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ABSTRACT

A 1 :5 0 0 ,0 0 0 - s c a le  reg ion a l Bouguer gravity  anom aly map o f  

Arizona h a s b een  com p leted  u s in g  gravity  data c o l le c te d  by the U niver

s ity  o f  A rizona's Laboratory o f  G e o p h y s ic s , the U .S .  G eo lo g ic a l Su rvey , 

and the U .S .  Army Topographic Command. Approxim ately 1 9 ,0 0 0  gravity
t

ob serva tion s  w ere u sed  in con structing  the map, and s ta tion  in terva ls  

ranged from about one m ile to  greater than fiv e  m i l e s . Very few  gravity  

s ta t io n s  w ere ob served  in  northeastern  A rizona , and m ost o f  th is  part o f  

th e  grav ity  map has b een  le f t  b lan k . A contour in terva l o f  5 m gal w as  

u s e d . A maximum error o f + 2 .4  m gal occurred in  the fr e e -a ir  and  

Bouguer c o r r e c t io n s , and terrain correction s w ere not c a lcu la ted  for m ost 

o f the gravity  s ta t io n s  .

Interpretation  o f  lo n g -w a v e len g th  fr ee -a ir  and Bouguer anom a

l i e s  in d ica te  that the major topographic fea tures in A rizona , the Colorado  

P la teau s and B asin  and Range p r o v in c e s , are com pensa ted  and that i s o 

s ta t ic  equilibrium  p r e v a ils .  A cru sta l m odel in terpreted  by the U .S .  

G e o lo g ic a l Survey from s e ism ic  refraction  data in d ic a te s  that cru sta l 

th ic k n e s s e s  in c r ea se  from about 20 km beneath  the B asin  and Range 

prov ince  to  40 km beneath  the Colorado P lateau  in A rizona . S in ce  the  

e lev a t io n  o f the C olorado P lateau  i s  h igher than that o f the B asin  and 

Range p rov in ce , the Airy i s o s t a t ic  m echanism  appears to  a p p ly . How

ev er , w hen the gravity  e f fe c t  o f the  s e ism ic  m odel to a depth o f  40 km 

i s  c a lc u la te d , a 200 -m ga l d iscrep a n cy  occu rs b etw een  the c a lcu la ted  

and ob served  Bouguer gravity  a n o m a lie s . If d e n s ity -v e lo c ity

x i i i

4



x iv

re la t io n sh ip s  u sed  to  a s s ig n  d en s ity  v a lu e s  to  the cru sta l m odel are 

v a lid , the Airy i s o s t a t ic  m echanism  cannot com p le te ly  exp la in  com pen

sa tio n  o f  the topography in A rizona , and an is o s t a t ic  m echanism  where  

la tera l d en s ity  con tra sts  occur in the upper m antle is  s u g g e s te d . Lateral 

d en s ity  con tra sts  cou ld  r e su lt  from e ith er  p h y s ic a l or ch em ica l ch an ges  

in  the upper m antle m ater ia l.

Sh ort-w avelen g th  Bouguer anom alies  in  the B asin  and Range 

province o f  Arizona are prim arily re la ted  to  large d en s ity  con tra sts  b e 

tw een  lo w -d e n s ity  a lluvium  in the b a s in s  and h ig h -d e n s ity  bedrock in  

the  m ountains and major structural deform ation that h a s  occurred here  

during the M eso z o ic  and C en ozo ic  e r a s . Short-w avelength  anom alies  on  

the Colorado P lateau  are much broader in  hor izon ta l ex ten t b eca u se  o f  

the r e la t iv e ly  m ild post-Precam brian  structural deform ation in th is  area  

and sm aller  d en s ity  con tra sts  b etw een  post-Precam brian  sed im entary  

rocks and Precambrian basem en t r o c k s .

The m ost s ig n if ic a n t  feature o f the sh or t-w ave len g th  Bouguer 

anom alies  is  their  correla tion  w ith  B asin  and Range s tru c tu re s . Bouguer 

anom aly low s in d ica te  that sub surface  b a sin  structures may becom e in 

c r ea s in g ly  more com plex  from sou th eastern  to sou th w estern  A r izon a . 

Interpretation  o f  grav ity  data in d ic a te s  that deep  a l lu v ia l - f i l le d  b a s in s  

may ex tend  for over 100 m ile s  a long  northw est trends in sou th ea stern  

A rizona. In so u th -cen tra l A rizona , th e  a llu v ia l b a s in s  appear to  fo llow  

irregu lar , g en era lly  north tr e n d s . In sou th w estern  A rizona , iso la te d  

a llu v ia l troughs or b a s in s  o ccu r . This apparent in c r ea se  o f  sub surface  

structural com p lex ity  may be re la ted  to  the n earn ess  o f  sou th w estern  

Arizona to the San Andreas fau lt s y s te m .
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The occurrence o f  Bouguer anom aly low s  over b a s in s  can  be  

u sed  a s  a criterion  for drawing a boundary b etw een  the B asin  and Range 

and the C olorado P la teau s  p r o v in c e s . The r e su lt  ag rees  rea son ab ly  w e ll  

w ith  other proposed  b ou n d ar ies , a t le a s t  on a broad s c a l e .  This boun

dary rep resen ts  the northern lim it o f b a s in s  w ith  a llu v ia l th ic k n e s s e s  

su ff ic ie n t  to produce res id u a l grav ity  low s  o f - 1 0  mgal or m ore. Par

ticu la r ly  strong Bouguer anom aly lo w s  in d ica te  p o s s ib le  un d iscovered  

occu rren ces  o f  s a lt  in b a s in s , such  a s  have  been  found near Kingman 

and P h oen ix . An attem pt to correla te  Bouguer gravity  anom alies  w ith  

porphyry copper d e p o s its  gave  n eg a tiv e  r e s u lt s .

i



CHAPTER 1

INTRODUCTION

G ravity su rvey s  have been  carried out in  Arizona by s ta te  and 

federa l governm ent a g e n c ie s  and by private o rgan iza tion . T hese  surveys  

w ere conducted  for purposes that range from m ineral and ground-w ater  

exp lora tion  to  s tu d ie s  o f  the cru st and upper m a n tle . G ravity data in ter

pretation  h a s b een  app lied  to a very w ide range o f  both p ra c tica l and 

academ ic  problem s in  Arizona. H ow ever, a com prehensive  com p ila tion  

and study o f a l l  a v a ila b le  gravity  data have never b een  attem pted  prior 

to  th is  in v e s t ig a t io n . The purpose o f th is  d is ser ta tio n  is  to  p resen t a l l  

reg ion a l grav ity  data gathered  to  date for Arizona and in terpet their  

m eaning .

The U n iversity  o f  Arizona G ravity Program 
in Arizona

During the p a s t  d e ca d e , p erson nel o f the Laboratory o f G eo 

p h y s ic s  at The U n iversity  o f  Arizona have planned and carried  out gravity  

su rveys and gravity  data in terpretation  in many areas o f  A rizona . For 

the sak e  o f  b r ie fn e s s , the Laboratory o f G e o p h y s ic s , The U n iversity  o f  

A rizona , w il l  be referred to  a s  the "U n iversity  o f  Arizona" throughout th is  

d is s e r ta t io n . This work h a s b een  performed under the d irection  o f  Dr. 

John S . Sumner, C h ie f S c ie n t is t  o f the Laboratory o f G e o p h y s ic s . A 

large  amount o f data have a ls o  b een  c o lle c te d  by the U .S .  G eo lo g ic a l  

Survey and the U .S .  Army Topographic Command (TOPOCOM). G ravity

1
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data are now a v a ila b le  for a large portion o f Arizona a s  a r e su lt  o f  th e s e  

su r v e y s , and it  h a s  becom e fe a s ib le  to produce a reg ion a l grav ity  map o f  

m ost o f  the s ta t e .

S in ce  1969 , a new  g e o lo g ic  map o f Arizona has been  prepared  

by W ilso n , M oore , and C ooper (1969 ), and an aerom agnetic  map o f  the  

s ta te  h a s b een  produced by Sauck and Sumner (1970 ). Both o f th e s e  maps 

are a v a ila b le  at a ,s c a le  o f 1 :5 0 0 ,0 0 0 , and th is  s c a le  w as  a ls o  ch o sen  

for the gravity  m ap.

O r ig in a lly , a  minimum grav ity  s ta tion  d en s ity  o f  one s ta tion  

per 25 square m ile s ,  w h ich  i s  eq u iva len t to a s ta tio n  in terva l o f  5 

m ile s ,  w as proposed  for the m ap. H ow ever, b e ca u se  gravity  data from 

many d ifferen t su rvey s  are inc luded  in the m ap, the s ta tion  in terva l i s , 

by n e c e s s i t y ,  v a r ia b le . The sm a lle s t  s ta tio n  in terva l is  about one m ile .  

The minimum sta tio n  d en s ity  has not b een  ob ta ined  in  a l l  parts o f  the  

s ta t e ,  and in som e a r e a s , particu larly  northeastern  A rizona , an in ad e

quate number o f  s ta t io n s  has been  o b serv ed . More gravity  data may 

have to  be c o lle c te d  in th is  part o f  the s ta te  before it  can  be inc luded  

in  the grav ity  m ap. A lack  o f adequate  topographic maps preven ted  e x 

te n s iv e  gravity  su rvey s  in  th is  area by the U n iversity  o f A rizona .

A contour in terva l o f 5 m gal (1 mgal = 10**3 ga l = 10“3 cm /sec^ )  

w a s ch o sen  for the map by contouring areas w here adequate gravity  

coverage  w as  a v a ila b le . Bouguer anom alies  (Appendix A in c lu d es  a d is 

c u s s io n  o f  pertinen t theory) w ere contoured rather than fr e e -a ir  or i s o 

s ta t ic  anom alies  for sev e r a l r e a s o n s . T hese anom alies  tend to vary  

sm ooth ly  w ith  d is ta n c e . This a id s  in in terpolating  b etw een  d isc re te  

anom aly v a lu e s  during the contouring p r o c e s s . Bouguer anom alies  are
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g e o p h y s ic a lly  and g e o lo g ic a lly  m eaninful (H eiskanen  and M oritz , 1 9 67 ), 

w hich  is  o b v io u sly  an e s s e n t ia l  ch a ra c te r is t ic . Bouguer anom alies  are 

a ls o  e a sy  to c a lcu la te  w ith  the a id  o f  d ig ita l com puters i f  terrain correc

tio n s  are ignored . The c a lcu la tio n  o f terrain correction s requ ires a great 

d ea l o f  tim e ev en  w hen  com puter m ethods are u s e d . For th is  r ea so n , 

terrain correction s w ere not inc luded  in the Bouguer anom alies  u n le s s  

th ey  w ere c a lcu la ted  during the o r ig ina l data r ed u c tio n . S ig n ifica n t  

terrain e f fe c t s  occur in som e o f  the Bouguer a n o m a lie s , and th ey  w il l  be  

d is c u s s e d  in Chapter 2 .

