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Analysis of Magnetic Anomalies Over Yello ws tone Nut ional Pa rle Mapping 

or Curie Point Isoth erm al Surface for Geolhcrlll <li Reconna issance 

j) t'f'a r/ n;('1ll ilI .I/ lllai,,!.< Scit' llce ollfl Eligil1L'('I'illg , C'lIiL: ~/'j il.l · vI Ca/i/(}f'/I ia , JjerAe/e)' . Ca/ljomia Y47.W 

Th~ ho tto m o f th~ m arllct i !~ J crus t determincd from thc sP':ct l'a l ana lysis o f residl! a l 11l:lgnclie 
anolll:lii,;.; is geiler ,lliy inl~rp :'~tcd ,I> th~ b 'c l ul' th~ Curie po int isoth erm. This papCl' studies th e spati a l 
";!riation " I' the C l! r i ~ POi ll t is01h~rill k,'e! iii Yl;l lo lI's tonc :" :l li on:rI I';l rk with the heir o r acrom :lg nc,tic 
chta , ,\ ' <:1' ) sh:!llu\\ i,O lhcrl!1al surf-lcc at a dep lh d l' Ulr/V 5-6 ki ll bduII' ,sca kvd is :lssocia tt:d II itilthc 
ccntr;r/ [1 ;:n u f Ill': Ydlo ll, 't () n ,~ crlde ra. It secms'to e.\lcnd ldon g a narrow ellrrici o r to wllrd Ihe 
south\\'CSIC rn and ': l!,lc' rn cdg.:s ,) I' the IliaI'. Except in a fc\\' loca lii,ed spots, the isotherm dCCjlCnS con , 
siderab ly in the alT:h ')Llb ide the calde ra. tl ecausc the c:rldera encloses In os t orthe :!rellS or h)drOl herln:li 
alteration . fum:!I'o/es, 'In J boi lin g springs in tk park. this ,tue!: indi ca tes a strong currelati on be t,\..:cn the 
s p ~ lia l "a ri:ltion o f the Curie isoth er m k,·cI lind the cUllccn tratiu n of su bsurl'acc geo th crll1:J[ c ;lcrgy . 

hTRO!)L CT IO'-.' 

Crus ta l rocks lose their magnetiz;Jtion at the Curie po int 
'.cm perature. A.t thi s temperature, ferrima gnet ic rocks become 
:,u ram3gne tic, and th eir abi lit y to generate d e tl~e table 

:',c agnetic anoma li es di sappears. Thus the deepest level in the 
:rust conta ining l1l ;Jteri:,lIs whic h create di scernible signatures 
:J a l1l ~g ne ti c anom a ly map is generally interpre ted as the 
.Lpth to the Curie po int iso therm. 

One of the important parameters that dctermines the 
-,J"t ive depth of the iso therm with respc:c t to sea level is the 
.. ~a t coment in a particula r region. The h.: a t content is general­
~ \' proportiona l to the local tem perature gradient , thermal 
:«pacity, and generation of heal. A region ,': ith s ignificllnt 
:,'l't hcrill al ene rgy near th e s urface o f t he earth is charac­
:cizcd by an anomaloll sly hi gh te'llpe rat urc gradient and 
~,'~ l Ao\\,. It is th erefore to be expected th at regard less of 
.t:c compos it ion of the rocks. the regi oJl will be associated with 
: cl'!1spicuo llsly shallow Curie point isotherm relative to the 
,Jjoini ng regions. For example, according to Blackwell [J 97 1] 
he' Curie isotherm lies at an awrage depth of app roxilll ately 
:2 km in th e Basin alld Range province, whereas it ri ses to 10 
= 3 km below sea level in Yellowc,tone Nat iona l Park [SlIIil/z el 
,i,. i9 74] . The park is well knowJl for its surface munifesta­
J011S of geot hermal energy. 

The cxpee ted correlation between the spatial variat ion of the 
- L fJC isotherm level and th e co nce ntration of subsurfa!;(~ 
:c,;)(hermal energy can be te sted by Ill eans of an ana lysis of the 
·~.!gnetic ano ma lies o ver u speciJJed region. The anomalies arc 
~.'lyzed for estimating the depths to the bo ttoms of 
'." ."net ized bodies in the crust. These depths, Ilhen contoured 
u'; th e ent ire a rea , shou ld provide a picture of the spat ial 
; ~ i2. ' ion of the Curie isotherm level. This pi cture, in turn, 

:~ -.,jl d co rrelate to a signiJicant ly hig h degree with various 
'~' \\n ind ices of geotherma l actil' it) in the ,\l' l~a u ndcr co n­
.~ ~L!t i () !1. We chose Yel lowstone ?\' a ti onal Park for such a 
~ , : T! Ol on !I' because of it s obvi ous 2clJ therma lmanif'esla tion <; 
.: ~!so bc;ause of the poss ible prc~cncc of molten mag ma at 

-.::ji O'''. Jer i]]s, as \I as str ongly indiclted by I'arious types of 
::~ [Ealoll el a/. , 1975] . 

