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Abstract

Gravity data assembled for a state gravity map to be published by
the Nevada Bureau of Mines are available from the EROS data center
on magnetic tape. The first 18 files of the tape contain principal facts
for individual data points, organised by 1 x 2 quadrangle. The approxi-
mately 71,000 individual data points are from numerous sources including
the Defense Mapping Agency data base and U.S. Geological Survey files.
Each data record contains geographic position, observed gravity, terrain
correction, Bouguer gravity anomaly (p = 2.67 g/cm'), and isostatic resid-
ual anomaly (Airy Heiskanen, T = 25 kIm, Ap = 0.4 g/cm'). The 19th
and 20th data files are 2 km square grids of complete Bouguer and iso-
static residual gravity values based on the data in the preceding files. The
9-track magnetic tape is written at 1,600 bytes-per-inch (BPI) in ASCII
format with an g0-character record and 4,000-character (50 record) block
size.

Gravity sources

These Nevada gravity data consist primarily of data from the Defense Mapping
Agency (DOD) data base (available from the National Geophysical and Solar-
Terrestrial Data Center, Boulder, Colorado 80303). Additional data from U.S.
Geological Survey (USGS) files in Denver, Colorado and Menlo Park, California
are included. Most of the USGS data are documented in published Bouguer
gravrity anomaly maps and principal facts reports for the following 1 x 2°
quadrangles in Nevada (see appendix for source DOD references):

* Caliente (Healey and others, 1981b)

a Death Valley (Healey and others, 1980b)
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* Ely (Ponce and others, 1984)

* Goldfield (Healey and others, 1980a)

* Kingman (Bracken and Kane, 1983)

* Las Vegas (Kane and others, 1979)

* Lund (Bol and others, 1983)

* Millett (Erwin and Bittleston, 1977)

* Reno (Erwin and Berg, 1977)

* Tonopah (Healey and others, 1981a; Bol and others, 1983)

* Walker Lake (Plouff, 1984)

Gravity reduction

The observed gravity datum is the International Gravity Standardization Net of
1971 (IGSN 71; Morelli, 1974). Bouguer gravity anomalies were computed using
the 1967 Geodetic Reference System (GRS 67) formula for theoretical gravity
at sea level (International Association of Geodesy, 1971) as implemented on
a computer (Cordell and others, 1982). A Bouguer reduction density of 2.67
g/cm3 was used. Terrain corrections were calculated for the region extending
radially to 167 km from each station using a digital terrain model based on a
15 second geographic grid (Plouff, 1977). Inner zone terrain corrections from
the station to a distance of 0.59 km (Hayford zone D; Swick, 1942) were done
by hand for most USGS stations. For stations obtained from the DOD, inner
zone corrections were approximated by computer. A curvature correction for
the deviation of the spheroidal Earth from the Bouguer approximation has also
been applied. Gravity stations were removed from the data set if their Bouguer
anomalies varied unrealistically from nearby stations. Most of the Bouguer
values are estimated to be accurate to better than I milligal (mGal; 1 mGal =
10-' m/s3 ). However, individual stations in regions of variable topography may
have errors as great as 4 mGal because of errors in terrain correction.

Isostatic residual gravity anomalies were calculated by removing a regional
field from the Bouguer anomalies. This isostatic regional was calculated based
on an Airy-Heiskanen model of local isostatic compensation (Heiskanen and
Moritz, 1967). The isostatic model is described by the following parameters: a
compensation depth of 25 km below sea level, a density contrast at depth of 0.4
g/cma, and a surface load density of 2.67 g/cms. These parameters agree with
those used for the isostatic gravity map of California (Jachens and Griscom,
1985; Roberts and others, 1981). The utility of the isostatic residual anomaly
is discussed by Simpson and others (1986).
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A shift of approximately -2 mGal occurs between Bouguer values reduced
using the IGSN 71 datum and GRS 67 formula and Bouguer values reduced
with the older Woollard and Rose (1963) datum and 1930 International Gravity
formula (Swick, 1942) used for the complete Bouguer gravity map of California
(Oliver and others, 1980). Care must be taken if these data are to be combined
with older data sets of California to prevent a 2 mGal step across the state
boundary. Oliver (1980, page 52) discusses the datum conversion in some detail.
All data on this tape are relative to the IGSN 71 datum and GRS 67 formula.

Tape characteristics

Density: 1,600 bytes per inch (BPI)

Record size: 80 characters

Block size: 4,000 characters (50 records)

Format: Ascii, unlabeled

Files: 20 files. File order and contents are given in table 1. The first 18 files
each contain data from a 1° by 2° quadrangle (see figure 1). The last two
files contain gridded Bouguer and isostatic residual gravity values (see
figures 2 and 3).

