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ABSTRACT 

V 

During 1979, a g r a v i t y  survey cover ing an area o f  6,200 km2 was 

made over the  southwestern pa r t  o f  t he  southern Utah geothermal b e l t .  

The o b j e c t i v e  of t he  g r a v i t y  survey i s  t o  de l i nea te  the  geologic 

s t ruc tu res  and a s s i s t  i n  the  understanding o f  t he  geothermal po ten t i a l  

o f  t he  area. 

A t o t a l  o f  726 new g r a v i t y  s ta t i ons  together  w i t h  235 e x i s t i n g  

g r a v i t y  s ta t i ons ,  a r e  reduced t o  give: (1) a complete Bouguer g r a v i t y  

anomaly map, and (2 )  a four th -order  res idua l  g r a v i t y  anomaly map; both 

maps have a 2-mgal contour i n t e r v a l .  The complete Bonguer g r a v i t y  

anomaly map shows an east - t rending reg iona l  g r a v i t y  b e l t  w i t h  a t o t a l  

r e l i e f  o f  about 70 mgal which crosses t h e  cen t ra l  p o r t i o n  o f  the  

survey area. The g r a v i t y  b e l t  i s  a t t r i b u t e d  t o  a c rus ta l  l a t e r a l  

dens i ty  v a r i a t i o n  o f  0.1 gm/cc f rom a depth o f  5 t o  15 km. e 

The complete Bouguer g r a v i t y  anomaly map a s s i s t s  i n  the  

i n t e r p r e t a t i o n  of t he  prominent l o c a l  geologic features.  The major 

napped f a u l t s  o f  t he  survey area, exc lud ing t h e  Washington f a u l t ,  have 

I, 

a s i  gni f i  cant g r a v i t y  expression. 

t he  Beaver Dam Wash f a u l t ,  and the  Gunlock f a u l t .  Associated w i t h  the  

g r a v i t y  low t o  the  west o f  t he  Hurr icane f a u l t  i s  a g r a v i t y  h igh  t h a t  

corresponds w i t h  the  Paleozoi; rocks exposed a1 ong t h e  V i r g i n  

a n t i c l i n e .  Two o ther  exposures o f  Paleozoic rocks, t h e  Beaver Dam 

FYfountai ns and Square Top Yountai n , a1 so have g r a v i t y  h i  ghs associated 

These i nc l  ude the  Hurr icane fau l  t , 



e 

w i t h  them. 

understood b e t t e r  us ing t h e  four th-order  res idua l  g r a v i t y  anomaly map. 

The Magotsu graben i s  defined by a g r a v i t y  low w i th  t h e  more prominent 

f a u l t s  o f  t h e  B u l l  v a l l e y  d i s t r i c t  along i t s  margins. Associated w i t h  

t h e  Pine Val ley Mountains i s  a l a r g e  g r a v i t y  low which i s  not f u l l y  

understood p a r t i a l l y  due t o  t h e  l i m i t e d  g r a v i t y  data avai lab le.  

Three two-dimensional g r a v i t y  p r o f i  1 es a re  in te rpre ted :  a 

The geologic s t r u c t u r e  o f  t h e  B u l l  Val ley d i s t r i c t  i s  

nor th- t rending p r o f i l e  provides an i n t e r p r e t a t i o n  o f  t h e  reg ional  

geology and the  c r u s t  and t h e  other  two p r o f i l e s ,  which t r e n d  

east-west, prov ide an i n t e r p r e t a t i o n  o f  t h e  proninent near-surface 

s t r u c t u r a l  features.  

approximate v e r t i c a l  displacements o f  t h e  major high-angle f a u l t s  i n  

The two d e t a i l e d  p r o f i l e s  i n d i c a t e  t h e  f o l l o w i n g  

the  study area: Hurricane f a u l t  (3,000 in) 

(2,000 m); Gunlock f a u l t  (500 m) , which i s  

t h e  Grand Wash f a u l t ;  Plagotsu f a u l t  (1,400 

margin o f  t h e  Yagotsu graben; and a f a u l t  

margin o f  t h e  Yagotsu graben. 

Beaver Dam Yash f a u l t  

a northward extension o f  

m ) ,  which forms t h e  eastern 

2,000 m) along t h e  western 

Geothermal p o t e n t i a l  i s  suggested by t h e  presence o f  two ho t  

springs, Veyo Hot Spr ings and La Verk in  Hot Springs, and extensive 

Cenozoic f a u l  t i  ng and vo l  cani  sm. The i n t e r p r e t a t  i on o f  t h e  g r a v i t y  

data a s s i s t s  i n  d e l i n e a t i n g  t h e  geologica l  s t r u c t u r e  and other  

c h a r a c t e r i s t i c s  of t h e  survey area and i n d i c a t e s  how these 

c h a r a c t e r i s t i c s  r e l a t e  t o  t h e  geothermal p o t e n t i a l  o f  t h e  area. The 

thermal source fo r  both of t h e  ho t  spr ings i s  be l ieved t o  be 

s t r u c t u r a l l y  c o n t r o l l e d  by t h e  high-angle f a u l t s  adjacent t o  t h e  ho t  

s p r i  ngs. 
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INTRODUCTION 

e Locat ion  and Ob jec t ive  

The survey area l i e s  i n  southwestern Utah i n  t h e  t r a n s i t i o n  zone 

between t h e  Basin and Range and t h e  Colorado Plateau provinces (F igure 

1). The area e x h i b i t s  extens ive f a u l t i n g ,  several episodes o f  

Cenozoic volcanism, and conta ins two ho t  spr ings,  t h e  Veyo Hot Springs 

and t h e  La Verkin Hot Springs. Therefore, t h e  reg ion  may have a 

geothermal po ten t i a l .  The o b j e c t i v e  o f  t h e  g r a v i t y  survey i s  t o  

de l i nea te  the  geologic s t ruc tu res  and a s s i s t  i n  t h e  understanding o f  

t h e  geothermal p o t e n t i a l  of t h e  area. G r a v i t y  data c o l l e c t e d  du r ing  

the  survey are p l o t t e d  along w i t h  e x i s t i n g  g r a v i t y  data (Hardman, 

1967; Pe, 1980) t o  produce two g r a v i t y  anomaly maps t o  a i d  i n  t h e  

geologic i n t e r p r e t a t i o n :  1) a complete Bouguer g r a v i t y  anomaly map 

and 2 )  a four th -order  res idua l  g r a v i t y  anomaly map. Three p r o f i l e s  

are se lected t o  understand b e t t e r :  

t h e  major nor th - t rend ing  geologic s t r u c t u r a l  features; and 3)  t h e  

geologic s t r u c t u r e  o f  t h e  B u l l  Va l ley  d i s t r i c t  -- an area o f  extens ive 

T e r t i a r y  volcanism. The survey i s  p a r t  o f  an i n v e s t i g a t i o n  program of 

t h e  U n i v e r s i t y  of l l tah  i n  t h e  eva lua t ion  o f  t h e  geothermal resources 

o f  southwestern Utah. 

1) t h e  reg iona l  g r a v i t y  trends; 2 )  

The survey area, which extends from l a t  37'00'N t o  37'37.5'N and 

from long 113'7.5'W t o  114"00'W, comprises approximately 6,200 km2. 

The area encompasses most o f  Washington County, Utah, and i s  bounded 



e 

e 

Figure 1. Map o f  Utah showing locat ion o f  the stu 4k area. 
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on t h e  east by the  area immediately east o f  t h e  Hurr icane C l i f f s ,  on 

t h e  south and west by t h e  Arizona and Nevada s t a t e  l i n e s ,  

respect ive ly ,  and on t h e  north, approximately, by t h e  I r o n  County 

border. 

Previous 'vlork 

E a r l y  geologic reconnai ssance i n southwestern Utah was conducted 

by Dut ton (1880) and Hunt ington e t  a l .  (1903). 

o i l  f i e l d  and r e l a t e d  areas prompted t h e  f i r s t  d e t a i l e d  reg  onal 

exaninat ion o f  t h e  geology o f  southwestern Utah, which was ... ade by 

Dobbin (1939). His reg ional  study covered most o f  t h e  southern 

p o r t i o n  o f  !dashington County. Keber (1952) s tud ied t h e  Precambrian 

through i4esozoic age s t r a t i g r a p h y  and s t r u c t u r e  o f  t h e  south c e n t r a l  

and nor thern Beaver Dam I lountai  ns and t h e  associated Precambrian 

exposures along the  western s ide  o f  t h e  Beaver Dam Mountains. 

I n t e r e s t  i n  t h e  V i r g i n  

Cook (1952) studied. t h e  Pine Va l ley  Idountains and l a t e r  publ ished 

a comprehensive map o f  Washington County (Cook, 1960). Blank (1959) 

made t h e  f i r s t  d e t a i l e d  study o f  t h e  T e r t i a r y  vo lcanics and s t r u c t u r e  

of t h e  B u l l  Val ley d i s t r i c t .  ii lackin (1960) expanded t h e  scope o f  

B lank 's  i n v e s t i g a t i o n  and s tud ied  t h e  T e r t i a r y  vo lcanic  rocks o f  t h e  

greater  southwestern Utah region. 

Anderson e t  a1 . (1975) , ;\lcKee (1971) , Hausel and Nash (1977) , 
Hambl i n  (1965, 1970) , and Best and Hambl i n (1978) s tud ied the  

pet ro logy and chronology; o f  t h e  Cenozoic rocks i n  t h e  survey area. A 

recent comprehensive study by Rowley e t  a1 . (1979) and t h e  expanded 

overview o f  Aemoir 152 by t h e  Geologic Society  o f  America (GSA)  o f f e r  
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a t e c t o n i c  model t h a t  expla ins t h e  geologic processes invo lved i n  t h e  

evo lu t i on  o f  southdestern Utah. 

The tec ton i c  h i s t o r y  has been stud ied by Stokes (1976, 1979) and 

Stokes and Hcylmun (1965). Stewart (1971, 1978) and Armstrong (1968, 

1972) sumar ized t h e  s t r u c t u r e  and tecton ism o f  t he  Basin and Range 

prov i  ncc. 

Q 

e 
Geophysical s tud ies i n  the  survey area have been l i m i t e d  t o  

reg iona l  studies. Chapman e t  a1 . (1978) and Bode1 1 (1980) conducted 

reg ional  heat floizr s tud ies which encompassed southwestern Utah. Using 

seismic and magnetic data, Shuey e t  a l .  (1973) i n t e r p r e t e d  t h e  

boundary between t h e  Basin and Range and t h e  Colorado Plateau 

provinces t o  

designated by 
c 

6 

I ntermountai n 

t rends easter  

i e  50 km t o  t h e  east o f  t h e  physiographic boundary 

Fenneman (1931). Smith and Sbar (1974) i d e n t i f i e d  t h e  

Seismic B e l t  (1%) and a secondary seismic zone which 

y through t h e  survey area. Cook and Hardman (1967) made 

a g r a v i t y  survey over t h e  Hurr icane f a u l t  zone which covers t h e  

eastern border o f  Nashi ngton County. Montgomery (1973) compi 1 ed a 

reg iona l  g r a v i t y  map of western Utah w i t h  sparse coverage i n  

southwestern Utah. Pe (1980) made a g r a v i t y  survey o f  t h e  Escalante 

Oesert arga M i t h  good coverage and some over lap  along t h e  nor thern 

border of t h e  survey area. 

Topography 

The more proininent topographic fea tures  o f  t h e  study area are: 

t h e  Pine Va l l ey  :qountains, w i t h  a maximum e leva t i on  a t  about 3,150 m; 

t h e  Beaver Dam Aountains, a t  about 2,360 m; t h e  western p o r t i o n  o f  t h e  
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Kolob Ter race ,  a t  about 3,100 m; and the Bull Valley Mountains, a t  

about 2,230 in (F igure  2 ) .  In sha rp  topographic o n t r a s t  a r e :  the S t .  

George Basin,  a t  an e l e v a t i o n  of about 850 m; and the region west o f  

the Beaver Dam blountains, a t  about 730 m ,  f o r  a t o t a l  topographic 

r e l i e f  of more than 2,400 m. Only a small po r t ion  of Washington 

County, namely the a r e a  near  the town o f  Enterprise, l i e s  i n  the Great 

Basin. 

f 

e 

e 



GEOLOGY 

a 

Seneral Statement 

The survey area (Figure 3)  l i e s  i n  the t ransi t ion zone between 

the Basin and Range and the Colorado Plateau provinces. 

m-thick sequence of sedimentary rocks deposited i n  the Cordilleran 

geosyncl i ne (Stokes, 1979) overl i es Precambrian metamorphic rocks. 

The sequence was deformed d u r i n g  two episodes of fault ing.  

Cenozoi c vol cani sm and Tcrti ary i ntrusi ons combi ne t o  compl e t e  the 

geol ogi c sett i ng . 

A 6,000- 

Subsequent 

The Paleozoic s t ra t igraphic  units consist  general l y  of carbonate 

rocks and are  overl ai n by Jurassic and Triassic sandstones. 

rocks again dominated d u r i n g  Cretaceous time and into ear ly  Tertiary 

times (Cook, 1960; Stokes, 1979). 

of volcanic act ivi ty  of calc-alkalic composition (Hausel and Nash, 

1977) occurred in and adjacent to  the Bull Valley d is tr ic t  (Blank, 

1959; Cook, 1960). Contemporaneous w i t h  th i s  was the emplacement of 

the Pine Valley laccol i th  and related intrusions of quartz monzonite 

composition (Cook, 1960). Following an hiatus of several million 

years, volcanism compri sed of basal t s  and basal t i  c andesites began and 

has continued t o  the present, the most recent occurring near Snow 

Canyon w i t h  cinder cones as  young as  1,000 y r  old (McKee, 1971; Hausel 

and Nash , 1977 ; Hambl i n , 1980, personal communi cation).  

Carbonate 

D u r i n g  Miocene time, a large amount 



Fiqure 3. Seneral ized qeologic map of 
t h e  study area (adapted from Hintze.  1963).  

Sediqentarv rocks 

Cenozoic 

E XPL AFI 4T I Or\l 

:.: ...................... 
............... :. KT ..... *;.;.;... 7 ss:;< T e r t i a r y  Sedimentarv Rocks ............. 

Q 

Q 

Yesozoic 

Paleozoic 

Igneous rocks 

Cenozoic 

...... w] ...... Yesozoic Sedimentary Rocks 

1 7 1  Paleozoic Sediqentary Rocks 

1-1 T e r t i a r y  Vol canics 
*u  11- 

T e r t i a r y  I n t r u s i v e  Rocks 

. 
? Hot S w i n g s  

......... F a u l t  concealed. i n f e r r e d  by qeoloqy 

F a u l t  concealed i n f e r r e d  bv q r a v i t v  b a l l  
on downthrown s ide  

F a u l t  exoosed - Thrust f a u l t ,  saw t e e t h  on upper p l a t e  

G r a v i t y  p r o f i l e  

Contact 



9 

r) 

Figure 3. Continued 

Hot Spr ings 

a Veyo Hot Springs 
b La Verk in  Hot Springs 

Fau l ts  

1 Hurr icane f a u l t  
2 Washington f a u l t  
3 Gunlock f a u l t  
4 Beaver Darn Wash f a u l t  

a 
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Struc tura l  Features 

St ruc tura l  features i n  t h e  survey area can be d i v i d e d  i n t o  two 

major trends: those t rend ing  nor theas ter ly ,  which are  associated w i t h  

the  Sevier and Laramide orogenies; and those t r e n d i n g  nor th ,  which are  

associated w i t h  igneous a c t i v i t y  and f a u l t i n g  o f  Yiocene-Pliocene age 

(Cook, 1960; Armstrong, 1968, 1972; Rowley e t  a1 ., 1979) The 

nor theast - t rendi  ng V i r g i n  an t ic1  ine ,  which i s  abrupt1 y t runcated by 

the  Hurr icane f a u l t  n o r t h  o f  Touquerv i l le  w i t h  a x i a l  exposure o f  

Paleozoic rocks, i s  o f  Sevier o r i g i n ,  as i s  t h e  Cast le  C l i f f  t h r u s t  

sheet, a l though the  l a t t e r  i s  dated as e a r l y  T e r t i a r y  i n  age (Rowley 

e t  a1 , , 1979) . The northeaster1 y t r e n d i n g  , broad, s h a l l  ow sync1 i n e  

upon which the  Pine Va l ley  Yountains l a c c o l i t h  r e s t s  i s  be l ieved t o  be 

Laramide i n age ( A v e r i t t  , 1954; Kur ie ,  1966) . 
cont inuat ion  o f  t h e  9elemar-Iron Spr ings igneous b e l t ,  known as t h e  

B u l l  Val ley-Big Yountain arch, i s  be l ieved t o  be composed o f  quartz 

inonzonite in t ruded dur ing  Yiocene t ime i n  a sync l ine  which was formed 

d u r i n g  t h e  Laramide orogeny. Th is  i n t e r p r e t a t i o n  i s  supported by 

s t r u c t u r a l  and aeromagnetic data (B1 ank, 1959). 

The southwester1 y 

The co l lapse o f  t h e  broad, upwarped Basin and Range province has 

resu l ted  i n  normal and poss ib ly  l i s t r i c ,  normal f a u l t i n g  which i s  

mani fest  i n  t h e  survey area i n  several  major nor th - t rend ing  f a u l t s  

(Stewart, 1978; Best and Yarnbl i n ,  1978). 

t h e  Hurr icane f a u l t ,  t h e  Yashington f a u l t ,  t h e  nor thern cont inuat ion  

of t h e  Grand !dash f a u l t ,  t h e  Jackson Wash f a u l t ,  and t h e  Seaver Dam 

Wash f a u l t ,  a r e  noma1 fau l ts ,  w i t h  downthrow on t h e  west t h a t  r e s u l t  

i n  east-di  ppi  ng bl ocks. Concurrent w i  t h  the  1 i s t r i c  , normal f a u l  t i  ng 

These f a u l t s ,  which i n c l  ude 

i 
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(Cook, 1960). A g r a v i t y  h igh  a l s o  l i e s  over Y inera l  Mountain where 

both Paleozoic rocks and quar tz  monzonite a re  exposed. 

A g r a v i t y  h igh  i n  t h e  northwest p o r t i o n  o f  t h e  survey area and a 

r e l a t e d  g r a v i t y  low t o  t h e  southeast a re  r e f e r r e d  t o  by Pe (1980) as 

the  Enterpr ise  Reservoir  g r a v i t y  h igh  and were a t t r i b u t e d  t o  a h o r s t  

and graben type o f  s t ruc tu re .  There i s  l i t t l e  r e l i e f  on t h e  complete 

Bouguer g r a v i t y  anomal y map over t h e  Pine V a l  1 ey Mountains possi b l  Y due 

t o  t h e  s p a r s i t y  o f  data. The two g r a v i t y  lows associated w i t h  Pine 

Val ley and the  New Harmony area are  a t t r i b u t e d  t o  the  lower dens i ty  

a l luv ium f i l l  i n  t h e  respec t ive  basins. 

The two d e t a i l e d  p r o f i l e s  i n d i c a t e d  t h e  fo l low ing  approximate 

v e r t i c a l  displacement o f  t h e  major high-angle f a u l t s  i n  t h e  study area: 

Hurricane f a u l t  (3,003 m); Beaver Dan Wash f a u l t  (2,000 m); Gunlock 

f a u l t  (500 m); Yagotsu f a u l t  (1,400 m); and a f a u l t  a t  t h e  western 

,nargin o f  t h e  newly designated Magotsu graben o f  undetermined t rend 

(2,000 m) . 
The i n t e r p r e t a t i v e  geologic cross s e c t i o n  along p r o f i l e  C - C '  , 

which extends across the  B u l l  V a l l e y  d i s t r i c t ,  c l a r i f i e d  t h e  t r a n s i t i o n  

between t h e  h i g h l y  fau l ted  and t i l t e d  u n i t s  on t h e  west t o  t h e  

f l a t - l y i n g  s t r a t i g r a p h i c  beds on t h e  east. The eastern t h i r d  o f  

p r o f i l e  C-C '  appeared t o  be dominated by a t h r u s t  sheet o f  Paleozoic 

age o v e r l a i n  by u n d i f f e r e n t i a t e d  T e r t i a r y  vo lcanics.  The f i r s t  of two 

rninor g r a v i t y  highs were a t t r i b u t e d  t o  a fau l ted  segment a t  t h e  

easternmost extent  o f  t h e  t h r u s t  sheet. P r o f i l e  C-C'  f u r t h e r  ind ica ted  

three normal f a u l t s  which def ine a ser ies  o f  e a s t - t i l t e d  blocks t o  t h e  

east o f  t h e  t h r u s t  sheet, beyond which are f l a t - l y i n g  s t r a t i g r a p h i c  
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Hot Springs 

Two systems o f  hot spr ings are observed i n  t h e  survey area: one, 

t h e  Veyo Hot Springs, i s  located along t h e  Santa Clara R iver  

approximately 1.5 km east o f  the  town o f  Veyo; and t h e  other ,  t h e  La 

Verk in  Hot Springs, i s  located along t h e  V i r g i n  R iver  where i t  

i n t e r s e c t s  t h e  Hurr icane f a u l t  inidway between t h e  towns o f  La Verk in  

and Hurr icane (F igure 2). Both ho t  spr ings are  developed 

commercially. The Veyo Hot Springs are capped and feed a p r i v a t e  

swirnming pool which prevents t h e  accurate measurement o f  i t s  output 

(about 2.0 m3/min) and i t s  tenperature (about 38OC). 

La Verk in  Hot Springs issue from many vents along t h e  V i r g i n  

River  f o r  a d is tance o f  about GOO m. The discharges, which are 

h e a v i l y  mineral ized, vary from 42OC t o  55OC i n  temperature, and f l o w  

a t  an estimated r a t e  o f  20.0 m3/min (unpublished data, Bureau o f  

Reclamation, 1980). 
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A t o t a l  o f  726 new g r a v i t y  s t a t i o n s  were taken by t h e  author i n  

southwestern Utah dur ing  t h e  summer o f  1979 us ing LaCoste and Romberg 

g r a v i t y  meter G-264 w i t h  a p r e c i s i o n  c a p a b i l i t y  o f  0.001 mgal . Also, 

169 a d d i t i o n a l  s t a t i o n s  taken prev ious ly  by Hardman (1964) along t h e  

eastern p o r t i o n  o f  t h e  survey area and 36 s t a t i o n s  taken prev ious ly  by 

Pe (1980) along the  nor thern p o r t i o n  were used. Thus, t h e  data f rom a 

t o t a l  o f  931 s t a t i o n s  are used i n  t h e  study. 

Pe (1980) used t h e  same g r a v i t y  meter, and a comparison o f  t h e  

g r a v i t y  readings o f  t h e  reoccupied s t a t i o n s  showed t h a t  t h e  v a r i a t i o n s  

are kvi th in t h e  maximum e a r t h  t i d a l  e f f e c t s  (about 0.3 mgal). The 

author reoccupied 41 o f  Hardman's s t a t i o n s  and a comparison shows a 

mean d i f f e r e n c e  of 0.34 mgal and a standard d e v i a t i o n  o f  0.30 mgal i n  

the  g r a v i t y  values. 

the  d i f f e r e n c e  between Hardman's data and t h e  au thor 's  data, however, 

because t h i s  d i f f e r e n c e  i s  w i t h i n  t h e  margin o f  e r r o r  i n  t h e  survey, 

Hardman's o r i g i n a l  values a r e  used wi thout  cor rec t ion .  It was a lso  

noted t h a t  t h e  s t a t i o n s  o f  Hardman t h a t  a re  used i n  t h e  comparison are  

genera l ly  located i n  t h e  h i g h - r e l i e f  areas i n  t h e  v i c i n i t y  o f  t h e  

Hurr icane C l i f f s  where good v e r t i c a l  and hor izon ta l  c o n t r o l  a re  not 

always ava i lab le .  

Subtract ing a un i form value o f  0.3 mgal reduces 

The new g r a v i t y  data a re  reduced t o  simple Bouguer g r a v i t y  

anomaly Val ues (Car te r  and Cook, 1978). T e r r a i  n cor rec t ions  are 
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computed f o r  both the  new s ta t i ons  and those o f  Hardman out  t o  a 

r a d i a l  d is tance o f  167 km from each s t a t i o n  us ing a U.S. Geological 

Survey (U.S.G.S.) computer program t h a t  was mod i f ied  f o r  t h e  UNIVAC 

1108 a t  t h e  U n i v e r s i t y  o f  Utah by Serpa (1980). 

A topographic r e l i e f  o f  more than 2,000 m i n  t h e  survey area 

r e s u l t s  i n  several t e r r a i n  co r rec t i ons  grea ter  than 10 mgal and many 

i n  t h e  3 t o  5-mgal range. Based on t h e  r e s u l t s  o f  a study o f  t h i s  

problem by Sabbert and Serpa (1979, personal communication), i t  i s  

decided t o  use t e r r a i n  co r rec t i ons  computed by hand ou t  t o  a r a d i a l  

d is tance o f  0.895 km ( i  .e. out  t o  and i n c l u d i n g  zone F o f  Hammers' 

(1938) zone c h a r t )  from each s t a t i o n  i n  a l l  s i t u a t i o n s  where t h e  t o t a l  

computed-terrain c o r r e c t i o n  (ou t  t o  167 km) exceeds 3.0 mgal , and 

combine t h e  hand-computed t e r r a i n  c o r r e c t i o n  t o  t h e  machi ne-computed 

t e r r a i n  c o r r e c t i o n  from 0.895 km ou t  t o  167 kin. Add i t i ona l  g r a v i t y  

s t a t i o n s  w i t h  nachine-computed t e r r a i n  co r rec t i ons  o f  l e s s  than 3.0 

mgal a re  a l so  t e r r a i n  cor rec ted  by hand ou t  t o  0.895 km i n  s i t u a t i o n s  

where i t  i s  thought t h a t  t h e  topographic fea tures  might have an e f f e c t  

t h a t  i s  overlooked through t h e  na ture  o f  t h e  computer program. The 

j u s t i f i c a t i o n  f o r  t h i s  procedure i s  t h a t  f o r  s t a t i o n  l o c a t i o n s  w i t h  

proximal h igh  topographic r e l i e f  and/or l a r g e  (g rep te r  than 3.0 mgal ) 

t e r r a i n  cor rec t ions ,  t h e  data base used by t h e  t e r r a i n - c o r r e c t i o n  

program i s  not  capable o f  adequately represent ing  t h e  t e r r a i n  

immediately surrounding t h e  s t a t i o n  l o c a t i o n  and consequently f o r  

a 

8 

these s t a t i o n s  a s u f f i c i e n t l y  accurate t e r r a i n  c o r r e c t i o n  i s  not 

obtained. Hence, hand-computed t e r r a i n  co r rec t i ons  t o  0.895 km are  

made f o r  these "border1 i ne'' s ta t i ons .  
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Pe's s ta t ions ,  vrhich were compiled i n  a l i k e  manner, are combined 

rJ i th t h e  new s t a t i o n s  and Hardman's and together  are p l o t t e d  according 

t o  l a t i t u d e  and longi tude; and t h e  reduced g r a v i t y  anomaly values a r e  

hand contoured w i th  a 2-mgal contour i n t e r v a l  t o  g i v e  t h e  r e s u l t i n g  

completp Bouguer g r a v i t y  anomaly contour map (F igure  4 ) .  The 

p r i n c i p a l  f a c t s  o f  a l l  g r a v i t y  s t a t i o n s  used i n  t h i s  repopt a re  given 
I 

i n  Appendix A. 