The pr;'Clica l importan ce of a study on the a bo\'c correla--,>" " c : L'.S . G~l)logi (:iI SUrI'C\. F.:uer:d Ccnt~r. Dcn\,: r. Color:l do 
.-~ . -

, ' t" '. C!l 'i ubi l Oil C ufDor'dioll . D,dl;!> . Tc \;:s ~ :, 2~ I , 
l ';':.ri,; ra ·:0 lY 75 by [h~ A nlcrican Gt'up hysica l L nio n. 
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tilln lies in the possibi lit y of establi,;h ing ,t use fUl n:c:) nllJ is ­
sancc 111cthod. base d OIl aeronl agnelic d~!t( l! for rupiJ. :-t't; ional 
geoth erm al exp loration. It is ob l'io;;s thallhc p rj!' ci ;; ,': ohjec­
tive of thi s study is to delineate the Cur ic: po in t is',i ln ': rrn ,:u r­
fac<: o\cr the entire aJ'ea a nd thus to l r " cl.! [r.c ch :.; r;.::, ,:s i:~ ;hc 
isotherm loci as one mo ves fr oiE :)j,c '::.:[,tr:; \ :,1'<:'-1 of g,:olh c.:r­
m el! munikst'ilion, th e Yellol',Q c!i1C ,,:·, j''';(:[a , Ie n1",£ 

areas . These cha r.g es arc ex pected ' ,,' ,.<;,;;:1. til.:: fe}"', !,;,,, 
tion in geOthermal ac ti vity ill Ii',{: "",::'1. J-'(,,' :.,uc:h ;j 

avera ge isotherm dep th for the y, h:_,,~ ,'r~ ', i ei ';f . , ";. - ' 

SlIIiliI CI u/. 1974] is no t of g r<:iH ;,-:," '.J : l~ n( " . 

D AT A 

The Branch of Theoret ical and .-", ' ",_ 
U.S. Geological Survey COnU ltCL:: c ,,:1 ::i;'~ ':'~':'! .:; :,;' : '~: :,': f '·'e'. 

over the Yellowstone National Pa/< :\ ""..1 [U.S. C;",. .:,.,,<ofU1I 

Surcey, 1973 ]. The ap plied geoph ys :", uc,up '-" [tie L' :.: ;;;'.:' :y 
of Utah. Salt Lake C ity, Utah, d igj : :z~c t:,<:, 0:~ ;:, :~r.d r;: ,-:;;:'·.-d 

th e main geomagnet ic l1 eld. The '.1 :: t: ',\i: n , u:,i![ ;ir;d "'ol, D a 

spacing of 2.08 km. The digi ta l da ta ;l', a; :,;!:;!': :,l cs C,j\ ',cr nn 
area, 131 km by 131 kl11, extending i':um ";"; "\':'''; ;<J ~S ';~'?,; 

latitude dl1d from 109°40'30"W to ! j j 015' W iongirudc Th e 
area incl udes al l of Yellowstone '"',, , i0 ;la! ParK . The :'ii~: ll 

elevation was 3.96 k1l1 with respcct tv ~e: '. !el t! C\',:r the ait a 

Crolll 4.+° 1'01 to 44°45'N latitu de' anti ii.),!'-it ) ]0" \\ ' ',0 

110° 15'\\ ' longitude. For the res t oCthe area the "!c: '.dic '] \', :lS 

3.66 kill: 

TtU3ATMENT OF THE DATA 

Residua/. The o[,scJ'ved magnet ic li eld at a p(lint is the \'c ( ­

toria l combinat ion of lields prodlJced by variou s :;() urcc<;. The 
most pl'l~d olllinant of th ese lields is the nOrIna l geoJI13gnd ic 
llcld entirely ullcorrelated to crusted geo logy. This field . as v. ciS 

ment io ned before:, has been removed from the obsel'l at iofls . 
The rcm :j ;ning field contains not on ly the ell"e,;t of bodies of 
finite dim.;nsio ns ill the crust but also the efleet of la rge -scale 
geologic feat ures extending consider ~t bly beyond the borders 
of th e ii milcd area of in ves tiga tion . The latter elfcet is callnl 
' re gion al ' and appea rs in the form of a smoot h surface in the 
data. In orde r to remove thi s effect.a quadratic surface is Jilted 
to the data by the meth od o f k ast squ<l J' es . The math ema ti ca l 
express io n for the surface is gil'e n by 

