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ABSTRACT

A 1:500,000-scale regional Bouguer gravity anomaly map of |
Arizona has been completed using gravity data collected by the Univer-
sity of Arizona's Laboratory of Geophysics, the U.S. Geological Survey,
and the U.S. Army ‘Topographic Command. Approximately 19,000 gravity
observations were used in constructing the map, and station intervals
ranged from about one mile to greater than five miles. Very few gravity
stations were observed in northeastern Arizona, and most of this part of
the gravity map has been left blank., A cont‘our interval of 5 mgal was
used. A maximum error of + 2.4 mgal occurred in the free-air and
Bouguer corrections, and terrain corrections were not calculated for most
of the gravity stations.

Interpretation of long~wavelength free-air and Bouguer anoma-
lies indicate that the major topographic featufes in Arizona, the Colorado
Plateaus and Basin and Range provinces, are compensated and that iso-
static equilibrium prevails, A crustal model interpreted by the U.S.
Geological Survey from seismic refraction data indicates that crustal
thicknessés increase from about 20 km beneath the Basin and Range
province to 40 km beneath the Colorado Plateau in Arizona. Since the
elevation of the Colorado Plateau is higher than that of the Basin and
Range province, the Airy isostatic mechanism appears to apply. How-
ever, when the gravity effect of the seismic model to a depth of 40 km
is calculated, a 200-mgal discrepancy occurs between the calculated
and observed Bouguer gravity anomalies, If density-velocity
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relationships used to assign density values to the crustal model are
valid, the Airy isostatic mechanism cannot completely explain compen-
sation of the topography in Arizona, and an isostatic mechanisrﬁ where
lateral density contrasts occur in the upper mantle is suggested. Lateral
density contrasts could result from either physical or chemical changes
in the upper mantle material.

Short-wavelength Bouguer anomalies in the Basin and Range
province of Arizona are primarily related to large density contrasts be-
tween low-density alluvium in the basins and high-density bedrock in
the mountains and major structural deformation that has occurred here
during the Mesozoic and Cenozoic eras. Short-wavelength anomalies on
the Colorado Plateau are much broader in horizontal extent because of
the relatively mild post-Precambrian structural deformation in this érea
and smaller density contrasts between post-Precambrian sedimentary
rocks and Precambrian basement rocks.

The most significant feature of the short-wavelength Bouguer
anomalies is their correlation with Basin and Range structures. Bouguer
anomaly lows indicate that subsurface basin structures may become in-
creasingly more complex from southeastern to southwestern Arizona.
Interpretation of gravity data indicafes that deep alluvial-filled basins
may extend for over 100 miles along northwest trends in southeastern
Arizona. In south~central Arizona, the alluvial basins appear to follow
irregular, generally north trends, In southwestern Arizona, isolated
alluvial troughs or basins occur, This appafent increase of subsurface
structural complexity may be related to the nearness of soufhwestern

Arizona to the San Andreas fault system,
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The occurrence of Bouguer anomaiy lows over basins can be - -
ﬁsed as a criterion for drawing a boundary between the Basin and Range
and the Coloracio Plateaus provinces. The result agrees reasonably weﬂll
with other proposed boundaries, at least on a broad scale. This boun-
dary represents the northern limit of basins with alluvial thicknesses
sufficient to produce residual gravity lows of - 10 mgal or more. Par-
ticularly strong Bouguer anomaly lows 1ﬁdicate possible undiscovered
occurrences of salt il"l basins, such as have been found near Kingman
and Phoenix. An attempt to correlate Bouguer gravity anomalies with

porphyry copper deposits gave negative results,



CHAPTER 1
INTRODUCTION

Gravity surveys have been carried out in Arizona by state and
federal governfnent agencies and by private organization. These surveys
were conducted for purposes that range from mineral and ground-water
exploration to studies of the crust and upper mantle, Gravity data inter-
pretation has been applied to a very wide range of both practical and
academic problems in Arizona. However, a comprehensive compilation
and study of all available gravity data have never been attempted prior
to this investigation. The purpose of this dissertation is to present all
regional gravity data gathered to date for Ar"'izona and interp‘et their
meaning,

The University of Arizona Gravity Program
in Arizona

During the past decade, personnel of the Laboratory of Geo-
physics at The University of Arizona have planned and carried out gravity
surveys and gravity data interpretation in many areas of Arizona. For
the sake of briefness, the Laboratory of Geophysics, The University of
Arizona, will be referred to as the " Univérsity of Arizona" throughout this
dissertation. This work has been performed under the direction of Dr,
John S, Sumner, Chief Scientist of the Laboratory of Geophysics . A
large amount of data have also been collected by the U.S. Geol_ogical
Survey and the U.S. Army Topographic Cdmmand (TOPOCOM) . Gravity

1



2
data are now available for a large portion of Arizona as a result of these
surveys, and it has become feasible to produce a regional gravity map of
most of the state,

Since 1969, a new geologic map of Arizona has been prepared
by Wilson, Moore, and Cooper (1969), and an aeromagnetic map of ;che
state has been produced by Sauck and Sumner (1970). Both of these maps
are Iavailable at a scale of 1:500,000, and this scale was also chosen
for the gravity map,

Originally, a minimum gravity station density of one station
per 25 square miles, which is equivalent to a station interval of 5
miles, was proposed for the map. However, because gravity data from
many different surveys are included in the map, the station interval is,
by necessity, variable. The smallest station interval is about one mile,
The minimum station density has not been obtained in all parts of the
state, and in some areas, particularly northeastern Arizona, an inade-
quate number of stations has been observed. More gravity data may
have to be collected in this part of the state before it can be included
in the gravity map. A lack of adequate topographic maps prevented ex-
tensive gravity surveys in this area by the University of Arizona. \

A contour interval of 5 mgal (1 mgal = 103 gal = 10~3 cm/secz)
was chosen for the map by contouring areas where adequate gravity
coverage was available, Bouguer anomalies (Appef}dix A includes a dis-
cussion of pertinent theory) were contoured rather than free-air or iso-
static anomalies for several reasons. These anomalies tend to vary
smoothly with distance. This aids in interpolating between discrete

anomaly values during the contouring process. Bouguer anomalies are
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geophysically and geologically meaninful (Heiskanen and Moritz, 1967),
Which is obviously an essential characteristic. Bouguer anomalies are
also easy to calculate with the aid of digital computers if terrain correc-
~ tions are ignored. The calculation of terrain corrections reciuires a great
deal of time even when computer methods are used. For this reason,
terrain corrections were not included in the Bouguer anomalies unless
they were calculated during the original data reduction. Significant
terrain effects occur in some of the Bouguer anomalies, and they will be

discussed in Chapter 2.

