e

7’;<?fff§

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Report on Direct Current Soundings
Over a Geothermal Prospect: in the
Bruneau-Grand View Area, Idaho

By

Dailas B. Jackson

- Opeanile report 74-240

1974

This report is preliminary and has not
been edited or reviewed for conformity
with U.S. Geoleogical Survey standards
and nomenciatuvre,



Contents
Geophysical technique and interpretation vu....eeseereeeneeneneens
Sounding interpretations ..o.uuiiiiiiiiiiiiiiiiiieriiiiiiii e

CDnC]USiOﬂs -c.uol-.-v-.-ll-l-l.l'b-ivi.".-lltooulu--‘--.l.tllo‘-l-

RE BN ES v ittt tntneveeacrocusronsasonosasranansensasansnanass

Page
2
3
8
10



_ I11dstrations
/ Plates are in pocket 7
Plate 1.--Index map of the Bruneau-Grand View area, ldaho, showing
jocation of wells, soundings, geoelectric profiles A-A'
and B-B', and AMT contours.
2.--VES profiles A-A' and B-B', Bruneau-Grand View area, Idaho
Page |
Figure 1.--Example of Sch}uhberger sounding data {for VES 15) . |
| showing a']ayered resistivity model and a c0mputéd
theoretical épparent resistivity curve for the model.. 12
Figures 2-31,--Schlumberger sounding curves VES 1-30............. 13
Figure 32.--VES. 31 Schlumberger éounding curve showing layered
- resistivity model and theoretical apparent

resistivity curve for the model. .. .ova... fererraans 43

ii



Report on Direct Current Soundings Over a

Geothermal Prospect in the Bruneau-Grand View Area, Idaho

by Dallas B. Jackson

The U.S. Geological Survey has completed two electrical resistivity

-studies in the southwest part of Idaho, between the towns.of Oreana and

- .Hammett (pl. 1). The purpose of these studies was to investigate an

area identified as a potenfia? geothermal area by Young and Mitchei1 |
(1973). The first sufvey; an audio-magnetotelluric (AMT) survey, com-
pieted in&the early summer of 1973 {(D. B. Hoover, written commun., 1974},
defined a conductivity anoma1y extend1ng from near the town of Oreana on
the west to within about 10 km of Hammeft on the east. The conductive
'regioh, as outlined by the AMT survey for apparent resistivities méasured
at 8 Hz, is shown on plate 1. 1 have chosen to discuss the &-Hz AMT'map_
because 8 Hz was the Towest frequency recorded and thus reﬁresents’the |
greatest depth of penetration measured in the AMT survey. 'The 8-Hz coh—-
tours clearly show a major 1ow~resistivity afea at:the west end of the
map area, bounded by steep gradjénts to the west, south, and northeast,
buf extending to the east in a trough-1ike shape for at least 65'km. The
major departure from this general trend is a sub]atéra1 extentioﬁ of the
conductive zene into the Bruneau-Va11ey, which is interpreted by Hoaver
as a narrow fracture zone along which_hot waters are rising.

This paper describes.thé results of the second electrical survey,

made during September 1973; this survey consisted of 31 d—c.soundingsf



used to verify fhe AMT anomaliés and to defiﬁe the vertical extent of
the conductive body. The soundings were arranged aiong 2 profiles:
1) a profile approximately east-west along the axis of the AMT anomély,
crossing the steep AMT resistivity gradient at the west end and extending
about 85 km, to beyond the end of the AMT anomaly to the east; the exposed
rocks along fhis proivile are primarily a1juvia1 and take deposits of |
middle to late Pleistocene age, although some basalt flows of middle
,P1eistocene:age werE-a1éo traversed_a1qng the east-central part of the
profile north of Bruneau (Ma]de and others, 1963, Young and Mitchell,
1973); 2) a profile south-southeast from the center of the closed
5 ohm-m AMT contour to the steep-resistivity gradient 17 km to the
south; the exposed rocks beneath this profile rqngé from Tower
‘Pleistocene alluvial and lake deposits at the north end to basalt flows
énd silicic volcanic rocks of Pliocene age at the south end. Ihjaddi—
tion to the soundingé along the profiles, two soundings were madenbrth_-
of the AMT anomaly abput halfway between Bruneau and Mountéin Home.,

| -Geophysical techniﬁue and interpretation |

A1l the vertical electrical soundings were made with the Schlumberger

array using direct current (Keller and Frischkneﬁht, 1966). The apparent
._resistivifies, E;, were calculated from the equation:
| 2 - (w22 . M |
M | I

