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Obseirvations from se l f -po t en t i a l monitoring s tudies 

on Kilauea Volcano, Hawaii (1973-75) 

by 

Charles J . Zablocki 

Introduct ion 

Se l f -po ten t ia l (SP) surveys made on Kilauea Volcano, Hawaii beginning 

in mld-1972 have shown tha t la rge magnitude, pos i t i ve -po t en t i a l anomalies 

are re la ted to subsurface l oca l i za t ion of heat (Zablocki, 1976). Soon 

af te r t h i s r e l a t ionsh ip was es tab l i shed , a concurrent study was w-de to 

determine the s t a b i l i t y of these na tu ra l po ten t i a l s over long periods of 

t ime. This study was considered important because in eventual ly mapping 

the s e l f -po t en t i a l d i s t r i b u t i o n over Kilauea 's summit and upper r i f t 
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zones, an area encompassing approximately 100 km , i t was necessary to 

t i e - i n newly surveyed sections with sect ions previously surveyed. If the 

po ten t ia l s measured e a r l i e r had changed .appreciably, then e r ro rs would 

r e s u l t when compiling the overa l l regional po ten t i a l d i s t r i b u t i o n . 

Several factors were considered tha t could possibly r e s u l t in 

temporal changes in these po t en t i a l s : (1) va r i a t i ons in r a i n f a l l , 

pa r t i cu l a r ly in view of the extreme range of p r e c i p i t a t i o n tha t occurs on 

Kilauea; and (2) changes in the dynamic s t a t e of the volcano during the 

survey period in which six eruptive episodes took p l a c e . Also, some of 
0 

these eruptions broke out exactly over, or immediately adjacent t o , some 

previously mapped pos i t ive po ten t i a l anomalies. This obseirvatlon provided 

a further Impetus to monitor po ten t ia l differences in a few areas over 

long time periods to determine i f percept ib le changes could be corre la ted 
• f 

with an Imminent eruputlon or magma migrat ions . 



These monitoring s tudies were not comprehensive. They were l imited 

in scope because of equipment and manpower l imi t a t i ons at the t ime. The 

r e s u l t s from these s tud ies , never the less , did provide some information 

about the s t a b i l i t y of the self p o t e n t i a l s . In view of the contipuing SP 

program at the Hawaiian Volcano Observatory (HVO), the measurement 

techniques, r e s u l t s , conclusions, and recommendations re la ted to these 

s tudies are presented here as they should be helpful in designing more 

systematic s tudies in the fu tu re . 

Measurement Techniques and Results 

In some of these s tud ie s , po t en t i a l differences were measured 

pe r iod ica l ly on a seml-rdaily or weekly bas i s a t a few l o c a t i o n s . Non-

polar izing Cu/CuSO, electrodes were burled about 25 cm below the surface 

and connected to a high-input Impedance voltmeter by an insulated wire 

l a id out on the ground. 

One such monitoring s i t e was es tabl ished about 300 m southeast of 

Halemaumau (D-D, f i g . 1 ) . A 120-m length electrode array was la id out 

across the northern edge of a steep gradient SP anomaly t ha t was mapped 

e a r l i e r and which coincides with a loca l feature ca l led Sand Spit horst 

(Zablocki, 1976). The magnitxide and steep gradient of the anomaly ( f i g . 

2) suggested t h a t the top-of- the-source for these po ten t ia l s was very 

shallow (< 30 m) . I t was suspected tha t a shallow source might espec ia l ly 

be affected by changes in r a i n f a l l and thus a l t e r the magnitude of the 

surface p o t e n t i a l s . 