Gravity Data Presently Available in Arizona

At the présent time (1972), approximately 19,000 gravity obser-
vations in Arizona are available from gravity surveys conducted by the
University of Arizona, U.S. Geological Survey, and TOPOCOM,., Some of
these observations are reobservations Qf previous gravity stations, and
the total number of gravity stations available is somewhat less than

19,000.

University of Arizona Gravity Data

A general discussion of University of Arizona gravity surveys
in Arizona is given by J. S. Sumner (1965) and Sumner and West (1969).
Gravity surveys began in 1964, when approximately 50 gravity base
stations were established in Arizona (Bhuyan, 1965). A gravity meter
calibration range was also established on Mt. Lemmon near Tucson (see
Fig. 1 for the location of counties, cities, and towns in Arizona) and a

north-south gravity line was run across the Tucson Basin,
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Abuajamieh (1966) expanded the gravity survey of the Tucson
Basin that was begun by Bhuyan (1965), and Davis (1967) cohpleted the
gravity survey of the Tucson Basin., Davis also collected other geo-
physical and geologic data. He used these data to interpet the location
of major hydrologic boundaries in the Tucson Basin and to estimate
gvround-water volumes. Hench (1968) carried out a gravity survey of the
Ruby-Pena Blanca area west of Nogales. He estimated the size and ex~-
tent of a émall buried collapse caldera and discussed Vthe structure of
alluvial basins in this area based‘ upon his interpretation of the gravity
data.

Spangler (1969) conducted a gravity survey of the Walnut Gulch
Experimental Watershed near Tombstone in connection with a geophysical
study of the hydrogeology of this area, Ma_tis (1970) also used gravity‘
data in his study of the hydrogeology of the Sells area, The author (1970)
.completed a gravity survey of Avra Valley which lies 20 miles west of
Tucson. This involved an interpretation of the structure of this basin
and determination of ground-water volumes on the basis of gravity and
geologic data.

Recently, M. J. Benham (1971, written communication) has
completed a gravity survey of the Tonto Forest Seismological Observatory
near Payson as a part of a geophysical study of this area, and D. J.
Lynch (1972, written communication) conducted a gravity survey of the
San Bernardino Valley northeast of Douglas in connection with a study of
.the geology of that area.

Regional gravity surveys of Arizona have also been conducted

by University of Arizona gravity crews since 1965. These surveys have



been supported by research contracts with TOPOCOM and by research

grants from the National Science Foundation. These data have not been (

published. ' -

U.S. Geological Survey Gravity Data

A summary of gravity studies in Arizona by the U.S. Geological
Survey is given b}f Case (1965) and Kleinkopf and Peterson (1969). These
studies have been connected with programs of regional geophysical in-
vestigation, geologic mapping, ground-water investigations, and heavy
metals exploration.

Plouff (1958) conducted a gravity survey in the Carrizo Moun-
tains northeast of Chinle as a part of a regional geophysical study of
the Colorado plateau. Plouff (1961, 1962) also reported on a gravity
survey near Tucson where he noted correlations between gravity highs
. and outcrops of Tertiary and older rocks and attributed -these to density
contrasts between rocks in the mountains and alluvium in the valleys.

A gravity survey was conducted in parts of Maricopa, Pima,
Pinal, and Yuma Counties by the U.S. Geological Survey in cooperation
with the U.S. Bureau of Reclamation (Peterson, 1965, 1968). This sur-
vey was conducted as a part of the Central Arizona Project, Gravity data
from surveys of the Sulphur Springs Valley near Willcox (Peterson, 1966)
and the Safford and San Simon Valleys near Safford (Eaton and Timmons,
1966) have been released to open files. The gravity data obtained near -
Yuma and Quartzite (Peterson, Conradi, and Zohdy, 1967) have also been

released to open f{ile.



A gravity survey of the area north of Grand Canyon (Popenoe,
1968) contributed data to the Transcontinental Geophysical Survey strip |
as a part of the Upper Mantle Project of the International Union of
Geodesy and Geophysics and the International Union of Geological
Sciences (Kleinkopf and Peterson, 1969).

U.S. Geological Survey gravity data released to open file in
1969 include a gravity survey southwest of Kingman in Mohave County
(Peterson, 1969) and at Luke Air Force Base near Phoenix (Peterson and
Eaton, 1969). The latter survey was over a large salt mass, which was
earlier discovered on the basis of interpretations of geological and

gravity data.

U.S. Army Topographic Command Gravity Data

vThe Gravity Division of the Department of Geodesy has been
involved in gravity data collection in the western United States since
| 1965 (Nilsen, 1969). Gravity surveys have been conducted in Arizona
by TOPOCOM personnel since 1967. They have established a gravity
base network in Arizona and conducted a regional gravity survey with
stations spaced approximately 2 to 10 miles apart (Nilsen, 1969, ‘p.
528). LaCoste and Romberg gravity meters are used for all gravity
surveys,

TOPOCOM has also conducted gravity measurements in coopera-
tion with the Interagency Committee on Land Subsidence in Southern
Arizona, and an office is maintained in Casa Grande, Arizona, for this
purpose. -Extensive gravity surveys have been conducted near Casa

Grande over areas of active land subsidence.



Gravity data collected by TOPOCOM are reduced and trans-
mitted to the Department of Defense Gravity Library at the Aeronautical
Chart and Information Center in St, Louis, Missouri (Nilsen, 1969).
TOPOCOM does not publish geophysical or geological interpretations of
its gravity data, but they are used strictly for geodetic purposes.

The University of Arizona has obtained computer listings of re-
duced gravity data collected in Arizona by TOPOCOM through 1969 as a
part of a cooperative agreement with this organization U. A, Kozlosky,
1969, written communication). Subsequently, all Department of Defense
data in Arizona were classified (W, T, Riordan, 1971, written communi~
cation) and were not available for outside release until recently (E. J.
Hauer, 1972, written communication). Unfortunately, one result of the
classification of the TOPOCOM gravity data was a duplication of effort
by the University of Arizona and TOPOCOM gravity crews in central

.Arizona., The recent release of TOPOCOM gravity data in Arizona will
allow additional data collected by TOPOCOM in northeastern Arizona
to be added to the regional Bouguer gravity anomaly map of Arizona in

" the near future.