5, = (/2

where AB and MN are the current and potential electrode spacings, an is

the potential difference between the M and N electrodes, and T is the

. - - ‘ 2 : :
input current. o, then is expressed in ohm-m~/m or wore commeonly,



simply as ohm-m. By convention, the results are ‘plotted on biTogarith-

mic paper with apparént resistivity plotted in the Y direction and the
spacing AB/2 plotted in either feet or metres in the X direction.

- A1l the VES curves except 1 and 30, which were bad]y'distorted,

were interpreted after smoothing of lateral effects and correcting. for

bad jumps (Kunetz, 1966) using an automatic interpretatioh programn
developed by A. A, R. Zohdy (written commun., 1974}, The detailed
solutions %rom the automatic interpretation program were simplified
by smoothing of Dar Zarrouk curves calculated for the detailed layering,
to provide better corre]étion between adjacent soundings (Zohdy, 1974a). -
Theoretilal CurVes-were‘then computed for fhe assumed layer thickness
and-resistivities (Zohdy, 1974b) and compared to the field curves. An -
examp1erof field déta, the computed,theoretical curve, and the layered
resistivity model plotted at the bottom of the graph paper for VES 15
are shown in figure 1. | o

| Sounding interpretations _ .

Thirty-one sound?ngs'were'comp1eted in the Bruneau-Grand Vieﬁ area

with AB/2 spacings rénging from 900 to 3700 m. The field curves for 7

these soundings, neither smoothed nor adjusted for jumps or lateral

effects, are shown in figures 2-32. ATl of the sounding interpretations

except for VES 1, 30, and 31 are shown on profiles A-A' and B-B' (p1. 2).

Layer resistivities calculated from the sounding curves have been

~ grouped into five semilogarithmic ranges to simplify the correlation of

electrical layers from sounding to sounding., Where two clearly defined

layers fall wfthin a resistivity rahge, such as at VES 11 (profj1e ﬂjﬂf),



both layer resistivities.are noted, 3.2 and 6.5 5hm~m, énd,the layer
boundary 15 marked by a dashed Tine. In addition, where layers from
adjacent soundings appear to correidte,_but one of the layers has a
resistivity that places it just within a higher 6r Tower resistivity
range, such as the fourth layer from the surface at VES 6 (profile gfﬁj),
the layer resistivity is noted by parenthesés, for example (17.4), and
the resistivity-range pattern for the layer from the adjacent sounding
(the 18-36 ohm-m range from the 21 ohm-m beneath VES 22) is carried
through. | |

'Prqfiie A-A', which lies along the axis of the AMT low, is under-

Tain at the surface for most of its length by altuvial and Tacustrine

deposits of Quaternary age. The rapid lateral Qariations of these
sedimentary Tayers in the upper 300 to 600 m are clearly shown by the
poor correlation of electrical units from sounding to sounding.
Résistivity variatiens within this part of the section are compatible ..
with'feSistivities that have been oéservéd in other areas for similar
ffthologfes, ranging from as much as several hundred ohm-m for dry or
well-washed gravels to Tess than 10 ohm-m for clay or clay-rich sands
(Zohdy and others, 1969; Keller and Frischknecht, 1966). |

77 OFf more interest than the near-surface electrical units ié the
conductive unit, which ranges in fesistivity from 2.8 ohm-m beneath
VES- 23 to 7 ohm-m beneath VES 8, and varies in thicknéss'from about 360 m

beneath.soundings 8, 22, and 25 to about 900 m beneath soundings 10,

15, and 24, Presumably, this is the unit whiéh causes the resistivity

Tow on the 8-Hz AMT map. Six wells along profile A-A' penetrate the



conductive 1-7 ohm-m unit and each well extends Ehrough the Sedfments
of the Idaho Group at Teast into the Banbury Basalt; all but 2 of the
wells {well 13adal and weil 16bbbl) bottom in Idavada silicic volcanics.
No electrical contfasts exist between the Idaho Group and Banbury Basalt 7
or between the Banbury Basait and Idavada Volcanics.