T = -1)9 .3 73 + 5.737)' + 1.764x + 0.203)" 

-I- 0.172.\)' - 0.OJ 7.\" (I ) 
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·1-lG2 BIIATTACIIAH YYA AND LEG: YELLO \\,STO :->E i'vI AG ' :ET IC A ;'O~ I A LI l S 

\ '. : :;'(: X an d )' , expressed in term s of the unit di stance of 2.08 
k ;) ' . [)o int to the north and the eas t, respect ively, Hnd th e origin 
of ·. ·ordinates is tak en at th e ccnter of th e area . For a higher­
or,:: : polynomia l th e cocnicicnt s of th e th i!'c1-degree terlllS are 
foun d to be relatively very small , and so th l!Y ha ve not been 
considercd. 

This sim ple analysis shows that the availablt: data contain 
nort h-south and east-wes t field grad ients 01' 0.85 'Y/k m and 
2.76 -y/ klll, respectively. These grad ien ts are signifi can t in 
magn itude and arc not likely to be produced by budies limited 
in horizont al ex tent in the crust of the earth . They are, 
ho\\ n'er , rel a ted to the northeast-trending ll1agneti <.: lineamen t 
or belt which ex tends from north central Nevada into Canada 
t1lf o,' ~h Yell ows tone Na tion a l Park [Ea/oll e/ a!., 1975, Fig ure 
7] . Since fo r the prese nt study the en'ects o f th ese lin camt'nts 
2.:": :,': ues i r~;b l e , the values obtained from (I) ;If(' sub tractl:d 
rr,, " , ',~"~ <1\ 1:iabie duta . T he remaining or residual values are 
2.'- :, ," ;',1 ~ ,': 10 ~K gener~Ht' J by m agnetized bodies 10ca li z<.:d in th e 
('[ '_'~ Jr.:: re5:dual fiCicl ma p is shown in Figure l. 
F: ; :~,"i!"g. T he rcsidu:::l ma p cont:.1ins a la rge 1l11mbt:l' of 

SI;-i2ti . \~; & V e:eflgth) h~g h- in t ens ity anolnalies created by 
rI1.:' ,::;..;; ti zcd 5')LrCeS at th ~ ~u rface or at shali ow dep ths. These 
" ,~~· :: : ~ i ,t: .' ji5:L' r t anc sCl::-:eti;nes complete ly mask th e elrcct; 
L' ; ~ "O::;':'~:l ~ c ·j bodi es. Th~ :;c udy of these deeper sea ted efrects, 
\\ 1-:<1 r.:~i ;. nj :: gene,,,:,, b,ge-wavelc nglh anomali es, is grea tly 

" f;:':: ;: L.Ld 0; 2 " ig'1:(;'::.": ;·,[ red uct io n of the small- wavelength 
c c.~,;: '-~:-; t'1:s ill th; d ~, '.' Tt)is reduction reC]uires th e us:; of a 
;._' " -. ',' i,i, '::'t'f "; hicl"! c . : "'1i ts wi tiiL1 ut distorti on w<\\'elcngths 
L -,!r: ; .':;., :1 <i c ,; ;,:,li (! ;. c,O: c iT wave length and ltttelluates all 
c: ~ ~ ~ 

'~' , i,D\\ b ; icfy ccn"i,::kr the lise of sli ch a low-pa s,; filte r 
iii i"c" ", jej ' ! ! o ,t,o;: (:,bj,=.:'; "" ii r th e study reported in this pa p~ r. 

,,,"; : g ::;.:; , I ;j:.;; 5[ : :; to calculate and map the depths 

to the bottoms of the magnetized masses in the Gust of ll· 
eartl!. The potential field cn'l:cts of th ese bo ttoms are COlltainc: 
ill the large wavelengt hs of th e spe..:tru ll1 of the tOlal Ik.: 
:.1nolllalies. So low-pass filt er ing does not alter these efTeets i; 
any appreciable way, while it ITI1l0\'es the short-lVaveleng[~ 
featur es from th e total ti eld map, 

for the filtering operation, three ditTcrent' zero phase tll c>, 
dimensional low- pass filt ers arc designed \'.·ith cuton- frequec . 
cies at (I) D.OS cycles/km, (2) 0,10 c~\:le s/ kIl1, and (3 ) O, I~ 
cyeles/km , respective ly, Thus th e smallest wavelength tran, . 
milled by lh t:se fillers is around 10 km, The radial response . 
of th ese filters, as shown in Figure 2, remain nat in the 101'; ' 

freC]uency reg io n up to the cutoff frequen cy a nd then dec:', 
very sharp ly . . 