A plot of the po ten t ia l differences measured across D-D' from 

November 13, 1973 through July 8, 1974 i s shown in f igure 3* The most 

s t r ik ing feature noted In t h i s p lo t i s the rapid decrease in po ten t i a l 



t h a t i s c l ea r ly r e l a ted to periods of intense r a i n f a l l (also shown in 

figure 3 ) . This i s pa r t i cu l a r ly so for November 17, 1973 and December 4, 

1973 during which t imes, over 20 cm of r a in was recorded at HVO. The 

sharp decrease in SP (""75 m i l l i v o l t s ) was usual ly followed by a longer 

period of recovery to some increased value in p o t e n t i a l . Possible 

explanations for these observations a r e : 

1. The fresh rainwater may have di lu ted the known shallow, 

e l e c t r o l y t i c a l l y conductive zone t ha t coincides with the SP anomaly 

(Zablocki, 1978a). This could have resu l ted in a loca l decrease in 

the conductivi ty of the medixmi. If the source mechanism for these 

po ten t i a l s i s equivalent to a vol tage source r e su l t ing from 

streaming po ten t i a l s caused by the descent of meterorlc water 

(Zablocki, 1978b), then such a decrease in the surface po ten t i a l s 

would be expected. 

2. The longer recovery time could be r e l a t ed to an increase in time 

required for the pore f lu ids at shallow depths to regain t h e i r 

higher concentration of e l e c t r o l y t e , and perhaps, t h e i r higher 

temperature. 

3* The shallow-biuried electrodes used in t h i s study were not covered 

by a p l a s t i c sheet as they were in the monitor study in the upper 

east r i f t zone (to be described l a t e r ) . In the upper east r i f t 

zone study, no changes in potent ial , could be re la ted to changes in 

r a i n f a l l . Therefore, i t i s possible tha t the large changes noted 

in the Sand Spit study were due to loca l e lec t rode e f f e c t s . 

Because of the large va r i a t i ons in po ten t i a l observed in t h i s area, 

t i e - i n points made to extend our SP coverage in Kilauea were located in 



areas t ha t did not contain shallow, high-amplitude anomalies. 

An i n - l i n e array of s ix 300-m spaced electrodes was placed across a 

previously mapped large-amplitude SP anomaly located about 3.5 km south of 

Halemaumau ( s t a t ions 0-5 , f i g s . 1, 4, and 5 ) . The po ten t i a l gradient in 

t h i s area i s about 1 mi l l i vo l t per meter and exceeds 2 m i l l i v o l t s per 

meter at the s teepest par t of the grad ien t . I t was thought tha t t h i s 

gradient defined the southeast edge of Ki lauea 's magma rese rvo i r 

(Zablocki, 1976) and t ha t any measured changes in the gradient might be 

re la ted to temporal changes in the s t a t e of the rese rvo i r i t s e l f . 

A plot of the measured po ten t i a l differences between successive pa i r s 

of e lect rodes and the accumulative difference across the t o t a l array are 

shown in f igure 6. The time period of t h i s study was between January 18, 

1973 and November 14, 1973; however, no data were obtained for the period 

July 13, 1973 through October 29, 1973 because of commitments to other 

p r o j e c t s . Some of the l a rge , short- term changes in po ten t i a l differences 

seen in the plot are due primarily to spurious po ten t i a l s developed from 

one or more faul ty porous p o t s . The effect of the r e su l t i ng i n s t a b i l i t y 

In the po ten t ia l can be seen by noting tha t the changes in some adjacent 

e lectrode pa i r s are of opposite p o l a r i t y . For example, on days 180 and 

183, the changes are in opposite d i rec t ions for SP differences 3-2 and*2-

I . This can be explained by an anomalously higher po ten t i a l at the number 

2 e lec t rode . Notwithstanding these short-term changes, there i s long-term 

net decrease in the t o t a l po ten t ia l difference over the period of these 

measurements. A plot of the po ten t ia l differences across the whole array 

for the I n i t i a l (1/18/73) and f ina l (11/14/73) se t of measurements i s 

shown in f igure 7. Vir tua l ly the e n t i r e decrease can be a t t r i bu t ed to the 



decrease across the e lectrode pair 3-2; the sect ion where the gradient i s 

the l a r g e s t . Aa seen in figxnre 6, most of t h i s change occiurred between 

days 18 and 123. I t i s i n t e res t ing to note tha t t h i s general mono tonic 