Aithough fresh basalts near the.surfacé usually have resistivities

of the order of 100 ohm-m or greater; their resistivity decreases with

- burial beneath the water table and as the amounts of alteration products

increase. Resistivity values for the unweathered basalts of the Bruneau

.Formation in the survey afea were measured beneath soundings 3, 2, 28,

and 23,iand_range from about 77 ohm-m at VES 3 to about 295 ohm-m at

VES 2. Resistivity values approaching 500 ohm-m were measured for the

near-surface basalts of the Snake River Group and the Bruneau Formation
fbeneath VES 31 (fig. 33).. Resiétivitﬁes foy weathered Hawaifan basalts
' burjed'béneafh the water table have been reported by Zohdy and Jackson- -
 ”(]969)‘to be ési1ow.as.30 ohmnmj keller and Rapolla (in press) report

~resistivities as low as 10-20 ohm-m for sequences of freshwater saturated

basalts in other parts of the worid. Increased temperature, salinity,

and alteration products will further decrease the formation resistivity.

.Dissolved solids in water analysis of the-Bruneau~6rand-V1ew~area water
wells are genera11y well below 1000 mgm/1 {Young and Mitchell, 1973},

_awhich suggests that the low resistivity of the Banbury Basalt and

Idavada Volcanics in the 1-7 ohm-m unit is probably due to a combination

~of high-temperature water and increased amounts of alteration products

that would tend to form in a hydrothermal environment.



The source of the thermal fluids is unresolved but it seems 1ikely
that they rise along basement faults, many of.which are interpreted to
be present along profi1e-ﬁ}5f and ake_transmitted laterally in the per- A
meable Tayers. One such source is suggested by the AMT Tow that extends
southeastward into the mouth of Bruneau'Canyon. The trend-of this low
coincides with the rapid thickening of the 1-7 chm-m Tayer beneath VES
23 and 24. Also lying along this trend is a residual magnetic high
-whose source 1is re]ative]y shallow, about 1 km (D. R. Mabey, oral commun.,
1974). The magnetic high could be caused by hypogene enrichment of mag-
netite above the postulated fault zone. The major portion of the magnetﬁc
high Ties south of the sounding profile, although a nose of the anomaly
does extend beneath VES 23. The thick layer of 7-18 ohm-m material under-
Tying the 1-7 ohm-m fayer may also contain therma]rwaters, but this thick
iayer has a lower poroéity than the Idavada Volcanics higher in the section
and thus has a higher resistivity. If the contact between the high-
resistivity basement layer and the ba;e of the 7-18 ovhm-m layer coincides
with the base of the Idavada Volcanics, then thicknesses of Idavada
Volcanics greater than 1,200 m are implied in the Qicinity of VES 13-
VES 16 and VES 2-VES 26.

-~ Although the 8-Hz AMT anomaly appears to die out to tha east, electrical
soundings show that it extends eastward af Teast as far as VES 27, where
the 1-7 ohm-m Tayer is about 640 m thick. The failure of the AMT soundings
to detect the continuation of the lower resistivity zone to the eaét may

 mean that the zone is restricted laterally and that the 8-Hz AMT
resistivities reflect a combination of higher resistivity material to
" the north and sbuth, in addition to the more conductivé material beneath

the AMT sounding stations.



Electrical basement rises to the west between VES 9 and VES
10, cbincident with the steep 8-Hz AMT gradient on plate 1, and the
resistivities o% both the 1-7 and 7-18 ohm-m layers begin to increase
‘west of VES 10, thus suggesting a permeability barrier in that
direction. .

