1'0 122;0 

GJ 3 1 • ~3 60 I 6. 04 59. "I 

Hili 3.050 1 1 • 53 1 61J; 7 

815 J. '700 1 6. 78 uo. I 

1316 2.950 'j~~. 'I'? 56; 3 

HI'! :3. 6'/0 45. fW 6/1; II 

818 3.9 SO 61.26 57; II 

819 110 g ~)O 37; L!S t 22. 5 

f,?,0 5. ~)SO 96. 1 a 111 : 8 

r; 821 r>.. 'Jon J 6. 1!9 103'- 7 

822 3. 850 ~{5. 1.17 59; () 

({ 2 ~3 II. ~-i50 ~~9. 29 102;0 

I 
8? /1 5.200 50.20 66; 3 

825 LJ. R 50 2 Ii. 90 1 '17; II 

'oj fj ~~ 6 5. 570 35. 54 1 1 6; 1 

I :" H27 5.920 116. B 6 85; 2 

82t; II. (I ~)O 27. /J7 9 I • 5 

829, 4.0L/0 L13; 21 49;8 

I 
R ~lO II. 5.1iO ~l8. 36 69; :, 

B 31 6.030 139. 77 36;8 
" 832 5. ({ 60 48. 2 II 1 12; 9 
,": 

I " 
833 5.700 37.87 1 LIS" 0 

", 834 5. 160 1 6 • .1,9 31 /,; 6 
• j ~. 
" ,-

835 .I~. 580 23. 66 192;8 
; 836 3.820 2[); 50 98.' 7 

" 

I:'" g :~7 3. 3'40 32. [:;0 69; L! 

t" , G ~3g 3.' 670 31.98 7r~ .. 3 
" , 

~! 

" , 
g~W 2. 6 110. 1 (H .11'1 10.6; 2 

.• ,!. 

:t . 
, l 

I .. g liG II. 40.0 29" ',5 9 7'- 7 
I"; 

1",_ 

I ,'i ~ f\ 1/1 5.20.0 NJ. 7 'I 60..8 
; , 

( , 5. ~)~)o 112. 59 .:: G II~~ 'I L,. G 

I : 8 IJ3 5. 5(Jl), 92.91 3 /1; 'I 

I 8 i/I, 4. J 50 so', 'iO !J2. 3 
I 
I 8/15 3. 7 L'O 30. (,3 74.9 

G , 

)' ~ i ------
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APFENDIX I. 

N IU 

R /16 3. 300 
R'17 p. <) ~;O 

n ~U p. 1 f.?O 
n 119 ?. 1 on 
l~50 ?,. ~)oo 

R 51 1,.900 
B58" II.fWD 

[153 /.,. lion 
B 5/1 5. DOO 
n 55 II. 6()() 
F:56 3.0.50 
B S7' 4.00U 
B SB 4. 550 
H S9 ' 5. I ~i(f 
R (,0 L,. 650 ' 
B61 3.10n 
8 62 ~l. (,00 
8 63~3. 330 
n (,/~ L,. 100 
B 65 LJ. 750 
866 5. M~: 0 
867 5.//10 
g 68 5. (n 0 
869 5. 070 
870 I,. 9 ~-~o 

1371 5.M)O 
H 72 ~). :)00 
f1 7 ~3 (;. i~ (l 0 
87Li 5. SSO 
n75 4.~-;OO 

B 76 11. (lOO 
877 3.t::i() 
B 7f'> ?.~; 50 
8 79 I • 700 
gSO 1.000 
f.1[) I I. I 50 
FW 2 O. SOO 
883 I. 100 
fW~3 1.100 
BU4 1.900 
Kf;5 }.350 
[W(, 1.~{~O 

887 a.HOO 
RFlg I·()SO 
BR9 1. ~)()O 
WIO 2. 100 

.R2 

5. 1 50 
4.f(I.,O 
L,. ann 
3. B (,0 I,. 000 
5.350 
5. 600 
5. bOO 
6. "50 
6. 500 
5. 70() 
5. BOO 
6. 450 
6.9:)0 
6. jo.o 
II. 6()0 
5. {):lO 
If. 770 
5. 7PO 
6. ~;oo 
7. SOO 
7. I ~iO 
6. 630 
6.420 
6. 100 
7.250 
"/. 0 ~iO 
7. 1100 
6.850 
6. 300 
5. '100 
L,. 500 
II. 000 
::.~. 300 

• P. 650 
2. 500 
1.900 
1.200 
1.200 
1.000 
1.950 
2. 2 ~;o 
2. 700 
2.<)()0 
3.050 
3. 300 

D 

5. 
1 • 
6. 

1 I,. 
21. 

, 21 • 
19. 
t 7. 
B. 
I • 
g. 
6. 
:3. 
5. 

10. 
I '7. 
I 3. 
19. 
1 1 • 
8. 
~. 

8. 
I 1 • 
1 If. 

, I 6. 
9. 

1 1 • 
1 :l. 
1 3. 
1 If. 
I 6. 
21. 
23. 
26. 
35. 
50. 
B ?'. 

Il/jo 
I I II. 

57. 
(,9. 
55. 
a. 

1 s. 
2,). 
32. 

Source 7 

T 

90. 
9 O. 
90. 
9 O. 
9 O. 
"2. 
H9. 
90. 
93. 
90. 
gR. 
9:3. 

100. 
97 • 
90 • 
90. 
9f.). 
B ~~. 

103. 
95. 
9 O. 
90. 
90.' 

103. 
9B. 
90. 
90. 
9 (I. 

,93. 
105. 
90. 
90. 
90. 
90. 
90. 
9 O. 
9 O. 
90 • 
9 O. 
9 O. 

1 0 ~). 
9 O. 
9 O. 
9 O. 
9 O. 
9 ~i. 

VI 
- 120. 
- I ] O. 
- I 5~h 

20 !J. 
O. 

- 50. 
50. 

- 70. 
O. 

- I (). 
- 10. 

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

O. 
19 O. 

75. 
130. 
- 9 O. 

O. 
25'-
95. 
110. 

0'-
- I/O. 

30. 
- ?O. 

00 
O. 

L/O. 

8 O. 
120. 
1 30. 

III~~O. 

2'/00. 
- 1 700. 
-1700'-

500. 
- 9 00. 
- ·/~)O. 

2,200. ' 
1000. 

') 50. 
9 00. 

V2 

I C': ' 
~. 

- 1 IJ5; 

- 220. 
- ~i 50. 

0'­
- 30'-
- 30.. 
- 40. 

O. 
C' '" ' :J ,). 

- 115. 

O. 
- I 7. 

O. 
260. 

- 120. 
- 270; 
- 190. 
- 3() O. 
;;'2S0'­

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

O. 
27. 

- 2 5. 
- J 5. 

70'-
70. 

-SO. 
ISO.' 
70. 

-800; 
31 ',00. 

1100. 
1100; 
- 1100.-

- 1900. 
150. 
JOO. 
750'-
260. 

- 2 GOO. 

I 

19'-
1') • 
19'-
19. 
19. 
19'-
19'-
19'-
19. 
19'­
) 9. 
19. 
19'-
19. 
19. 
I') • 

19. 
19. 
19. 
19. 
I') .' 

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

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

. I ').-

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

X 

30'-0 
30;0 
30.0 
30.0 
JO.O 
::'30.0 
30.0 
30.0 
30.0 
30'-0 
30;0 
30;0 
::.w.-o 
30.0 
30.0 
~w .. o 
30.0 
30;0 
30.0 
30.0 
30.0 
3().(I 

30.0 
30.0 
30'-0 
30'-0 
~30. 0 
30,'0 
30.0 
30.0 
30.0 
30.0 
::'1O;0 
30'-0 
30.0 
30.-0 
30.0 
313.0 
30.-0 
;w;o 
30.-0 
30.0' 
;30. 0 
30.0 
30.0 
30.0 
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) APPENDIX I. 

.. t!!~:"l Source 7 

J 
N rH RT SA 

H -16 3.300 24.' 52 83;2 

B /.17 2.950. 27.72 6 G. I 

1, 
f) '*3 2. 120 16. n 6 33.0 

G 119 2.' 100 20. 142 70;3 

g 50 2. ~00 37~0~) 49.0 

851 '1.900 370 60 126. 1 

I U ~)2 II, BOO 38.55 1 08 ~ 3 

fI 53 'I; IJOO 36.27 91," 7 

f) 51.1 s.ono 23,G3 1 ~~9 .: 5 

J 
~3 ~:, 5 Ij. 600 'I. 67 577~" 5 

({ S(, :~. <) 50 1!3 .. 31 133;9 
, B S7 110 000 18" 55 1 31" 3 

], aSH '10 550 2 ~). 2" 106; II , -. 

S; 1 50 

~-~. 

,,, 

B 59 18.97 160; 7 

p. (>0 11.650 1 ~). 1 1 1 9 (,~' 2 

.. B 61 3. 100 116; 58 46; II 

J 
fj G2 3. 600 59.03 40; 7 

, g 63 61. 18 39; 6 
.' :30 3~W 

8 (,LI II. 100 '10. 7 II 37. II 

J 1) 
n6S 110 7 ~)O 20 Ij; S8 III; 3 

866 5. br.) a 2/,2.07 1 3,' B 

n 67 5. 1110 4 /1.25 7(':'t" ~v .) 

J 

13 ()g ~'" 080 22.97 IllS; 1 

8m 5. 070 61.1. 39 56;2 

13 70 LI. 920 .116. 39 80;7 

'., g '/1 5. bOO 1 6. Ij 1 21 5; ~) 

I " n 7? 5. 500 31.83 1 1 'I; II 

873 6. ~~OO /lg.3it 9 .- . r.: ;) .. ) 
!3 7 I) 5. ~") SO 213. 61 1 3£1.: 6 

r 0: ' 

!375 1,.800 20.0'1 1 66. (, 

F;7 6 Ij. 000 24. 13 8 1 1 I,; 3 

r,: R77 3. 150 1 5. Ljll 1 52.' 9 . 
I': g 7F3 2. 550 12. 57 1 51" II 

8 79 1 • 700 8.93 1 .113; ') \. , 

':'t , 8BO 1. 000 1.83 /1'15; II 

" 

,.,.' 

flf.) 1 I. 150 27;06 38; 1 " : '. 

! " 
. \ 

; G82 o. 500 8'7. /IS 5; '{ :.1, 

(ill ~3 .1 • .1 00 I 3. 8 ~~ £32;8 

fF~ 3 1. 100 I 7. 51 65. Lj 
.;~ 

I.' fH~ 1, 1.9 (JO 2 S. 62 7 I • (l 

1 BE 5 1. 350 50.82 2U~ 0 
' ; 

,:i: BS 6 I • [) 50 35.00 5L;;8 
-.-~ 

1 

>' ES7 O.GOO 17" 1 6 36.0 

(1gg 1; 0 ~iO 1 7". ;-$5 Ij ~). 5 

(\ 
GW) I. :>00 ~30. 61 3B.: 0 

/ 
(;90 ?. 100 1 f) 9. IG 9.2 

! f , 
! ! 
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~ APPENDIX 1 

1 '~''; 
Source 7 

J 
N In R2 D T VI V~ '1 X 

1 891 3.950 5. 100 19. 102. -J()O'- - LIS; 19'- 30;0 

B92 3.300 .Ij. 700 19 • 100. - 120. 55; 19. 30.0 

I 
893 ~~. 700 5.300 1 L,. S 6. - 100. - 30. 19. 30.' 0 

894 ~~. 300 3. 7 SO P. 5. 95. - 210. - 12~'" 19. 30.0 

B95 O. ~ ~)O 2. ',~50 6. 90. ,5500. 1 ',200. 19; 30w' 0 

BY 6 O. ':'00 1 • ~)OO I 7 ~~. 90. - 3?()O. - ) ) ~O. ) 9'- 30;0 

f)97 O. <) 70 ) • (, ~)O 92. BO. 650. - 700. 19. ~lO. 0 

B')S 1. (tHO I. '/00 71 • 90. .- 71',0. - 50. 19.0 

B99 O. 9 uo 1.9;'10 77. 100. - 2~!UO. 300. t 9. 30;0 

900 2.150. 2. 2 SO 52. H :l. - PBO. 750. 19. ,~jO.' 0 

901 :i. (, :)0 .II. 250 27. 1 10. O. - 70 • 19 ; 3U.O 

902 3. 2 ~)O 3.700 30. 87. 30. - 85'- 19. 30'-0 

903 ~{. 1 50 3. 3 ~)O 3 'I. I 1 'I. 1,10. - 1 70. 19; I :{O; 0 

50'1 ~~ . ~,oO 3.800 30. 91. 105. - ijO'- ) 9. 30;0 

905 II. ('00 L,. ()oo 25. 93. 1 10. 135. 19. 30'-0 

906 .1/. '/50 5. :300 21. 90. t 2. BO • ) 9. 30.0 

I ") 
907 5. noo 5. (,00 20. 97. 32. .. 7. ) 9. 30;0 

90S "5~ ~)oo 6. ;.:! so 1 g. 90. - 1 5. 
-

35'- ) 9" 30;0 

909 2. ~) 50 3. LIOO 35. 9 O. B ~)O. - 1 350. 19. 30.0 

I, 
9)0 4. ) 50 ij. 650 25. 86 •. - 65'- 35. 19. ~1O; 0 

91 1 4.f;OO 5. 700 19. 92. - 70. - 35. 19. 30.0 

9 U~ /,. ~')OO 5. 1 00 21. 99. 20. 55; )9; 30;0 

" 913 /,. :)00 I,. 7UO 21. 100. ijO; C' ' 19. ~30" 0 ~. 

914 5. :::00 5. ~)~;o 20. gFi. 3 r ) 50; 19. 30.0 LO 

915 5.(;()O 5. 9 ~;O 19. 100. - 10. - 75. ) 9. 30.0 

916 (). '/00 6.700 1 7. 1 1 6. 50. - 20. 19" 30'-0 

9 1 7 6. :{ ~;O 6. /150 1 7; ) 00. - 40. 50'- 19. 30;0 

9ts 'I. ~,)()O I,. (, 50 2/1. <) 5. ...; 7 S. - 1 10. 10 30.0 " . 
919 c' 100 5. 100 22. 90 • 9 O. 1 55. 19. 30.0 

• >0 

9?0 5. '/ ~)() 5.900 19. 83. 1 10. <) 5'- 19. 30;0 

921 2. ~)OO 2. 620 L,Ll. 92. - 65. 600. 19'- 30'-0 

922 ? (.no 2.. <) /10 LIO. 80. -190'- 0; 19. 30;0 

9::-~ :3 2. /,~O ~3. 090 38. B O. - 300. - 50'- ' 19" 30.' 0 . ~ . 
9 ~~ I, ? /!~~() 3. 5~30 32~ BO. 100. 90'- 19. 30.' 0 ' " 

i 925 Ij. 9 ~)O ) 6. - ~ll O. ~1O; 0 
" 

, ~1. I!OO 9 O. 9 O. 19. '," 

926 3. (J (,() I,. 200 26. 10(,. - 21. 9 O. 19'- 30'-0 

<)~: '/ 5. ~'OO 6. ]00 1 6. B 7. 2 ~). 55.' 19. 30;0 ;~ 

; 

/ '.' 

9 ~'r:) 5. (,:3Q 6. 770 1 5. 9 (). - 20. 1,0. 19. 30.0 
...... 

9 ~~9 6. :~ ~:,O 7. I ~)O 1 5. 75. 1 7. ?S.- 19. 30;0 -...-

<) :30 (). '11:0 7. 700 ) 3. 9 O. 7; - 23. 19. 30.0 

<) 3) (h 1 ~)O "/. ~!OO 1 'I. 92. 27. 0'- 19. ~30" 0 

') : ; 

GI~OUP SEVEN ' i 

"/ 

72 



oj 

r: 
1 

) 
, ,::i,;: 

] 

, ~ 

] 

It') 
1 " 
'J ", 

l;L 
r~:,,' 

}" 

I
';' ,,', 
;: , 
, " 

.. ,.. . 

I ;:' " 

o I -

I\PPENDIX I. 

-.. 