decrease e s s e n t i a l l y ceased a t the approximate time of the May 5th 

eruption (123 days) . The eruption took place in the upper east r i f t zone, 

about 3 km eas t of the electrode ar ray , and was accompanied by sxibstantial 

de f l a t ion of the surface in the summit a rea (Hawaiian Volcano Observatory, 

unpublished data , 1973). A possible causal r e l a t ionsh ip between these 

observations i s not c l e a r . The near -da i ly measurements made a few days 

before , diuring, and af ter t h i s eruption did not reveal any dramatic 

changes in these po ten t i a l s ( f i g . 6 ) . 

Continuous measurements were recorded over long time periods across 

and pa ra l l e l to a prominent r idge l ike SP anomaly tha t l i e s over the 

surface expression of the upper east r i f t zone ( f i g . 8 ) . Conventional 

Cu/CuSO^ nonpolarizing porous pots were placed in holes about 50 cm below 

the surface at loca t ions A,. B, and C shown in f igure 1. A 1 X 1 m piece 

of p l a s t i c sheet was. placed over a pot , then covered with s o i l . I t was 

f e l t tha t the p l a s t i c cover would reduce any de le te r ious e f fec t s a t the 

electrode due to la rge va r i a t i ons in r a i n f a l l and ambient temperature. 

Insulated wires , connected to e lect rodes B and C ( f i g . 8 ) , were la id 

out and returned to the v i c i n i t y of electrode A near the in t e r sec t ion of 

the Hil lna Pa l l and Chain of Craters roads . The po ten t i a l differences 

between electrodes A-B and B-G were recorded using a simple, high-input 

impedance amplifier connected to a s ingle s t y l u s , multiplexed DC chart 

recorder . The recording system was placed in a small weatherproofed metal 

box. The box and a 12 V, 50 ampere-hr b a t t e r y , used to power the 



recorder , were placed under a waterproofed, opened-bottom wooden box. 

A schematic of the amplifier and multiplexing c i r c u i t used to record 

po ten t i a l s from both legs of the array i s shown in f igure 9. The input 

leads from the electrodes were connected to a RC low-pass f i l t e r (1 second 

time c o n s t a n t ) . As the nominal po ten t i a l dif ferences between A-B and C-B 

were +1200 and +800 m i l l i v o l t s , r e spec t ive ly , an SP bticking c i r c u i t was 

designed tha t resu l ted in canceling these large vol tages a t the input of 

the amplif ier . A double-pole double throw microswitch, actuated by a cam 

into the recorder , a l t e r n a t e l y switched the net vol tages every 8 seconds 

into the recorder . The non-inverted conf igmration of the amplifier 
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resu l ted in an input impedance of 10 ohms. A vol tage gain of f ive was 

used and the output gain to the recorder was trimmed to effect a f u l l -

sca le chart s e n s i t i v i t y (50 mm wide) of 100 m i l l i v o l t s . The char t dr ive 

motor was speed regulated to about +0.5 percent and fed the chart paper at 

a r a t e of about 15 cm per day. 

The recording system, in design, could be l e f t unattended for a 

maximum period of about 5 weeks, being l imited primari ly by the cha r t -

paper capaci ty . IV/o 1.35 vo l t mercury b a t t e r i e s powered the amplifier and 

t h e i r expected l i f e was 3 years . The 12 vo l t ba t t e ry used to run the 

char t dr ive motor, was typ ica l ly changed every f ive weeks. In te r rupt ions 

in recording da ta , however, were caused e i t h e r by an occasional loss of 

f luid in one f a i r l y permeable porous pot (e lec t rode C) or by commitments 

of personnel to other p ro jec t s . 