Tape file header

The first 10 lines of each tape file contain descriptive information about the file.
The gravity data begin at record (line) number 11 and have the format given
in table 2. A description of the 10 header lines follows:

1. Type of file (I=grid, 7=ASCII) and creation date.

2. Name of the file.

3. Description of file contents.

4. FORTRAN format of each data record.

5. Information on file format.

6. Information on gridded data parameters (for gridded data only).

7. More information about gridded data parameters (for gridded data only).

8. May contain descriptive text.

9. May contain descriptive text.

10. May contain descriptive text.
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Figure 1: 1° x 2° quadrangles of Nevada. Numbers indicate order of the gravitydata files on the tape.
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Figure 2: Contents of file 19, complete Bouguer gravity grid of Nevada. Contour
interval: 20 mGal, Scale 1:5,000,000. This plot was smoothed (contains only
wavelengths greater than 20 kin), so it is not identical to the grid.
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Table I
- .| - ^ .

File
1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Description
Vya quadrangle
McDermitt quadrangle
Wells quadrangle
Lovelock quadrangle
Winnemucca quadrangle
Elko quadrangle
Reno quadrangle
Millett quadrangle
Ely quadrangle
Walker Lake quadrangle
Tonopah quadrangle
Lund quadrangle
Mariposa quadrangle
Goldfield quadrangle
Caliente quadrangle
Deathvalley quadrangle
Las Vegas quadrangle
Kingman quadrangle
Nevada Bouguer 2 km grid
Isostatic residual 2 km grid

1TAPE FILES
Latitude
41 -42N 1
41 -42 N 1
41 - 42 N 1
40-41 N 1
40-41 N 1
40-41 N 1
39 - 40 N 1
39 - 40 N 1
39 - 40 N 1
38 - 39 N 1
38- 39 N 1
38- 39 N I
37- 38 N 1
37-38 N 1
37- 38 N 1
36 - 37 N 1
36- 37 N 1
35- 36 N 1
35 - 42 N 1
35 - 42 N I

Longitude
18 - 120 W
16 - 118 W
14- 116 W
18 - 120 W
16 - 118 W
14 - 116 W
18 - 120 W
16 - 118 W
14 - 116 W
18 - 120 W
16 - 118 W
14 - 116 W
18 - 120 W
16 - 118 W
14 - 116 W
16 - 118 W
14- 116 W
14- 116 W
14 - 120 W
14 - 120 W

Contents
1,285 stations
2,069 stations
1,661 stations
2,400 stations
2,291 stations

901 stations
4,547 stations
3,563 stations
2,997 stations
5,663 stations
6,861 stations
8,454 stations
3,514 stations

14,168 stations
4,475 stations
8,697 stations
3,503 stations
2,654 stations

397 rows by 282 columns
394 rows by 269 columns

Gravity data format

Beginning with line 11, each of the first 18 data files contains the principal facts
for gravity measurements in Nevada. Each record (line) of the file contains infor-
mation for a single gravity measurement (a 'station"). The data are organized
in a columnar format (see table 2).

The final 5 columns indicate the data source according to Table 3. The first
4 characters of the station name indicate the original sources of DOD data (see
appendix).

Gravity data example

For example, here are the first twenty lines of the first file (gravity data for the
Vya quadrangle) on the tape. The "U" indicates a space in the file:

FILETYPE=u uuuC TIOWuDATE:u2T-ROV-19 87ulS:2T:41.12
TYI.DAr
USGSulevadaugravity:uvyauquadrangleulatu4lu-u42uN .ulonulll8 u-ul 2 OuW
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Table 2: ASCII format for gravity data
Columns

1-8
10-11
12-15

16
17-19
20-23
24-29
30-36
37-40
4 1-46
47-52
53-57
58-62

63
64-69
70-75
76-80

Input Format
A8
F2.0
F4.2
lx
F3.0
F4.2
F6.1
F7.2
A4
F6.2
F6.2
F5.2
F5.2
1x
F6.2
F6.2
A5

Item
Station name
Latitude, degrees
Latitude, minutes to 0.01 min
Not used (blank)
Longitude, degrees
Longitude, minutes to 0.01 min
Elevation, to 0.1 ft
Observed gravity, to 0.01 mGaJ with leading 9 removed
Four digit accuracy code (optional)
Free-air anomaly to 0.01 mGal
Simple Bouguer anomaly to 0.01 mGal
Inner zone terrain correction to 0.01 mGal
Total terrain correction to 0.01 mGal
Not used (blank)
Complete Bouguer anomaly to 0.01 mnGal
Isostatic residual anomaly to 0.01 mGal
Data source (see table 3)