Other Gravity Data in Arizona

Mining compan.ies , 0il companies, and contract geophysical
exploration companies have carried out rather extensive gravity surveys
in some areas of Arizona. These companies do not, in general, release
their gravity data for private or public use because of the extremely com-
petitive nature of exploration for minerals and oil in Arizona. However,

cooperative agreements have been made with some companies for data




exchanges. These exchangés have been made for the beri»eﬁt of both tﬁe
companies and the University of Arizona to prevent duplication of effort
by both parties. The data released by companies are chosen in such a
way that details of their exploration programs are not revealed. Conti-
nental Oil Company and the Hanna Mining Company have cooperated in

this way.



CHAPTER 2

DATA COLLECTION AND REDUCTION FOR THE REGIONAL

BOUGUER GRAVITY ANOMALY MAP OF ARIZONA

Available gravity data in Arizona were compiled to determine
where additional gravity surveys would be necessary. Regional gravity
surveys were conducted in many of these areas by the University of
Arizona, and the data were reduced for the Arizona gravity map. In addi-
tion, samples of bedrock were collected throughout Arizona and core
samples of alluvial material from southern Arizona basins were obtained
from the Arizona Bureau of Mines. Density measurements were made on
these samples to aid in the interpretation of the gravity data. These and

other density measurements are discussed in Appendix B,

Compilation of Available Gravity Data in Arizona

Most of the gravity data that are available in Arizona at the
present time were used in the gravity map. A summary of these data is
given in Chapter 1. These data were collected by the University of
Arizona, U.S. Geological Survey, and the U.S. Army Topographic Com~
mand, Data that were not used in the Arizona gravity map and are dis~
cussed in Chapter 1 include the gravity surveys by Plouff (1958) in the
Carrizo Mountaiﬁs and Peterson et al, (1967) near Yuma. Plouff's
gravity data reduction used a density of 2.5 gm/cm3 (Plouff, 1958,

p. 21) for the Bouguer correction (see Appendix A). This is incompatible
with the density of 2.67 gm/cm3 used for the Arizona gravity map. The

10



11

principal facts for Plouff's survey could not be obtained So that a correc- )
tion for this difference could be calculated. The data of Peterson et al.
(1967) were obtained after the Arizona gravity map was completed; how-
ever, University of Arizona gravity surveys provided data in the area
covered by this survey.

Regional Gravity Surveys by
¢ the University of Arizona

Regional gravity surveys were carried out in Arizona from 1965
to 1971 by personnel of the Laboratory of Geophysics of The University
of Arizona to obtain data in areas that were not included in previous
gravity surveys., New data were obtained in some areas previously sur-
veyed to meet the contract specifications of TOPOCOM. These surveys
were supported by TOPOCOM from 1965 to 1968 and by the National
Science Foundation in 1971 . University of Arizona personnel who par-
ticipated in the gravity surveys include Jerry Golden and William John-
son during 1965, Stephen Hench and Cl_ifford Dewey during 1966, Clifford
Dewey, Robert Staley, Brian Hogan, and Gene Reetz during 1967, Robert
Staley during 1968, and Jonathan Earl during 1971, The author has also

conducted regional gravity surveys in Arizona since 1966.

Gravity Measurements

Gravity surveys are conducted to measure the value of "gravity"
which is defined as the magnitude of the vector sum of .the gravitationai
field of the earth and the centrifugal accelerati.on ‘(see equation 15,
Appendix A) at known locations on the earth's surface. These locations

are called gravity stations, A gravity meter, which is somewhat similar
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to an extremely sensitive spring balance, is used to meésure changeS'iri
gravity from one location to another. The "absolute" value of gravity is
determined at a gravity station by measuring the change in gravity from a
location where the value of gravity is known (base 'station) to the gravity
station., The value of gravity at the gravity station is called the observed
gravity and is determined by adding the change in gravity to the base
station. This procedure is analogous to measuring elevations along level
lines.

Corrections are applied to the raw field data in order to calcu-
late the observed gravity. After the observed gravity has been .determined
various "gravity anomalies" are usually calculated. The anomaly that is
calculated depends on the purpose of the gravity survey. For example,
if the survey has been conducted to locate the gravity effect of density
contfasts that are related to a fault, a gravity anomaly which removes
all gravity effects except the one related to the fault should be used.
Corrections that are applied to calculate the observed gravity are dis-
cussed under data reductions. Gravity anomalies are discussed in Ap-

pendix A and the section on data reductions.

Gravity Meters

Regional gravity surveys conducted by the University of Arizona
used the LaCoste and Romberg and the Worden gravity meters. The U.S.
Geological Survey also used the LaCoste and Romberg and the Worden
gravity meters for their gravity surveys in Arizona, - TOPOCOM gravity

surveys in Arizona used LaCoste and Romberg gravity meters exclusively,



13

LaCoste and Romberg Model G gravity meters have a range of
over, .7,000 mgal, a reading accuracy of + 0.01 mgal and a drift rate of
less than one mgal per month (LaCoste and Romberg, 1968, p. 2). The
meters are sealed to‘eliminate any effect from changes in atmospheric
pressure, and as a safety precaution, they are internally pressure com-
pensated, The sensor is demagnetized and enclosed in a magnetic
shield. The temperature of the meter is maintained at a constant value
by a thermistor heat control, a 12-volt heater, and a 12-volt battery or
battery eliminator unit.

‘The gravity response system (Fig. 2) consists of a weight on
the end of a horizontal beam supported by a "zero length" spring. Shock-
eliminating springs form a floa;cing pivot reducing friction in the moving
system. A lever system links a measuring screw with the zero-length
spring and the beam and weight, A-dial attached to the measuring screw
determines what fraction of é complete revolution the measuring screw
has been rotated, and a counter counts each complete revolution. The
counter reading and dial reading are collectively referred to as the dial
reading.,

Dobrin (1960, p. 211-212) describes the principle of operatioﬁ
of the LaCoste and Romberg gravity meter. The meter is equipped with
bubble levels which are adjusted so that the meter measures the vertical
component of gravity. The weight at the end of the beam is balanced by
the tension in the zero-length spring. Any change in gravity causes a
small change in the gravitational force acting upon the weight and
causes the beam to move either up or down, Thus, the gravity meter

measures changes in gravity and not its absolute value. When the beam
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moves, the angle between the spring and the beam changes in such a
way that the torque the spring exerts varies in the same sense as the
torque due to gravity. This instability magnifies the effect of a small
chénge in gravity, and because of this instability, the gravity meter
is referred to as an unstable type, that is, the force of gravity is kept in
unstable equilibrium with the restoring force. The measuring screw is
used ';co return the beam to a null position, and the associated change |
in the dial reading is a measure of the change in gravity,

The zero-length spring is wound in such a way that the tension
it exerts is proportional to its physical length (Garland, 1965,>p. 19-
20). If there were no tension on the spring, the length would be zero.

