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SURVEY SPEX:IFICATIONS 

CCnterm:i..ncus with T. 31 N., R. 47 E., Eureka and 
Lander COlmties, Nevada 

30 square miles 

January, 1976 

Senturion Sciences Crew #8 

SlDshJne Range of N:>rth Central Nevada with typical 
Basin and Range topography p:>sSesslng Tertial:y 
volcanic rocks fractured by nultiple stress patterns. 
Basalts am andesites make up the faulted mountains 
while Quaternary alluvium covers the valley floors. 

Singe! revel Magnetics: 80 

N1.mber of Ground miles 
of MultiIevel Magnetics: 14 

Geophysicist: M. Darwin Quigley 
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The surveyinq of the l3eowa.'Ne area with the high sensitivity 
helium magnetaneter reveals two magnetic lows as well as resolving 
in ~ places the attitude of the l.fa1.pais Fault. The nultiIevel 
air magnetic profiles reveal. the Malpais Fault near C1evron IS \Vell 
hading t:cMal:d. the northwest and then reversing itself and dippinq 
to the southeast .. . ' Ea.stWc;a:d extensials of ' the Halpais Fault are 
bJ::oken by Cl:9SS faulting as well as. the Malpais relatai blocks being 
tilted and rotated. 

Senturion Sciences Incorporated flew a helium magnetaneter sur­
vey in January, 1976, over the Beowawe Area of Eureka and Lander 
Gounties, Nevada. '!be survey was undertaken to deronst.rate the ap­
plicability of highly sensitive magnetic neasurerrents to the location 
of abnozmal geotheImal t:snperatures as well as its effectiveness in 
resolving oarplex geology. Specifically, ' ~ Beowawe area was flo..m 
to resolve the attitude of the ~.alpais fault in the vicinity of Chevron IS 

recent geothermal. well in the southwest quarter of section 13, T. 31 N., 
R. 47 E. 

We also wished to illustrate the effect of heat on nagnetic fields. 
If the l:tX:ks overlying or surro'..mding a geo+-•• heIl'llal source are above 
the Curle Point (478° to 6700 C), the area will appear as a magnetic 
void enclosed by a no:cnal magnetic field. If mineralization has occurr­
ed . peripherally around a geothermal. source, a magnetic halo will result. 
If the rocks associated with geothel:mal activity have had excursions 
1:hroa;h the CUrie Point, they will have abnol::mal intensity and orienta­
tion because the l:tX:ks will assmne the magnetization of the earth I S geo­
magnetic field at the time of CXlOling belCM the CUrie Point. Often the 
nagnetic poles have beo::Ine reversed such that the roc,1(s will have polar­
ities opposite to the earth I S present geanagnetic field. . 

In each of the three cases stated above, the detailed highly sensi­
tive magnetic survey, and particularly multiple level profiles, .will reflect 
the ~atures and pressures, past and present, to which the rocks 
have been subjected. 
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FIEID PRX:EDtJRE 

Senturion surveyed a 30-square-mil.e area, nainly in T. ' 31 N., 
R. 48 E., just west of Beowawe, Nevada. The area, as slx7Nn in Figures 
1 and 2 and the inclmed maps·, was covered by 11 irregularly 5paCe:i 
northwest-southeast flight lines and five irregularly spaced north­
east-soutl'Mest flight lines. All the lines were ale mile or less apart. 
'rna survey was flown at a constant altitme of 6500 feet above sea level, 
and data was acquired on a density of 18 magnetic readings per mile. 

'nle magnetic readings were recorded diqit.ally in ,the airplane on 
rragnetic tape along with clock times, Doppler down-track and off-track 
infomation. A 16-nm photograph of the ground was taken with every 
data point to fimly fiX the ground position of each magnetic reading. 

In addition to the single level profiles, ~ rrultiple level pr0-
files were flCMl'l northwest-southeast over the Malpais fault. The loca­
tions of these MlltiIevel. profiles are shown in both the flight' line map 
and anacaly map. Profile ' l-N was flCMl'l at 5500', 6500', and 8500' al::x:we 
sea level. Profile 2-5 was flown at 6500', 7S00', and 8500' above sea level. 

