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Introduction

This report presents the principal facts of gravity data collected by the
USGS, Branch of Geophysics, for the International Falls and Roseau CUSMAP
(Conterminous United States Mineral Appraisal Program) projects. The
collection of gravity data was done in cooperation with the Minnesota
Geological Survey and the Minnesota Department of Natural Resources-Division
of Minerals., These new gravity stations were used to supplement the Minnesota
Geological Survey, the Department of Defense, and the Geological Survey of
Canada data bases for the production of the International Falls and Roseau
complete Bouguer gravity anomaly maps.

The majority of the bedrock in the International Falls and Roseau
quadrangles (figure 1) is buried by glacial overburden, therefore geologic
interpretations are dependent upon sparse outcrops, exploration drilling, and
geophysical surveys. The purpose of the gravity data collection was to obtain
new coverage to aid in the geologic interpretations for the CUSMAP projects.
The new stations were positioned to fill in large voids in regional coverage
or along profiles to better define faults, contacts, and intrusive bodies.

Data Collection

During the 1986 field season three gravity collection expeditions,
spring, summer, and fall, were made to the International Falls and Roseau
CUSMAP area. The spring expedition was planned to collect regional data in
the large swamps while they were still frozen. Detailed gravity profiles,
with station spacings ranging from 25 to 400 meters, were conducted along
roads and logging trails during the summer expedition. During the fall
expedition both regional and profile data were collected. Figure 2 shows the
location of gravity stations and profiles within the International Falls and
Roseau quadrangles.

617 gravity stations were collected in an area bound by latitude 47°
47'57'' to 48° 56' 56''N and longitude 92° 42' 42'' to 95° 25" 05'' W.
Stations IF-39 through IF-50, IF-105, and secondary base station Cook, are
located in the Hibbing 1°X2° quadrangle (figure 1). These data were collected
in cooperation with the Minnesota Department of Natural Resources-

Minerals Division during the fall expedition, and were processed along with
the CUSMAP gravity data.

The most difficult part of the field operations was site access due to
the large swamps which occupied the primary areas requiring regional gravity
coverage. Navigation was also a problem, due to the dense vegetation which
limited visibility and identification of landmarks. Snowmobiles and ATV's
(all terrain vehicles) were used for site access in the swamplands, four wheel
drive trucks were used along highways and secondary roads.

Each gravity station position and elevation was obtained from USGS
1:24,000-scale orthophotomaps and topographic maps, which have 5-ft contour
intervals. When possible, stations were located at major landmarks such as
road, trail and canal intersections, or other readily identifiable cultural
features. When no landmarks were available, station locations were determined
from field calibrated odometer readings. Maximum position uncertainty of
gravity stations is thought to be less than 500 feet, which at latitude 48° N
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Figure 1. Location diagram showing the International Falls and Roseau
quadrangles.
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Figure 2.



translates into about 0.l mGals error of latitude correction. Elevation
uncertainty of gravity stations located at benchmarks is assumed to be 0.5 ft
(0.15 m). For station elevations read off the 5-ft contour interval maps, the
uncertainty is assumed to be one—third the contour interval or 1.7 ft. Using
a reduction density of 2.67 g/cm”, this elevation uncertainty translates to a
maximum uncertainty in the Bouguer anomaly value of approximately 0.06
mGals/foot.

Gravity measurements were made using LaCoste—-Romberg gravity meter G-551,
which has an accuracy of .0l mGals (gravity units in milligals). The gravity
measurements were referenced to U.S. Department of Defense (DOD) bases at
Warroad, Spooner, and International Falls; all located in Minnesota. These
primary bases are part of the 1971 International Gravity Standardization Net
(Morelli, 1974). Secondary base stations, tied to the primary bases, were
established at the motels used by the field crews. Gravity field work was
started and closed daily by making repeat observations at primary and/or
secondary base stations to measure linear meter drift. Both primary and
secondary base station descriptions are found in Appendix A.