The thl'ee filters were ust:u indi \'idu ally to operate uponthc 
res idual field data . A study of the resul ting filtered maps ii:­
dicatcs that the filter with cuton- frequency at 0.10 eycles/ kw 
removes the small-wavelength anom al ies with th t: least visi bl" 
sign of distortion, The corresponding map is sho wn in Figur<: 
3, 

A i'iA LYSIS Of THE FILTERED DATA 

For det e rmi ning th e bOltom depths of deep-seatce 
magnetizeu hodies the filtered da ta have been analyzed in ll'. U 
ways. Fir ;;l, th e whole area is di vided into separa te blocks, a n'~ 

th e mean botlol11 depths of bodies cau sing magnetic anolll a l i ~' 

are estimated ror each block, Second, indi\'idual anomalies a;,. 

c:trefully selec ted and :.lnalyzed to determin e th e: \'ert ical e,xtelli 
of causative bodies. The method rem ains essen tially the sa m,: 
for analys is or the data cOIT" '· ~) o ndin g to either ,i block 01- an 

anomaly. Th l.: t\\'o sets ofresull :i are thell integrated to produce 
a map sho l\'illg dept hs to the base .orthe magnet ized sec tion, or: 
Curie point isoth erm , with respect to sea level. In th e follo wing 
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Fig. 2. R ~ldia l rr", yu c f1 ~:- - Ch) ;11 ~~in rCS pl'JlS~ u1" three I.cro ph :t" t~, 
- ~J\'. - r as~ ~l ltc r s \ 1, ith J i:l';;-:-c :-: : ': .!·.ofT frt..:qut: r:ci cs dc:-. ig ned for ,llld ap­
~" ;i ec lO l ~c '{cl lo\\'t ('ln c rc-, j'': ...: ::1 J::a gndic rn , ~p. 

' :1Tagraphs \I 'e sha ll first :o :" idcr the ~Inaly,; is uf,the da ta in a 
]lock. 

,-\S noted bc;fo rc, th<: resi dua l d;n<l COI'U ail ' lI'Ca. 131 km by 
.;1 kill. 'ill d cOl1 t;lin (6.f " (,-I) data point s. Let us tht:n CO il· 

: u~r a bl ock of (1 6 >< i 6) J dta pc;ints \\ ith an area l covcrage 
1 kill by 3 1 kill . 11' li1 ~ : ,)["d ;lre:t is no\\' dil'ided into over· 

.: ppi n~ bh)cb o f this Sile \ 1 ith o ne hal f of the arca of o ne 
':0cl; ")l<..ncd by the , u (( ~c' d ing block, the total !lumber of 
' locks ;j\,l il ab le f,)r d!1;ti:,';' becolllcs -19. 

The den a in each blod; <,ie ana lyzed in the frequency do· 
':,,, in . Let us 110\\ consicer one block a lone , Since di ~co n· 

,I,\,;ties in data ,'al ues at tt:e edges of the area give ri se to thc 
:J ibbs phe nvmenon ,Inc .l Jias ing . it is as';lI lllcd that the 
csid ual i i ~ ld \';wi shes at ,: poilH 'I hie h is located a t a distance 
j ' -i lIni 15 of d ;lta spacing fr o m the boundary 0 r the block , I n­
:c: silln afchese poi nts [",,;le, in (I S X IS) Ilonequi spaced data 
' oi nts in the block. Bicuj ic sp li nes [BlI!Jlladl£lrry a, 1969 ] are 

i<M 

) the dala ill :; lIc h a way th;lllhc rC';iLiua ll ic ld and 
the cOll tinllit)' o r the lirs t a nd second lkr i"a ti, 'cs a rc main ­
tained a t e: lch ill' th e d:ila points , Thc"e 'pl in cs a re used to 
generate (64 X 64) da la Jluint s uver th e cxtclllkd ;lIea o r till; 
block, 

The ll'd,·dilllc ns ional spcc trllill F. ,( II , c) 01' th e Ilel\' se t u r 
data in th e bl"cK is ob tain cd 1\ ith the help or the ra st Fou ri cr 
transrol'lll,a lgo l'ithlll, /:,,(11, u) is th ere f'un; the di screte r:nurier 
transrvrm v I' Ihe magne tic data, Th e angu l;H freqt le ncies II a nd 
~. cur rc,; poll d to th e.\' a nd)' a xes, res pecti ve ly. Noll' , by usin g a 

mcthod outl ined in a paper by IJliflllllc/iarrm allil Leu Il ns ], 
the spec tra F ' (II, 1.' ) and P '(II, u ) ur til l; fir st·order x an d.\' 1110-
Ill ents, rcspee tive ly, or the res idual li e ld arc cum puted, 

