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FIGURE 3.—Depth to consolidated rock
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indicate consolidated rock buried under thick valley-fill deposits in the valley. For example, the
thickest section of valley-fill deposits is west of Elko (figure 2) near the airport, where Bouguer
gravity reaches -206 mGal.
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FIGURE 4.—Soil temperature at a depth of 6.6 feet
FIGURE 2.—Bouguer gravity values
EXPLANATION FOR FIGURES 2, 3, AND 4 CONVERSION FACTORS AND ABBREVIATIONS
Consolidated yooks ’ “Inch:pounf:l” units pf measure u§ed in this report may be converted to International System
(metric) units by using the following factors:
Valley-fill sedimentary rocks and deposits Fost (If\t/l)ultlp b 03%148 Metors (Z':)obtam
A Gravity measurement station (figure 2) Miles (mi) Lo Kilometers (km)
115°52'30” 115°45° Square miles (mi?) 2.590 Square kilometers (km2)
& y E ™ : FE [ | Temperature measurement site (figure 4) For temperature, degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) by using
i . o - (]
—T-200— Line of equal Bouguer gravity (figure 2)—Hachured lines indicate enclosed Sl
areas of more negative gravity. Interval 2 milliGals
——500— Line of equal depth to consolidated rock (figure 3)—Interval 500 feet. Datum is
land surface
—— 170 — Line of equal temperature at 6.6-foot depth (figure 4)—Interval in degrees
Celsius,is variable
Fault
ABSTRACT In general, the contours indicate that the valley is a northeast-tending trough. Vertical

The Elko area, in northeastern Nevada, lies in a northeast-trending structural valley that is faulting of consolidated rock is suggested by closely spaced contour lines on the gravity map.

filled with Quaternary deposits and Tertiary sedimentary rocks to a maximum depth of about Some faulting may be indicated south of the airport (figure 2).
4,500 feet. The deepest part of the valley is centered west of Elko. The valley-fill deposits in the y
remainder of the valley have an average depth of about 2,500 feet. ; Depth to Cf)nsohdated Rock ]

The depth estimates were made from about 200 gravity measurements. Depths were 3 From Fhe Bouguer gravity map, an estimate of ‘%epth to consolidated rock was ma.de by
calculated using a three-dimensional gravity inversion model and correlate fairly well with data first removing a regional grax{lty COmponent.. All gravity measurements made on consolidated
et o ol Sactwll ditildl e Bl ropk—approxnmately 30 stations on the perlpher‘y of the study area—were used to‘compute

Soil-temperature measurements, made at a depth of 6.6 feet (2 meters) at 35 locations in this component. These values were fitted to a first-order trend surface to approximate the
the study area, indicate a major thermal anomaly (66 degrees Celsius) southwest of Elko, an reg.ional gradient. This surface was then subtracted from the total Bouguer field to vield the
area of known hot-spring activity. residual fleld: itk _ : :

The residual gravity field, in the form of a matrix, was then used as input to a three-
! INTRODUCTION | ! e dimensional gravity-inversion model described by Cordell and Henderson (1968). The depths

The Elko area, approximately 225 mllesf northeast of Beno, Ney, (fiaure 1), i5g p).otentla.l SlFe calculated from the model are shown in figure 3. The computed depths are based on assumed
s geoth?rmal development. The primary area of study covers about 160 mi and lies in densities of 2.17 g/cm? for the valley fill and 2.67 g/cm? for the underlying consolidated rock. The
e vallg gl i o b i thg i e value of 2.67 g/cm? is the standard value used for gravity calculations and a density of 2.17 g/cm3
AN EMOSE e o bl“s’ e E]L.(O o : for the valley fill has been used frequently as a reasonable approximation when no other

The area’s potential geothermal resources are evident by the presence of hot springs about ] i I

] i I L ) information is available (Schaefer, 1983, p. 11).
1.3 miles southwest of Elko. Except for minor i heatmg s geqthermal potentl.al The depth contour lines in figure 3 show that the valley is a northeast-trending trough that
has not as yet (1986) been develop?d. e i mformafnon il the geologic and hydrologic has a maximum depth of about 4,500 feet, centered west of Elko. Closure of the contours at the
framework of the area becomes available, more interest in using the geothermal resources of edge of the trough is more a result of lack of data points at the edges of the study area rather
i e i ! I than the surface of consolidated rock being bowl-like in these areas. The average thickness of

The purpose of this study was to determine geophysu.:al asp’ect.s‘ of the ares Gut may valley-fill deposits in the Elko area is estimated to be about 2,500 feet.
contro.lor affect geothermal development. Tbe three properties of sgmﬁcancg are the depth to Birgis inthie inteipiiation oithe drauliy G5k she possible Hecaiise-some asoiplions
consolidated rocks, the areal patterns of faulting, and the temperature anomalies at a depth of 2 ik litholoaio comipeaiEr st besads b develon dersili contrasts for soingintis of
meters (6.6 feet) below land surface. d :

1 ; i : epths to consolidated rock.