/?/ .- __ ~, ' ~ . ' .. , .... ~-'''4'' 

ClA"1Pt1l'ER PRCX:ESSIN3 .J 

After duIrping and editing the data recorded on the field magnetic 
tape, the ground positon of each flight line was established fran the 
16-mn photographs. '!he tie points along each flight line were assigned 
X am Y coordinateS as measured fran a single point of origin on the 
15-minute topographic maps at a scale of 2000 feet to the inch. ' These 
values were p:ro::JLdllUed into the cx:rrp.lter so that each dci.ta point along 
the profile was given an X and Y coordinate. '!hen the c::oominates, the 
total magnetic field, and the first and second horizontal derivative 
curves along each profile were caaputer printer plotted. 

The peripheral profiles tied to each other witr...:xlt any corrections, 
thus indicating that there was no appreciable heading effect and no 

, change in the diurnal variations of the earth's geanagnetic field during 
the time span of 'the survey. SUbsequently, a 400-foot grid of the total 
field values was o:::rnputed for contouring. A total field rrap with a con­
tour interval of 5.0 ganmas was machine contoured at a scale of 1000 feet 
to the inch. 

In addition to the total field nap, a vector gradient map was gen­
erated fmm the grid values. The vector gradient map is a first horizon­
tal derivative map and catpareS areas of equal horizontal magnetic gradi­
ent in gannas per 1000 feet, regardless of direction. The map is benefi­
cial in correlating fault traces and boundaries of magnetic events which 
occur on the in:ll.vidual profiles. 

* The data (18 data points per mile) density juStified a large scale (1" = 
1000') mapping; therefore, reference is made by title \'ih.ile the incltXied 
figures in the text are synopses. 
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The Multilevel profiles were processed to shot'l the relative shift 
of magnetic ev~ts with altittXie and the change in the vertical magnetic 
gradients. First, the total field values en each flight level were plotte:1 
one above the other to show the field relationships. Then the next higher 
total field was 'subtracted fran the adjacent 10\'JeI' total field and the 
corresponding interval graru.entS were plotted one above the other. The 
higher gradient was subtracted fran the lower gradient to sb:w the change 
.in gradient fran ·IOOo-foot . flight interval to another •. . . '!be cw:ves are 
labeled on the attache:l CXltp1t.er printouts. 

INI'ERPRElM'ION 

A fault delineation map was nade fran the magnetic events from an 
analysis of the irdividual magnetic profiles and the correlations and 
trends evident on the vector gradient map. These events are the nmd.m.1m 

\. slope values and step relationships on the profiles that suggest IX'ssible 
. ~ faulting. '!he faults_indicated by the magnetic field changes are sh:Jwn 
f ,- on the attached map. ; The upthrot-m and downthrown sides of the faults 

.:~ -are indicated, but reVerse IX'larities and smden susceptibility changes 
:; . can give an apparent magnetic .... relative I!Dvements on either side of several 

;~ 7 · _of the faults may be incorrect,.> The correct rcovement can be established 
.;.;:. - only through the use of l>tll.t:iIavel. profiles flown perpendicular to the 

strikes of the faults. 

The area surveyed is a snall IX'rtion of a large til ted fault blcck 
west of Beowawe thai; is evident on the top:>graphic maps on the aerial 
photographs. 'Ibis fault block is intensely faulted and fractured, ' espe­
cially along the southern edge of the block. The Z,lalpais fault forms 
the southeast boundal:y of the block. 

The Malpais fault is not a continuous fault, but is broken frequently 
by cross faults as shown in Figure 1 and on the Feature Map (1" = 1000'). 
One of the t;m:POses of the survey was to deteJ:mine, if IX'ssible, the atti­
tude of this fault £rem Mult.iIevel profiling. Figure 3 shews a plot of 
the fault face with depth as obsertred by the four levels over Profile I-N 
(Figure 2). '!'he fault face hades 30° to the southeast at the surface and 
then swings through vertical and hades 25° to the northwest with depth. 

Figure 4 ~ the attitude of the Malpais fault where it was crossed 
by Profile 2-5. Instead of a southeast hade at the surface, this se=tion 
of the fault hades 45° oort:bNest. Then at depth, it swings through ver­
tical and hades 25° to the southeast. 