An attempt i s  made t o  remove t h e  reg ional  gradient  from t h e  

compl e t e  Bouguer y r a v i  t y  anomaly Val ues. A pol  ynomi a1 f i tti ng program 

w r i t t e n  by Montgomery (1973) i s  used t o  f i t  polynomial surfaces o f  

orders one through t e n  t o  t h e  o r i g i n a l  data. A polynomial f i t t i n g  

approach i s  selected as it i s  t h e  o n l y  technique a v a i l a b l e  f o r  

non-gridded data. 

w i t h  g r i d d i n g  data places o ther  techniques ou ts ide  t h e  scope o f  t h i s  

9ata d i s t r i b u t i o n  and t h e  d i f f i c u l t i e s  invo lved 

study. 

The root-mean-square e r r o r  between t h e  polynomi a1 sur face and t h e  

o r i g i n a l  data i s  p l o t t e d  versus t h e  order  o f  polynomial f o r  orders one 

through t e n  (F igure 5). Because a d i s t i n c t  break i n  t h e  generated 

curve occurs a t  t h e  f o u r t h  order, t h e  four th -order  polynomial sur face 

i s  used as an appropr ia te order  t o  generate a res idual  g r a v i t y  map. 

The four th -order  polynomi a1 surface, which i s  machi ne-contour-pl o t t e d  

wi th a program by Hontgomery (1973), i s  shown as a map ( w i t h  IO-mgal 

contour i n t e r v a l )  i n  F igure  6. The polynomial surface appears t o  

approximate s u f f i c i e n t 1  y t h e  reg iona l  t r e n d  except f o r  m i  nor 

i r r e g u l a r i t i e s  i n  t h e  contours along t h e  borders created by edge 

e f f e c t s .  The four th-order  polynomial sur face i s  removed from t h e  
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Figure 4. Complete Bouguer g r a v i t y  anomaly map of t he  study area. 
Contour i n t e r v a l  i s  2 mgal . 

No. o f  Area 
Desi gnated i n  
Fig. 4 

1 
2 
3 

10 

11 
12 
13 
14 

Name of G r a v i t y  
Anomaly 

V i  r g i  n a n t i  c l  i ne g r a v i t y  h i  gh 
Hurr icane f a u l t  g r a v i t y  1 ow 
Southeastern extent  of V i r g i n  
an t i c1  i ne g r a v i t y  h igh  
Beaver Dam Mountains g r a v i t y  h igh  
Beaver Dam Wash g r a v i t y  low 
Square Top Mountain g r a v i t y  h igh  
Magotsu graben g r a v i t y  low 
En te rp r i  se Reservoi r g r a v i t y  h igh  
Enterpr i  se Reservoir  t rough 
g r a v i t y  l o w  
B u l l  Va l ley  - B i g  Mountain 
arch g r a v i t y  h igh  
Pine Va l ley  g r a v i t y  low 
New Harmony g r a v i t y  low 
Harmony Mountai n g r a v i t y  h i  gh 
Cedar Va l  1 ey g r a v i t y  1 ow 
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ORDER O F  P O L Y N O M I A L  

Figure 5.  Plot o f  the root-mean-square error for the complete Bouguer 
gravity anomaly polynomial surface vs. order of polynomial. 
Arrow shows the order of polynomial selected for further analysis. 
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d a t a  and the re s idua l  va lues  a r e  p l o t t e d  and contoured ( u r i t h  a 2-mgal 

contour  i n t e r v a l )  t o  g ive  a four th-order  polynomial map shown on 

Figure  7. 
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F igure  7.  Fourth-order res idua l  g rav i  t y  anomal y map. 
Contour i n t e r v a l  i s  2 mgal . 

d 
No. o f  Area 
Designated i n  
F ig .  7 

1 
2 
3 

4 
5 
6 

Name o f  ; ravi ty 
Anomal y 

Beaver Dam Wash g r a v i t y  low 
Square Top qounta in  g r a v i t y  h igh  
Gun1 ock-Shebi t-Cedar Pocket f a u l t  
system 
Yagotsu graben g r a v i t y  low 
Mineral  Yountai ns g r a v i t y  h i  gh 
Western p o r t i o n  o f  Enterpr ise  
Keservoi r g r a v i t y  1 c)w 
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GEOLOGICAL AND GEOPHYSICAL CONTROL 

Q 
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Dens i ty  measurements a re  taken on 65 hand samples c o l l e c t e d  i n  

t h e  survey area i n  t h e  manner described i n  Appendix B and are used i n  

t h e  modeling o f  t h e  i n t e r p r e t a t i v e  geologic  cross sections. A summary 

of t h e  dens i ty  measurements used i n  t h i s  study i s  l i s t e d  i n  Table 1. 

The w e l l s  i n  t h e  survey area are genera l l y  loca ted  i n  exposures of 

Paleozoic rocks o r  s u f f i c i e n t l y  removed from t h e  p r o f i l e s  so as t o  

render them not  use fu l  i n  t h i s  study. 

V e r t i c a l  and ho r i zon ta l  con t ro l  i s  obtained from U.S.G.S. 

topographi c quadrangl e maps and 1 eve1 i ng 1 i nes. 

be l ieved t o  be ( 1 )  good N i t h  t h e  U.S.G.S. 7 1/2-minute topographic 

maps, w i t h  poss ib le  e r r o r  in t roduced i n  r e l o c a t i o n  of d i r t  roads 

subsequent t o  t h e  d r a f t i n g  o f  t h e  topographic maps and ( 2 )  f a i r  where 

on ly  U.S.G.S. 15-minute quadrangle maps are  ava i lab le .  

t raverse,  which was taken through t h e  Pine Va l ley  Mountains where on ly  

a 15-mi nute topographic quadrangle map i s  avai 1 ab1 e, poss ib ly  r e s u l t s  

i n  a m is loca t i on  o f  up t o  kO.10 km i n  l a t i t u d e s  (where g r a v i t y  changes 

Hor i  zonta l  con t ro l  i s 

A f o o t  

by about 0.78 mgal/km) w i t h  a corresponding e r r o r  o f  0.08 mgal i n  t h e  

g r a v i t y  anomaly V a l  ue. Hor izon ta l  1 o c a t i  on e r r o r  e l  sewhere i s assumed 

t o  be h a l f  t h a t  i n  t h e  Pine Va l l ey  Irlountains, w i t h  a corresponding 

e r r o r  o f  0.04 mgal. E leva t i on  c o n t r o l  i n  f l a t - l y i n g  regions i s  

assumed t o  be w i t h i n  k2.0 m but  up t o  25.0 m i n  h i g h - r e l i e f  areas for 

respec t ive  e r r o r s  o f  k0.4 mgal and kl.0 mgal . 
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Table 1. 
based on l abo ra to ry  neasurenents by t h e  author.* 

Sunnary o f  average dens i t i es  used i n  t h i s  study 

L i  tho1 ogic  U n i t  

e 

i) 

A1 1 uv iun  
Vol canics - ves i cu la r  basa l t  
Volcanics - nassive basa l t  
Volcanics - except basa l t  
Vol canics - except basa l t  
Sedinentary rocks - 
Sedinentary rocks - 
Sedi nentary  rocks 
Metanorphi c rocks 

basi c a l l  y 1 i nestone 

basi c a l l  y sandstone 

b 

Cenozoic 
Cenozoic 
Cenozoic 
Upper T e r t i a r y  
Lower T e r t  i a r y  

T e r t i a r y  and Cretaceous 

Jurass ic  and Upper T r i a s s i c  
Lower T r i a s s i c  and Paleozoic 
Precanbri an 

2 .o** 
2.0-2.1 
2.5-2.55 
2.25 
2.5 

2.6 

2.4-2.45 
2.7 
2.7*** 

* A l l  dens i ty  neasurenents were nade by t h e  author f r o n  rock sanples 
c o l l e c t e d  i n  t h e  survey area except as otherwise ind icated.  
De ta i l ed  i n f o r n a t i o n  concerning t h e  rock type, l oca t i on ,  and dry  
and wet dens i t i es  o f  t h e  rock sanples i s  g iven i n  Aopendix 5 .  

** Densi ty  value given by T e l f o r d  (1976). 

*** Dens i ty  used i n  nodeling, f o r  rocks o f  Lower T r i a s s i c  and 
Paleozoic age. ' 
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Maximum d i u r n a l  variation of 0.15 mgal i s  possible because loops 

were closed every 6 hours. 

George or the Enterprise g r a v i t y  base station i n  the Utah Gravity Base 

S t a t 1  on Network (Cook e t  a1 . , 1971 ) . Terrai n-correcti on val ues are 

determined based on a procedure developed by Serpa (1980) and Sabbert 

( 1980) ; and a1 t h o u g h  the terrain corrections may not  be "absol Ute'' , 
they are perfectly repeatable and assumed correct. 

All  loops are tied t o  either the S t .  

Instrument and operator errors together are assumed t o  be 3 i t h i n  

0.005 mgal as demonstrated by repeated readings o f  the gravity meter 

a t  a station over a short period of time (5-10 m i n ) .  

0.6 mgal in low-relief areas and 1.2 mgal i n  high-relief areas are 

believed t o  be the maximum errors i n  this s tudy.  

Hence, values of 

d 
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Regional G r a v i t y  Features 

The t o t a l  r e l i e f  o f  t he  complete Bouguer g r a v i t y  anomaly contour 

map (F igure  4)  i s  over 80 mgal, w i t h  a h igh  o f  -127 mgal i n  the  

southwest corner  t o  a low o f  -209 mgal i n  the  northwest corner. The 

more apparent fea tures  i nc lude  t h e  g r a v i t y  anomalies associated w i t h  

t h e  V i r g i n  a n t i c l i n e  and the  Hurr icane f a u l t  system t rend ing  no r th  and 

a pervas ive e a s t - s t r i k i n g  b e l t  o f  g r a v i t y  contours w i t h  a t o t a l  r e l i e f  

of about 70 mgal dominating many l o c a l  features.  

I n  a d d i t i o n  t o  the  e a s t - s t r i k i n g  b e l t  o f  g r a v i t y  contours, t he re  

It i s  a l so  a n o r t h - s t r i k i n g  reg iona l  g r a v i t y  t rend  o f  l esse r  degree. 

mani fests  i t s e l f  as o f f s e t t i n g  g r a v i t y  contours across t h e  Hurr icane 

f a u l t  and poss ib l y  across the  Nashington and Sunlock f a u l t s  i n  a 

s t e p - l i k e  fash ion  (F igure  4). Th is  may be due i n  p a r t  t o  the  

t r a n s i t i o n  from t h e  Basin and Range prov ince t o  t h e  Colorado Plateau 

province. 

The eastward-trending g r a v i t y  contours with pronounced reg ional  

g rad ien t  have i n  t h e  past been a t t r i b u t e d  t o  a t h i n n i n g  o f  t h e  c r u s t  t o  

the  south associated w i t h  t h e  margin of t he  Great Basin, d i r e c t l y  

causing an increase i n  g r a v i t y  due t o  t h e  decrease i n  depth o f  t h e  !+lotio 

(Montgomery, 1973). However, when t h e  values o f  (1) t h e  t o t a l  g r a v i t y  

anomaly, AgT (namely 55 mgal) and ( 2 )  t h e  ma imum hor i zon ta l  gradient,  

Uxz (namely 2.45 mgal/km) are  considered, found t h a t  t he  maximum 
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depth (do) t o  the  top  o f  t h e  body producing t h i s  g r a v i t y  anomaly, by 

us ing  t h e  f o l l o w i n g  formula (Ro t t  and Smith, 1958; Rancroft,  1960) f o r  

a two-dimensional body, i s  

do = ( ( 3 6 ) / 8 )  (AgT/ux,) = 14.6 km 

o r  approximately 15 km. This depth i s  f a r  l e s s  than t h e  depth o f  t h e  

Moho i n  t h e  Basin and Range province, which i s  25-30 km, and much less  

than t h e  depth o f  t h e  Hobo under t h e  Colorado Plateau province, which 

i s  up t o  45 km. 

The maximum depth o f  15 krn t o  t h e  t o p  o f  t h e  body producing t h i s  

g r a v i t y  g rad ien t  agrees w i t h  t h e  present concept (Eaton e t  a1 . , 1978) 

t h a t  w h i l e  t h e  reg iona l  g r a v i t y  g rad ien t  i n  t h i s  reg ion  may be r e l a t e d  

t o  t h e  t h i n n i n g  o f  t h e  c rus t ,  i t  i s  no t  d i r e c t l y  caused by it. 

According t o  Eaton e t  a1 . (1978), t h e  reg ional  g r a v i t y  g rad ien t  may be 

a t t r i b u t e d  t o  a combination o f  several sources instead: simp1 e 

v a r i a t i o n s  i n  depth t o  t h e  Moho; l a t e r a l  v a r i a t i o n s  i n  c r u s t a l  

composition; temperature va r ia t i on ;  and d i f fe rences  i n  t h e  phase 

assemblage w i t h i n  c r u s t a l  rocks o f  s i m i l a r  bu l k  composition. 

Regardless o f  t h e  s p e c i f i c  na ture  o f  t h e  source producing t h i s  reg iona l  

g r a v i t y  t rend,  i t  appears t o  be c r u s t a l  i n  o r i g i n  r a t h e r  than due t o  a 

deeper source. 

. 

Heat f l o w  data, though sparse i n  t h e  survey area, do support t h i s  

c r u s t a l  model, as t h e  nor thern  p a r t  o f  t h e  survey area has 

c h a r a c t e r i s t i c  Basin and Range heat f l o w  values (2.0 - 2.5 HFU), 

whereas t h e  few samples south o f  t h e  grad ien t  have lower  heat f l o w  

values (1.0 - 1.5 HFU) (Chapman e t  a1 b ,  1978; B lackwel l ,  1978; Rodell , 
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1980) t h a t  are more character is t ic  o f  the Colorado Plateau values. 

Because the  thermal t r a n s i t i o n  zone along the Basin and Range province 

margin i s  g e n e r a l l y  narrow (about 20 k m ) ,  the heat source causing these 

thermal t r a n s i t i o n s  rnust be i n  t he  crust (Blackwell , 1978).  

A l s o  suppor t ing  t h i s  model, though again q u a l i f i e d  because of the 

s p a r s i t y  o f  d a t a ,  i s  the i n t e r p r e t a t i o n  o f fe red  through a se i smic  

r e f r a c t i o n  s t u d y  conducted by the IJ.S.5.S. i n  1961-1963 ( S t u a r t  et a l . ,  

1964; Smith, 1978; Prodehl,  1979). The crust-mantle boundary was 

contoured by Prodehl (1979), using the t r a n s i t i o n  zone i n  which  the 

compressional seismic v e l o c i t y  i n c r e a s e s  from 6.6-7.0 km/sec t o  7.9 

km/sec a s  the Noh0 depth rather t h a n  the c l a s s i c a l  d i s t i n c t i v e  

Mohorovicic d i s c o n t i n u i t y  found elsewhere. 

s o u t h e r l y  th inn ing  of the c r u s t  concurren t  with the regional q r a v  

g rad ien t  . 

Llis map i n d i c a t e s  a 

There i s  a l s o  suppor t ive  evidence i n  the s t u d i e s  of the foca  

depths  of ear thquakes  i n  the S r e a t  Basin which demonstrate a 

concen t r a t ion  o f  earthquakes a t  d e p t h s  o f  6-15 kv and an absence a t  

g r e a t e r  depths  (Eaton et a1 ., 1978). 

heat flow model i n  which tempera tures  reach 300°C (the l i m i t i n g  

tempera ture  f o r  e l a s t i c  behavior )  a t  a depth o f  about 15 km (Turcotte, 

1974; Eaton et a1 ., 1978). Unfor tuna te ly ,  earthquake focal depth d a t a  

T h i s  result suppor ts  the c r u s t a l  

are not a v a i l a b l e  i n  the southern por t ion  of the survey a rea  t o  compare 

w i t h  the pos tu l a t ed  t r a n s i t i o n  nrodel. 

Eaton e t  a1 . (1978) sugges t  a cornposi t e  c r u s t a l  mod21 t o  expla in  

t h i s  regional g r a v i t y  g rad ien t  and o t h e r s  loca ted  along the western and 

northern margins of  the Basin and Range province f ac inq  inward. A 
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l a t e r a l  dens i ty  cont ras t  o f  0.1 g/cc extending through the  c r u s t  

r e s u l t i n g  from a sharp composit ional con t ras t  r e l a t e d  t o  magmatic 

invasion, metamorphism, and/or possi b l  y p a r t i  a1 me1 t i  ng could expl a i  n 

t h e  reg ional  g r a v i t y  var ia t ion .  

P r o f i l e  A-A' .-- A north-south p r o f i l e  ( A - A '  , Figure 8) i s  chosen 

t o  a l low an examination o f  t h e  reg ional  g r a v i t y  gradient  and he lp  

determine i t s  source. The p r o f i l e  i s  located perpendicular t o  the  

reg ional  east-west t rend and avoids h i  gher- f  requency anornal i es as t h e  

purpose of the  p r o f i l e  i s  t o  determine the  source o f  t h e  reg ional  

g r a v i t y  and no t  l o c a l  anomalies. 

P r o f i l e  A - A '  (F igure 8 )  i s  modeled us ing a two-dimensional g r a v i t y  

computation a lgor i thm (Talwani e t  a1 ., 1959) developed i n  t h e  g r a v i t y  

modeling programs o f  Snow (1978). The reader i s  r e f e r r e d  t o  Snow 

(1978) f o r  a complete discussion. A simple model w i th  a l a t e r a l  

dens i ty  cont ras t  o f  0.1 g/cc t o  the  nor th  i n  a l a y e r  from 5 t o  15 kn i n  

depth (which e s s e n t i a l l y  agrees w i t h  t h e  model i n d i c a t e d  by Prodehl 

(1979)) r e s u l t s  i n  a curve c l o s e l y  matching t h e  observed data along t h e  

p r o f i l e  (F igure 8) bo th  w i th  respect t o  t h e  values o f  t h e  t o t a l  anomaly 

s i z e  and a l s o  t h e  approximate g r a v i t y  gradient  across the  t r a n s i t i o n  

zone. No attempt i s  made t o  account f o r  high-frequency features i n  t h e  

p r o f i l e  as they are  not  germane t o  t h e  c r u s t a l  inves t iga t ion .  IJpon 

r e s o l v i n g  t h e  source o f  t h e  reg ional  g r a v i t y  t r e n d  t o  be caused by an 

inhomogeneous c r u s t  (F igure  8), a sur face represent ing the  regional  

g r a v i t y  t r e n d  i s  contoured us ing t h e  four th-order  polynomial surface 

which i s  f i t  t o  the  complete Rouguer g r a v i t y  data (F igure 6 ) .  
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Figure 8. Interpretative geologic cross section along gravity profile 
The number indicates the density (in g/cc) o f  the layer. A - A ' .  
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Aeromagnetic data.--An aeromagnetic survey over t h e  study area was 

f lown by Sc in t rex  Yinera l  Surveys (1972) a t  2,744 m barometr ic 

e l e v a t i o n  and w i t h  a f l i g h t - l i n e  spacing o f  3.2 km. A reg ional  

gradient  o f  about 5.6 gainmas/km was removed and the  r e s u l t i n g  magnetic 

values were contoured by Scin t rex  a t  a 20- and 100-gamma i n t e r v a l  

(F igure 9 ) .  On the  magnetic contour nap, magnetic highs c o r r e l a t e  w i t h  

exposures o f  T e r t i a r y  quartz monzonite o r  Precambrian rocks; and 

magnetic lows c o r r e l a t e  w i t h  Mesozoic and Cenozoic sedinentary rocks. 

The Cenozoic volcanics i n  t h e  8 u l l  Val ley d i s t r i c t  do not  have a 

coherent magnetic expression. Although t h e  aeromagnetic survey was not 

de ta i  1 ed, a nor theast - t rendi  ng nagnet i  c h i  gh i ndicates quartz monzonite 

along the  B u l l  Va l ley -3 ig  Mountain arch and a magnetic h igh corresponds 

w i t h  Mineral Mountain. The two magnetic highs are separated by a 

magnetic low. A magnetic h igh  corresponds approximately w i t h  the 

upthrown block l y i n g  east o f  t h e  Hurr icane f a u l t .  

west across t h e  S t .  George bas in t o  t h e  Nevada s t a t e  l i n e  forming a 

magnetic h igh  along t h e  southern border o f  t h e  survey area. 

This t rend continues 

Local G r a v i t y  Features 

Two g r a v i t y  maps are  used i n  t h e  i n t e r p r e t a t i o n  o f  l o c a l  g r a v i t y  

features.  

and t h e  four th-order  res idua l  g r a v i t y  anomaly map (F igure 7) .  

They a r e  t h e  complete Bouguer g r a v i t y  anomaly map (Figure 4)  

Cornpl e t e  Bouguer G r a v i t y  Anomaly Map.--The complete Bouguer 

g r a v i t y  anomaly map of southwestern Utah (F igure 4)  shows g r a v i t y  

fea tures  which are as d iverse  as t h e  geology o f  t h e  region. The 

eastern border o f  the  survey area i s  dominated by a nor theast - t rending 



* Q 

I 1 4 O  113O 112O 

CONTOUR I N T E R V A L S  = 
0 25 50 M I L E S  
I I l l  I ! ,  'I I 

I 
I I 

I 
75 K I L O M E T E R S  20 and 100 Gammas 0 2 5  50 

S C A L E  

Figure 9 .  Aeromagnetic map t h a t  includes the study area (taken from Zeitz e t  a l .  , 1 9 7 6 ) .  
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g r a v i t y  h igh  and a nor th- t rending g r a v i t y  low as ind ica ted  by the' 

I) 

4 

o f f s e t  g r a v i t y  contours. The g r a v i t y  h igh  corresponds w i t h  t h e  V i r g i n  

a n t i c l i n e ,  which has an a x i a l  exposure o f  Paleozoic rocks. The g r a v i t y  

low corresponds w i t h  t h e  downthrown s ide  o f  the  Hurr icane f a u l t  

i n d i c a t i n g  less  dense rocks t o  the  west o f  the  f a u l t  w i t h  Paleozoic 

rocks exposed on t h e  upthrown, eastern block.  The northeast end o f  the  

V i r g i n  a n t i c l i n e  g r a v i t y  h igh abuts w i t h  the  Hurr icane f a u l t  g r a v i t y  

low near Anderson Junction, i n  agreement w i t h  t h e  mapped geology (Cook,  

1960). The southern end o f  t h e  V i r g i n  a n t i c l i n e  g r a v i t y  h igh  i s  

d is rup ted  near t h 2  town o f  Washington. This  d i s r u p t i o n  c o r r e l a t e s  w i t h  

. the mapped l o c a t i o n  o f  t h e  Washington f a u l t ,  which otherwise has a weak 

g r a v i t y  expression. The V i r g i n  a n t i c l i n e  g r a v i t y  h igh  a lso  has a weak 

g r a v i t y  expression i n  t h e  area l y i n g  Southwest o f  t h e  Washington f a u l t .  

AI though accurate def i n i  t i  on across t h e  Hurr icane f aul  t i s d i  f f i c u l  t 

due t o  t h e  physical  r e s t r i c t i o n s  invo lved w i th  procur ing ample data 

because o f  t h e  rugged topography of t h e  Hurricane C l i f f s ,  t h e r e  appears 

t o  be a t  l e a s t  a 20-mgal anomaly a t t r i b u t a b l e  t o  t h e  Hurr icane f a u l t .  

As w i t h  most major f a u l t s  i n  t h e  in termounta in region, t h e  western 

b lock i s  downthrown wi th  what may be reverse-drag f l e x u r e  west o f  the  

f a u l t  (Hamblin, 1965). 

The highest g r a v i t y  anomaly values o f  t h e  survey area (F igure 4 )  

are  i n  t h e  southwest corner  o f  t h e  map w i t h  values up t o  -127 mgal 

This c o r r e l a t e s  w i t h  t h e  l a r g e s t  exposure o f  Paleozoic rocks i n  t h e  

reg ion  and a t h r u s t  sheet o f  Paleozoic rocks over rdesozoic rocks. The 

lack  of data n o r t h  of t h e  g r a v i t y  h igh  prevented b e t t e r  determinat ion 

of t h e  s t ruc tu re ,  bu t  f u r t h e r  c l a r i f i c a t i o n  i s  gained by t h e  
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fourth-order res idua l  g r a v i t y  map, as w i l l  be shown l a t e r .  Far ther  

n o r t h  o f  t h e  Paleozoic rocks i s  a g r a v i t y  low and corresponding g r a v i t y  

h igh  t o  t h e  northeast.  ilue t o  t h e  reg ional  e f fect ,  there  appears t o  be 

no c losure  o f  g r a v i t y  contours around t h e  g r a v i t y  h igh  o f  -163 mgal and 

on ly  4-mgal c losure  around the  low o f  -172 mgal . The g r a v i t y  low 

occurs over t h e  a l luv ium o f  t h e  Beaver Darn Nash and t h e  g r a v i t y  h igh 

occurs t o  the  east, over Square Top iAountain, t h e  nnost eastern p o r t i o n  

o f  t h e  Sevier  t h r u s t  sheet. 