] Depths to consolidated rgck were estimated il the basis O.f a gravity survey of the area. Other possible sources of error exist in the altitude and latitude and longitude values. The
40°5230" - 40°52'30" Estimates of depths to consglndgted 1OEC e gonflrmed by' drillhole data. effect of these errors on a similar gravity survey is discussed in detail by Schaefer (1983, p. 14):
A The presence of faglts, inigicated by offsgts A §on.sollda't ed rgck sgrface ol dept~h, i in general, errors in residual-gravity values of 0.1 mGal could result in errors of estimated depth

be evaluated by examining the Bouguer gravity anomalies in conjunction with the geologic map i

i . to consolidated rock of as much as about 50 feet.

i arenil pe C.o ats, 176). Som? . mappec! atland surface in areas of c:onsolnfi ated Depths estimated from the gravity survey were verified using drillers logs from wells in the
rock outcrops show evidence of extending beneath adjacent alluvium areas, on the basis of a area. On the basis of the log from a 5,760-foot oil test well that penetrated the valley fill and
gramlly S : b consolidated rock in the vicinity of Elko (figure 3; Garside and others, 1977, p. 8), the contact

S.Ol] temperatu‘res Ak depth of 6.6 festwene detormined ot seleceer !chitlo.ns int the valley between valley fill and consolidated rock was estimated to be at about 4,200 feet. This is the
to define areas of higher-than-normal temperature. These areas may be indicative of a deeper q : i i : 2

] i / epth where particles of volcanic material were not present in the well cuttings as reported on
thermal source and may be used to delineate possible areas of geothermal potential. the log. The gravity survey data indicated depth of about 3,500 feet at this location. The
GEOLOGIC SETTING difference between the two estimates is about 17 percent. This can probably be attributed to a

The study area, shown in figure 2, has a complex geologic setting. To the northwest is the small error in the estimated density contrast.

Adobe Range, which is composed of extensively faulted upper Paleozoic limestone, sandstone,

and shale (Hope and Coats, 1976). The unnamed range of hills to the south is composed of TEMPERATURE SURVEY

similar rock types. The valley is filled with a sequence of Tertiary sedimentary rocks consisting Shallow soil-temperature data have previously been used as a geothermal exploration
of tuff, vitric ash, tuffaceous siltstone and sandstone, conglomerate, and limestone. Overlying technique in the Basin and Range province (Olmsted, 1977). The advantage of this method for a
these sedimentary rocks is Quaternary alluvial material consisting of coarse sand and gravel reconnaissance-level survey is that many measurements can be made quickly in an area to
along with silt and clay. determine temperature patterns.

For the purpose of this study, the upper Paleozoic section of the surrounding ranges is Method
considered to con:?titute the cqnsolidatgd rock (figu.re 2), af‘d the same types of rocks are Temperatures were taken at a depth of 6.6 feet (2 meters) at 35 selected locations in the
assumed to unde_rhe the'valley-ﬁll depogts. The Tertlary sedimentary rocks and Quaternary Elko area. Of these, 30 yielded what are considered reliable temperatures. As a first step, a hole
alluvium are herein considered to constitute the valley fil. 6.2 feet deep was drilled using a small, powered auger. A 6.6-foot length of small-diameter plastic

GRAVITY SURVEY casing was inserted in the hole, and native material was used to fill the annulus. The holes were

The purpose of the gravity survey of the Elko area was to estimate the depth to allowed to “rest” for at least a month before temperatures were taken. A temperature probe
consolidated rock and, therefore, the thickness of valley-fill deposits. A gravity survey can also was then inserted into the casing and pushed into the ground the final 0.4 foot. The temperature
be used to identify faulting in consolidated rock concealed by valley fill. A complete description was measured and recorded to the nearest 0.1 °C. Temperature readings were made at regular
of the theory and uses of gravimetric surveys can be found in most geophysics textbooks, such intervals after insertion of the probe into the ground. The readings then were extrapolated to a
as that of Dobrin (1976, p. 357-403). temperature at infinite time using a graphical method described by Parasnis (1971). The

Method accuracy of the final temperature values is probably within +0.3 °C. A map of areal soil-

Gravity measurements were made at 123 stations in the study area. Stations were temperature variation is shown in figure 4.
selectively spaced throughout the area, but many were located on roads for ease of access. Results
Eleven of the stations are not shown in figure 2, but are spaced farther out to determine The average soil temperature in the study area is about 12 °C (figure 4). The map also
regional patterns. shows a pronounced high (66 °C) centered near the hot springs (labeled Hot Hole on figure 4)

Tbe altitude of the. individual gravity station is the most critical parameter in the reduction south of Elko. The high temperature does not appear to be related to any mapped faults in the
of gravity data. Errors in altitude of 5 feet produce an error in final gravity values of 0.3 mGal area but may be related to a possible boundary fault on the southeast edge of the valley (figure
(milliGals). Ideally, station altitudes should be surveyed; however, because of time limitations 2). Furthermore, consolidated rock does not appear to be particularly shallow in the vicinity of
and the large areal extent of the study area, some altitudes were obtained from 7%-minute the temperature high (about 1,000 feet, figure 3).
topographic maps. The topographic maps have a contour interval of 20 feet, which gives an
accuracy of +10 feet to altitudes—equivalent to about 0.6 mGal. Most stations, however, were CONCLUSIONS
located at bench marks, road intersections, and section corners shown on the topographic Based on gravity data, Elko and vicinity appear to overlie a structural basin. The estimated
maps. These altitudes are assumed to be accurate to %1 foot (about 0.06 mGal). thickness of valley-fill deposits reaches a maximum of about 4,500 feet west of the town but