The bwo MultiIevel profiles acmss the %-talpais fault dem::m.strate that 
the attitu::le of the fault face changes alont:J strike and depends on the 
realtive ltCvements of the segmented bl:ocks. All the blocks are tilted 
and rotated, but the vertical rotation differs with adjacent blocks. 
Even the vector gradient map clearly sb:)ws the difference in the · atti-:­
tudes of the fault block segments northeast and soutmolest of the larger 
cross fault in section 17, T. 31 N., R. 48 E. 
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The MultiIevel profiles also indicate that the thickness of the 
arrlesite and basalt lava flows changes drastically within the area of 
the survey. Figure 5 is a plat of the gradient change fran one level 
to the next over the nagnetic" "high" adjacent to the Malpais fault. 
'!he cmve shows the very steep gradient caused by the andesite and basalt 
lavas on the surface, but it also shows a change in giadient between the 
7500 and 8500-fcot flight levels. '!be:increase in gradient at this point 
indicates a cxmtact %ale at the base of the lavas. By usinq an inverse 

- proportion and the square mots of the . observed gradients, the depth of 
this contact zone calculates to be 3950 feet above sea level. Since the 
surface elevation is 5450 feet, the t:hiclalE!ss of the lavas is approx:imately 
1500 feet. 

Figure 6 shows the gradient CUNe" "constl:ucted fran the three levels 
over Profile 2-5. 'lbis profile is over one of the apparent igneous pluqs 
which could be the origin for a portion of the lava flows. The nearly 
straight line gradient cw:ve gives a distance of 5760 feet to the top of 
the p1l¥J fl:Om a reference elevation of 7000 feet aboVe sea level. This 
point of inflection, which is approximately 1240 feet above sea level, 
or about 4360 feet" below the surface, probably represents the base of 
the ext:rusives and the top of the intrusives. The figures suqgest that 
the lavas change thickness from 4360 feet to 1500 feet in a distance of 
two miles. 

The survey stJ:ongly su;gests that there are tlo}o intrusives within 
the limits of the survey. The first soutce is in section 19. This is 
a positive magnetic armalyof 150 gamnas which represents an igneous 
p1uq at depth. 'nUs p1uq nay be the heat source for Chevron's geotheJ:mal 
well in the southeast quarter of section 13, T. 31 N., R. 47 E. 

'l1le secon:l azx:malous area, is in section 15. This is a negative 
anomaly of 500 to 550 gcumas. The negative arxmaly is representa:1 as 
an area of rapid and intense changes on the vector gradient rrap. The 
negative anomaly may orig:L"late in one of "b«> ways; in either case, ex­
treme heat is involved. The rocks in this area currently may be above 
CUrie Point taup=rat1lres, so as to aeate a nagnetic void; or, the 
polarity of the earth's ma~ field nay have been reversed during 
the last episode of coolinq below the CUrie Point temperature. Since 
there is an igneous pluq nearby with noznal magnetic polarity, two dif­
ferent periods o~ magmatic actiVity are inp1ied. The ()JatetnaJ:y basalt 
in section 15 is younger and overlies the arrlesites in sections 16 and 
22. Either the gecnagnetic po1es were reversed during the It'Ore recent 
magmatic activity or the J:OCks at depth are stU.1 above CUrie Point tem­
perature. At any rate, section 15 is the site of the rost recent activity. · 
The large landslide, which is caIp:)sed laIgely of basalt boulders, indi­
cates that disturbances are Still going on. 

The geysers, 00t springs, and steam wells in sections 16 arrl 18 may 
originate from either of the ananalies. Both the sources are nearly equi­
distant. The rrost probable sow:ce is the igneous plug in section 19, be­
cause hot liquids could rove alonq the ~1alpais fault into sections 17 and 
18 to generate the steam evident in the wells, geysers, ani hot springs. 
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A thil:d aricmaly is suggested along the west nargin of the test 
sw:vey in sections 14 and 23, T. 31 N., R. 47 E. The vector gradients 
suddenly intensify as in the other two sow:ce areas. Insufficient sur­
vey coverage precludes any evaluation of this suggestion of a third 
scurce. The iIrp:>rtant fact is that there is a suggestion of not just 
two, but three ananalous situations within a very lmited area. Since 
this is a 'I<GRA magnetic ananalies are expected, where they are is crit­
ical and the degree of al:rlomality with the region \olOuld be jroportant. 

