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Introduction

This report presents part of the work undertaken by the U.S. Geological
Survey (USGS) in behalf of the U.S. Bureau of Indian Affairs evaluation
program of mineral resource potential on Indian lands. During the summer
field seasons of 1979-1981, 1,136 gravity stations were established in the
area of the Colville Indian Reservation, Washington. This report presents the
principal facts for these data and includes a complete Bouguer gravity anomaly
map (plate 1). These data complement an earlier gravity survey which extended
over the area of the Colville Indian Reservation (Cady and Mayer, 1976).

Data Collection

Gravity observations were made using five gravity meters. Three of the
meters were LaCoste Romberg1 gravity meters G-24, G-113 and G-328. The other
two meters were Worden! gravity meters W-90 and W-147. The gravity stations
were referenced to the U.S. Department of Defense (DOD) base at Grand Coulee
Dam, Washington, which is part of the International Gravity Standardization
Net (IGSN) of 1971, established by the Defense Mapping Agency, Aerospace
Center (Morelli, 1974. The International Gravity Standardization Net (IGSN-
71) value of 980710.73 mgals was used for the base at Grand Coulee Dam for
gravity data compiled and presented in this report. Secondary bases
established in the study area were tied to the DOD base in Grand Coulee Dam
and are described in Appendix A. Gravity loops were started and closed daily
by making repeat observations at one or more of the primary or secondary
bases.

Elevation Control

The survey area is bounded by lat. 47°45 to 48°30' N. and long. 118°7'30"
to 119°45' W., and is located on the Okanogan and Ritzville 1° x 2°
quadrangles Fig. 1. The station elevations were obtained from benchmarks,
spot elevations, or section cormers on 1:62,500-scale USGS topographic maps
and on preliminary 1:24,000-scale USGS topographic maps. The uncertainty for
elevations based on benchmarks is assumed to be 0.15 m; for spot elevations
and section corners with map elevations, the uncertainty is assumed to be one-
third of the contour interval. At a contour interval of 40 ft (12.2 m) this
is an uncertainty of about 13.3 ft (4 m), which translated to possible Bouguer
value errors of 0.2 mgal/m using a density of 2.67 g/cm’..

Data Reduction

Computer programs existing on the USGS Honeywell1 Multics computer system
were used to obtain principal facts, terrain—corrected gravity values, and
anomaly contour maps for this survey. Station coordinates were determined
using program "digit” (R. Sweeney, unpub. documentation, 1976). Program
"gravity-red” (D. A. Dansereau and R. R. Wahl, unpub. documentation, 1968)
calculated earth tide and corrected for linear meter-drift to give observed
gravity values using the 1967 geodetic reference system (IUGG, 1967) and the
1971 Potsdam gravity value (Morelli, 1971). The program also computed free-

1The use of trade names in this report is for descriptive purposes only and
does not necessarily constitute endorsement by the U.S. Geological Survey.



air and simple-Bouguer anomaly values. Program "bouguer” (R. H. Godson,
unpub. documentation, 1978) computed terrain corrections radially from the
observed stations out to 166.7 km using the method of (Plouff, 1977). The
program uses mean elevation data digitized on a 15-second grid for corrections
from 0 to 5 km, l-minute terrain data for corrections from 5 to 21 km, and 3-
minute terrain data for corrections from 5 to 166.7 km. An assumed density of
2.67 gm/cm” was used for terrain corrections. Program "bouguer" also
calculated earth curvature corrections and complete (terrain corrected)
Bouguer anomaly values. For brevity, we refer to "Bouguer anomaly” instead of
"complete-Bouguer anomaly”.

A grid based on the Bouguer anomaly values was formed with 2 km spacing
between grid points using program “MINC" (Webring, 1981). "MINC"” forms a
surface of minimum curvature (Briggs, 1974) through existing data points.
Computer plotted contour maps of the gridded data were produced using program
"CONTOUR" (Godson and Webring, 1982), which uses a linear interpolation
technique for positioning contours.

Principal Facts

The principal facts of the data within the present survey area are listed
in Appendix B. The data are shown as a contoured Bouguer gravity anomaly map
in plate 1.
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Figure 1 Index map showing the location of the Colville indian Reservation, Washington State.



