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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and related 

acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 

certain areas on Federal lands to determine their mineral resource 

potential. Results must be made available to the public and be submitted to 

the President and the Congress. This report presents the results of a 

geophysical survey of the Whetstone Roadless Area in the National Forest, 

Cochise and Pima Counties, Arizona. The Whetstone Roadless Area was 

classified as a proposed wilderness during the Second Roadless Area Review and 

Evaluation (RARE II) by the U.S. Forest Service, January 1979.
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Introduction

In April, 1981, 112 gravity stations were established in the Whetstone 

Mountains and surrounding areas. The Whetstone Mountains are located 

approximately 50 km southeast of Tucson (Fig. 1), in the Nogales 1:250,000 

scale quadrangle. This gravity survey was conducted as part of the U.S. 

Geological Survey's (USGS) program to evaluate the mineral resource potential 

of proposed wilderness areas. This report presents the principal facts of the 

gravity survey.

Data Collection

Gravity readings were made with a LaCoste-Romberg gravity meter (G- 

550). Stations were referenced to local USGS bases described in Appendices B- 

E. These USGS bases were tied to the U.S. Department of Defense base in 

Willcox, Arizona (ACIC 3193-1), which is part of the International Gravity 

Standardization Net (IGSN), 1971, established by the Defense Mapping Aerospace 

Center (1974). The Willcox base is described in Appendix B. Gravity loops 

were started and closed at these bases to give daily meter-drift corrections.

Elevation Control

The survey area is bounded by latitudes 31° 40' to 32° 0' North and 

longitudes 110° 15' to 110° 30' West. Station locations and elevations were 

obtained from benchmarks, spot elevations, and section corners found on 

1:24,000 scale USGS topographic maps. However, a few station elevations were 

estimated from contour interpolations when no known elevations were available 

and terrain was relatively flat. These points are identified with "ebe" 

rather than "be" preceding the station number.

For elevations based on benchmarks, the uncertainty is assumed to be .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 density



of 2.67 g/cm , the elevation uncertainties translate to Bouguer value 

uncertainties as .2 mgal/m. Specific elevation uncertainties for each station 

are included in Appendix A.

Data Reduction

Computer programs existing on the USGS Honeywell Multics computer system 

were used to obtain principal facts and terrain-corrected gravity values. 

Program "gravity-red" written by D. Dansereau and R. Wahl (USGS, unpublished 

program, 1979) was used to reduce gravity meter readings to observed gravity 

values by calculating and correcting for earth-tide and linear meter drift. 

The theoretical gravity value was calculated using the 1967 formula of the 

Geodetic Reference System (International Association of Geodesy, 1967).

Complete terrain corrections were computed using "Bouguer" program by R. 

H. Godson (USGS, unpublished program 1978), correcting for the terrain from 

each station out to a radius of 166.7 km from the station using the method of 

Plouff (1977). These computed terrain corrections are based on mean elevation 

data digitized on a 15-second grid for corrections from 0 to 5 km; 1-rainute 

terrain data for corrections from 5 to 21 km; and 3-minute terrain data for

O

corrections from 21 to 166.7 km. An assumed density of 2.67 g/cra was used to 

calculate terrain corrections. Godson's program also calculates earth 

curvature corrections and complete (terrain-corrected) Bouguer anomaly 

values. Two complete Bouguer anomaly values per station were obtained using

o o
average rock densities of 2.67 g/cm and 2.57 g/cm . The corrections and 

anomaly values are listed in Appendix F.
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Appendix A

Whetstone Mtns. Gravity Station Elevation Accuracies

Each station is given a code which refers to the kind of known 
elevation and the contour interval of the map on which the 
station is found.

Key:

A; Map has 20-foot contour interval
B: Map has 25-foot contour interval
C: Map has 40-foot contour interval

1
2
3
4
5
6

Station read at benchmark
Station read at section corner
Station read at well or radio tower
Station read at road junction
Station read at cjullv or bridge
Station read at mountain peak or hilltop

All elevations are from the topographic mapsr except for, stations which 
are identified as 'ebe' (as opposed to simply 'be'). Those stations 
were estimated by interpolating between the contour lines.

BE1 : 
8E2: 
BE^: 
BE":

BEn: 
BE7: 
BE*:

Al 
A4 
Aa 
A3 
Cb 
C3 
C3
ca 
Aa

BE37:

BEl 0:
Btl 1 :
BE' 2?
BE* 3:
BE14:
BE15r
8Elb:
BEl 7:
BE18!
BE19:
BE20:
BE21:
BE22:
BE23:
BE24:
£^£2^ :
BE2b:
BE?7:
B£?8:
BE29:
BE30:
Bt3 1 :
BE32:
BE33:
BE34 :
BE35:

A4
Al
A5
Al
Aa
A4
Aa
A2
Aa
A4
Aa
A4
A2
Aa
Ca
A2
C3
A2
Aa
B2
B2
Ba
B2
Ba
Ba
B2

BE19: 
BE"0:

EBE46
BE47: 
BE48:

BESO: 
EL6F51

BE54: 
BE55; 
BE5b: 
BE57: 
BESS:

BE60: 
BEbl: 
BEb2: 
BEb3: 
BEb4: 
BE65: 
BEfcb:

BE68:

BE70: 
BE71:

A3 
A5 
A2 
A5 
A4 
Bb 
65 
B4 
Bl 
B4 
C3

ca
C4 
C4 
C4 
C4 
C2 
C4 
C4 
C4 
C3 
C3 
Cb 
Cb 
Ab 
Ab 
Ab 
Cb 
Cb 
Co 
Cb 
Ab 
Cl 
Cl