Pata Reduction

Programs running on the USGS Branch of Geophysics (Denver, CO) Digital
Corp. VAX computers were used to process the gravity data. The latitude and
longitude of each gravity station was obtained by digitizing the station
location off the 1:24000 field maps. The program Greduc (Webring,
unpublished) was used to obtain observed-gravity values corrected for linear-
meter drift and earth tides. The observed gravity values, which are relative
to the International Gravity Standardization Net, 1971, (Morelli, 1974), were
processed by the authors using the 1967 gravity formula (Internatignal
Association of Geodesy, 1967) and a reduction density of 2.67 g/cm”.
Mathematical equations and assumptions used in the USGS data reduction
programs are given by Cordell and others (1982).

Terrain corrections, to a radial distance of 166.7 km around each
station, and complete Bouguer anomaly values were calculated using a computer
program by Godson (unpublished, 1978) which uses a modification of the method
of Plouff (1977) in conjunction with U.S. Department of Defense digital
terrain data. These computed terrain corrections use mean—-elevation data
digitized on a l5-second grid for corrections from O to 5 km, l-minute terrain
data for corrections from 5 to 21 km, and 3-minute terrain data for
corrections from 21 to 166.7 km.

The principal facts of the gravity data including: station
identification, location, and elevation; the observed and theoretical gravity
values; corrections for terrain effects, Bouguer slab, and Earth curvature;
and the free air and complete Bouguer anomalies are given in Appendix B.
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Appendix A: Base Station Descriptions
Secondary Gravity Base Station Description

Note: These secondary base stations were established primarily to measure
linear meter drift. Therefore, the latitude, longitude, and elevation are
only approximate. The principal facts for these stations are NOT ABSOLUTE.

Station Designation: WALLEYE

Latitude: 48 42.75 N

Longitude: 94 36.70 W

Elevation: 1070 (feet above sea level)

Adopted Gravity Value: 980 858.41 IGSN 1971

Estimated accuracy: 0.1 mGals

First established: 3-8-1986 by Robert P. Kucks, USGS, Branch of
Geophysics

Location Description: At the Walleye Inn, Highway 11 west, Baudette,
Minnesota. Left (east) of the door, on the
concrete slab directly outside the NE exit of the
Walleye Inn.

Station Designation: REEDS LANDING
Latitude: 48 54.53 N
Longitude: 95 18.09 W
Elevation: 1063 (feet above sea level)
Adopted Gravity Value: 980 896.41 IGSN 1971
Estimated accuracy: 0.1 mGals
First established: 7-26-1986 by Robert J. Horton, USGS, Branch of
Geophysics

Location Description: At the Reeds Landing Motel and Resort, in Warroad,
Minnesota. Base station is located outside of
room #4, on the concrete sidewalk, next to the
wall, one foot right of the power outlet.

Station Designation: THRIFTY

Latitude: 48 36.05 N

Longitude: 93 24.45 W

Elevation: 1170 (feet above sea level)

Adopted Gravity Value: 980 944.20 IGSN 1971

Estimated accuracy: 0.1 mGals

First established: 10-23-1986 by Robert J. Horton, USGS, Branch of
Geophysics

Location Description: At the Trifty Scott, now the Days Inn Motel, in
International Falls, Minnesota. Base station is
located on the concrete slab, left (west) of the
door, outside the rear exit on the SE end of the
building.



Station Designation: COOK
Latitude: 47 47.96 N
Longitude: 992 42.70 W
Elevation: 1330 (feet above sea level)
Adopted Gravity Value: 980 742.10 IGSN 1971
Estimated accuracy: 0.5 mGals
First established: 10-29-1986 by Robert J. Horton, USGS, Branch of
Geophysics

Location Description: At the Vermillion River Motel on U.S. Highway 53,
in Cook, Minnesota. Base station is located on a
narrow concrete slab, outside on the SW end of
motel buildings under the street light in the
parking area.