G ravity  D ata P resen tly  A va ilab le  in Arizona  

At the p resen t tim e (1972), approxim ately  1 9 ,0 0 0  gravity  o b se r 

v a tio n s  in Arizona are a v a ila b le  from gravity  su rveys conducted  by the  

U n iversity  o f  A rizona , U .S .  G eo lo g ic a l Survey, and TOPOCOM. Some o f  

th e s e  ob serva tion s  are reob serva tion s  o f  prev ious gravity  s ta t io n s , and 

th e  to ta l number o f grav ity  s ta t io n s  a v a ila b le  is  som ew hat l e s s  than  

1 9 ,0 0 0 .

U n iversity  o f  Arizona G ravity  D ata

A genera l d is c u s s io n  o f  U n iversity  o f Arizona gravity  su rveys  

in  Arizona is  g iv en  by J. S . Sumner (1965) and Sumner and W est (1969 ). 

G ravity su rveys began  in  1964 , when approxim ately  50 gravity  b a se  

s ta t io n s  w ere e s ta b lish e d  in Arizona (Bhuyan, 1965 ). A grav ity  m eter  

ca lib ra tion  range w as a ls o  e s ta b lish e d  on M t. Lemmon near T ucson  (se e  

F ig . 1 for the lo ca tio n  o f  c o u n t ie s ,  c i t i e s ,  and tow ns in  Arizona) and a 

north -sou th  gravity  lin e  w as run a cro ss  the Tucson B a sin .
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Abuajam ieh (1966) expanded the grav ity  survey  o f  the  Tucson  

B asin  that w as begun by Bhuyan (1965 ), and D av is  (1967) com pleted  the  

gravity  survey  o f  the Tucson  B a sin . D av is  a ls o  c o lle c te d  other g e o 

p h y s ic a l and g e o lo g ic  d a ta . He u sed  th e se  data to  in terpet the lo ca tio n  

o f  major hydro log ic  boundaries in  the Tucson B asin  and to e stim a te  

ground-w ater v o lu m es . H ench (1968) carried  out a gravity  survey  o f  the  

Ruby-Pena B lanca area w e s t  o f  N o g a le s .  He e stim a ted  the s iz e  and e x 

ten t o f  a sm all buried c o lla p s e  ca ldera  and d is c u s s e d  the structure o f  

a llu v ia l b a s in s  in th is  area b a sed  upon h is  interpretation  o f  the gravity  

d a ta .

Spangler (1969) conducted  a gravity  survey o f  the W alnut G ulch  

Experim ental W atershed  near Tom bstone in con n ec tion  w ith  a g eo p h y s ic a l  

study o f  the hydrogeo logy  o f  th is  a rea . M atis (1970) a ls o  u sed  gravity  

data in h is  study  o f  the hydrogeo logy  o f  the S e lls  a r ea . The author (1970) 

com pleted  a gravity  survey  o f  Avra V alley  w hich  l i e s  20 m iles  w e s t  o f  

T u cson . This in vo lv ed  an in terpretation  of the structure o f  th is  b a s in  

and determ ination  o f  ground-w ater vo lum es on the b a s is  o f  grav ity  and  

g e o lo g ic  d a ta .

R ecen tly , M . J. Benham (1971 , w ritten  com m unication) h a s  

com pleted  a gravity  survey  o f the Tonto Forest S e ism o lo g ic a l O bservatory  

near Payson  a s  a part o f a g e o p h y s ic a l study o f  th is  a rea , and D . J. 

Lynch (1972 , w ritten  com m unication) conducted  a grav ity  survey  o f the  

San Bernardino V alley  north east o f D oug las in con n ec tion  w ith  a study  o f  

the g eo lo g y  o f that a r e a .

R egional grav ity  su rvey s  o f Arizona have  a ls o  b een  conducted  

by U n iversity  o f Arizona gravity  crew s s in c e  1 965 . T hese  su rvey s  have

5
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been  supported by research  con tracts  w ith TOPOCOM and by research  

grants from the N ation a l S c ien c e  Foundation . T hese data have not been  

p u b lish ed .

U .S .  G eo lo g ic a l Survey G ravity Data

A summary o f  grav ity  s tu d ie s  in  Arizona by the U .S .  G eo lo g ic a l  

Survey is  g iv en  by C a se  (1965) and K leinkopf and P eterson  (1969 ). T hesei
s tu d ie s  have been  con n ec ted  w ith  programs o f  reg ion a l g e o p h y s ic a l in 

v e s t ig a t io n , g e o lo g ic  m apping, ground-w ater in v e s t ig a t io n s , and h eavy  

m eta ls  exp lo ra tion .

P lou ff (1958) conducted  a gravity  survey in the Carrizo M oun

ta in s  north east o f  C h in le  a s  a part o f a reg ion a l g e o p h y s ic a l study o f  

the C olorado p la tea u . P louff (1961 , 1962) a ls o  reported on a gravity  

survey near T ucson  where he noted  corre la tion s b etw een  gravity  h igh s  

and outcrops o f Tertiary and o lder  rock s and attributed th e s e  to  d en s ity  

con tra sts  b etw een  rocks in  the m ountains and a lluvium  in  the v a l l e y s .

A grav ity  survey  w as  conducted  in parts o f M aricopa , P im a, 

P ina l, and Yuma C oun ties by the U .S .  G eo lo g ica l Survey in coopera tion  

w ith the U .S .  Bureau o f  R eclam ation  (P eterson , 1 965 , 1968 ). This sur

v ey  w as conducted  a s  a part o f the C entral Arizona P ro ject. G ravity data  

from surveys o f the Sulphur Springs V alley  near W illc o x  (P eterson , 1966) 

and the Safford and San Simon V a lleys near Safford (Eaton and T im m ons, 

1966) have b een  r e le a sed  to  open  f i l e s .  The grav ity  data ob ta ined  near 

Yuma and Q uartzite  (P eterson , C onradi, and Zohdy, 1967) have a ls o  b een  

r e le a se d  to  open f i l e .
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A gravity  survey  o f the area north o f  Grand Canyon (P openoe , 

1968) contributed  data to  the T ranscontinen ta l G eo p h y s ica l Survey strip  

a s  a part o f  the Upper M antle Project o f the International Union o f  

G eo d esy  and G eo p h y s ic s  and the International Union o f G eo lo g ic a l  

S c ie n c e s  (K leinkopf and P eterson , 1 969 ).

U .S .  G eo lo g ic a l Survey gravity  data r e le a sed  to  open f i le  in  

1969 in c lu de  a gravity  survey  so u th w est of Kingman in  M ohave County  

(P eterson , 1969) and a t Luke Air Force B ase near Phoen ix  (Peterson  and 

Eaton, 1 9 6 9 ). The la tter  survey  w as  over  a large s a lt  m a s s , w hich  w as  

ear lier  d isco v ered  on the b a s is  o f in terpreta tion s o f  g e o lo g ic a l and  

gravity  d a ta .

U .S .  Army Topographic Command G ravity  D ata

The G ravity D iv is io n  o f  the  Departm ent o f  G eo d esy  has been  

in v o lv ed  in grav ity  data c o lle c t io n  in the w estern  U nited S ta te s  s in c e  

1965 (N ils e n , 1 9 6 9 ). G ravity su rveys have  been  conducted  in Arizona  

by TOPOCOM p erson n e l s in c e  1 967 . They have e s ta b lish e d  a gravity  

b a se  network in Arizona and conducted  a reg ion a l gravity  survey w ith  

s ta t io n s  sp aced  approxim ately  2 to  10 m iles  apart (N ils e n , 1969 , p .

5 2 8 ) . L aC oste  and Romberg grav ity  m eters are u sed  for a ll  grav ity  

s u r v e y s .

TOPOCOM h as a ls o  conducted  gravity  m easurem ents in coopera 

tion  w ith  the In teragency  C om m ittee on Land S u b sid en ce  in Southern  

A rizon a , and an o f f ic e  is  m aintained  in C asa  G rande, A rizona , for th is  

p u rp ose . E x ten siv e  grav ity  su rvey s  have been  conducted  near C asa  

Grande over areas o f  a c t iv e  land  su b s id en ce  .
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G ravity data c o lle c te d  by TOPOCOM are reduced  and tran s

m itted to  the Departm ent o f  D e fen se  G ravity Library a t the A eronautical 

Chart and Information C enter in  S t . L o u is , M issour i (N ils e n , 1 9 69 ). 

TOPOCOM d oes  not pub lish  g eo p h y s ic a l or g e o lo g ic a l in terpretations o f  

i t s  grav ity  d a ta , but th ey  are u sed  s tr ic t ly  for g eo d e tic  p u rp o se s .

The U n iv ersity  o f  Arizona h a s  ob ta ined  com puter l is t in g s  o f  r e 

duced  grav ity  data  c o lle c te d  in  Arizona by TOPOCOM through 1969 a s  a 

part o f a coop era tiv e  agreem ent w ith  th is  organ iza tion  (J. A . K ozlosky , 

1 9 6 9 , w ritten  com m unication). S u b seq u en tly , a l l  Departm ent o f D e fen se  

data in Arizona w ere c la s s i f i e d  (W. T. Riordan, 1971 , w ritten  com m uni

cation ) and w ere not a v a ila b le  for ou ts id e  r e le a s e  un til r ecen tly  (E. J. 

H auer, 1972 , w ritten  com m un ica tion ). U nfortunately , one r e su lt  o f the  

c la s s i f ic a t io n  o f  the TOPOCOM gravity  data w as  a d u p lica tion  o f  effort 

by the U n iversity  o f  Arizona and TOPOCOM grav ity  crew s in cen tra l 

A rizon a . The recen t r e le a s e  o f  TOPOCOM gravity  data in  Arizona w ill  

a llo w  add ition a l data c o lle c te d  by TOPOCOM in northeastern  Arizona  

to  be added to  the reg ion a l Bouguer gravity  anom aly map o f Arizona in  

the near fu tu re .