The B u l l  Va l ley  d i s t r i c t  and t h e  reg ion  t o  the  immediate east, 

past  Veyo t o  the  Pine Va l ley  ;*lountains, has the  best coverage as f a r  as 

t h e  g r a v i t y  survey i s  concerned and a l s o  happens t o  be an area o f  

pronounced T e r t i a r y  vo lcanic  act1 v i  t y  and nuinerous f a u l t s  o f  var ious 

1 a t e r a l  extent  and v e r t i c a l  d i  spl  acement (61 ank, 1959). A g r a v i t y  1 ow 

west o f  Veyo l i e s  i n  t h i s  area o f  extens ive f a u l t i n g  and volcanism. 

The east s ide  o f  t h e  g r a v i t y  low t rends  northeast f o r  about 15 km and 

t h e  west s ide  t rends n o r t h  f o r  about 20 km. Both s ides o f  t h e  g r a v i t y  

low i n d i c a t e  f a u l t s  as shown by t h e  c l o s e l y  spaced g r a v i t y  contours. 

The northward cont inuat ion  o f  t h e  Gunlock f a u l t  has been postu la ted by 

Cook (1960) and Montgomery (1973) and i s  supported by t h e  g r a v i t y  

gradient  on t h e  complete Bouguer g r a v i t y  anomaly map. Splaying of the  

Gunlock f a u l t  near Sunlock could account f o r  t h e  nor theast - t rending 

f a u l t  east  o f  t h e  g r a v i t y  low, here in  designated t h e  "Yagotsu f a u l t " .  

I n  t h e  E n t e r p r i s e  area, a g r a v i t y  anomaly h igh  o f  -181 mgal , 
re fer red  t o  as t h e  Enterpr ise  Reservoir  g r a v i t y  h igh  by Pe (1980), has 

a c losure  o f  about 10 mgal and i s  postu la ted by Pe t o  be due t o  a 

horst - type b lock i n  t h e  basement s t r u c t u r e  r e l a t i v e  t o  t h e  Keserv9ir  
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t rough which  l i e s  t o  the imnediate sou theas t  (Blank, 1959; Pe, 1980).  

The g r a v i t y  low ( w i t h  a low va lue  of -204 mgal) a s soc ia t ed  w i t h  the  

Reservoi r  trough has a c l o s u r e  o f  6-8 mgal and i s  due t o  lower-density 

sediments and volcanics  which f i l l  the depress ion .  The g rav i ty  

contours  along the e a s t e r n  and western borders  of the  Enterprise 

Reservoi r  g r a v i t y  h i g h  a r e  c l o s e l y  spaced, thus i n d i c a t i n g  normal 

high-angle f a u l t i n g  on both sides. 

g r a v i t y   lo^ i s  a con t inua t ion  o f  the  g r a v i t y  low i n t o  the Nencastle 

g r a v i t y  low (Pe, 1980). The nor theas t  trend of th is  g r a v i t y  f e a t u r e  

Northeast  of the Enterprise trough 

appears t o  be a s soc ia t ed  w i t h  the Laramide-age structure evidenced i n  

the I ron  Spr ings  d i s t r i c t  (Blank, 1959; Pe, 1980). The Bull Valley-Big 

Vlountai n a r c h  i s bel i eved t o  have a qua r t z  monzonite c o r e  empl aced 

along a zone of weakness resulting from Laramide a c t i v i t y ,  w i t h  the 

Reservoi r  trough graben a consequence o f  this structure (Blank, 1959; 

Pe, 1980). The Bull Valley-Big :lountain a rch  mani fes t s  i t s e l f  as a 

g r a v i t y  h i g h  poss ib ly  a s  f a r  s o u t h i ~ e s t  a s  Yineral Hountain and 

northwest across Big  Mountain t o  a t  l e a s t  the edge of the survey a rea .  

. 

Adjacent t o  the Pine Valley Aountains, two g r a v i t y  lows occur  w i t h  

4-mgal c losu re :  1 )  one w i t h i n  Pine Valley; and 2 )  the o t h e r  centered 

w i t h i n  the v i l l a g e  of New Harmony. 

a t t r i b u t e d  t o  alluvium f i l l  i n  the respective basins. A more extensive 

I n  both a r e a s  the lows a r e  
I 

a r c u a t e  g r a v i t y  low encompasses the Pine Valley and New Harmony g r a v i t y  

lows and the nor thern  h a l f  of t h e  Pine Valley Mountains, b u t  the cause 

of th is  broad anomaly i s  not understood. Northeast  of the New Harmony 

g r a v i t y  l o w  i s  a minor g r a v i t y  high corresponding w i t h  Harmony Mountain 

and f a r t h e r  no r theas t  i s  the southern  end of the south Cedar Valley 
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g r a v i t y  low i n d i c a t i n g  a graben (Pe,  198'3). 

Fourth-Order Residual Gravi ty  Anomaly Map:--The four th-order  

res idua l  g r a v i t y  anomaly map (Figure  7 )  helps t o  c l a r i f y  many of the 

structures. 

better on the re s idua l  g r a v i t y  map because the dominating e f f e c t  of the 

reg iona l  g r a v i t y  trend i s  removed. Most no tab le  a r e  the Gunlock f a u l t ,  

the Beaver Dam Wash f a u l t ,  and the Yagotsu f a u l t .  

i 
,t  1: 

I n  p a r t i c u l a r  s eve ra l  of the major f a u l t s  a r e  de l inea ted  

The g r a v i t y  effect of the Beaver Dam Wash f a u l t  i s  not r e a d i l y  

apparent on the complete Bouguer g r a v i t y  anomaly map p a r t i c u l a r l y  

because of the lack o f  d a t a  along the c e n t r a l  po r t ion  of the f a u l t .  

. Closure i s  ind ica t ed  around the g r a v i t y  low over the northern end of 

Beaver Dam Wash and the g r a v i t y  high a s s o c i a t e d  w i t h  the  Pa leozoics  
9 

exposed i n  the Seaver Dam Yountains. The re s idua l  fou r th -o rde r  g rav i ty  

map a l s o  suggests some c l o s u r e  b u t  shows a 20-mgal anomaly t h a t  

i n d i c a t e s  a we1 1 -defi ned h i  3h-angl e f a u l t  w i t h  a downthrown bl ock on 
8 

the west. 

Dam f a u l t  extends from Square Top Mountain south t o  a t  l e a s t  the 

The extent of the g r a v i t y  g rad ien t  i n d i c a t e s  t h a t  the Reaver 

0 

e 

Arizona s t a t e  l ine.  

The Gunlock-Shebit-Cedar Pocket f a u l t  system (Qobbi n ,  1939; Cook, 

1960),  which i s  referred t o  a s  the Grand Wash f a u l t  i n  Arizona 

(Montgomery, 1973; Hamblin, 1970), i s  not a s  well def ined  by the 

g r a v i t y  da t a  a s  the Beaver Dam Wash f a u l t  b u t  the f a u l t  shows a closure 

of 6-mgal f o r  the downthrown block on the re s idua l  g r a v i t y  map (Figure 

7 )  and an anomaly o f  about 12  mgal a c r o s s  the f a u l t .  

Bouguer g r a v i t y  a n o m l y  map (Figure 4 ) ,  the Gun1 ock-Shebit-Cedar Pocket 

On the complete 
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f a u l t  system corresponds w i t h  an o f f s e t  of the g e n e r a l l y  eas t - t r end ing  

contours.  

The v e r t i c a l  displacement of the Grand Wash f a u l t  may be a s  g r e a t  

a s  4,900 m near  the mouth of the Grand Canyon b u t  dec reases  t o  less 

than  500 m i n  Utah (Hamblin, 1970). This i n t e r p r e t a t i o n  is  

s u b s t a n t i a t e d  by the decreasing magnitude of the g r a v i t y  anomaly from 

south  t o  nor th  and the eventual disappearance of the anomaly i n  the 

Gun1 ock a rea .  

Perhaps the most important f e a t u r e  gained by the r e s idua l  g r a v i t y  

map' (F igu re  7 )  i s  the r e s o l u t i o n  of the Hagotsu f a u l t ,  w h i c h  i s  

j n d i c a t e d  by the steep g r a v i t y  g rad ien t  along the e a s t e r n  margin of a 

g r a v i t y  low t h a t  has a c l o s u r e  of 10 mgal and a l e n g t h  o f  a t  l e a s t  25 

km. Because of recent b a s a l t  f lows and alluvium cover ,  there i s  

appa ren t ly  no s u r f i c i a l ,  geologic  express ion  of the Magotsu f a u l t .  

Although the complete Bouguer g r a v i t y  anomaly map shows a d i s t inc t  

t rough t h a t  suggests a def ini te  structure, the re s idua l  g r a v i t y  map 

better defines the Magotsu f a u l t  and i t s  ex ten t .  The trend of the 

Magotsu f a u l t  and the g r a v i t y  low t o  the northwest, w h i c h  i n d i c a t e s  a 

graben, herei n des igna ted  the "Magotsu graben", i s  no r theas t .  A 

12-mgal anomaly a s s o c i a t e d  wi th  the Magotsu f a u l t ,  i n  add i t ion  t o  the 

i n c r e a s e  of the  g r a v i t y  va lues  t o  the northwest,  sugges t s  t h a t  the  

Hagotsu graben i s  t i l t ed  east and t h a t  the Magotsu f a u l t  i s  normally 

faulted.  The re s idua l  g r a v i t y  map shows t h a t  the trend o f  the f a u l t  

along the western edge o f  the Nagotsu graben is  nor theas t .  This i s  not 

i n  agreement w i t h  the complete Bouguer g r a v i t y  anomaly map which 

i n d i c a t e s  t h a t  the f a u l t  trends north.  
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Two gravity h i g h s  of 2- and 4-mgal closure l i e  northwest of the 

* 

e 

Magotsu f a u l t ;  and t h e i r  locations correspond respectively t o  V i  neral 

Mountain and the Paleozoic rocks exposed n o r t h  o f  Square Top Mountain.  

These two gravity 'nighs dominate the gravity expression i n  the 

imedia te  area. On the fourth-order residual gravity map the 

Enterprise Reservoir gravity h i g h  remains similar t o  t h a t  on the 

complete Bouguer gravity anomaly map, b u t  the gravity low associated 

w i t h  the Reservoir trough approximates more closely the geologically 

mapped arcuate shape of the 1 ow-densi t y  Tertiary sediments and 

Quaternary b a s a l t s  (Blank, 1959) and be t te r  defines the structure i n  

the northwest corner of the survey area even w i t h  the edge-effect error  

introduced. A gravity low lying west of  the Reservoir t rough with a 

closure of 4 mgal coincides well with the exposure of the lower-density 

Tertiary sediments i n  this area. 

Profile B-B'  .--Profile B - B '  (Figure 10) extends eastward across 

the survey area from Beaver Dam Wash on the west t o  L i t t l e  Creek 

Terrace on t h e  east for  a distance o f  approxirnatey 90 km. Two 

pronounced g rav i ty  lows, with complete Bouguer gravity anomaly values 

decreasing t o  -171 mgal and -176 mgal ,  occur over Beaver Darn Wash and 

the area lying west of the Hurricane Cl i f f s ,  respectively. The two 

gravity lows are separated by an extensive gravity h i g h  with complete 

Bouguer gravity anomaly values of about -151 t o  -146 mgal 

flat-lying Yesozoic uni ts  east  of the Hurricane f a u l t ,  the anomaly 

values are consistently about -165 mgal. I n  the area lying east o f  the 

Virgin ant ic l ine and starting w i t h  s ta t ion RG487 (Figure 19) ,  an 

assumed regi onal yradi  ent of 0.61 mgal /km (correspondi ng ;vi t h  an 

Over the 
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observed reg iona l  change o f  g r a v i t y  13.5 mgal over 22.5 km) i s  removed 

from t h e  observed data r e s u l t i n g  i n  t h e  adjusted data. 

Bouguer g r a v i t y  anomaly values are the re fo re  made t o  be equal a t  t h e  

Paleozoic outcrops exposed a1 ong t h e  V i  r g i  n an t i c1  i ne and t h e  upthrown 

b lock of t h e  Hurr icane f a u l t .  This reg iona l  e f f e c t  i s  a t t r i b u t e d  t o  a 

combination o f  t h e  east-west s t e p - l i k e  t r a n s i t i o n  between t h e  Basin and 

Range and t h e  Col orado P1 ateau and t h e  nor th - t rend i  ng reg ional  gradient  

caused by t h e  p r o f i l e  cross ing t h e  s t r i k e  o f  t h i s  t rend  i n  t h e  eastern 

p o r t i o n  of t h e  p r o f i l e .  The dens i t i es  used i n  modeling p r o f i l e  B-B'  

a re  l i s t e d  i n  Table 1 except f o r  a h i g h l y  f rac tu red  and complex u n i t  on 

. t he  western edge o f  t h e  Hurricane f a u l t ,  which has an assumed composite 

dens i t y  o f  2.35 g lcc.  

The r e s u l t i n g  
1 

Pro f  i 1 e 6-3 ' i s model ed us i  ng a two-di mensi onal program ( Snow, 

1978) because t h e  geologic  s t r u c t u r e  along t h e  p r o f i l e  i s  dominated by . 

e longate nor th - t rend i  ng f a u l t s  approximately perpendicular t o  t h e  t rend  

o f  t h e  p r o f i l e .  P r o f i l e  5-B' e x h i b i t s  t h ree  major high-angle f a u l t s  

w i t h  t h e  western b lock downthrown and i t s  beds d ipp ing  east due t o  

e i t h e r  a ti 1 t e d  b lock o r  reverse-drag f l e x u r e  associ ated w i t h  1 i s t r i c ,  

normal f a u l t i n g  (Hamblin, 1965). The westernmost f a u l t  i s  t h e  Beaver 

Dam Wash f a u l t  w i t h  a t o t a l  g r a v i t y  re1 i e f  o f  20 mgal . Mesozoic rocks 

are  exposed east  of t h e  f a u l t ,  w i t h  a l l uv ium cover ing t h e  downthrown 

western b lock f o r  a d is tance o f  about 5 km beyond which T e r t i a r y  

vo lcanics crop out. Because t h e  f u l l  g r a v i t y  anomaly i s  not  recorded 

w i t h i n  t h e  survey area, edge e f f e c t s  due t o  t h e  modeling procedure may 

d i  s t o r t  t h e  i n t e r p r e t a t i  on bu t  t h i s  e f f e c t  i s probably i ns i  gni f i cant 

w i t h  regards t o  the  o v e r a l l  i n t e r p r e t a t i o n .  The f a u l t  i s  modeled t o  a 
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best fit t o  extend t o  a depth of 2,700 m w i t h  a v e r t i c a l  displacement 

o f  2,000 m. i 
The increase o f  t he  g r a v i t y  values a t  t he  western end o f  p r o f i l e  

B-B i n d i c a t e  west-dipping beds i n  t h e  area west o f  t he  Beaver Dam Wash 

fau  t. The model shows t h e  flesozoic sandstone u n i t  exposed a t  t he  west 

end o f  t h e  p r o f i l e ,  but  t he  geologic con t ro l  i n  t h i s  area i s  

i n s u f f i c i e n t  t o  p r o j e c t  t he  proper d i p  o f  t he  beds. Another 

i n t e r p r e t a t i o n  o f  the  s t r u c t u r e  i s  t o  d imin ish  the  th ickness of t he  

vo lcanic  l a y e r  and instead exp la in  t h e  l a r g e  g r a v i t y  anomaly w i t h  

deeper a1 l u v i a l  f i  11 

I n  t h e  cen t ra l  p a r t  o f  p r o f i l e  B-B' ,  a 7-mgal anomaly i s  caused by 

t h e  Gunlock f a u l t ,  which i s  modeled t o  a depth o f  1,000 m w i t h  a t o t a l  

v e r t i c a l  displacement o f  500 m. P r o f i l e  3-3' crosses the  Gunlock f a u l t  

near the  nor thern end of t h e  f a u l t .  The Shebi t  f a u l t ,  which continues 

t o  t h e  south i n  al ignment w i t h  t h e  Gunlock f a u l t ,  i s  downthrown on the  

east and thus opposi te  i n  sense t o  both the  Gunlock f a u l t  t o  t h e  nor th  

and the  Cedar Pocket f a u l t  t o  t h e  south. Accordingly, displacement o f  

500 m i s  reasonable f o r  t he  Gunlock f a u l t .  

. 

The area along p r o f i l e  B-B' l y i n g  between t h e  Beaver Dam Wash- 
I 

f a u l t  and t h e  Gunlock f a u l t ,  w h i l e  complex due t o  d ipp ing  bed4 and 

m u l t i p l e  fau l t i ng ,  shows a shal lowing o f  t he  tlesozoic sandstone u n i t  

which i s  i n  agreement w i t h  t h e  geologic mapping and t h e  g r a v i t y  data. 

I n  the  east -centra l  p a r t  o f  p r o f i l e  B-B', t he  decrease i n  g r a v i t y  

values i s  i n t e r p r e t e d  as caused by a th i cken ing  Hesoroic sandstone 

u n i t .  There i s  no s i g n i f i c a n t  g r a v i t y  s ignature over the  V i r g i n  

a n t i c l i n e  i n  p r o f i l e  B-6' because o f  t h e  small dens i ty  cont ras t  
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invo lved and the  f a c t  t h a t  t he  Paleozoic u n i t s  are found a t  such a 

shal low depth (1 ess than 1,000 in) where p r o f i  1 e B-3' crosses the  V i  r g i n  

a n t i c l i n e  (Hamblin, 1980, personal communication). 

The e f f e c t  o f  t h e  Hurr icane f a u l t  manifests i t s e l f  t o  t h e  

imnediate east o f  t he  V i r g i n  a n t i c l i n e  as a 15-mgal g r a v i t y  anomaly. 

The f a u l t  i s  modeled as i nc reas ing l y  s lop ing  u n i t s  t o  a depth o f  3,000 

m w i t h  a l a r g e  wedge o f  undetermined l i t h o l o g y  reaching a maximum depth 

o f  1,000 m. The wedge could be comprised o f  a h i g h l y  f a u l t e d  melange 

o f  rocks as suggested by Cook (1960) o r  t h e  wedge could simply be the  

r e s u l t  o f  reverse-drag f l e x u r e  w i t h  syn the t i c  f a u l t i n g  i n  t h e  

downthrown block as suggested by Hamblin (1965, 1970). I n  p r o f i l e  B-R ' ,  

t h e  wedge i s  modeled as a combination o f  these features. The ind i ca ted  

t o t a l  v e r t i c a l  displacement o f  3,000 m f o r  t h e  Hurricane f a u l t ,  shown 

i n  F igu re  10, i s  i n  agreement w i t h  t h e  i n t e r p r e t a t i o n  o f  Cook (1960) 

and Hamblin and Best (1978). The f l a t - l y i n g  beds t o  t h e  east o f  t he  

Hurr icane f a u l t  range from t h e  Paleozoic u n i t  exposed a t  t he  f a u l t  

scarp along the  Hurricane C l i f f s  t o  Mesozoic sandstones exposed i n  the  

mesas and plateaus l y i n g  east o f  t h e  Hurr icane C l i f f s .  

P r o f i l e  C-C'-.--Profi le C-C '  (F igure  11) .extends eastward f o r  about 

45 km from no r th  o f  Mineral  Mountain through t h e  southern p o r t i o n  o f  

t h e  B u l l  Val ley Mountains t o  t h e  southwestern corner o f  t he  Pine Val ley 

Mountains. The p r o f i l e ,  which n e a r l y  co inc ides  w i t h  an east-west 

i n t e r p r e t a t  i ve geol ogi  c cross sec t i on  taken by Cook (1960) , i s chosen 

t o  he lp  c l a r i f y  t h e  bas ic  s t r u c t u r e  o f  t h e  B u l l  Va l l ey  d i s t r i c t  and 

espec ia l l y  t he  s t r u c t u r e  r e l a t e d  t o  t h e  Veyo Hot Springs. A 

two-dimensional model i s  used i n  the  i n t e r p r e t a t i o n  o f  p r o f i l e  C-C '  
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because of t h e  two-dimensional nature o f  t h e  rJlagotsu graben as 

suggested by t h e  four th -order  res idua l  g r a v i t y  map. I f  t h e  s t r u c t u r e  

loca ted  a t  t h e  western end o f  t h e  p r o f i l e  i s  ins tead modeled us ing  a 

two and a half-dimensional o r  three-dimensional model, t h e  e f f e c t  would 

be t o  increase t h e  depth o f  t h e  modeled fea tures  i n  o rder  t o  bes t  f i t  

t h e  data. 
I 

For p r o f i l e  C - C ' ,  two sets  o f  g r a v i t y  anomaly values are modeled: 

t h e  complete Bouguer g r a v i t y  anomaly V a l  ues, which a re  modeled us ing  

t h e  same procedure as t h a t  f o r  p r o f i l e s  A-A'  and B-B' ;  and t h e  res idua l  

g r a v i t y  values, which are  obtained from t h e  four th -order  res idua l  

g r a v i t y  map (F igure  11). For both sets  o f  g r a v i t y  values, t he re  are  

two minor g r a v i t y  highs i n  t h e  B u l l  Va l l ey  Mountains and a l a r g e  

g r a v i t y  low corresponding t o  t h e  area immediately west o f  Veyo. 

A comparison o f  t h e  complete Bouguer g r a v i t y  anomaly values w i t h  . 

t h e  corresponding res idua l  g r a v i t y  values i s  shown i n  F igure  11. There 

i s  good c o r r e l h t i o n  i n  t h e  two se ts  o f  g r a v i t y  values across t h e  

p r o f i l e  except f o r  d i f f e rences  a t  t he  extreme ends and a s l i g h t  

discrepancy i n  t h e  center. 

a t t r i b u t e d  t o  edge e f f e c t s  i n  t h e  generat ion o f  t h e  four th-order  

The discrepancy a t  t h e  west end i s  

polynomial surface. The eastern 16 km o f  t h e  p r o f i l e  shows a major 

depar ture o f  t h e  res idua l  g r a v i t y  values from t h e  complete Bouguer 

g r a v i t y  anomaly values. Th is  behavior i s  thought t o  be a r e s u l t  of t he  

eastern end o f  p r o f i l e  C-C'  c ross ing  t h e  east - t rending s t r i .ke o f  t h e  

l a r g e  reg iona l  g r a v i t y  e f f e c t .  The remaining p o r t i o n  o f  t h e  p r o f i l e  i s  

subpara l le l  w i th  the s t r i k e  o f  t he  reg iona l  g r a v i t y  t rend  and does not 

mani fest  any reg iona l  e f f e c t  . 
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Modeling o f  t he  complete Bouguer g r a v i t y  anomaly values gives a 

good f i t  ( n o t  shown i n  t h i s  r e p o r t )  w t h  the  known geology except i n  

the  reg ion  east o f  t he  lYagotsu f a u l t  h i c h  i s  marked by f l a t - l y i n g  

Mesozoic beds p a r t i a l l y  covered w i t h  basa l t  f lows. 

i n  t h i  s reg ion  i s possib le  by modeling a near-surface h o r i  zontal  

300-m-thick sequence o f  2 .l-g/cc-densi t y  ves i cu la r  basal t s ,  t he  model 

i s considered geol og ica l  l y  unreasonable (Nash, 1980, personal 

comnunication), and the re fo re  not inc luded i n  t h i s  repo r t  

Although a good f i t  

Therefore, p r o f i l e  C-C'  i s  modeled t o  t h e  res idua l  g r a v i t y  values 

i n  order  t o  e l im ina te  b e t t e r  t he  reg ional  e f f e c t  which i s  dominating i n  

the  arha. The modeling o f  p r o f i l e  C-C'  i s  constrained so as t o  

correspond i n  so f a r  as poss ib le  w i t h  t h e  prev ious ly  mentioned 

eas t - t rend i  ng geol ogi  c cross sec t ion  o f  Cook (1960) which extends 

across e s s e n t i a l l y  t he  same area as p r o f i l e  C-C' . 

4 

I n  the  western 15 km o f  p r o f i l e  C-C' ,  t he  res idua l  g r a v i t y  values 

show a gradual increase t h a t  culminate i n  t h e  f i r s t  o f  two mjnor 

g r a v i t y  highs. I n  modeling t h i s  area, a good f i t t o  the  res idua l  

g r a v i t y  data can be obtained by r a i s i n g  t h e  Paleozoic u n i t  from a depth 

of 1,650 m t o  1,200 m o v e r l q i n  by an unce r ta in  combination o f  T e r t i a r y  

volcanics.  A poss ib le  mechanism f o r  t h e  west-dipping Paleozoic u n i t  

could be the  t h r u s t  sheet (as mapped by Cook, 1960) which i s  exposed 

south o f  Mineral  Wountain and a t  Square Top Plountain, both w i t h i n  

several  k i lometers  o f  t h e  p r o f i l e .  Although modeled w i t h  a d i p  o f  l ess  

than 5O, t he  s lope o f  t he  t h r u s t  plane could be increased and s t i l l  

e x h i b i t  a good f i t  through manipulat ion o f  t he  dens i t i es  o f  t he  

T e r t i a r y  vo lcanics which have not ye t  been mapped geo log ica l l y .  Cook 

8 
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(1960) estimated the  

The g r a v i t y  h igh  a t  

o f  t h e  t h r u s t  plane t o  be from 5 O  t o  25'. 

end of t h e  gradua l ly  d ipp ing  block i s  

i n t e r p r e t e d  as represent ing a f a u l t e d  segment o f  t h e  t h r u s t  sheet which 

i s  w i t h i n  200 m o f  t he  surface. Along t h e  p r o f i l e ,  t h e  v e r t i c a l  

displacement o f  t h e  f a u l t  t o  t h e  west o f  t h e  f a u l t e d  segment i s  1,000 

m. The v e r t i c a l  displacement o f  t h e  f a u l t  t o  t h e  east o f  t he  block i s  

undetermined because the  f a u l t e d  segment forms the  edge o f  t h e  t h r u s t  

sheet. 

