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.'\ ppllcatio n of the Sell ... Po ten tial-mtt'fio1A1fGeotliellrffi+-Ex-f#tffitti-ett=f1l 
Long Valley, Californ ia 

LENNART A. ANDERSON AND G ORDO\' R. J OH \,SO\, 

u.s. Ge%gim i Survey, D CI1l:er, Colorcdo 80225 

A self-potenti a l ~,urvcy made in the l.IJllg Valley caldera produced an anomaly derived fr ol11 a dipolar 
soure'C superlillposed on potentials ncgat ivr in polarity in relation to the area outside the cald ~r'\. The 
dipolar anumaly. con$i.,t iilg of negat ive and positive compone nts difrer ing amp li tude by approxin18telv 
I V. is cen tered over a resurgent dome in the west ce ntral part of the calder,1. T he exac t nature or the pa'. 
te ntia! Sl1U[Ce is unknown ; however, electroflltration processcs caused by movement of heated 
grou nd .. , ater th~t gives rise to streaming potentials an:: th ought to he the principal cause of the din olar 
an orr" tiy. Ditl'usion poten ti als resultill g from conccntration c!ilTcrences between ri sing volcanic wa te~ and 
de~cc!; ding meteoric water may be rcsponsible for th e ncgati\'e putentials measured wit hin the caldera. 
Potc; ,i:d increases as high as 1100 mV were observed across the perimeter of the caldera. 

: '!c' nL1 f' ping of n:tl::rai elect ric,!! potefltia!s within th e Long 
.:: c: .t kk ra, !ocutd iii the ed st centra ! par t of California 

c::;C I). cOi1stit l!t~s 2.n a, ten, pl t o u'.ilize tile self·potent ia l 
- ::hld in tilt: det .:·~';un a:; j 0e' ;r. t a:;(':1 of 'thermal sou rces 
.. "-il:' know n gc,.)l'ierr:'Hl :lff.:',l. The -~ . : ,~ of the self-potentia l 
- ':"~l) J !Il gcotherrn;l ! ::-<;llOratio il ' .... ~L.: ;1;OS : unorthodox in 

.111 ,I')50 Iute cCffel,,:i ;Fl O;!!';\'ec:! 3:h)rJa lous surface po · 
:··: .. ti, and therm al " ,OL;~CtS ell d::i;~h iF) G ,,:,., been established. 

·' l'\t:r. hig h::; n~ ~~;- :-:"' -'"'I :-:.i bJ:~ .. :;r::'·: ·Jj ·:"! f.h) !c ntia l ~ in geo
: :;~l"i ::; '~;b !l a,e ;;C'; '- :"~~ur;~d t ,' W;::ie et at. [1 96-1.] and 
r~~!ll [19 :.~L ~fi:i .·. · , :;~ t ~[G~!!= ~~ :" .:.: ;;:~~ a(, fOSS the IVl ud 
:,;'h) Jre~ i!~ 'r·~:;n'·'.~l0i':: :",1\:0'1u l ;-' ,: r '; ;.'foduced a posi-

; i11._\ ' · ... :liy of ~!b0 ="i l ;~O-)t: r!!\/ '..'.'h!~~n ~,va s unrnistakably 
.'·;'L: f,·. ph :;:ri\iff1::;'!i ",:i~,kd ie, ll: er",~ : ~icti"!ly [Zohdy ci aI., 

. -.; :. 'J" '.·ll: 0'.\5:, :): ,ht: ~,(;:"i!';1e ;":iili'.y "i' the se lf·potcnti al 
-. ~-::j ;,H : g:':':d L h t'r r'1~ i etq~i o :at!,-..j!1 ZiS S!lJ:=.::;s ted in th ese re-

. .: ~:,: ~,!\!l :':~ r~.~~Sii :~~~~~~: j~/i~ ;~\~: C'~~:1 ~:~~ ~ ~'~~lle ~ 0 g~~: ~;~ y~ ~~ta 1 ~~li;; 
.~. ; ~ ;l\ 'ai l ~~ble for i nlc;pfet~ 1i ona l support . 

