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Introduction
A gravity survey is being conducted by the U.S. Geological Survey in the
Butte 12 x 2° quadrangle, Montana. This report presents the principal facts
of gravity stations located on the west half of the quadrangle and a
preliminary computer plotted complete Bouguer gravity anomaly map. This area
is shown on figure 1. This work is being done in support of the Conterminous

United States Mineral Appraisal Program (CUSMAP).
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Figure l.--Hatched rectangle shows area of the gravity survej discdssed in

this report.



Data Collection and Reduction

During the summers of 19?9 and 1980, 962 gravity stations were measured
by the author within the west half of the Butte 1° x 2° quadrangle. LaCoste
and Romberg gravimeter G-2 was used at all stations. Observed gravity values
are referenced to two gravity base stations of the World Relative Gravity
Reference Network (Defense Mapping Agency Aerospace Center, 1974), one at
Drummond , Montana, (ACIC code number 1209-0) and one at Butte, Montana, (ACIC
code number 0443-0). Eight local bases have been established in or near the
area for convenience and are referenced to the two DMA base stations. Data
for the local bases are given in Appendix A7

Horizontal and vertical control for station locations were obtalned from
USGS topographic maps at scales of 1:24,000 and 1:62,500. Most stations were
read at bench marks or spot elevations indicated on the maps. Elevations for
a few stations were determined by interpolating between contour lines and with
an altimeter. In areas covered by 1:62,500 scale maps, station elevations
could be in error as much as 13 meters resulting in a possible 2 1/2 mgal
(milligal) error in the Bouguer gravity anomaly at a density of 2.67 g/cm3-

At stations where the topographic relief varied more than 0.67 meter from
the station elevation within a 17 meter radius (outer zone B of Hammer, 1939)
or more than two meters between 17 and 53 meters (zone C of Hammer, 1939) a
terrain corréction was estimated to be used in computing the complete Bouguer
gravity anomaly.

Data reduction was accomplished using programs on a Honeywell Multics
computer. Observed gravity values were calculated from meter readings using a
program by R. R. Wahl and D. A. Dansereau (USGS, unpublished program) that
also corrects for earth-tide and meter drift. A table of principal facts for

the gravity stations is given as Table 1. This table was made by an



unpublished program by R. H. Godson (USGS). Theoretical gravity values are
calculated using the 1967 formula of the Geodetic Reference System
(International Association of Geodesy, 1971). Terrain corrections were
computed for each station to a distance of 166.7 km using the method of Plouff
(1977) with any estimated correction out to 53 meters being added to this.
Earth curvature corrections and two complete Bouguer gravity anomalies for
each station are also given by Godson’s program.

The maximum terrain correction (36.55 mgal at a density of 2.67 g/cm3) is
for a station on top of Short Peak at 10,280 feet in the southeast corner of
the area. The smallest terrain correction (0.35 mgal) is in Nevada Valley at
the northeast corner of the area.

| Other Data

Also given in Table 1 is data for 57 gravity stations other than the
author’s that were used in the preparation.of the Complete Bouguer Gravity
Anomaly Map, figure 2. The stations with an RS identification were read by
Dolores M. Kulik (1979, unpublished data) while those with a D identification.
were read by Harold Kaufmann with LaCoste and Romberg gravimeter G-159 as part

of a gravity survey for the Dillon CUSMAP (1979, unpublished data).

Complete Bouguer Gravity Anomaly Map
Figure 2 is a preliminary computer plotted complete Bouguer gravity
anomaly map of the west half of the Butte 1° x 2° quadrangle at a density of
2.67 g/cm3. The map was plotted using unpublished gridding and contour
programs by M. W. Webring and R. H. Godson (USGS). The data was gridded with
a l 1/2 km spacing. Station locations are shown using different symbols for

the author’s data and that of Kulik’s and Kaufmann’s.
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APPENDIX A

U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATION OBSERVED GRAVITY
Montana Ekst 980386.15

NEAREST TOWN LONGITUDE LATITUDE

Clinton 113° 40.05" 46%42.96"

ELEVATION TOPOGRAPHIC MAP(S)

109T m Ravenna 15 min

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
7/28/80 | Hassemer G-2 Drummond 980365.65
DESCRIPTION/SKETCH

Station is read on asphalt,
sign at Ekstrom's about 0.7

north side of parking area at a "No Parking - Bus Step"
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U.S. GEOLOGICAL SURVEY
'GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATION OBSERVED GRAVITY
Montana ' Fair - 980189, 30

NEAREST TOWN LONGITUDE LATITUDE

Opportunity . 1 112%5 60" : 46°03,30"

ELEVATION TOPOGRAPHIC MAP(S)

1585 m Anaconda 15 min

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
6/19/80 | Hassemer G-2 Butte Airport 980159.88
DESCRIPTION/SKETCH