In til e block L1llckr con sid erati o n there Ill ay be a Cell' IJo di es 
11I'udu cin g al lOllla li es. '1 hc mcan locati, )n (:i' , ,I". h) n i' the 
ccntr('id ur these bodi es is ddc ri ll ined ", ith the help of lh e rnl· 
10\\ ill g cqll:ttil)11S in th e low- I'rc\jll cncy region: 

illl; LS!.'.;.'ll II 
,\, i -:i 

S Fo(lI, c ) S 
(2) 

il) /l F"'/( j{ , t:) () 

Y ---- i 
,\' F'i CII , c) s -

where ,I " = 11 2 + 1.'2 , 

Th e :ib o\'e equations arc va li d.Jt hj~ h geC) r.la~ i ! t,.' Li (; Lilj: U(..!cs . 

Th e I'requellcy range in bot h it :rnd c , ,:>C[,; C; f,,1' it' ;;, COj~ ~ ,' ',. 

tion runs frolll the fund alllent:;! "-' ':j, ,, ;" " " 

nllln ic, h)r ,cI 'Cr:tI frequ enc ies in :.1:1:: 
cticul;!lcd , ,tn d the ave ra ge 01' th,.;;:' 
c,;liillatc ol't he IOc:llio n or the ( ,; ;;t l" :': . :' 

'- :"" , .. . ~ 
. :: . .. , <-ii ' ;"; .: ; 

!'rcquc:lcics' the ~lc c uracy 01' thi~, (':·: t ;;"~;i: ;": '_: ;l i~ h,.: k Ci) i. j~ti( jy 

high, HO\\<.:l er, it sho uld be 11(,[(,11 .• ' , . ' ','C ~I'·::;:l • . 1-, 

,llurc(:s , unless rClllill'cd COIl1!' !:: , '?' :, 

du ce nru r in the estimate . 

_ .. -_ .. -- Boundary of 1I'1n Pork 

Fig, , , F lj :c~d m:lp 01' th" re , iJuai to tal lie ld, "rt,;r applica tion or the (I,ttJ' cYCIeS / k,ll 1')II'·!'ass lilkr 
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Next , th e radia l spectrum Fo(s) is generat ed by el'a lu<lting , 
wi th thc help of Fo(lI , r ), th e amplitllclc spectrum al ong tlw linc 
at -.15 ° \I 'ith the frequency axes. The spect ra F'"(.\') and F ' (r) o f 
the flrst, order x an d)' moment s of th e r,:s idual field are thell 
computed. A combi nation of Fu(s) , P(s) , and P(s ) is used to 
dete rmine the Illean depth to th e tops of Jllagneti l.cd bodies fo r 
tit" block . Agi!i n, for the sake of accuracy th e range of frt: ­
Cf !.! '-' i'!cy should not exceed t he tenth harmonic of th e fun­
damen tal fr~ quency . 

spots , Small sca tl<.:r<:d areas o f surface hydro thermal a lteration 
arc seeli to L)(;CU r i ll assoc iatio n with lhelll [Eat oll 1' / at.. 1975. 
Figure 3], b i t the relai io ns/'i p is not as marked a,; ill the in , 
terior of th e ca ltkra. Further to thc sou theast. th e i so thc r i!~ 

seems to be deepen in g. In th e northwes tern sccti on ou ts ide the 
rim, the dC i'l.hs or the ios therm are, in t::ene ra l, greater than 10 
kill. It is pcr ha p,; o r sig llili cancc that t!it· ~~encral trcnd or tbl' 
isot hC!'l11 eo nto ur~ i, northeast-sou thwes t, p~lra ll c l t o and 

eo~.x t e nsi ve wit h the axis or the Snake River Pl a in with whi ('n 
the park has sha :ed a cOlllmon vo lca ni c hi story . \Ve arc 
prescnt ly engaged in an examina ti on of 1l1~l g ne ti c data for the 
Snake River Plain an d up on its com ple ti o n will have a c learer 
un derstan ding o r lhe regio na l depth to the base of the 
magnet ized secti o n outside th e pa rle 

With th e al'crage locati on of th e centro id and th e mea n 
depth to th~ tops of magnetized bodies known, it is sim ple and 
straightfo f\'. ard to ca leul att: the mean dep th to th e bottom s of 
these b(luic:s. The calcu lated depth is intcrpreted as the dep th 
I .. , the C uri e po int isotherm for th c block. 