FJ FL D P ROCE IiL RE 

~"r'pLlre ntia lll1 e asuremellts wo;:re made with copper-copper 
,', :tl L' Itonpo lari zin t: cicC ltOcks spncd 300 fl (91.5 Ill) apart 

.' J :I higll·· impedancc Illil! ivoltmett:i. Because of th e l arg~ a rea 
. [, ,' 'tlfw:ycd, potl:l1 tiai gradients were m~as ured along a 
·.c·ers;: . ,In d ind ividual rcadings added success ivel y to con· 

.: .. "t il pfili ile of potentials reia ti ve to a base statiol1 establ ished 
: ,he jl'!lCtioll of o ld U.S. H ighwav 395 and M alll moth Lakes 

~'. , 1,i d (} ' ig ure I) . All s clf.po~e!1ti';1 data were subjecled to a 
""r,! ~S fi lter ing process to remove short. wave lef;gt h potel1-

' :.,1 l :tri :lliol1s generated by ncar ·s urface effccts. F igurc 2 
' -,.''', :l!1 ex amp le of profile data in th e three forms of mea· 
·:.;~d. co mp iled, an d liltered data obta ined along traverse 
\ ... \' 11 :lgul'c I ). 

LJ.d :1 initia ll y Ilere collected on a long closed loop traverse; 
. ,~;:~c I i I'. a :, puss ibl e, subsequcn t traverses were tied to lhe 
' :I" ,f1<11 tral'erse at two po in ts. C losure offse ts were d istri buted 
:'\\I rll a long th e prol ile to compensa le fo r accuillu lat ive 

:·:~ \)r, . Errol ; ill. ifH\i-ii dua l re.:acl ings were minimized by select · 
~~ ~: e,:trodes whie!! prod uced less tha n I mY in it s ide~by-sidc 
~:r ~l ~ ge ille llt and by re ,'crsin g the re la ti ve position of th e ekc
, .\)d~ , 1'0 1' a lt ernate readings in order to counterac t electrode 

('OI'Jrig ht ~) i 'J7 (J by the: Amcrica n Gcophysica l Uni on. 

potcntial imba lan ce if it should OCCllr du rin g the course of th e 
clay. Ass uring contact II'ith the mo ist ove rburd en was a par
ti cula r problem in Long Valley because of the insu lating prop· 
erties o f the largt: quantities of pumice wi thin th e surface 
materi al. The co ntact problem was overcome by watering th e 
arca of e lectrod e emp lacement , but thi s procedure often Dro· 
duced potent ia ls ill th e vicinity of the electrodes becaus~ of 
sa linity gradien ts and the do wnwa rd filtration of the in· 
troduced \\·ater. In time an equilibrium level was reached ; 
howcver, in many in stances flu ctuations of th e self·potent ia l 
fi eld decreased th e acc uracy of th e measuremen t, and thus a 
probab le source of much of th e profi le closu re error was 
prod uced. 

Typica lly. trave rses completed' on th e same day or on suc· 
cessive days closed with very littl e erro r. For exa mple, the 
initi a l loop , a 26·mi (42 km) tra\erse staning south of Casa 
Diablo Hot Springs and circling to tr e cas t and south. was 
completed with in 3 days and closed with an error of 55 mY. 

Su RVEY R I'St..: f.T~ 

The contoured self·poten ti a l data shown in Figure .3 pro· 
duced some un expected and ra th er spectacular res ul ts . The 
most ob vious and impressive featurcs on th e map are the 
positi\ 'e and nega ti ve ano ma lies overlying the south and non h 
part s of the Cenozoic vo lca ni c rock. respcct ivt:ly. Eac h anum· 
al y exceeds 400 mY, so that th ere is a minimulll ne t Dotent ia l 
difl'ercnce approac hin g 900 IllV across :1 di sta nce of abo ut 5 
km . Thc nearly equ al amp litu de of eac h anomaly sugges ~ s that 
a CO lll mon source I\'as responsible for gcne rating the ;:1I1 0ma· 
li es, an d on th e basis o f th e gradien t between pt::ak \ a lu es it 
fll ay be in ferred th at the so urce is dcep ly buried. 

In the.: part of th t: ca ldera west of U.S. Il ir.hw [\ l· 395. self· 
po tential s continue to dec rease. Profile clat;, ins;lfncient to 

permit contoll rin!,!, indi cate that the potentia ls fall to :It leas t 
-800 mV . The poten ti al fi eld in tht: so uth ern ort n or th e 
caldera is rat her un iform, hut to the no rth and no'nh\\'est th e 
self·po tent ial s in crt:ase as tile caldera pailllett:r is ap p ro a.:: !lcd . 