Sevei-al significant oonclusions can be stated as a result of the 
helium magnetaneter survey. 

1. Through the use of r-hltiLevel Profiles, 
the change in the attitllde of faults 
with depth can be It'apped. 

2. Oetaile:1 tight grid surveys will give 
positive suggestion of geothel:mal. source 
areas. . These areas nay show up as magnetic 
haloes, nagnetic voids, or reverse magnetic 
polarizations • 

3. Many of the areas which have geothel:rral potential 
are covered with lavas and other volcanic extJ::usi ves. 
The survey illustrates that nultiple level profiies 
are an effective ",ray to deteJ::m:ine lave thicknesses. 
Orx:e . the inference of the surface rocks is rE!'IDVe:i, 
·the Wlderlying geology is nore accurately revealed. 

The survey deronstrates the applicabi 1 j ty of highly .Pmx:lSE helium 
magnetareter in geothemal exploration. Ideally, a geot:heJ:mal prospect 
should be covered initially with a lai-cost helium rragnetaneter ~ 
on a tight grid basis. After the total field survey is inteJ:preted and 
anonalies of interest identified, thc.n Mult:iIevel profiles should be 
flown over the specific targets I prospects, or fault zones. 

A one-half mile grid survey is reccmnended over the Whirlwind Valley 
fault block in aJreka and Iander COunties, Nevada. The grid survey s..~uld 
be followed by MultiLevel profiles to detez:m:i.ne the attitude of faults and 
thicknesse,s of lava flows ani ' other volcanic extrusives. 

One very positive application of high sensitivity mangetic surveys 
is su;gested by Bhattacharyya and !ei-Kuang in their paper on the '~4naZ,y8i8 
of Magnstic AnomaUes avezt YeZZowstone National, Pazok", which was published 
in the JOll%tlal of Geophysical Research, velum! 80, nunb!r 32, N:wember 10, 
1975. The aut:tDrs suggest that the Olrie Point isotheJ:mal surface can be 
interpreted by a spectral analysis of the residual magnetic ananalies. 
SUch a surface, if accurate, WOlld be a direct Wzr:l of mapping sources of 
geothennal. enex:gy. 'nle accuracy of the mapped surface necessarily depends 
on the accuracy and density of the inInt data • . 'ttle recollitended one-half 
mile grid survey with a helium rragnetaneter would provide the right kind 
of data to generate the CUrie Point isothe:l:mal surface ani deteJ:Ini.ne its 
application to a specific area. The total survey area needs tp be of fair 
size (three to four townships) to get the true picture of the heat relation-
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ship to the magneticS. 

To fully utilize the high resolution magnetics, sane ami 1 ; ary infor-
mation is neejed. N:>lJ1Ia.l.l.y this is provided by well logs which can give . 
p:>sitive contJ:ol to the nagnetic inteIpretation. Since there are virtually 
no deep wells in the vicinity, Senturion recalilsdS that a magnetotelluric ~,..J; 
survey be :run in the area. This will a1J.a..1 depths and thicknesses of the /,/...,.,.. 
IiajO£littlOiOqic units to be det:eImine:I. 'Ibis infornation tied to the 
precision magnetics will be extremely useful in mappix¥I faults, their 
attittxie at depth, thicknesses of extrusives, and loca.tinq intrusives 
which may be the source of heat for the geothe1:mal. system at Beowawe. 

Optimally an Mr true resistivity electric log can be carpared with 
Chevron's well log. Umerstandably, our Ml' derived log will not reveal 
srcall. l~, blt the Mr derived logs can and does chart true resistivities 
,mich ~ul.d mean tracing between three to six horizons. '!his \IiOUld mean 
the logs (M{' with respect to the well electric log) may -c:x:n;are as fo1J.a..ls: 
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. ~ :: :Air Magnetics 

. .. ., . '~ Gravity Surveys . . ~ 

. " . : Telluric Surveys 
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