T;';: spectra ! ana lysi s br ie ny di scussed in the preeeciing 
p:ir2.gfilphs is 3pplied not only to th c data of cach of th e 49 
bl,.:. :".:, he;, :;150 to indi vidua l anoma li es found sui table for 
S,ll":: ':-;ro!.!i'"'.0 l: t thc: a re8. The tota l llulllbei· of a llo malies 
~<.: ,=:~j iii t::ts \\~~ y \\ 3.S 35, 

Thc avcrage ele\'a tion of the ground surrace in YeliO wsto lle 
Na ti ona l Park is about 2.5 kill above sca leve l. Takin g th is 
el evation in to acco unt and assu min g a C urie poi n: 
tem pcl'a tun; of 560°C, th e temperature gradient scems to ra il 
betw ee n 66°C/kl1l and n OC/klll in th e cent ral part of t h ~ 

caldcra . The rem a ining par ts o f the·ca ldera have a gradient 
sOll1 cwhen: betwecn 53°C/k m and 66°C:/ km. Th ese figures arc 
an o malo us ly high for heat now in contill ent" i areas . Th ~i r 
co nt inu a i. ~ · ';l we ll to the cast of the ca ldera , in '. ! an area un, 
del'lain by Tertiary volcanic rocks, is puzz l· . ~ and meri ts 
fu ) tIl er investigation. 

R E, CLTS 0:' A NA LYSIS 

Fi:;;':fe ..; r,;:,:sc- ;ns the c<..: !eu !a ted depths, round ed on' to th e 
nt :, "';~ c '.\j;o;c ~: ii-):11e : ~ i . to what we believe to bc th e Curie 
P(,·· . . ;",';';1<: :'17: '" ;l h r;:;sp~ c t [() sea level. The circle alld triangk 
Sj 'T: .-: ; : :; . .ii:;:,~ the iOC:i:. : :111 5 of the ee nt c.; rs of an oma li es an d 
bk:(·:-.. r~spe,' : i \·e! y . Th ~ cen tra l part of the caldera is marked 
t .1 -' ' .. :r::- s~;"il.)\\ Cu r> isot herm at a clt;pth of only 5-6 kill. 
y:~~ ; :.;.,~.,: ( , '.rr~- d~ ;;Lh ~,)f' ,O l1r tha t is cc.;n t e r~ cI within the ring 
f ' ~ :'.'.,;": ZY·.: :.-.j li1 e ,':' !G:: ~": ;;o incides vcry c!ose ly wi th the 
I ' ".' " '-; " ~" ' c'J 8:.l::;"LLL-il for compressiona l se ismic w<tl'es 

Th is study find s a stron g correlation betweelJ geo thermalil 
hot reg ions and the thickness of the maglll:t i.red du st. ·A pic­
ture of the isothe rm level as shown in Figu re <I suggests the 
presence of an e .':l r~ l1le!y high deg ree or geo therm a i acti v i t~ . 
Th is study tli erefo re leads to th e conclusion that ,appropri ate 
analysis of aerom ag nt: ti c da ta can p lay an important role in 
reg ional reco n,TJ ;l i ~sa nce for potenti a l geo therm al energy 
reso urces . 

f~ " >:,,' .; ", :, , ~n'.ltl,ik <: ',:h +uwn by Ea /oll et a/. [1 975 . Figure 
';' '.'U'.', nm QU[S!::;: ,;le central p:irt , but within the 

~ , ; ';: 'J ";n'l. i;·~ · r=n '~r," l !y J[ a dept h o f 6- 8 kill. Arounci th e 
~ ;"CCC;'C J :l,j soulheFl ""'lions, just outside the rim . I.here 

: ~~' .: ;.~\ .. rL.:ce:, \'.ilh s; ; 'lih cl.:.!l tly sha ll ow dep th s (4 -- 6 kill) or 
::~c' ;.'._"~~.;· rn, pus;;::;:y if! cLc;! li ve of th e presence or local hot 

A ckl/(IH'icdglllel/l >. This \\'orl; has bc.:n slIPI'O rkU by the U.S. 
Gc,)logical Survey P :llit 14,Oo-OOO l,Ci, iOl. The authors a rc gra l~rll l 

lO Coruon r . [al on or the U.S. Gcol t)g ic:iI Survey ill Denver ror hi; 

Fig. 4. 

-"""1 
g~L 
m I:..L;,-

10 - I£: I(m 

ffilTIl 
8 -' 10/<1'11 

B-:: 
~:.:.=-. , .. 