The monitoring system was operated e s s e n t i a l l y continuously between 

June 23, 1974, and October 17, 1974, and between Novonber 12, 1974 and 

January 13, 1975. Records for the time in te rva l June 23 - October 17, 



1974 a re shown in f igures 10 a through g. Several c h a r a c t e r i s t i c s of 

these recorded po ten t i a l differences are noted: 

1. The d iurnal pe r iod ic i ty , best seen on the A-B t r a c e , i s due to 

induction from corresponding diiurnal changes in the e a r t h ' s 

magnetic f i e l d . In d e t a i l , the predominant frequencies of the 

dluranl changes noted on the t races are 2 and 4 cycles /day. 

E lec t r ic f ie ld power spect ra made by Larson (1975) on Oahu show 

strong peaks at these diurnal harmonics t ha t are r e l a t ed to the 

thermally-induced ionospheric c u r r e n t s . 

2. The high-frequency dis turbances , p a r t i c u l a r l y seen across the B-C 

e lec t rode t r a c e , are re la ted to micropulsat ions , t ha t i s , shor t -

time va r i a t i ons in the magnetic f i e ld due to solar a c t i v i t y . The 

co r r e l a t i on between these e l e c t r i c f i e ld disttarbances and the 

horizontal component of the magnetic f ie ld taken from magnetograms 

obtained from the magnetic observatory in Honolulu, Hawaii ( f i g s . 

11a, b , and c) i s qui te evident . Specific examples showing t h i s 

co r re l a t ion are indicated on the e l e c t r i c and magnetic f ie ld 

records by the c i r c l ed l e t t e r s . A, B, C, and D. 

3 . The la rger high-frequency disturbances observed across B-C as 

compared to A-C possibly res t i l t l a rge ly from pre fe ren t i a l 

po la r iza t ion of the inducing f ie ld caused by the la rge conductivi ty 

con t ras t s between the is land and the ocean. For a s ingle v e r t i c a l 

contact , the tangent ia l e l e c t r i c f ie ld i s continuous across the 

boundary, whereas the perpendlctilar component i s discont inuous. 

The larger changes across B-C could occur, t he re fo re , because t h i s 

array was oriented nearly perpendicular to the coas t l i ne (see f i g . 



1 ) . Another possible explanation for the la rger high-frequency 

e l e c t r i c f i e lds along B-C i s tha t induced cxurrents, collimated 

along the assumed higher conductivi ty east r i f t zone ( ion ica l ly 

conductive magma), encounter a narrowing or Increased r e s i s t i v i t y 

in the zone beneath the region of these measurements* 

4. Notwithstanding a nominal po ten t i a l difference across A-B of about 

1200 m i l l i v o l t s , the re were no subs tan t i a l changes in the s teady-

s t a t e po ten t i a l differences noted (< 15 mi l l i vo l t s ) during the 

e n t i r e period tha t t h i s study was made. This period included the 

time of th ree eruptive events and some periods of extremely 

va r i ab l e r a i n f a l l . The c loses t eruption to the monitoring s i t e 

occurred on July 19, 1974 in the v i c i n i t y of Keanakakoi and Lua 

Manu c r a t e r ( f i g . 1 ) . A shor t - l ived eruption took place in and 

immediately southwest of Halemaimiau ( f i g . 1) on September 19, 

1974. The th i rd eruption broke out on Decanber 31 , 1974 between 

the southwest r i f t zone and the Koae faul t system (fig* 1 ) . The 

time of the f i r s t two eruptions a re Indicated on the po ten t i a l 

difference records ( f i g s . 10b and e ) . No changes in the po ten t i a l s 

were noted before, during, or immediately a f te r these events . 

Remeasinrements of SP prof i l es in the immediate v i c i n i t y of these 

e rup t ions , however, did produce s t ibs tant ia l changes (see for-

example, Zablocki, 1976). I t i s concluded, the re fo re , tha t changes 

in SP re l a t ed to eruptions are probably very l oca l i zed . 



As mentioned previously, the porous pot used at e lec t rode C was more 

permeable than the o thers and t h i s lead to excessive lo s s of f l u i d . The 

r e s u l t s of t h i s leakage are evident on the B-C t r a c e for the time 

In te rva ls 7/16-8/13 and 9/3-9/11/74. 