It is only with this arrangement that the elongation of the spring caused
by a change in gravity will be proportional to the change in gravity.

The lever system and measuring screw of LaCoste and Romberg
gravity meters are accurately calibrated over their entire range, A cal-
ibration constant is determined for each 100 revolutions of the dial or
about every 100 mgal of the 7,000-mgal range, and LaCoste and Romberg
(1968, p. 5) note that the calibration factors only depend on the quality
of construction of the measuring screw and the lever system and not on
any type of weak spring. The calibration factors do not change percep-
| tibly with time. This eliminates the need for frequent calibration checks.
The Worden gravity meter has a design that is somewhat similar

to that of the LaCoste and Romberg instrument (Dobrin, 1960, p. 213~
| 215) and will not be discussed here. The reader is referred té Dobrin's

discussion for details.
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Arizona Gravity Base Stations
| As gravity meters measure only changes in gravity, a gravity
base station or stations must be used for control of the gravity measure-
ménts. A gravity base station is a location where the value of gravity
has been accurately measured (see Appendix A). Several gravity ‘base
station networks have been established in Arizona. These include base
.stations establishfad by Woollard (Woollard and Rose, 1963), J.S. Sumner
(Bhuyan, 1965), and the U,S. Army Topographic Commvand'(Schwimmer
“and Rice, 1969). Gravity surveys in Arizona have used b.ase stations
from all these base networks, and a short disc;ussion is therefore
' necessary.
All of the gravity base networks in Arizona are tied to the
Pdtsdam gravity system, which is defined by the value of gravity
(981,274.00 mgal) at the Pendelsaal of the Geodetic Institute in Potsdam,
East Germany (Woollard, 1969a, p. 284). This value was determined
from pendulum measurements during the period 1898 to 1904 by F. Kuhnen ,
and Ph, Furtwangler (Woollard, 196%9a, p. 284). Modern examination of
the reduction procedures used have led to the belief that this value is in
error by 10 to 13 mgal and that a correction 6f - 13+ 2 mgal seems reaon-
able (Woollard, 1969a, p. 284). Since all gravity base stations in
Arizona are tied to the Potsdam system, they contain a scale error of
this magnitude. This error does not cause any problems with gravity
anomalies or relative gravity measurements, where it is sufficient to
know the observed gravity on a relative scale, and for this reason the

correction was not included in the base networks in Arizona. The
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correction should be included where it is necesséry to know the actual
intensity of gravity.

The reference base station for the United States is the Com-
merce Building base station in Washi_ngton, D.C. This base station is
referred to as Washington A and has an observed gravity of 980118, 00
mgal (Duerksen, 1949, p. 3) on the Potsdam gravity system.

Woollard's Gravity Base Stations. Woollard and Rose (1963)

described a program-of international gravity measurements carried out
under the auspices of the Office of Naval Research, the Air Force Cam-
bridge Research Center, and the United States program for the Interna- ’
tional Geophysical Year during the period from 1948 to 1960. One
objective of this program was to establish an international network of
reliable gravity base stations. These base stations were established
using gravity meters.,

The gravity-meter calibration standafd emploved for this study
was based on the weighted mean values of gravity obtained at common
sites with the Gulf-Wisconsin, Cambridge University, and U,S. Coast
and Geodetic Survey pendulums. Reported gravimeter values were based
on a least squares fit to this standard at a series of 42 sites between
Point Barrow, Alaska, and Paso Cortes, Mexico, covering a change in
gravity of 5,128 mgal,

The reference datum for the gravimeter base stations was the
value of 980118.8 mgal (Woollard and Rose, 1963, p. 21) determined
by Woollard for Washington A, An alternate base for the gravimeter

work was located at the University of Wisconsin and had a value of
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980368.9 mgal (Woollard and Rose, 1963, p. 21) based upon 22 direct
gravimeter ties and 20 direct pendulum ties with Washington A.

Eight base stations were established at airports in Arizona
(Woollard and Rose, 1963, p. 93). An evaluation of the North American
gravity base network (Behrendt and Woollard, 1961) indicated that these
base stations are probably reliable to + 0.2 mgal oﬁ the average
(Behrendt and Woollard, 1961, p. 57). This base net is referred to as
Woollard's gravity base station network,

The Univérsity of Arizona Gravity Base Station Network. Dr.

J. S. Sumner of The University of Arizona established 49 gravity base
stations at airports throughout Arizona in 1964 (Bhuyan, 1965). Base
stations were also established at The University of Arizona and the
Tucson Magnetic Observatory. A LaCoste and Romberg gravity meter was
used to tie these base stations to Woollard's base WA-3, which has an
observed gravity of 979227.7 mgal (Woollard and Rose, 1963, p. 93).
Bhuyan (1965, p. 64) reported a maximum root medan square deviation of
+0.12 mgal for the observed gravity determined from repeated gravity
measurements at these base stations. This base network is referred to
as the University of Arizona gravity base station network.

The Arizona State Gravity Base Station Network. A gravity base

network was established on the mainland of the United States during 1966
and 1967 through the cooperative efforts of the U.S. Air Force 1st Geo-
detic Survey Squadron, U.S. Army Topographic Command, U.S. Coast
and Geodetic Survey, the University of Hawaii, and Ohio State Univer-
sity (Schwimmer and Rice, 1969). The net consists of bases located in

fifty-nine cities throughout the United States., Gravity values were
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obtained by a least-squares adjustment, A gravity datum of 980118.00
mgal (Schwimmer and Rice, 1969, p. 527) for Washington A was used for
this adjustment. Scale was sét by the 1 228.48-mgal interval betweeﬁ
bases Houston A and Great Falls A, The largest standard error of an ad-
justed base value was +0.21 mgal with respect to Washington A, This
error term shows the internal consistency of the net and not the scale

~ uncertainty. These base stations are referred to as the U_.S. National
Gravity Base Net,

The Arizona state gravity base station network was observed by
TOPOCOM personnel during the period from May 1967 to June 1968
(7. A, Kozlosky, 1969, written comrriunication) . The location of the 72
base Stations established throughout Arizona are shown in Figure 3.
LaCoste and Romberg gravity meters 10, 23, 41, 46, 49, 113, 115, and
122 were used to observe the 72 stations (J. A. Kozlosky, 1969, written
communication). Gravity meters 41, 113, 115, and 122 were calibrated
on the East Coast Calibration Line in 1967, and gravity meters 46 and
49 were calibrated on the North American Calibration Line in 1963.
Gravimeters 10 and 23 were used with factory calibration only.