Along p r o f i l e  C - C '  i n  t he  area west o f  t he  B u l l  Va l ley  d i s t r i c t ,  

t h e  rocks are  h i g h l y  f a u l t e d  (as i s  t r u e  f o r  t h e  e n t i r e  B u l l  Val1e.y 

d.i s t r i c t ) ,  bu t  on ly  t h e  f a u l t s  w i t h  subs tan t i  a1 displacement are shown 

i n  t h e  p r o f i l e .  Consequently, t h ree  f a u l t s  are modeled w i t h  v e r t i c a l  

displacements o f  300 m, 2,000 m and 1,400 m, respec t i ve l y ,  from west t o  

east. The westernmost b lock  formed by t h i s  f a u l t i n g  i s  depicted w i t h  

f l a t - l y i n g  beds, whereas t h e  two blocks t o  t h e  east d i p  east, w i t h  a l l  

. 

t h r e e  downthrown on t h e  west o f  t h e  f a u l t .  Although t h e  t rend  o f  t h e  

f a u l t i n g  was i nterpre ted  by Cook (1960) and Montgomery (197.3) t o  

cont inue i n  a n o r t h e r l y  d i r e c t i o n  beyond t h e  northernmost exposure of 

t he  Gunlock f a u l t ,  t h e  separate northward and northeastward t rends  o f  

t he  g r a v i t y  contours on t h e  res idua l  map and t h e  complete Bouguer 

anomaly map i n d i c a t e  t h a t  t h e  f a u l t  apprent ly  b i f u rca tes ,  w i t h  one 

branch extendi ng n o r t h  and t h e  o the r  branch bending and extending 

northeast. Such a northeast t r e n d  i s  subpara l l e l  t o  t h e  Hurricane 

f a u l t  t o  t h e  east, which a l so  bends i n  a s i m i l a r  fashion, as we l l  as 

o ther  faul  t s  i n  northern A r i  zona (Stewart, 1971 ; Hambl i n ,  1980, 

personal comuncat i  on) . 



Q 

49 

Along p r o f i l e  C-C ' ,  t he  Magotsu f a u l t  i s  apparent ly  t he  eastern 

l i m i t  o f  t h e  s teeply  d ipp ing  fau l ted  b locks as the  sedimentilry beds t o  

the  east are apparent ly f l a t - l y i n g .  I n  t h e  area east o f  t he  Magotsu 

f a u l t  , the  g r a v i t y  values remain approximately constant although t h e  

area i s  marked w i t h  po r t i ons  o f  several  d i f f e r e n t  basa l t  f lows, some o f  

ves i cu la r  nature, and a l l uv ium w i t h  some exposure o f  Cretaceous 

l imestone (Cook, 1960). 
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Kegi onal Anal y s i  s 

The survey area i s  loca ted  a t  t h e  southern end o f  t h e  Sreat Basin 

i n  t h e  t r a n s i t i o n  zone between t h e  Basin and Range and Colorado Plateau 

provinces. Fennenan (1931) pos tu la ted  t h a t  t h i s  t r a n s i t i o n  i s  loca ted  

a1 ong t h e  Wasatch-Hurri cane f a u l t  zone which has s i  nce been desi gnated 

the  riasatch L i n e  (Kay, 1951). On t h e  bas is  o f  aeromagnetic and seismic 

data, Shuey e t  a1 . (1973) placed t h i s  boundary approximately 50 km east 

of t h e  Wasatch Line. Cenozoic f a u l t i n g  and volcanism have, i n  general, 

been m ig ra t i ng  eastward from t h e  c e n t r a l  p a r t  of t h e  Basin and Range t o  

the  Colorado P1 ateau (Hambl i n and Best, 1978; Chr i  stensen and McKee, 

1978) . 
The geologic  map o f  Cook (1960) shows t h a t  t h e  s t r a t i g r a p h i c  beds 

are  f l a t - l y i n g  i n  t h e  eastern p o r t i o n  o f  t h e  survey area and comprised 

of e a s t - t i l t i n g  blocks i n  the western po r t i on .  Th is  t r a n s i t i o n  occurs 

across a se r ies  of major nor th - t rend ing  normal o r  l i s t r i c  normal f a u l t s  

w i t h  t h e  western b lock e i t h e r  downthrown o r  f e a t u r i n g  reverse-drag 

f lexure .  P r o f i l e s  3-5' (F igure  10) and C-C '  (F igure  11) i n  t h e  present 

study support Cook's geolog ic  mapping w i t h  on l y  a few minor 

discrepancies. Geophysical data i n d i c a t e  t h a t  t he re  may a l so  be a 

geologic t r a n s i t i o n  from n o r t h  t o  south across t h e  survey area. The 

In termounta in seismic b e l t  (1%) (Smith and Sbar, 1974) t rends  south 

along t h e  Aasatch-Hurricane f a u l t  zone and i n t e r s e c t s  a secondary 
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seismic zone t rend ing  west-southwest from Cedar City, Utah across 

southwestern Utah and southern Nevada. Smith and Sbar (1974) pos tu la te  

t h a t  t h e  two i n t e r s e c t i n g  seismic zones form t h e  southern and eastern 

boundaries o f  t h e  Great Basin subplate. 

A study by Prodehl (1979) of c r u s t a l  r e f r a c t i o n  data taken du r ing  

1961-63 by S tua r t  e t  a l .  (1964) presents a c r u s t a l  th ickness  map which 

inc ludes Utah and Nevada. The c r u s t  i s  depic ted as being t h i n  ( l e s s  

than 30 km) i n  t h e  cen t ra l  p a r t  of t h e  Great Basin, t h i c k e r  t o  t h e  

south (about 37 km near l a t  37.5O N) and t h i n n i n g  again i n  nor thern  

Arizona (about 28 km) and thus  forming a southeast-trending t rough 

across southwestern Utah and southern Utah. Because o f  t h e  sparse 

coverage a v a i l a b l e  i n  Prodehl 's  study, i t  may be poss ib le  t o  

r e i n t e r p r e t  t h e  t r e n d  of t h e  t rough t o  be i n  a more eas te r l y - t rend ing  

d i  r e c t i  on 

Heat f l o w  data (Chapman e t  al., 1978; Blackwel l ,  1978; Bodel l ,  

1980) i n d  ca te  a thermal boundary t rend ing  east across t h e  survey area 

t h a t  i s  co inc ident  w i t h  t h e  seismic zone denoted by Smith and Sbar 

(1974). The thermal t r a n s i t i o n  i s  probably associated w i t h  t h e  

v a r i a t i o n  i n  c r u s t a l  thickness. 

The reg iona l  g r a v i t y  model (F igure  8) which i s  construed t o  he lp  

reso lve  t h e  cause o f  t h e  pervas ive eas t - t rend i  ng reg iona l  g r a v i t y  

effect, supports Smith and Sbar's (1974) concept o f  t h e  ex is tence o f  a 

Great Basin subplate. Wrench f a u l t i n g ,  back-arc spreading, t h e  east  

Paci.fic Rise, and mantle plumes a re  t h e  cu r ren t  t heo r ies  of t h e  o r i g i n  

of basi n-range s t r u c t u r e  (Stewart, 1978) and are bel ieved t o  expl a i  n 

t h e  a c t i v e  tecton ism i n  t h e  survey area. 
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Local Analysis 

Profiles 6-3' and C-C' are i n  good agreement w i t h  the mapped 

geology o f  southwestern Utah  (Cook, 1960). Rock density measurements 

and geologic mapping are the only control available f o r  use i n  the 

gravity interpretation. The f a u l t  displacements and the thicknesses of 

units are interpreted i n  the models which, t h o u g h  not exact, are 

.e believed t o  be reasonable representations of the real structural 

features. 

I n  Prof i le  B - B ' ,  the structure is  interpreted as a series of 

north-trending normal or l i s t r i c  normal faults w i t h  either downthrow or 

reverse-drag flexure t o  the west of the f a u l t  (Hamblin,  1965, 1970). 

e 

Profile C - C '  l ies i n  the area o f  the regional gravity transition and 

0 crosses several promi nent structural features. The B u l l  Val ley 

district  i s  a geologically complex region and the interpretation of 

profile C-C'  attempts t o  model only those features w i t h  a significant 

B) gravity expression. The influence of the thrust sheet i s  seen t o  the 

west with three indicated faults lying between the eastern extent of 

the thrust sheet and the flat-lying stratigraphic beds more typ ica l  o f  

the Col orado P1 ateau. 0 

Geothermal Analysis 

The vertical displacement of the faults a long  profile C - C '  ranges 

u p  t o  2,000 in as interpreted i n  the model, w i t h  the faults extending t o  

depths of 4,000 m. 

further delineating the Paleozoic u n i t  i s  beyond the resolution of the 

g rav i ty  da t a .  This restriction does not l imit  the t o t a l  depth extent 

I t  i s  believed t h a t  t o  model the f a u l t s  deeper by 
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of the f a u l t  t o  the f a u l t  depth  ind ica t ed  i n  the  model. 

these f a u l t s  probably cont inue  t o  a g r e a t e r  d e p t h  ( o f  perhaps 5 km) and 

a r e  d i rec t ly  r e l a t e d  t o  the source  o f  the hot springs near  Veyo. The 

Magotsu f a u l t  o r  the a n t i t h e t i c  and synthetic f a u l t s  a s soc ia t ed  w i t h  i t  

a r e  loca t ed  c l o s e  enough t o  the Veyo Hot Spr ings  ( t h a t  i s ,  w i t h i n  

about 2 km) t o  o f f e r  a conduit  f o r  hot water c i r c u l a t e d  a t  d e p t h  t o  

reach the su r face .  The Fllagotsu f a u l t  i s  interpreted a s  the l a s t  major 

f a u l t  e a s t  of the complex Bull Valley d i s t r i c t  before  observing the 

f l a t - l y i n g  s t r a t i g r a p h i c  beds t y p i c a l  of the Colorado P la t eau ,  which 

cont i nue e a s t .  

Therefore ,  

La Verkin Hot S p r i n g s  a r e  loca ted  a t  the i n t e r s e c t i o n  of the 

Virgin River and the Hurricane f a u l t .  The v e r t i c a l  displacement o f  the  

Hurricane f a u l t  a t  t h a t  po in t  i s  probably 3,000 m and the d e p t h  extent 

o f  the f a u l t  i s  probably much g r e a t e r  (Cook, 1960; Best and Hamblin, 

1978). The thermal source  of the La Verkin Hot Spr ings  i s  believed t o  ' 

be a t  d e p t h  (about 3-4 km) and s t r u c t u r a l l y  c o n t r o l l e d  by the  Hurricane 

f a u l t  . 
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SUMNARY AND CONCLUSIONS 

9 

The g r a v i t y  survey of the  southwestern p a r t  of the southern Utah 

geothermal belt has a s s i s t e d  i n  understanding better the geologic  

structure and physical c h a r a c t e r i s t i c s  w h i c h  govern the geothermal 

po ten t i a l  of the a rea .  The survey a rea  l i es  along the southern margin 

of the Great Basin i n  the t r a n s i t i o n  zone between the Rasin and Range 

and the Colorado P1 a teau  provinces where extensive Cenozoic f a u l t i n g  

and volcanism occurred. 

Two g r a v i t y  anomaly maps ( a  complete Bouguer g r a v i t y  anomaly map 

and a fou r th -o rde r  r e s idua l  g r a v i t y  anomaly map) were made t o  he lp  

c l a r i f y  the geologic structure of the survey a rea .  A nor th- t rending  

p r o f i l e  ( p r o f i l e  A-A') was chosen t o  interpret  the regional g r a v i t y ,  

and two eas t - t r end ing  p r o f i l e s  ( p r o f i l e  B-B'  and p r o f i l e  C-C') were 

chosen t o  interpret the loca l  geologic  structure. 

On a s i c a l  boundary that  trends eastward 

a c r o s s  the c e n t r a l  p a r t  of the survey a rea  ( a s  pos tu l a t ed  by Smith and 

Sbar (1974) from earthquake d a t a  and a s  inferred by hea t  flow d a t a  by 

Chapman et a1 . , 1978; Blackwell ,  1978, and Bodell , 1980) ,  has been 

supported by the regional g r a v i t y  model ( p r o f i l e  A-A'). I t  was 

pos tu l a t ed  t h a t  a c r u s t a l  l a t e r a l  d e n s i t y  c o n t r a s t  of 0.1 gm/cc from a 

depth  of 5 t o  15 km i s  the source  of a pervas ive  eas t - t r end ing  reg iona l  

g r a v i t y  anomaly b e l t .  In  a d d i t i o n ,  there i s  a nor th- t rending  regional 

g r a v i t y  t r a n s i t i o n  of a lesser magnitude which has been a t t r i b u t e d  t o  
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t he  t r a n s i t i o n  between the  Basin and Range and Colorado Plateau 

prov i  nces. 

The more prominent s t r u c t u r a l  fea tures  were shown on the  complete 

Bouguer g r a v i t y  anomaly map w i t h  f u r t h e r  c l a r i f i c a t i o n  gained w i t h  the  

four th-order  res idua l  g r a v i t y  anomaly map. The eastern p a r t  o f  t he  

complete Bouguer g r a v i t y  anomaly map area i s  dominated by a 

nor th- t rending g r a v i t y  low w i t h  a nor theast - t rending g r a v i t y  h igh which 

i n t e r s e c t s  the  g r a v i t y  1 ow from the  southwest near Anderson Junct ion.  

The g r a v i t y  low corresponds t o  the  lower dens i ty  downthrown block t o  

the  west o f  t he  Hurr icane f a u l t .  

a n t i c l i n e  which i s  d is rup ted  t o  the  southnest by a g r a v i t y  fea ture  

i n t e r p r e t e d  as the  Washington f a u l t .  

The g r a v i t y  h igh  i nd i ca tes  the  V i r g i n  
0 

The g r a v i t y  features i n  the  western p a r t  o f  t he  survey area were 

more c l e a r l y  understood us ing t h e  four th -order  res idua l  g r a v i t y  anomaly 

map than the  complete Bouguer g r a v i t y  anomaly map. 

g r a v i t y  fea tures  i n d i c a t e  t h e  Beaver Dam Wash f a u l t ,  t he  

Among others,  t he  

f a u l t  system, and the  two f a u l t s  which 

The t r e n d  o f  t h e  f a u l t  on t he  western edge 

t h e r  t r e n d  nor theast  as i nd i ca ted  on the  

y anomaly map o r  t r e n d  no r th  as ind ica ted  

on the  complete Bouguer anomaly map. 

Magotsu graben i s  t he  Magotsu f a u l t ,  which t rends northeast.  These 

geologic features are genera l l y  noma1 f a u l t s  w i t h  downthrow on the  

west. 

accentuated because i t  i s  loca ted  over the  Paleozoic rocks exposed a t  

Square Top Mountain, t he  most eastern ex ten t  o f  t he  Sevier  t h r u s t  sheet 

The f a u l t  t o  the  east o f  t he  

The g r a v i t y  h igh  east o f  t h e  Beaver Dam Wash f a u l t  i s  f u r t h e r  

Gun1 ock-Shebi t-Cedar Pocket 

de f i ne  the  Hagotsu graben. 

o f  t he  Magotsu graben may e 

four th -order  res idua l  g rav i  
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theory i s  t he  p o s s i b i l i t y  o f  reverse-drag on t h e  downthrown b lock 

r a t h e r  than a r i g i d  east -d ipp ing b lock (Hambl i n ,  1965, 1970) 

The Hurricane f a u l t  i s  t h e  most prominent fea tu re  of t he  

Miocene-P1 iocene episode o f  s t r u c t u r a l  a c t i v i t y .  The t rend  of t h e  

f a u l t ,  although b a s i c a l l y  n o r t h e r l y ,  i s  o f  a rhombic o r  zig-zag na ture  

and co inc ides  w i t h  t h e  t rend  o f  t h e  V i r g i n  a n t i c l i n e  n o r t h  of 

Touquerv i l le  (Cook, 1960). 

common du r ing  t h e  Yiocene-Pliocene episode o f  f a u l t i n g  and i s  found 

elsewhere i n  t h e  Basin and Range (Rowley e t  a1 ., 1979; Hamblin, 1980, 

personal communication). Wi th  present re1 i e f  o f  500 m near Hurricane, 

Dobbin (1939) and others (Cook, 1960; A v e r i t t ,  1964; Kur ie ,  1966; 

Hamblin, 1970) be l i eve  t h a t  a v e r t i c a l  d isp laceqent  o f  2,500 m t o  

4,500 m has occurred over two episodes of normal f a u l t i n g  separated by 

a long i n t e r - f a u l  t eros ional  pe r iod  which erased t h e  physiographic 

evidence o f  the  e a r l  i er ,  g rea te r  d i  s l  o c a t i  on. 

S i m i l a r  rhombic o r  zig-zag f a u l t i n g  i s  

Though no t  understood as w e l l  a s  t h e  Hurr icane f a u l t ,  t h e  maximum 

v e r t i c a l  displacement o f  t h e  o the r  major f a u l t s  i n  t h e  survey area, 

except f o r  t h e  Hurr icane F a u l t ,  genera l l y  occurs i n  t h e  south, w i t h  

l i t t l e  o r  no v e r t i c a l  displacement i n  t h e  no r th .  Only t h e  Beaver Dam 

Uash f a u l t  e x h i b i t s  diagonal s l i p ,  w i t h  t h e  western b lock  moving down 

and south r e l a t i v e  t o  t h e  eastern b lock  (Cook, 1960). 

The nor thwester ly - t rend ing  f a u l t s  o f  t h e  B u l l  Va l  l e y  d i s t r i c t  are 

c l a s s i f i e d  w i t h  t h e  yiocene-Pliocene episode o f  f a u l t i n g  as they c u t  

post-Rencher format ions ( l e s s  than 21 m.y. o l d )  and are  be l ieved t o  be 

due t o  c r u s t a l  adjustment r e s u l t i n g  from t h e  l a r g e  volume o f  

ex t rus ions  r i t h e r  than t h e  ac tua l  fo rces  o f  i n t r u s i o n  (Cook, 1960). 
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peds t h a t  a r e  t yp ica l  of the  Colorado P la teau .  The geologic 

i n t e r p r e t a t i o n  o f  p r o f i l e  C - C '  ind ica ted  t h a t  t h e  f a u l t s  i n  t h e  B u l l  

Valley d i s t r i c t  extend t o  a depth o f  a t  l e a s t  4,000 in and t h e r e f o r e  niay 

be s t r u c t u r a l  1 y assoc ia ted  with a conduit  f o r  a deep-seated hot-water 

source respons ib le  f o r  t he  Veyo Hot Springs.  

the  La Verkin Hot Springs i s  probably s t r u c t u r a l l y  r e l a t e d  t o  t h e  

Hurricane f a u l t  . 

S i m i l i a r l y ,  t h e  source of 
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L I S T I N G  OF P R I N C I P A L  FACTS OF GRAVITY DATA 



Notes: 1) U n i t s  a re  as fo l lows:  
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L a t i t u d e  

Longi tude 

E leva t i on  

Observed g r a v i t y  

Theore t ica l  g r a v i t y *  

.Free-ai r g r a v i t y  anomaly value 

Simp1 e Bouguer g r a v i t y  anomaly value** 

Ter ra i  n c o r r e c t i  on (T.C. )** 

Ter ra in -cor rec ted  Bouguer g r a v i t y  anomaly va lue 

2 )  Coding i s  as fo l lows:  

8 

degrees, qi nutes 

degrees, m i  nutes 

meters 

m i  1 1 i ga 1 s 

m i  11 i gal s 

m i  1 1 i ga 1 s 

m i  11 i g a l  s 

m i  1 1 i gal s 

m i  11 i gal s 

RGOOO Number des ignat ion o f  g r a v i t y  s t a t i o n  taken by Ronald 

Green 

EHOOO Number des ignat ion o f  g r a v i t y  s t a t i o n  taken by Elwood 

Hardman (1964). 

WPOOO Number des ignat ion  o f  g r a v i t y  s t a t i o n  taken by Win Pe 

(1978). 

* 
Theoret ica l  g r a v i t y  a t  mean sea l e v e l ,  us ing  t h e  

I n t e r n a t i o n a l  g r a v i t y  formula. 
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** 
A dens i ty  cont ras t  o f  2.67 g/cc was assumed f o r  both t h e  

Bouguer and t e r r a i  n correct ions.  

were obtained f o r  t h e  i n n e r  zone ( o u t  t o  a r a d i a l  d is tance o f  

0.895 kin from t h e  s t a t i o n )  by hand us ing a Hammer zone char t ,  

and f o r  t h e  outer  zones (ou t  t o  a r a d i a l  d is tance o f  166.7 km 

from t h e  s t a t i o n )  by us ing t h e  t e r r a i n - c o r r e c t i o n  program of 

Serpa (1980) on t h e  UNIVAC 1108 d i g i t a l  computer, a t  t h e  

U n i v e r s i t y  o f  Utah. 

T e r r a i  n -cor rec t ion  Val ues 

Note: 

which has a publ ished absolute g r a v i t y  value o f  979610.26 mgal , o r  t h e  

E n t e r p r i  se base s t a t i o n ,  which has a pub1 i shed absol u t e  g r a v i t y  Val ue 

o f  979446.73 mgal (Cook e t  a1 . , 1971). 

A l l  data are r e f e r r e d  t o  e i t h e r  t h e  St. George base s t a t i o n ,  
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RGgd! 
RC002 
RGF03 
QGrJC4 
R G 0 0 5  
RG036 
RGOO7 
R G U O 8  
QGO09 
R G O l O  
RCq11 
R G O l Z  
9 6 9 1 3  
R G O l 4  
RGUlS 
R G O l 6  
QGO17 
RG018 
RG'3 1 9  
R f O 2 0  
RGO21 
R61122 
RG023 
RG324 
R C 0 2 5  
RC1126 
RGCl27 
QG328 
RC029 
RG03J 
RGf331 
Q t 0 3 2  

9 

L A T X T U O E  LONGITUDE 

3 7 0  6 . 6 4  1 1 3 . 3 4 . 8 1  
37. 7.87 1 1 3 . 1 0 e 8 5  
3 7 ,  2 .76  1 1 3 0 3 1 . 8 4  
3 7 .  061 1 1 3 e 3 1 . 7 0  
37. 0 7 2  1 1 3 . 3 4 . 2 5  
370 5 . 1 5  133 .33 .35  
370 8.88 113.9G.43 
37. 9 . 6 6  1 1 3 . 4 0 . 9 9  
3 7 0 1 0 . 6 4  1 1 3 e Q 2 . 9 6  
3 7 0 1 0 e 8 9  1 1 3 . 4 4 . 4 2  
3 7 . 1 0 . 5 3  1 1 3 . 4 6 . 3 5  
3 7 .  9 . 1 5  1 1 3 . 4 7 0 7 4  
37 ,  6 . 6 8  1 1 3 e 9 9 . 2 7  
3 7 .  S.80 113.50.113 
37. 8 . 9 1  1 1 3 ~ 4 8 m 9 2  
3 7 . 1 1 . 6 1  1 1 3 . 4 6 . 7 3  
3 7 0 1 l e 9 5  1 1 3 ~ 4 7 * 5 6  
3 7 0 1 4 . 1 0  1 1 3 . 4 6 . 7 3  
3 7 . 3 4 0 2 4  1 1 3 ~ 4 3 ~ 1 1  
3 7 0 4 0 . 3 3  1 1 3 0 3 2 . 8 9  
3 7 e 3 8 . 1 9  1 1 3 . 3 4 . 5 4  
3 7 . 3 6 0 7 9  1 1 3 . 3 6 . 2 4  
3 7 0 3 9 . 1 1  1 1 3 . 3 5 . 2 2  
3 7 . 3 9 0 8 0  1 1 3 0 3 6 . 3 6  
3 7 0 3 8 . 9 1  1 1 3 . 3 5 * 2 2  
3 7 . 3 8 0 8 6  113 .31 .79  
3 7 0 3 2 . 2 7  1 1 3 . 3 3 . 9 5  
3 7 0 2 3 . 4 8  1 1 3 c 3 3 . 7 9  
3 7 0 2 2 . 6 2  1 1 3 . 3 i . 6 5  
37  24 021 1 1 3 . 3  3 . 1 2  
3 7 . 2 4 0 9 1  1 1 3 e 3 2 . 5 6  
3 7 . 2 5 . 1 3  113e34.9 '  

ELEV. 

8 4 2 .  
842. 
6 2 1 .  
981 .  
822 .  
7 8 7  
9 0 2 .  
9 1 9 .  
9 4 5 .  
9 5 4 .  

1C66. 
1 1 8 1 .  
1 4 0 3 .  
1 3 9 4 .  
1 3 0 0 .  

9 9 9  . 
1g37. 
1 0 7 1 .  
1 6 2 4 .  
1 6 1 3 .  
1633. 
1 6 6 1 .  
1 5 8 6 .  
1 5 8 4 .  
1 5 9 4 .  
1688 
1 8 4 5 .  
1 9 9 0 .  
2 1 2 9 .  
1 9 9 9 .  
1904 e 
1 9 4 7 .  