Other G ravity D ata in Arizona

M ining co m p a n ie s , o i l  c o m p a n ie s , and con tract g eo p h y s ic a l  

exp loration  com pan ies have  carried  out rather e x te n s iv e  grav ity  su rvey s  

in  som e areas o f  A rizona . T hese  com pan ies do n o t , in  g en era l, r e le a s e  

th eir  gravity  data for private  or pub lic  u se  b e ca u se  o f  the ex trem ely  com 

p e tit iv e  nature o f  exp lora tion  for m inerals and o i l  in  A rizona. H ow ever, 

coop era tiv e  agreem ents have  been  made w ith  som e com pan ies for data
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e x c h a n g e s . T hese  ex ch a n g es  have been  made for the b en e fit  o f  both the  

com pan ies and the U n iversity  o f  Arizona to prevent d u p lica tion  o f  effort 

by both p a r t ie s . The data r e le a s e d  by com pan ies are ch o sen  in such  a 

w ay that d e ta ils  o f  th eir  exp lora tion  programs are not r ev ea led . C onti

n en ta l O il Company and the Hanna M ining Company have  coopera ted  in  

th is  w a y .

t



CHAPTER 2

DATA COLLECTION AND REDUCTION FOR THE REGIONAL 

BOUGUER GRAVITY ANOMALY MAP OF ARIZONA

A va ilab le  grav ity  data in  Arizona w ere com piled  to  determ ine  

w here add ition a l grav ity  su rveys w ould be n e c e s s a r y . R egional grav ity  

su rveys w ere conducted  in  many o f  th e s e  areas by the U n iversity  o f  

A rizona , and the data w ere reduced  for the Arizona gravity  m ap. In add i

t io n , sam p les  o f  bedrock w ere c o lle c te d  throughout Arizona and core  

sam p les  o f  a llu v ia l m ateria l from southern Arizona b a s in s  w ere ob ta ined  

from the Arizona Bureau o f  M in e s . D en s ity  m easurem ents w ere made on  

th e s e  sam p les  to  a id  in  the in terpretation  o f  the gravity  d a ta . T hese  and  

other d en s ity  m easurem ents are d is c u s s e d  in  Appendix B.

C om pilation  o f A va ilab le  G ravity D ata in Arizona  

M ost o f  the grav ity  data that are a v a ila b le  in Arizona at the  

p resen t tim e w ere u sed  in  the grav ity  m ap. A summary o f  th e s e  data is  

g iv en  in  Chapter 1 . T hese  data w ere c o lle c te d  by the U n iv ers ity  o f  

A rizona , U .S .  G e o lo g ic a l Survey , and the U .S .  Army Topographic Com

m and. Data that w ere not u sed  in the Arizona gravity  map and are d is 

c u s s e d  in Chapter 1 in c lu d e  the gravity  su rveys by P louff (1958) in the  

Carrizo M ountains and P eterson  e t a l .  (1967) near Yuma. P lo u ff  s 

gravity  data reduction  u sed  a d en s ity  o f  2 .5  gm /cm ^ (P louff, 1958 , 

p . 21) for the Bouguer correction  (s e e  Appendix A ). This is  incom patib le  

w ith  the d en s ity  o f  2 .6 7  gm /cm ^ u sed  for the Arizona grav ity  m ap. The

10
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princ ipa l fa c ts  for P lou ff1 s survey  cou ld  not be ob ta ined  so  that a correc

tion  for th is  d ifferen ce  cou ld  be c a lc u la te d . The data o f  P eterson  e t  a l .  

(1967) w ere ob ta ined  a fter  the Arizona gravity  map w as com pleted ; how 

ev er , U n iversity  o f  Arizona gravity  su rveys provided data in the area  

covered  by th is  su rv ey .

R egional G ravity Surveys by 
i the U n iv ersity  o f  Arizona

R egional grav ity  su rvey s  w ere carried  out in  Arizona from 1965  

to  1971 by p erson n e l o f  the Laboratory o f  G eo p h y s ic s  o f  The U n iversity  

o f  Arizona to  obtain  data in  areas that w ere not in c luded  in prev ious  

gravity  s u r v e y s . N ew  data w ere ob ta ined  in  som e areas p rev iou sly  sur

v ey ed  to  m eet the con tract sp e c if ic a t io n s  o f  TOPOCOM. T hese  su rvey s  

w ere supported by TOPOCOM from 1965 to 1968 and by the N ation a l 

S c ie n c e  Foundation in 1 9 7 1 . U n iversity  o f Arizona p erson n e l who par

t ic ip a ted  in the gravity  su rvey s  in c lu de  Jerry G olden  and W illiam  John

son  during 1965 , S tephen  H ench and C lifford D ew ey  during 1 966 , C lifford  

D ew ey , Robert S ta le y , Brian H ogan , and G ene Reetz during 1 967 , Robert 

S ta ley  during 1968 , and Jonathan Earl during 1971 . The author has a ls o  

conducted  reg ion a l grav ity  su rveys in Arizona s in c e  1966 .

G ravity M easurem ents

G ravity  su rveys are conducted  to m easure the va lu e  o f  "gravity"  

w hich  i s  d efin ed  a s  th e  m agnitude o f the vector  sum o f  the grav ita tion a l 

f ie ld  o f  the earth and the cen tr ifuga l a c ce le ra t io n  (s e e  equation  15 , 

A ppendix A) a t known lo c a t io n s  on the earth 's  su r fa ce . T hese  lo ca t io n s  

are c a lle d  grav ity  s ta t io n s .  A gravity  m eter, w h ich  is  som ew hat s im ilar
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to  an extrem ely  s e n s it iv e  spring b a la n c e , i s  u sed  to  m easure ch an ges  in  

gravity  from one lo ca tio n  to ano ther . The "absolu te"  va lu e  o f gravity  is  

determ ined a t a gravity  s ta tio n  by m easuring the change in gravity  from a 

lo ca tio n  w here the va lu e  o f  grav ity  i s  known (base  sta tion ) to the gravity  

s ta t io n . The va lu e  o f  grav ity  a t th e  gravity  s ta tion  is  c a lle d  the ob served  

grav ity  and is  determ ined by adding the change in  gravity  to the b a se  

s ta t io n . This procedure i s  ana logou s to  m easuring e le v a t io n s  along le v e l  

l in e s .

C orrections are app lied  to  the raw f ie ld  data in order to  c a lc u 

la te  the ob served  g ra v ity . After the ob served  gravity  h a s b een  determ ined  

various "gravity  anom alies"  are u su a lly  c a lc u la te d . The anom aly that is  

c a lcu la ted  depends on the purpose o f  the gravity  su rv ey . For e x a m p le , 

i f  the survey h as b een  conducted  to  lo ca te  the grav ity  e f fe c t  o f d en s ity  

con tra sts  that are re la ted  to a fa u lt , a grav ity  anom aly w hich  rem oves  

a ll  grav ity  e f fe c t s  e x c ep t the one re la ted  to the fau lt shou ld  be u s e d .  

C orrections that are app lied  to c a lcu la te  the ob served  gravity  are d is 

c u s s e d  under data r ed u c tio n s . G ravity anom alies  are d is c u s s e d  in  Ap

pend ix  A and the s e c t io n  on data r e d u c t io n s .

G ravity M eters

R egional grav ity  su rveys conducted  by the U n iversity  o f Arizona  

u sed  th e  L aC oste  and Romberg and the W orden gravity  m eters . The U .S .  

G e o lo g ic a l Survey a ls o  u sed  the L aC oste  and Romberg and the W orden  

grav ity  m eters for th eir  grav ity  su rveys in A rizona . TOPOCOM gravity  

su rveys in  Arizona u sed  L aC oste  and Romberg grav ity  m eters e x c lu s iv e ly .
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L aC oste  and Romberg M odel G gravity  m eters have  a range o f  

over  7 ,0 0 0  m gal, a read ing a ccu racy  o f  + 0 .0 1  m gal and a drift rate o f  

l e s s  than one m gal per month (LaC oste and Romberg, 1968 , p . 2 ) . The 

m eters are s e a le d  to  e lim in a te  any e f fe c t  from ch an ges  in  atm ospheric  

p ressu re , and a s  a sa fe ty  p recau tion , th ey  are in terna lly  p ressu re  com 

p en sa ted . The sen so r  is  d em agn etized  and e n c lo se d  in a m agnetic  

s h ie ld . The tem perature o f  the m eter is  m aintained  at a con stan t va lu e  

by a therm istor h ea t co n tro l, a 1 2 -v o lt  h ea ter , and a 1 2 -v o lt  battery or 

battery  e lim inator u n it .

The grav ity  r e sp o n se  sy stem  (F ig . 2) c o n s is t s  o f  a w e igh t on  

the end o f  a hor izon ta l beam supported by a 11 zero length" sp r in g . Sh ock -  

e lim in a ting  spr ings form a flo a tin g  p ivo t reducing fr ic tion  in the m oving  

sy s te m . A lev er  sy stem  lin k s  a m easuring screw  w ith  the zero -len g th  

spring and the beam and w e ig h t . A -dial a ttach ed  to  the m easuring screw  

determ ines w hat fraction  o f a com p lete  revo lu tion  the m easuring screw  

h as b een  ro ta ted , and a counter coun ts each  com plete  r ev o lu tio n . The 

counter read ing and d ia l read ing are c o l le c t iv e ly  referred to  a s  the d ia l 

rea d in g .

Dobrin (1960 , p . 2 11 -212 ) d e sc r ib e s  the princ ip le  o f  operation  

o f the L aC oste  and Romberg grav ity  m eter. The m eter is  equ ipped  w ith  

bubble le v e l s  w hich  are ad ju sted  s o  that the m eter m easures the v e r t ica l  

com ponent o f  g ra v ity . The w e igh t at the end o f the beam is  ba lan ced  by 

the ten s io n  in th e  z ero -len g th  sp r in g . Any change in grav ity  c a u s e s  a 

sm a ll change  in the grav ita tion a l force a c tin g  upon the w e igh t and  

c a u s e s  the beam to m ove e ith er  up or dow n . T hus, the gravity  m eter  

m easures ch a n g es  in  grav ity  and not its  a b so lu te  v a lu e . W hen the beam
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m o v es , the an g le  b etw een  the  spring and the beam ch an ges  in such  a 

w ay  that the torque the  spring exerts  var ies  in  the sam e s e n s e  a s  the  

torque due to  g rav ity . This in s ta b ility  m agn ifies  the e f fe c t  o f  a sm all 

change  in g rav ity , and b e ca u se  o f  th is  in s ta b il ity , the gravity  meter  

i s  referred to  a s  an u n stab le  ty p e , that i s ,  the force o f grav ity  is  kept in  

u n stab le  equilibrium  w ith  the restor ing  fo r c e . The m easuring screw  is  

u sed  to  return the beam to a nu ll p o s it io n , and the a s so c ia te d  change  

in  the d ia l read ing i s  a m easure o f the change in g rav ity .