SOURCE ME C: II.·\:-':I~\I S 

111 c\e sign;lt in g th e llcgativt: and p os itil'e anomali es located 
over the vo lcan ic ro..:k as the most sig ni ficant fea tur-: s on tho;: 
map it is assllmed thai th e anomali (:s are.: produced by erfect s 
associated wit h tit crm:tl activit y at depth. Thu s fa r 110 fd llo\l. 
up slud it'S hal'~ bct:1l don e using bon.:hole inl'eSl iQations to 
confirm the rt.:sults of the sd r,pu~c i1ti a l survey: the;'~rorc v<Cry 
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EX PU I N"ATION 
I"::::-~ Area of self ' poten/ial 
L~~ survey 

- '- Caldera boundary 
-.- - Self-potential traverse 

o 5 (,1ILES 

~....L" " -'-.----T---'-.J 
o S i(ILO',iETRES 

"To Bishop "'50 km 

j ~dex map showi'ng survey loca tioll s, Long Valley, Mono County, California . 

litt !:; '.;-, . ',T,-::"i ,);: 'Ox i:", fro '" .-" r:: ch a source mechanism can 
be ;-,t: .. :", . ".~: y :C::i1,ii1eG. HO \'< ';er, \:.\ tensive prev ious work on 
se! f- " ' ,) _ ~ c! ; ; :d pheDorneru p ~G"!jdes enough inform ation to per
mit <:'1':c'li<!! '.:;:; u n !'o:-;\ib,,, ;;rOCeSses involved in l,cnerating 
,. -; ,;".- .,',- : n; ,a! ':,'1':<;;,,;;<;;; in gtu:-'~rm a l fields. A paper' by Nour-
1;,, /; ; ,. I: :: '~f;JI is ()i'P3f'icu!;]f In tcres t in tilat it scts fo rth those 
i ;];.': ' ~ ;.'l :;cY; ;:::::CJn:; n\~(:es:;a[y t c produce elcctrical signals at 
~ht: e :1 ;,,~ - s S H ;r~',ce , T he ',u ted conditi o ns arc not repeated 

a.:w malies have similar amplitudes and OCClll' in a relatively 
uniform geologic environment sugges ts a. sing·Cl!;J.r predom~ 
inating mechanism , I t is thought that this mechanism is 
related to the heat-t r iggered movemcnt of water in a convcc
ti ve <;elL The potentials are believed to be generated by electro
fil tration processes, the result being an effect called 'streaming 
potential. ' 

The electromotive force generated by streaming potentials is 
r rimarily controlled by fluid pressure for a give/l set of rock 
conditions. According to Dak/mou [1962], strcaming poten
tials arc caused by the preferential adsorption of one ion 
speci es on the grain :; urfaces cOlllprising th e pore walls. Be-

,\'; any m;;chanisms mil)' C() : ' ~ i:ivab ly ge nerate natura l el t .c
tromo~i\ 'e !nrc;eo; and th rfthy ~L1n tributc to the total observed 
anom aly. ['!eH'cvGr, th e f:: ct ;iiat the negative and positi ve 
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Pl e is t ocene 

," ":,h"c' T,,~ ' I 

Vi~ ::;;::;;';;:.o'~';;:O " 1 ;;,;~;i;:"' 