Table 3: Data source codes
Source ID Source
DOD Defense Mapping Agency (see also appendix)
DPxx D.A. Ponce, USGS, Menlo Park, CA (oral communication, 1985)
Krm D.L. Healey, USGS, Denver, CO (oral communication, 1985)
LANL Los Alamos National Laboratory
Mxxm USGS, Menlo Park, CA

(aBO)
ASCII,,I1u#/LINE .. 8OUOUTu#fLhffuu80,uulIN/OUT,,uuI
USGSTAPEuFILEuffEADER ..... uA uE1SAuRCR,1
USGSPT1PEFILFXEADE ..... uD1TAuBEG1NSuATuRECORD,#11
USGSuTAPEuFILEuREADEILu.....DATABEGINSuATuREC0RtD,*11
USGSuTAPEuFILEuKEADER.u....uDATAuBEGIKSATuAEC0RD,#11I
USGSTAPEuFILEuEEADER ..... uDATAuBEG1NSuATuREC0RD,#1 1
UT449467uI33,267936....18-66,u3u9,103,62O
2179lO48u4l2450ull~uuS0,412997989947u ..... V10I4796u~uuOuuuu2uI14917,,04SD0D
21909429U1U9ulOT9~7.. u-9-44 .. 0,Uu194u930
2lT9l050u4l2S20ull8uS3Ou4l2 3OT988961,uuuuu1866 -1S92 8uuuulmjuul 6 06 1uu-1 68DOD
2I901426U1u6,197875,u,25-69uUO,-,135u44O
2 1T9 1052u4 l2 59 0u1l18,989u4 1l2 86uuu2S515lUUU,-U1T6,84O
21791054u4l2G66ull8l440u4l2207989261,uuuuu17852l5845u,,14,uul17,u15956,,u 2 DOD
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2 lT9lOBSu4 l 2 TO0ul181740u411387 9 900 2 2 uu u-116 2-IS19 2uuuu6uuu2 4 u-iB 2 9 Tuuu552 DOD
21791066,412730ul 119SOu41 l6l? 9 8 9 5 2 1uuuu-l 6 8 6 -16725uwu, 3 uuu3 3 u-S820uuuu39 DOD
2 lT 9 lOSTu4l 2 82Oull8 2 lGOu 4 l 2OlT989 l86uuuuu-2l 8-1 6 l 7Ouuuu 3 uuu3 6 u-1 6 2 62 uu- 3 7 TDOD

Gridded data format

The final (19th and 20th) files on the tape contain data interpolated to a square
2 km grid covering the state of Nevada. The data were interpolated using
the minimum curvature algorithm of Briggs (1974) using a computer program
(Webring, 1981). The data were first projected from geographic (latitude and
longitude) to Cartesian (km) coordinates with the Lambert conformal conic
projection (standard parallels of 33' N and 450 N) and a central meridian of
1170 W and a base latitude of 00.

To help clarify the contents of the file header, the following is a detailed
description of the information in the first ten lines of the 19th (Bouguer gravity
grid) file (refer to the example in the following section). Please note that the
20th data file (isostatic residual grid) has a slightly different number of rows
and columns (see table 1).

1. The first line lists the file type (1 for grid) and the creation date of the
tape file.

2. The second line is the file name.

3. The third line contains 80 characters of descriptive information.

4. The fourth line is the FORTRAN format for writting one tape record.
In this case the format of M(5E16.8)" indicates that 5 real numbers are
written to a line, each in scientific notation with 8 decimal places and
occupying 16 spaces total.

S. The next line indicates that this is a grid file, that 5 numbers are written
per tape record, that 283 numbers make up one grid row, and that 57 tape
records are required to contain the values in one grid row.

6. The sixth line contains the grid's identification string (56 characters), the
name of the program which created the grid (8 characters, in this case
"min-curv"), and the central meridian and base latitude of the projection.
In this case the central meridian is 1170 and the base latitude is 00.

7. The seventh line lists the number of columns (282), number of rows (397),
number of values per grid position (1), projection of the grid (4=Larnbert).
the position of the first column (280.898 kilometers to the west of the
central meridian), the distance between columns (2 km), the position of
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the first row (4177. km north of the base latitude), and the distance
between rows (2 km).

8. The eighth, ninth and tenth lines are just space fillers to keep all the tape
headers the same length.

So, this file contains (beginning at record 11) the values contained in a 397 x
282 matrix. Each row on the tape actually contains 283 values. The first value
in a row is a special value which is used to indicate the row spacing of grids with
irregularly spaced rows. For normal evenly spaced grids this value is ignored.
Therefore, there are a total of 112,351 (397x283) values in this tape file. Each
row begins at the begining of a tape record. As indicated in the 4th line of the
header, each grid row occupies 57 tape records. That means there are 22,629
(57x397) tape records required for all the rows and columns. Since there are
ten header records, the total file length is 22,639 records.