N 

R<)l 
He) ;.~ 

H93 
89 'I 
89 ~) 
896 
G97 
f::9B 
B99 
900 
901 
<) 02: 
<)()3 

50.11 
905 
<) 0 (,' 
907 
? O() 

<) 09 
910 
<).1 1 

9J2 
913 
914 
9 I ~) 

9.1 6 
9 I '/ 
91G 
919 
<) ;')0 

? 2 I 
922 
923 
9 p../, 
925 
9 2{) 

9 ~~ 7 
92;:) 
9 ~:~C) 
<) 30 
<) ]1 

Source 7 

In 
3.950 
~,. 300 
~,. 700 
2. ~WO 
O. 550 
0.700 
0.970 
1 • (,80 
0.900 
2. 1 50 
3. 650 
3.250 
3. 150 
~~. 500 

'I. 000 I,. ',50 
5.000 
5. 500 
2. 5~)0 
Ij. 1 50 
.110 f', 0 () 
4. 500 
Li. :;00 
5. 300 
5.8 no 
6. 700 
6. 3~)O 
/1.,500 
5. 100 
5.750 
2. ~)OO 
2. 600 
2. Li20 
2. 1,20 
3 • .1,00 
3.' 0 (,0 
5.200 
5. 630 
6.350 
6. 7 '10 
6. J 50 

'j 3 .' 

HI' SA 

71.89 "2; 5 
~! 6. \) 1 [) <). 4 

2B.65 87;0 

21.i36 79. f', 
53. 33 8" " 
1 ~3. 'I} 60. 3 
10.?} 1 0"" 6 
} 1 • ~l9 1 ',B" 3 
21. 09 "3.9 
50. f) 2 "3;1 
22. n 2 1~)1;9 

21.03 1 51.9 
33.92 9 " .. 2 
~H). 22 I 1 6; 4 
70.25 53.8 
52. 78 B 5. 0 

2 ~,. 9 " 191j;5 
35. 73 137. 1 

18 ~>.. 2[$ 1 ?. 9 

33. 1 '7 121; 1 
50.07 81" 3 
35. 51 117. Ij 

26.01 173; 2 
5~~. 7.11 100.3 
B<). 50 6 :j. 1 

83.87 79;9 
90.~~3 70; 6 

76. 12 59. 5 
131j. (;7 3 ";9 

1 53; '/3 37; ~i 

5 'I. 61 "'/; 2 ,', 
t.' 

22. 39 lIS" 0 
30.28 76.9 
12. 31 167; 3 " 

., ~,. 2 (, 32;1 ",! 

'16.25 1 :)./1; ., ... !' 
'~, '. 
'f 

/1./1. <) 5 90; ./, 

/11 • '/13 lOll: 9 ,1 i ~~. ... \.; 

3f~. 6/j I "11 .. 5 
' , 
" 

:39. 32 I 3 "; 'I 
" \/' 

; 

33.01 1./16. II .\-;, ..... 
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APPENDIX II : PHOCESSING AN)) INTE1~pnETATION 

OF 'II ME- OOMA IN Er-1 SOUN DI NGS 

In the time-domain electromagnetic sounding technique, as 
it \~as used in tl)(~ VoIles Cnldera electrical survf;.Y, an 
electl'O!!lLlgnet ic si 9n:~ I l.S gcneril ted by p,1 ssi ng a step·-wave of 
current throu9h iJ grounded length of wire. The m;lgnetic field 
from this current is detected at a receiver site with a multi­
turn loop of wire laid on the ground. The voltn~re induced in 
this co~l of wire by the electromagnetic field incident at a 
~eceive~ location was recorded on an analog recorder. 

The same source lines used in the dipole Inapping surveys 
were lls,,:d for t Iw time-dow<l in e lectromil9nl;?tic soundi ng s; the 
locations i're indicnted on Figure 1 • Receiver locations 
Viere £clccted in nrcas of. interest several kilometers aWclY 
from Cl dipol.e source, generally along the equCltorial axis of 
th(~ source. The induction coil uSI:~d as a receiver consisted 
of a lOUO-foot length of 26-conductor cable, IClicJ on the ground 
in the form of a squnre and connected so that the 26 conductors 
were jn !.;eries and iOrm(Hl Cl continuous loop. The volta~w gen­
erated :\n th:i.s loop was filtC!H!d to att<:.'nu;lte high freC)llenciE~s 

(above ;;5 Hz) cind then recorded on nn analog oscillogr.3ph. A 
typical oscillograph record is shown in Figure '24. 

The observed voltages, such as shown in this Figure, must 
be su~jccted to extensive data re~llction procedures before they 
may ~e evaluated ill terms of an earth conductivity structure. 
The transient voltage as recorded is distorted to some exten~ 
by the I\~;t~of the low-pass filter, with the distortion bein9 
most sever.e in the ecHly pilrt of the signal. Also, noise c\dc;leo 
to the ):ecorded signCJls makes reco9ni tion of the signals wi tl1 
the ctes:i. :ced accuracy difficlli t. Tile first stage in reduction 
of the field observations consisted of efforts to reduce these 
pr()blelll~;. This initial reduction of the oat" consisted of the 
following steps; . 

1. Use of synchronous stacking to' reduce the level of 
rvlldom noise iii cases where the signal to noise r;:Jtio 
w~s low, or selection of the best signal in cases 
where the signol to noise ratio was high; 

2. deconvolution, to minimize the effect of distortion 
in the recording cC)l\ipmcntj 

3. 

i· I. 

smoothing with an exponcnt{ally time-varying filter, 
to further reduce the uncorrelated noise; and 

conv(~rsion to values of apparent resistivity, for 
1 ________________ .. _______ _ 

----_._----
GROUP SEVEN 

74 

",' . 

'."i' 

"j' 

..... .,l.., 

. ! .. 
I 



1 
~ 

) 

, 
) . 

lr-: 
) 

I ': 

; ~ , \" . 
. . 1 

I. 
': ' 

I 
; i; 

'.' l.. 

i 'I 

" '.' 

; ··t·:T 'l"-'IF~' -TF~'~>r7 7L~ ·.-:T·" -~T- ~r- '-r~ '-=f - ~ 
. i':~'I"~ ~;f-- . --::~II':~~ ":l'-:-' '~T:- ::t- -- r- '+-i~' -lct,~. ~: :.:-

.. [ ':.'.:.:':: '.,': .' ... : .. '.,-- :.J:. ':.1 . ·.I.~ ·:1"1 I··· 
. ~'i'" --~i'-- ~-:,.. :T . ---.. ~.-:-: .. :-:T:-: .... .-.. j.-~- -.. L ...... t-... -.. -.,. ._,: -' --+--I I . .. . I.. , ..... I· j. 

: "~r- +~:::.:.t: -',i.e ~-Cl-:- -'l'l~--f- 4'1' -I" . 
~ __ .... :.~J.-=-~~.: ... _J .. _..1-=-- ___ . ___ .. :_~;·.::.....:L: ... '.-=-. ~ -_. 1--. " --
--: '. i:: ' . :. !' ""'j:' .;. ,.... i l· 1- --':~1; ~ '~--'I~' '~J:~: 

• ., .•. ~. .... _, l. I " 

.\ ....1 " J' ,. .1· : I" .. ...: ~ ':]" ... ,. . I' i'· " . . .. 
, 
I· 

.' I." ........ 
_.-1--- - ---

.. , 

, .,'.. ,...L - I .. , .. 1.,. -- 1 .. [ , I I I 
'~.' ~ ·~·t·I·-·~· -'. -'i-l:e!::: :etc ~':i .~ -+ T +- --j--i'--'-j '~". 

I 
.. .. r' " . -,..,.. , .. I . ,., . . I . 

. ' ... " , ':--"1 ... 1 i'l ' : i . --': . --~:~ .~--' _. ~: .. :t --~k~' --:-.;-'':-- ~r~ :'-:',,"" --r-- -f--- .~: I:.' --'1 :-- --!---
:. _. 1--. .: .:-1--. -_j-':- .':r -. ~--j- .. -- ,:. '. - i"~ '1: i .. I 1 

____ . __ ... ___ .. J.. __ .__ ___ ~ _...J-... _.1. ____ ' --_ L ... "!...-- --, ,J 

Figure 2LI. Example of the voltage recorded as an elec:tro­
lnt'lgne::ti c soundi n0. Tile vertictll sc"le is 5 microvolts per 
division and the horizontDl scale is 0.1 second per division. 
This record is part of sounding 605. The distance from source:: 

6 VlilS lf~150 meters. 
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compiirison with theoreticill models. 

S>.~cl~ou_s· stackin9 or si~lnal selectio~: Signals from' 5 
to 10 tra))5loissions lIen? recorded (It eilch receiving station. 
This multiple rl'cordin9 permitted the selection of a signal 
wi t.h a lOinimum a\llount of added randOl:l n01 se, whi ch W3 s done 
in cLlses in which the 51911<11 level was much higher tha1l the 
nmclom noise level, or synchrollC/us ilddition of severCll si9nals 
to reduce the <lpparent noise level, which was done in cases 
in \~hich the noise level was significant. The analog records 
were digitized on (l semi-automatic di~Jitizer CIt LIn interval of 
o .Ol.t seconds. For those records wi th which syncrol1ous ()ddi tion 
was used, a stLltistical'test W<lS applied to (:ach datCl point to 
see if ~t lay "ithin a reasonable distance of the average for 
the group of si9nals being added. Jf not, that datil point 
would not be included in the synchronous stacking. With the 
stackin9 of a number, n, of signals the random noise level 
should be reduced by n factor (n_l)1/2, for liH9c n. With the 
small numbers of signals added synchronously in these measure­
ments, the relative noise reduction was twofold to threefold. 

Deconvoluti'on: After stacking, the effect of t.he low-pass 
fi1ter-~~ns pa-rt:fal-ly removed hy (1cconvollltion. To accomplish 
this, th2 tr(ln~fer function of the recording system WCl5 com­
puted fl'om il record of the response 'to a step input vol Llg!? 
The Fo-urier. tri\llsfonn of each data set \\<1S computed iJnd divided 
by tile step-re~;ponse st(!ctrum. The :resultin9 eompcnsilted 
spectruIB was then transformed back to the time domain. 

Smoothin<l! Deconvoltuion has the effect of enhancinq the 
high-'i=r~~(ll1C~Zy- components in the recorded 5i0n<11. The stacking 
proces~; l"(~Slllts in a randOln sCCltter of successive points on the 
stacked signals which has a dominant frequency equal to the 
nyqu:ist freqllency for the data scJlilPling r,lte. lIS a consequence, 
the deconvolved data are rouch wore "noisyll in ilpp(:~arance than 
the ori9inal stacked clelta. Line,n filtering cannot be applied 

_hecclUse ~;llch a procedure s6uld merely reduce the efficiency of 
deconvolution. II non-linear filtering process WClS used to 

'smooth the deconvolved signals. 

This non-linear filtering method was based on the shape­
invorLlnt property of tr"ansient electrom<lgnetic soundin9 curves 
when the:)! i\rc i)lotted to logari thwic coordinates. lis will be 
cl('~;crib('d later, .intl~rpretatioJl is acccHllplishccl by a gr,\phical 
comparison of field data with theoretici31 curves when both are 
plot ted to 109<1l'i t hmie coordina te s. When t he Ii nein 1 y scdupled 
field clnta are plotted to logarithmic coordillates, the early 
part of " si911<11 "ppeiJrs tobe spClrscl~' sampled \\'l1ill2 the late 
part ;Ippears to beclensely sillllpled. Because the noise that 
persists after si~Jnals have been stacked llils ,3 half-period 
equi:ll to the distancc bet\';eell two successive cJJtLl points, the 

,noise (\p~)(',)rs to increase in frcquericy for progressively lCller 
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parts of tIle signal, when data are presented in the logarithmic 
format. Moreover, the signal to noise ratio is higller in the 
early port of the signal than in the later part. This variation 
in 5iglwl to noise ratio as the apPiJrent frequency varies pro­
vides il bnsis for sep.:nating the 5i9na1 frOI;) noise during the 
l;lte part of the sign,ll without undoing the effect of decollvo­
lution on the early p.:lrt. This j s accomplished by applying il 

li.near :;mootld.1l9 filter in the logcll:ithmic dOlllllill, which is 
equivalcrlt to applying a logarithmically time-compressed filter 
in the originnl linear-time domain. 

. Con_~ersion to app.!~~sist~vi tl'..: The final step in data 
reduction W,IS the conversion of the measured voltages to values 
of appalcnt resistivity. Because there is no unique rclationshi 
betv,een ob~er.vcd voJtoge and app,n:cnt resistivity for induction­
field electromagnetic soundings, a value for app~rent rC5istiv­
ity can be computed only by assuming some asymptutic condition. 
/\n e)':pH.'ssion givc:n by Vanyan (1967), valid only for the early 
part of a signal;, was llsed in converted the obser.ved signals to 
early-time ~\pp~lr'ent resistivity curves, This expression is: 

2nf<'f 
Po = 31\~~1-C-(-)-S-O-. V( t) 

where 1'-1 is the moment of the source (product of current and 
wire len9th), A is the are;) of the n~ceivi})g loop, ~) is the 
",l1g1e bct\\'(~en the eC]uatoriCll axis of the source line and tile 
radius vector froft] the hliddle of the source line to the receiv­
ing stlit.ion, H is the cJistnnce between the center of the source 
wire and the center of the receiver loop, an~i \I(t) is the 
recorckd voltage as a function of time, t. 

The ini ti31 data reduction clQscribed above is inte'ncled 
pri!ll,n:ily to cOllvert the observed elntn to ;1 stDndnrdizcd form 
for interpret<1tion. For the early p':.lI.'t of the signal~;, the 
npp.I):ent resistivities a's computed with the l'orlllulc\ obove will 
hlive some loose associtltion with the actual.resistivity in the 
earth, but for the l<:Jte part of the signal, the app<1n~nt 
resisti\'itic~, inti)' be r.1ucl1 different than any r:esistivity in the 
eC1rth. Ilo\\c\'cr, despite the f(lct th.)t these values h<:lve no 
mevning in ten1ls of nctlfal resistiv'ity distributions in the 
earth, the usC? of the for'lnula is convenient fOl: compLlring the 
field d<lta with theoretical cur.ves presented in the SillU(! 

nOl'lllalized fashion. 
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, were computed for a sequence of 

tv.o or tlnee horizontal layers (Frischknecht, 1967) and trllns­
form(~d to il time-domain presentatioll by Silva (19(;9). II repre­
sentative set of theoreticul curves for a sequencf~ of two 
layers is shown in Figure 25. In these curves, the ratio of 
resistivi ties between the t.,.;o layers is fixed, wId Ie the ratio 
of separation bct"een source and receiver to the thickness ot 
the upper layer varies frolil curve to curve. I\s Illay be seen, 
and as \~ould be expected, the early-time oppilrent resistivity 
values approach the actual resistivity in the surface layer. 
If tIle thickness of the surface layer is small compared to 
the sepclration between source and n:~cciver, tile apparent 
resistivity value begins to depart from the valu~ for the 
~urfilce layer ot lhter times and approach the value for the 
second lay(?r. Ho\\ever, at still l;Jter times, the apparent 
resistivjty values arc grossly affected by the assumptions made 
in development,of the cowputational formula, ~nd rapidly drop 
to low values which have no real significance. 