BE73: 
BE74: 
BE75: 
BE7b: 
BE77: 
BE78: 
BE79: 
BE80: 
BE81: 
BE82: 
BE83: 
BE84: 
BE85: 
8E86: 
BE87: 
BE88: 
BE89:

BE°1:
BE92:
BE93:
BE94:
BE95:
BE9b:
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BE97:
BE98:
BE99:
BE 100
BEl 01
BE10?
BE1 03
BE 104
Bt1 05
BE106

Cb 
Cb 
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Cb 
Co 
Cb 
Cb 
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Cb 
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BE! 07:
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BE109:
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Cb
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A3
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C2
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GRAVITY BASE STATION

LATITUDE

32° 14.57 «N (1}
LONGITUDE

105° 53-53 'v (i)
ELEVATION 

1275.0 METERS (1)

REFERENCE CODE NUV.2ERS

ATTT TlQ^-1 rtw-llrf J-l-j_y J-

       

___

STATICS ASSIGNATION

WILCOX (sic)
COUNTRY STATE

U5A/Arizona
ADOPTED GRAVITY \i  __ -.

4= 979083-11 -^-Is

5. 5 i" .   ' A r H 3 A C C U R A C Y C A Y E

M C S T H Y E A 3

; 0.1 ^'.s 9/?4

OESCRlPTlC'i AND CR SKETCH

Station Site is located at Cochise County Airport, on JVW corner of j 
terminal porch. 'v l) 1

Sta

REFERENCE SOURCE

(i) 03D35



Appendix C

U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Arizona
NEAREST TOWN 

Benson

ELEVATION 

1094m (3590') est.

STATION DESIGNATION 

Benson Post Office

LONGITUDE 

110° 17.62'

OBSERVED GRAVITY 

979115.56 mgals

LATITUDE 

31° 58.04'

TOPOGRAPHIC MAP(S) 

Benson 1/24,000 Nogales 1/250, QOO

DATE

4-3-81

OBSERVER

Bankey

METER

G-550

REFERENCE STATION

Willcox DOD

REFERENCE VALUE

979083.11 mgals

DESCRIPTION/SKETCH

The post office is located in the town of Benson, Arizona, on the northeast 
corner of Hualchuca Street and 5th Street. (Business 1-10 is 4th Street.) 
The USGS gravity base is on the east side of the flagpole in front of the 
post office, on the concrete sidewalk.

/O

I

5-fb



Appendix D

U.S. GEOLOGICAL SURVEY 
GRAVITY EASE STATION

STATE/COUNTRY 

Arizona

NEAREST TOWN 

Benson

ELEVATION 

1096 m (3595') est.

STATION DESIGNATION 

Pine Lodge Motel

LONGITUDE 

110° 17.88 1

OBSERVED GRAVITY 
979114.59 mgals

LATITUDE 
31° 58. II 1

TOPOGRAPHIC MAP(S) 

Benson 1/24,000 Nogales 1/250,000

DATE

4-3-81

OBSERVER

Bankey

METER

G-550

REFERENCE STATION

Willcox DOD

REFERENCE VALUE

979083.11 mgals

DESCRIPTION/SKETCH

The Pine Lodge Motel is located in the town of Benson, Arizona, on the 
southwest corner of Business I-10 (4th Ave.) and Patagonia Street. The 
USGS gravity base is read on the step outside room 10, which is the 
westernmost unit that faces south (see picture). A 

N

Offi ce



Appendix E

U.S. GEOLOGICAL SURVEY 
GRAVITY BASE STATION

STATE/COUNTRY 

Arizona

NEAREST TOWN 

Bens on

ELEVATION 

1106 m (3628 f ) est.

DATE

4/7/81

STATION DESIGNATION 

Sahara Motel

LONGITUDE 

110° 17.14'

OBSERVED GRAVITY 

979114.11 mgals

LATITUDE 

31° 56.86'

TOPOGRAPHIC MAP(S) 

Benson 1/24,000 Nogales 1/250,000

OBSERVER

Bankev

METER

G-SSO

REFERENCE STATION

Bpnsn-q Pn.<^f Of f i rp

REFERENCE VALUE

979115.56 mgals

DESCRIPTION/SKETCH

The Sahara Motel is located on Highway 80, approximately 1 mile south of 
1-10 running through Benson. The USGS gravity base is located on the 
southwest corner of the Oshaped motel building, where the sidewalk takes a 
step up. The meter is read next to the metal rail supporting the awning, 
(see map).

1 m.le.
fo

N Mofei
OS 
80

Pcol
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Appendix F

Explanation of headings 

Identification

Principal Facts of Gravity Data

sta id 

Location

Latitude

longitude

ele

st 

Gravity

observed

theoretical 

Corrections

terrain

Bouguer 

curv 

special 

Anomalies

free-air 

coraplete-Bouguer

spec fields

Project name-

Gravity identification.

North latitude in degrees minutes

and hundredths of minutes.

West longitude in degrees, minutes,

and hundredths of minutes.

Station elevation in feet.

State where station is located.

Observed gravity in milligals. 

Theoretical gravity.

Terrain correction out to 166.7km in

milligals.

Elevation correction in milligals.

Curvature correction in milligals.

Not used.

Free-air anomaly in milligals. 

Complete Bouguer anomaly in milligals 

for designated densities. 

Not used.

10
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