The z ero -len g th  spring is  wound in  such  a w ay  that the ten s io n  

i t  ex er ts  is  proportional to  it s  p h y s ic a l length  (Garland, 1965 , p . 1 9 -  

2 0 ). If there w ere no ten s io n  on the spr ing , the length  w ould  be z ero .

It i s  on ly  w ith  th is  arrangem ent that the e lon ga tion  o f  the spring ca u sed  

by a change in grav ity  w il l  be proportional to  the change in g rav ity .

The le v er  sy stem  and m easuring screw  o f L aC oste  and Romberg 

grav ity  m eters are a ccu ra te ly  ca lib ra ted  over their  en tire  r a n g e . A c a l 

ibration  co n sta n t is  determ ined for each  100 revo lu tion s o f  the d ia l or 

about every  100 m gal o f  the 7 ,0 0 0 -m g a l range , and L aC oste  and Romberg 

(1968 , p . 5) note that the ca lib ra tion  factors on ly  depend on the qua lity  

o f  con struction  o f the m easuring screw  and the lev er  sy stem  and not on  

any type o f w eak  sp r in g . The ca lib ra tion  factors do not change p ercep 

tib ly  w ith  t im e . This e lim in a te s  the need  for frequent ca lib ra tion  c h e c k s .

The W orden grav ity  m eter has a d e s ig n  that is  som ew hat s im ilar  

to  that o f the L aC oste  and Romberg instrum ent (Dobrin , 1960 , p . 2 1 3 -  

215) and w il l  not be d is c u s s e d  h ere . The reader i s  referred to D obrin1 s 

d is c u s s io n  for d e t a i l s .
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Arizona G ravity B ase  S ta tion s

As grav ity  m eters m easure on ly  ch an ges  in  g ra v ity , a grav ity  

b a se  s ta tio n  or s ta t io n s  m ust be u sed  for contro l o f  the gravity  m easure

m en ts . A gravity  b a se  s ta tio n  is  a lo ca tio n  w here the va lu e  o f  gravity  

h as  b een  a ccu ra te ly  m easured  (se e  Appendix A ). S evera l grav ity  b a se  

s ta tio n  netw orks have been  e s ta b lish e d  in A rizon a . T hese  in c lu de  b a se  

s ta t io n s  e s ta b lish e d  by W oollard  (W oollard and R ose , 1963 ), J .S . Sumner 

(Bhuyan, 1 9 6 5 ), and the U .S .  Army Topographic Command (Schwimmer 

and R ice , 1 969 ). G ravity su rvey s  in Arizona have u sed  b a se  s ta t io n s  

from a l l  th e s e  b a se  n e tw o rk s , and a short d is c u s s io n  i s  therefore  

n e c e s s a r y .

A ll o f  the grav ity  b a se  netw orks in  Arizona are t ied  to the  

Potsdam  gravity  sy s te m , w h ich  is  d efin ed  by the va lu e  o f gravity  

(9 8 1 ,2 7 4 .0 0  mgal) at the P en d e lsa a l o f the G eo d e tic  In stitu te  in Potsdam , 

E ast Germany (W oollard , 1 969a , p . 2 84 ). This va lu e  w as  determ ined  

from pendulum m easurem ents during the period 1898 to 1904 by F . Kuhnen 

and P h . Furtwangler (W oollard , 1969a , p . 2 8 4 ). Modern exam ination  o f  

the reduction  procedures u sed  have led  to the b e l ie f  that th is  va lu e  is  in  

error by 10 to  13 m gal and that a correction  o f  - 1 3 + 2  m gal seem s  reaon -  

ab le  (W oollard , 1 969a , p . 2 8 4 ) . S in ce  a ll  grav ity  b a se  s ta t io n s  in 

Arizona are tied  to  the Potsdam  sy s te m , they  con ta in  a s c a le  error o f  

th is  m agn itude. This error d oes  not c a u se  any problem s w ith  gravity  

anom alies  or r e la t iv e  gravity  m easurem en ts , w here it  i s  su ff ic ie n t  to  

know the ob served  gravity  on a r e la t iv e  s c a le ,  and for th is  rea son  the  

correction  w a s  not in c luded  in  the b a se  netw orks in  A rizona . The
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correction  shou ld  be in c luded  where it  i s  n e c e s sa r y  to  know the a c tu a l  

in ten s ity  o f  g rav ity .

The referen ce  b a se  s ta tio n  for the U nited  S ta te s  is  the Com

m erce Building b a se  s ta tio n  in W ash ington , D .C .  This b a se  s ta tio n  is  

referred to  a s  W ash ington  A and h a s  an ob served  grav ity  o f  9 8 0 1 1 8 .0 0  

m gal (D uerksen , 1949 , p . 3) on the Potsdam gravity  sy s te m .

W oollard 's  G ravity B ase S ta tion s . W oollard and Rose (1963) 

d escr ib ed  a program o f  in ternationa l grav ity  m easurem ents carried  out 

under the a u sp ic e s  o f the O ffice  o f  N ava l R esearch , the Air Force Cam

bridge R esearch  C en ter , and the U nited  S ta te s  program for the In terna- 1 

tio n a l G eo p h y s ica l Year during the period from 1948 to 1960 . One 

o b jec tiv e  o f th is  program w as to e s ta b lish  an in ternational network o f  

r e lia b le  grav ity  b a se  s t a t io n s . T hese  b a se  s ta t io n s  w ere e s ta b lish e d  

usin g  gravity  m e te r s .

The grav ity -m eter  ca lib ra tion  standard em ployed  for th is  study  

w as b a sed  on the w e igh ted  mean v a lu e s  o f gravity  ob ta ined  a t common  

s i t e s  w ith  the G u lf-W isc o n s in , Cambridge U n iv ersity , and U .S . C o a st  

and G eo d e tic  Survey pendu lum s. Reported gravim eter v a lu e s  w ere b a sed  

on a le a s t  squares f it  to th is  standard a t a s e r ie s  o f 42 s i t e s  b etw een  

Point Barrow, A la sk a , and Paso  C o r tes , M e x ic o , cover ing  a change in  

gravity  o f  5 ,1 2 8  m ga l.

The referen ce  datum for the gravim eter b a se  s ta tio n s  w as  the  

va lu e  o f  9 8 0 1 1 8 .8  m gal (W oollard and R ose , 1 963 , p . 21) determ ined  

by W oollard for W ash ington  A. An a lternate  b a se  for the gravim eter  

work w as lo ca ted  at the U n iversity  o f  W isco n s in  and had a va lu e  o f
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9 8 0 3 6 8 .9  m gal (W oollard and R o se , 1 963 , p . 21) b a sed  upon 22 d irect  

gravim eter t ie s  and 20 d irect pendulum t ie s  w ith  W ash ington  A .

E ight b a se  s ta t io n s  w ere e s ta b lish e d  a t airports in  Arizona  

(W oollard and R o se , 1 9 63 , p . 9 3 ) . An eva lu a tion  o f the North American  

grav ity  b a se  network (Behrendt and W oollard , 1961) in d ica ted  that th e se  

b a se  s ta t io n s  are probably r e lia b le  t o + 0 .2  m gal on the average  

(Behrendt and W oollard , 1 961 , p . 5 7 ). This b a se  n e t is  referred to  a s  

W oollard1 s grav ity  b a se  s ta tion  netw ork .

The U n iv ers ity  o f Arizona G ravity B ase S ta tion  N etw ork . D r .

J. S . Sumner o f  The U n iversity  o f  Arizona e s ta b lish e d  49 gravity  b a se  

s ta t io n s  a t airports throughout Arizona in 1964 (Bhuyan, 1 9 6 5 ). Base  

s ta tio n s  w ere a ls o  e s ta b lish e d  at The U n iversity  o f  Arizona and the  

Tucson M agnetic  O bservatory . A L aC oste  and Romberg grav ity  m eter w as  

u sed  to  t ie  th e s e  b a se  s ta t io n s  to W oollard1 s b a se  W A -3 , w h ich  has an  

observed  grav ity  o f 9 7 9 2 2 7 .7  m gal (W oollard and R ose , 1963 , p . 9 3 ) . 

Bhuyan (1965 , p . 64) reported a maximum root mean square d ev ia tion  o f  

+ 0 .1 2  mgal for the ob served  gravity  determ ined from repeated  gravity  

m easurem ents at th e s e  b a se  s t a t io n s . This b a se  network is  referred to  

a s  the U n iversity  o f  Arizona gravity  b a se  s ta tion  netw ork .

The Arizona S ta te  G ravity Base S ta tion  N etw ork . A gravity  b a se  

network w as e s ta b lish e d  on the m ainland o f  the U n ited  S ta te s  during 1966  

and 1967 through the coop era tiv e  e fforts o f  the U .S . Air Force 1 s t  G eo 

d e t ic  Survey Squadron, U .S .  Army Topographic Command, U .S . C o a st  

and G eo d e tic  Survey , the U n iversity  o f H aw a ii, and Ohio S tate  U niver

s ity  (Schwimmer and R ice , 1 969 ). The net c o n s is t s  o f  b a s e s  lo ca ted  in  

f if ty -n in e  c i t i e s  throughout the U nited  S t a t e s . G ravity v a lu e s  w ere
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ob ta ined  by a le a s t - sq u a r e s  ad justm ent. A gravity  datum o f  980 1 1 8 .0 0  

m gal (Schwimmer and R ice , 1 969 , p . 527) for W ash ington  A w as u sed  for 

th is  ad ju stm en t. S ca le  w as  s e t  by the 1 2 2 8 .4 8 -m g a l in terva l b etw een  

b a se s  H ouston  A and Great F a lls  A . The la rg e s t  standard error o f  an ad

ju sted  b a se  va lu e  w as + 0 .2 1  m gal w ith  r e sp e c t  to  W ash ington  A. This 

error term show s the in ternal c o n s is t e n c y  o f  the n e t and not the s c a le  

un certa in ty . T hese  b a se  s ta tio n s  are referred to  a s  the U .S . N ation a l 

G ravity B ase N e t .

The Arizona s ta te  gravity  b a se  s ta tion  network w as ob served  by 

TOPOCOM person ne l during the period  from May 1967 to  June 1968  

(J. A . K oz lo sk y , 1 969 , w ritten  com m unication ). The lo ca tio n  o f the 72 

b a se  s ta tio n s  e s ta b lish e d  throughout Arizona are show n in Figure 3 .  