I It has'been the experience of Grollp Seven, Inc. that 
graphic~l curve comparison between observed electromagnetic 
soundin~J curves and theorctically-compl1t(>d curvc~> is not an 
effective means of interpretation b2CiJl1Se the Chlll.'t1cter or 
shape of the. the(jn~tical curves varies so 1i ttle from· case to 
ca se. J n rna tchil19 a field cut've vii t h a mode 1 curve, not only 
must'til(> sll<lp'~ of the fi.eld curve corr.espond to the sl1;Q)e of 
the model curve with \~hich it is matched, but the horizont,d 
and vertical positions of the coordin<.Jte ax{:~son the tlW plots 
must pr(Jvide till? S;jtne value lor first-layer conductivity \\hen 
the curvt?S ilre matched. To accompli sh this,' a technique has 
b(~en 'devised to tl~;~;ist in an:iving cit a sclf-con!jist_ent inter­
pretation. The technique consists of Inatching a field CU.rve 
wi t h tlw e<~r.ly- time t heol.'ct iCol curve fO,r LI uniform ha l.f space, 
with till! emplws:ls on TOdtchillg LeinS) placed 011 the portion of th 
curve \\llere the trClnsition from early-time to liJte··tilile 
bchavior. takes pl()cc. The match provides two values for first­
layer cO:lductivity -- one from the re1<1tive positions of the 
vertica,t scales on the two plots when the curves "He mCltchcd, 
(lnd one :from the relative positions of the horizontal scales. 
The two values Clre the same if the field curve is that for a 
uniform earth, but will differ if the field curve is not 
clwracteristic of a lIniform earth. If the sc·cond lCl),er is more 
con due t i vet 11 ;:111 the sur i LI C (~ 1 Cl Y c r, the res i s t i v i t y d c t e un inc d 
from t'he vCl:tical scal(~, PI' will be lower th,ln the resistivity 
determined from the horizontal scale (this value is computed ' 
as to/uoIZ:!, where to is the time on the field plot thtlt corres­
ponds to the ti1l1C origin on the theowticZll plot, uo is the 
tnLlgnetic p(~rmcability <lncl H is the s0p<lt';11:ion from source to 
recciv(;~r). The r.:Jtio of PJ to tofu 1~2 1~Z1y then be used to 
find tile depth to the concli.ictlve ~;<?i,\)f)<l IJycr with tile <lid of 
the curves shown in Figure '?6 provided olle nl')Y milke iJ crude 
estimilte of the contrast in COIJ(juctiv:ity bet\~e(~ll the fir!;t and 

GROUP SEVEN 

'/B 



--: 
~ 

i 

I 
I 
I 
I 

Ci 
:;v 

o 
C 
-0 

(f; 

rr: 
< 
r,-, 

\ 

! 

Z 

~) 
--...-J ~ ~ w....f.-:! L-...J ~ ~ ..... Y?d ~ ~ .:i:.:.4 

- . ,;:. 

~-) .0- ," .-~.) 

~-~ 

Pa/Pl I 
./ Buried resisto~ 

J"I'J,./' ~ -'- , 

1 ------

_ _p..,/ 0 =~ .:.. . 1 _J 

Uniforn earth 

Buried concuc~or, 
vz/cl=3 

0.1' 'l 

.01 .1 ~orrealized time, t/uovlR2 1. 

Figure 25. Exareples of tv;o-laye:r electromagnetic sounding curves for the 
case in ~hich the thic~ness of the ~irst layer is 1/16 the separation, R . 
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Figure 26. Interpretation chart for eVCllu(1ting an 
electromagnetic sounding marle over a sequence of t~o 
l"yers in which the second layer is more conductive 
tl1(111 the first. The reference time to is obtLlined 
by matching the field curve with the theon!til:cll curve 
for a uniform eartll. The first-layer resistivity is 
Pl' mngnetic permeability is' Uo and source-recdiver 
sepilrvtion is I~. 
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second lClyers. 

This procedure works only if the second Inyer is more con­
ducth.c than the first L.lyer. If the second l<lyer is more 
resistive, the ratio of PI to to/uo H2will lJe slightly 91'eater 
than unity. but the value for the ratio will lJe ne,uly indepen­
dent of the depth to the second layer. Therefore, <lll alternate 

<lppro(}ch lIlUSt be used to mClke ,HI interpretation. The di<l9no~ltic 
feature of an apparent resistivity curve for a buried insulating 
basement is thnt the value for apparent resistivity will rise . 
from the value for the surface layer and pass tllrough a m<lxirnum 
before it drops off to assume late-time behavior. The height 
of the milxjmum may be used to determine the depth to the insu­
lating second layer. again providing that one may estimate the 
resistivity contJ~()st between the first <Inc! ~,ecund l()ycr~ 
approximately. A ratio is formed .bet~een the maximum appnrent 
resistivity and tho Clpnarent resistivity for the first layer. 
Then, tlw depth to the second lClyer JUay be det~rmin0d L1sing 

the curves shown in Figure 27. 

These two procedul'es v;ere used to carry out the inter­
pret(}tions of the' electromvgnetic soundi n 9 s rcportl~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 
li3Y(HS in which the second lClyer is mOle resistive 
than the first. Intt!rprctation is.bused on the rutio 
of the peak resistivity recoHled on the sounding to 
the first-layer resistivity . 
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APPENDIX II: Listing of electromagnetic sounding data. 

The following quantities are t<lbulated: 

TII,IE 

NUMBllH 

AVEHAGE 

ST. DEV. 

I , i 
RESISTl VITY 

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

Tll(~ number 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 which the averngc W<lS formed, in 
millivolts ~exponentinl format) 

Apparent resistivity ciomputed using 
Vilnyi1l1 I s formula, in ohm-meters 
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o. 1 62 F~- os 
0.119E-05 
O.7IB[-O(' 
0.115[-05 
O. 1 58 [0'- OS 
O. I Sf) r·:- 05 
O. ]99 E- 0 (, 
(l.16?[-05 
0.17?F:-OS 

85 

ST. DF\.I. 
(l. I ~)/iE- 05 
O. I? 5[- 0 S 
0.912F.-06 
[). 1?5E-O~ 
O. I L,~E- O~) 

O.IO!JF.-05 
O.IOOE.-05 
O.112E-OS 
O. 9 I 7 [- 0 f 
O.IIOE-O~ 

O. 136[- 0:> 
O. I 3 (.[- 05 
0.131F-0~. 

O.IISE:-O~) 

O. 6(Jf~ E- 06 
O. 19 fiE- 05 
O. 9~ 9 [- 0 (, 
O. 152[- 05 
O.IB9E-OS 
0.132E-05 
(l.II/IE-OS 
O. 1/~5F- 05 
(). 1 (, i{ [~- 0 5 
O. I 'I 1 1::- 05 
O. I 5.1 E- 05 
0.192[-05 
O. <) 62F,- 06 
0.146[- 05 
0.133[- 05 
O. ~'/II E.- OL, 
(l.239E·-OIJ 
0.23'1 E- 04 
(). ~? :3() [- 04 
o.2~nE-o/I 

O.239E-OLt 
0.237[-0 /1 

0.17?E-OS 
O. I 1;2 E - () II 
(J. /j 142 E- 0 I, 

nESI STI \/1 TY 
12.76 
1 6.9 () 
19.6 /1 

~~O. 10 
20. 3 /1 

2 (I. /12 

20.22 
IB.27 
17. 36 
1 5. (,2 
1 4. 2 S 
13.20 
1 I • (~2 
10.Ll6 
9. 70 
8.25 
6.99 
5.80 
~). 30 
IJ. 52 
3.93 
3.06 
I • 9 LI 

2. 9 LI 
2.8(' 
3. 35 
2. 10 
2. 13 
0.99 
2. IE 
I • 53 
1 • I ? 
O. 68 
I. 09 
1 • SO 
I • SO 
O. :l8 
I • 53 
1 • (,3 

GROUP SEVEN 
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" . 
:;:' 
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1 
} 

" 
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I 
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FL F C'I r;'\j!"; Pi (~I-.J E TIC S(1 LH [) I ,'J Ci DI\ TA 
l .. 'JHJ'J OTL C~')"11'{\"JY VALLFS C{\L[)EI~A S0lX-JDING ~)03, 1972 

(1 F F F. S T f) I S T f\.'-.J C E == 7 7 50 • M F. T E F: S 
!~(1l!f\ CF LI:".J(;TII= ~~ ::ion. iVl F.:'j E:r< S 
Ix F C F, I V F P AI;: F (\:.:. 1 664 S () UI\ I~ E K M 
C:UfmFi\jT S'jEP:.: 11· 20 N1Pr:J<I",S 

IlIf1ITI7.IN(; SCALF IS O. O?~:~M I Cr~0 V0L T SI DI V 

F Dr H~[) A,\J J) S'I AO< ED D{\ TA 

TP'lF N U . ..., r~Er\ AVFRAGE' ST. DE V. 

0.04 2 ().2~)lE-04 O. 11.1/6[- 05 

0.' O~3 2 D.2:J7[-OLt 0.2611::-05 

O. 12 ? 0.260[- 0.1/ 0.761 [-G6 

O. 16 2 O. 2N~ F:- O/j O.OOOF+OO 

O. ~J.O 0 O. 22SE-O/~ O. [) 70 [- () 6 
t:, 

O.21.f 2 O. 2 2 ;Il~: - 0 .II O. 3261':- (16 

(). ~'B 2 0.21 g [- 011 (). 228 [- 0 ~ 

O. ~l? ? O. 191E-04 O. 2. 61 E- (J ~ 

O. ~l6 ? O. 195E-OI/ O. 4.116E-OS 

, O. 110 2. O. I/t9 F- 0.11 O. 5.1I:H-06 

O. Ll/j 2 O. 105[- 0.11 O. 120[-0:' 

O. 11f{ 2. o. ')"In E- 05 O. 1 0<) l~- 05 

o. 52 2 O. 105[- 0/1 O. 5/13 r:,- 06 

(I. 56 2 0.9/16[- () 5 O. 51J3E-06 

O. ()() 2 O. fW 01:- 0 5 O. 51J3F-06 

0, 6// 2 O. 663E- O~) 0.9-/8 E- 06 

(J. 6~ 2 O. 565E:-OS ,0. 1301::- 05 

n. 72 n O. I~~) 7 E'- 0:' O. ) '7 .I1/~- 05 
c. 

(J. 76 ? O. lj~~ II E- 05 O. 761 i~-06 

O. S () f) 0.370[-05 0.21~n.-06 
t,. 

o.r~.I/ 2 o. ~>'9 ~H::- 05 O. 5.11.3E'- ()6 

o.gg 2 o ~ 21 7 E- 05 O. 1135 F- () 6 

0.92 ? O. ?07E-05 O • 120E-OS 

o. <) (, 2 0.~~61[-05 O • 652 F- 0 (, 

I • 00 2 O. 22f~E-05 0.9 -m f- 0 6 

1 • () /1 2 0.217E-05 O. i135E- 06 

1 • OB ~ O. 337 F.- 05 O. 1 «lE- 05 

1 • I? 2 0.239[- os O. 652[-06 

I • 1 (, 0 0.2:39 E- 05 O. 652E-06 
L, 

I • ? 0 2 O. ? 3 l) E- 05 (J. 6521::-06 

1 • ~l II 2 O. 1 (':3F~- 0 5 O. 1 09 f~- 0 6 

1 • ~)g n O. 163[-05 D. 109 L:,- 0 6 
t:. 

) . ~l? 2 O.22f\F.-05 o. 5LI~H:- 06 

1 • 3 () ? n. 22F) F- 05 0.5 /J:lE-Cl6 

'1, /10 ? O. ~~2RF-05 O. 54:JF,-06 

I. /t/l 2 O. ~:)?H F- O~) O. 5/131::- 0 (, 
, J,r, f) (). i)?i~ [- 0 ~i O. :,Lt:H',- 06 , . ~ I~·) L 

I • ~~)? t) 
t, O. ??i'; I:~- 05 O. 5,~]F-06 

1 • ~) (, 2 0.2?r~r-05 o. 5.1/Jr:-06 

f~[SI STI VI TY 
110. I) <) 

.It1 • 78 

.1/2. 31 
/jO. ~36 
37. 1 7 
~j 6. 29 
35. ~B 
3 J • 16 
3 I • (,9 

24.25 
1 7. I 7 
) :).93 
J 7. 17 

' I ~. //0 
1 .1/. 3 / / 
10. R 0 
9. 21 
7. //3 

6.90 
6.02 
4. 78 
3. 5.11 
3. ] (, 
.11.25 
:3. '/2 
3. ~) Ij 

~. 49 
3.f39 
3.f)9 
~3.fl9 

2. (,6 

2. 66 
' ~l. '12 
3. 7~~ 
3. 7') l_ 

3. 72 
J. 72 
J. 72 
~) . 'I? 

._--. 
GROUP SEVEt~ 
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] 

'J n 
] 

i 
,j', 

1 
f 

'1 

i 
] 

1 

J r"'. ) 

1 

1 
1 

F L F r; 'r h".~ ',1 A G·\J E TI r; 5(1 lj\J DI ,\J G Dfl T f\ 
VALL E S CAL DFYA Fi'1 050 l\\J DJ N G ~o 6 

0FFFST Dl STANCF= 6900. MFTU~S 
~nLJf\CF LE'\)(ilH= ?soo. MElEI\S 
,\FCFJ \iF I,: f\t,FA==. 166LJ SOUAI';I:: KM 
Clml~FNT STFp:.: II,: 50 Ar-1P[I~FS 

DIG I T I 7. I N G S CAL E, I S O. O~~2M I cr~0 VOL lSI Dl V 

PO.! TED A~ D S T A C~ ED DATA 

TH1[ N lj;\1 n F.f~ A VEJ<AGE ST. DEV. l-?ESI S'l I VI TY 

r.o/j 5 o. 1 1 ~F-O/j O. J 3/iE- 05 1 2. "5 

O. (IH 5 O. I :3/,E- all o. 627[-06 1 Lj. ~)O 

O. 12 
( (l. J ~)()E_-OL/ o· 1 I 7 E- 05 J 6. 19 
,) 

n. 16 .. O. I ~)('E- 0 LI O. 1 ~>. 3E- 05 1 6. B I, 
,J 

n.?O 5 o. 1 67/::- () Lj O. I02E-O~ lf~.06 

o. ?f/ ·5 n. 1 71 E- 0 / / O. 1:31 r~-05 1 f3. 1t3 

n. ?('{ 
I I' O. 1 ()SE- o/~ O. 1 3'). E- O~) 17. B 7 
!J 

(I. J? 
t- O. 1 1./ ~',f~ - () // O. 7CJ 1 f- 0 () 1 5. 7'c~ 
J 

C·. J () c' O. I 3 /j I~ - nil o. I () 0 E: - () ~j I L/. L/6 
J 

(1. I/O 
(' O. I 16F-O/:, O. I09E'-()~) 12. ~9 
J 

n. /,/, ~ O.970E-OS n. I 61 E- 05 . 10. /I(~ 

n. liB ~) (). 8 6 I 1::- (J 5 O. 199 [.- ()~) 9. 31 

',Ci. ~)~? 
c- O. 70M:- 0 S O. 11)9 E:- () 5 'I. (,] 
j 

('I. ~)6 5 O. 571 r·:- 05 O.~)(l?E-05 6. IG 

n. (,n ,- O. 3<)P.F.-OS o . 1721.-:-05 L/.30 
• J 

() . (,I, 5 n. J07[-O~) O. 101 E- 05 3. 32 

n. Ul 5 O. 2B 1 f::- (l J O. 1 IOE,-05 3. 0 L/ 

(' . :7 ~~ s O. 21 61<- 0 S O. ') ~~:1'E- 06 ?. :J /1 

(\. 'f{, I' O. 19:i[-05 o • '/9 Lj t- 06 2. J 1 . ) 
n~ gO ~ O. lFiM':-()S O. 7~{? [- 0 (, 2.01 

().f1 / j " O. I? f,F.- O~) O. 1 [,?[-06 I. 36 
-) 

(l • ) l f~ 5 O. 1 ?'6F~- 05 n. /1?Or~- ()o 1 • 36 

0.9 :? 5 n. I 0 I,[:~- 0:) O. ~)O J E - 06 J • 12 

(). ') () 
,- O.909f-:-(l() o. Llg? F- 06 O. 9~3 
,J 

1·00 ~) O.H66F.-06 O. 19 /)1-:- 0 () 0.9" 

1 • 0 Lj s o .2 6 Lj l: ~ - 0 LI O. 51 1[-0'/ 2f5. 5/j , 

I . or) 5 n.26SF.-OLJ o. 51 1 E- 0'/ 28. ~)9 

1 • I ;) 5 0.26';)[-0 / , O. ~) I 0 F.- 0 '/ 2B. 63 

I • I (, 5 n. 26:)[- 0 Ij o. ~) I J E- 0 // 2(S. 59 

I • ;'0 5 O. ~>.()5E- 0/, o. 510 E- () L/ 2S. U3 

I • ~) Ii I- f). ~l6J[- 0/1 O. 505[- Oil 213. LJI 
,) 

1 II i)i~ 
c' O. H,) '/ F,- n 5 O. 1 59 1::- () II <). 69 
.) 

I • ~<? 5 n. WI 7 [- 05 O. 1 ~)9 F:- 0/1 <). 69 

I. :3 (, c' O. W) 7F- 0 5 O. 1 S9 E- 0" 9. 69 
-) 

I, 1,0 5 n • p. 9 '/ F. - () S O. 1 ~)9E-O/I <) • U) 

I ' I. /j r n.W)7f:-05 (1. I 5') F:- 0 II 9. (,9 
:J 

1. /1';; r- (). W) 'If.- (l ~) O. J ~') F.- 0 /, 9. 69 
:.J 

I . r~ f) ~ , 0. H') 'I F- (l ~) (j. J ~)') F- all <) • 6') 
.. ) ~ . 