Nilsen (1969) discusses the procedure used by TOPOCOM in
establishing state base station networks. The gravity value of each
station is measured at least twice with two LaCoste and Romberg gravity
meters. The base stations are established in a ladder sequence (for
example, ABCBA). Each base station is tied to the U.S. National Gravity
Base Station located in the state, | |

Data reduction procedures used on state base net gravity data

are described by Cook, Nilsen, and Lambert (1971). Data reductions



112°

20

1nao . - no®
1 | | 1 -1
=} > ] MARSLE
BEAVER ~ FREDONIA CANYON KAYENTA
DAM u
JACOB LAKE
TUWEEP
- B NORTH
RIN ngaA cITY gmuu
o GRAND £ : — 36°
TEMPLE BAR CANYON uSECOND MESA
n. -
PEACH SPRINGS GRAY MOUN TAIN
1 ) :
G WILLIAMS
KINGMAN FLAGSTAFF
a . WINSLOW
/ a g 'OLBROOK -
WIKIEUP COTTONWOOD
B =
ST. JOHNS
a e] . [
HAVASU CITY PRESCOTT HEBER g
PAYSON gSHow Low
~ , '\
PARKER - [ WICKENBURG SPRINGCRVILLE |3 40
HOPE WRITE RIVER ¢3
o 1] )
QUARTZSITE PHOENIX GARDENS OF PEACE
o
g STORE MARICOPA . B GLOBE
CABIN o]
MOBILE rv.ongnc; KEARNY cLiFton |
— : : o
DATELAND GILA (2
‘3 BEND /lflz[l LA PALMA a
X n AP\ TOLTEC SAFFORD
YUMA v’;EULL‘gON CASE GRANDE{AMS B SAN MANUEL
B WELL AJO 13 PO B maranA
I - gWitLcox
PAPAGO WELL n ATUCSON
LUKEVILLE RYAN BENSON —32°
FIELD (8
SONOITA . Té)MBSTONE
B ARIZONA BASE = BISBEE
L Us NGB ”°G‘“-gs DOUGLAS

-

T

Figure 3. Arizona State Gravity Base Station Locations Estab-

lished by TOPOCOM



21
include corrections for earth tides and instrument-drift effects, and an
analysis is performed to detect instrument tares. A least-squares‘net-
work adjustment is performed on the base station network which provides -
an analysis of the errors in the network generated by observational pro-
cedures and gives error propagation statistics for the entire network.
These calculations permit an evaluation of the relative accuracy of each
station in the network in terms of the confidence that can be placed on

i the final gravity value derived for each base station,

In Arizona, the propagated error represents the root mean
square, or 68 percent confidence interval, for the station with respect
to the fixed value of 979490.602 mgal for Phoenix J U.S. National Grav-
ity Base Station (J. A. Kozlosky, 1969, written communication). The
least reliable base in Arizona is Phoenix U.A., which has a propagated
error of + 0.043 mgal, and Casa Grande P.O. is the most reliable base
with a propagated error of + 0,013 mgal. The mean propagated error is
+0.029 mgal (J. A. Kozlosky, 1969, written communication) . The prop-
agated error for each station is related to the number of observations at
the station, the accuracy of the readings, and the geometry of the ties
to Phoenix J.

Summary. Both Woollard's base net and the University of
Arizona base net which is tied to Woollard's base net assume a value of
980118, 8 mgal for Washington A, The Arizona state gravity base network
assumes a value of 980118.0 mgal for this base; There is a difference
of 0.8 mgal in the datum upon which these base networks are based,

No correction was made for this difference in any of the gravity data
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used in the Arizona gravity map, This will be mentioned later in this
chapter in the section on errors.

All of the University of Arizona regional gravity surveys are
tied to the Arizona state gravity base network. Most of the other Univer-
sity of Arizona gravity surveys are tied to the Univérsity of Arizona -
gravity base network., U.S., Geological Survey gravity surveys are tied
to Woollard's gravity base network. TOPOCOM gravity surveys in
Arizona are tied to the Arizona state gravity base network.

The Arizona state gravity base network provides a large number
of accurate gravity base stations throughout Arizona. In order to place
all future gravity stations in Arizona on the same datum, it is recom-
mended that this base network be used in future gravity surveys. The
observed gravity, propagated error, photographs, and descriptions of
these base stations are available from the Gravity Division, U.S., Army
Topographic Command, Washington, D.C. 20315.

Field Procedure Used in Regional Gravity Surveys
by the University of Arizona

Regional gravity surveys conducted by the University of Arizona
were carried out according to TOPOCOM specifications., These specifi-
cations were not finalized until 1967. This discussion applies to region-
al gravity data collected by the University of Arizona after this date;
however, data collected prior to this date used similar procedures., All
of the gravity data collected by TOPOCOM gravity crews met TOPOCOM
specifications. Specifications for detailed gravity surveys conducted by

the University of Arizona and the U.S. Geological Survey are discussed

.
i
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in the references noted in Chapter 1. In general, the specifications of
these gravity surveys are similar to the TOPO_C'OM specifications.

Gravity surveys conducted using TOPOCOM specifications
began and ended each loop with a gravity meter reading at an Arizona
state gravity base station. A loop is defined by thesAe two readings and
constitutes the basic unit of any gravity survey in which gravity differ-.
ences are measured with a gravity meter, The maximum time interval
between the beginning and ending base station gravity meter reading
was three days. Long-time intervals between base station'readings are
now practical if low drift rate gravity meters, such as the LaCoste and
Romberg gravity meter, are used for making _gravity measurements and
if tide corrections are applied to the gravity data.

Whenever a loop was temporarily stopped more than 30 minutes,
"drift station" gravity meter readings were taken at the beginning and
end of the stop. An example was an overnight stop. Prior to the begin-
ning of the stop, a gravity meter reading was made in a convenient
location in the evening and another reading was made at the same loca-
tion the next morning before the loop was continued. With these two
readings, the overnight drift of the gravity meter was removed. The
gravity meter drift that occurred while the loop was ih progress wés re-
‘moved separately. \

Gravity meter readings were also taken at field stations during
the course of a loop. These stations were points at which the observed
gravity and gravity anomalies (Appendix A) were to be determined. Field
stations were located at positions that could be accurately plotted on

U.S. Geological Survey 1:62,500 and 1:24,000 scale topographic maps,
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for exafnple, road intersectiohs . In addition, field stations were located
at points where the elevation was accurately known, Usually, station
locations that were accessible to a four-wheel-drive vehicle were
chosen.

