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Introduction

This report presents data and principal facts collected by the U.S. 
Geological Survey. During the summer field seasons of 1980-1983 approximately 
90 new gravity stations were established in these quadrangles. The area is 
located partly in the Beaverhead National Forest (fig. 1).

Data Collection

Gravity observations were made using LaCoste & Romberg gravity meter G-24 
and Worden gravity meter W-177. The gravity stations were referenced to the 
U.S. Department of Defense (DOD) base at Grant (appendix A), which is part of 
the International Gravity Standardization Net (IGSN-71). Additional bases 
were set by the USGS and tied to this primary base, and their descriptions are 
found in Appendix A. Gravity survey loops were started and closed daily by 
making repeat observations at the primary or secondary bases. Access was by 
helicopter and ground traverses into the roadless areas and by vehicle along 
highways and secondary roads.

Elevation Control

The survey area is bounded by latitude 44°30'-44°45' N and longitude 
112°37'30"-112°52'30" W. The station elevations were obtained from 
benchmarks, spot elevations, and section corners on 1:24,000-scale USGS 
maps. The uncertainty of elevations based on benchmarks is assumed to be 0.5 
ft (0.15 m). For spot elevations and section corners with elevations in 
black, on 1:24,000-scale maps with a 40-ft contour interval, the uncertainty 
is assumed to be 3 ft (1 m). At a reduction density of 2.67 g/cm , this 
elevation uncertainty translates to a maximum uncertainty in the Bouguer 
anomaly value of 0.18 mGals.

However, errors in the estimation of terrain corrections give rise to the 
greatest uncertainty in Bouguer values. Computer generated terrain 
corrections in mountainous areas are generally accurate to within 1 mGal, but 
could exceed this in areas of extreme relief.

Data Reduction

Computer programs existing on the USGS Digital Equipment Corporation VAX 
11-750 computer system were used to obtain principal facts and terrain 
corrected gravity values. A program written by M. Webring and R. Wahl (USGS, 
unpub. program, 1983) was used to reduce gravity meter readings to observed 
gravity values by calculating and correcting for earth-tide and an assumed 
linear meter-drift. The theoretical gravity value was calculated using the 
1967 formula of the Geodetic Reference System (International Association of 
Geodesy, 1967). Mathematical equations are given in Cordell and others 
(1982).

Terrain corrections were computed using a program by R. H. Godson (USGS, 
unpub. program, 1978), correcting for the gravity effects of terrain from each 
station to a radius of 166.7 km (103.4 mi) using the method of Plouff 
(1977). Godson's program also calculates earth curvature corrections and 
complete (terrain corrected) Bouguer gravity anomaly values. These computed 
terrain corrections use mean elevation digital data on a 15-second grid for 
corrections from 0 to 5 km, 1-minute terrain data for corrections from 5 to 21



km, and 3-miuute terrain data for corrections from 21 to 166.7 km. A density 
of 2.67 g/cm was used to calculate terrain corrections and for reduction 
giving the corrections and gravity anomaly values listed in Appendix B.
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Figure 1. ^Map showing the location of the gravity study area,



Appendix A: Gravity Base Station Descriptions



GRAVITY BASt STATION
LATITUDE

l»5° 00.30'N (1)
LOttOITUDE

113° 12.50'W (1)

STATION DESIONATION

GRANT

ELEVATION

18H2.2 METEMS (1)

COUNTPT/ITATE

USA/Montana
REFERENCE COOE NUMBERS ADOPTED GRAVITY VALUE

frCIC 39M5-1
HUS 2. 980 044.49 ngals

ESTIMATED ACCURACY DATE

0.3
MONTH/YEAR

10/70
DESCRIPTION AND/OH SKETCH

T'9S, R 13W, S 33

Station is located on north side of a light duty road, 0.15 of a 
mile northwest of a road Junction, about 1.0 mile west of entrance 
to an airstrip. BM stamping: "R 5" BM elevation: 60MM feet.

(1)

REFERENCE SOURCE

(1) 04099



GRAVITY BASE STATION 
U.S. GEOLOGICAL SURVEY -

STATE/COUNTRY ,
\ 

Montana

RCARCST TOWN 
Lima

ELEVATION 

6272 ft

DATE

7/13/80

OBSERVER

Bankey/Brickey

STATION DESIGNATION- 

LIMA

LONGITUDE 
112°36 f W

OBSERVED GRAVITY 

98000 3". 81

LATITUDE 
47°38'N

TOPOGRAPHIC MAP(S) 

Lima, MT 1:24,000

METER

G-24

REFERENCE STATION

GRANT

REFERENCE VALUE

980044.49

DESCRIPTION/SKETCH

The base is located at the Kalbas Korners Cafe. Facing east toward 
the cafe from the freeway side the base is at the lower right corner 
of the door that is not in use. The base is approximately 15 feet 
from the edge of the building.

TO DILLON SERVICE STATION

CAFE

N

T

INTERSTATE 15



6RAYXTY BASE STATION 
U.S. GEOLOGICAL SURVEY -

STATE/COUNTRY v 

Montana

NEAREST TOWN 

Lima

ELEVATION 
6272 ft

DAT?

8/5/81

9/23/83

OBSERVER

Kulik

Kulik

STATION DESIGNATION" 

KALBAS (KLBS)

LONGITUDE 

112° 36 'W

OBSERVED GRAVITY 

980003.81

LATITUDE 
47°38'N

TOPOGRAPHIC NAP(S) 
Lima, MT 1:24,000

METER

W-177

W-177

REFERENCE STATION

GRANT

GRANT

REFERENCE VALUE

980044.49

980044.49

DESCRIPTION/SKETCH

The base is located at the Kalbas Holiday Motel in Lima, Montana on 
the sidewalk in front of unit 5.

TO DILLON

N

/K

SERVICE STATION

CAFE

INTERSTATE 15



GRAVITY BASE STATION 
U.S. GEOLOGICAL SURVEY -

STATE/COUNTRY , 
i 

Montana

NEAREST TOWN 

Dillon

ELEVATION 
5090 ft

DAT?

9/24/83

9/24/83

11/5/83

OBSERVER

Kulik

Kulik

Kulik

STATION DESIGNATION- 

DOWN

LONGITUDE 
112°38'W

OBSERVED GRAVITY 

980155:61

LATITUDE 
45°14'N

TOPOGRAPHIC MAP(S) 

Dillon, KT 1:24,000

METER

W-177

W-177

W-177

REFERENCE STATION

GRANT

KALBAS

KALBAS

REFERENCE VALUE

980044. AQ

980003.81

980003.81
DESCRIPTION/SKETCH

The base is located at the Sundowner Motel in Dillon, Montana on the 
sidewalk in front of the northernmost ground floor unit of the N-S wing,

N

t
OFFICE
V-

500 N. MONTANA ST.

US 91



Appendix B;

Explanation of Headings 

Identification

sta-id 

Location

latitude

longitude

ele

st 

Gravity

observed

theoretical 

Corrections

Terrain

Bouguer

curv 

special 

Anomalies

free-air 

complete-Bouguer

Principal Facts of Gravity Data

Gravity station identification number

North latitude in degrees, decimal

minutes. 

West longitude in degrees, decimal

minutes.

Station in elevation feet. 

State where station is located.

Observed gravity in milliGals. 

Theoretical gravity in milliGals.

Terrain correction, 166.7 km radius,

in milliGals. 

Simple Bouguer slab correction in

milliGals.

Curvature correction in milliGals. 

Not used.

Free-air anomaly in milliGals. 

Complete Bouguer anomaly in milliGals 

for designated density dl.
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