Profile B-B', extending south from the west end of the AMT low,
c1ear1yvshows the thinning'of the Tow-resistivity layers and the up-
- faulting of the electrical basement to the south. Between VES 19 and.
VES 18 the 1-7 ohm-m layer nearly disappears-and the thin section of
‘]—? ohm-m material bénéath VES 18, about 45 m thick,-probab1y represents
! 1ayer of c]ay—ricﬁllacustrine deposits of the uppef P]iocene‘G1enns
Ferry Formation. Tﬁe existence of these faults is‘a1so clearly shown
by the offset on the basalt.in wells 10bd&1 and 2lcbcl on the profile.
_Hot water is present in well 21chcl and'may originate in the 28 ohm-m
Tayer beneath VES 18hthat thins rapi?]y to the south. A steep gradient
. on the 8-Hz AMT map also occurs between VES 18 and VES 19, reflecting
- the loss of the low-resistivity horizons menticned above; however, a
bowing of the 100 ohm-m 8-Hz contour to the south from VES ]8'may
~indicate that the 10w-resistivity horizon$ extend to the southeast,
f_perhapS'beneath a greéter thickness of overburden or simply with

~increasing resistivities,



Two soundings, VES 30 and VES 31, wére_made.north.of the main AMT
anomaly (pl. 1), on the basalt plateau north of Bruneau, to see if any
trace of the low-resistivity units could be detected whiere the
increased overburden thickness might screen them from the AMT |
éoundings. Both VES 30 {(fig. 31) and VES 31 (figs. 32, 33) clearly show
the presence oflg;conductor at AB/2 spacings greater than 300 m. Sounding

30 is too di'stm‘tédh-ﬁ»y lateral effects to model effectively, but VES 31,
| although its rising'termfnai bfanch is not deye}oped, suggests a layer
.of about 3 ohm-m about 250 m fhick, foi]oged by_a-mofe resistive Jayer
of perhaps 20_ohm-m; Th1§ interpretation!éuggests_thaf the_1f7 ohm-m -
Tayer is thinner at VES 31 than at any otﬁér éouhding:]Ccatioﬁ; berhapéy
~ suggesting that the zone of hot wafer.is pinching out to the nofth: |
Conclusions

. - The d-c sounding survey‘confirms the presence of a large conductive
section of sedimentary‘and volcanic rocks underlying the ]ow—résistivifyr .
AMT-anomaTy-deaned‘by-HOOVer. Within the conductive section, resistivity
boundaries between sedimentary rocks of thé Idaho Group, the Banbury
Basalt, and Idavada Volcanics appear to be entirely obécured; at Teast
where well data are available. True resistivities near these contacts
range from abbut 3-5.5 ohm-m, about 3 to 10 times less than would be -
ekpécted for similar vo]canic rock types saturated with fresh water.
- Because water samples from wells in the Bruneau-Grahd View area are
relatively fresh, the greatly decreased resistivitiés are probably related
to a combination of thermal waters and alteration within the volcanic

rocks and perhaps also within part of the sedimentary section.



~ The d-c soundings trace the low resistivity zone beyond the 15mits
of the AMT survey to the east as far as the town of Hammett, whefe a zone
of 4.4 ohm-m material 640 m thick is present. To the west the conductivé
section terminates about 5 km east of Oreana, where truncation of the
conductive section appears'to be related to decreasing lateral porosity.
The 1-7 ohm-m conéuctive section can still be recognized beneath the
Snake River Plain between Bruneau and Mountain Home, although the top
of the conductor is deeper and the thickness is less than at any other
sounding location.

‘No zones were recognized on any of the soundings where a high-
resistivity Dasement was not detected, with the.possbee exception of
the 21 ohm-m Basement layer beneath VES 25, which may be caused by the
rapidly thickening sectioné_of Tow-resistivity material to the east and
to the'west atong the line of sounding expansioh. The presence of a
high-resistivity basement suggests that thermal fluids probably emanate
- from greater depths than this survey.can resolve, rise along fault zones,
of which there appéar to be many, and then spread taterally through |

- 1itholegic units tﬁat have sufficient porosityﬂ_
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