L aC oste  and Romberg gravity  m eters 10 , 23 , 4 1 , 4 6 , 4 9 , 113 , 115 , and 

122 w ere u sed  to  ob serve  the  72 s ta t io n s  (J. A . K oz lo sky , 1969 , w ritten  

com m un ica tion ). G ravity m eters 4 1 , 1 1 3 , 1 1 5 , and 122 w ere ca lib ra ted  

on the E ast C oa st C alibration  Line in 1967 , and grav ity  m eters 46 and  

49 w ere ca lib ra ted  on the North Am erican C alibration  Line in 1963 . 

G ravim eters 10 and 23 w ere u sed  w ith  factory  ca lib ra tion  o n ly .

N ils e n  (1969) d i s c u s s e s  the procedure u sed  by TOPOCOM in 

e s ta b lish in g  s ta te  b a se  s ta tio n  n e tw o rk s . The gravity  va lu e  o f  each  

sta tion  is  m easured a t le a s t  tw ice  w ith  two L aC oste  and Romberg gravity  

m ete r s . The b a se  s ta t io n s  are e s ta b lish e d  in a ladder seq u en ce  (for 

exam p le , ABCBA). Each b a se  s ta tio n  is  t ied  to  the U .S .  N a tion a l G ravity  

B ase S ta tion  lo ca ted  in the s ta t e .

D ata reduction  procedures u sed  on s ta te  b a se  n et grav ity  data  

are d escr ib ed  by C ook , N i ls e n ,  and Lambert (1971). Data red uction s
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in c lu de  correction s for earth t id e s  and in strum ent-drift e f f e c t s , and an  

a n a ly s is  is  performed to d e te c t  instrum ent ta r e s . A le a s t - sq u a r e s  n e t

work adjustm ent is  performed on the b a se  s ta tio n  network w hich  prov ides  

an a n a ly s is  o f  the errors in the network generated  by ob serva tion a l pro

ced ures  and g iv e s  error propagation  s t a t i s t ic s  for the en tire  netw ork . 

T hese  ca lcu la t io n s  perm it an eva lu a tion  o f the r e la t iv e  accu racy  o f each  

s ta tio n  in the network in  terms o f  the con fid en ce  that can  be p la ced  on 

the fin a l grav ity  va lu e  derived  for each  b a se  s ta t io n .

In A rizona, the propagated  error rep resen ts  the root mean  

square , or 68 percen t con fid en ce  in terv a l, for the s ta tion  w ith  r e sp ec t  

to  the fix ed  va lu e  o f  9 7 9 4 9 0 .6 0 2  m gal for Phoen ix  J U .S .  N a tion a l Grav

ity  B ase S ta tion  (J. A . K oz lo sk y , 1 9 69 , w ritten  com m unication ). The 

l e a s t  r e lia b le  b a se  in Arizona is  Phoen ix  U .A . , w hich  has a propagated  

error o f + 0 .0 4 3  m gal, and C asa  Grande P .O . is  the m ost r e lia b le  b a se  

w ith  a propagated  error o f + 0 .0 1 3  m ga l. The mean propagated error is  

+ 0 .0 2 9  m gal (J. A . K oz lo sk y , 1 969 , w ritten  com m unication). The prop

agated  error for each  s ta tio n  i s  r e la ted  to the number o f  ob serva tion s  a t  

the s ta t io n , the accu racy  o f  the r ea d in g s , and the geom etry o f  the t ie s  

to  Phoen ix  J.

Summary. Both W oollard 's  b a se  n e t and the U n iversity  o f  

Arizona b a se  net w h ich  is  t ied  to  W oollard 's b a se  n et a ssu m e a va lu e  o f  

9 8 0 1 1 8 .8  mgal for W ash ington  A. The Arizona s ta te  gravity  b a se  network  

a ssu m es  a va lu e  o f  9 8 0 1 1 8 .0  m gal for th is  b a s e .  There is  a d ifference  

o f  0 .8  mgal in the datum upon w h ich  th e se  b a se  netw orks are b a se d .

No correction  w as  made for th is  d ifferen ce  in any o f the  gravity  data



u sed  in the Arizona grav ity  map . This w il l  be m entioned la ter  in th is  

chapter in the s e c t io n  on errors.

A ll o f  the U n iv ersity  o f  Arizona reg ion a l grav ity  su rveys are 

t ied  to  the Arizona s ta te  gravity  b a se  netw ork . M ost o f the other Univer

s ity  o f  Arizona gravity  su rvey s  are t ied  to the U n iversity  o f  Arizona  

gravity  b a se  netw ork . U .S . G eo lo g ic a l Survey gravity  su rveys are t ied  

to  W oollard 's  grav ity  b a se  n etw ork . TOPOCOM gravity  su rveys in  

Arizona are t ied  to  the Arizona s ta te  gravity  b a se  netw ork .

The Arizona s ta te  gravity  b a se  network provides a large number 

o f accura te  gravity  b a se  s ta tio n s  throughout A rizon a . In order to p la ce  

a ll  future gravity  s ta t io n s  in  Arizona on the sam e datum , it  is  recom 

mended that th is  b a se  network be u sed  in  future gravity  su r v e y s . The 

ob served  g ra v ity , propagated error, photographs, and d e scr ip tio n s  o f  

th e s e  b a se  s ta t io n s  are a v a ila b le  from the G ravity D iv is io n , U .S .  Army 

Topographic Command, W ash in g ton , D .C .  20315 .

F ie ld  Procedure U sed  in  R egional G ravity Surveys  
by the U n iversity  o f  Arizona

R egional grav ity  su rvey s  conducted  by the U n iversity  o f  Arizona  

w ere carried out accord ing  to TOPOCOM s p e c i f ic a t io n s . T hese  s p e c i f i 

c a tio n s  w ere not f in a liz ed  un til 1 9 6 7 . This d is c u s s io n  a p p lie s  to  reg ion 

a l gravity  data c o lle c te d  by the U n iversity  o f  Arizona after th is  date; 

h ow ever , data c o lle c te d  prior to th is  date u sed  sim ilar  p roced ures . A ll 

o f  the grav ity  data c o l le c te d  by TOPOCOM gravity  crew s m et TOPOCOM 

s p e c i f ic a t io n s . S p ec if ic a t io n s  for d e ta iled  gravity  su rvey s  conducted  by  

the U n iversity  o f Arizona and the U .S .  G eo lo g ica l Survey are d is c u s s e d

22
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in the re feren ces  noted  in Chapter 1 . In g en era l, the sp e c if ic a t io n s  o f  

th e s e  grav ity  su rveys are sim ilar  to  the TOPOCOM s p e c if ic a t io n s .

G ravity su rveys conducted  u sin g  TOPOCOM sp e c if ic a t io n s  

began  and ended each  loop  w ith a grav ity  m eter read ing a t an Arizona  

s ta te  gravity  b a se  s ta t io n . A loop  is  d efin ed  by th e se  two read ings and 

c o n s t itu te s  the b a s ic  un it o f  any grav ity  survey in w hich  gravity  d iffer

e n c e s  are m easured w ith  a gravity  m eter . The maximum tim e in terva l 

b etw een  the beg inn ing  and end ing b a se  s ta tio n  gravity  m eter reading  

w a s three d a y s . L ong-tim e in terva ls  betw een  b a se  s ta tion  read ings are 

now p rac tica l i f  low  drift rate gravity  m e ters , such  a s  the L aC oste  and  

Romberg grav ity  m eter , are u sed  for making gravity  m easurem ents and  

i f  t id e  correction s are app lied  to  the gravity  da ta .

W henever a loop  w as tem porarily stopped  more than 30 m in u te s , 

"drift station"  gravity  m eter read ings were taken  a t the b eg inn ing  and 

end o f the s to p . An exam ple w a s  an overn ight s to p . Prior to  the b eg in 

n ing o f the  s to p , a gravity  m eter read ing w as made in a con ven ien t  

lo ca tio n  in the even in g  and another reading w as made a t the sam e lo c a 

tion  the n ex t morning before the loop  w as con tin u ed . W ith th e se  two  

rea d in g s , the overn igh t drift o f  the gravity  m eter w as  rem oved . The 

grav ity  m eter drift that occurred w h ile  the loop  w as in  progress w as  re 

m oved s ep a ra te ly .

G ravity m eter read ings w ere a ls o  taken  at f ie ld  s ta tio n s  during 

the  course  o f  a lo o p . T hese  s ta tio n s  were po in ts  a t w hich  the ob served  

grav ity  and grav ity  an om a lie s  (Appendix A) w ere to be d eterm ined . F ie ld  

s ta t io n s  w ere lo ca ted  at p o s it io n s  that cou ld  be a ccu ra te ly  p lo tted  on  

U .S . G eo lo g ica l Survey 1 :6 2 ,5 0 0  and 1 :2 4 ,0 0 0  s c a le  topographic m ap s,
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for ex a m p le , road in te r s e c t io n s . In ad d ition , f ie ld  s ta tio n s  w ere lo ca ted  

at po in ts  w here the e lev a t io n  w as  a ccu ra te ly  know n. U su a lly , s ta tion  

lo c a t io n s  that w ere a c c e s s ib le  to  a fou r -w h ee l-d r iv e  v e h ic le  w ere  

c h o s e n .

To sum m arize , the gravity  su rveys w ere com posed  o f  many 

sep ara te  lo o p s . Each loop  c o n s is t e d  o f  an in it ia l ba'se s ta tion  gravity  

m eter read in g , f ie ld  s ta tio n  rea d in g s , drift s ta tion  r ea d in g s , and a fin a l 

b a se  s ta tio n  read in g . The inform ation recorded for each  s ta tion  inc luded  

the s ta tion  number, d a te , t im e , grav ity  m eter d ia l read in g , la t itu d e ,  

lo n g itu d e , topographic map nam e, e le v a t io n , and a lo ca tio n  d escr ip tion  

o f the s ta t io n .

TOPOCOM sp e c if ic a t io n s  required s ta tion  in terva ls  o f  5 m ile s  

or l e s s .  The s ta tion  e lev a t io n  w as  determ ined from bench m arks, tem 

porary bench  m arks, ch eck ed  sp o t e le v a t io n s ,  sp o t e le v a t io n s ,  and in  

a few  in s ta n ce s  from contour in terp o la tion . Latitude and long itud e  w ere  

in terpo la ted  to  the n ea rest 0 .1  m inute from U .S . G eo lo g ic a l Survey  

topographic m a p s .