Appendix A

Gravity base station descriptioms.



LATITUDR

e er———————
STATION OESIGNATION

o
L7 58.5'W (1)
LONGITUCE o GRAND COULEE
119 02.0'W (1)
[ELEVATION COUNTRY/STATE
k2.1 werens (1) USAAJashington
ALFERENCE CODE NUMBERS ADOPTED GRAVITY VALLE
ACTC N 52,1 ,
. 8=  98C710.73 mgals
ESTIMATED ACCURACY DATE
s 7

DESCRIPTION ANO/OR SKETCN

{stration Building.

'uom?

ADMINIATRATION (100

The station is at Grand Coulee dam, in front of ths Adwinistration
Building, directly in froot of ths flagpole on tha street side.

& USBR Bronze disk is Ioex:bod undrr & cast i.ron cover centered in
ths intersection of Lincoln and Dougles Streets, in

nI[ ocueus sT.

front of the Adnin-
m

LINCUIN §T.

)

AEFERENCE SOURCE

(1) c2615




U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATIOW

STATE/COUNTRY STATION DESIGHATION OBSERVED GRAVITY
Jashington MTB (DH #10) 980608.03 mgal
Keller née2.05 4e°3. 07"

[ELEvATIoN 0P
T OPOGRAPHIC MAP(S)
2903 Keller scale }:ZQ.QOO .

DATE 0BSERVER HETER REFEREHCE STATION REFEREHCE VALUE

¥ G-24 Base 01 ) 980710.73 mgal
G-24 Base 02 . 930685. 34 mgal

DeSCRIPT10i/SKETCH

MTB, is located at drill hole #10 on Mount Tolman.

Marked by a steel cap on drill hole casing stamped “dh 10”
For more information om the location of this drill hole it
will be necessary to inquire at the Mt. Tollman Geologist
office at the base of Mt. Tollman. Permission for access
to the property may also be required here.




GRAVITY BASE STATIOH

STATE/COUNTRY STAT‘I.O.P! DOESIGNATION OBSERVED GRAVITY
WASHINGTON e
. 980685.34 mgal
[REAREST TOWN LONGITUDE LATITUDE |,
Nespelenm 18 58.09' 48°08.01
ELEVATION TOPOGRAPHIC MAP(S)
543.15 = (1782')' Nespelem scale 1:24,000
DATE 0BSERVER METER REFERENCE STATION REFERENCE VALUE
| =328 Grand Coulee (Base 01) 980710.73 mgal
G-24 Grand Coulee (Base 01) 980710.73 mgal

CRIPTION/SKEICH The station is located in T30N,R31E,Secé at the SW corner of che

Colville geology building on rhe cornmer of the sidewalk. (unmarked)

- te Cache Crk Rosd
file indian Agency -
- 1 Qeclogy 1
— f bullding
Pollce .
Station usGsbase

3 L

e

L
e




GRAVITY BASE STATIOH
TATE/COUNTRY STATION DESIGHATION OBSERVED GRAVITY
WASEINGTON Base 03 980680.44 mgal
EAREST TOWN LONGITUDE LATITUDE
Fespelen uess.19’ 481447
LEVATION TOPOGRAPHIC MAP(S)

(1919.227 £¢) 584.95 m

Nespelem scale 1:24,000

iTE- OBSERVER

METER

REFERENCE STATION

REFERENCE VALUE

G~24 Base 02

980685.34 pga1

[OH/SKETCH Statdion is located in T32N,R31E,Sec30 SW 1/4

It is located 51 ft east of the center of Park City Road junction :
with & road heading off to the west marked by a Benchmark
located in a concrete post (83 B 1945 1920).

--.--.'.p-o-OOQ 8M

Pask Gty Road




U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATIOH

STATE/COUNTRY . STATION DESIGIATION OBSERVED GRAVITY
| WASEINGTON Base 05 980619.37 mgal
L.‘T!-:JSRES.‘A’ TON LONGITUDE LAT[TUDE
Nespelem =~ - - 118°53.20" 48 22.27
‘ELEVATION ) TDPOGRAPHIC MAP(S)
(3130") 954.07 m Bald Knob -  scale 1:24,000
DATE OBSERVER . METER REFERENCE STATIOH REFERENCE VALUE
w-90 Base 02 . 980685. 34 mga1

10R/SKETCH Station is located beneath the center of a double pole sign at the
junction of Gold Lake Road and Park City Road.