OBSEQVED 
G R A V I T Y  

9 7 9 6 1 0 . 2 6  
9796rI7.82 
9 79639  0 5  
9 7 9 6 3 2  0 6 7  
9 7 9 6 3 4  049 
9 796  1 9  95  
9 7 9 6 0 4 0 8 4  
9 7 9 6 3 1 . 2 9  
9 7 9 5 9 7 0 5 2  
9 7 9 5 9 4 . 2 4  
9 7 9 5 7 3 . 8 5  
9 7 9 5 4 7 . 6 9  
9 7 9 5 3 5  8 3 
9795119e23 
9 7 9 5 7 1 . 3 3  
Q 7 9 5 8 4 . 9 7  
9 7 9 5 7 5  082 

9 7 9 4 4 6 . 7 3  
9 7 9 4 9 4 . 7 0  
9 7 9 4 4 9  e 9 5  
9 7 9 4 4 2 . 8 5  
9 7 9 4 4 5 . 4 2  
9 7 9 4 4 4 . 9 3  
9 7 9 4 4 9 . 7 7  
9 7 9 4 4 1  0 4 1  
9 7 9 4  33 24  
979358 .6C 
9 7 9 3 4 1  0 09 
9 79  3 5 3  8 3 
9 7 9 3 7 6 . 3 4  

9 7 9 5 6 4 . a 5  

9 7 9 3 8 9 . m  

T H f 0 2 .  FREE - 
G R A V I T Y  AIQ 

9 7 9 9 2 6 . 5 7  - 5 6 . 6 1  
9 7 9 9 2 8 . 2 7  - 6 0 . 7 5  
9 7 9 9 2 0 . 9 6  - 5 8 . 7 0  
9 7 9 9 1 7 . 8 7  -43 .46  
9 7 9 9 1 8 . 9 3  -59 .95  
9 7 9 9 2 4 . 4 2  -61 .52  
9 7 9 9 2 9 . 8 2  -46 .56  
97993'3.95 - 4 6 . 9 7  
9 7 9 9 3 2 . 3 6  -43 .16  
9 7 9 9  32 7 2  -4 4 0 7  
9 7 9 9 3 2 . 2 0  -29 .52  
97993C.22  - 1 8 . 2 3  
9 7 9 9 2 6 . 6 3  1 2 . 0 6  
9 7 9 9 2 5 . 3 7  1 4 . 0 9  
9 7 9 9 2 9 . 8 7  -7 .40  
9 7 9 9 3 3 . 7 5  - 4 0 . 8 4  
9 7 9 9 3 4 . 2 5  -38.53 
9799370  3 7  -4 1 e 9  13 
9 7 9 9 6 6 . 5 8  - 1 8 . 6 1  
979975ebZ - 3 2 0 8 6  

9 7 9 9 7 0 . 2 8  - 1 4 e 8 f l  
9 7 9 9 7 4 . 5 4  - 3 9 . 5 3  
9 7 9 9 7 4 . 6 5  -40 .98  
9 7 9 9 7 3 . 3 7  - 3 1 . 6 7  
9 7 9 9 7 3 . 3 5  -!0.99 
9 7 9 9 6 3 r 7 2  5077 
9 7 9 9 5 1 . 9 7  2 1 . 7 5  
9 7 9 9 4 9 . 7 2  4 8 . 3 8  
9 7 9 9 5 2 . 0 2  2 1 . 0 2  
9799530F4  1 0 . 8 @  
9 7 9 9 5 3 . 3 3  5 . 4 7  

9 7 9 9 7 2 . 3 3  - 1 3 . 5 0  

e 

s r u w  7.c. 
B O U C U E G  

- 1 5 0 . 6 5  
- 1 5 4 . 7 9  
-15P.39 
- 1 4 1 e 9 6  
- 1 5 1 . 7 8  
- 1 4 9 . 5 0  
- 1 4 7 - 3 8  
-148 .76  
-148 .76  
-15C.68 
- 1 4 8 . 5 9  
- 1 5 0 . 1 8  
- 1 4 4 . 6 8  
-141 .76  
-152 .66  
-152 .35  
-154.37  
- 1 6 1 . 6 2  
-2OP.11 
- 2 1 3 e l 4  
-200 .96  
- 2 0 0 . 4 3  
- 2 1 6 . 8 2  
- 2 1 7 . 9 6  
-209  08 0 
-199  06 2 
- 2 0 0 . 3 6  
-200.63 
- 1 a 9 . 5 3  
- 2 0 1 ~ 4 0  
- t o !  094 
-200 09 3 

l e 3 0  
1 . 2 3  

e 6 0  
0 6 4  
077 

1 . 0 0  

I e t 7  
1 . 7 7  
3 048 
1 . 3 0  
1 .79  
2 - 3 4  
3 e 2 5  
3 . 3 7  
2.35 
2.20 
2 009 

078 
0 6 0  

1 .19  
1 . 5 2  

e37 
0 6 8  

1 . 3 5  
1 . 7 3  
4 e29  
9 . 1 5  
3 . 1 9  
2 .97  
2.53 

i e a 9  

. 4 a  

CORPLETE 
BOUCUE R 

-109 .35  
- 1 5 3 . 5 6  
- 1 9 9 . 7 9  
-14 1 2 2  
- f S 1 . 0 1  
0148.SC 
- 1 4 6 . 2 9  
- 1 4 7 . 4 9  
- 1 4 7 0 0 1  
-147oZD 
- 1 4 7 . 2 9  
- 1 4 8 . 3 9  
- 1 Q 2 e 3 Q  
- 1 3 8 . 5 1  
- 1 4 9 . 2 9  
-1SOoOO 
-152 .  I 7  
- 1 5 9 e 5 3  
- 1 9 9 . 3 3  
- 2 1 2 . 5 4  
- 1 9 9 . 7 7  
- 1 9 9 . 4 1  
-216 .34  
- 2 1 7 . 5 9  
- 2 0 9 * 1 2  
- I 9 8 0 2 7  
- 1 9 8 . 6 6  
0 1 9 6 . 3 4  
0 1 8 0 . 3 8  
0 1 9 8 . 2 1  
-198 .97  
-198 0 4 0  



S T l T o  LATITUDE LONGITUDE 

UG1133 
R t 0 3 4  
R C 0 3 5  
RG036 
RGS137 
RG039 
R G O 4 O  
RGO4 1 
RGb42 
RG038 
R G O 4 3  
RG044 
RGO4S 
RG946 
RGb47 
RGO48 
RG049 
RCOSO 
RGUS 1 
RGOSZ 
R G 0 5 3  
RGOS4 
RGUSS 
RG1156 
RtO57 
R G 0 5 8  
RC059 
RG060 
R G O 6 1  
RC062 
R G 0 6 3  
RGU64 

37.25003 113036.33  
37.25. 02  1 1 3 0  37.88 
37022.86 113.39022 
3?011mUL? 113.37.18 
37013.06 113.37094 
37 16  38 11 3 3 6  0 3 6  
37015.93 113035.73 
37.15064 113036.66  
37 015 008  113 0 3 6 0 3 1  
37015.22 113.37.20 
3 7 0 1 7 0 1 8  1 1 3 0 3 5 0 2 6  
3 7 0 3 7 . 9 0  113.34038 
37018.80  113.33089 
3 7 . 1 8 0 9 1  113.32.83 
3 f . 1 8 0 6 9  1 1 3 0 3 2 0 1 ?  
37018.03 1 1 3 0 3 1 0 4 6  
37.170 16 113.33028 
37 016.64 1 1 3 0 3 1 0 0 3  
37 a 15 04 113 3 1.73 
37019.76  113.51054 
37 0 19 0 5  2 113. 4 0.75 

37017.59 113m39.17 
37016.25 113038.39 
37016.81  113.39009 
37018.06  113038.55  

37.1a.311 1 1 3 . 4 a . 3 ~  

37 a 18.99 113.313.03 
37018.46  113.36075 
3?.19.84 113.37.44 
3702O.72 113033.29 
37020.37 133034.52 
3 7 0 2 0 0 3 4  113035.63  

e 

€LEV 0 

9 

OBSERVED 
G R A V I T Y  

9 79435 D2 
9 7 9 4 4 3 0 3 1  
979454.52 
9 7 9 5 4 3  87  
979530.89 
979473.17 
9 7 9 4 6 8 0 1 6  
97948502O 
979486oOZ 
9 7 9 4 8 8  5 1  
9 7 9 4 3 3  a 07 
9 7 9 4 0 1  080  
979369.68 
979346 0 9 2  
979335.78 
979376.21 
9 79406 98  
9 79423 0 7 2  
9 7 9 4 ~ 0 . a ~  
979496.61  
979180.27 
979486.35 
97948107O 
97948 3 0 6 3  
979479.94 
9 7 9 4 7 1  0 2 3  
979442.70 
979426.05 
9 7 9 4 2 7 0  34 
9 7 9 3 2 2  007  
979347.  08 
97938 1.55 

THEOR a FREE- 
G R A V I T Y  4IR 

979953.21 
9799 53.20 
979950.07 
9799 3 3 4 5 
979935 087 
979940.68 
979940 .e2 
979939.60 
979938 0 7 9  
979938.99 
979941.83 
979942 0 8 7  
979944.18 
979944.34 
979943.89 
97994 3 05 
9 7 9 9 9 1 0 8 0  
979941.06 
979938 073 
979945.56 
979945.21 
979943 0 4  5 
979942 0 4 3  
979940.49 
979?41 3 1 
9 7 9 9 4 3 0 0 9  
9 79944 04  5 
979943.68 
9 ?99 45 0 6 8  
979946.96 
9 7 9 9 4 6 0 4 5  
979946.41 

e 

SIMPLE T o C .  COMPLETE 
BOUGUER BOUGUER 

m 
N 



S T A T ,  

96065 
R G 0 6 6  
R G 0 6 7  
R G 0 6 8  
A 6 0 6 9  
R G 0 7 0  
R 6 0 7 1  
R G 0 7 2  
RG1373 
R G 0 7 4  
R6075 
R G U 7 6  
96077 
R G 0 7 8  
R G U 7 9  
RG080 

R G 0 8 2  
R G 0 8 3  
R G U 8 4  
R G 0 8 5  
96086 
R 6 0 8 7  
96088 
R C 0 8 9  
R G 0 9 0  
R G C 9 1  
R G 0 9 2  
R G 0 9 3  
R G C 9 4  
R G 0 9 5  
R G 0 9 6  

m o a 1  

(II 

L A T I T U D E  L O N G I T U D E  ELEV OBSERVED 
G R A V I T Y  

e 

THEOR. FREE- 
G R A V I T Y  A I R  

S I M P L E  T e C D  COMPLETE 
BOUGUER GOUGUER 



QD 9 

S T A T .  L A T I T U D E  LONGITUDE 

RG097 
RG098 
RG099 
RG 100 
RGlOl 
RG102 
RG103 
RGlO4 
RG105 
RG106 
R6107 
RG108 
RG109 
RGllO 
RGlll 
RG112 
RGl13 
RG114 
R6115 
R6116 
RGl17 
RG116 
RG1 19 
RGl20 
RG121 
RG122 
RG123 
RGlZ4 
RGX25 
RG126 
RG127 
RG128 

37.36 a47 1.13m21.46 
37.36.12 113012.94 
37.34058 113. 9.63 
37.31.93 113.1i.05 
37.34.87 113m23m94 
37032.41 113022.21 
37030.68 113.19.31 
37.11.75 113m16014 
370 7.36 113m11.50 
37. 3.57 113.13.73 
370 5.37  313.10.86 
37. 3.58 113011.89 
3 7 0  4.54 11303a.96 
370 4.03 113. 7.63 
37. 5 . 6 8  113.  7.10 
37m14m72 113012.55 
37015.43 113012.69 
37017.27 ll:! 12.07 
37m38014 113m12m37 
37o19mOl 113m12.07 
37.20066 113.11.77 
37020.66 113. 9.88 
37011.86 1130 9.83 
3 7 0  9.35 113. 9.79 
370 8 0 5 0  113. 9.16 
3 7 0  8.43 113mlIe23 
37m12.87 113m10.89 
37.12.62 113014.38 
37mlOm9C 113.46078 
37.12.25 113m48.03 
37 013.25 113 m48.25 
37m13.95 113.98.91 

ELEV 0 

1956. 
1672 
1692 0 

1668 
19140 
2020. 
1724. 
976. 
1428 
17470 
1645 
1691 
1586. 
1494 . 
14610 
1543 
1556. 
1750. 
1747, 
1761 
1 7 5 3 0  
1667. 
1086. 
1538. 
1550. 
159 3 
1111. 
1114. 
1044. 
1056. 
1078. 
1107. 

OBSERYEO 
G R A V I T Y  

979387.53 
9794 32 93 
979436.87 
979435 93 
97939 3 59 
979368.10 
9 794 14 046 
979565 a 2 6  
979479 95 
979420.10 
919438.46 
979431.66 
979449.54 
979466.94 
979472 62 
979457.87 
979456.66 
979417.84 
979418 35 
979415.67 
979415.46 
979434 e 2 4  
979545 93 
979455.85 
979455 36 
979446.34 
979541 74 
9 7954 3.09 
979577.37 
979572035 
979568.54 
979564.09 

THEOR, FREE- 
G R A V I T Y  A I R  

979969.81 
979969.33 
979967 008 
979963.23 
979967 a 9  9 
919963 092 
979961.41 
979933.96 
919927062 
979922.13 
979924 e74 
979922.15 
979923 m54 
979922.80 
979925.19 
979938.27 
919939.30 
979941096 
979943 22  
979944.48 
979946087 
979946.87 
979939.12 
979930.51 
979929.27 
979929 16 
979935 S 9 
979935023 
979932 73 
979934.69 
979936.13 
979937 16 

21.23 
-20.36 
-7.99 
-6.49 
16.79 
27.52 
-!4094 
-67.43 
-7od0 
36.93 
21.36 
31.35 
15.30 
5.21 

-1.83 
-,4.27 
-2046 
15.79 
14.38 
14.57 

1 .a8 
-52.97 

-e12  
4.29 
8.64 

9.43 

-50.91 
-48.44 
-33.31 
-36.62 
-34.81 
-31.44 

S I H P L E  T o C m  
B OUGUER 

-197.32 1.62 
-207022 1.51 
-197.09 3.33 
-195.08 3.56 
-197.11 2.06 
-198020 2.18 
-207.59 4.37 
-176052 3.12 
-166.57 1.23 
-158.23 2077 
-162.46 1.96 
-157.61 1.67 
-161.88 1.18 
-161.75 072 
-165.05 a72 
-176.69 2.88 
-176033 2084 
-179.12 3.21 
-180.89 2.71 
-182.19 2.81 
-186.91 6.65 
-184.93 2031 
-174.36 1.96 
-171.96 3066 
-168.87 1.87 
-169.32 2.91 
-1750O9 1.96 
-172089 la59 
-149093 1.66 
-159m67 2.09 
-155.31 1.76 
-155.15 1.65 

COMPLETE 
BOUGUER 

-195.70 
-205.71 
-193076 
-191.52 
0195.05 
-196.02 
-203.22 
-173040 
-165.34 
-155046 
016Cm60 
-155.94 
-160.70 
-161.03 
-164.33 
-173.81 
-173.49 
-116.51 
-178. 18 
-179038 
-179.76 
0182.12 
-172m40 
-168.30 
-16toCO 
-166.41 
-173.13 
-171.30 
-148.27 
-152.58 
-153.55 
-153.50 

Q, 
P 



STAT 0 

RC129 
R G 1 3 0  
R6131 
R C f 3 2  
R C 1 3 3  
RC134 
R G l 3 S  
RG136 
RC137 
R 6  138 
RG139 
R G I Y O  
RG141 
RG 142  
R G 1 4 3  
RCl44 
RGl45 
RGI46 
R G l 4 7  
R 6 1 4 6  
R 6 1 4 9  
RG150 
RC151 
RG152 
RG153 
RGl54 
RC155 
RG156 
RC157 
RC158 
RC159 
R G l 6 0  

L A T I T U D E  L O N G I T U D E  

37014.23 1 1 3 0 4 9 0 4 9  
37 .34067  113.50025 
37015 .52  113.52.24 
37.15.73 113052.57 
3?o I6 .17  113053.16  
37 16.57 113,  53.59 
37018.29 1 1 3 0 5 6 0 2 9  
37018 .36  113056.96 
37.18045 1 1 3 0 5 7 0 5 2  
3 7 o I 8 . 7 4  113058.28 
3 3 0 1 8 0 6 1  113059.85 
3’1020.25 1 1 3 0 5 9 0 S 3  
3 7 0 I 9 0 5 4  113051.17 
37.20.73 113057 .10  
31020.58 1 1 3 0 5 5 0 7 3  
3 7 0 1 9 0 5 6  1 1 3 0 5 5 0 9 8  
37011 .43  113.57.96 
37014 .40  113.57.82 
37017 .88  1 1 3 0 5 5 0 5 3  
3 7 0 1 7 0 2 5  I 1 3 0 5 4 0 5 O  
37.18028 I 1 4 0  0 4 9  
3’1.19.14 114. 1 0 4 5  
37019.80 I 1 4 0  1.97 
37.17.05 1 1 4 0  1.49 
3 7 0 1 6 0 2 7  114. 3.42 
37017.61  114. 4.06 
3 7 0 1 8 0 1 4  1 1 4 .  3.01 
3 7 0 1 6 0 0 4  113052 .30  
37017 .20  113051.63 
37. I 8  24 113. 520 09 
37018.94 1 1 3 0 5 2 0 7 1  
37.18033 113.50.86 

E L E V .  

1125. 
1158. 
1212. 
1213. 
11930 
1211 . 
1277. 
1242 
1241 0 

12170 
1068 
1103 
1295. 
1203. 
1926. 
1322 
1232. 
1208 0 

1241. 
1238. 
1166. 
1218 
1286. 
1169. 
1172. 
1238. 
1 2 3 4 0  
1224 
12750 
13280 
1462. 
1339 

OBSERVED 
G R A V I T Y  

979560.66 
979555 .41  
9 7 9 5 9 7 0 0 0  
979541.23 
9 7 9 5 5 2 0 2 1  
979550009  
9 7 9 5 5 1 0 0 6  
9 7 0 5 3 2 0 9 1  
9 7 9 5 3 0 0  OS 
9 7 9 5 3 2 0 1 2  
9 1 9 5 6 4 0 7 8  
979558  06 
979519.15 
9 7 9 5 9 2 0 2 3  
979999.79 
9 1 9 5 2 2 0 9 8  
9795 3 0  29 
9’19536014 
979543.80 
979546 024  
979548.08 
919539.88 
9 7 9 5 2 0 0 6 0  
9795520 36 
9 1 9 5 5 6 0 1 9  
979541.09 
979540.94 
979545 054 
979531.18 
979520.30 
979493.80 
9795 13.38 

THEOR. FREE- 
G R A V I T Y  A I R  

979937.56 -29.72 
979938.20 -25.49 
979939.43 -18.54 
979939.73 -18.24 
979940.37 -20.01 
979940.96 - I 7 0 0 8  
9 7 9 9 9 3 0 4 3  - 1 8 0 1 6  
979943.54 -27.24 
979943.67 -30.70 
979944.09 -36.48 
979943.91 - 9 9 0 4 4  
9 7 9 9 4 6 0 2 8  047.72 
979945.24 -26.53 
979946.98 - 3 3 0 4 9  
979946.76 -7.05 
9 1 9 9 4 5 0 2 7  -14.76 
9 7 9 9 4 2 0 2 0  -31.62 
979940.71 -31.90 
979992.84 -15.92 
979941.94 013.53 
979913.42 -35.56 
979944.66 -28.91 
9 1 9 9 4 5 0 6 2  -20.11 
979941.64 -28.56 
979940.52 -22076 
979942045  -19.20 
979943022 -21062 
979940018 -16.99 
979941.86 -17.13 
979943.36 - 1 3 0 1 5  
979944.38 063 
979943.49 -16.90 

e a 

S I M P L E  T.C. COMPLETE 
BOUCUER BOUGUER 

- 1 5 S m 4 4  1.77 
-154.85 I o 6 3  
-153.93 0 8 9  
-153.77 0 7 2  
-153.32 0 9 0  
-152.44 0 9 9  
- 1 6 0 0 9 1  0 8 0  
- 1 6 6 0 0 7  076 
-169.36 0 7 3  
-172.45 0 9 7  
-168.83 Io94 
-171oOZ 2.20 
-171.21 I o 1 7  
-167.92 2.99 
-166.35 1.89 
-162.52 1 0 4 5  
-169.33 083 
-166.85 0 9 2  
- 1 5 4 0 6 5  1 0 0 6  
- 1 5 1 0 9 2  1.68 
-165.84 0 9 1  
-165.01 0 8 4  
-163.81 0 7 7  
-159.18 0 5 6  
-153.69 .e6 
-157.59 067 
-159.46 0 7 1  
-153.74 066 
-159.64 074 
-161.58 1010 
- 1 6 2 0 7 6  1.92 
-166.53 0 9 4  

-153.67 
-153.22 
-153.04 
-153.05 
- 1 5 2 0 4 2  
- 1 S I o Q S  
- 1 6 0 0 1 1  
-165.31 
-168.63 
-171.48 
0166089  
0168.82 
-1?OoO4 
-164.93 
- 1 6 4 0 4 6  
-161.07 

-165.93 
-153.59 
-150.24 
- 1 6 0 0 9 3  
-164.17 
- 1 6 3 0 0 9  
-158.62 
- 1 5 3 0 2 1  
-156.92 
-158.75 
- 1 5 3 0 0 8  
- 1 5 8 0 9 0  
-160.48 
-160.84 
-165.59 

- 1 6 8 0 5 2  

m 
Ln 



Q Q a 

S T A T  LATITUDE LONGITUDE 

R G l 6 l  37019.56 
RG162 3 1 . 1 7 0 8 1  
RG163 3 7 , 1 7 0 4 8  
RG164 37018.07  
RG165 37017.66  
R6166 3 7 o I 7 . 1 4  
RG167 37016.54 
RG168 37.16087 
R G 1 6 9  37017.55 
RG170 37017.62  
RG171 37018.09 
R6172 37018.88  
R G l t 3  37018.64 
RC174 37019.14 
RG175 37019.14 
RG176 3 7 0 2 0 . 4 3  
RG177 3702O.40 
RG178 37020.65  
RC179 37020.30 
Q G 1 8 O  37020.53  
RG181 37021.05 
RG182 37020.97  
RG183 37.21.34 
RG184 3 7 0 2 1 . 8 1  
R6185 31022.32 
R6186 37021.35 
RG187 37020.20  
RG188 37018.94 
R6189 37018.28  
RG190 37.17028 
RGf91 37016.46  
RC192 37016.85  

113.51.37 
113.49.84 
113.50.22 
113.50.54 
113.50.54 
113045.80 
I 1 3 0 4 6 0 1 3  
113.47086 
113.97.48 
1 1 3 0 4 8 0 8 0  
I 1 3  0 4 9  e09 
113.48 0 17 
113 .47.17 
113 0 4 s  099 
113.45.33 
11 3 0 4 5  040 
113046oD4 
1 1 3  rn 46 0 9 1  
11 3046.82 
1 1 3 0 4 7 0 6 7  
113.47.40 
1 1 3 0 4 6 0 0 9  
113m45.72 
113.45.31 
113046.1  I 
11 3.44 0 79 
113043.81 
113 0 4 0 0 6 3  
113.4 A075 
113042.90 
11 3 e42 12 
113.44.19 

ELEV. OBSE PVED 
G R A V I T Y  

9 7 9 4 8 3 0 8 7  
979528.7C 
9795 1 2 0 6  I 
9 7 9 5 3 5 0 1 3  
9795 12 50  
979550.54 
979554.39 
979536 84  
979532.94 
9 7 9 5 2 8 0 8 7  
979SZS.54 
9 7 9 4 9 1 0 8 6  
979507.18 
979520.36 
979523.31 
979488 0 0 5  
979591.83 
979499.47 
979504.32 
9 7 9 4 9 2 0 6 5  
9 7949 5 27 
9 7 9 4 8 1  049 
979484.66 
979478.33 
979472 045  
979483.39 
9 7 9 5 6 9 0 3 0  
979485.93 
9 7 9 4 8 8  0 0 2  
979496.34 
979504.33 
979521.12 

THEOR. FREE- 
G R A V I T Y  A I R  

979945.27 
9 7 9 9 4 2 0 7 5  
979942.  2 7  
9 7 9 9 4 3 0 1 1  
979942 5 3  
979941.77 
9 7 9 9 4 0 0 9 1  
9 7 9 9 4 1  0 4 0  
979942.37 
979942.47 
979943.14 
919944.30 
97994 3 0 9 5  
9 7 9 9 4 9 0 6 6  
9 1 9 9 4 4 0 6 6  
979946.54 
979946.50 
979946.86 
9 7 9 9 4 6 0 3 4  
979946 0 6 8  
979947.45 
9799 47 32 
979947.87 
9 7 9 9 4 8 0 5 4  
979949.27 
979947.88 
979946.20 
979944.38 
9 799 4 3 42 
9 7 9 9 4 1  0 9 8  
97994Q.80 
9 7 9 9 4 1  e37 

Q e 

SIMPLE T o C o  COMPLETE 
BOUGUER BOUGUER 



e 9 

S T A T .  

RG193 
RG194 
R6195 
R G 1 9 6  
RG197 
R G 1 9 8  
R G 1 9 9  
RG200 
R62Ol 
R6202 
RG203 
R6204 
RG205 
RG206 
RG207 
RC208 
RG209 
R6210 
R62 11 
RG212 
R6213 
96214 
R6215  
RG216 
RG217 
RG218 
RC219 
RGZZf’J 
R 6 2 2 1  
R6222 
RG223 
RC224 

L A T I T U D E  LONGITUDE 

3 7 . 2 0 0 7 1  113039.64 
37021.07  113039.25 
37 .20090 113037.75 
37021.56  113.37098 
37020.7O 1 1 3 0 4 0 0 7 3  
3 7 0 2 1 . 5 0  133.40049 
37020.28  113.Q1.54 
37.20.22 113042.34 
37.19.79 113042.35 
37018.19  113.44.91 
37 .18078 113043.99 
37020.76 113042.87 
37.21.59 113.42.89 
37 022  029 113 0 4 3  008 
37021.95 113041.76 
37021.35 113.43058 
3 7 0 2 8 . 9 1  1 1 3 0 1 3 0 2 4  
37 030.36 113.12.25 
37.29027 113012.28 
37.28.93 113.14.54 
37.28092 113015.29 
3 7  29 0 8  1 1 13 14 009 
37030.3O 113.13.49 
37028.93  113016.25 
37.28.95 113.17.35 
37.28.15 113.18.50 
37029.38 113.18.44 
37028.67 1 1 3 . 1 9 r l 2  
37028.16 113.18.27 
37.28006 113.17.35 
37027.13 113013.98 
37026.51  113.14.28 

€LEV. 

1422.  
1440.  
1570. 
1532. 
1389. 
1477.  
1363. 
1 3 5 0 1  
1329,  
1145.  
1190. 
1239. 
1281. 
1 3 1 9 0  
1324. 