To sﬁmmarize, the gravity surveys were composed of many
separate loops. Each loop consisted of an initial base station gravity
meter reading, field station readings, drift station readings, and a final
base station readiﬁg. The information recorded for each station included
the station number, date, time, gravity meter dial reading, latitude,
lohgitude, topographic map name, elevation, and a location description
of the station.

TOPOCOM specifications required station intervals of 5 miles
or less. The station elevation was determined from bench marks, tem-
porary bench marks, checked spot elevations, spot elevations, and in
a few instances from contour interpolation., Latitude and longitude were
interpolated to the nearest 0.1 minute from U.S. Geological Survey

topographic maps.

Gravity Data Reduction

The purpose of gravity data reduction is to determine values

for the observed gravity and gravity anomalies of the field stations.

Observed Gravities

The first step in gravity data reduction is to calculate the ob-
served gravity, that is, the measured value of gravity, at the field
stations from the gravity meter readings ét the base stations, drift sta-

tions, and field stations and the known value of gravity at the base
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station. First, the change in gravity from the base station to the field
station is calculated. This change in gravity is added to the known
value of gravity at the base station to determine the observed gravity
of the field station.

To calculate the change in gravity from the base station to the
field station the following corrections are made to the gravity meter
readings of all the gravity stations:

1. The dial reading is converted to mgal units,
2. An earth tide correction is applied, and
3. A gravity meter drift correction is applied.

After the dial readings are converted to mgal units, using the
calibration factors for the gravity meter, an earth tide correction is -
applied to each of the gravity meter readings. Gougel (1954, p. 2-5)
has shown that the correction c for the tidal effect of the sun and moon
can bé expressed as

c = P+ Ncosgd(cosd + sing) + Scosg(cosd - sing).
The first term P is the correction applied at the pole, and N and S are
the corrections applied at latitudes 45° N, and 459 S., respectively;
@ is the latitude at which the gravity measurement is made. This cor-
rection has a maximum variation of about 0.3 mgal (Service Hydrograph- -
ique de la Marine and Compagnie Generale de Geophysique, 1971,
Fig. 1). It accounts for the theoretical tide correction for a rigid earth.
The elastic deformation of the earth under the influence of earth tides is
incorporated into the calculation by multiplying the rigid earth correction
by a factorof 1.2 (Gdugel, 1954, p. 2). The first term P is always

negative and varies slowly enough that it can be heglected when the
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elapsed time between base station readings is less than 24 hours. The
values of P, N, and S depend on the relative position of a point on the
earth's surface with respect to the position of the sun and the moon,
and tables of P, N, and S are published each year by the European
Association of Explofation Geophysicists as a supplement to the journal

Geophysical Prospecting.

The final correction made to the gravity meter readings is an
instrument drift correction. If gravity meter readings are taken at the
same location over a period of time, the dial reading.s will vary with
time even after a suitable tide correction is made. This drift is due to
creep of the gravity meter suspension system (Dobrin, 1960, p. 216).
It is usually assumed that instrument drift is a linear function of time.
The slope of this line is established by calculating the difference be-
tween the two gravify meter readings at the base station after tide cor-
rections have been made and dividing this difference by the elapsed
time between base station readings.

Two separate drift corrections were made to the gravity data.
First, all drift that occurred during periods when the loop was tempo-
rarily halted was removed. The sets of two gravity meter readings at
drift stations were used to calculate this instrument drift. Next, the
instrument drift and instrument drift rate was calculated for the remain-
ing time period between base station readings wh.en the gravity survey
was in progress. A drift correction was the.n applied to each field sta-
tion gravity meter reading by assuming that instrument drift was a linear

function of time.
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After these corrections were made to all gravity meter readings,
the change in gravity from the base to the field station was determined
by calculating the difference between the corrected gravity meter dial
‘ readings at these two stations,

Finally, the difference in gravity between the base and the field
station was added to the known value of gravity at the base station to
determine the observed gravity of the field station.

Errors in the Observed Gravities. The design of the Lacoste

and Romberg gravity meter reduces the effect of many possible sources
of systematic error in the meter. The effect of changes in atmospheric
pressure, temperature, and magnetic forces on the gravity meter's
response system are minimized.

The effect of instrument drift cannot be completely eliminated
unless the drift curve is truly linear, although this error will be small
if the drift rate is low enough. LaCoste and Romberg (1968, p. 2) state
that the drift rate of the LaCoste and Romberg gravity meter is "less
than 1 mgal per month." This is equivalent to a drift rate of 0,0014 mgal
per hour. The drift rate of LaCoste and Romberg gravity meter 174 was
checked for a period of 18 days in 1969 and found to be 0.00033 mgal
pér hour (West, 1970, p. 12) and the drift curve was approximately
linear. The average of the absolute values of drift rates for meter 174
was 0,0104 mgal per hour for 51 loops run during the summer of 1971.
This drift rate is significantly higher than the value of 1 mgal per month
because it represents drift that occurred while the meter was being

transported in the field. Overnight meter drift has been eliminated from

these drift rate calculations.
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Another possible source of error in the observed gravity is the
tide correction. The author (1970, p. 14) estimated that systematic

errors in the tide correction for a gravity survey in Avra Valley, Arizona,
probably did not exceed 0,02 mgal,

The author (1970, p. 13-15) estimated that random errors in the
observed gravity determined for field stations in Avra Valley were about
+0.08 mgal. During the regional gravity survey of Arizona, many gravity
stations were reobserved. Some of these reobservations were carried out
by different gravity survey crews using different LaCoste and Romberg
gravity meters., When the observed gravity determined for each of these -
observations was compared, the difference between the two values rare-
ly exceeded 0.1 mgal,

J. A. Kozlosky (1969, written communication) reported that a
mean standard uncertainty ofi 0.026 mgal occurred for 4,695 gravity
observations at 3,355 stations in Arizona. These observations were
made by TOPOCOM gravity crews between February 1968 and July 1969
using LaCoste and Romberg gra\}ity meters. The maximum standard un-
certainty at a station was + 0.135 mgal.

Thus, the error in the observed gravity of a field station ob-
served by University of Arizona and TOPOCOM crews during the regional
gravity survey of Arizona is estimated to be about + 0.1 mgal relative to

the Arizona state gravity base network,

Gravity Anomalies
A discussion of the various types of gravity anomalies, that is,

the free-air, Bouguer, and isostatic anomalies, is given in Appendix A.
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Oniy a short qualitative discussion of the free-air and Bouguer anomalies
ﬁill be given here. The interested reader is referred to Appendix A for a
quantitative treatment of this topic. The main purpose of this section is
to discuss errors in the free-air and Bouguer anomalies which are used
in the interpretation of gravity data in Arizona.