6 - 8 Km 

l~l 
U 

4 - l, ;(m 

Cold ero fl im 

Dukr limit of 
ri ng f f OC t-H O 
l one 

B01J ndo fY d 
the Pork 

111 ° 15 ' 109° 4 0.5 ' 
·-----·-·~t! 5°07' 

r~··./"-"' , ..-~ .' 'i: "-- -::; . . , . 
" . I , ' .,1.1 ,1 \ ".~·n. ,', t ·,. ,/ I " I ' .. I, 
-"J \I,' .I , '7'~ , ,\i.Ci ,\- ""n;:;iJ)i:',,iYJ.:"1 II II II ,''\ J..i".,.. '0 
If.'f I 1 .. ~A/"",~: / I , ! J dr...--.~ .. · Ut .... 1"'/.l-I1~J Tl i - -;..:,oy,~ .( t- ., .tl· n. 

1

1j'i; . ;{-;X''zY ''' </. ~ .1 1111 1 ,+< + + I'h-',-,<: : ~!il i 'Y:''''\'(Y, 'W. I I~I 
I: I' ,.;W" · .. ;/';'; \ il i 311 } ,II I ,i! ItJJtp":' •• : : )!I I' I 
! t I: '}{';0.-;~.:.'..::-2~ II ; I fTTi.w~'I. !1';fOJl

, ~ ' •• : " 11:[!l<11 i III 
I ' - ~" ELi .,,,, .1 11i." r,1 II~I, ' Q"{'7'I:"h... . • !1 W 
~
. tI l ' ., - . ' " _., , '( \"" ~\ \\ \',';Y.l I ,j,,'.-'>N'. 

II I ' , ., • "I ' + ., d. 'I' ""'"UJ,.... . . ' + "~J. + I, ' I JJI~t :. t '~I I't ~ ''- il:~1 ;;.c:?>~- .... + ..... + . -+ ~ ,. ; ;1~+t~z + : 
/ . ' ~.. -j I .. -+· ~ I I' . 'T, ':-r-;-, T~ .. - _~ 

~-\.(. , ~ ,~.~I i .~~ Iv";~- K'h- " '..-\LU~I'. :,' II '~JIIl 
~" l)., \\ ,I,{~ ' ./.. : tl~I' . hl, ){J ,' >}, - . I' I ) .' J(;:'ll\~ , . ". <..~ ::-~~-y'-~ ! l.l ., &~ , "', - e!O ' . d, . ....:. 

I ' ' • \,... ~ ~ I . \. ' \ - I I .//' ...... . il' ''I''II\% .. ;.I : ~"", .:y. ~./'' I ' \ '-\/0 '1" / 
! i 41, \\\ ll .• 7??--~" ,- - "" . ) .. -=:~." I " : ," \' (X III ,;"r'" - - - - --=- ---~ . ·~ , ' 1 .. .. - - ' 

';JL:>J ,';:j~ :'l?, .. ,-M .. =c.':.: =:':~l~~/ " ,. :(>1 --

~' ~ '1it :: '\ '-'\\' -:,-~.-:,,-----~,::, 'Z<> '. 1' -: (" -:~I 
/ , , ' \ 11• , £) . ___ ._ ... //,/~ . . ;/) ! I 10' 'j ' , , '" . ' - - -Z/ I ' - ,. ' (, II 
,I , ,V t , '... . ' _ :: ' _ - " j..;,. • t'r-..Y" .' ;;!.t; JP 
"" 1'.0.·'17<1\', ' '' A ll " '· i.l~ -M" . . -, :{~ 
+ I , I ,,""'~ • I . - , " . ' -.~'r' " -

, + II + :' )/~ I . I" , O{\ 41Th' . ;.--'~--- '_' . ~ , ' . , , I I r1f: 
+ t" 1)),/ 'j: 7 _ . '/ <- _. .»- r . I · I ' , ;\ , 
+ + f ,I IJ:: I (.,)~ _____ ,- '; ' I : ,r : __ .-= - --::. " t ' t- / ... , 

+ "I'''''' ~r7' 5 - . ~, .~.?} , ~-, - - 6 ~' ,-,c!!.t'(J'.:';""r'.";'. ' I ',' rrri111 3.~-Z· , ,1
1