I. ~J (, 
[' O. I,<J '/[- 05 O. 1 ~i9 1::- () // ~) . (;~) 
,) 

.. _-_ .. _--_.-------------
Gr~OUp Sl:VEN 

8'1 



r· 
I ·f~. 

I 

I 

I· 

\', 

I ' 

. :' 

\1' . 

" 

'\ 

("'\ 
/ 

f'l , F C T I \\1 -\ A (~\j I; TIC ~:O l j\J [) I N G f) f\ T A 
W'Ll. F~· (:r~L L1F f" f\ FH S~) L\\) Dr N G SO 7 

(.J FFFS T Dr STA0J CE= 7500. M ETF.:R S 
~~:OlJf~('F LJo':\1r.1H=; 2500. i'1ETU~S 
I<FeFJ VFF, AI:';FA=. 1664 SOLJf\I~E 1(f'1 
r.lil~}<F!\)T STEP::: t I. 50 /\~PEf<[S 

Dr GITl;;~ING SCALE IS O. OP.?M I CH0 VDL TSI Dl V 

FDITFD AN D S,TACK ED DATA 

l'li-1E N U'v1 F< c:R /\VF.:RAGF ST. PEV. 

0" 0/1 ] 0./113[-05 0.116E-OS 

(I. o,~ ~{ O. 725[-05 O. 12(\[-05 

n. I ? 3 0.9?8F-05 0.739[-06 

n', I 6 3 O. 9 L,? F: - 0 5 O. ~~() 5F:- 06 

O.?(J ~~ O.993E-05 O. 571 E'- 06 

n. ? 1/ :1 (J. 9R 6F- 05 O.131F.:-05 

(). ?~~ 3 0.9 LI9 E- OS . O. 1 51 [- 05 

n, 32 
1
3 O.B33F.-05 O. Lil 0 E:" () 6 

n.J6 !J 0.7R3E-05 O. g8 7[- 06 

n . .l'jQ 3 0.6 L,!;'E-05 O. lIB [- 0 S 

(J.lI LI ~l O. 5'13F.:- 0 5 O. 8 R 7 I~~ - 0 6 

o. N·:' 3 O. L,57E- 05 O. I '15E:- 0 S 

.0, C t") 
--) (. ~l O. /120 E:- 0 5 O. 1ILIE-OS 

n. :) (. ] O. 33~)E- 0 5 O. I 78 f·:- 0 S 

n. (,0 :~ 0.232[-05 o. 165E-05 

(J. (,II :3 0.225[- 05 O. 128 [- 0 5 

n. 6C< '.~ 3 O. 1 :W[- 05 0.9[58f':-06 

fl. 72 :3 o. 152[- 05 O. 710E-06 

n. 7f> ~l (J. 123F:- 05 O. R9 3 F:- 0 6 

O. gO ] O.B70E:-06 O. 1 () 6[- O!) 

(). R /~ ~i ().R70F.-06 O. 1 0 6f:~- () 5 

O. rw ] 0.72!)E-06 O. B 9 :~ F.~ 0 6 

(). 9? ] O. L,35E-06 O. 61 Sf::- 0 6 

n. 9 (, ~~ 0.217E:-06 O. S32E-06 

1 • 00 J O. L,35E- 06 O • 61 5[- 06 

J • 0/1 3 O. Li 3 5 E- 06 0.61SE-06 

I • Of3 3 O. L,35[-06 O. 615E:-06 

) . 12 3 O. /135E- 06 O. 61 5[- 06 

1. 16 3 O. 4~J5E:-06 O. 61 ~)F- 0 6 

J • ~) n 3 o. /1]5[-06 O. 61 5[- 06 

1.2/1 3 O. it:l 5 [- 06 O. 61 5[- 06 

J • ?g 3 - (). 1 JR F- 05 0.232F-05 

J. 3? ;l - O. :30/4[- 004 n. Li3?E- Oil 

1 • 3 f> 3 -0.30 1,[-004 o. II~l2r.:- Oil 

1 • IjO ;3 - n. 30 /1[- 04 O. L,J?F-O/I 

J • .~ I, 3 - O. 30 L/I::- 0 L1 O. 432 F.- () 1/ 

} . L,f{ 3 - O. ~lO:?E- (l/l O. Li30E-OL, 

) . ~i? :3 - O. 2 '/ ~W - n 4 O. 3H 9 ~ - () Ij 

1. ~) tJ 3 -O.273E-0/~ (). 3f$ 9 E - 0 I, 

88 

RESI STI VI TY 
6. 66 

I 1 • [,13 

1 //.9 S 
I ~. 19 
16.00 
I 5.89 
I 5. 30 
13. /13 
12. 6P. 
10. LiO 
8. '16 
7. 3 (, 
G. 7[~ 
5. 3 '/ 
3. 7 L1 

3. 62 
2. 10 
2. 45 
1.99 
1 • 40 
1 • 110 
1 • 17 
O. ·,0 
O. ~~ 5 
O. 70 
0.70 
O. 70 
O. 70 
O. 70 
O. 70 
O. 70 

- 2.22 
- 4£) • 9 5 
- LIP,. 9 5 
- LiR. 9 5 
- Lif) • 9 5 
- L/8. (, 6 
- .113.9£1 
- 1,3. 9B 

Gr~Oup SEVEI'-l 

, . 
',',1. 
I,. ",' , 



J 
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.' . \ 
111 
I,,' . 

I,: 

, .. / 
.. , 
.~ , 

. . 
!." 

H .. F' C T },O ~"11\ G\J F TIC .sO U\J [) IN G DA Til 
VALLFS C/\LDE.IM E}1 S0LNDIN·G 50H 

0FFfST DISTANCE= 7000. METERS 
S0LJRCF' LFi'JGTH= 2500. MF.Tn~S 
'~FCI'~I \fFI~ A/':EA=. 16f,S S(,)l)f\f':[ KM 
CLJRIW.\J T SHY::: II. 50 Af.1PEl\[S 

01 GI TI Z 1 N G SCAL E I S O. 022t~ I CI~0 V0L TSI Dl V 

FDr TED /l.N D STAD< ED DATA 

TJH E: N l.ilYlfiER AVERA GE ST. DEV. 

0.0 /, 5 O. 190E-OII O. I Lj I F- 05 

o. em '" • 1 O. 20JE- OLI O • 1 ? LII:~ - a 5 

n. 1 2 5 0.20~W-OLI O. 1 ~3LIF- 05 

(J. 1 (, c: 
.1 O.20JE-OLI 0.L,09E.-06 

(J.?O i 5 0.211 [-aLI O. 107E-05 

(). 2 II 5 O. ?f)'J!'\- 04 O. B 22 f~- 06 

(J.?8 r 
~ O. 185[-OL, O. I 51 [- 05 

0.3:? 5 O. 169t:-04 O. ~<{ 5F.- 0 (, 

(). ~l 6 c-
J O. I 5'H~- () 4 O. 120[-05 

(I. 110 5 O. 130F.:-OLI O. 1 1 7 E- 05 

O. LI/I '5 O. 1 n9F~- 0 II O. 1 613 E- 05 

O. N'; 5 0.92'1 [- 05 O. 1 67E.- 05 

O. S2 t: O. 78 Ldi::- OS O. 1 ~~'/E- 0:) 
J 

n. 56 S O. 621 [- 05 0.856[- 06 

(1.60 5 O. 552[-05 O. 1 ~,g E:- 0 S 

O. (,4 :, O.47KE-OS O. 1?2E:-05 

(). (,R 5 0./dHE-05 0.950 (::- 06 

(). 7? 5 0.341E-05 O. 1 Jr5.E.- 05 

0.76 5 D. ?7?F-05 o. 1 7 ;)F- 05 

o. /-; n ~) 0.259E-05 O. ]27F.:-OS 

n. g L/ 5 0.2] ] E- 0 5 O. 1 01 [- 05 

(i. FIn 
[. 
;:) o. ?2 / ,F:-05 O.f>02F-06 

0.9 ? 
,-
J O. ]6 /,F-OS O. 53f) E- 0 (, 

(1. ') (, 5 O. ]21E-05 o . 'I'm E- 0 () 

1 • no 5 O. R 1 9 E:- 0 6 O. I'60E- 06 

1.(i4 5 O. 690[-06 0.<)77[-06 

l • OS 5 0.733[-06 O. SSS E- 06 

J • 1" r_ 5 O. 560[- 06 O. 690[-06 

J • ]6 [' 

.:> 0.560[-06 O. 69(H~- 06 

I • ~! 0 5 O. 560E.- 06 O. 690 E:- 0 (, 

] • ? L/ 
c 
J O. SG(W- 0 (, O. (;9 0 l;~- 06 

J • ?Fl 5 O. :; ()() E:... 0 () O. 690E-06 

1 • ~1~) 5 O. 560E-06 O. 690[-06 

J • ~~ (, 5 O. 56CH.:- 06 O.U)OE-06 
] . LIO 5 p. 560[-06 O. ()9 0 E- 0 (, 

I. 1"1 
[' 

.:> O. 5()0[- 06 O. 69 0 [- 06 

] . If' [' O. ~S ()() [- 0 (, O. 690/::-06 
•. I() J 

1 • :i2 5 (). S60E-06 O. 600[-06 

] . ~J (, 
.. 
-) O. ~~ 1~) 1'>- 0.11 O. 40'lE- Oil 

8') 

RESI SlI VI TY 
20.25 
? 1 • ~)r:i 

21 • 63 
21. 5B 
22. 50 
21.76 
19. 74 
1 'I. 9 5 
16. ]9 

1 J. 82 
1 1 • 5'1 
9. S 7 
8. 36 
6. 61 
5.B8 
5. 1 () 
4. I,S 
J. 63 
2.B9 
2. 76 
2.25 
?. :l9 
1 • 7 I, 
1. 29 
O. f) 7 . 

o~ 73 
O. 78 
O. 60 
O. 60 
O. (-0 
O. 60 
0.60 
O • 60 
O. 60 
O. 60 
O • [,0 

O. ()O 

O. (,(l 
f')f') t: c c_ ( __ • J;:) 

GROUP SEVEN 
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.i 

FL FCll,():,1 1\ C·\) n I C ~:0 LN DI i\I G DATA ' 
lJ'J HJN 0 I L COi'l PA0JY VALL [5 CAL DEIM S0 LN Dr N GbO I.; 19 72 

. 
VI F F F. S T D I .s TAN C E= 3650. MET Ef~ 5 
SO lJ /\ eEL EN G TH = 2 3 50. 1'1 [T[~ r~ s 
F{FCFI \JFf~' f.\f·:FI\=. 1(,(,1, SOliAnE Kt-l 
C lJlW FN T S TFF'= I I • ~iO {\.'1 P fo:l~ E5 

OIGITI7.ING SCALE IS O. S36f'.1 I CR0 vOL T SI LH V 

ED! T[D AN 0 STAC)( ED DATA 

TU1E 
0.0/1 
D.OR 
O. 12 
0',' 16 
0.20 
0.2/, 
O.2n 
o. ~32 . 
O. 3(, 

O. /'0 
O. "4 
O. ilg 
O. ~2 
0,; 56 
O. 60 
0.6/1 
O. 6[1 
n.7? 
0.76 
0.80 
o. (s 1/ 

o. gf:; 

0.92 
0.9(-' 
1.00 
I • 04 
1.08 
1 • 12. 

I • I 6 
1.20 
I • ~) 4 
J • 2f) 
I. 32 
J • :3 (, 
I . l'!() 

I . // I~ 
I , II.=) 

NUYJ£lER 
6 
6 
6 
5 

1 6 
1(, 

i6 
16 

6 
(, 

(-, 

(, 

(, 

6 
(, 

(, 

(-, 

(, 

6 
6 
5 
6 
6 
(, 

6 
(, 

5 

5 
5 
5 
6 
6 
6 
6 
6 
() 

6 
(. 

AVERAGE 
O. I'S9 E- 03 
0.9 / 19 [- 03 
0.10IE-02 
0.857[-03 
O. (,37E-03 
O./t7()[-03 
0.321 E-03 
n.2321-:-03 
o. 1/,6[- 03 
0.112[-03 
O. 7 ~J:1F::- 0 II 
O. 52R E- 0 I, 

D. 41 I E'.- Oil 
O. Iii ). [- 0 II 
O. 12~)E-OLI 
O. 2 6R [- 'o:i 
0.g9/~F.-06 

(). ., 1 5 [- 0 :) 
- O. 1 0 7E: - 0 II 
- O. 71 ~iE- 05 

o. :136[- O~ 
-0.626[-OS 
-0.981tE:-05 
-O.BOSE-OS 
-0.09 /IE-05 
- O. 13',[- 011 

- O. 1 61 E- 0 II 
- O. 1 (-, 1 !':: - 0 1/ 

- 0 .• 1 (, I [- 04 
-0.101[-04 
-0.161E-OLI 
-0.13-4[-0 1/ 

- O. 1 ] 'I!~- 0/, 
-0.13 /1[-0-4 
-0.13/~E-04 

- O. 1 ~~ 1/ E - 0 4 
- 0.13'/11::- OLj 
- (). 1 :J II r.:- 0 ~ 
- O. 1 3 IJl'~- 0 II 

ST. DE:v. 
O. 1 J 1 E- 03 
O. S36E-OLI 
O.IIIE-O/I 
0.31 Lff::-OLI 
O. 26L;E- OIl 

0.370[- OLI 
0.222 E- 011 

0.32'/[ .. 0 /1 

O. 1 ~,(, 10':- 0 II 
O. 31 f' !:- 0 II 
0.190[-0-4 
0.159 F-OL'! 
O. 1 1/"/ f: - 0/1 

O. ~2 071<- 0 II 
0.800E-OS 
O. 1 Ilr) l:~ - 0 <~ 
O. 1 /10E- 0-4 
O. Wi) [0:- (1-4 
O. (-, I 9 i;.: - 0 5 
O.IOIE-Olf 
O. fJ SF) [- O:i 
0.7K:,[-05 
0.IS7[-04 
0.12JE--()-4 
O. 115[- 0-4 
0.123t-0/1 
O. 678 E-O~~ 
0.67RE-03 
O. 67f) 1:.:- 03 
O. 678 F:- 03 
o. 6'tH F~- 03 
O. 1 2 3 I:: - 0 Lj 

O.123E-OIf 
O. 123[- OIl 

O. I 2 ~l [- 0 A 
O. 1 ?3["'; 0// 
O. 12] E- 0 II 
O. 1 2 J F: - 0 II 
O. 1:~ 3l:~ - 0 4 

RES! STI vI TY 
70. 79 

137.32 
14~.60 

12 /1.09 
92. J 5 
6g. 8 5 
L16. 116 

33. 52 
? I • 10 
1 6. 18 
10. 61 

'I. 64 
5.95 
S. 9 S 
Idn 
O. 39 
(). 1 3 
I • 04 

- 1 • 55 
-1.01t 

O. 78 
- O. 9 1 
- 1. 42. 
- 1. I 6 
- 1 ~ 29 
-1.91f 
-2.33 
- 2. ~33 
- 2. 33 
- 2. 3'3 
- 2. ~13 
-1.91; 

-1.9" 
- I • 9 -4 
-1.94 
- 1.9 II 
- 1. ') 1/ 

-1.<)-4 
-1.9/j 
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flo Fe '11«(-) ;·1/\ n'l FlI C .so LN fJ IN Ci DA TA 
U'lION OIL COr1P,'lAY VALLES CALDEIM S0U\JDING 602, 1972 