Conclusions 

From the r e s u l t s of t h i s study, the following conclusions may be 

drawn: 

1. Large changes in po ten t i a l s may occur with t ime, p a r t i c u l a r l y in 

areas of very shallow anomalies such as at Sand Spi t . The changes 

here possibly are caused by the i n f i l t r a t i o n of rainwater tha t 

a l t e r the conduct ivi ty of the medlxmi in and above the anomaly-

producing source. In con t r a s t , anomalies r e l a t ed to deeper-seated 

sources, such as occur in the upper eas t r i f t zone, appear to be 

s t ab le over long time periods regard less of the amount of r a i n f a l l . 

2. Other than obvious changes in po ten t i a l s noted d i r e c t l y over or in 

the immediate v i c i n i t y of recent e rup t ions , the po t en t i a l s appear 

to be s tab le several hundreds of meters away from the ac t ive v e n t s . 

3 . The apparent decrease in po ten t i a l s observed p a r t i c u l a r l y across 

electrode pa i r 3-2 of the monitoring s i t e in the south part of 

Ki lauea 's summmlt area may be re la ted to changes in the summit 

magma rese rvo i r complex. I t i s important to r e a l i z e , however, t ha t 

the steep gradient of t h i s SP anomaly implies a f a i r l y shallow 

depth (< 300 m) to the top of the source. Therefore, the changes 

in po ten t i a l must r e s u l t from corresponding changes in the 

e l e c t r i c a l proper t ies of the lavas at shallow depths ( tha t i s , near 

the loca l water table) and not d i r e c t l y from the deeper reservoi r 

(2-3 km). 
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Recommendations 

This study has pointed out some of the following fac tors tha t should 

be considered in future s e l f -po t en t i a l s tudies on Kilauea: 

1, Tie- ins to previously surveyed areas should be made a t loca t ions 

where the po ten t i a l d i s t r i b u t i o n i s f a i r l y uniform and not in the 

v i c i n i t y of steep g rad ien t s . Preferably, the t i e - i n should cons is t 

of a t l e a s t a two-stat ion overlap ra the r than a t a s ingle s t a t i o n . 

2* The shortcomings of using conventional porous pots (too permeable) 

as monitoring electrodes could be overcome by using low-permeable 

gel- type e l ec t rodes . 

3 . Monitoring s tudies should be made only with a continuous recording 

scheme ra the r than by making periodic measurements. Only tn t h i s 

manner can spurious e f fec t s from t e l l t i r i c cur ren ts and 

micropulsations be recognized. 

4 . A continuous monitoring system over the Sand Spit SP anomaly could 

include a low-powered r e s i s t i v i t y sounding sys tan. Any possible 

co r re l a t ion between changes in SP with respect to the r e s i s t i v i t y 

of the shallow ash deposi ts here could shed some addi t ional ins ight 

into the pr inc ipa l source mechanism responsible for these large 

magnitude anomalies. 

The continuous monitoring s tud ies in the upper east r i f t zone 

dononstrated the profound cont ras t in the responses between the mutually 

perpendicular e l e c t r i c f ie ld arrays caused by micropulsa t ions . Some 

computer modeling s tudies might be helpful in determining wnether or not 

the island effect i s the reason for the la rger e l e c t r i c f i e lds occurring 

across the B-C array (perpendicular to the c o a s t l i n e ) . The p o s s i b i l i t y 
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that the reason l i e s in collimated induced ctirrents along the conductive 

r i f t zone that encounter a narrower or increased res i s t iv i ty zone could be 

reasonably tes ted. Telluric measurements could be made across the upper 

and lower parts of the east r i f t zone. Considering the difference in the 

alignment of r i f t zone with respect to the coastline in these two areas, 

one might be able to sort out the cause. If the differences in electr ic 

field responses would be determined to be due primarily to collimatlon of 

currents in the r i f t zone, then te l lu r ic current studies could provide 

useful information on the dynamic volcanologic processes in Kilauea. 
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Second U.N. Symposiimi on the development and use of geothermal 

resources , San Francisco, Calif*, May 1975, v . 2: pp. 1299-1309. 