Horizontal control for the individual stations was provided by the Loran navigation system. averages about 2,500 feet throughout the valley. The configuration of the Bouguer anomaly field
A more complete description of Loran theory and operation is given by Laurila (1976, p. along the southeast edge of the valley indicates a bordering fault because of closely spaced
Basically, the Loran navigation system was used in the field to determine latitude and longitude contour lines in this area.
at the gravity stations. Use of the Loran system and the application of correcttions to the Temperature measurements at a depth of 6.6 feet indicate a major thermal anomaly
positional fix of gravity stations allowed an estimated accuracy of about 0.02 minute of latitude southwest of Elko, an area of known hot spring activity. This area also coincides with the
and longitude (approximately 120 feet on the ground). Positions need to be withim 200 feet to faulting inferred from the gravity survey.
achieve a gravity accuracy of 0.04 mGal.

The purpose of corrections is to refi:t?;: (:;l:lt;r):vsity measurements to a commnon altitude L HETERENCES (?ITED
datum. The results of these corrections are the Bouguer gravity values, which reflect spatial Cordell, Linddidy and Flenderson, R.G., 1968, lterative three-dimensional selection of gravity

NEL i ’ anomaly data using digital computer: Geophysics, v. 33, no. 4, p. 596-601.
Veations 1 Tnass o e the el ann Dobrin, M.B., 1976, Introduction to geophysical prospecting (3d ed.): New York, McGraw-Hill

All gravity measurements were referenced to a local base station in the Elko area. At the 6’30 p & i e - i o Ean,
begmmng and.end of each day of measurements, this base §tat10n was remeasured to determmg Garside, L.J., Weimer, B.S., and Lutsey, LA., 1977, Ol and 4o dovdloprsnts it Nerods
instrument drift. The base has an adopted observed gravity of 979,745.37 mGal, and from this 19681976 Nowsda Buresn of M AC ot {29 39 ;
value the observed gravity values for all stations were computed. The local base was referenced H i : g e e L g : :

i ) ayford, J.F., and Bowie, William, 1912, The effect of topography and isostatic compensation
to a network base at the Battle Mountain Airport (about 70 miles to the west). The IGSN 71 upon the intensity of gravity: U.S. Coast and Geodetic Survey Special Publication 10
(International Gravity Standardization Network, 1971) value for this base is 979,754.79 mGal 132 p i Gl iR L
(Jablonski, 1974). : Bl :

Gravity data were corrected for tidal variations, latitude, and altitude. Theoretical gravity, emmlt a.nd Gt tum, 19?6’ iy geologlc- g of Blio/Counts: Nevedo: U.g.
free air anomalies, and Bouguer gravity values were computed using the 1967 gravity formula G-e elogieal Su'rv.ey OpenFileMap 76 779, seale 1:100,000.

) ik ) ; I International Association of Geodesy, 1967, Systeme geodesique de reference 1967; Inter-
(International Association of Geodesy, 1967), with an assumed consolidated rock density of : s i : i
2.67 g/cm? (grams per cubic centimeter). A computer program developed by Plouff (1977) was natllonal it Geode§y Pubh(.:atlon Hhecing B I i
used to make terrain corrections to the Bouguer gravity values from 1.4 to about 104 miles Jeblomy H.M" T el e g North Amernca, s el et e
radially outward from each station. Corrections from the station radially (‘)utward to a distance Mappmg. ey A?rospace (el Reference Publlcatlon to 28 a4
of 1.4 miles were done manually using the technique described by Hayford and Bowie (1912) - 1990, e - thh.supplemgnt updating gravity values to the IGSN 71 daturm, 1635 p.
i : Laurila, S.H., 1976, Electronic surveying and navigation: New York, John Wiley, 500 p.
Results Olmsted, F.H., 1977, Use of temperature surveys at a depth of 1 meter in geothermal
The term “contour” generally refers to a line of equal altitude above or below some datum exploration in Nevada: U.S. Geological Survey Professional Paper 1044-B, 25 p.
such as sealevel. For the purpose of this report, “contour” refers to a line of equal gravity, aline Parasnis, D.S., 1971, Temperature extrapolation in geothermal measurements: Geophysical
of equal depth to consolidated rock, or a line of equal temperature depending on the context. Prospecting, v. 19, p. 612-614.
The Bouguer gravity values (figure 2) range from about -206 to about 182 mGal. The less Plouff, Donald, 1977, Preliminary documentation fora FORTRAN program to compute gravity
45045 ; | 10085 negative values are found near the surrounding mountain ranges. The larger negative values terrain corrections based on topography digitized on a geographic grid: U.S Geological

Survey Open-File Report 77-535, 45 p.
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