Basically, gravity anomalies compare values of gravity that
have been corrected to mean sea level with a "theoretical" value of sea-
level gravity that is determined by the international gravity formula.
Corrections are applied to the observed gravities of the field stations to
determine a corrected value of gravity at mean sea level. The types of
corrections that can be applied include (1) the free-air correction, (2)
the Bouguer correction, and (3) the terrain correction.

The free-air anomaly for a field sfation is given by its observed
gravity plus the free-air correction minus the international gravity. (See

Appendix A.) The purpose of the free-air correction is to remove the
gravity effect that results because the field station is not at the same
elevation as mean sea level.

The Bouguer anomaly for a field station is given by its observed
gravity plus the free-air correction minus the Bouguer correction plus the
terrain correction, (See Appendix A.) The purpose of the Bouguer and the
terrain corrections i_s to remove the gravity effect of deviations of the
topography from mean sea level, It is usually assumed that these topo-
graphic deviations are of constant density.

Another correction, the curvature correction (Appendix A), is
sometimes applied to gravity data. U.S. Geological survey gravity data

in Arizona include this correction when Bouguer anomalies are calculated.
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To make the regional Bouguer gfavity anomély map of Arizona compatibie
with other gravity maps, the commonly used density of 2.67 gm/ cm3
(Dobrin, 1960, p. 189) was used to calculate the Bouguer anomalies.
Equations for these calculations are given in Appendix A,

Errors in the Gravity Anomalies., Errors occur in the calculated

gravity anomalies because of errors in the observed gravity, latitude,
and elevation. The error in the observed gravity has already been
discussed.

An error in the determination of the latitude of a gravity station
causes an error in the calculated value of the international gravity Y
from equation (17) in Appendix A. Since 7 is used to calculate both the
free—air and Bouguer gravity anomalies (equations 19 and 22, Appendix
A), thi;s'error is included in these anomalies. In Arizona, this error &7
in mgal is given approximately by the equation (Dobrin, 1960, p. 234):

OY=2.28x10"4Ax |
where A x is the error in feet in determining the location of the station
in a north-south direction.

Most gravity stations were at bench marks, road intersections,
and other positions that are accurately located on U.S. Geological Sur-
vey topographic maps. For topographic maps that meet the National
Map Accuracy Standards (Marsden, 1960, Appendix 10), horizontal posi-
tions of at least 90 percent of well-defined planimetric features, such
as bench marks and road intersections, must be accurate within one-
fiftieth of an inch on the published map. This is approximately equiva-
lent to 100 feet on the ground for 1:62,500-scale maps and 40 feet on

the ground for 1:24,000-scale maps. This corresponds to errors of about
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0.02 and 0.01 mgals in 7 and therefore in the free-air and Bouguer
anomalies for the 1:62,500- and 1:24,000-scale maps, respectively.

Errors in the field station elevations cause errors in both the
free-air and Bouguer anomalies because of errors in the free-air and
Bouguer corrections. From equation (18) in Appendix A, an error of Oh
feet causes an error of AF mgal in the free-air correction which is given
by §

AOF = 0.0940h.
The error in the Bouguer correction OB is given (equation 20, Appendix
A) by |
OB = 0,034 Hh

where OB is in'mgal.

Elevations given on U,S. Geological Survey topographic maps
- were used to calculate the gravity anomalies. Bench marks, checked
spot elevations, and spot elevations were used when possible. In some
places, it was necessary to interpolate.elevations from the elevation
contours. The precision of elevations determined from bench marks de-
pends on the agreement between results of leveling in both directions
over a level line (Bouchard and Moffitt, 1965, p. 68). The National
Map Accuracy Standards (Marsden, 1960) reqﬁire that elevations of 90
percent of points tested shall agree with elevations interpolated from
contour lines within one-half of the contour interval, Checked spot
elevations are accurate to within one-tenth the contour interval, and
spot elevations are accurate to within one-fourth the contour interval,

Contour intervals on U.S. Geological Survey topographic maps

in Arizona are normally less than 80 feet. A 40-foot error in the elevation
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would cause an error of 3.75 mgal in the free-air anomaly and 2.40 mgal
in the Bouguer anomaly.

The effect of terrain (Appendix A) on the Bouguer anomalies must
also be considered. Some of the Bouguer anomalies used in the Arizona
gravity map (Fig. 4, in pocket) have terrain corrections included. Data
from gravity surveys by Hench (1968), Popenoe (1968), Plouff (1962),
Peterson (1969), '\{Vest (1970), and unpublished gravity data from a grav-
ity survey by M, J. Benham (1971, written communication) near Payson
included terrain corrections. The remainder of the gravity data used in
the Arizona gravity map did not include terrain corrections in the Bouguer
anomalies,

Significant terrain effects can occur in areas of rugged terrain,
The author checked terrain corrections calculated for the gravity surveys
given above and reached the following conclusions. In the Basin and
Range province of southern Arizona, terrain effects are variable. In the
valleys, terrain corrections rarely exceed 0.5 mgal (Davis, 1967, plate
2; Hench, 1968, Fig. 2). In the smalle‘r mountain ranges, the terrain
corrections can be as large as 15 mgal. For example, the correction for
terrain out to 60 miles at Keystone Peak (elevation 6,206 ft) in the
Sierrita Mountains southwest of Tucson is 10,5 mgal (Plouff, 1962,

p. 21). The correction for terrain out to 13,6 miles from Mount Lemmon
(élevation 9,080 ft) in the Santa Catalina Mountains is 25 mgal. This
is one of the highesfc mountain peaks in southern Arizona,

A typical example of terrain corrections in the Basin and Range
province is given by Plouff's (1962) survey of the Tucson area, where

terrain corrections were calculated out to 60 miles for 1 , 250 gravity
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stations, using a density of 2.67 gm/cm3. This survey included parts of
the Sierrita Mountains, Tucson Mountains, Tucson Basin, and Avra Val-
ley. Thirteen percent of the gravity stations had terrain corrections over
one ﬁgal, 4 percent over two mgal, and about 1 percent over three mgal.
The reason that most of the terrain effects are less than three mgal is
that rﬁost of the gravity stations are located in the valleys where terrain
effects are less,

In the transition zone between the Basin and Range and Colorado
Plateaus provinces of central Arizona (Wilson and Moore, 1959), terrain
effects near the Mogollon Rim are as large as 8 mgal (M. J. Benham,
1971, written communication) in the Payson area. Elevation changes of
several thousand feet occur over a distance of one or two miles in this
area. :I‘errain corrections in the Happy Jack area of central Arizona were
all less than three mgal (John Hendrick, 1971, written communication).