0FFF'.ST DISTANCE= 3950. ~1ET[RS 
S0{JI~C[ LENGTH:: 2350. ~1ETERS 
RECD VFl\ ARFfI:::. 1 (,6/, SQU{-I/\I::: Kiv1 
CUl\I~Ei'lT STEP::: 11. 50 N1PF:I~ES 

01 GI TIZING SCALE IS a. 021~1I Cm) V0L lSI 01 V 

EDITF.D AND SlACK ED DATA 

TIHF NLiVJ8EI,\ AVERAGE ST. m:v. RESl STI VI TY 

a.OLI ~3 O. 1,27 E:- 04 O.56HE'-05 7. 67 

O. OIl 3 O. 6n 2E- 0 LI O. 157[-05 12.27 

O. 12 :l O.6'I7F-OLI O. 198 r·~- 0:' 1 2. 1 f~ 

O·~ 1 6 3 O. 573E-04 O. 2 6~lL- 05 10. ]0 

0.20 <~ O. Ij76E-0/1 O. 267[- O~) B. 56 

0.24 :3 O. 3:37E- OLI o. 1 19 [- 05 6.06 

O.2R 13 0.21.,7[- 04 O.70SE-06 LJ. LI5 

O. ~l2 . 
I Od~ 721::- 06 
~l O. 1 7" E - 0 Ij 3 •. 19 

I 

O. 36 !3 O. 13 LIE-04 0.21IE-05 2. Ld 

O. /10 3 O. 110[-0/1 0.861[-06 1.99 

O. LI4 3 o. 7761;:-05 0.R06L-U6 I. LIO 

(). 48 3 O. LiR Ld::- 0:) o. 10~E-05 0.87 

. O. S2 J 0.2/19 E- 05 O. 1 21.11':- 0 5 O. L,S 

O. S6 3 O. 1 ~iO[-05 O. 1 ·W [- 05 0.27 

O. 60 3 O.6/11t:-()6 O. 923F~- 06 O • 12 

O. 6LI 3 O. 2B 5E:- 0 (; 0.321.1[-06 0.0~ 

O.6n 3 o. 1 1J2E- 06 O. 1 12 E- 05 0.03 

n.7? 3 - O. ?B ~r,~- 06 O. /139[-06 - O. 05 

O. 76 3 - O. 150[-05 O. 106'1::- 05 - 0.27 

0.80 3 -0.9971,:-06 o. (,6 J E- 06 - O. 18 

(l.F:;1.1 ·3 - O. 570F-Cl6 O. 56IE-:-O() - O. 10 

Cl.gg 3 - o • .1,271::- 06 O. (';~9 E- 06 - O. 08 

0.92 3 - o. ~~ ~i (, E: - Cl 6 O. 533E- 06 - 0.06 

().96 ~~ - O. 712 E- 07 O. 201 [- 06 - O. 01 

1.00 3 0.21/1E-06 O. 3/19 E:- 06 0.04 

I • 0 't 3 O.214E-06 O. 34<J E:- 06 0.04 

1.08 3 O. 3.110[- 0/1 O. LI'/SE-04 6. 12 

1 • 1 ? 3 0.3 /10[-OLI O. 47 5 r~ - 0 L, 6. 12 

1 • 1 6 ~~ O.3/JOE-O.l.j O. .I17:'F~- OLI G • 12. 

1. ?O 3 O. J /10 t: - 0 II o • .1175[;::-0/1 t,. 12 

I .2 LI 3 O. J/I(lE- 0/-1 0.47:'E-04 6 • 12 

1.2B 3 o. ].110[-0.11 O. L,./ 5 F:- 0.11 (,. 12 

I. 32 3 O. 2 J .II [- 0 6 0.3 LJ'JE-(lG O.OLl 

I • 3 () 3 O. ~) 1 L, F: - 0 6 O. ~l L,9 F- 06 O. 0/1 

I. Lin 3 0.21 1,[-06 O. JLI9 f- 06 0.04 

J •• ~ /J 3 O. 2. I .III;: - 0 (, O. 3 4) E - () () CJ. 0/1 

I. LI:~ 3 o. ~.:. I II!~ - 0 6 O. ~l/19 l~: - () () . 0.0 /1 

1. ~) ~:~ 3 o. ~? 1 /d:: - 0 () O. :3 L;91;:- () (, o. 0 Lj 

I • ~) (, ] 0.?ILIE:-D6 O.3/J'JE-06 O. O/j 

GROUP SEVEN 
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FL. fCTnf'.)i/ll\ C\J En r: ~}) IN D1 N G DA T/\ 
lNlvJt\J 0IL O)t'lPANY VALLES CALDERA S0lJNDING 603, 1972 

(1 F F F S T n 1 S T I\\J C E::; 'I ~ 50 • MET E H S 
SI1UI?r.t:-: LENGTH::: ~3S0. MF.1T)~S 
r~Fcrr \iFP I\HEI\=. I 66/j S(,)UAf~E Kt,1 
CIJI~I<[N T Sl E'P~~ I). 50 1\f'.1PERES 

111 GIn 7.J NG SC/\L E I S O. OS'IM I cn0 veL lSI D1 V 

E DI TED A,\J f) STA CI{ ED DA TI\ 

T Ii'1 F: 
0.04 
0; (n-{ 

0.1 ? 
O. ) 6 
0.20 
0.2 /1 

O.??> 
0.32 
O.3() 
(). /.;0 

O. 114 

O. L;:'{ 

O. ~;2 
O. S () 
O. 60 
O. 6/j 

O. 6~ 
O. 72 
O. 7 (, 
O. ~H) 

O. 1, /1 

O.SF; 

O. 9? 
0.9(' 
I • () 0 
J. 0 II 
I. m~ 
1. I? 
J • I () 

J. ?O 
1 • ~~ /1 

I. ?/-; 

1. J2 
1. ](, 
1. LIO 

I . /1/1 

I . /1:') 

I • S~) 
1 • :i (; 

NU:.1nFH 

~) 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 

5 

5 
5 
5 
5 
5 
5 

,­
J 

:, 
5 
5 
5 
5 
5 
5 

AVERAGE 
O. LI9 II F.- 0 Ll 

0.112F.-03 
O. 1 20E- 03 
O. 1051;:- 03 
0.81 :.W-O/j 

O. 643E- OLI 
O. 117 3E- 0 Lj 

O. 3 LI LI F - 0 It 
().2 /101::-0 LI 

0.1761::-0'1 
O. 1 2 1 !.~- 0 II 
O. f3 3" E- 05 
0.37 ()[- 0 5 
O. 2 5f.~ E - 0 ~.i 
0.161[-05 
0.751[-06 
0.377[-04 
O. 39 6!~- O/j 

O. 3({ -, E - 0 II 
-0. ~)36E-06 

- O. 10 7E- 0 (, 
-0. 64 LI[-06 
- O. 20 /1E- 05 
-0.ISOE-05 
-0.116E-05 
- O. 8 5£1 E- 06 
-0.31IE-05 
-o.2/j'j[-0/1 

- (). 2117 F- 0 II 
- O. 2/17E- OIJ 
- O. 2 LI '/ E: - 0 /1 

- O. ? 117 [- 0 IJ 
- o. ~:~~6E- O/j 
- (). J I ~\ E - 0 5 
- O. 1 1 f) E- 05 
.• O. 1 Ifn: - 0 5 
- O. I I f5 E - 0 :> 
- n. 1 PH~- O~) 

- (J. I I g E- 0\ 5 

92 

ST. DE\!. 
0.1 3 LIE:- OLI 

O. 3 ~i 5 F:- 0 LI 
O. II () 3 E- 0 LI 

O. "Lll [- 04 
O. :1~l(.r=- 04 
O. 2M~F- Oil 
0.234[- 04 
O.lgOf-O/I 
O. 1 ;1;3 E- Oil 
O. 1 0 ~3 E: - 0 LI 

0.63/,[-05 
O. 3 /10E- (IS 
O. 759 E- () 6 
O. 1 6 L'F:- [) 5 
O. l.Il() F- 0 5 
0.12SE:-05 
O. 'l1.J3F:-OL1 

O. 7 3 3 t~ - 0 /j 
O. 7 ~k; [- 04 
O. 3 L,g E- 0 5 

O.2N:1F:-05 
O. n ~3 E- 06 
O. 1/12 F:- 0 5 
0.115[-05 
O.526E-06 
O. f) 'I? r..:- 0 6 
O. /112[-05' 
O. 11691~- O/j 
O. LI69 F"" 0 /1 

0. 1169 t:- OLI 

(J. 1.1[.9 F- 0/1 

O. Ij(.') I:~- 0// 

0./1?9E-OLI 
O. ~)? M:- 06 
0.52(,E-06 
0.5261->0(, 
(J. S?6E-06 
O. ~)2 u;~- 06 

n.526E-06 

HESI STI VI TY 
10. 53 
23.91 
25. 56 
22.33 
1 7. 35 
13. 71 
10. 09 

7. :1 5 
5. 1::3 
J. 75 
2. 59 
I. 'm 
0.80 
O. 55 
0.34 
O. 1 (; 
B.03 
8. 4" 
8.26 

- O. J I 
- O. 02 

- O. l/j 
-0.//3 
- o. :32 
- o. 25 
- O. 18 
- O. 66 
- 5. 26 
- 5. ~~ 6 
- 5. 26 
- 5. 26 
- 5. 26 
~ 4d3 3, 
- 0 •. 25 
-0.25 
- 0.25 
- 0.25 
- 0.25 

- 0.25 

GROUP SEVEI--l 
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Fl..FCTr~O\ltlGNFTIC Sv)lX..JDING DATA 
UNJ(~N dlL C(1Mrl\;\JY VI\LLI~S CI\LDEHA S0LNDING 60.4, 1972 

0F'FEST DI STANCE= 3900.. METERS 
S0lJF~C[ LEf'IG1H= 2350. f'.1ETF.RS 
I~rcn \iU~ AIW(-\;;. 1 664 SOUAI;:[ I(M 
CURREN T Sn:f>= 11. SO Ai"lPH<ES 

DIGITIZING SC~.F IS o. m~ 5.\1 I CfW vOL TSI DI V 

EDI~ED AND STAd<ED DATA 

TIME 
0.0/1 
O. o~~ 
O. I? 
O.'} 6 

0.20 
O. ~) /.1 

0.28 
O. 32 
0, 36 
O. /10 
O. II/I 

(J. /18 

.0. :)2 
o. ~) 6 
O. 60 
o. 6/1 

0, 6~ 
O. 72 
007(, 
f). flO 
()" g 4 
().gr; 
0.92 
0.9 () 
1.00 
I. 0/1 
I. Qf{ 

I • 12 
I. I 6 
).20 
1 • ? /1 

1 • ~~8 
1. 32 
J. 36 
1. L,O 
J • I, /1 

1 • II~:) 

1 0 ~)2 

1 • ~; 6 

N U\"l BI~:I~ 
() 

6 
(, 

(, 

(, 

6 
,6 
6 
6 
(., 

6 
6 
(, 

(, 

6 

~) 

5 
6 
() 

(, 

(, 

(, 

6 
6 
(, 

5 
(, 

() 

6 
(, 

5 
(, 

(, 

(, 

(J 

6 
t, 

AVEHAGF 
O. 7P,~)F.-04 
O. 1 '/1 F. - 0 ~l 
0.192[-03 
0.176[-03 
O. 1 ,~(, I:: - 0 3 
0.IIOE-03 
O. 736F- OLi 
0.517[-0 /1 

O. 360[- O/j 
O. 26~)F.- 04· 
0.]96[-0 // 
0.11~)E-04 

O. 7 If 5 F- 0 ~ 
O. 559 E- 05 
0.457E-OS 
0.2S0E-05 
0.239[- 0.5 
0.1"/8[-05 
O~ 102£:.:-05 
O. B L,7t:- 06 
O. S9 JE- 06 
0.3:39[-06 
O. Li2J~-06 
O.127E-D5 
0.119E-OS 
0.106E-05 
0.1 (,9E-06 
O. 1 5?1~- 06 

- 0.. 42~lE- 06 
- O. 2 } ~~ F:- 06 

O. /123[- 06 
O. 'I? 0 E:- 06 
0.127[-0.5 

- O. I (,9 F:- 0 (, 
0.8'('[-07 

- O. 6:l 5 E- 06 
- o. ]g I F- 0 (, 

o. r; I,", E- 07 
O.lr~"'E-O() 

ST. DEV. 
o. 19 6 E- O/j 
O. 1 T/E- O·lf 
O. LIJOF.:- OS 
O. 1 O/~E-O/1 
O. lOR [- 04 
0.!3 66£- 0 5 
D. ') 112[- 0 5 
0.88 3[- O~) 

0.323£-05 
O. 'jLIJI'~- 05 
O. 45S[- 05 
0.263E-()5 
O. 1 74 F:- 0 5 
O. 1?9 E- O~) 

O. 1 40E- 05 
O. 198 E- 05 
O. 127£- 0 II 
O. 12 5r~- OIJ 
O. 123F:- 04 
o. 1 R JE- 05 
o. 1 S9 E- 0 ~ 
0.143£-05 
O. 1 1 5 E- O~:i 
0.]67[-05 
O. 187£- 0 5 
O. 10 /tE- 0 5 
O.107E-05 
(J. 20 7 t~ - 0 5 
0.924[-06 
0.909 E- 06 
O. ) I I E- 05 
0.8 7 3r.~- 06 
0.118E-05 
O. I J 1 l~- 0 5 
0.117£-05 
O. 2 79 r~- 0 5 
().20'd::-05 
0.153E-05 
0.1921::-05 

RESI STI VI TY 
9. 55 

20..83 
?3.36 
21 • Iii 
1 7. "'9 
13. 35 
8.9/1 
6.2R 
1/. 3[1 

3.22 
2.3S 
) • LIO 
0.91 
O. 6» 
O. 56 
O. 30 
0.29 
0.22 
O. 12 
O. 10 
0.07 
O.O/j 

0.05 
O. 1 5 
O. 1 LI 

O. 1 ~l 
D.O? 
0.02 

- 0.05 
- O. OJ 

0.05 
0.09 
O. 1 5 

- 0; 02 
0.01 

- o. em 
·-0.05 

0.0 J 
0.02 

GROUP SEYEI'~ 
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r.l_l~ r. TW1 ~·1 fI eN F TI C Sv) U\j DIN (i DA TA CAL D FHA S~JlN Dr N G (,0 ~j, 
u~r8N OIL C0MPANY VALLES 

0FFFST DTSTf\Nr.E::: LJ100. METEr~S 
SOURCF LENGTH::: 2~!~)0. MFTF.I~S 
REeF! VFI~ I\f~FA=. 166 11 SOUAIW )<M 
curmEN T STEP= 1 1. 50 AM PEHES 

D I CiI TI ! I N G S CAL r. I S 0.05/1,"1 I eRG V0L lSI DI V 

EDITED AND STACKED DATA 

TIM F. N U'1REI~ AVF.RA GE ST. DEV. 