G ravity D ata Reduction

The purpose o f  grav ity  data reduction  is  to  determ ine v a lu e s  

for the ob served  grav ity  and gravity  anom alies  o f the f ie ld  s t a t io n s .

O bserved  G rav itie s

The fir s t  s tep  in gravity  data reduction  i s  to  c a lcu la te  the ob 

served  grav ity , that i s ,  the m easured va lu e  o f  g rav ity , a t the f ie ld  

s ta t io n s  from the grav ity  m eter read ings at the b a se  s ta t io n s , drift s ta 

tio n s  , and f ie ld  s ta t io n s  and the known va lu e  o f  gravity  at the b a se
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s ta t io n . F irst, the change in grav ity  from the b a se  s ta tio n  to  the f ie ld  

s ta tio n  is  c a lc u la te d . This change in gravity  i s  added to  the known 

va lu e  o f  grav ity  at the b a se  s ta tion  to  determ ine the ob served  gravity  

o f the f ie ld  s ta t io n .

To c a lcu la te  the change  in  gravity  from the b a se  s ta tio n  to  the  

f ie ld  s ta tio n  the fo llow in g  correction s are made to  the gravity  meter  

read ings o f  a l l  the grav ity  s ta t io n s :

1 . The d ia l read ing is  converted  to  m gal u n it s ,

2 . An earth tid e  correction  is  a p p lied , and

3 . A grav ity  m eter drift correction  is  a p p lie d .

After the  d ia l read ings are converted  to  m gal u n its , u sin g  the  

ca lib ra tion  factors  for the grav ity  m eter, an earth tid e  correction  is  

app lied  to each  o f  the gravity  m eter r e a d in g s . G ougel (1954 , p . 2 -5 )  

h as show n that the correction  c  for the tid a l e f fe c t  o f  the sun and moon 

can  be e x p r e ssed  a s

c  = P + N co s  jz$(cos$  + sin/zS) + S c o s ^ f c o s $  -  s in f6) .

The fir st term P is  the correction  app lied  a t the p o le , and N and S are 

the correction s app lied  a t la titu d e s  4 5 °  N . and 4 5 °  S . ,  r e sp e c t iv e ly ;

$  i s  the la titude  a t w hich  the gravity  m easurem ent is  m ade. This cor

rec tion  h a s a maximum varia tion  o f  about 0 .3  mgal (Serv ice Hydrograph-  

ique de la M arine and Com pagnie G enerale  de G eop h ysiq u e , 1971 ,

F ig . 1 ). It a cco u n ts  for the th eo re tica l tid e  correction  for a rig id  ea r th . 

The e la s t ic  deform ation  o f  the earth under the in flu en ce  o f earth t id e s  is  

incorporated  into th e  ca lcu la tio n  by m ultip ly ing th e  rig id  earth correction  

by a factor  o f  1 .2  (G ou gel, 1 954 , p . 2 ). The f ir s t  term P is  a lw ay s  

n eg a tiv e  and var ies  s lo w ly  enough that it  can  be n eg le c ted  when the
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e la p sed  tim e b e tw een  b a se  s ta tio n  read ings is  l e s s  than 24 h o u rs . The 

v a lu e s  o f P , N , and S depend on the r e la t iv e  p o s it io n  o f  a po in t on the  

earth 's  su rface  w ith  r e sp e c t  to  the p o s it io n  o f the sun  and the m oon, 

and ta b le s  o f  P , N , and S are pu b lished  each  year by the European 

A sso c ia t io n  o f  Exploration G e o p h y s ic is ts  a s  a supp lem ent to the journal 

G eo p h y s ica l P ro sp ec tin g .

The fin a l correction  made to  the gravity  m eter read ings i s  an  

instrum ent drift c o rr ec tio n . If grav ity  m eter read ings are taken  a t the  

sam e lo ca tio n  over a period o f  tim e , the d ia l read ings w il l  vary w ith  

tim e even  after  a su ita b le  tid e  correction  is  m ad e . This drift i s  due to  

creep  o f  the grav ity  m eter su sp en s io n  sy stem  (Dobrin, 1 960 , p . 2 1 6 ).

It i s  u su a lly  a ssu m ed  that instrum ent drift is  a lin ear  function  o f  tim e . 

The s lo p e  o f th is  l in e  i s  e s ta b lish e d  by ca lcu la tin g  the d ifferen ce  b e 

tw een  the two grav ity  m eter read ings at the b a se  s ta tion  after  tid e  cor

rec tio n s  have  been  made and d iv id ing  th is  d ifference  by the e la p sed  

tim e b etw een  b a se  s ta tio n  r ea d in g s .

Two separa te  drift co rrection s w ere made to the grav ity  d a ta . 

F irst , a ll  drift that occurred during periods when the loop  w as tem po

rarily h a lted  w as  rem oved . The s e t s  o f two gravity  m eter read ings a t  

drift s ta tio n s  w ere u sed  to  c a lcu la te  th is  instrum ent d r ift. N ex t , the  

instrum ent drift and instrum ent drift rate w as ca lcu la ted  for the rem ain

ing tim e period betw een  b a se  s ta tio n  read ings w hen the gravity  survey  

w a s  in p r o g r e s s . A drift correction  w as then  app lied  to  each  f ie ld  s ta 

tion  grav ity  m eter read ing by a ssu m ing  that instrum ent drift w as a lin ear  

function  o f  t im e .
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After th e s e  correction s w ere made to  a l l  gravity  m eter r e a d in g s , 

the change in grav ity  from the b a se  to  the f ie ld  s ta tio n  w as determ ined  

by ca lcu la tin g  the d ifference  b etw een  the corrected  gravity  m eter d ia l  

read ings a t th e s e  two s ta t io n s .

F in a lly , the d ifferen ce  in  gravity  b etw een  the  b a se  and the f ie ld  

s ta tio n  w as  added to the known va lu e  o f  grav ity  a t the b a se  s ta tio n  to  

determ ine the ob served  grav ity  o f the f ie ld  s ta t io n .

Errors in  the O bserved  G r a v it ie s . The d e s ig n  o f  the L a co ste  

and Romberg grav ity  m eter red u ces  the e f fe c t  o f  many p o s s ib le  sou rces  

o f sy stem a tic  error in  the m eter. The e f fe c t  o f ch an ges  in  atm ospheric  

p ressu re , tem perature, and m agnetic  fo rces  on the gravity  m eter's  

resp o n se  sy stem  are m in im ized .

The e f fe c t  o f  instrum ent drift cannot be co m p le te ly  e lim in a ted  

u n le s s  the drift curve is  truly lin ea r , although th is  error w il l  be sm all 

i f  the drift rate i s  low  enough . L aC oste  and Romberg (1968 , p . 2) s ta te  

that the drift rate o f the L aC oste  and Romberg gravity  m eter is  " le s s  

than 1 m gal per m onth." This i s  eq u iva len t to  a drift rate o f  0 .0 0 1 4  mgal 

per hour. The drift rate o f  L aC oste  and Romberg gravity  m eter 174 w as  

ch eck ed  for a period o f 18 days in  1969 and found to  be 0 .0 0 0 3 3  mgal 

per hour (W est, 1 970 , p . 12) and the drift curve w as  approxim ately  

lin ea r . The average o f  th e  ab so lu te  v a lu es  o f drift ra tes  for m eter 174 

w as 0 .0 1 0 4  m gal per hour for 51 lo o p s  run during the summer o f 1 9 7 1 . 

This drift rate i s  s ig n if ic a n t ly  h igher than the va lu e  o f  1 m gal per month 

b eca u se  it  rep resen ts  drift that occurred w h ile  the m eter w as being  

transported  in the f ie ld .  O vernight meter drift has b een  e lim in a ted  from 

th e s e  drift rate c a lcu la t io n s  .
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Another p o s s ib le  source  o f  error in  the ob served  gravity  is  the  

tid e  correction . The author (1970 , p . 14) e stim a ted  that sy s tem a tic  

errors in the tid e  correction  for a gravity  survey  in  Avra V a lley , A rizona , 

probably did not e x c e e d  0 .0 2  m ga l.

The author (1970 , p . 1 3 -15 ) e stim a ted  that random errors in the  

ob served  gravity  determ ined for f ie ld  s ta tio n s  in  Avra V alley  w ere about 

+ 0 .0 8  m ga l. During the  reg ion a l gravity  survey  o f  A rizona, many gravity  

s ta t io n s  w ere r eo b serv ed . Some o f  th e se  reob serva tion s w ere carried  out 

by d ifferen t grav ity  survey  crew s u s in g  d ifferen t L aC oste  and Romberg 

grav ity  m e te r s . W hen the ob served  gravity  determ ined for each  o f th e s e  

o b serva tion s  w as  com pared, the  d ifference  b etw een  the tw o v a lu e s  rare

ly  ex ce ed ed  0 .1  m ga l.

J. A . K ozlosky  (1969 , w ritten  com m unication) reported that a 

mean standard uncerta in ty  o f  + 0 .0 2 6  mgal occurred for 4 ,6 9 5  grav ity  

ob serv a tio n s  at 3 ,3 5 5  s ta t io n s  in A rizona . T hese  ob serva tion s  w ere  

made by TOPOCOM grav ity  crew s betw een  February 1968 and July 1969  

u sin g  L aC oste  and Romberg gravity  m e te r s . The maximum standard un

certa in ty  a t a s ta tio n  w as + 0 .1 3 5  m gal.

T h u s , the error in  th e  observed  gravity  o f a f ie ld  s ta tio n  ob 

served  by U n iversity  o f  Arizona and TOPOCOM crew s during the reg ion a l 

grav ity  survey  o f  Arizona is  e stim a ted  to be about + 0 . 1  m gal r e la t iv e  to  

the Arizona s ta te  grav ity  b a se  n etw ork .

G ravity A nom alies

A d is c u s s io n  o f the various typ es  o f grav ity  a n o m a lie s , that i s ,  

the fr e e -a ir , Bouguer, and i s o s t a t ic  a n o m a lie s , is  g iv en  in Appendix A .
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O nly a short q u a lita tiv e  d is c u s s io n  o f  the fr e e -a ir  and Bouguer anom alies  

w ill  be g iv en  h e r e . The in tere sted  reader is  referred to  Appendix A for a 

qu an tita tive  treatm ent o f th is  to p ic . The m ain purpose o f  th is  s e c t io n  is  

to  d is c u s s  errors in  the fr e e -a ir  and Bouguer anom alies  w h ich  are u sed  

in  the in terpretation  o f  grav ity  data in  A rizon a .