On the Colorado Plateau, significant terrain effects occur near
the large canyons. Popenoe (1968), using a density of 2,67 gm/cm3,
calculated terrain corrections out to a distance of 166.7 km for 619
gravity stations in the area north of Grand Canyon in Arizona. High
variations in the terrain corrections occur near Grand Canyon. For ex-
ample, a maximum terrain correction of 39.5 mgal was calculated for a
gravity station on the North Rim of the Grand Canyon, while approximate-
ly two miles north, the terrain correction was only 14.1 mgal for a sta-
tion that was also near the canyon edge. For the 619 stations, 63
percent had terrain corrections greater than one mgal, 11 percent had
. terrain corrections greater than 5 mgal, and 2 percent had terrain cor-

rections greater than 10 mgal,
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The following summarizes error estimates for the gravity data

reduction:
Estimated
Error
Base station observed gravity iO 2 mgal
Tide corrections + 0.02 mgal
Field station observed gravity + 0.1 mgal
Latitude ‘ + 0.02 mgal
Maximum error in free-air correction + 3.75 mgal
Maximum error in Bouguer correction 7 1.35 mgal

In addition, significant terrain effects may occur in areas where there is
rugged terrain and no terrain corrections have been applied to the data.

The error estimates given above are the errors relative to the
base station net used in a particular survey. In addition, gravity sur-
veys in Arizona which used Woollard's or the University of Arizona base
nets are on a datum which is 0.8 mgal greater than the Arizona state
gravity base network. -

When the absolute value of gravity on the Potsdam gravity sys-
tem is required, the scale error of 13 + 2 mgal should be subtracted from
the observed gravity of the gravity station. This error will not affect the
interpretation of gravity anomalies since gravity data interpretation is

only concerned with changes in the values of the anomalies.

Gravity Data Reduction Computer Programs
All gravity data included in the regional Bouguer gravity anomaly
map of Arizona (Fig. 4, in pocket) were reduced by a digital computer.

Programs were written by the individual sources of the data. TOPOCOM
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reduced all of the regional gravity collected by the University of Arizona
through 1968. Gravity data collected by the University of Arizona during
1971 were reduced by a computer using a program written by the author,
This program calculates all of the corrections- necessary to obtain the
observed gravity and reduces the observed gravity to free-air and
Bouguer anomalies, A listing of the FORTRAN source deck is available

from the author,

The Regional Bouguer Gravity
Anomaly Map of Arizona

All available gravity data in Arizona Were punched on IBM cards‘
and placed in a card catalog. These cards were used as input to a plotter
progfam which plotted the station location and printed the Bouguer anom-
alies oh overlays of 1:250,000~scale Army Map Service series maps. The
Bouguer anomalies were edited and contoured by hand. ‘These overlays
were reduced to a scale of 1:500,000 to produce the final map (Fig. 4,

in pocket).

Arizona Gravity Data IBM Card Catalog
University of Arizona, U.S. Geological Survey, and U.S. Army

Topographic Command gravity data were punched on IBM cards and
placed in a card catalog. One card was punched for each gravity obser-
vation and included the following data:

1. Stafion name and number

2., Latitude

3. Longitude

4, Elevation
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5. Observed gravity
6. [Free-air anomaly
7. Bouguer anomaly
8. Terrain correction (if calculated)
9. Identification number indicating data source.
The data were separated‘ into groups, one for each 1:250,000-
scale Army Map Service (AMS) series map of Arizona., Twenty-three

of these maps cover the state of Arizona.

Production of the Regional Bouguer
Gravity Anomaly Map of Arizona

A Calcomp plotter program was written by the author to plot the
gravity data in the card catalog at a scale of 1:250,000, usiﬁg a Uni-
versal Transverse Mercator (UTM) projection subroutine written by F.

C. Craw at the University of Wisconsin (Séuck, 1971, written commu~
nication). The plotter plotted the location of each gravity station on
1:250,000~scale overlays of the AMS series maps and printed the value
of the Bouguer anomaly beside the station location, A listing of the
plotter program FORTRAN source deck is available from the author upon
request.

The plotted overlays were contoured at 5-mgal contour intervals.
During the contouring, stations whose Bouguer anomaiy values appeared
to be in error were edited. Editing consisted of checking for keypunch
errors in the card catalog, data reduction errors, and errors in the origi-
nal field data. If errors were found, they were corrected by hand and
the corrected data were plotted by hand. If no errors were detected, a

decision was made whether or not to throw out the gravity station data
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on the basis of the Bouguer anomalies of nearby stations. Gravity sta-
tions whose gravity meter dial readings were obviously incorrect were
eliminated.

The final contoured overlays were reduced to a scale of
1:500,000 and recontoured on the same base map that was used for the
geologic map of Arizona (Wilson et al., 1969). The projection used for
" this base map is the Lambert conformal conic projection. Since the
reduced overlays used the Universal Transverse Mercator projection, a
slight adjustment had to be made during the final contouring. This ad-
justment did not éhange the location of a contour by more than a mile
on the 1:500,000-scale map. Since many of the station intervals are 5
miles, the adjustment had very little effect on the final map .‘

Figure 4 (in pocket) shows the regional Bouguer gravity anomaly
map of Arizona. Contours are dashed or deleted in areas where station
intervals are too large to determine precisely the contour position., In
northeastern Arizona, gravity data were not obtained in large areas be-

cause of the lack of adequate topographic maps, and these areas were

left blank.



CHAPTER 3

GENERAL GEOLOGY AND RECENT TECTONIC

MODELS FOR ARIZONA

The purpose of this chapter is to review geological studies and
tectonic models that are pertinent to the interpretation of the regional

Bouguer gravity anomaly map of Arizona.

General Geology

Discussions of the geology of Arizona are given by E, D,
Wilson (1962) and Hayes (1969). The short summary given here is main-

ly taken from Hayes.

Physiography

Arizona is divided into two distinct provinces, the Basin and
Range and the Colorado Plateaus, Several boundaries that separate
these two provinces have been proposed on the basis of topographié,
structural, and physiographic criteria, Several of the more recently
proposed boundaries are shown in Figure 5. E. D. Wilson and Moore's
(1959) division was made on the basis of structure. They (1959, p. 89)
included a transition zone in the central and southeastern parts of the
state in which "the strata, although locally folded, tend to be relatively
flat." Heindl and Lance (1960, p. 16) included Wilson and Moore's
transition zone as part of the Colorado Plateaus, and their boundary

was based upon the following structural criteria:
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