1569.  
1641.  
1916.  
1567. 
A5940 
1617. 

1611. 
1624. 
1617. 
1652. 
1631.  
1597.  
1579,  
1526.  
1496. 

1 ~ 0 4 .  

1428 . 

OBSERVED 
G R A V I T Y  

97948 2 16 
979477.94 
979448.72 
979455.73 
9 7 9 4 8 8  0 8  1 
979469.23 
979493.96 
979495.92 
979500.62 
9 7 9 5 3 9  084  
979530.2 X 
9 7 9 5  l l . 2 3  
979506.43 
979497.41 
979499.86 
979484.98 
979457.02  
97949 4 082 
979388.96 
979453.96 
979498.55 
9 794 9 7 . 53 
979497.10 
979442.99 
9794 37 053 
979434.79 
979427.19 
979429.52 
979441.02 
979449.07  
9 7946 3 0 4  3 
979467.96 

THEOR. FREE- 
GRAVITY k I R  

979946.95 
9 7 9 9 4 7  048 
9 799 47 2 3 
979948.17 
919946.94 
979948.09 
979946 32 
979946.23 
979945 0 6  1 
979943.29 
979944.15 
9 79947 005 
979948 22 
979949 23  
979948.74 
9 7 9 9 4 7  088 
9 799 58 0 8  4 
979960.94 
9 7 9 9 5 9 0 3 6  
979958.87 
979956.85 
979960.15 
979966.85 
979958.87 
979958.88 
979958 06 1 
979959.52 
979958 049 
9 7 9 9 5 7  . 74 
9799 57  6 0 
979956.25 
979955.36 

-25.91 
-25.20 
-13.91 
-19.79 
-29.40 
-23.04 
-31.82 
-33.72 
-34.98 
-50.16 
-46.82 
-47.47 
4 6 . 3 6  
-44 . 74 
-40.29 
-29.76 
-1 7 0 8 0  

-9.79 
20.77 

-21.25 
-18.28 
-13.63 
-11.28 
-18.58 
-20.20 
-24.74 
-22.53 
-25.56 
-23.84 
-21.30 
-22.35 
-25.75 

SIMPLE 1.C. CONPLETE 
BOUCUER BOUCUER 

-184.83 
-186.10 
-189.39 
-190 095 
-184.65 
-188.09 
-184.10 
- 1 8 4 0 5 7  
-183.45 
-178.09 
-17907b 
-185.92 
-189.55 
-192.15 
-188.24 
-186 06  1 
-193.07 
-193.14 
-193.30 
-196.39 
-106.44 
-194.32 
-193.23 
0198.66 
-201.67 
-205.46 
-207.14 
-207.85 
- 2 0 2 0 3 2  
-197.73 
-192.52 
-192.92 

1.93 
1.95 
2.55 
2 0 4 3  
1.91 
1.30 
1.26 
1.08 
1.15 
2 024 
2.05 
2 060 
2.10 
1.62 
2.21 
1.22 
3.34 
3 017 
4 022 
2.38 
2.15 
2.30 
2.42 
2.15 
2.43 
3 039 
2 090  
9.24 
3083 
2.86 
2.98 
3.05 



Q 9 r) 

S T A T  

RC225 
R t 2 2 6  
R6227 
RG228 
R t 2 2 9  
RG230 
R t 2 3 1  
RC232 
RC233 
RC234 
R t 2 3 5  
RG236 
Rt237 
R6238 
RG239 
RC240 
RC241 
RG242 
RC243 
RC244 
RG24S 
RG246 
RG247 
R t 2 4 8  
RG249 
RG2SO 
Q6251 
R6252 
R6253 
Uti254 
RG255 

' R t 2 5 6  

LATITUDE LONGITUDE 

37025.95  113.14.51 
37.25.40 113.14.92 
3 7 . 2 4 0 6 1  113.14.29 
37.28044 113.13076 
37 .15045 113.19.8O 
37.15.36 113.26.84 
37.16028 113.23016 
3?015.8@ 113.24.98 
3?018.56 113025.71  
37019.06 113.26.65 
37 .26030 113.35011 
37.25088 113.36036 
37 026 057 I 1  3 35078 
37.26 .E6 1130  32.58 
37 Z S  3 O 1 1 3 3 1 09 
37026.86 113.30090 
33.26056 113.30071 
37o23.02 113.29051 
37 023.03 11 3 0  28-94 
37.22.51 113.27021 
37.22.63 113027.92  
37023.95  113030.63 
3 7 0 2 3 . 4 3  113.31.77 
37024.12  113.32003 
37.25.02 113.30.29 
3?.28014 113028.59 
37.27.32 113031.41 
3 7 . 2 7 0 9 1  113031.46 
31.28014 113.30.27 
37025.27 113029.83 
37026.06 113.29.37 
37  026.74 1 1 3  028 0 0 7  

ELEV. 

1465. 
1447 ,  
1492. 
1548 0 

1124. 
1167. 
134s. 
1 3 2 8 0  
1750. 
1932. 
1783. 
1 6 7 8 0  
1 7 6 2 0  
1 9 4 0 0  
2088 
2121. 
2138. 
2012. 
2019. 
2 1 1 s .  
2071 
1986. 
2 0 1 5 0  
2009 
2140.  
2051.  
2171.  
2157. 
2217. 
2123. 
2111. 
2112. 

OBSERVED 
G R A V I T Y  

979472.87 
979476 0 5 2  
979468.80 
979459 . 37 
97954 ;I. 6 1 
979535.63 
979491.40  
979490.99 
979403.89 
979368 0 2 0  
979403.36 
979424.5s 
9 7 9 4 9 9  14 
979366.61  
979338.52  
979331.18 
9 7 9 3 2 7  8 3 
979354.63 
979350.84 
979329.12 
979338.10 
9 79359 . 39 
979353.99 
9 7 9 3 5 4 0 2 5  
979327.51 
979346.34 
9 7 9 3 2 1  0 7 3  
979327.09 
9 7 9 3 1  1.99 
979331.35 
979333.42 
979333 0 9 1  

THEOR FREE-  
GRAVITY A I R  

979954 . 5 5 
979953 0 7 6  
9799 5 2  6 0 
979958 0 1 6  
979939 0 3  3 
979939 020 
979940.53 
9799 39 . 8 9  
979943.83 
979944.56 
979955. 07 
9 799 54 04 5 
9 799 5 s  044 
979954.72 
979953.61  
979955.85 
97995s 043 
979950 030 
979950.3 1 
979949.55 
979949.73 
97995 1.64 
9799 50.89 
9 7 9 9 5 1  0 8 8  
979953.213 
979957 07  1 
979956 0 5 2  
979957 047 
97995707 1 
979953 56 
979954 072  
979955.70 

-29.72 
-30.83 
-23.37 
-21.15 
-51.73 
-43.50 
-34.52 
- 3 8  090  

016  
19.79 
-1.55 

-12.10 
-2.63 
10.58 
29.23 
29.99 
32.23 
25.13 
23.67 
30.99 
27.91 
20.74 
25.03 
22.22 
34 06 1 
21.65 
35.20 
35.19 
38.29 
32.82 
30.07 
29.87 

S I M P L E  T.C. COMPLETE 
B OUGUE R BOUGUER 

-193.38 3.26 
-192.48 3.35 
-190.10 3.03 
-194.11 2.82 
-177.38 2.13 
-173.88 8.93 
-184.65 4.23 
-187.42 7 - 1 1  
-195.42 8.60 
-196.08 13.60 
-200.77 3.15 
-199.60 3.03 
-199.50 3.12 
-206.21  4.86 
-204.09 3.06 
-2070?l? 2.97 
-206.70 2.71 
-199.66 5.65 
-201.98 6.58 
-204.93 11.63 
-203.46 9.04 
-201.23 3.94 
-2OD.18 4.43 
-202.23 3.56 
-204.49 3.25 
-207 .58  4.73 
-207m41 2.80 
-205.92 2.64 
-209.40 2.92 
-204.37 3.12 
-205.80 3.15 
-206.10 2.85 

-190.12 
-189.13 
-187.07 
-19 1 29 
-175.25 
0164.95 
-18C.42 
-180.25 
-186.82 
-182.48 
-197.62 
-196.57 
-196.38 
-201.35 
-201.03 
-204.10 
-203.99 
-194.01 
0195.40 
-193.30 
- 1 9 4 0 4 2  
-197.29 
-195.75 
-198 0 6 7  
-201.24 
-202.85 
-204.61 
-203.18 
-206 048  
-201.25 
-202.65 
-2r13.25 



.- 

S T A T .  

RG257 
PG258 
RG259 
R G 2 6 0  
RG261 
RG262 
RG263 
RG264 
R6265 
RG266 
R t 2 6 7  
RG268 
R6269 
RG27O 
R 6 2 7 l  
RG272 
R t 2 7 3  
R6274 
RG275 
R6276 
RG277 
RG278 
RG279 
R G 2 8 O  
RG28l  
R C 2 8 2  
R6283 
RG284 
R G 2 8  5 
RG286 
R G 2 8 7  
RG288 

Q 

L A T I T U D E  L O N G I T U D E  

37e27.20 113.28.73 
37.27.18 113.27058 
37 .26034 113.27098 
37.26.71 113.26.95 
37.24022 1 1 3 0 3 4 e 3 2  
37.24.21 113.33.54 
37.24 15 11 3.35054 
37 e 2 3  e96 1 1 3  35 0 9 2  
3 7 0 2 4 0 0 4  113.36079 
3 7 0 2 3 . 2 8  113.37.44 
37022.35  113e37.65 
37m22e55 113.36.35 
37.23029 113038.52 
37 024 016  113038.52 
37.24016 113.39.61 
37025.02 113038.52 
37025.69  113.38068 
37025.88 113039.60 
3 7 0 2 8 . 5 4  313.38053 
37. 6.61 113.34.09 
370 5.19 113033.35 
370 3.58 313.32066 
370 3.14 113.33.55 
370 1.59 113.36.11 
370 1.80 113037.50 
37. 1.55 113.36072 
37. 1.01 113035.89 
370 1.71 113.36.07 
37. 2.03 113033.69 
370  3.34 113.38.02 
370 3.10 113.39.06 
370 2.82 113.40064 

E L E V .  

2132. 
2143. 
2126. 
2146. 
1816. 
1859. 
1706. 
1680. 
1590. 
1540.  
1554. 
1486. 
1597. 
1591. 
1499 
1597. 
1 6 4 6 0  
1607. 
1722. 

8 5 3 .  
782, 
795 
817. 
788 
756. 
778 
7 9 4 ,  
792.  
8 3 7 .  
804 .  
799. 
863.  

OBSERVED 
G R A V I T Y  

9 7 9 3 2 9 0 1 0  
9793390A3 
9 7 9 3 3 1  007 
979325.34 
9 7 9  39 5 0  58 
979386.05 
979417 045 
9 7 9 4 2 3  0 4 3  
979441.32 
979453.22 
979451.21 
979465.25 
979452.68 
979442.32 
979464.03 
979442 78 
979432.36 
979441.02 
9794 19 0 6 6  
9 79607 62  
9 7 9 6  19  0 9 3  
979613.84 
9 796 09 84 
9796 15 e 8 5  
979622.08 
9796 18 4 1 
9 7 9 6 1 2  78 
9796 1 4  0 4 0  
979602 0 9 8  
979618.88 
979620.02 
919608.30 

QI, 

THEOR. F R E E -  
G R A V I T Y  b f R  

979956.35 30.70 
979956.32 4 4 0 0 5  
979955012 32.02 
979955.65 31.88 
979952.03 3.86 
979952.02 7 .80  
979951.93 -8.12 
979951.66 -9.77 
979951.77 -19.84 
979950.68 -22.27 
979949.32 -18.69 
979949.61 -25.82 
9 7 9 9 5 0 0 7 0  -20.66 
979951.95 -18.73 
979951.95 -25.23 
979953.20 -17.45 
97995S.17 -13.89 
979954.45 -17.55 
979956.30 -7.40 
979926.53 -55.63 
979924.48 -63.19 
979922.15 -63.09 
919921.52 -59.69 
979919c27 -60.36 
979919.58 -64.14 
979919.22 -60.58 
979918.44 -60.72 
979919.95 -60.68 
919919.91  -58.55 
979921.81 -54.89 
979921.46 -55.01 
919921.05 -46.47 

9 

SIMPLE 1.C. COMPLETE 
BOUGUER BOUGUER 

-207.55  
-195.39 
-205.55 
-207.90 
-199.03 
-199.97 
-198 0 7 2  
-197.51  
-197.49 
-194.34 
-192.29 
-191.86 
-193.52 
-196.49 
-19 2 077 
-195.95 
-197.8 1 
- 1 9 7 0 1 2  
-199.77 
-150.97 
-150.59 
-151.88 
-150 09 4 
-148.37 
-148.64 
-147.56 
-149.42 
-149.17 
-152.12 
-144.71 
-144.25 
- 1 4 2 0 8 9  

2.68 
3.21 
3.35 
4.96 
3.55 
3.77 
3.46 
3.01 
2 0 8 0  
2 077  
2.54 
2.60 
1.71 
1.48 
1.83 
1 e64 
2.21 
2.37 
1.86 
1.11 
1.11 

070 
0 6 2  
0 8 6  

1.25 
e 8 2  
0 8 7  
0 8 8  
e 6 5  
e99 

1.15 
1.11 

-204.87 
-192.18 
-202.20 
-202.94 
-195.48 
-196.20 
-195.26 
-194.50 
-194.69 
-191.51 
-189.75 
-189.26 
-191.81 
- 1 9 5 0 0 1  
-190.95 
-194.31 
-195.60 
-194.75 
-19 7 0 9  1 
-149.86 
-149.48 
-151.18 
-150.32 
- 1 9 7 0 5 1  
-197.39 
-146.74 
-148.55 
- 1 4 8 0 2 9  
-151.47 
-143.72 
-14 3 10 
-141.78 o, 

a 



e 

S T A T .  

RC289 
RC290 
RG291 
RG292 
RG293 
RC294 
RG295 
RG296 
R t 2 9 7  
RG298 
R6299 
R6300 
RG301 
RG302 
RG303 
R t 3 0 4  
RG305 
RG306 
RC307 
R G 3 0 8  
RG309 
R t 3 1 0  
R t 3 A l  
RG312 
RC313 
RG314 
RG315 
RG316 
RG317 
RG318 
RG319 
RG320 

Q 

LATITUDE LONGITUDE 

Q 

E L E V .  

0 

OBSEQVED 
GRAVITY 

9 79575 04  1 
979527 0 9 9  
979557.38 
979513.16 
979490.69 
979464.91 
979509.14 
97951J4 16 
9 7 9 5 1  1 0 7 8  
979525.67 
9 7 9 6 0 6 0 6 6  
9796 15  003 
9796 16 068 
979608.66 
9 7 9 6 0  1 59 
979600.73 
9 7 9 6 0 3  0 2 7  
979590.58 
979589.38 
9 7 9 6 1  1.5 1 
979605 0 2 3  
979568.65 
979522.24 
979509.31  
979530.66 
979669 077  
979612.87 
979598.79 
9 7 9 5 2 3 0 1 0  
979464 0 2 2  
079516 034  
979494.45 

e 

THEOR 0 FREE- 
G R A V I T Y  A I R  

979920.30 
9799 19 0 8 3  
979919.05 
979920.91 
9 7 9 9 2 1  a8 7 
979920 0 10 
979922 16 
979923.02 
979923.99 
979924085 
979927.09 
979927 0 9 9  
979928 0 5 2  
979929.26 
979930059 
979930.86 
979931.66 
9799 3 2  0 6 3  
9799 3 3 04  5 
979927a66 
9 7 9 9 2 7 0 7 7  
9799 3 1 52 
979928.62 
979925.37 
979924 0 3 4  
979917.02 
9799 1 4  32 
9 7 9 9 1 9 0 2 4  
979924 0 9 5  
979926.37 
9 799 24 8 8 
9 7 9 9 2 3 0 4 5  

e e e 

SIMPLE T.C. COMPLETE 
BOUGUER BOUCUER 

-142.88 
-144.82 
-152.69 
-145.Y4 
-146.43 
-151a18 
-145012 
-145.19 
-145 05 1 
- 1 4 4 0 6 6  
-150.75 
-147.54 
- 1 4 5 0 0 9  
-145.70 
-147.80 
-148.09 
- 1 4 8 0 5 6  
-149 a 6  5 
-150.87 
-1SU.07 
-150.51 
-148.79 
-150.36 
-141.67 
-138.80 
-151.Q2 
-166.99 
- 1 3 9 0 0 1  
-135.63 
- 1 4 1 a 7 0  
- 1 4 1 0 4 9  
- 1 3 8 0 9 6  



a 

S T A T .  

RG321 
9 6 3 2 2  
RG323 
RG324 
RG325 
RG326 
9 6 3 2 7  
RG328 
RC329 
R G 3 3 0  
RG331 
RG332 
RG333 
RC334 
RG335 
RG336 
RG337 
R6338 
RG339 
RG340 
RG341 
RG342 
RG343 
R G 3 4 4  
RG345 
QG346 
RG347 
RG348 
RG349 
QG350 
RG351 
R C 3 5 2  

LATITUDE LONGITUDE 

37. 4.43 113e49e42 
37, 6 - 1 8  113a49e58 
370 5.73 1 1 3 0 4 8 e 8 7  
37. 5.16 113.48.29 
37. 4.60 113.48.11 
370 3.87 113.41.07 
37.  3.59 1 1 3 e Q 2 * 2 4  
37. 4.09 113.42e90 
370 3099 113093.85 
370 3.84 113044.62 
3 7 0  3.97 113045.09 
37. 4039 1 1 3 0 4 5 0 3 4  
37. 3.90 113045.65 
37. 3.89 1 1 3 0 4 6 a 6 0  
37. 4 .21 113.47.88 
370 4.00 113.41053 
370 1.19 113.46027 
37. 1.16 113.45.23 
37. a58 113.46o03 
370 009  1 1 3 0 4 6 0 1 7  
370 0 0 7  113.45.67 
370 040 113.44079 
37. 3.13 1 1 3 0 4 7 0 2 5  

370 1.23 1 1 3 0 4 6 0 9 0  
3 7 0  6.09 113.46.12 
37. 6.73 1 1 3 0 4 5 0 8 4  
37. 7.36 113.45.19 
37.  8.15 113.45.73 
37. 9.10 113046.63 
37.10064 113.47.35 

37. 1.82 1 1 3 . 4 6 . 8 ~  

3 t . i o . 4 7  i i3 . r ia .05  

E L E V  . 
1 5 8 0 0  
1439. 
1 5 5 6 0  
1683. 
1771  

865.  
928 
987.  

1 0 7 6 0  
1181. 
1245. 
1253. 
1336. 
1373. 
1536. 
1468. 
1523.  
1375. 
1504. 
1462.  
1467.  
1370.  
1419.  
1214.  
1156. 
1317. 
1244a 
1143.  
1069. 
1131. 
1 C 8 4 .  
1116. 

OBSERVED 
G R A V I T Y  

979471.29 
9 7 9 4 9 9  0 2 1  
979475.55 
979497.  12 
979423.29 
97960a.45 
97959 3 076 
979584.98 
979566.40 
979553.69 
979534 . 55 
979533.87 
979515.78 
979507.23 
979475.87 
979489 . 3 @  
979465.61  
979501a42  
919469.27 
979472.69 
979475.35 
979499.64 
979497.713 
9 7 9 5 3 3 . 4 5  
9 1 9 5 4 2 0 9 8  
979520.8’! 
979536.62  
979556.93  
979568.76 
979558.72 
979567 a69 
9 7 9 5 6 1  0 2 6  

THEOR F R E E -  
G R A V I T Y  A I R  

979923.38 35.61 
979925.91  17.35 
979925.26 30.38 
979924.53 42.18 
979923.62 46.15 
979922.56 047.26 
979922.16 -41.99 
979922.88 - 3 3 . 4 3  
979922.74 -24.31 
979922.52 -4.31 
979922.71 -3.93 
979923.32 -2.87 
979922.61 5.53 
979922.59 8.47 
979923.06 26.87 
979922.76 19.44 
979918.69 16.85 
979918.64 6.99 
979917.83 15.63 
979917.12 6.54 
9 7 9 9 1 7 . ~  1 1 0 0 7  
979917.57 4.87 
979921.50 14.05 
979919.6C -11.42 
979918.74 -18.99 
979925.78 1.36 
979926.70 -6.22 
979927.62 -17.97 
979928.76 -30 .04  
979930.14 -22.46 
979932.36 -30.51 
979932.11  -26.59 

a e 

SIHPLE T.C. COMPLETE 
BOUGUER BOUGUER 

-140.99 5 . 7 1  -135.28 
- ! 4 3 0 b 4  2.37 -141.07 
-143.46 3.71 -139.75 
-145.93 6.07 -139.86 
-151074 9 .61  -192.13 
-143.89 1.71 -192.18 
-145.70 2.98 -142.72 
-143.68 1.26 -1@2.42 
- 1 4 4 . 5 4  2 .21  -142.33 
-136.32 1.62 0134.10 
-143.06 1.89 -1QL.17 
-142.85 2.00 -140.85 
-143.79 2.57 -141022 
-145.01  2.93 -142.08 
-144.79 5.98 - 1 3 8 e 8 1  
- 1 4 4 0 5 6  5.63 -138.93 
-153.32 7.94 -195.38 
-146.62 3.19 -143e48 
-!52,45 6.64 -145.81 
-156.78 11.83 -144.95 
-152.89 6.87 - 1 4 6 0 0 2  
-148.23 3.53 -144.7C 
-144.50 3.35 -141.15 
-147.12 5.54 -191.58 
- 1 4 8 . 1 8  5 .41  -142.77 
- 1 4 5 . 7 8  2 . 8 0  -142.98 
-145.22 2.60 -142.62 
-145a7G 1.34 -144.36 
-149.52 1.52 - 1 4 8 0 0 0  
-148.82 1.36 -147.46 
-151.19 1.78 -199.41 
-151.25 2.63 -148.62 ~ 

e 



* * e 0 e e 

S T A T .  

R6353 
RG354 
RG355 
RC356 
R t 3 5 7  
RG358 
RG359 
RG360 
RG361 
R G 3 6 2  
RG363 
RC364 
RC365 
RG366 
R6367 
RG368 
RG369 
RG370 
RG371 
R6372 
RC373 
RG374 
RG375 
RG376 
RG377 
RG378 
RG379 
RG380 
RG381 
RG382 
R G 3 0 3  
RG384 

LATITUDE LONGITUDE E L E V  

1 1 9 3 0  
1163. 
15190 
1448. 
1403. 
1340. 
1301. 
1250. 
1403. 
1439. 
13470 
1262. 
12070 
1108. 
1184. 
1108. 
1 0 4 4 a  
1935 
14690  
1398. 
1422. 
1439. 
1479 
1959. 
1 5 6 4 0  
1616. 
1615. 
1 5 6 0 0  
1699. 
A622 
1662. 
1834. 

OBSERVED 
G R A V X T Y  

9 7 9 5 4 4 0 5  1 
9 1 9 5 5 1 0 8 7  
979486 7 9  
979498.62 
9 7 9 5 0 8 0  05 
9 7 9 5 1 7  53 
979527.15 
9795 35 58 
979498.59 
97949 1 19 
9795 10.09 
9 7 9 5 2 6 0 3 9  
979538 0 9  

979537.95 
979557.56 
979573.  7 6  
97957 4 08  5 
9 7 9 4 9 8 0 3 9  
97948 10 1 2  
979478.21 
9 79475 Y 0 
979468.23 
979478.23 
97945 5 63 
919445.69 
979447.95 

979433.  37 
9 7 9 4 5 1  098 
979449.45 
979410.71  

9 79557.  ao 

979460.93 

THEOR FREE- 
G R A V I T Y  A S R  

P79933.07 -20.32 
979934.38 -23.43 
979934.06 21.25 
979934.21  11.2C 
979934.87 6.05 
979936.09 -4.98 
979937.02 - 8 . 3 3  
979937.36 -16.14 
979920.35 11.19 
979910.46 15.88 
979918088 6077 
979918.15 -2.40 
9 7 9 9 1 7 0 9 5  -7.28 
979918.18 -18056 
979917.05 -13.69 
979918.15 -18.77 
979918.85 -22.91 
979919.30 -24.92 
979926.86 24.90 
979948 076 -36.38 
979949.48 -32.39 

9 7 9 9 5 0 0 4 3  -25.92 
97995rJ.53 -22.04 
979951.29 -13aA3 
979951.70 -7.22 
979952.06 -5.69 
979952.98 -10.75 
979954 a 4 0  3.36 
979953.61 - 0 9 4  
979953.70 3.57 
9 7 9 9 5 4 0 5 4  2 2 0 1 3  

979949.95 -30.40 

e 

SIMPLE T a C a  COMPLETE 
BOUGUER BOUCUER 



e 

S T A T .  

RG385 
R t 3 8 6  
RG387 
RG388 
RG389 
RG390 
RG391 
RC392 
RG393 
RG394 
RG395 
RG396 
R t 3 9 7  
RG398 
RC399 
RGQOO 
R G 4 O l  
RG4OZ 
RG403 
RG404 
R t Q 0 5  
RG406 
RG407 
RG4O8 
R C 4 0 9  
RG410 
R G 4  11 
RG412 
RG413 
RG414 
R t 4 1 5  
R t 4 1 6  

LA T I TU0 E LONG I TUDE 

37 a27 a24 113 49  a73 
37026.46  113.49.62 
37027.5’7 113.50053 
3 7 * 2 7 * 1 2  113.51.08 
37026.91  113oS1.06 
37026.76  113.51.29 
31026.57  113aS2.13 
37.26.76 113.53.26 
37027.36 113.54.01 
37027.34 I 1 3 0 5 4 0 6 7  
31027.66  113. 5 5 0 8 3  
3 7 0 2 7 e 4 9  113.56.34 
37.27.83 113.55.21 
37.27089 113aS4e47 
37a28.06 113.53059 
37.28.50 113.53027 
37028.96  1 1 3 0 5 3 a 4 2  
37029.69 113.52.75 
37.29 a94 113.51e91 
3 7 0 2 9  a38 1 1 3 * 5 1 * 7 3  
37.30.23 113.51.83 
37.29085 113a53.49 
37.29.11 i i 3 . 5 n . 4 3  
37.28.49 113.49.64 
37027.85  113049.62 
37.19.73 113046.64 
37 2 1 05 1 13 47 0 8  2 
37.21.48 i i 3 . u e . s a  
37021.94 113048.99  
37022.23  113.49.43 
37a22.71 113.50.20 
3 7 * 2 2 * 0 5  113049.6r1 

E L E V .  