-200-· Equi;Jotenti al co ntour - - Conto lJr 
interva l 10 0 millivolts 

~~~~. S elf - po ten t ial tro lJerse - - ·':: ve ry 
lOt h sta tion ind icate d 

'I H ot spcing 

Fi!! . 3. Selr' pulen:i:l! ;\I1 U gen eraiized geologic map of th e wes t central pa rt of Lon g Valley, Mono Coun ty. Californi a. 
G eo logy genera lized from Bailey el al. [1976J . 

,, · ~, ~ t h c adsorbed iuns are al ! of th e same po larity, th e free 
~~:d in the center o f the po re space,; is en riched in ions of 
:' :,,)si tc cha rge. In th e presence of a differenti al press ure 

· ·:",5 the i"Ock form at io n th e pore waters will move so as to 
".,-,JUL''' :: net charge scra ra ti on along th e line of water move
" : · ~ l . I n mos t rock systems, an io ns a re adsorb ed; th en:rorc the 
: , : ~ \\;It ~ rs ca rry a su rplus of cations, and a positive potential 
, ' cl lip in th c direc tion of now. Some clays and carhonat e 
. ' :k, in lJ:ls ic solution s will produce th e opposite eflect. 

S:.rn illing potential s are dependent upun factors bes t cle
:::lcd 0\ the equation 

( I ) 

"~ "rc _\1' i, the press lII'e dillercnce aeros!; th e rock form ati on, 
::, the crack width or pore radius of th e rock, (J. is th e sur
" " ~' (Olltll!c tan cc o f the dilTu se layer within th e pore spaces , 

• ' ', (, (J , an t.! ~ are th e diel ectri c con sta nt, zeta poten-
" lllnd ll ctt vity, a nd viscosity or the pal e water, respee

~ " :c ' : ; :!1 is th a t which ex ists across the fi xed charges at tli e 
~ ~l rr I'·all ,. ;In d t:- ,)s e charges within th e mobil e laye rs of liquid . 
, ~c prope rt ies c .t ancl (J are always positive' therefore the 
'): ,!rit) of a s ur;a~e a nolll a ly ari sing' from s tr~a ll1ln g poten-

tial s \vill be dep endent up on the direct ion of water flow an d th e 
zet a potential. 

TYrli ca ll y, (I) is ex pressed as a ra tio o f Esl :"P, which is an 
equilibriulll sta tement implying that the charge separati on 
caused by fluid movement will be coun teracted by electrostati c 
forces so as to reach an asy mptotic value for a gi ven set of rock 
condi tions. As th e prcssure increases, the s tr eaming putenti a l 
will in crease propor tio na tely . 

Ph enomenologically, one can en visio n a deeply huri ed ther
mal sou rce heatin g th e ground water so as to cause an up ward 
mi gra tion o f th e water. Upwa rd-.moving \\'ater genera lly pro
du ces positi ve potentials at the surface; therefore \\'e may 
attrib ute the pos itive ~nom a ly over th e Quate rn a ry rh yolite to 
ascendi ng grollnci wa ters. In th e cvent tha t the movement o f 
wat er is impeded by a ca p rock o f low perm eabili ty , th e heated 
water either tra\'cls through fra cture systems to the sur race . 
where it form,S hot springs, or followi ng SOll ie loss o f hea t. 
cycles downward ir no escape is poss ible. Descendin g wate rs 
will ge nera te a IIcga ti ve potential at th e s urrace. and thi s 
mcchani sm may be responsible for th e negative ano rn aly ove r 
th e nort hern part or the Quatern ary rh yo lit e. A sim ilar nega
ti ve countcrpal"l is not deve lo ped sou th or the posit i"e an om -
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aly because, as is sho wo in fi gure 3, the heated waters have 
---';" ~-~-------'round escape routes to th e surface through th e hot springs 

II" rthin the grouri"dl':a ters of Long Valley. If th ese sulfides are 
depos it ed in dis5t: '11inated form in th e zo ne of groundwater 
mixing, then a mecil;lnism for electron fl ow will exist [Sato and 
M ooney, 1960]. In the Mud Volcano area in Yellowstone 
Nationa l Park, core s<ullples extracted from a borehole in 
dicated th e prescnce of disseminated pyrite depos ited by ther
Ill a l watcrs in the near-s urfacl: laycr. Pyrite was fo und at a 
depth of 50 ft (15.2 m), and it increased in abundance down to 
the bottom of the holt: at34 7 ft (105 .8m) [Zohdyef a/. , 1973]. 

: ~'. ' alon g the east and south nanks of the rhyolite; th e relati ve ly 
high potentials observed south and so uth east of the positive 