0.0 /1 
,- 0.771E-OIl O. IB7E-04 
:J 

O. Of) 5 O. 1 LI5[- 0;3· o. 156[-0 /1 

O. 12 6 o. 1 67 E:- 03 0.361[-05 

O~ 1 (, 6 O. 157[-03 O. 65.til;~':' 05 

0.20 ,6 O. 1 3 L,[- 03 (l.71~)[-O5 

O. ~~4-\ :5 o. 10'/[- 03 O. 123[-0 /1 

0 .. ~~g is 0.766[-04 O. 61 Ol~- OLI 

O. 32 Is O. 556[-OLI O. 5~;2E- O/j 

O. ~~ 6 :5 O. LtlBI::-04 o. L:g 1 E- 01/ 

o. 1J(1 
c O. J 0 III~ - 0 4 O. IIJ9 [- OL/ 
,J 

0« IIII 5 O. 2 I I!I:~ - 0 II O. L!O? E- 0 II 

(J. 1;8 5 O. 130[-04 O. 36::-~F- 04 

o. ~'2 5 O. 606E~-OS O. 2g 3[- 011 

O. ~:, () 5 ·0. L06[-05 O. 2B :,,~- 04 

O. 60 5 0.476E-05 0.29 3E- 04 

. (). 6/1 5 0.31 L,E- 05 0.~?9~.lE-04 

O. 6~ 5 o. 119[-0:) 0.293[- 04 

o. '/2 5 O. I 52[- 0 5 0.29 LI(::- 04 

O. 76 .- o. 23fi E- 0 5 0.c~96E-OLI 
J 

O. fJ 0 6 0.271E-06 O. 350[- 05 

0.8 L/ 6 - O. 171 [-05 O. ~~ :\9 E - 0 5 

O,RP, 6 -0. L151E-06 O. LlG/j[~05 

(J. 92 6 -0.7221::-06 0.L!33E-05 

O. () 6 6 - O. L, 5 1 [- 0 () 0./125[- 05 

1. 00 6 - O. 126[-05 0.321 E-05 

1 • 0 II 6 - O. 135E-05 O. ~31 LrE- 05 

1.08 6 - O. 162[- 05 O.305E-05 

I • 1 2 6 - o. 1801::-05 Q. 30 I E- 05 

I • 16 6 - 0 .• }f39E-05 0.301[-05 

I • ~~ 0 (, - O. 189v~-05 O. 30 I E- 05 

I • ~~ II (, - O. 1110[-05 O. 29 <) E" 05 

1 • ~~B () - O. ]BOE-05 0.299E-05 

1 • 3;~ 6 - O. IBOE-05 O. ~29<) E- 05 

1. :1 6 6 - O. )9B r~:- 05 0.301E-·05 

I • 110 6 - O. 198[-05 O. J01 F.-OS 

I • If II () - O. 199[-05 O.JOIE-05 

I. N) 6 - O. 1 <);:1 E- 05 o. ~\O 1 E- 05 

1. 52 (, - O. 19 f5 E- O:i O. ~W 1 E- 05 

1 > 56 6 - O. 199E-0~) O. 301 E- 05 

> ' .t: 

9[1 

RES 1ST I V I TY 
10. 20 
19.26 
22.06 
20.80 
1 7. 79 
ILl. 12 
10. I 5 

7. ~J7 
,-
:J. 53 
4. 03 
~~.g/.; 

1 • 72 
O. [) 0 
O. 63 
O. (,3 
O. 1;2 
O. 1 6 
0.20 
O. 32 
O. 011 

-0.23 
- O~ 0 [, 
- O. 10 
-0.06 
- o. 17 
- O. 18 
- 0.21 
-0.24 
-0.25 
-0.25 
- O. 2 'I 
-0.2-4 
- 0.24 
- O. 26 
- O. 26 
- O. 26 
- O. 26 
- O. ~~ 6 
-0.26 

----
Gr~OUp SEVEN 
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EL F.CTI\OiJjt~r;~ ETI C ~,O U>J DI N G DATA 
lNI0N ~JIL C0f'lPANY VALLES CALDEr~A S0LNDING 606, 1972 

o FFF:ST 01 STAN CEo: 5500. M ETEI~S 
S(i)Ur<CE LEN(aH= ?'350. METEf-<S 
r~fCF.I vr·~I\ (\f(U~=. 166LJ SQUAI,[ KM 
CUrmFi\) T ~j TEP= 12. (,0 A~-1 P El\ES 

DIGITIZING SCALE IS O. 022M 1 Cl~0 VOL T S/Dl V 

EDI TED AND STAO( F:D DATA 

TIH r~ N U!'1REH AVEHAGE ST. DEV. r< ESI STI VI TY 

(I.OL) 7 0.535[-05 O. Il,6E- 05 2.09 

O.OB 8 O. 1 12 E- 0 Ii O. 301 E- 05 II. 38 

O. 12 7 O. I 65E- OLI 0.2 /1'/E-05 6" .q L) 

(). 1 6 7 O. 198 F.- OLI O. 2::'~B E- 0 5 7. 73 
.,;.. 0.135E-05 8. 59 

o. ?O :8 0.219t~-O/I 

0.2 L) ig 0.217£-01.1 O. I ~~ Ld~- 05 (l • Lt8 

O.2B 17 0.197[-04 O. 3 /10E:- OI.l 7. 71 

O. 32 
\ 

7 O. 1 7B.E- 04 O. 33,(H~~- OL) 6. 96 

0.36 ! 7 O. I 56E- 0 LI 0.326J::-01.J 6 .. 10 

0.40 -, O. 122[- OLI O. 31 51:.:- 0 LI Lj. 7B 

(I. Lj II 7 O.H941~-05 O. ~JO Lj I~- 0 Lj 3. 50 

O. L,g 7 O. 7 I 1 E- (l ~) 0.2.98 E- OLj 2. 78 

. O. 52 7 o. 609 F.- 05 0.2i~O[-04 2. ~m 

o. 56 7 O. 560[- 05 0.283[-04 2. 19 

0.60 7 O. 380[- 05 O. 361 E" 0 14 I. 119 

O. 6Lj 7 0.238 E:- 0 5 O. 29 LJE- 0 II 0.93 

(). 6f~ 7 O. 1 79 E- 05 0.367[-OLI 0.70 

(I. 72 7 O. 186[- 0:1 ' 0.29 5F:- 04 0.73 

(). '/6 7 O. I 39 E- 05 O. 133E-OLI 0" 5LI 

O. B 0 [) 0.595[-06 O.gOIE-06 O. 2~3 

(). B Lj 7 0.'Lj33E-06 O.998i;:-06 O. 1 7 

O. Rf-i f) O. 568 E- 0 (, 0"9[$0[-06 0.22 

O. ') 2 7 O. 340 I~- 06 O. 102[-05 O. 13 

0.96 8 O. 162[-06 0."16[-06 0.06 

I. 00 S -0.IOgE-06 O. 100 E- 05 - O. 0 I, 

I • O/.I 'I O. 186[-06 O. 11 ~E-05 0.07 

} 0 em 7 -0.155E-06 o .3 .q 3 E..; 0 Lj -0.06 

J • 12 -, 0.928F.-O', O. 3/1~J.r:- OLI O.OLj 

1 • 1 (-, 7 O.613E-07 O. :J/12E-0/I O. O;:;~ 

1.20 7 -0.618[-07 o. 3 LI:n:- 0 II - 0.02 

1. ?/J 7 - O. 1102[- 06 O. 3LJ/4[- 011 - O. 16 

I • ?~) 8 - o. 541 [- 0-/ O. 106E:-05 -0.02 

1. 32 " O. 12/jE:- 06 O. 125E-05 0.05 

I • ~l 6 R - O. 379 [- 06 0.1:35[-05 - O. 1 ~) 

I • LID 7 - O. 12 /,[- 0 (, 0.9 OC; [- 06 - 0.05 

I • II L! 7 - O. 1 ~~)E:- 06 O. 1 OJ E~ 05 - 0.06 

J • /if:; 7 -0.<)?F'[-07 O. 10<) E- 0 5 ':" 0.0/-1 

1. C'r) 7 - O. L,'} sr- 06 o. 19 LI E- 0 II - O. 19 
,)c 

1 • 5 (-, " .., (). 52 (,E- 06 O. 19.11£<:-OLJ - 0.21 

GROUP SEVI:N 
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.. I . . . 
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FL r·:CTI~vH·1M';\J FTI C SO LN DIN G DATA 
V,\LL E S CAL Df HA H'I SO U:J DI tv G '/01 

r1 FFEST Dr STAN CE= 3950. METERS 
~;(JURCE' LFNGTH= 1900. METE.RS 
I<FeEl \/E:r~ Ar·a:A:;. 1 ('6~) SOUM~E 1(~1 
CURI~EN T STU>:; 19. 00 ,Ar/IPF:I~ES 

DIG I T I 7. I N G S CAL E I S o. 0 54"1 I C F?0 V0 L T S/ D I V 

EDITFD AND STACI{ ED DATA 

TIME NUVlRER AVERAGE ST. DEV. 

0.0 /1 
(' O. 124E-03 O. 181 [-all 
:) 

O.OR 5 O. 161E-03 O. If::: 1 [- 05 

() " 12 5 O. 122[- O~~ O. II M>' E- 05 

O. 1 6 5 O.BLI1E.,.O/~ 0.269 F:- 05 

0.2Q '5 O. 5~~2E- 0/1 O. 21 5E- 05 

(l.24 
1
5 O. 3 1 I: E - 0 Ij 0.2119 E- 05 

O.2H is O. 166E-0/1 0.'201[-05 

0.32 r- 0.909E-05 O. B (. 6E- 06 
,:) 

o. :16 ;s O. 5Lil E-OS O. ILJ5E-05 

D. /10 5 n. ;.? LI9 E- O!i O. 55~~ [- 0 (, 

(). 411 5 o. 195F-():; O. ()IO E- 06 

o 0 11~1 5 O. I) (>f,[- (l () O. 1 :;9 l~- 0 S 

. (). 52 5 -0.325E-06 O. J06E:-05 

n. 56 r' 
:) - O. B 66F.- 06 O. 1 1 1 E- 05 

CJ. bO 5 - O. 6/19 E- 06 O. 116E-05 

() u 6/1 r-
,) -0.B66E-06 O. 9 /13E:- 06 

O. 6i~ 
c-
:J - o. :)41E-06 o. 123[-05 

(). 72 5 - O. '7 Sf{ E- 06 O. 1391::-05 

(). 76 5 - O. 541E-06 O. 123[-05 

(l. gO 5 - o. ~~ 2 5 E: - 0 6 O. 121E-05 

O.f)L! 5 -0.325[-06 O. I ~~ 1 f;:- 05 

0.88 5 - O. 5Lll [-06 O. 123E-05 

0.92 5 - O. 649 E- 0 6 O. 130E- 05 

0.9(; 5 - O. 7S8 E- 06 O • 1 39 [- 05 

J.OO t· -0.325E-06 O. 121 r:- 05 ,) 

1 • (J II 5 -0.325E-06, O. 12 i E- 05 

I. 08 5 - O. 7 Sf, E- 06 O. 139 [- 05 

1 • 1 2 
,. . ) -0.8 53E-1 'I O • 14SE-OS 

) . 16 5 -0.6 119E-06 O. 130 [- 05 

1 • ? () 5 -0.g66E-06 O. 152[-05 

1 • ? /1 5 -0.853E-14 O. ILISE-OS 

) • 28 5 -O.325E-06 O. 12 J E- 0 ~i 

1.32 5 0.931[-05 0.21 1 E- o.q 
1 • ~3 6 5 O. 6~)5E- 04 O. 129 E- 03 

1. I!O 5 0.639E-OI-t O. 1 ~~9 r~- 03 

1. "VI 5 O. 641[-04 O. 129 E- 03 

1 • ,';g 5 O. 6:; ~)E- 0 'I O. 129 E- 03 

1 • ~)? .. 
:J O. 6:? I: E- () LI O. 1;27[-03 

1 • ~6 S O. ~) (>') [- 0 II O. J l'fE-03 

RESI STI VI TY 
11. 32 
1 II. 68 
1 1 • 10 

7. 65 
II. 75 
2. G 6 
1 • 51 
o. n 3 
O • ./19 
O. 2~) 
O. IS 
0.013 

-0.03 
- 0'- OB 
- 0'- 06 
- (J. OB 
- 0'- 0 5 
- O. 07 
- 0.05 
-0.03 
-0.03 
- O. 05 
-0.0.6 
-0.07 
-0.03 
-0.03 
-0.07 
- 0.00 
-0.06 
- O. O~ 
- O. 00 
- O. 03 
0.85 
to 
,) . '/8 

5.fn 
5.G 3 .. 
;J. '/~3 

5. 03 
r-J. IB 

GI~OLJP SEVEf'1 
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rL F.e '1'/;:0 '11\ G\) FT! C S0lN 01 N G DA TA 
Vl\ll~S CALDERA 702 

o FFF.ST Dr STAN CE= L1600. METER S 
S0URCE lENGTH:: 1900. ttlETEl<S 
r~ECF.I VF~R M~F.A=. 1 ()6L, SQUf\I(f:: I{M 
ClJRI<FNT STEP= 19. 00 M1PF.I~ES 

Dr GI 1'1 (. IN G SCAl E IS O. 053MI CR0W1L TS/ 01 V 

F.OITF.O AND STACK f.D DATA 

TH1E N lK·18 Ei< Avn~/\CiE ST. DE: V. 

0.04 II O. f) IjOf:=- OLI o. LILI9 E- 05 

(J.Og 4 o. 11n~-03 o. 116E-05 

n. I? II o. 10 1;F-03 0.30SF.-05 

(). 1 6 , II O. '(99F-O/, 0.339[:-05 

o. ~~Q ! II O. 57H E- 011 O. 1,6 5E- 05 

O. ?ll ; L, 0.3901;:-O/j o. ~n2E-05 

O. ?R , 14 0.23::;F-OLI 0.205[- 05 

0.32 'I O. 1601::":O LI o. 262E- 05 
I I 

(). 36 ill o. 9 7~)F:- 05 o.3nE-05 

O. 110 4 O. 6 4 1 r~ - 0 ~) O. '259 [- 0 S 

O. LILI 4 0.29 I.IE- 05 O.UK6F.:-06 

O.4B 4 0.BOIE-06 O. 8F) 6E- 06 

. O. ~)2 LI -0.ROIE-06 0.2 /161::-05 

O. 56 II O. 0001::+ 00 o. 3~~ 'If~- 05 

O. 60 " O. 1 3 Ill·:';' () 6 O. 308 E- 0 5 

O. 6/1 4 0.21 LII::-05 O.352E-05 

O.6R " O. ) 07[- 05 O. 3 Lif) E - 0 5 

O. 72 ' II - O. '2 6 '( r.: - () (, o. ) 1 6[- 05 

(). 7 (, I.j o. 26 'J F:- 06 O. 1 53E- 05 

O. R 0 " O. :?67E-06 O. 179 E- 05 

O. S I.j 4 -0.2(,7E-06 O. I 34 E- O~i 

O.gS 4 -0.f)01[-06 O. 1,63[- 06 

0.92 II O. I 34E- 0.6 0.954E-06 

0.9(, 4 O. 1 ,,'/ E- 05 O. 291 [- 05 

1.00 II O. 668 E- 06 O. 1 57E:-05 

. I. 0 II 4 0.66(3[-06 O. 1 5';E- os 
1. OK I.j O. 66<-1 [- 06 O. 1 5 7l;~- 05 

I • 12 II O. 6 6fn:,.~ - 0 6 O. 157 E- 05 

J • 1 h I~ O. 66BE- 06 o. 157E:-05 

J.20 II O. 668 E- 06 O. 1 5 '( ~~- 05 

J • '24 I~ O. 66H F. - 0 () O. 1 57 E- O~) 

1.2B 14 O. 6 6FJ I~- 0 (, O. 1 57E- 05 

1032 4 0.6(,BE-06 O.157E-05 

1 • 36 II O. 6()f-H~- 06 O. I 57E- 05 

1 • 1,0 II 0.6N)E-06 0.157E:-05 

J. 44 I.j O. 66K F.:- 06 o. 157E-05 

I • li~\ Ij O. 66[) F:- 06 (J. 1 5 '{ E~- () 5 

I. 52 II o. 6M; F:- 06 o. I 5 '/ [- ()~) 

1 • 56 /j O.6Wr::-06 o. ) 5 7 E~- 05 

9'1 

J~ESI STI VI TY 
13. 64 
18. 75 
1 6.9 I 
12.96 
9. 39 
6. 3 ~3 
3. fj 6 
2. (10 
I; 58 
1. Oil 