Base is read on the ground at a 1 foot high 4x4" highway R/W marker at the south
corner of I-90 exit to Fairmont Hot Springs.
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATION OBSERVED GRAVITY
Montana : Faminn 980435.57
NEAREST TOWN LONGITUDE ‘ LATITUDE
Missoula 113%58.07° 45%52.02"
ELEVATION TOPOGRAPHIC MAP(S)
980 m Southeast Missoula 7.5 min

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
6/21/79| Hassemer G-2? Drummond 980365.65
6/23/79 1 1] " "
7/28/79 " " u 1]
DESCRIPTIOQN/SKETCH ‘

Read on the southwest corner sidewalk for the northern unit of the Family Inn, east
side of Missoula on Broadway. ’
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATION OBSERVED GRAVITY
Montana Hamil 980317.37

NEAREST TOWN LONGITUDE LATITUDE
Hami1ton 114°08.00" 46°10.900"

ELEVATION TOPOGRAPHIC MAP(S)
1127 m Hamilton AMS map

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
6/23/79 | Hassemer G-2 Drummond 980365.65
7/3/79 Hassemer G-2 Drummond 980365.65
DESCRIPTION/SKETCH

Station is read on the southwest corner of a concrete slab for agarageat the
Montana Power high voltage station near Baker St. & U.S. Highway 93.
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATION OBSERVED GRAVITY
Montana Mopobase 980432.05

NEAREST TOWN LONGITUDE LATITUDE

Missoula 113%59.45" 46%52.30"

ELEVATION TOPOGRAPHIC MAP(S)

977 m Southeast Missoula 7.5 min

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
7/22/80 | Hassemer G-2 Faminn 980435.57
7/28/80 | Hassemer (-2 Drummond 980365.65

DESCRIPTION/SKETCH

Read on concrete at base of flag pole, south side of post office at Boardway
and Pattee. ,
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATION OBSERVED GRAVITY
Montana " |philipsburg Post Office 980229.00
NEAREST TOWN LONGITUDE LATITUDE
Philipsburg . {113%17.65° : 46°19.90"
ELEVATION TOPOGRAPHIC MAP(S)
1597 m . Philipsburg 7.5 min

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
7/3/75 |[Kleinkopf & Wilson| G-159 Drummond 980365.65
6/21/79 | Hassemer G-2 " "
7/3/79 | Hassemer G-2 " "
DESCRIPTION/SKETCH

Base i§ on concrete sidewalk, east corner of post office along Boardway (the main
street). ’
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

STATE/COUNTRY STATION DESIGNATICN OBSERVED GRAVITY
Montana t68 980]5].96
NEAREST TOWN LONGITUDE LATITUDE
Anaconda 113% 555" 46°10.58"
ELEVATION * TOPOGRAPHIC MAP(S)
!
11948 m Georgetown Lake 7.5 min
DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
6/21/79 Hassemer G-2 "~ Drummond 980365.65
6/27/79 | Hassemer G-2 Philipsburg 980229 .00

DESCRIPTION/SKETCH

Read on the ground at bench mark t68 (elev =
16 mile west of Anaconda. )
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATION

OBSERVED GRAVITY

STATE/COUNTRY STATION DESIGNATION
Montana Victor 980356.65
NEAREST TOWN LONGITUDE LATITUDE
Victor 114%08.80 46°25.00"
ELEVATION TOPOGRAPHIC MAP(S)
1052 m Victor 7.5 min

DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
7/7/80 Hassemer G-2 Hamil & Faminn 980317.37 & 980435.57
7/11/80 ] Hassemer G-2 Hamil 980317.37
DESCRIPTION/SKETCH

Stationis read on ground at center of sign on east side of a partk, one block west

of U.S. Highway 93.
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Explanation of Table Headings

The computer printout lists the principal facts for the gravity

stations. An explanation of the column headings follows:

IDENTIFICATION

LATITUDE

LONGITUDE

ELE

ST

OBSERVED GRAVITY

THEORETICAL GRAVITY

TERRAIN CORRECTION

BOUGUER CORRECTION

CURV CORRECTION

SPECIAL CORRECTIONS

FREE AIR ANOMALY

BOUGUER ANOMALY

SPEC FIELDS

Proj Butte for Butte CUSMAP project
sta-id for Gravity survey station number

North latitude in degrees, minutes, and

hundredths of minutes

West longitude in degrees, minutes, and
hundredths of minutes

Elevation in feet above sea level

State

Observed gravity in milligals

Theoretical gravity computed using the
"Geodetic Reference System 1967" (International
Association of Geodesy, 1971)

Corrections due to effects of topography at
density of 2.67 g/cm3 to a distance of

166.7 km, in milligals

Elevation correction in milligals
Corrections in milligals due to curvature of
t;r\e Earth

Any other corrections, none used

Free-air anomaly in milligals

Complete Bouguer anomaly in milligals for
densities of 2.67 and 2.45 g/cm3

Not used

13
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