Q@old Lake Road

. [ ]
sign
u°°s b.‘..ﬁ :

Park Clty Road
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SWTE/COUNTRY STATION DESIGHNATION OBSERVED GRAVITY
WASHINGTON Base 07 980597.79 mgal
— AREST TOWN LONSITUDE LATITUDE
Nespelem 1182 47.00 48 11.41
ECVATION TOPOGRAPHIC MAP(S)
(0360') 1024.13 = Nespelam  scale 1:24,000
e OBSERVER METER REFERENCE STATION REFERENCE VALUE
G254 * Base 02 980685.34 mgal
G-24 Base 02 980685 .34 m8al

W'I'P'ﬂ.ﬁmsizica, Benchmaric "G30-1933" located along abandoned road north of the
junction of Cache Craek Road and the road to Keller Butte lookout.

(1nexoe) sijng 190y 1)
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U.S. GEOLOGICAL SURVEY
GRAVITY BASE STATIOH

I’ELEVATION
(1609 ft) 490.42 m

Keller scale 1:24,000

STATE/COUNTRY STATION DESIGHATION OBSERVED GRAVITY
WASHINGTON BASE 09 980700.18 mgal
[REAREST TOWN LONGITH?E . LATITUDE
Reller 114 42.40 48°10.36'
ELEVAT TOPOGRAPHIC MAP(S).

DATE OBSERVER

METER REFERENCE STATION

REFERENCE VALUE

DESCRIPT] On/ SKETCH Station is at a destroyed Benchmark located at junction .

of Cache Creek Rd and State Highway 4; in KW 1/4 sec 19 T3IN
R33E (station 6 ft E of broken BM).

Cache Crk. Road

BM QO o
Hwy
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U.S. GEDLOGICAL SURVEY
GRAVITY BASE STATIOH

STATE/COUNTRY STATION DESIGHATION OBSERVED GRAVITY
WASHINGTON BASE 17 980726.51 mgal
{EAREST TOWN LOI‘!GJ"I’LIDEi LATITUDE
Inchelium 118 11.23 48°17.42

'ELEVATION TOPOGRAPHIC MAP(S)

477.01 m Inchelium scale 1:24,000

(1565 ft)
DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE

G-328 BASE 02

CRIPTION/SKEICA

Station is at base of double arrow sign (South side).

|

.
USGS base ‘ \
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GRAVITY BASE STATIOH
STATE/COUNTRY STATION DESIGIATION OBSERVED GRAVITY
WASHINGTON BASE 20 - 980722.90 mgal
NEAREST TOWN LONGITUDE . LATITUDE
Nespelen 119°13.62' 48 07.70'
ELEVATION TQPOGRAPHIC MAP(S)
398.68 m .
(1308 ft) Alameda F1ac Scale 1:24,000
DATE 0BSERVER METER REFERENCE STATION REFERENCE VALUE
7-13-80 | G-328 BASE 02 980685.34 wmgal
7=25-79 w147 BASE 02 980685.34 mgal
| 9-8-79 W=-147 BASE 01 980710.73 ggu)
JESCRIPTION/SKETCH

sﬁdm located st Benchmark between fence and road where:
road takes a sharp bend.
Benchmark P29 1933"

NW 1/4 Sec 6 T30N,R29E
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U.S. GEDLOGICAL SURVEY
GRAVITY BASE STATIOH

STATE/COUNTRY | STATION DESIGHATION OBSERVED GRAVITY
WASHINGTON BASE 21 980671.63 mgal
'HHREST TOWN LONGITUDE LATITUDE
Camp Disautel 119°13.09" 48°21.71"
Iﬁx—:vmon TOPOGRAPHIC MAP(S)
776.33 w - 1:24.000
(2547 ft) Disautel scale 1:24,
DATE OBSERVER METER REFERENCE STATION REFERENCE VALUE
c-328 BASE 02 980685.34 mgal'

LESCRIT’T‘ OH/SKETCH

Station located at base of preliminary Bench tree
"H66 47" SW side.