B a s ic a lly , grav ity  an om a lie s  compare v a lu e s  o f  grav ity  that 

have been  corrected  to  mean s e a  le v e l  w ith  a " theoretica l"  va lu e  o f  s e a -  

le v e l  grav ity  that i s  determ ined by the in ternationa l grav ity  form ula. 

C orrections are app lied  to  the  ob served  g rav itie s  o f the f ie ld  s ta t io n s  to  

determ ine a corrected  va lu e  o f  grav ity  a t mean s e a  l e v e l .  The typ es  o f  

correction s that can  be app lied  in c lu de  (1) the fr e e -a ir  correction , (2) 

the Bouguer correction , and (3) the terrain correction .

The fr e e -a ir  anom aly for a f ie ld  s ta tio n  i s  g iv en  by its  ob served  

gravity  p lu s the fr e e -a ir  correction  minus the in ternationa l g rav ity . (See  

Appendix A .) The purpose o f the fr e e -a ir  correction  is  to  rem ove the  

gravity  e f fe c t  that r e su lts  b e ca u se  the f ie ld  s ta tion  is  not a t the sam e  

e lev a t io n  a s  mean s e a  l e v e l .

The Bouguer anom aly for a f ie ld  s ta tio n  is  g iv en  by its  ob served  

gravity  p lu s the fr e e -a ir  correction  minus th e  Bouguer correction  p lus the  

terrain co rrection . (See Appendix A .) The purpose o f the Bouguer and the  

terrain correction s is  to  rem ove the gravity  e f fe c t  o f d ev ia tio n s  o f the  

topography from m ean s e a  l e v e l .  It is  u su a lly  a ssu m ed  that th e s e  top o 

graphic d ev ia tio n s  are o f  co n sta n t d e n s ity .

Another co rrection , the curvature correction  (Appendix A), is

som etim es app lied  to grav ity  d a ta . U .S . G e o lo g ic a l survey  gravity  data  

in  Arizona in c lu de  th is  correction  w hen  Bouguer anom alies  are c a lc u la te d .
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To make the reg ion a l Bouguer gravity  anom aly map o f Arizona com patib le  

w ith  other grav ity  m aps, the com m only u sed  d en s ity  o f  2 .6 7  g m /cm3 

(Dobrin , 1 960 , p . 189) w a s  u sed  to  c a lcu la te  the Bouguer a n o m a lie s . 

Equations for th e s e  ca lcu la tio n s  are g iv en  in Appendix A.

Errors in  the G ravity A n om a lies . Errors occur in the c a lcu la ted  

gravity  anom alies  b e ca u se  o f  errors in the ob served  grav ity , la t itu d e ,  

and e le v a t io n . The error in  the ob served  gravity  has a lready  been  

d is c u s s e d .

An error in  the determ ination  o f the la titude  o f  a grav ity  s ta tio n  

c a u s e s  an error in the ca lcu la ted  va lu e  o f the in ternationa l gravity  %  

from equation  (17) in Appendix A. S in ce  'Y  i s  u sed  to  c a lcu la te  both the  

fr e e -a ir  and Bouguer gravity  anom alies  (equations 19 and 22 , Appendix  

A ), th is  error is  included  in th e se  a n o m a lie s . In A rizona, th is  error AT" 

in  mgal is  g iv en  approxim ately  by the equation  (Dobrin, 1 960 , p . 234):

A 7 =  2 .2 8  x  10"4 A x

where A x  is  the error in fe e t  in  determ ining the lo ca tio n  o f  the sta tion  

in  a north -sou th  d ir e c t io n .

M ost grav ity  s ta tio n s  w ere a t bench m arks, road in te r s e c t io n s ,  

and other p o s it io n s  that are a ccu ra te ly  lo ca ted  on U .S .  G eo lo g ic a l Sur

v ey  topographic m aps. For topographic maps that m eet the N ation a l 

Map A ccuracy Standards (M arsden , 1960 , Appendix 1 0 ), hor izon ta l p o s i 

tion s  o f  at le a s t  90 percen t o f  w e ll-d e f in ed  p lan im etric  fe a tu r e s , such  

a s  bench  marks and road in ter sec tio n s  , m ust be accurate  w ith in  o n e -  

fif t ie th  o f an inch on the pub lished  m ap. This is  approxim ately  eq u iva 

len t  to  100 fe e t  on the ground for 1 :6 2 ,5 0 0 - s c a le  maps and 40 fe e t  on  

the  ground for 1 : 2 4 ,0 0 0 - s c a le  m ap s. This corresponds to errors o f about
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0 .0 2  and 0 .0 1  m gals in  'Y  and therefore in  the fr e e -a ir  and Bouguer 

anom alies  for the 1 :6 2 ,5 0 0 -  and 1 :2 4 ,0 0 0 - s c a le  m ap s, r e sp e c t iv e ly .

Errors in  the f ie ld  s ta tion  e lev a t io n s  c a u se  errors in  both the  

fr e e -a ir  and Bouguer anom alies  b eca u se  o f errors in  the fr e e -a ir  and 

Bouguer correction s . From equation  (18) in  Appendix A, an error o f  A h  

fe e t  c a u s e s  an error o f  A F  mgal in  the fr ee -a ir  correction  w h ich  is  g iven  

by 4

AF = 0 .094  A h .

The error in the Bouguer correction  AB is  g iv en  (equation  20 , Appendix  

A) by

AB = 0 .034  Ah

where AB is  in  m ga l.

E leva tion s g iv en  on U .S .  G eo lo g ica l Survey topographic maps 

w ere u sed  to  c a lcu la te  the gravity  a n o m a lie s . Bench m arks, ch eck ed  

sp o t e le v a t io n s ,  and sp o t e le v a t io n s  w ere u sed  w hen p o s s ib le .  In som e  

p la c e s ,  it  w as n e c e s sa ry  to  in terpo la te  e le v a t io n s  from the e lev a t io n  

co n to u rs . The p rec is io n  o f  e le v a t io n s  determ ined from bench marks d e 

pends on the agreem ent b e tw een  r e su lts  o f  le v e l in g  in both d irection s  

over a le v e l  lin e  (Bouchard and M offitt, 1965 , p . 6 8 ). The N ation a l 

Map A ccuracy Standards (M arsden , 1960) require that e le v a t io n s  o f 90 

percen t o f po in ts  te s te d  sh a ll  agree w ith e le v a t io n s  in terpo la ted  from 

contour l in e s  w ith in  o n e -h a lf  o f the contour in terv a l. C hecked  sp o t  

e le v a t io n s  are accura te  to w ith in  o n e -ten th  the contour in terv a l, and 

sp o t e le v a t io n s  are accu ra te  to  w ith in  one-fourth  the contour in terv a l.

Contour in terva ls  on U .S .  G eo lo g ica l Survey topographic maps 

in  Arizona are norm ally l e s s  than 80 f e e t .  A 40 -fo o t  error in  the e lev a t io n



32

w ould  c a u se  an error o f  3 .7 5  m gal in  the fr e e -a ir  anom aly and 2 .4 0  m gal 

in  the  Bouguer anom a ly .

The e f fe c t  o f  terrain (Appendix A) on the Bouguer anom alies  m ust 

a ls o  be co n s id e red . Some o f  the  Bouguer anom alies  u sed  in the Arizona  

grav ity  map (F ig . 4 ,  in  pocket) have terrain correction s in c lu d e d . D ata  

from gravity  su rveys by H ench (1968 ), Popenoe (1968 ), P louff (1962), 

Peterson  (1969), W est  (1970 ), and unpub lished  gravity  data from a grav

ity  survey  by M . J. Benham (1971 , w ritten  com m unication) near Payson  

in c luded  terrain c o r r e c t io n s . The rem ainder o f  the grav ity  data u sed  in  

the Arizona gravity  map did not in c lu de  terrain correction s in the Bouguer 

a n o m a lie s .

S ig n ifica n t terrain  e f fe c t s  can  occur in  areas o f rugged terra in . 

The author ch eck ed  terrain correction s ca lcu la ted  for the grav ity  surveys  

g iv en  above and reached  the fo llow in g  c o n c lu s io n s . In the B asin  and  

Range province o f southern A rizona , terrain e f fe c t s  are v a r ia b le . In the  

v a l l e y s , terrain correction s rarely  e x ce e d  0 .5  m gal (D a v is , 1 9 6 7 , p la te  

2; H en ch , 1968 , F ig . 2 ). In the sm aller  m ountain r a n g e s , the terrain  

correction s can  be a s  large a s  15 m ga l. For exam p le , the correction  for 

terrain out to  60 m ile s  a t K eystone Peak (e leva tion  6 ,2 0 6  ft) in  the  

Sierrita  M ountains so u th w est o f  Tucson  is  1 0 .5  m gal (P louff, 1962 , 

p . 2 1 ). The correction  for terrain out to 1 3 .6  m iles  from Mount Lemmon 

(e lev a tio n  9 ,0 8 0  ft) in  the Santa C ata lina  M ountains i s  25 m g a l. This 

i s  one o f the h ig h e s t  m ountain p eak s in  southern A rizona.

A ty p ica l exam ple o f  terrain correction s in the B asin  and Range 

prov ince  is  g iv en  by P lo u ff  s (1962) survey o f  the Tucson  area , where  

terrain  correction s w ere ca lcu la ted  out to 60 m ile s  for 1 ,2 5 0  gravity
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s ta t io n s , u s in g  a d en s ity  o f  2 .6 7  g m /cm 3 . This survey  in c luded  parts o f  

the  Sierrita M ou n ta in s , Tucson  M oun ta in s , T ucson  B a sin , and Avra Val

le y .  Thirteen percen t o f  the grav ity  s ta tio n s  had terrain correction s over  

one m gal, 4 p ercen t over  two m ga l, and about 1 p ercen t over three m gal. 

The rea son  that m ost o f  the terrain e f fe c t s  are l e s s  than three m gal is  

that m ost o f the gravity  s ta t io n s  are lo ca ted  in the v a lle y s  where terrain  

e f fe c t s  are l e s s .

In the tran sition  zone  betw een  the Basin  and Range and Colorado  

P la teau s p rov in ces  o f cen tra l Arizona (W ilson  and M oore, 1959 ), terrain  

e f fe c t s  near the M ogollon  Rim are a s  large a s  8 m gal (M . J. Benham ,

1971 , w ritten  com m unication) in the  Payson  a r e a . E levation  ch an ges  o f  

sev era l thousand  fe e t  occur over a d is ta n ce  o f  one or tw o m ile s  in  th is  

a r e a . Terrain correction s in the Happy Jack area o f cen tra l Arizona w ere  

a ll  l e s s  than three mgal (John H endrick , 1971 , w ritten  com m unication).