' ·n , , .. "'. " A
8 I ' ",9 • r/ ; : ~ ;! I' - ~ . .. ;v -. -.-_- - _.-. .. ! . t ' 

ifl ;' I '.. ' t • ' j ' ...... _ -" • . II 

II :jIIJ':1 ':, (1tf'~11' It . "'::, U"- 0-1 ,~~2,'1 
1 I - - \ , ·Id I! ---. :. I i I ~ . fY..,.. ':" 
I f>.{\ l - A~ - _}j ll. : _ .0.7 . -. ~.JO I\~ ;- 5 .> -
rl' .- .. .c .. . - •. ' '''-:,:' -:': : :', ;;;;: .o"0'j "~:"T' J 

o 10 W 30 --_. ~ 'l oO I' 
I~,,--L . • _ I 

I( M 

Conlt)ul'Cd Il1 nl' or the dqJ lhs 10 the Curie puint i-;ot herl'll. Cirdcs anu tr iang les repr..:sent the lo,'alilll1S o f Ih l' 
CClilCLi f ' , £Ii ' :f'Hti nil . n Ii ! g .. ! ! ! ) ,, 1. F ' r ' . r ; " . !~: 



flll\T f ·\ (II.\ RYY.-\ .·\'.D I.F U: Yrl.l .O\\·;lf,'.E i'. 1\G ."I'T IC ;\:-;U ~ I I\I.IL' 

.-ri l i c ~d ~Ii d thO ll ~!;H fUl rc ... i~\\. L~f tilt: p:if 'cr i.lilJ f() r his 111an) c \ Ccl!ell l 

.ugg e:-ll(':l' for illlpr0 \'jng its lHc:'c nlat ivi1. 

R EITR E:--:CES 

jh:l \'l ~':. l.. h~: J~\: a. B. K .. Bil".u biL ~p ! iile ill(~rpv ld t il) ~l a=' a nll'lhuu fl.)!" 

lr('~! tn~(' n t or potential J ~,':! d C:Ha . (j{'t)rhy.\ i ~··s . 3-/. -!tJ~ . 1969. 
3 hali~1 ('h:H: y:J. B. K .. and L . Le u. Sp~cl r~d dil~d y , is of gr;l\ lty ;uH.1 

111:1gil-.:t ic ,;1 Jl0I11;d ic s dut. to 1\1, 0-J i lll Cr!5. !V ;1.:ti ~t rlh.:tUfL . Gevl'il) Jics. 
-11) . il~ p r cs~. I CJ 75. 

31i.!ck \\-cl l. D. D .. Th(' lh(,fm..! l (,j tructufc l) f the ~0il iin('nl;" crust. "in 
The SU':h 'iure (lnd fJh,l"s i,-oi Pruper!i!';) (~(1J;l' !:'ouh ".\' Crust, Gl!oJihys. 
.\//I!}dl-r. Sl..'r. \ l )1. J-L ~d Jtt:J n: J. (j. H ~.i ... .' \l·l-.. . Pr'o I h')- I ~ .f . :\( j U. 
\\·'bh ;~~lO Il . D. C. 19 '7 1. 

::al<.J l1 . G. P .. R. L. C hri;.iian5;?11 . I!. :-'f. I\ l:r .. ·\. \1. Pill. D. R r.bhey. 

II. 1<' I:lldl1 k. J r .. I. Ziel? , and 1\'1. I~ . (Jell i nL's . \ L'g ill d he Ill' '' I h Yd · 
IO\\ S[Ilnc -'': ,lliclI l,,1 I'al~ , Sciellce, 18S, 7'(,7 . 1')75. 

SlIlIe). I ~. T. D. K. Schd lin ge r, L. H . J ,, 11I1\() 11. and L.. Il. A!ley. 
Ac'rulIl:Jt' l1dics "nel the tran si tion bet\\'een the C,l! n r"do pl a teall 
and 13 ".,i ll range pfOl incc '; . C//'ulog),. I , 107, 1973. 

Smith. R. 13 .. R . T. Shiley, R. 0 .. I:riedlillc, R. 1\·1 Oli , . 'IIHI I. . 13 . /\ 1-
k y, Y dl·J\\ ) l l..)IH': hot ~pol: New magnetic ~llld sci~l miL (:\·ilkncc. 
C<'olugl'. 3. 45 1, 1974. 

U. S. Gt·niogica l Survey. I\c lull lagndi c map ()i' Yc' ilo '\·,lone 0ation:rI 
!'ark [.!lel vic in ity, Wyolllil1g-\-l o11tana. lelalhl . "pe n lik 111 :l p. 
Denve r. Co lu .. 1973. 

(I{eceivecl 1\l'ri l 25, 1')75: 
rev ised Jll ly 2, 1975: 

aCl'epled .lilly 3 1, 1'1 75. 

..;. 
f .... 

. :<: 

~{ ~ 'r..'-, 

'~i 
" , . 

. , . 