anoma ly are thereby sustained. The escaping water must ce r
tainly be rep lenis hed if the hot water cOllvection cell is to be 
mai nta ined . Groll ndll"Clt er recharge areas conceivably exist at 

;_ ,1' • 

.-. ti 

,;' . 

.. ; ... . 

:" " 

", 

-.' . 

. ::v; 

:.J 

se ve ral locations within th e caldera; however, surficial evi
dence suggests th a t th e principal source of fresh water is from 
S UI face fio w olTllle Si erra highlands into the western part of 
t;l c cJldera . The downward percolation of meteoric water 
thfo'.!gn rock s \'-, hich are primarily basa lt may be respon sible 
fo r ~= r tia li ng the hig h negati ve potentials observed in th e 
\VesteiD part of the survey areas . 

Electrochemical elfec ls may be responsible, at least in part, 
fo. , h, .: :,,10ma!ies ove r th e volcan ic rock. On the basis of data 
pre·'. ;;; ;::; b;.' Le ,l'is [1974} \\.c know tha t springwaters nort h of 
the 3,c.,,~:dcU5 area are !0\',1 in dissolved solids . If thi s fresh 
\'''2te~ ::' :1 ;1:1d acc~s, to a permea ble layer within the volcanic 
se(it-c: ·.:c J;;G 1. J u5 ,ome ; :1 co ntact with the saline thermal 
\';~'[; , S. : (1::';1 r::t'(.;'anisms fo r generating signifi cant surface 
r (\:.~::'::·ds hili Ce Qc ti\'ald. T he first of these mechani sms 
in">:c, .";"'. Jr()(c;ss .. s b) wi:J,: h ditTusion potentials are j1!·uduced . 
!) if:·~.'.<" p'J1.~ i1li:.d~ are develo ped ac ross a liqui d j Ullction 
\\ ~,e'" >C' , o!u:j ·);:,; of ci;!"'; ri ng sa liniti es are in direc t contact. 
ion'; :',0 :-,: the- ;" o:e ,x Dc':" lralcd so luti on migrate into the 
di ;:.:~:: ;«" :'-'~. ,,\ ::i rale d~pC:f:de nt upon th e mobility of th e 
10:" •. ' .:\ ;;: : : T il e ~Io r<: G;ob iie ions are typi ca ll y of one 
::-'" ; i;;;; r,; ' )'C 2. sepaf·o'.ion of charge will develop across 
t ~<: : : :,"-, ;e", b,.) cncLr)", [ r:.~ r~s ull being a net current fl ow. 
T:.: ;r; ;x;·;\l;P' :-,i!1c,eii CeS b",:wten so lutions will increa se ion 

l.h:reby en han ced, and the presc nce 

; ' ~ ' '" ··,t'cc' r:d of lhes~ m;;cn:lnJS lTls that take place at th e 
i ,, :~·:. ',i n;:: of uniik ,:; ~(l t,"I : Gn~; p;.,; dllces oxidation-reduction 
P': : .1'." if ,:::n"in ('o i!d; t!c: .·' "' <lft; met. According to Sa lO alld 
M: , . . f 1 9~,0 j :; d i[rer·~nc,; in the Eh or redox poten tial of th e 
SOILi;.:'.1;-'S i~l COfE~Cl mus , ex ist in order to provide th e dri vin g 
SO lir::--: for the tran sfer oj" ekctrons from on e solution to th e 
oth ': r . T he ciecron transfrr :dso requ ires th e presc nce of a 
conJul.'t !\/!:.: body acro ss the so lut ion bound ary and an el ec tron 
mob ililj rak whic h exceeds th e mobility of the upwa rd -mov
in g pOSiliv(~ io ns in the surroundi ng so luti on. To attribute th e 
observcd Long Valley a nomal ies to an oxidati on- redu cti on 
process, th e fre,h wa ta must corl ta in free oxyge n to crca te an 
oxid izing em'ironment, a ncl in li ke mann er, th c ther mal waters 
Illust prov ide a red ucin g env iro nment. Data from L(,lI'is [1 974] 
show that th cre Illay be sufficient di sso lved iron in the thermal 
waters to sa ti sfy th e la tter cond ition; however, the veh icle for 
electrl' n tran sfer is still lack ing . A paper by Willey el al. [1974] 
indi ca tes th at di ssolved sulrides exi st in relati ve abund ance 

S 

Pyrite depos ition is not uncomm on in areas of thermal 
activity, nor arc reducing agents un common in th ermal waters. 
The main concern, however, is whether sufficient free oxygen 
can be maintained within th e infiltrating ground wa ters to pro
vide an oxidizing environm ent at th e necessary redox potential 
to genera te the observed surface poteJl ti a ls. Free oxygen is 
gen erall y depleted rapidly, particularly in th e presence of dis
solved orga nic materials. 

N ow"behecht [1963] in his study of diffusion and 
electrokine tic source mechanisms calculated the upper limit of 
potential amplitude measu rable at the surface for each efrect. 
Ma ximum surface potential for th e diff usion process is given 