Omak -

- Nespsism

A
@
\j
Camp
Disavtel
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Bl BSL JiAil LUt :
STATE/COUNTRY STATION DESIGHATION QBSERVED GRAVITY
WASHINGTON BASE 24 980729.85 mgal
AERREST 7O LORGITUDE LATITUDE
Omak 116 16.04 «f 1323
e —— — - m——
ELEVATION TOPOGRAPHIC MAP(S)
399.90 U
(1312 f:) Boot Men  scale 1:24,005
DATE | OBSERVER METER REFERENCE STATION REFERENCE VALUE

| c-328 - BASE 02

980685.34 m8al

Lﬁsﬁm.o“ri/sif’ TCH

Benchmark "86H 1947 1311" located just south of juncriom .

of Karter Rd and road to Lake Omak.
road, 150 £t W csmetery

L]
Omak Lake
7.2 mi.

. ®
v’ a8’
s¢ @ sm
180° \'
cemetery
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GRAVITY EASE STATIOH

STATION DESIGHATION

OBSERVED GRAVITY
980770.22 mgal

BASE 26
LONGITURE , LATITUDE
119 30.69 48924.24'

TOPOGRAPHIC MAP(S)

262.43 m Okanogan scale 1:24,000
(861 ft) C
DATE OBSERVER METER REFERENCE STATION REFEREHCE VALUE
G-328 BASE 02 980685.34 mgal
DESCRIPTIOR/SKEICA

Station is located at SE corner of abandoned Omak RR station.

Omak R.R.
station
(abandoned)

N

.

-’
Nespeliem
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MAAYLLL OMOL 1Ml LUN

Station is at base of large telephone pole (CD1):

-
Cre

> Lincoln
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STATE/COUNTRY STATION DESIGHATION OBSERVED GRAVITY
WASHINGTON BASE 28 980634.48 mgal

HEAREST TOWN LONGITUDE LATITUDE ,

CRESTON 118 30.24' 47°%45.52
cLEVATION TOPOGRAPHIC MAP(S)

745.24 m . .

(2445 £t) Wilbur - scale 1:24,000
DATE 0BSERVER METER REFEREHCE STATION REFERENCE VALUE

' G-328 BASE 02 980685.34 mgal
DESCRIPTION/SKEICH
SW side.




SATE/COUNTRY N STATION DESIGHA;"..‘BX‘%‘W OBSERVED GRAVITY
WASEINGTON Base 35 980651.90 =82l
NRREST TOWN LONGITUDE LATITUDE
Omak | 119°17.66 ' 481619
[EEVAT I0W TOPOGRAPRIC WAP(S)
(2773 £t) 845.21 m Omak Lake Scale 1:24,000
OBSERVER METER REFERENCE STATION REFERENCE VALUE
c-328 Base 02/01 980685.34 mgal °
w147 ° Base 24 . 980729.85 mgal
w147 Base 24 . 980729 .85 mgal
Station is located beneath & double pole sign located at the junction

DESCRIPTION/SKEICH
of Omak Lake Boad and a road to Disautel.

i
Y

OMAK LAKE Roap

-— \
l E Yaas "0;




Appendix B

Bouguer gravity data.
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Principal Facts of Gravity Data

Explanation of headings

Identification
proj Project name.
sta 1d Gravity identification.
Location
latitude North latitude in degrees minutes
and hundredths of minutes.
longitude West longitude in degrees, minutes,
and hundredths of minutes.
ele Station elevation in feet.
st State where station 1s located.
Gravity
observed Observed gravity in milligals.
theoretical Theoretical gravity.
Corrections
terrain Terrain correction out to 166.7km in
milligals.
Bouguer Elevation correction in milligals.
curv . Curvature correction in milligals.
special Not wused.
Anomalies
free-air Free—air anomaly in milligals.
complete-Bouguer Complete Bouguer anomaly in milligals
for designated densities.
spec fields Not used.

21
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