O. I,f) 

O. 13 
- O. 13 

0.00 
0.02 
O. ~~5 
O. 1 7 

-0.04 
0.0 /, 
0.04 

- 0.04 
- O. ) 3 

0.02 
O. ~~ /1 

0.' 1 1 
O. 1 1 
0; 1 ) 
O. 1 1 
O. 1 1 
O. 1 1 
0'- 1 1 
0: 1 I 
O. 1 1 
O. 1 I 
0'- II 
O. 1 ) 
o. 1 1 
o. ) J 
O. 11 

GROUP SEVEN 
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- , FL E' c: ThO t'1 (\t~N E TI C SO LN DIN G IJA TA 
\I AL L E: S CL A DE: H A [('1 S0 LN /) I N G '( 0 3 

. 
(71 FFr:ST 01 STAN CE:: 5400. M ETEr-:S 
050 URCE LEN GTH= 1900. N ETEI~ S 
!'<FCU VF:R AI~F.:A::. 16()4 SQUAf\E I(M 
CLJI~HEN T sn~p= 19. 00 AM [JERES 

DIGITI?ING SCALE: IS 0.0 5/!'1I CR0 VOL TSI DI V 

EDiTED AND STAO( ED DATA 

Trr-1 E N LM!3U~ AVERAGE ST. DEV. RESI STI VI TY 

0.04 4 O. 18HE-04 0.966[- 06 5. 62 

O. OR II 0.3 /j5E-04 o. ~~3LfE-06 l o. ~q 

o. I r) I, O. t'!22E:-OL, O. 2 S 1 E- () ~) 12. 62 
<-

O. 16 LI O. t'!02E-OLI O. 189 E- () 5 12.01 

0.20 ;I, 0.356[-OL, O. 1351:,- 0 5 10.6tl 

O.?IJ ,4 O. 267E-O/~ o. 10 LjE-05 7.'97 

O.?8 IL' -0.312E-04 0.879 [- 0·'" -9.~3/1 

O. :32 LI - (). 3 LI! t:- 0 IJ 0.862E-04 - 10. 19 
I 

0.J6 :LI - O. 37 1 F.- 04 0.8 LI5 [- 0 Lj - I I • OS 

o. 4() I, - O. 39 5[- 04 0.G31 [-011 - 1 1. g 1 

O. /ILI 4 - O. Ljl 0[-0 /1 0.823E-OLj -12.26 

(). I,g II o. 530r:- 0 Ij 0.8 3/,E- 04 1 5.8 L, 

. (I. S? I, (). ~3f! I E - 0 Ij O. ()07E-04 I 1. J9 

(\. 56 4 O. 37~3F.-O/I O. ()IIE-04 1 I; 14 

O. 60 II O. 769 E- 0 4 O. 1 :32 [- 03 22.99 

O.6 LI LI O. 3 6 5 E -' 0 I, 0.616E-04 10.90 

fl. (,f) II - O. LI/15E:-O/I O. 79 ~~E- 0 Lj - 1 3. 29 

0, 72 II -0.L!?7E'-05 ,O.8"1~3E-05 - 1.' 20 

O.7C, LI O. (,36E-04 O. I Of; E- 03 19.03 

(). R 0 II o. 2 1 (, f!~ - 0 5 O. 30 /IE- 05 o. 6~ 
o. g I, Lj 0.2-1) E- 06 O. I 2 Lj E:- (l ~ O. 08 

0.G8 Lj - O. ) 22 [- O~) O. ~l26f-~-05 -0.36 

O. <) 2 I, - O. ) 35f-06 O. I 6/-/ E- 0 5 -O.OL! 

O. <) 6 II 0. /,06[-06 O. I 1 ., E- 05 O. ) 2 

) • 00 Il O. LtO 6E- 0 b O. 1 1 7 E:- 0 S 0.' 12 

1 • 0 L, II o. I!O (,[- 0 6 . o. II ~iE-05 O • 12 

) • Of) II O. LIObE-Ob o. t 1 -, E - 0 5 0'-12 

1 • 12 II O. 1,06[- 0 6 O. 1 17[- 0 5 O. 12 

1 • If I, O. I!O (,F'- 06 O. I 1 "IE-OS O. 12 

1.20 II O. NJ6E-06 o. I 1 7E:- 0:> o. 12 

I • 2 I, II O. 1,06[- 0 (, o. 117[- 0 ~ O. 12 

I. ?B II O. LI06F.-06 O. 117[-05 O. 12 

).32 4 o. L!O 6[- 06 O. 117E-O~ O. I I) r_ 

1 • :3 b /1 O. II06E-06 O. I I 7 E- 0 S O. 12 

I • L,O /-/ o. L:06[- 06 O. 1 1 7 E- 0 ~ O. I 2 

I. L! /j I, O./jOl,E-Ob o. I ) 7r-:-(l~ o. 12 

I. L:i) /.f O. L!O {"[- 0 (, O. 1 17[- 0 S 0'- 12 

1 • ~,2 II O. 119f5 [- o,~ O.!)/j7E-O/, I Ij'- LiB 

1. ~,6 /.1 O. 1!9~; E- O/j (). R /,7 F.- 0 I, 1 II. c.W 

GROUP SEVEI~ 

98 

\ , 

'j.:,1 

: I 
I 



I) 
'" 

", 

tl: 

" .. 
"~~" . 'i 

" '"' . ~. . 
:j , 
// :' 

'I: ) 

j 

, . 

" ) 
',I , 

': I 

." 

EL FcnWi"ll\ GN ETI C ~;O U\\j DI N G DA TA 
VALL ES CAL DEf<A 70S 

o FFEST DI STAN CE= 5L,50. M ETEI~S 
S0Ul\CE LFNGTI-I= 1900. t'-1f.lEI"\S 
r",rGEl VF};: AREI\=. 1 664 SQUl\Id~ I(M 
CURI~ENT STEP:: 19.00 A1'lPEHES 

DIG I T I Z I N G seAL F I S 0: 022M I CF:0 VOL lSI 01 V 

EDITED AND STAQ(ED DATA 

TIM F: 
0.0'1 
Ci. OB 
O. I? 
0'. 1 6 
(\. ~J.O 
o.?" 
Od?8 
o. 3~ 
(1. 36 
0. <'!o 
n. '14 
O. /.jf3 

,n. ~)2 
n,~,6 

n. (,0 
fl. 6LI 

O. (,[~ 

(). 72 
0.76 
O. B 0 
().g4' 

().8B 
n. 92 
0.9 () 
1.00 
1 • 0 'j 
I. OS 
I • 12 
I • 1 (, 
1 • 20 
1.2'1 
1. :?F> 
1 • ~32 
1 • 36 
I. 'iO 
1. 44 
1 • liB 
1 • ~)2 
1. 56 

N U\1 f)ER 
4 
4 
,~ 

,4 
,1,14 

: 'I 

I 'I 
;4 
1 'I 

4 
'I 

4 
4 
Ii 
1/ 

4 
1/ 

4 
4 
4 
'I 
LI 

4 
Lj 

4 
4 
4 
II 

'I 
4 

'I 
II 

'I 
4 
4 

" 4 
'I 
II 

A VERA GE 
O. 223E" OLI 

0.51BE:-Oil 
O. 566[- 0 LI 

O. 5) H E- 6 (I 
O. 709 E- 0 'I 
O. 638 [- 0 'I 
0.577E-04 
O.52'-!E-04 
o. i!S 6E" 0 4 
o. LIS) E-O'I 
O. 113 7E- 0 LI 

O. 39 liE" 0 I, 

0.377E-04 
0.371IE-04 
0.36 11[- OLI 
0.35IJE-0'1 
O. 350[- Oil 
0.353E-04 
O. 3 '17 E- 0 'I 
O. 7 sg E- 0 6 
0.9" L,[- 06 
O. 1J8 7[- O() 
O. 1 ) 'iE- 0:' 
0.97',E-06 
0.108E-05 
0.l08E-05 
0.1031::-05 
0.103E-05 
0.812E-06 
O. G 1 2E- 0 (, 
0.RI2E-06 
0.SI2E-n6 
o • 8 I ? I~ - 0 () 
0.812E-O() 
o • [) I ? r~" 0 6 
0.812[-06 
O.Bl?E-06 
O. g 6 ("~ - 0 (, 
0.f)6M~-06 

ST. DEV. 
0.195E-05 
O. 1 Lil [- 05 
O. 1 ~nE- 05 
0.2 /15[-05 
O. 4:;6[- OIJ 
O~ 49 n:- 04 
o. S32E- OLI 

0.5631::- 0'1 
O. ~)3 II E - 0 II 
O. 6()5E-O~ 
O. 61.1 E- 0 Ii 
0"~76E-04 
O. S~; J E- 0'1 
0.S76E-OLJ 
O. Sf) OE- O'l 
O. 5B:? [~OIJ 
O. Sg 1 E-OIJ 
O. :i79r-04 
o. ~)B 1 E- 04 
0.B99E-06 
O. 6~~2E- 06 
0.~!.[)lE-06 

O.756E-06 
O. 5G 3l~- 06 
0.667E-06 
0.()6'/E-06 
0.619E-06 
0.6191::-06 
O. S('OE- 06 
O. S60E-06 
O. S 60E- 06 
0.560E-06 
O. ~)60E- 06 
O. S60 E- 06 
O. 5()OE- 06 
O. 5M)F:- 06 
O. 5(,0[- 06 
O. ~)~) ~2 E - 0 (, 
o. ~) 52 [- 06 

RES! STI VI TY 
6. fW 

1 ~. 99 
1 7. ': 6 
1 5.9 '7 
21 '-SB 
1 9. 60 
1 "{. 8 1 
1 6. 1 6 
1 4.99 
I J. 90 

- 1 3. LJ9 
12. 1 6 
1 1 .- 6~! 

1 1 • 53 
1 1. 23 
10. '; I 
10.80 
10.89 
10. 69 
0.~3 

0.30 
O. 1 S 
0.35 
0'-30 
0'- 33 
0.33 
0.32 
0'-32 
0.25 
0.25 
0.25 
0.25 
0.25 
0.2S 
0.25 
0.25 
0.25 
0.27 
0.2., 

GI~OUP SEVEN 
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H .. ECTf<0i·1A GN ETI C so IN DIN G DI\ TA 
VALLES CALDE/\{\ 706 

0FFEST D1 STANCT= 5750. !'1ETERS 
SPJU)<CE LFNGTH= 1900. METERS 
RECEl VET< AI~EA:;. 1 664 SO UM~E KM 
CLJRf(EN T STEP= 19. 00 Af~PE:r~ES 

DIG I TI z: I N G S C 1\1.. E I S O. 02 2M I C R0 va L T SI 0 I V 

EDtTED, AND STACI< ED DATA 

TII-1F. N U;-·1 F3Fr~ AVERAGE ST. DEV. RESI STI VI TY 

o~ 04 5 O. 2~lOE- 04 O. 2f) ~E- 05 Sd32 

()~ OB C' O. 460/;~- 04 o. 1701::- os 1 "I.' 61 
;:; 

0.,1 ? " 0.53 /JE-OLJ O. 1 1 1 [- 0 ~ 20. 44 
:.> 

O. 1 6 5 0.532E-04 0.978 E- 06 20. 35 

0.20 5 O. 1,6 Il!~- 0 LI O. 180E-O~ 17. 76 

O~2LJ 5 O. ~m 2[- OLI O. ) (10 [- 05 1 Ij; 63 

0.2[5 " 0.30LlE-OLI 0.200[-05 1 1; 65 
:.> 

o. 32 5 O. 22'/E- 04 0.208 E- os 8. '10 

O. 36 5 O. 176/,;:-04 O • 1 Llf) E- 05 6; -i2 

0. /10 5 o. 12-/[- 04 O. 133[- 05 LI.86 

o. 44 L' 0.996E-05 0.219[-05 3.' f) I 
;:J 

o~ 118 
.. 0.730E-05 O. 155[- 05 2. f} 0 
:.> 

,0. 52 I' O. 57 LlE:- 05 O. I 3 L, E- 05 2.20 
:.> 

o. 56 5 -0.60 L,E-05 O. 2~~2 [- 04 - 2. 3 I 

0'. 60 
I' - O. 64[-) E- 0 5 0.220E-O/I ..: 2 • .itS 
J 

O. 6 LI 5 -0.7R7E-05 0.213[-04 - ~~ .. 01 

o. 6B 5 -0.822E:-05 0.21 I E- 0'1 - 3; 1 5 

o. 72 
(" -0.826[-05 O. 21 I E- 0 II - 3. J 6 
:.> 

O. 76 
,. - O. fl 112 [- 0 5 O. 2 I 0 /~- 04 - 3;22 
;) 

0.80 5 0.157E-05 O. 79 5E- 06 0; 60 

o. f) II 5 O. 135E-O~) 0.571j[-06 O. 52 

(). fW tc o. 157E-05 0.[)63E-06 O. 60 
:J 

O~ 9 2 5 O. 113£:::-05 0.636E-06 O. '13 

0.96 5 O. 139 E- 0 5 o. '11W [- 06 0; 53 

1.00 5 O. 1 1 3E- 05 O. 606[- 06 O. Ll3 

1 • 0 Ij '" O. 609 E- 06 O. Ll22E-06 0.23 
:.> 

1.08 
[' 0.609[-06 O. 503F.- 06 0.23 
;:; 

1 • 1 2 C' 0.870E-06 O. 790[- 06 0;33 
,) 

). 1 6 5 O. 113F.:-05 O.90l1E-06 O. 43 

1.20 5 O. 10 li[- 05 O. 770[-06 0. / ,0 

I • 21J 
,- O. 100[-05 O. '1091::-06 0.38 
,) 

I " ?R 
,. o. 1(1)[-05 D. 709 E- 06 O. ~m 
• .1 

1 • 3? " O. l(lOE-O~ 0.709 E- 06 0; 33 
:.> 

1 • :l6 . I' O. 100[-05 0.70')[-06 0; 3f,~ 
.) 

1 • /10 ~) 0.100[-05 0.709E-06. O. 33 

) • I, LI 5 O. iCiOE-OS 0.70JE-OG O. ~lf3 

1 • li~) " O. 100E-05 O.709E-06 0; ~3B 
;) 

1 • ~)? 
, .. o. I OCH:- 05 0.709[-06 0; ~,H) 
,) 

) • ~) 6 " O. 1 Of)E:- 0 S O.709E-06 0; 3;:) 
:.> 

GROUP SEVEN 
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ELECTI~8i'1/1G\jETIC SIHNDING DATA 
VALLES CALDERA 707 

(1 FFES T DI STAN CE= 6 /100. METER S 
Sr~URCE LENGTH:: 1900. t'-1ETEr~S 
RECEIVER ARFA=. 1664 SQUARE KM 
CUlmENT STEP=19.00 Af1PEI,ES 

DIGITIlING SCALE IS O. 0211'11 Clx0 VOL TSI 01 V 

ED! TED AN 0 STAC'r( ED DATA 

1'11'1 r:~ 

C·O/I 
o. OR 
O. J 2 
(). I 6 
0.20 
O. 2/1 
O. ~.~8 ' 
O. 32 
0.36 
O. 110 

O. 114 

O. I(~ 
O. S2 
n.56 
o. 60 
O. 6/1 

O. 68 
O. 72 
(). 76 
n.RO, 
(l.R/, 

(l.Rn 
o. 9 ~~ 
0.96 
1.00 
1 • 0 II 
I. OR 
1 • 12 
1 • I 6 
I • ~:. () 
1 • 2/1 

1.2G 
J.32 
J • ~3 6 
I • 1:0 
) • 1/ Lj 
I • 1;8 

I • S6 

NlJ·1RFR 
5 
5 
5 

;5 
is 
:5 
15 

:S 
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 
5 
5 
5 
S 
5 

AVERAGE 
D. 176[- oz, 
0.323[-OLI 
O. 3f~8 E- 04 
O. 39 II~- OIl 
0.367[-0 /1 

0.306F-O/l 
0.2/IOE- 04 
O. 19 1 E- 0 II 
O. 14'jF~-04 
o. 1 0 0 E~- 0 II 
O.721E-OS 
O. 29? E- 0 LI 
O. 28 I E- 0 L/ 

0.271[-04 
0.26 I!!;:-. 0 1/ 
O. 23f) E- 04 
O. 3()~3[- 05 
O.1i!r--;E-05 

- O. 1 ~3 1 E - 0 5 
O. I 1 ?l:: - 0 ~) 
O. I 112 E- 0 ~j 
O. 1 Sf) E- 0 /1 

O. 1 5?E:- 0 11 

O.IS',E-04 
O. 1 5 ()E- 0.11 • 
O. 1 59 E- 0 II 
O. 1 5~3E- OLI 
O. 152[- 04 
0.196E-05 
0.196E-05 
O. I <J 61.:~- 05 
0.19(,E:-05 
0.196E-05 
0.196E-05 
O. 19 M:- 05 
o~ 19{)E-05 
O. 1 <J (, E- 0 5 
O. I 9 (,[~- 05 
D. 19 (,f- 05 