1665 
1771. 
1739.  
1702. 
1768 
1 7 2 9 0  
1777.  
18  18 . 
1898.  
1932. 
2054 
2rJ74a 
2049 
204 5 
2042.  
1907.  
18580 
1 8 0 9 0  
1780.  
1780.  
1769.  
1 7 8 3 0  
1835.  
1852. 
1699.  
1279.  
1406.  
1469.  
1665.  
1722. 
1 8 3 9 0  
1692.  

OBSERVED 
G R A V I T Y  

979448 73  
979625.15 
979433.35 
979441.94 
979429.55 
979436.87 
979426.94 
9 7 9 4 1 8 * 1 @  
9794rJ1.25 
979391.05 
979369.65 
9 79363 2 2  
9 7 9  37 I 25  
979371.78 
979372.41 
979400.59 
979410.84 
979419.26 
979420.79 
979423.16 
979420.80  
919416.29 
9794 10.66 
919495.69 
979439.7c 
9 7 9 5 1  I o l Q  

979492.05 
9 7 9 4 8 0 0 6 3  
979490.85 
9 794 33 .  9 3 
9 7 9 4 1 a * 5 1  
979437.88 

THEOR 
G R A V I T Y  

979956.41 
979955 a28 
979956.78 
979956.23 
979955093 
979955 0 7 3  
979955.94 
9799 55 . 73 
979956 0 5 8  
979956 5 5 
979957oc2 
9’19956 0 1 7  
9 7 9 9  57 2 7 
9 7 9 9 5 7 0 3 5  
9 7 9 9  57 060  

979958.91 
9 79959 a9 8 
979960.34 
979959 5 2  
979960 0 7 5  

97995a.24 

97996a.21 
979959 a 1  3 
979958.23 
979957 a 3 3  
979945.52 
979947.45 
979948.@5 
979998.73 
979949 15 
979949.85 
9 7 9 9 5 0 . ~ 5  

F R E E -  
A I R  

5.99 
16.45 
13.99 
10a84 
19.07 
14.84 
19.96 
23.39 
30.48 
3 3 0 8 4  
46.59 
46.53 
46.35 
05.57 
45oi ) l  
33.98 
25.23 
17.62 

9.86 
12.94 

6.19 
17.76 
19.06 

6 0 7 8  
-39.75 
-21050  
-14aUS 

5.97 
13.22 
2 5 . 3 9  
10.05 

5.88 

S I M P L E  T a c o  

BOUGUER 

- 1 8 Q a C l  
-181.47 
-181.19 
-179.32 
-178.44 
-178.41 
-178.64 
- 1 7 9 0 7 5  
-181.65 
- 1 8 2 * 1 0  
-182.98 
-185.25 
-182.64 
-182.97 

-182.17 
-182.31  
-18b.56 
-189.09 
-185.97 
- 1 9 1  a77 
-193.03 
-187.28 
-187.92 

- 1 8 2 0 6 6  
-178.62 
-178.22 
-18C.10 
-179.22 
-179.10 
-179.35 

-1a3.19 

- 1 8 3 . 1 ~ 1  

I a89 
2.28 
1.79 
2.79 
1.04 
1.76 
2.32 
3.78 
2.63 
3.04 
4.35 
6 0 0 1  
3.44 
3 0 5 0  
3.37 
2.15 
3.97 
1.63 
1.29 
1.70 
1.29 
1.83 
1.28 
2.97 
2.60 
1.53 
2.53 
4.31 
1.87 
2.12 
3.26 
3.88 

e 

COMPLETE 
BOUGUER 



e * 

S T A T .  LATITUDE LONGITUDE 

RG4A7 37.22.97 113.5i3.76 
R C 4 1 8  37022.89  113.51.34 
RG419 37.23.72 113.52.91 
RG420 37.23043 113.53.54 
RG42l  37023.16 113.54.57 
RG422 37022.57  133.55.39 
R G 4 2 3  37 .22015 113056.25  
RG424 37021.60  113056 .53  
RC425 37019 .36  113.59.47 
RG426 37021 .19  113059.40  
R C 4 2 7  37 .21060 113058.60 
RG428 37.23.64 113.57a95 
RC429 37022.06 133a57.86 
RG430 37022a54  113057.78 
RC431 37023.01  113.57.66 
RGlr32 37023 .31  1 1 3 ~ 5 7 . 4 7  
RG433 3 7 0 2 3 a 7 1  113.58.46 
r7t434 37e24.11 113.58.45 
R G 4 3 5  37.24.41 113.58.95 
RC436 37.24.80 113.59.16 
RG437 37a25a07 113.59.19 
RG438 37 ,25051  1 1 3 ~ 5 9 ~ 1 4  
RG439 37.26.09 113.59.39 
R t 4 4 9  37.26028 113058.74 
RG441 37.26028 113.57.72 
RC442 37026.46 113.57.39 
96443 37.26006 113.56.89 
RG944 37.26082 113m56.41 
RC445 37.25.83 133.55084 
R G 4 4 6  37025 .48  113a55.45 
R G 4 4 7  37 .25017 113.54.66 
QG448 37.24034 113.57e45 

e 

E L E V  OBSEPVED 
G R A V I T Y  

1 7 9 7 0  979417.80 
1738. 979439.48 
1 4 3 4 0  979498.09 
1431.  979506089  
1356.  979516.35 
1315.  979523.95 
1276. 979531.89 
1304.  979525.37 
m a 7 .  979558.92 
1129.  9 7 9 5 5 4 0 1 2  
1257.  979533.15 
1494.  979495.9? 
1332. 979521.59 
1431.  979596.91 
14570 979496.72 
1 4 Y O .  979498.91  
A4150 979503059 
1489. 9 7 9 4 8 3 0 6 6  
1507.  979476.45 
1494.  979476.59 
1 5 4 2 .  979455045 
1566.  979960031! 
14720 9 7 9 4 8 2 0 3 7  
1657.  979446.29 
1879.  979399.89 
1823.  979414.55 
1 8 8 4 .  979Qr13.73 
1979.  979382.00 
1789. 979422.70  
1747,  979431.19 
l e t s .  979417.78 
1475.  979487.09 

e e 

T H E O R .  FREE-  S IMPLE T o C .  COMPLETE 
G R A V I T Y  A I R  BOUGUER BOUGUER 

9 7 9 9 5 0 0 2 3  
979959.11  
9 799 5 1 32 
979950.89 
97995C.5 1 
979949.64 
979949.?3 
979948 2 3 
979944 098 
979947.52 
979948 023 
979951.23 
979948 090 
979949.59 
9799 50.28 
97995c 073 
9 7 9 9 5 1  3 G  
979951087  
979952.3 1 
979952 087 
979953.27 
979953.91  
979954.76 
979955.04 
979955.PQ 
9799 55 0 2 8  
9 7 9 9 5 4 0 7 2  
979955.79 
979954 . 3 8  
979953.87 
9 7995 3 4 2  
979952  020 

t 2 . 0 6  -178.72 
16.57 -174.33 

-10.68 -17C.93 
-11.61 -168.18 
-15.78 -167.28 
-19.82 -166.79 
-23.97 -166.34 
-20048 -166.19 
-50.74 -172.16 
-45 .09  -171.21 
-27.09 -167.59 

- 4 . 4 1  -171.30 
-16.27 -165.11 
- 1 0 0 4 8  -166.99 

-3.96 -166.16 
-7.38 -168.31 

-14.08 -172.19 
-11.55 -176.91 
-10.13 -179.16 
-15.11 -182.11 
-11.88 -184.23 
-10.63 -185.63 
-18.38 -182.59 

2.65 - 1 8 2 . 5 3  
24.69 -185.30  
2 0 . m  -182.53 
27.49 -183.06 
36.85 -104.27 
20.44 -179.49 
1 6 . 2 8  -178.88 
25.43 -177.74 
-9.67 -174.59 

2.99 
2 .91  
4 0 6 0  
4.09 
3.94 
3.18 
3.23 
2.35 
2.20 
2.63 
2.10 
1.82 
2.02 
1.49 
1.61 
1.77 
2 .11  
f.C3 
3.15 
3 a 8 0  
4 . 4 1  
5 .62 
3.32 
3.81 
6.37 
3.13 
5.51 
4.10 
3.45 
4.15 
2 a99 
2.70 

-175.73 
-171m42 
-166.33 
-164.J9 
-163.39 
-163.61 
-163.11 
-163.84 
-169.96 
-168.58 
-165.49 
-169.48 
-163.09 
-165.50 
-165.15 
-166.53 
-110.08 
-173.88 
- 1 7 6 0 0 1  
oS78.31 
-179.82 
- 1 8 0 0 0 1  
-179.27 
-178.72 
-179.23 
-179.40 
-171.55 
-180.17 
-176 04 
-174.13 
-174.75 
-171.89 

P 



U a 

S T A T ,  L A T I T U D E  L O N G I T U D E  

RG449 37e23.39 1 1 3 e 5 1 e l l  
RG45O 37.23.83 113e51e26 
RG451 37.24024 113e51.76 
RG452 37024.56 113e51.89 
RG453 37.24.71 113e52.88 
RG459 3 1 0 2 5 e 1 3  113e54e20 
RG455 37.25.40 113e53.30 
RC456 3 7 ~ 2 5 e 4 6  113e52.62 
RG457 37.25.62 113e5Oe51 
RG458 37.26.63 113.59.99 
RG459 37e26.83 113e58.96 
RG460 37.21045 113e58.64 
RG461 37e28.01 113.58.98 
RGQ62 37.28.60 113.59.35 
RG463 37e28e64 113.58.42 
RG464 37.28.99 113m57e50 
R G Q 6 S  37.29.45 113e57e23 
RG466 37.29.79 113e57.55 
~ ~ 4 6 7  37.30.09 i i 3 . 5 7 . 8 0  
RG468 37.30e24 113e58.23 
RG469 37.29.82 113.56e39 
9G47C) 37.29.93 1 1 3 e 5 5 - 4 0  
r7G471 37.30.34 113e54.56 
RG472 37.30.39 113e53e71 
RG473 37.26.76 1 1 4 -  e 3 8  
RG474 3 7 e t 6 . 9 4  114-  e 8 3  
RG475 37.27.42 1 3 4 -  1.15 
RG476 37026.35 1 1 4 .  e 3 S  
QG477 37025.64 1 1 4 .  e60 
RG478 3 7 . 2 2 - 1 2  113.59.74 
RG479 37.22079 1 1 4 .  011 
9 6 4 8 0  37 .23045 1 1 4 .  e41 

E L E V .  

1807,  
1764. 
1568 
1506.  
1688 
1781. 
1732. 
1699. 
1693,  
1577.  
1579. 
1 6 7 1  
1767. 
1932. 
1952.  
2035.  
1992 a 
1962-  
1978 
1967. 
2 0 7 9 -  
1986 
1864.  
1 8 O Z a  
1579.  
1519. 
1601. 
1648 
1582. 
1158. 
118Qe 
1216. 

O S S E R V E D  
G R A V I T Y  

979416.47 
979425.50  
979468.85 
97949 0.08 
9 7944 3 . 98 
979425 e 5 5  
979436.52 
979495 e43 
979440.09 
979464.71 
979463.63 
979445eZZ 
979427.39 
979392.88 
979389.39 
979371.94 
979381.34 
979389 17 
979395 e 7 0  
979386.51 
979364 e 6 2  
979303.97 
979407.52 
979419.34 
979464.45 
979476 e130 

9 7 9 4 4 8  e55 
979460.66 
979549.46 
979542.79 
979534 17 

9 794 6 a . 07 

THEOR 
G R A V I T Y  

9'19950.73 
979951.48 
979952 e06  
979952.52 
979952.75 
9 7 9 9 5 3 0 3 6  
979953 e76 
919953.84 
979954.06 
979955.53 
979955.80 
979956.71 
9 799 5 7  5 3 
979958.38 
979958.45 
979958.96 
979959 e 6 3  
9 79960.12 
979960.55 
979960.77 
979960.16 
97996P.32 
979960.91 
979960.85 
9799 55 7 3 
979955.97 
979956.67 
979955 13  

979948.98 
979949.96 
979950.92 

979954 . 1 a 

FREE-  SXHPLE 
kif? BOUGUER 

23.51 -178e47 
!am34 -178.76 

e63 -174eS7 
-7.79 -176eCS 
12.14 -176.49 
21.69 -177.29 
17.21 -176.32 
1 5 - 9 6  -173.91 

7.38 -181.41 
-4.06 -180.32 
-4.96 -181.40 

4.14 -182.57 
15-03 -182.36 
30.89 -185.10 
33.21 -184e87 
41.02 -186.40 
36.58 0186.07 
34.42 -189.79 
35.42 -185.56 
32.81 -187.02 
46.13 -186.23 
36.54 - 1 8 5 - 3 9  
21.88 -186.43 
14.67 -186.73 
-4.04 -18C.47 

-11.36 -183.05 
-2.60 -181.46 

1.90 -182.23 
-5.36 - 1 8 2 * 1 @  

-42.27 -171.63 
-43.16 -174.97 
-41.95 -117.35 

a 

T e C e  COMPLETE 
BOUGUER 

3.65 -174.87 
3.52 0175.24 
3.89 -170.68 
5.00 -171.05 
3.01 -173.46 
2.72 -174.56 
2.05 0174.27 
1.68 -172.23 
2.59 0178.82 
1.65 0178e67 
2.90 0178.51 
2.91 - 1 7 9 0 6 6  
3.29 -179.09 
3.26 0181.84 
4.60 0180.07 
3.48 -182.92 
4.16 0181.91 
2 .61  -182.18 
2.12 -183.49 
1.87 -185.15 
3.98 0183.15 
2.63 -182.76 
2.73 -183.10 
2.23 -184.50 

1.82  -179.23 
1.99 0179.59 
3.54 -178.69 
3.02 -179.08 
3.70 -167.93 
4 - 8 6  -170.11 
3.66 -173.70 ~ 

1.60 -178.87 

VI 



S T A T ,  

RG481 
R G 4 8 Z  
RG483 
R G 4 8 4  
RG485 
R G 4 8 6  
RG487 
RG488 
R G 4 8 9  
R G 4 9 0  
Q 6 4 9 l  
RG492 
RG493 
RG494 
RG495 
RG496 
9 6 4 9 1  
RG498 
RG499 
RG503 
R G S O l  
R 6 5 0 2  
RG503 
RG5C4 
RG505 
QG506 
R G 5 0 7  
RG508 
R6509 
R6510 
QG511 
RG512 

L A T I T U D E  LONGITUDE E L E V .  

12540 
1435. 
863. 
869.  
369.  
855.  
8 5 9 0  

8 5 0 .  
865.  
8 6 4 0  

e52.  

8 5 3 .  
853.  
996. 
9 2 8  rn 

900.  
9 0 7 0  
942,  
957.  
8 8 2 .  
919. 
8 6 7 .  
9 7 7 .  
9 0 3 0  
976.  
9 8 Q .  
984.  
984,  
991,  
976.  

1224. 
3213. 

O B S E R V E D  
G R A V X T Y  

9 7 9 5 2 5 0 8 1  
979499089  
9 796 95 32 
9 79604 0 0 3  
979633.85 
9 79654 0 7 3  
979635.59 
979606.26 
979606  7F 
979603.55 
9796C4 ~2 0 
979606.30 
979605.98 
979595  ~ 6 8  

979597.15 

979584.95 
9 7 9 5 8 1  05 
979595 0 4 7  
979591.87 
979597.20 
97959407C 
979592.  92 
9 7 9 5 5 A ~ q 1  

979590.77 

97959 3 D45 

979559.49 
979559.06 
9 7 9 5 6 1 0 2 2  
979562.77 

979515 ~ 2 7  
979524 16 

973564.07 

THEOR. FREE-  
G R A V I T Y  A I R  

979951.56 -38.69 
979952.52 -19.79 
979926057  -55.06 
979927edZ -54.91 
979927.52 -55.59 
979927.75 -59.18 
979928eP2 -57.37 
979926.30 -59.24 
979928.30 - 5 9 0 1 7  
979928.32 -57.93 
979928.37 -57.51 
979928.49 - 5 9 0 0 2  
979928.44 -59.28 
979928.81 -56.78 
979928.99 -51.90 
979929.41 - 5 4 0 5 1  
979929.95 -56.67 
979930.61 -54.92 
979931.05 - S 4 0 6 4  
979931.36 -63.61 
979931.40 -5a.76 
979931.52 -66.71 
979931.40 -66009 
979931 ~ 6 4  -69092 
979932.29 - 6 9 0 6 1  
979932.30 -70.50 
979932 30 -69.6 1 
979932.30  -67.55 
979932.30  -63.84 
979933.45 -68.20 
979930.98 -38.07 
979930.68 -32 .07  

S I M P L E  T D C D  COMPLETE 
BOUCUER BOUCUER 

-179.85 3.48 -175.37 
- 1 8 0 ~ 1 5  2 .00  -178.15 
-151045  0 9 4  -150.51 
-151.98 1 .08  -150.90 
-152.66 1.06 0 1 5 1 ~ 6 0  
-154.72 1.12 -353.61: 
-153.35 1.09 0152.26 
-154.40  1.15 -153.25 
-154 -19  1.16 -153.03 
-154.55 1.15 - I S 3 0 4 0  
-154.07 1.08 -152.99 
-154m32 1.19 -153.13 

-156085  1010 -155.75 
-155 .58  1.33 - I S 4 0 2 5  
-155.09 1015 -153.94 
-1580OO 1.26 -156.74 
-160.20 1.28 -158.92 
- 1 6 1 0 5 9  1.28 -160031  
- 1 6 2 e 2 1  7.01 -160.20 
-16C.43 !.76 -158.67 
-163.61  2 0 2 0  -161.37 
-164.98 1.61 -162.47 
-17O.88 1.48 - 1 6 9 0 4 0  
-178.70 1.40 0177.30 
-179.96 1.35 -178.61 
-179.55 1.43 -178.12 
-177.46 I e66 -175.80 
-174.53 2 .14  -172.39 
-177.26 2.18 -175.08 
-174082  4.75 -170.07 

-154.58 1.18 -153.4c 

-167066 1.09 -166.57 
-cn 



S T A T .  

RC513 
RG514 
RG5 15 
R G 5  16 
RC5 1 7  
RC518 
RG5 19 
RG5Zn 
RC521 
RG522 
RG523 
R6524 
R6525 
RC526 
R t 5 2 7  
RG528 
RG529 
R t 5 3 0  
RG531 
RG532 
RG533 
R t 5 3 4  
QG535 
RG536 
RC537 
QG538 
RC539 
RG54O 
RG54 1 
RG542 
RC543 
RC544 

e e e 

LATITUDE LONGITUDE 

3 7 0  8 0 8 8  113016.06 
3 7 0  8.33 113015.69 
370  7 0 6 1  113.12059 
3 7 0  7.16 1 1 3 0 1 0 0 5 8  
3 7 0  7.03 1130  9.38 
3 7 0  6 0 3 0  113 .  8.16 
3 7 0  7.95 113.13091 
3 7 0  8 0 3 8  1 1 3 0 1 4 0 9 0  
37.10.14 113.30.87 
3 7 0  9016 1 1 3 0 3 0 0 5 6  
3’10 7 . 3 3  113.34030 
3 7 0  8.21 113.33077 
37012.99 113.34.2s 
37013.71 113.34.01 
3 7 . 1 4 0 3 0  113032.86 
37.15.54 113.31.51 
37.15.92 113.30.94 
37 .14051 113030.88 
3 7 0  6085 113026.37  
3 7 0  7.61 113022.26  
3 7 0  8 0 4 4  113022.88 
3 7 0  9.90 I I 3 . 2 5 0 5 9  
37013.15 113.23006 
37.10.10 113.40.45 
3 7 0 1 1 0 7 1  113038.72 
37o10.92 113o41048 
3 7 0  8.34 113.36018 
3 7 0  0 3 1  113.36021 
3 7 0 1 0 0 2 7  1 1 3 0 3 7 0 0 6  
3 7 0  9.65 113036.49  
37.12.07 113.37.49 
37013.87 113037.97 

ELEV. OBSERVED 
G R A V I T Y  

979521.86 
9795 19.06 
979490.55 
97948 10 34 
9 7948 0 0  3 5  
9 7 9 4 7 6 0 2 2  
979498 0 7  1 
979512.44 
979582 05 
979585.77 
979581.70 
9’19578 11 
979s!10.09 
9794’14.23 
979455.55 
979436.22 
979432 e41 
979466.5” 
979598 0 9 0  
979581.46 
979584.41 
979580.52 
979574 055  
979596.90 
9 7 9 5 9 2 0 9 3  
979589009 
979590.76 
979578.09 
979558.36 
9 7 9 5 7 2  0 2  1 
979544.69 
979520.55 

THEOR FREE- 
G R A V I T Y  A I R  

9 7 9 9 2 9 0 8 2  
979929.02 
9 7 9 9 2 7 0 9 9  
979927.34 
979927.14 
9 7 9 9 2 6 0 0 9  
979928.48 
979929 0 9  
9 7 9 9 3 1  e63 
979930.23 
979927 5 8  
979928.84 
9’19935.77 
9 799 3 6 8 0 
919937.66 
9799 39 4 5 
97994O.CZ 
9799 37 0 7 9  
979926 0 8 7  
979927.99 
979929.18 
9799 3 1  0 2 8  
9 7 9 9 3 5 0 9 8  
9 7 9 9 3 1  0 5 7  
979933.91  
979932 0 7 7  
9799290C3 
979917.4‘4 
9’19931.82 
9 7993P.9 3 
9’19934.43 
9 7 9 9 3 7 0 0 4  

SIMPLE T o C o  COHPLE TE 
BOUCUER BOUCUER 



* e * * 0 

S T A T .  

RG545 
RG546 
RG547 
RG548 
RG549 
RG550 
RG551 
RG552 
Q 6 5 5 3  
RG5S4 
RG5SS 
RG556 
RG557 
R G 5 S 8  
RG559 
RGS6O 
RG561 
RG562 
RG563 
RG564 
RG565 
RG566 
RG567 
RG568 
RGS69 
RG570 
RC571 
RG572 
RC573 
RG574 
RG575 
RG576 

L A T I T U D E  L O N G I T U D E  

37 1 4  048 
37.  14.85 
37 15 16 
37 .15067 
3 7 0  17.18 
37 018. 11 
37018066 
37019.8? 
37.19.22 
37 0 2 3  005  
37 .20066 
37 020 97 
37021.74 
37022.35 
37023.46  
37024.59  
37.25.44 
37  0 2 5  095 
3 7 0 2 6 . 3 1  
37  . 2 7 0 1 2  
37 027 059 
37 30.26 
37 0 2 8  0 0 7  
37028.78  
37 .29029 
37 ,29083 
37030.69 
37 3 1 07 
3 7 . 3 1 0 7 0  
3 7 0 3 2 . 2 O  
37.32.61 
37.33.34 

1 1 3  38.12 
113.37057 
113.37077 
11 3038.03  
113039.37 
1 1 3 ~ 4 0 . 0 4  
113.40.42 
113.40.41 
113041.19 
113*41.16 
1 1 3 0 4 1 e 5 2  
113041.26 
11 3 e400 16  
113039.55 
113.38.79 
1 l? 0 37.99 
113.37.82 
113m3707'Y 
113037.69  
113. 37.25 
11?.3708O 
113.38.00 
113.37.93 
113037.64 
113.37073 
113037.82 
1 1 3  37.97 
113. 38.13 
!13.3808O 
113039.39 
113.40095 
113.4103C' 

E L E V .  