as 100 mV; th e stream ing po tenti a l mecha nism has a calcu
lated capability of producing anomalies of 'seventl hundred 
milli vo lts.' Salo alld Mooney LI960] indicated th at half-cell 
po ten ti a ls relating to oxidation-reduction e fTects usua lly range 
in amplitude from 400 to 500 mV, although much higher 
poten tials have been observed in the fi e ld . 

A number of other naturally occurrin g phen omena may 
cO II ,:., ivab ly ac t to prod uce meas urable self-potentials at th e 
sur f:"c.: . However, for the known poss ible processes there are 
so many variables involved that all necessa ry conditions will 
ral'ely be met. 

PR O FILE DAT .. \ 

Because indi vidual traverses did not normally ex tend be
yon d th e caldera boundari es, the conto ured data do not ade
qua tely define th e se lf-poten tial gradi ent s observed in the vi
cinity of the caldera wa ll s . Contours in the north e rn par t of 
Figure 3 indica te an increase in potential as tIt e edge of the 
calclera is approaeht:d; thi s encet, hOlvever , can bett er be seen 
in profile form . 

Profi le data obt ained a long traverse A-A' (Figure I), as 
shown in Figure 4, were relati vely smooth and th erefo re were 
no t filtered in th e usuallllunn er. Instead, ev ~ ry 10th d,lta point 
was plotted, a somewha l angular appeara nce to th e profile 
linl s being imparted. T he tr averse extended beyond the phys
ica llil1lits of the caldera as inferred from gra vity data [Pakiser 
('{ 0/., 1964]. The character of the profile indicates that th e se lf"
potentials within th e caldera are subst a ntia lly lower than or 
nega ti ve with respect to th ose potent ia ls gC IH.;ra tcc! outs ide th e 
ca ld era. On approachin g th e northern wall of th e ca ldera th t: 
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. ... ·l ii .!i:; increase, but beyond the \vall the potential s show 
:.", e,f , lcc reasin g. The fact that self-potentials do decrease 

--.,1 .,, < ca lized near the caldera ed"e. A---Ul:"crease i '-se f-
_ . . ,. ·;; d leas not observed south of the caldera boundary; 
" ,·,: ,. \ ,:r . unlike the other caldera walls the southern wall is not 
. , ' :c·.ill , appareilt. Indeed, the gra vity data obtained in the 

.. :hl' :·n p:1ft of th e calde ra ha ve a lower gradient thall data 
'n ,-1 ,,'\\ he re along the caldera perimeter. This fact suggests 

".,', :h,: <v uthern calde ra wall may consist of a series of fault 
" s h- [Jth er th an a single offset, a structural characteristic 
. ' ,'h \'.e'ul d tenclto bro aden those cO"ects that may be attrib
.-:j '" " so urce nea r th e ::dge of the caldera. 

Pfe ll;k, (C -D, D-E, 0- F) obtained in the eastern part of the 
! .;Ci ,! I Fig ure 5) (see Figure I for location) show a gradual 
-,I: 'I rlua lly uni nterrupted increase in potentials from their 

,: . ~ : tj!1;! po int to the wa ll of the cal dera, where the potentials 
, .. J <1t1" :Jn d cvcntu .:. lly begi n to decrease outside the caldera . 
i '; ;;: [1c'Ic:n tial rise Gil C'a ch profi le is substantial; the potenti a! 
":rtii::cd by morc l h2 f1 i 100 rnV along the traverse leading 
";,':!gr,. \Vil frecl euryon and nearly 1000 m V on the O'Harrel 
I . . : :1 ,\011 tra verse. 

f ile ,';\Use of the pGtent i.:!l incr:::asc near the ca/..k ra bound
,r:. is unk nown . but possibly, ;:J com bir1:l liu n of th(: 
-·,·c:h.lilisnl s prcvi .J:J.o,J\ disc us,,;;d :T·.3.Y be responsi ble for th e 
, ~, ;;:r\ cd effec t , i t V";.l~ fi rst tho' .. ,.;,: :hat the potential gain 
. . '.!l d be :tl tr ib u!cc tD ·.) U~W,'rd-fl ,")" .~,g cur rent that increased 
.. de;);!t !' within tn:': ::; u ,(",Ct by~ r , '.S a result of a lateral 
- ,: r \.' ,: ~ ~ in res i s t ; \-'i~y t: n-:O!.i D tr;::-e'~ :j the cJ.ide ra edge. To t es t 

" ; .: SUi1P,y;it ion. 3 t '.'.'D ~d;01ep :~ic; !~ 'd ;·:ode! '.vas formul ated 
. : ~ ,be u:;e of a hUf,io: :-' c:r.;:;; , '.,;t:; ,;';' :; ~ d 2 verti cal contac t 

!:n.!,t;: i;~~o r y \.!t;lS ~St: ~ t Cl Je(;'- c .~(~l.-': 1 ::,=>'1 S for calcul ating 
. . ':rn ti dls on each side 0; tIT':' i-::G D.:: :.·:L For a current source 