I GRAVITY BASE STATION

Iunwoz STATION DESIGNATION
4ge 36.1'N ‘ (1)
LONGITUDE INTERNATIONAL FALLS
93° 24.5'W (1)
ELEVATION COUNTRY/STATE
342.60 uetens (1) USA/Minnesota
L REFERENCE CODE NUMBERS , ADOPTED GRAVITY VALUE
LACIC 4129-1
é= 980 845,02 mgals
IGSN 1971= 980 831.37
P ESTIMATED ACCURACY DATE
+ 0 1 m .l MONTH/YEAR
; 2 Lo mew 1/71
DESCRIPTION AND/OR SKETCH

At International Falls, Koochecking County, at the county courthouse
on Fourth Street, in the center of a cement column at the west side

of the main entrance. A standard USC & GS disk, stamped "Q 10 1931"
and set vertically. Gravity station 1s located on concrete below
disk.

(1)

REFERENCE SOURCE

(1) 03409




GRAVITY BASE STATION

LATITUDE STATION DESIGNATION
48° s54.0'N (1)
LONGITUDE WARROAD
© 19.2'W (1)
ELEVATION 9 9 COUNTRY/STATE
325.10 werens (1) USA/Minnesota
REFERENCE CODE NUMBERS ADOPTED GRAVITY VALUE
ACIC 4139-1
‘- 980 905.18  mgals
IGSN 1971= 980 891.53
. ESTIMATED ACCURACY DATE
MONTH/YEAR
- + 0.1 mgals 1/71

DESCRIPTION AND/OR SKETCH

on west side of BM.

the top of a concrete post.

At Warroad, Roseau County, on State Highway 11, 0.1 mile south

of the south end of the bridge over Warroad River, in the lawn of
the parsonage of St Mary's Church, 37 feet east of the centerline
of the highway, and 2 feet south of the walk leading to the par-
sonage. A standard USC & GS disk stamped "R 209 1935" and set in
Gravity station is located on ground

(1)

REFERENCE SOURCE

(1) 03409




GRAYITY RASE STATION

LATITUDE ] STATION DESIGHATION
48° 42,.7'N (1)

LONGITUDE : SPOONER

| 94° 35.1'W. (1) _

ELEVATION COUNTRY/STATC

331.07 meters (1) USA/Minnesota
,* REFERENCE CODE NUMBERS ADOPTED GRAVITY VALUE
ACIC 4683-1 i

£= 980 874.77

mgals

IGSN 1971= 980 861.12

ESTIMATED ACCURACY DATC

MONTH/YCAR

L.

-+

0.1 mgals

1/71

DESCRIPTION AND/OR SKETCH

corner of a private yard, U8 feet

wooden witness post. A standard
and set in the top of a concrete
on ground on west slde of BM.

At Spooner, Lake of the Woods County, on State Highway 11, about
100 yards northwest of the former public school, 30 feet west of
the centerline of a dirt road leading south, at the northeast

northeast of the northeast corner

of the house, 37 feet south of the centerline of the highway,
2 feet south of the south sidewalk, and 1 foot west of a white

USC & GS disk, stamped "A U4 1934"
post. Gravity station 1s located
~ (1)

REFERENCE SOURCE

(1) 03409

10




Appendix B: Principal Facts of Gravity Data
Explanation of headings
IDENTIFICATION
Proj Project name.

Sta-id Gravity station identification number,

LOCATION
Latitude North latitude in degrees, decimal minutes.
Longitude West longitude in degrees, decimal minutes.
Ele Station elevation in feet.
St State where station is located.
GRAVITY
Observed Observed gravity in milligals.
Theoretical Theoretical gravity in milligals.
CORRECTIONS

Terrain Terrain correction, 167 km radius, in milligals.
Bouguer Bouguer slab correction in milligals.
Curv Curvature correction in milligals.

Special Not used.

ANOMALIES
Free air Free air anomaly in milligals.
Complete-Bouguer Complete Bouguer anomaly in milligals for designated

density.

11
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