The first value in the first row is located at the position indicated by the
column and row origin parameters. The second row is north (positive row spac-
ings) of the first at the distance indicated by the row spacing (2 kIm). Similarly,
the column spacing indicates the direction (positive east) and distance between
columns in the grid (also 2 km).

The southwest corner of the grid is in California (see figure 1). This portion
of the grid (the 1 x 2° quadrangles not labeled on figure 1) does not contain
valid gravity data. The Bouguer grid (file 19) has extrapolated values in this
region, but they are unconstrained by data outside the labeled quadrangles. The
isostatic residual grid (file 20) is clipped near the Nevada - California border (as
indicated by figure 3). The portion of the grid within California contains values
of 9999.

Gridded data example

Here are the first lines of the 19th file on the tape. As in the previous example,
'LI" indicates a space in the tape file.

FILETYPE=uuuuluCREATIO~uDATE:u23-JAN-1988ul2:14:30.44
IEVCB .SC
Compltou8Ouguesrugravityu-uNevada
(SE16.8)
CRIDuuuIlu#/LIIEuuu5SuOUTu#/LINuu283uuuuII/OUTuuuS7
IEykDAuCBAuGRATITTuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuunin-curvl-l 7 * 00uu*.000
uu282uu397uuulu4u-0.28089783E+03uuO .20000000E+OXuu0 .41770742E+04uuO .20000000E+01
THEuTWOuLIIESuSJOVEuCOITAINuGRIDuSPECIFICATIONS.
LIUEul:uCURIDIDu(a56) ,uCREATIO~uPROGRAKu(a8),UCUKERID,uBASEuLAT
LINEu2:u#COLu#RGWu#V&LuPRO3,uluORIG.,uDELuIuTuORIG..UDELUT
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UuO .OOOOOOOE+OOu-0.12786800E+03-0.127948OOE+03-O . 12802522E+03uO. 12809824E+03
u-0.1281661 1E+03uO-. 2822820E+03u-O.12828423E+03uO-.12833400E+03u-O .12837749E.03

U-0 -12841496E+03u-0.12844661E+03u-O.12847260E+03u-0.1284939TE+O3u-0 .12851204E+03

u,-0 12852831E+03u-0.12854398E+03u-0.12855946E+03u-0.12857542E+03u-O0.12859244E.03
u-0 12861096E+03u-O .12863162E+03u-0.12866440E+03u-O .12867972E+03u-0.12870723E+03

u-0 -12873651E+03u-O .128T6672E+03u-0. 12879674E+03u-0. 12882667E+03u-0 .12885272E+03

...... .. linei removed to shorten the example

u-0.122007SSE+03u-0.12300253E+03u-0.1 23 90498 E+03uO .OOOOOOOOE+OOuuO .OOOOOOOOE+0O
uuO .OOO00000E+0Ou-0. 127908T7E+03u-0.1279809E+03u-0.12804966E+03u-O .12811414E+03
u-0.12817342E+03u-0.12822716E+03u-0.12827507E+03u-0.12831737E+03u-0.12835435E+03
U-0 . 2838652E+03u-0.12841415E+03u-O.12843748E+03u-0.12845763E+03u-0 .12847600E+03

......File continues on tape, truncated here to shorten the example
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1 Appendix 1: Sources of DOD gravity data

Department of Defense Mapping Agency gravity sources are keyed to the first
four numbers in the gravity station record on tape. The number of points given
in this list refers to the total number of points in the original DOD data base.
not the number in this data file. The sources for DOD gravity data on the
accompanying tape are listed here by id number:

483 Thompson, G. A., Gravity measurements between Hasen and Austin, Nevada,
a study of Basin-Range structure: JGR, v. 64, no. 2, Feb. 1959, 98 PTS.
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2293 U.S. Geological Survey, Gravity data in Sierra, Nevada: USGS, CA, 1961,
543 PTS.

2381 Naval Oceanographic Office, Gravity Data, Channel Islands, California:
Navoceano, 1963, 753 PTS.
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2515 Bates, R. G., Gravity observations in Pahrurnp, Mesquite and Ivanpah
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2049 Gimlett, J. I., The gravimetric method applied to Basin Exploration,
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2680 U.S. Geological Survey, Gravity data: Eureka Valley, California- Gold
Field, Nevada: USGS, 168 PTS.

14
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