[, . .. 
d!i !: 

_" \[(k 
(2) 

i . = ~! (I + (3) 

.. ~: ~Ir (' J'1 and V2 afe poten t ia!s DleasureO over PI and pz mate
· 01. rc)p~Cl i ve l y ; d, the depth of burial to a point current 
<'urcc: a. the dis tance froin i ht: source to the verti cal conlact; 
· ,h l' Cl! rrent st re ngth; a nd k, the reflec ti on coeltlcient equal to 
.: - (I,) ,'((I 2 + P,), By usi ng th ese eq uations, profil es of 
;' : :t'nli,i1 tic ld di stri buti on ca n be co mpil ed from any number 

.. ran domly positioned current sou rces of either polarity . 
To ,i! ~1 u!a te the pol<: ntia! effects observed at the edge of the 

: .:::1 Ci J , it was necessa ry to provi de for a horizontnl offs et in 
.. " ~ re i a[i\ ' ~ location s of cur rc nt sources . Figure 6 shows pro
· : ~\ calcu la ted for th e indicat ed dipolar current source ar
"cgcm"nt by us ing firs!.a medium of uniform resi stivity and 
:" ''''1I,j ;! res istivity co ntrast, whercP2 is 10 times larger than {i" 

:' : l1m the , hape of the curves i~ is seen tha t no tateml resi sti vity 
.. ~.lnges :trc requil'cd in order to produ ce the observed edge 
:::<'Ct5, However, a resisti vit y in crease representing the ca ldera 
' "lIs wi ll se rve to enh ance the n:lative increase in potenti a l as 
-:":!Stlrc: Li from a point wi thin th e caldera. These calcula tions 
"':fgCS[ t i1 :I[ a so urce: mechani sm that prod uces potentials posi
: "c. ill pil larity ex ists n e~lr th e perimeter of the caldera . 

1 he nat ure of the various mech ani sms which may possibly 
':Jmbi ne to create th e anom alous potenti al:; associated with 
::c caldera perim eter is, of courSe, specul a tive. Perh aps the 
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Fig . 5. Self-p otenti a l profiles a long th~ east~rn caldera tra\'e rses, 
Long Va lley, Mono County, C al ifo rnia . 

surface potenti a ls within the caldera are relatively low as a 
result of diffusion and oxidation-reclucti o n processes occurring 
at th e jUllction of meteoric and th erm al waters . These electro
chemical effects would most often result in a negati\'e potential 
at the surface. In addition, it may be supposed th a t thermal 
waters flow upward along a relatively permeable path creat ed 
around the perimeter of the cald era during the tim e of sub
sidence. The upward-migrating waters would generate stream
in g potentials positive in polarity, the observed edge effect thus 
being produced . To our knowl edge there are no hot sp rings 
along the borders of the caldera; therefore if the strea ming 
potentia l concept is valid, the therm a l wa ters are either re
turned to the depths nearer the ct:nter of the ca ldera , the 
rel ati vely low inn er-surface potentials therGby being en hanced, 
or th ey simply merge with meteoric groundwaters within the 
alluvium . 

S L: ~I\IA R Y A :-;D CO:\C U ; S IO:\S 

Fi eld observation and th eory both ind icate th at ano ma lous 
se lf-potenti a ls may be expected in geothermal nreas . Prev ious 
reported at te mpts to utilize the self-potential meth od in ,5eo
th erm al exploration produced ambiguou s resul ts, prob ably 
becau se th ese. ea rli er s urveys were generally Ii mited to areas of 
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hot spri ng activity . In Long Valley we chose to extend our caused bv the upwa rd mi gration o( thermal waters [(Ith er thn 
Sl !. ', ,:) 1.0 CO\~ , may'" pa rt oN he t: ·t!dera and;-Oy data to effects of thellOTWa ter convec.tion cell itself. 

-'--'------:------fi·lt~to-remove-thc-c-ffu;t,oflreaI-SUTfm:e_p1Yremtalsfr"'o"m""--\""-"'e'-a"'r""(;;-' "'rec;;'a"'s"'o"'n"aCh'T}"'-;c;-;:o"'n;-I'C;-;1 r.e:;-;,7i1t'Tlt :;-;a7it-tj"h';e;-;;:se~--;:p:;-;o:;-;tC;:;e:;:;n~t l:-;Ca:-r-;n;:;-l-:-etlt h:;-;o:;-;dr-
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.. , :~~ 

. : .-l 

. . ' 
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,., 

: , 

thos ' potentials emanating (rom sources at depth. We ac- will find applicalio n to geothermal exploration, although the 