1978a, Application of the VLF Induction method for studying some 

volcanic processes of Kilauea Volcano, Hawaii: Journ. of Vol. and 

Geotherm* Res. , v . 3, pp. 155-195. 

1978b, Streaming po ten t ia l s res t i l t ing from the descent of meteoric 

water—a possible source mechanism for Kilauea s e l f -po t en t i a l 

anomalies: Geothermal Resources Council Annual Meeting 25-27 July, 

1978, Hilo, Hawaii Trans. , v . 2, pp. 747-748. 

13 



Figure Captions 

Figure 1: Index map of Kilauea's summit area and upper r i f t zones. 

Lettered and nimnbered s t r a i g h t - l i n e s segments a re loca t ions of 

s e l f - p o t e n t i a l monitoring s i t e s discussed in t e x t . 

Flgiure 2: Self po ten t i a l contour map of Sand Spit h o r s t . Data obtained 

7/73-8/73. Contour i n t e rva l =» 50 m i l l i v o l t s ; dashed where 

in fe r red . 

Figure 3 : Plot of po ten t i a l differences measured across D-D' ( f i g . 2) for 

the period 11/3/73-7/8/74. Rainfal l data for same period was 

obtained from ra in gauge located near Hawaiian Volcano 

Observatory. 

Figure 4: Map showing locat ion of s e l f - p o t e n t i a l monitoring s i t e in 

Kilauea 's lower summit a rea . 

Figure 5: Self po ten t i a l contour map of a par t of Ki lauea 's summit area 

(modified frcm f ig . 2 in Zablocki, 1976). Numbered s t r a i g h t -

l i n e segment i s locat ion of self po t en t i a l monitoring s i t e 

shown in f igures 1 and 4. Contour i n t e r v a l = 0.1 V; hachures 

ind ica t e areas of closed lows. 

Figure 6: Plot of self po ten t ia l differences measmred across successive 

p a i r s of e lect rodes and the accumulative difference across the 

t o t a l electrode array shown in f igures 4 and 5. NR ind ica tes 

no readings obtained across e lect rode pai r 1-0 on days 170 and 

179. 
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Figure 7: Plot of po ten t ia l differences across e lec t rode array shown tn 

f igures 4 and 5 for i n i t i a l (1/18/73) and f i n a l (11/14/73) se t 

of measuranents. Po ten t ia l s are referenced to e lectrode 5 . 

Note tha t change can be a t t r i bu t ed primari ly to a decrease in 

p o t e n t i a l across e lec t rode pai r 3-2 . 

Figure 8: Se l f -po ten t ia l contour map of a par t of Kilauea 's upper eas t 

r i f t zone (modified from f i g . 2 of Zablocki, 1976). Contour 

In te rva l i s 0.1 v o l t s . Lettered s t r a i g h t - l i n e s segments are 

loca t ions of s e l f -po t en t i a l monitoring s i t e s shown in f i g . 1. 

Figure 9: Schematic of amplifier and multiplexing c i r c u i t used to record 

po t en t i a l differences between A-B and B-C ( f i g s . 1 and 8 ) . 

Figure 10a through lOg: Records of continuous s e l f - p o t e n t i a l measurements 

across e lect rode pa i r s A-B and B-C ( loca t ions shown in f i g . 

8 ) . Circled l e t t e r s A through D designate spec i f ic examples of 

of times t ha t co r re l a t e with magnetic events shown in f igures 

11a, b , and c . 

Figure 11a, b , and c: Records of the hor izonta l component of the Ear th ' s 

magnetic f i e ld (average dec l ina t ion 11° eas t of north) taken 

from magnetograns obtained at the magnetic observatory in 

Honolulu, Hawaii. Circled l e t t e r s are keyed to specif ic 

magnetic events t ha t c o r r e l a t e in time with po ten t ia l 

difference records shown in f i g . 10. HST i s Hawaii Standard 

Time. 
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