WI 

ST. DE V. 
0.315E-05 
0.119E-05 
O.9·/51~-06 

0"130E-05 
0./:97E:-06 
O. I/j2l!~- 0 5 
0.808E-06 
0.119E-05 
0.151£:: ... 05 
O. 1 7~H:- 05 
0.994E-0() 
O. 1,77[- 04 
O. IIG 3E~ 04 
O. LidS E- 04 
O. 1,92[- 04 
0.4501::-04 
0. /1'/3,[-05 
O. 191 E- 05 
O. 37RE~05 
O.17~3f:-05 
0.124[-05 
o. 2B 'I E- 0 Ij 
O. 29 Ol~- 04 
0.2B9E-OLI 
O. 288 E- 0 LI 
O. 2B 6E- 04 
0.~~89E-01j 
O.2t:6E-O/~ 

0.319£0:-05 
O. 319 E- 0 S 
O. 319 E- 05 
o. ~319[-05 
o. ~n <) E- 05 
O. 319 E- OS 
O. 319 E- 05 
(). 3 1 9 E- 05 
o. ~ll 9 E- 05 
0.319E-05 
O.319E-O~j 

RES! STI VI TY 
10. 35 
19.0'1 
22"86 
23.06 
21. 62 
W.05 
1 4. 1 5 
11'- 2/, 
R.' ()3 
5. '92 
iJ. 25 

17;24 
1 6. 5B 
1 5.98 
1 ~). 5L/ 

'14. 06 
2. 1 LI 
0.8 ., 

-0."17 
0'- 66 
O. g II 
9.32 
s'- 9 Lj 
<) .. 09 
9'- 19 
9.39 
9;OLj 
8.98 
1" I 6 
I; I 6 
1'-16 
1 • 1 6 
1 • I 6 
I. I 6 
I. 1 6 
I. I 6 
1'- 1 6 
I.' I 6 
I • 1 6 

GROUP SEY[N 
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i·.. .. 
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FLECT!Wi'1AG.\)ETIC S8t.NDING DATA 
VpLL E S CAL DEI~A 708 

. 
o FFEST DI STAN CE:: il850. METERS 
S0 U He E L EN (; Ttl:: I 9 00. M F. T E R S 
HECr::r vr·:t~ AI~[{\::. 1 66LI SQUARE KM 
CllHlxEN T STEp:: 19. 00 AM PEf~ES 

01 G1 TI Z I N G seAL E I S O. 022M 1 eR0 V0L TSI DI V 

EDITED AND ST{\Ci< ED DATA 

TI tv) E N t.11'-1 Fl E r~ AVERAGE ST. DEV. nESI STI VI TY 

0.0 Lt I, O. 2BB E- Oil 0.' 419 E- 05 S. 66 

O.Og IJ 0.509E-Oil O. 671 E- 06 9;99 

0. 12 ,(, O. 519 E- 0 LI O. 155[- OS 10;19 

o~, 16 II o. "II 6 f·:- OLI 0.5L,2[-05 8;76 

0.20 ' Lr O. 335E- OLI 0.318E-05 6.58 

O.21J iLl O.2SJE-OIJ 0.'?'06E-0~) 11;96 

00 f::8 \/1 O.177E-Oil 0 .• 902 E- 06 :3. 47 

O. 32 ' ,(, O. 1 2 I· E- 0 ,(t O. 1 3 Ld::- 0 5 2; 38 

0.36 :LI O. G9/11~- 05 O. 1 1 "I E- 0 5 1;76 

O. 1,0 ,(j O. ()O~3E-05 O. 175[-05 1. 1 B 

O. 1,4· LI O. ,(10 /1[- 05 0.20 Li£::- os 0; 79 

O. LI3 II O. 3 () 6 E- () 5 0.I"12E-O~) O. 72 

O. 52 I, 0.291 E- 0 5 0.122E-05 o • ~) 7 
... 

O. 56 il 0.172[-05 0.92 'IE- 0 (, O. ]LI 

O. 60 IJ O.102E-05 0.752E-06 0.' 20 

, O. 64 il O. 113E-'05 0.919E-06 0.' 22 

, O. 6B 'I O. ('1J7E- 06 O. L103E-06 O. 1 3 

0.72 il O. 75·~'II~':- 06 0.4li4E-06 0;15 

0.76 ,,(1 0.108E-05 0.549~'::-06 0;21 

o. SO It tl.g6~2E-06 0.2 6LtE- 06 0'- 1 7 

O. (; LI LI 0.8 b?E- 0 6 O. 2 {Vi E- 06; 0;17 

().88 I~ O. 59 3E- 06 o. Ij) 41.::-06 0'-12 

0.92 4 O. LI31 [- 06 O. 664[- 06 0.08 

0.96 II 0.323[-06 0.8 /j2 r:" 0 6 0.06 

1 • 00 LI 0.323[-06 0.8 il2 r~-o 6 0;06 

I. 0 II 
, 

LI 0.377E-06 0.854"E-06 0.07 

1. OR .q 0.377[-06 0.8 SL,E- 06 " 0'-07 

1 • I 2 II o. :377E~-06 O. 6 5 LI E- 0 6 0'-07 

1 • I (, 4 0" 377[- 06 0.8 5L,E- 06 0'-07 

1. 20 L, O. :177E-06 o.-r-; 54[- 06 0'- 0 'I 

I . ? LI /1 . O. 37 7 (~- 06 0.8 !jIJE- 06 0'-07 

J.28 LI 0.377E-06 o. G SL,E:- 06 0.07 

1. 32 I, o. 37 'IF..- 06 0.8 5LIE- 06 O. 0" 

1 • 36 .II O.377E:-06 O. 3 ~) LI E- 06 0'-07 

1 • L,O "I O. 37 7 r~- 06 0.8~LIE-06 0'- 0'1 

1. ll"'1 LI 0.377[-06 0.r.-;51J[-06 0.07 

1 • 11~3 . LI ' 0.377[-06 0.R5 L,t:-06 0;07 

1. 52 I, 0.377'1<:-06 0.654[- 06 0.07 

1 • 56 II 0.377[-06 o. B Sit F- 06 0.07 
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Apparent resistivities for electroma9netic soundin9 s made 
from source 5. after correction for system response. 

Time,sec. 501 

O. Old) 
O. 051 
O. 0 S(, 
n. (l (,i' 
O. 0 (>9 

Q.077 
O. Or:: 5 ... 
0.09 ,', 
O. 1 O~) 
O. 11 (, 
O. I ~''') 
O. I",;) 
O. I ~i::; 
O. t 7lJ 
0" I'() ~) 

O. :? I (, 
O.:?"'!) 
O. :?(,(, 

O. 29 (, 
O.3?ii 
0.3(,/J 
O. /JOl , 

O. 11,'::3 
O. Li9 '/ 

O. ~:, S I 
O. (01 2 
(). (.-19 

0.753 
O. H ]~) 
0.927 
1.Oi,:f\ 
I • 1 II I 
1 • i,' (, () 
I./IOS 

28.00 
~?g • .12 
:~g • (~O 
?9. 12 
29. 38 
29. 59 
29. 74 
~:9 • f) 3 

,29. B 6 
~!<) • g :3 
29. Il/j 
~~g. 3 Lj 

26. 77 
2S. :m 
2 fl. 20 
22. 67 
20.07 
I 7. (~3 
1 5. 70 
1 J. 3B 
1 I • 1 S 

f5. 56 
(,. 53 
I,. Elf) 

J.05 
2.21 
1 • :; Lj 

O.9B 
O. g2 
0.93 
1.20 
O. ') ;> 
O. S/I 
O. ~):} 

!;>02 

20.21 
19. 69 
19. 35 
19. 19 
19. 20 
19.3G 
J <). 7 LJ 

~~O., 213 
~: I. 02 
21.99 

, 2~? 66 
2~~. 31 
21. 31 
2(J. S4 
~~O. I(i 

20.42 
19.7 /, 
IB.9/J 
1 K. 19 
16.98 
I ~). S9 
1 ].52 
12. 10 
10.95 

<). 51 
7. 70 
5. 73 
1,;90 
fl. 19 
3. U) 
3; 61 
? SI 
I • 5/1 
1.20 

Sountlinu 

503 .. 

5(,.02 
51. 6 LI 

I,H. 3 I 
l/~).g6 

1,/j. t <) 

Lj~!. 20 
I,?. H 7 
IJ~~. 1 "f 
L//.!. 12 
L,5. 7 (, 
116. ~d 
Ill,. 2 () 
/10. :n 

10] 

37. G I 
Jr-; ~ 1:3 
313. ~):~ 

36. 59 
3 I,. 0 L/ 

31.83 
29.21 
:~ 7. 22 
20. 118 

1 :>0 66 
1 S. I:S 
13.9] 
10.96 

7. 6? 
6.25 
5. 3S 
L/;8 ., 

~). 20 
L/. ~.~ I, 

]. ~~ 'I 

!j06 

26. L/9 
?6.06 
25. 7 / j 

2 ~). :l?, 

2 S. 1,0 
? S. 3B 
2 S. II S 
25. 63 
25.91 
2f>. ~~9 
26. 56 
2 ('0 I/O 

2 S. 9') 

2{J. ~1 
26. 05 
2:"~. ') 5 
2~~. /]// 
2i3. 00 
~l6. 2 Lj 

~17. 1 1 
33. 70 
31. 1/3 
29. S:) 
9.g2 
2. 66 
2. ~il 

) .9:3 
I. 61 
I. 32 
?.. 9 7 

507 

-31.85 
- ~~L/. ~n 

- 3(,. (J6 
- J "'.8 1 
- 38. Ij() 

- 3H. A9 
- :38. 1 1 
-37.20 
- 3S. «3 
- 3:l. 1 6 
- :30.9 S 
- 31 • 19 
-J:3.07 
-:36.1~~ 

- ~~<J • 3 I 
- L/O. ~)O 

- 32. g (, 
-11.61 

12. 57 
I 3. I; (> 

9. 66 
B.G,) 
(,. ~i~:' 

5. 77 
3. n 6 
2. 79 
2.37 
1. S 7 
I • 5~~ 
I • ~ 6 
1 • 1,9 
I • Si! 

-1/./.90 
- L/~>,. I,D 

503 

23. 55 
24.95 
25; <) f) 

26. 59 
26.75 
26.LJ() 

25.72 

23.CH3 
21.31 
20. 17 
20. 66 

23.~~/1 

22. 15 
20. 7 (, 
20; 3~~ 
18. <) ~~ 

16.3S 
15.32 
1 3. 'J 7 
10.95 
8.75 
6.9(' 
S.32 
LJ. 2:> 
3. 6<1 
2. <) 0 
2; 117 

2.3U 
2.08 
1. 5B 
O. 79 
O. 60 
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Apparent resistivities for electromagnetic soundings made 
from source 6. 'after correction for system response. 

Time 

0..046 
0.051 
0.056 
O~ OM~ 

(). 069 
o.orl 
o. 08 ~) 
O. 09 LI 

O~ 1 [) S 
O. 1 I [, 
0.189 
O. 1 11:l 

o. 1 ~f; 
0.17() 
O. 1 9 ~i 
0;'2.1 (. 
0.2 /10 
O.8C,(, 
0.29 (, 
O. 32f) 
O. 36"'1 
0. / ,0/, 
O. II II~~ 

O. 1197 
O. :>:) J 

0.61 ? 
o. 6 7~) 
o. 75:1 
o.a~3~j 

O.9?7 
I • 0 ?~i 
I • 1 .I: I 
I • ::! 6(> 
1.4()~) 

601 

I /j3. 70 
1 50. 2 (, 
I ~jS. ~~9 
I ~i8. 60 
1 GO. 10 
1 ~i9. 73 
157.51 
I 53. SO 
1 1/7'(~ 5 

1 '10. 7/1 
I ~1O. 7;1 
11(,.7 LI 

IOO.fi6 
B S. 90 
"l?. 9 :, 
60. 26 
1!7.1B 
3 ~j. 67 
25.9(.; 
I 7. :35 
I I • I 7 

7. 32 
"I. 22 
2: 113 

1.98 
- 0.26 
- 0.8 II 
- 2.03 
- 2. 08 

0.04 
o. 2~~ 

- O. (,LI 

-~:.O/l 

-~? 05 

Sounding 

602 603 

13. 69 
13.97 
I "I. I 1 
1 I,. 1 2 
13.93 
13. 72 
] 3. 32 
12. f)] 
12. ]9 
I]" '19 
1 0; 71 
9;g II 
1).91 
7. 58 
5.f33 
It. 7 /1 

I,. 9 II 
6.35 
8.38 
"/. 61 
6.89 
6. 57 
6. 21 
2. 29 
0,03 

-0.05 
- 0.06 
-0.23 
-0.24 
-0.02 

0., 12 
I • 2::; 
3. 7') 
O. 67 

2 <'I. 19 
25.91 
'27. 30 
21"). 29 
213. h 6 
2R. 9 7 
28. 6~3 
27.f)S 
'26.6 () 
2 ~). -] 0 
23.a7 
21. 67 
19 ;90' 
I 7" 1,5 
I L,. I ::l 
10.27 

6.21 
3. 'II 
I. 72 

- 0.08 
- I • 3LI 

- 2. 73 
- 2. 71 
-0. Ij9 

0.23 
-0.03 

2.' III 
/,.09 
3.22 
I .' 61 

- O"O~ 
- ~3. 47 
- 5. I 7 
- I,. 66 

604. 

21 • ~~O 
22.62 
23. 73 
24. 59 
25; 1 f3 
25. 117 

2~)o-13, 

2 'I. 52 
23. (., L, 

22. 4LI 

'20.90 
19. ] 3 
J 7. I 5 
15;00 

9.B9 
7. 37 
5.3 /; 
3.89 
2. '/5 
1.97 
1.2B 
O. U) 
O. 1-J9 
0.35 
0.' 1 G 

O. 1 1 
0.' 09 
O. 12 
O. 1 S 
O. 1 ::-~ 

605 

20. 1 1 
20;93 
21; 63 
22.20 
22.63 
2~~. 90 
23;02 
22.97" 
22;76 
22. LIO 

21; 67 
20.3 LI 

IS. 6LI 

1 6. [) 7 
I 5. 1 7 
13;11.1 
10.60 
[) • ~~ 1 
6.25 
lit 6 LI 

:~. 1.16 
?. ;31-J 
I; JI-J 

0"10 
0;19 
0.21 
0.07 
0;03 
o. Ol.n 
0.0 / 1 

O. 10 
- 0.0 S 

0.04 -0.23 
-0.02 -0.26 

, ; 606 

4.30 
LI.58 
4. f{ 7 
5. IS 
5. ~ 1 
5. n 5 
6.21 
6; 59 
7.00 
7. 112 

7.80 
8.05 
H. 19 
g. ~~g 
8. 3~) 
8.21.1 

7" 'If'; 
7. 07 
6. 2 'I 
5; I-J'} 

4; 61 
3. 1!3 

2. 35 
I. "1'1 
1 • L; I 
0;3 /1 

o. :;0 
o. ;n 
O. 31 
0.3 /j 

O. 116 

0.39 
0.00 

- O. 09 
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Figure 3Q. Elec t rOfOClgnetic soundings 601, 602 Dnd 603. 
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App~rcnt resistivity, 
ohm--we t8 r s 

100 

10 

1 
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Figure 3~ Electromagnetic soundings 701, 702 and 705. 
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Figure 33. Electromagnetic soundings 706.707 and 708. 
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