kno wledge . however, that potentia ls (rom ncar-surface effects, fundam en t: !! relationship between them has yet to be com-
part icu la r::: in hot sn c:i ng ar;;.,s, can be substantial and can plctely un (iv i's tood . Despite the (ac t that source mechanisms 
therehy e\' c, ke undesen'ed attentio n. have not been specifically defined , there is sufficient theoretical 

T il :: Lo ng Valley self-potentia l survey yielded a number of evidence to support the notion that high-amplitude potentials 
interL, ;ing resul ts. As an example, potentials associated with . can be sys tematically mapped at the surface. In Long Valley 
the per ilnetcr of the caldera are very much higher than those we have demonstrated that anomalies covering many square 
associ alt::d tsith the cen tral area of the caldera. Whether this miles can be defined and separated from short-wavelength 
phenomenon is unique to Long Valley or whether it can be potentia ls originating from shallow sources_ Although field 
observed in oth er calderas is a qu es tion yet to be answered. procedures may n <:ed to be refineu in order to make 
H O\'.ev~f , the effect was found to be generally symmetrical measurements with greater reliabilHy, the self-potentia l 
ab ou t the mapped edge of the caldera, and the possibility that method as a reconnaissance technique is relatively simple to 
an ex te rn::1 source mec ha nism causes the perimeter potentials app ly and may prove to have the advantage of sensing the 
was tb .::r:: j y precluded. dyn amic aspects of a th ermal system at depths greater than 

riC cip,)i3i anom3.ly oveilying the Quaternary volcanic those possible with most controlled source methods. . 
rod.: i" [:; " v,est centnd part of the caldera is the llIost signifi
car:: r'~ :l::jre of this self- poten tial survey in terms of therma l 
pok:; ti<: :. The ? o3 iLive U;10r:'<i!Y covers the southern part of a 
reS i,;,gefi ~ dome aoa is ring"G to the south and southeast by hot 
sp r; .. ,?,. "0 .; !rr:i! :; r surface m2 .• ,ifestatioll is aniliatcd with the 
n eg ..'. : i ·, ~ 2 ~()iT; J iy to the no ~~h . Although several source IIlech-
an ls ..... ;; iT. .i )' combin e to produce the dipolar anomaly, we 
belii;' \ i;' : ;, ;;[ e:ec: rokin-;:t ic ph enomena, primari ly in the form (If 
Slre J:-, \ ;j ~ po;erl:i::ds, prin;.:i;;aily cause the observed surface 
p C't'~~ · l : ; 1 3. Th~ r",si$:ivi~y of the pore waters within t 1. e tbermal 
L(' r: ~ ' ::, - i ~dh' <!-;ry io ,,', ; h\~\,.~\':: r, low-rcsistivity i ' .JI'C water 
iT': 1:' v:.· ; ~ ~ ~: (' Ug ~i Cl thick \e '.; :-ion of rock over a very broad- area 
mQ :~' ::;._' .T; a gni fi ~ li inttl v,te:;: ia ls of considerable magnitudc. 

li;;: J~ j'l ~~ ie, in::: curren ' ,m; rce is unknown primar ily be-
e:' ' :'. : 'L; ~ ;1 ;:, jr\ ,,·h:cn ';u~f::; ce potenti a ls arc produced is 
, ~ -'. .. ::: .\ i iy'o'-':' >- ~'h f{h:, 1 'i63J . However, it is believed that 

. t·i~)r ,cale :c'lom"l ies :F e cg used by sources a t depth. The 
(j,; t;~. ;.;:,t~ (i f the ncgat i\'<; ::t'1omaly, particular ly the west

·ern r.1t'!.· ... u;-:e ;jf'G its associa',:-:i positi ve anomaly immediatdy 
. sou :h ~ iTI H> jndi~3. tc iht: p;-.-:! s ·~!ice of a secondary hot \vate r 

conve(; t;Gn celi within t~e major water sys tem or an 
un iden:iRtd :,o ;,; r;.:,; mechan isin at an intermediate depth . 
Th>~ fesclits cd' other geophysica l surveys do not correlate 

wt:i J with the n; \d ing.> of the sclf,po tential survey. Perhaps the 
therm;]! Writ: b::neat h the volcan ic rock is too deep to be 
detected by cont rolled so urce methods, or perhaps the empha
ses of th t othe r surveys were on o ther aspects or areas. 

The t0 t~!I Reid rcs is~ ivi ty map presented in the paper by 
S{mzley ei a/. [1 976J does show the area of th e positive se lf·· 
poten t i~li anomaly to be I<::ss res isti ve th an the rock assoc iated 
with th e nega tivc anormtiy. Thi s resist ivity din'eren ce, howeve r, 
may be attributed to clay a lterat ion wit hin the volca ni c rock 
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