On the Colorado P la teau , s ig n if ic a n t terrain e f fe c t s  occur near  

the large ca n y o n s . Popenoe (1968), u sin g  a d en s ity  o f  2 .6 7  gm /cm 3 , 

c a lcu la ted  terrain correction s out to  a d is ta n ce  o f  1 6 6 .7  km for 619 

grav ity  s ta t io n s  in  the area north o f Grand Canyon in A rizon a . High  

var ia tion s in the terrain correction s occur near Grand C anyon . For e x 

am p le , a maximum terrain correction  o f  3 9 .5  m gal w as  c a lcu la ted  for a 

grav ity  s ta tio n  on the North Rim o f  the Grand C anyon , w h ile  approxim ate

ly  two m iles  north , the terrain correction  w as on ly  1 4 .1  mgal for a s ta 

tion  that w as a ls o  near th e  canyon  e d g e . For the 619 s ta t io n s ,  63 

percen t had terrain correction s greater than one m ga l, 11 p ercen t had  

terrain correction s greater than 5 m gal, and 2 percen t had terrain co r 

rec tio n s  greater than 10 m ga l.
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The fo llow in g  sum m arizes error e s t im a te s  for the grav ity  data

reduction:

B ase s ta tio n  ob served  gravity

Tide correction s

F ie ld  s ta tio n  ob served  gravity

E stim ated
Error

+ 0 .2  m gal 

+ 0 .0 2  m gal 

+ 0 .1  m gal 

+ 0 .0 2  m gal 

+ 3 .7 5  m gal 

+ 1 .3 5  m gal

L atitude

Maximum error in  fr e e -a ir  correction

Maximum error in Bouguer correction  

In ad d ition , s ig n if ic a n t  terrain e f fe c t s  may occur in areas w here there is  

rugged terrain and no terrain correction s have  b een  app lied  to  the d a ta .

The error e s t im a te s  g iv en  above are the errors r e la t iv e  to the  

b a se  s ta tio n  n et u sed  in a particu lar su rvey . In a d d it io n , grav ity  sur

v e y s  in  Arizona w hich  u sed  W oollard 's  or the U n iversity  o f Arizona b a se  

n e ts  are on a datum w hich  i s  0 .8  m gal greater than the Arizona s ta te  

gravity  b a se  netw ork .

W hen the  a b so lu te  va lu e  o f gravity  on the Potsdam  gravity  s y s 

tem is  requ ired , the s c a le  error o f 13 + 2 m gal shou ld  be subtracted  from 

the ob served  gravity  o f the gravity  s ta t io n . This error w il l  not a f fe c t  the  

in terpretation  o f grav ity  anom alies  s in c e  gravity  data in terpretation  is  

on ly  concerned  w ith  ch a n g es  in  the v a lu e s  o f  th e  a n o m a lie s .

G ravity D ata  R eduction  Computer Programs

A ll grav ity  data inc luded  in the reg ion a l Bouguer grav ity  anom aly  

map o f Arizona (F ig . 4 , in  pocket) w ere reduced  by a d ig ita l com puter. 

Programs w ere w ritten  by the ind iv idua l so u rce s  o f the d a ta . TOPOCOM
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reduced  a ll  o f  the  reg ion a l grav ity  c o lle c te d  by the U n iv ersity  o f  Arizona  

through 1 968 . G ravity data c o lle c te d  by the U n iversity  o f  Arizona during 

1971 w ere reduced  by a com puter u sin g  a program w ritten  by the author. 

This program c a lc u la te s  a ll  o f  the correction s n e c e s sa r y  to  obtain  the  

ob served  grav ity  and red u ces  the ob served  grav ity  to fr e e -a ir  and 

Bouguer a n o m a lie s . A l is t in g  o f  the  FORTRAN source deck  is  a v a ila b le  

from the author.

The R egional Bouguer G ravity  
Anomaly Map o f Arizona

A ll a v a ila b le  grav ity  data in Arizona w ere punched on IBM cards  

and p la ced  in  a card c a ta lo g . T hese  cards w ere u sed  a s  input to  a p lo tter  

program w hich  p lo tted  the s ta tio n  lo ca tio n  and printed the Bouguer anom

a l ie s  on over lay s  o f  1 :2 5 0 ,0 0 0 - s c a le  Army Map S erv ice  s e r ie s  m ap s. The 

Bouguer anom alies  w ere ed ited  and contoured by hand . T hese  ov er lay s  

w ere reduced  to a s c a le  o f  1 :5 0 0 ,0 0 0  to produce the fin a l map (F ig . 4 ,  

in  p o c k e t) .

Arizona G ravity D ata IBM Card C ata log

U n iversity  o f  A r izon a , U .S . G eo lo g ica l Survey , and U .S .  Army 

Topographic Command gravity  data were punched on IBM cards and 

p la ced  in a card c a ta lo g . One card w as punched for each  grav ity  o b ser 

vation  and in c luded  the fo llow in g  data:

1 . S ta tion  name and number

2 . Latitude

3 . Longitude

4 .  E leva tion
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5 . O bserved  gravity

6 . F ree-a ir  anom aly (

7 .  Bouguer anom aly

8 . Terrain correction  (if ca lcu la ted )

9 .  Id en tif ica tion  number ind ica ting  data s o u r c e .

The data w ere separa ted  in to  grou p s, one for each  1 :2 5 0 ,0 0 0 -  

s c a le  Army Map Serv ice  (AMS) s e r ie s  map o f  A rizona . T w enty-three  

o f  th e se  maps cover  the s ta te  o f A rizona .

Production o f  the R egional Bouguer 
G ravity Anomaly Map o f  Arizona

A C alcom p p lo tter  program w as w ritten  by the author to  p lo t the  

grav ity  data in the card ca ta lo g  a t a s c a le  o f  1 :2 5 0 ,0 0 0 , u sin g  a Uni

v e r sa l T ransverse M ercator (UTM) projection  subroutine w ritten  by F .

C . Craw a t the U n iversity  o f  W isco n s in  (Sauck, 1971 , w ritten  commu

n ica tion ) . The p lo tter  p lo tted  the lo ca tio n  o f  each  gravity  s ta tio n  on  

1 :2 5 0 ,0 0 0 - s c a le  ov er la y s  o f  the AMS s e r ie s  maps and printed the va lu e  

o f the Bouguer anom aly b e s id e  the s ta tio n  lo c a t io n . A l is t in g  o f  the  

p lotter  program FORTRAN source  deck  is  a v a ila b le  from the author upon 

req u e s t .

The p lo tted  over lay s  w ere contoured at 5 -m ga l contour in te r v a ls . 

During the con touring , s ta t io n s  w h o se  Bouguer anom aly v a lu e s  appeared  

to  be in error w ere e d ite d . Editing c o n s is te d  o f  ch eck ing  for keypunch  

errors in  the card c a ta lo g , data reduction  errors , and errors in  the o r ig i

nal f ie ld  d a ta . If errors w ere fou nd , th ey  w ere corrected  by hand and 

the corrected  data w ere p lo tted  by hand . If no errors w ere d e te c te d , a 

d e c is io n  w as  made w hether or not to throw out the gravity  s ta tio n  data



on the b a s is  o f  the Bouguer anom alies  o f nearby s t a t io n s . G ravity s ta 

tio n s  w h o se  grav ity  m eter d ia l read ings w ere o b v io u s ly  in correct w ere  

e lim in a ted .

The fin a l contoured over lay s  were reduced  to  a s c a le  o f  

1 :5 0 0 ,0 0 0  and recontoured  on the sam e b a se  map that w as u sed  for the  

g e o lo g ic  map o f Arizona (W ilson  e t  a l . , 1 9 6 9 ). The pro jection  u sed  for 

th is  b a se  map is  the Lambert conform al c o n ic  p ro jec tion . S in ce  the  

reduced  o v er la y s  u sed  the U n iversa l T ransverse M ercator p ro jec tion , a 

s lig h t  adjustm ent had to  be made during the fin a l con touring . This ad

ju stm en t did not change the lo ca tio n  o f  a contour by more than a m ile  

on the 1 :5 0 0 ,0 0 0 - s c a le  m ap. S in ce  many o f the s ta tio n  in terva ls  are 5 

m ile s ,  the adjustm ent had very l i t t le  e f fe c t  on the fin a l m ap.

Figure 4 (in pocket) show s the reg ion a l Bouguer grav ity  anom aly  

map o f A rizona. Contours are dashed  or d e le ted  in areas w here s ta tio n  

in terva ls  are too  large to determ ine p r e c is e ly  the contour p o s it io n . In 

northeastern  A rizona , grav ity  data w ere not ob ta ined  in large  areas b e 

c a u se  o f the lack  o f  adequate  topographic m a p s , and th e se  areas w ere  

le f t  b lank .
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CHAPTER 3

GENERAL GEOLOGY AND RECENT TECTONIC 

MODELS FOR ARIZONA

The purpose o f  th is  chapter is  to rev iew  g e o lo g ic a l s tu d ie s  and  

te c to n ic  m odels that are pertinen t to the in terpretation  o f the reg ion a l 

Bouguer gravity  anom aly map o f  A rizona .

G eneral G eo logy

D is c u s s io n s  o f  the g e o lo g y  o f  Arizona are g iv en  by E . D . 

W ilson  (1962) and H ayes (1969). The short summary g iv en  here is  m ain

ly  taken  from H a y e s .
/

Physiography

Arizona is  d iv id ed  in to  tw o d is t in c t  p r o v in c e s , the B asin  and  

Range and the C olorado P la te a u s . S evera l boundaries that sep ara te  

th e se  two p rov in ces  have been  proposed  on the b a s is  o f top ograp h ic , 

structura l, and ph ysiograph ic  c r ite r ia . Severa l o f  the more recen tly  

proposed  boundaries are show n in Figure 5 . E. D . W ilson  and M oore's  

(1959) d iv is io n  w as  made on the b a s is  o f s tru c tu re . They (1959 , p . 89) 

in c luded  a tran sition  zone  in the cen tra l and sou th ea stern  parts o f  the  

s ta te  in w h ich  "the s tr a ta , a lthough lo c a lly  fo ld ed , tend to  be r e la t iv e ly  

f la t ."  H eind l and Lance (1960 , p . 16) in c luded  W ilso n  and M oore's  

tran sition  zone a s  part o f  the C olorado P la te a u s , and their  boundary  

w as ba sed  upon the fo llow in g  structural criteria :
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