1 3 1 1 .  
13730 
1377. 
1390. 
1427. 
1409. 
1397. 
1385. 
1408. 
13580 
13910 
1917. 
A4890 
15070 
1559. 
1570. 
1619. 
1631. 
1651. 
1709. 
1759. 
17980 
1763. 
1789. 
1775. 
1782. 
1 8 3 4  
1824. 
1873. 
1836.  
1723.  
16860  

OBSERVED 
G R A V I T Y  

9795r37.33 
979494.26 
979491006 
9 7 9 4 8 7 0 5 9  
979480.37 
9 7 9 4 8 4 0 6 3  
979486.96 
9 7 9 4 9 0 0  73 
97948 3 089 
9 7 9 4 9 4 0 6 6  
979487.32 
979482 0 5 1  
9 7 9 9 6 6 0 6 2  
979462.89 
979450.63 
9 7 9 4 4 7 0 4 3  
979438.55 
979434 045 
979429.84 
9 7 9 4 1 9 0 4 8  
9794 12.54 
979436.30 
979410.  4 6  
979496 095 
9 7 9 4 1  0.77 
9 794138 75 
979405 75 
979404.23 
9 7 9 3 9 7 0 8 2  
979408020 
979429.62 
979438.57 

THEOR. F R E E -  
G R A V I T Y  A I R  

979937.92 
9799 38 09 7 
979938 0 9 0  
979939065 
9 79941 08  3 
979943 017 
979943.98 
9 7 9 9 4 5 0 7 2  
979944.77 
979945 0 9 8  
979946.87 
9 799 47 3 2 
979948 044  
9 79949 3 2 
97995P.94 
9 79952 5 7  
979953.8 1 
9 79954 . 5 5 
9 79955 . 08 
979956.23  
979956 091  
9 7 9 9 6 0 0 8 0  
979957.62 
979958.06 
979959.39 
9 7 9 9 6 ~ 8  
979961.42 
979961.97 
9 79962 089 
979963.62 
979964 02 1 
979965.28 

-26 1 4  
-21.41 
-22.97 
-23.01 
-21.i16 
-24.08 
- 2 5 0 8 4  
-27.49 
-26.61 
-32.10 
-30.17 
-27.62 
-22.24 
- 2 1  040 
-19 19 
-2C.73 

- 1 6 0 7 U  
-15.62 

-9.27 
- 4 . 4 7  

046 
- 3  02  

043 
0.91 

-1 065  
0 8 8  

-18.5: 

5.07 
12.93 
11.11 
-2 086  
-6.37 

0 

S I H P L E  T.C.  COMPLETE 
B OUGUE R B O U C U E R  

-172.59 
-174.51  
-176.82 
-178.39 
- ! 6 O o 5 3  
- 1 8 1 . 4 0  
-181.98 
-182.29 
-103.90 
- 1 8 3 0 9 1  
-185.65 
-185.93 
-188.66 
-189.79 
-193.40 
-196.14 
- 1 9 8 0 4  1 
-198.99 
- 2 G O  15 
-200 .28  
-199.98 
-zno.49 
-2CC.06 
-199.513 
-199.24 
-2UQ.73 
-230065 
-198.72 
-196037 
- 1 9 4 0 0 3  
-195.41 
-194.79 

1.83 
1.57 
1.53 
1.46 
1.34 
1.22 
1.22 
1.80 
1.22 
1.50 
1.15 
1.18 
1.37 
1.59 
1.56 
1.81 
1087 
2.07 
2 0 1 1  
2 .60  
1.77 
1.95 
1.53 
1.45 
1.42 
1.44 
2.09 
1.83 
1.83 
1.31 
1 0 2 4  
1.28 



I -  * . . . I ..~ 

e 

S T A T ,  

RG577 
RG578 
96579 
RG580 
R6581 
RC582 
R6583 
RG584 
RC585 
RG586 
R f 5 8 7  
RG588 
RC589 
RG599 
RG591 
RG592 
RG593 
96594 
R6595 
96597 
R6596 
RG598 
RG599 
RG6OQ 
RG601 
R6602 
96603 
RG604 
RG605 
RG606 
RG607 
RC608 

L A T I T U D E  L O N G I T U D E  

37033.98 113e41.55 
37036.39  113.59.24 
3 7 0 3 6 0 3 4  114. e82 
37.35.73 1 1 4 0  e97 
37.35.95 1 1 4 .  2038 
37.36.83 114,  2.03 
3 7 0 3 5 e 4 0  1 1 4 .  2 0 8 1  
37.36.28 114,  3009 
37e35.45 1 1 4 ,  4.94 
37034e55 1 1 4 .  5.25 
3 7 0 3 3 0 4 1  1 l 4 e  5.87 
37033.79  114. 6.49 
37e31m16 1 1 4 .  5.09 
37e30.91 1 1 4 ,  4.87 
37e30.41 114,  4.25 
37.29.66 114, 3.63 
37e29.04 1 1 4 .  3.40 
37.28.29 1 1 4 .  2.91 
37 .27093 114. 2.15 
37.32.95 113m41e67 
37.32.55 113.42.15 
37030.76 113.39.22 
37.31.31 113m39e73 
37031.78 113.39.68 
37.34.99 113m59m75 
37.34.44 1 1 4 ,  e21 
37e34e02 114, 065 
37.33.74 1 1 4 0  1024 
37.32.63 114. 1.02 
37.32.13 1140  1.48 
37.31.87 114,  2.12 
3 7 . 3 1 . 3 8  1140  1.38 

E L E V e  

3661. 
1810. 
1838. 
18560 
1873. 
1862. 
1885. 
1877. 
1860. 
1866. 
1806. 
1757, 
1601. 
1601. 
1522. 
1487. 
1473. 
1454. 
1447. 
1773. 
1726. 
2203. 
21115. 
1939. 
1868. 
1889. 
1864. 
1928. 
1863. 
1864, 
1766. 
1681. 

OB SE R V E O  
G R A V I T Y  

979442m5!? 
979413.32 
9794 02  24 
9 7 9 3 9 9  e 0 2  
919394.45 
979395 59  
9 7 9 3 9 0  e9 1 
979390.88 
979395 059 
979394.83 
979400.  38 
9 7 9 4 9 6 0 7 0  
9 7 9 4 4 4 0 3 0  
979466.37  
979465.59 
919477.88 
979483.99 
9 7948 3 . 08 
97949 1 e09 
979411.38 
9794 27  e 16 
979324.13 
979368 e63 
979389 e 32 
979393 02 
979392.11  
979393.57 
97949OmG9 
979392 e 4  1 
9 7 9 3 9 1  e 34 
9794 13.74 
979434.77  

THEOR 
G R A V I T Y  

979966.21 
979969.57 
979969.62 
979968.74 
979969.06  
979970.34 
979968 e26 
9 79969 e 5 4  
979968033 
979967.03 
979965.38 
979963 e02 
9 79962 10 
979961.74 
979961.01 
979959 e94 
979959 e 0 2  
979957 e 9  4 
979953.41 
979963.40 
979964.13 
979961.52 
979962.32 
979963 e 0  1 
979967.67 
979966 e87 
979966.27 
979965 e 8 6  
979964.24 
979963.52 
9 7996 3 e 1 4  
9 7 9 9 6 2 0 9 2  

F R E E -  
A I R  

-11.18 
0.72 
e m 2 2  
2.92 
3.38 
-e 2 4  
4 0 3 2  

047 
1.21 
3.54 

-7.6’3 
- 1 4  16 
-23.8Q 
-21.37 
-25.69 
-23.23 
-20.40 
-26.29 
-19.72 

1.04 
-4.41 
42.57 
28.35 
19.82 

l e 6 6  
5.40 
2.66 

-1.70 
3.07 
3.09 

- 4 0 3 2  
-8.91 

SIMPLE 
BOUCUER 

-196.77 
-202.9’7 
-205.58 
-204 e 4  4 
-205.92 
-208.28 
-206.30 
-209.24 
-206.62 
-204.94 
-209.44 
-210.48 
-202.68 
-200.26 
-195.78 
-189.37 
-185.05 
-188.72 
-191.43 
-197.06 
-397.26 
-203.65 
-197.09 
-196 e9 1 
-207mC3 
-204.68 
-2135.68 
-2C5 e9 5 
-205.11 
-205.22 
-201  e70 
-196.75 

T m C e  COMPLETE 
BOUCUER 

e 8  0 
e70 
06 1 
e70 
073 
e67 
e 8  3 
e77 
e86 

1.02 
1 0 3 4  

a 8 5  
l e 2 3  
1 e 0 7  
2.27 
4.04 
2.38 
2.49 
2.34 

e9 1 
e 8 0  

9.68 
4.94 
2.04 

e78 
e89 
e9 5 
077 

1.53 
2.14 
l e 2 1  
l e 3 7  

-195 e97 
-2D202? 
-204.97 
-203.74 
- Z @ S o  19 
-207.61 
-ZQSo47 
- 2 0 8 0 b l  
-205 e 76 
-203.92 
-208 10 
-2119.63 
-291.45 
0199.19 
-193.51 
-185.33 
-182.67 
-186.23 
-179.09 
-196.15 
-196.46 
-193.97 
-193.05 
-194.87 
-206.25 
-203.79 
-204 e 7 3 
-205 e 18 
-203.58 
-2P3.08 
-2OC.49 
-195.38 ~ 

w .  



a 

S T A T .  L A T I T U D E  L O N G I T U D E  

RG609 37.35.47 113.58.98 
RG61O 37.33.64 113.42.93 
RG611 37.32.90 113m42m94 
R G 6 1 2  37031.73 113o42.88 
RG613 37.31.26 113mQ2.61 
RG614 37.30.36 113m42.89 
RG615 37.29.58 113.43.89 
R t 6 1 6  37.28.55 113.43.62 
QG617 37mt8.66 113m42.53 
RG618 37m28.65 113m42mO4 
R G 6 1 9  37.28.91 113.44.82 
9CbZb 37.28.32 113m44.97 
R G 6 2 1  37.27.76 113.45.18 
RG622 37.28.85 113m45m67 
RG623 37.32.15 113m44m58 
PG624 37.34.29 113m43m11 
RG625 37m25m14 114. 1.73 
RC526 37m25m05 114. 2.98 
QG627 37.24.38 114. 2.86 
QG628 37, 3.86 113.53029 
RG629 37, 4.03 113mS4m41 
QG630 37, 4.56 113.55008 
RG631 37. 5.13 113.55.27 
RG632 37, 5.54 113.56.37 
RG633 37,  5 . 5 8  113m57065 
RG634 37, 6 0 1 9  113058.68  
RG635 37, 6.84 113.59m28 
RG636 37, 7032 114. m61 
RG637 370 7.84 1 1 4 .  m80 
QG638 37. 8 . 3 3  114. 1.41 
RG639 37, 8 . 3 9  114. 2.19 
RC643 37,  9.09 1 1 4 0  2.27 

€ L E V  

18260 
1643. 
1666. 
1690. 
1708. 
1791 

1932. 
2032 
2C39 
1926. 
2042. 
1947. 
1859 
1755. 
1644 
1376. 
1615. 
1409 
1125. 
1124, 

1904. 

1120. 
1154. 
1168. 
1081. 
1035. 
1003. 

938 
899 
847. 
963. 
989. 

0 

O B S E R V E D  
G R A V I T Y  

979494 02 
9 7 9 4 4 1  m47 
979435 0 9 8  
979432.17 
979430.27 
979436.33 
979389 0 5  
979384 76 
979369.26 

919386.89 
97936 1 11 
97938 0.29 
979398.86 
979413.91 
979941.98 
979501.92 
979453 m9r) 
979496 m95 
979566 m97 
979569.36 
979572  1 2  
979566.31 
979564.84 
979583.69 
9 7 9 5 9 1  m73 
979595.23 
979603mC2 
979610.18 
979622 5 3 
979599.41  
979596.09 

979359832 

0 

THEOR. FREE- 
G R A V I T Y  A I R  

979968.36 
9799 65 72 
979964.76 
979962.93 
979962 m25 
97996C.94 
979959 m82 
979958.32 
979958.48 
979958 m46 
9’19958.84 
979957 9 8  
979957 1 6  
979958.15 
979964.42 
979966.65 
979953 037 
979953.24 
979952.27 
979922.55 
979922 m80 
979923  57  
979924.39 
979929.98 
979925.05 
979925.93 
9 7 9 9 2 6 0 8 6  
979927.56 
979928032  
979929.02 
979928.98 
9799313.32 

-m92 
-17.33 
-14.74 

-9.20 
-4.96 

09  
1 6 . 9 2  
22.59 
28.57 
30.12 
22.51 
33.33 
2 3 . 8 9  
13.88 
-9.01 

-1 7 311 
-26.07 
-1.11 

-8.40 
-6.55 
-5.68 
-2 08 

38 
-7082 

-14.77 
- 2 2  18 

-20.48 

- 3 5  8 (33 
-40066 
-45.01 
-32.53 
-28.90 

0 0 

SIMPLE T m C o  C O M P L E T E  
B O U C U E R  B O U C U E R  

-2C4 m94 
-2GT.73 
-2G0.88 
-198.06 
-195 m8 0 
-2COmU5 
-195.89 
-193 m28 
-195.14 
-197.74 
-192.75 
-19408’1 
-193.69 
-193.89 
- 2 0 5 0 1 0  
-2OloCZ 
-180.61  
- 1 8 1  m52 
-177.94 
-134.12 
-132.17 
-130.89 
-131.06 
-130.17 
-128.60 
-130.44 
-134.23 
-139.87 
-141.14 
-139.69 
-14P.09 
- 1  39.39 

m73 -2O4m21 
m78 -199.95 
m91 -199.97 

1m8G -196.26 
Z m O 8  -193.72 
1.93 -198.12 
1.68 -194.21 
2.66  -190.62 
2.28 -192.86 
- m  7 0 1  -194.73 
2.46 -190.29 
3.73 -191.14 
3.59 -190.10 
2 . 1 1  -191.78 

m82 -204.28 
m6U -200.42 

1.68 -178.93 
4.@9 -171.03 
2 . 4 0  -175.54 
?m28 -131.84 
1.90 -130.27 
2.24 -128.65 
2.89 -128.17 
1.81 -128.36 
1.52 -127mO8 
1.38 -129.06 
Xm2C -133mC3 

m86 -139.01  
m90 -140.24 

1 0 2 6  -138.43 
1.22 -138.87 
1.16 -138.23 

0 



S T A T ,  

RG641 
RG642 
RG543 
RGb44 
RG645 
RC646 
RGb47 
RC648 
RC649 
RG650 
R G 6 5 1  
RG652 
QG653  
QG654 
RG655 
RG6S6 
RG657 
RG658 
RG6S9 
96660 
96661 
RG662 
RG663 
RGb64 
A6665 
RC666 
RG667 
Rt668 
RG669 
RC670 
RG671 
9G672 

P 

L A T I T U D E  L O N G I T U D E  

37. 9.77 114. 2097 
37.10.72 1/40 3.71 
37, 9.83 1 1 4 e  3064 
37. 9.76 114. 4.53 
3 7 0  8.01 114. 049 
37. 6.59 114. e 3 0  
37. 5.99 114. e69 
37. 5.40 114. 1.72 
37. 5.14 114. 2.60 
37. 4.75 114. 3.12 
37. 7.15 113e59.90 
37.34 063 113.5Oe24 
3 1 e 3 4 e 3 8  113oEOe77 
37.33084 113e51021 
37.32.75 113.50.74 
31 .25063  113.49047 
37.25061 113e50001 
37033.91 113.46.31 
3?.32el4 133.46.46 
37.31.13 113.48.35 
37.30.98 113046067 
37.31.31 113.05e94 
37. 6.31 213.36079 
37, 4.86 113.35.76 
37. 3.82 113e14032 
37. 2.38 113.34.24 
37. 5.35 ii3.36.04 
37.30.87 113.37037 
37.35.88 113.36.52 
37 032.43 113.36.14 
37.33.32 113o36073 
37.33.99 113.37.27 

E L E V .  

10080 
1@32e 
1016. 
1C) 3 3 e  
9530 
9240 
910. 
831. 
8860 
881. 
967. 
1678. 
1691 
1735. 
1736 
1807. 
1735. 
1642. 
1802. 
2106. 
1837. 
1805 0 

8 1 4 .  
785 
9570 
944. 
786 
17730 
1795. 
1783. 
1727. 
1685 

0 

OBSERVED 
G R A V I T Y  

979594.45 
979594 e07 
979593.70 
979590.88 
979598 e81 
979667.74 
919608.02 
979619.35 
979697.03 
9796D7 e23 
979599.61 
979451 e84 
979446.52 
979438.40 
979440014 
9 794 15 e 4 5  
979433.15 
979440.58 
979412.07 
97934a. 3c 
979402 e88 
979407.10 
9796 17 e l? 
9796 22 e00 
97958007P 
979580065 
979621.01 
979410.15 
979405.95 
9794 12.51 
979426e8F 
979436.89 

I H € O R e  FREE-  SIMPLE T e C e  COMPLETE 
B O U C U E R  G R A V I T Y  A I R  B O U G U F R  

979931.99 
979932 4 8  
979931 e18 
979931 e118 
979926.57 
979926 e 5 0  
979925.64 
979924 e 7 8  
9 79924 4 1 
979923 e84 
979927.32 
979967 14 
979966.19 
979966.01 
979964 42 
979954 09 
979954 e96 
979966 12 
979963.54 
979962eC6 
979961.84 
979962.32 
9 79926 10 
979924.91 
979922.49 
97992Cl.41 
979924 7 1 
979961.68 
979961.70 
979963.95 
9 79965 2 5  
979966.23 

-25.48 -138.15 
-19.83 -135019 
-24.07 -137.56 
-21.52 -136.92 
-35.59 -142.08 
-33.47 -136.78 
-36.94 -138.58 
-48.83 -141.75 
-43.85 -142e9G 
-99.59 -143.09 
-29.16 -137.27 
2.59 -184.94 
3 . 5 1  -185.39 
7-87 -186.03 

11.30 -182.64 
18.85 -183.03 
12.57 -181.33 

-18.74 -202.26 
4.71 -196.69 
28.19 -207.17 
8003 -197.28 
le90 -199.84 

-57.86 -148e8C 
-59.62 -147.39 
-46.54 -253.46 
-48.45 -153.99 
-61.03 -148e9C 
-4.29 -202.45 
-1.82 -202e40 
-1.19 -2OC.45 
- 5 . 5 5  -198.49 
-9.42 -197efG 

e88 
044 
e r r 3  
e37 
e88 
e 9 1  

1.22 
e69 
052 
e 4 7  
e95 
1.04 
e96 
e87 

1 e 4 2  
2.08 
3.12 
2.03 
1 . 8 3  
3.51 
1 e 9 3  
1.20 
1 e40 
e97 

3 e68 
1.58 
1.24 
1.53 
1 e 2 5  
1 e29 
le83 
2.0G 

-131.27 
-1 34 75 
-137.13 
-136.55 
-141.20 
-335.87 
-137.36 
-141e06 
-142e38 
-192.62 
-136.32 
-183.90 
-184043 
-185.16 
-181.22 
018009S 
0178eZl 
-200.23 
-194 e86 
-2C13.66 
-195.35 
0198.64 
-147.40 
-146e42 
-199.78 
-152.36 
-197.66 
02’10.92 
-2O1015 
-199.16 
-196.66 
-1950?8 Q 

w 



STAT.  LATITUDE LONGITUOE ELEV. 

RG673 
RG674 
RG675 
RG676 
RG677 
RG678 
RG679 
RG680 
RG681 
RG682 

. RC683 
RG684 
RG68S 
R6686 
RG687 
RG688 
RG689 
RG69O 
RG69 1 
RG692 
RG693 
RG694 
RG695 
RG696 
RG697 
RG698 
RC699 
R G 7 0 0  
RG701 
RG702 
R G 7 0 3  
R G 7 0 4  

31.34052 113.36086 
37 035 0 4 3  113. 36.31 
37.30.71 113033.41 
37030.30 113.32083 
37.31.18 113033.65 
37032.34 113033.39 
37033.16 113033.52 
37.31.75 1 1 3 0 2 8 0 4 0  
37.30.59 113.28.47 
37021.58 1 1 3 0 4 0 a 7 3  
37021.96  113040a38 
37 022.56 113.41.02 
37023.18 113.40.90 
37027.05 113026.20 
37026.95 113.25012 
37.26 084 113024a39 
37.26.71 11302401O 
37.25088 113.23.23 
37 .25072 113.24.03 
37.25042 113.25.15 
37026.39  113026.36 
37.22.11 1 1 3 . 4 1 0 0 4  
37021.85 113.40081 
37.23.?8 113041.39 
37.24082 113.41o71 
37025.17 113.41.83 
37 .23013 113.41.03 
37 .20035 113.16.53 
37020.19  113.18.11 
37.20065 113.18.81 
37.21.51 113.19.72 
37021.84  113.20.06 

1728 . 
1748. 
1988. 
2030. 
1990. 
2018. 
19760  
2067, 
19830 
1446. 
1572. 
1399. 
1376. 
2187. 
2286. 
2394. 
2400 
2600. 
2783, 
2576.  
2 1 9 2 0  
1433. 
1 4 4 7 .  
1433, 
1562. 
1622. 
1377 
1248. 
1381. 
1982. 
1591 
1631 

OB S E R V E 0  
G R A V I T Y  

979429.73 
979430.38 
979365.43 
9 7 9  35 4 62  
979364.12 
979363.02 
979373.30 
979354.34 
979365.59 
979475.38 
979444.56 
979083.58 
9 7948 9 07 
979314 0 5 9  
979295 0 8 6  
9 7 9 2 7 2 0 8 6  
979270.09 
979230.35 
979191.41  
9 7 9 2 3 9 0  35 
9 7 9 3 1 8 0 0 5  
9 7 9 4 7 7  2 0  
979475.42 
979474 22 
979448.08 
979437.19 
979487.23 
9 7 9 5 1 4 0 1 5  
979487.24 
979465.56 
979425.38 
979430.27 

THEOR . FREE- 
G R A V I T Y  A I R  

9 79966 09 8 
979968 030 
979961.45 
979960.85 
979962.13 
979963.83 
979965 002  
979962096 
97996 1 2 7  
979948.20 
979948 076 
979949.62 
9799 50.5 3 
979956.12 
979955.98 
979955.82 
9 7 9 9 5 5 0 6 5  
979954.r5  
979954.22 
979953 078  
979955.  18  
979948.97 
979998.59 
979951 04 1 
9 7 9 9 5 2 0 9 1  
979953 42  
979950.96 
979946.13 
979946.19 
979946.86 
979948 1 O 
9 7 9 9 4 8 0 5 8  

-3.94 
1.52 

17.44 
20.21 
16.26 
21.97 
18.17 
29.38 
16.18 

-26.51 
-19.14 
-34.31 
- 3 6 . 7 8  

33.34 
4 5 0  32  
55.88 
57.51 
78.23 
95.96 
80.38 
39 . 35 

-29.68 
-26057 
-36.05 
-22.77 
-15.74 
-38  36 
-W.OP 
-32.85 
-23.98 
-31.73 
-15.08 

SIMPLE 
BOlJ6UER 

- 1 9 7 0 0 6  
-193.81  
-2C4.7t  
-206.63 
-2C6.22 
-203.54 
-202.68 
0201.65 
0205.38 
-188.12 
-194.82 
-190.65 
-190.56 
-211.04 
-210.12 
-211.66 
-211.56 
-212.30 
- 2 1 5 0 0 1  
-207 04 3 
-2G5 0 6  1 
-189.77 
-188.29 
-195.79 
-197 033 
-196.97 
-192.21 

-187.15 
-189058 
-209 05 2 
-197.30  

-186.4a 

T.C. 

1.06 
1 0 7 9  
1.85 
1.80 
1.84 
2.28 
1 0 6 3  
2.11 
2.44 
1.50 
2.30 
2.02 
2.42 
7 .11  
8.59 
8.48 
8.66 
9.21 

12.94 
7.94 
6 .80  
1.61 
1.48 
1.65 
1.45 
1.90 
2 .so 
Q.21 
3.44 
3.39 
6 094 
6.26 

* 

COMPLETE 
BOUGUER 

-196.00 
-192.02 
-2E12.85 
0204.83 
-204.38 
-201.26 
02@1.05 
-199.54 
-202.94 
-186.62 
- 1 9 2 0 5 2  
-188.63 
-188.14 
-203.93 
- 2 0 1  5 3  
-203.18 
-2Q2 9 0 
-203.09 
-2C2 5 7  
-199.49 
-198.81 
-188.16 
-186.81 
-194 1 4  
-195.88 
-195.07 
-189 08 I 
-182.19 
-18 3. 7 1 
-186.19 
-202.58 
-191m04 

03 
N 



S T A T .  

RG705 
RG706 
R G 7 0 7  
RC708 
R G 7 0 9  
R G 7 1 0  
RC711 
RG712 
RG713 
RC714 
RG715 
RC716 
RG717 
RG718 
R G 7 1 9  
RC72O 
RC721 
RG722 
RG723 
RG724 
RG725 
RG726 
EH396 
EH409 
EH411 
EA411 
EH412 
EA412 
EH417 
EA419 
EH42O 
EH421 

QD a a 

LATITUDE LONGITUDE 

37022.OO 113.20074 
37.23013 113.21.13 
37015.67  1 1 3 0 2 2 0 1 7  
37016.19  1 1 3 0 2 2 0 5 2  
37016.83  113.23044 
37017.53  1 1 3 0 2 4 0 6 6  
37  18 005  113025.40 
37 18 56  11 3 25055 
37018.66  1 1 3 0 2 6 0 2 0  
37 19 06 113 26 088  
37010.12 113. 39.79 
37.10.09 113.41.28 
37018.98 113.41072 
37.19.40 113.41047 
31.19.15 113.40.93 
37.18062 113.40076 
3 7 0 1 8 0 4 4  113.41016 
37018.39 113.41.30 
37 .180  35 113 0 4 1 0 8 8  
3 7 0 1 8 0 4 O  11304203O 
37.17.45 113.41.82 
37017.83  1 1 3 0 4 1 0 7 6  
37. 6.08 113. 8.18 
3 7 0  4 0 4 5  1 1 3 0  8.43 
3 7 0  4.81 11301103!? 
370 5.81 113.11015 
3 7 0  3.90 1 1 3 0 1 1 0 2 9  
3 7 0  4 .10  113.10059 
3 7 0  5.50 113016.20 
3 7 0  2.39 113016.38 
37. 048 113.35.10 
3 7 0  .3C 1 1 3 0 1 6 0 4 5  

€LEV. OBSERVED 
G R A V I T Y  

979392.10 
97938407C 
979531.32 
979509.58 
979478.45 
979452 0 7 6  
9 1 9 4 2 5 0 1 9  
979401.09 
9 7 9 3 9 0 0 3 0  
979356.211 
979598.34 
979597.62 
979432.98 
979490.04 
9 79483 048  
97948 7 0 6 7  
979489 037  
9 1 9 4 8 9 0 8 4  
97949 1.52 
979493.37 
979495.56 
979494.16 
9 7 9 4 7 4 0 6 9  
979453.02 
979Q35.73 
919434 0 9  1 
979435.44 
979440.28 
979487.85 
979486.26 
979497 0 3  
979494.14 

0 0 

THEOR. FREE- 
G R A V I T Y  A I R  

9 7 9 9 4 8 0 8 1  
9799 5(3 04 6 
979939.65 

9 7 9 9 4 1  0 34  
979942.34 
979943 0 0 9  
9 7 9 9 4 3 0 0 3  
979943.98 
9 7 9 9 4 9 0 5 6  
9 7 9 9 3 1 0 6 0  
9 799 3 I 5 6  
979944.44 
979945.04 
9'19944 6 7  
979943.9 1 
979943 0 6 6  
979943.59 
979943 0 5 2  
9 7994 3 59 
979992 0 2  3 
979942. 7 7  
979925.76 
979923.40 
97992Z.92 
979925,  3 7  
979922 0 5 9  
979922.88 
979924.91 
9799211.41 

9 7 9 9 4 a . u  

979917.67 
9799 17 0 4  1 

* 

SIMPLE T o C o  COMPLETE 
BOUGUER BOUCUER 



STAT. 

EH422 
EH431 
EH432 
EH433 
EA433 
EH440 
EHY4 1 
EH442 
EH443 
EH444 
EH44S 
EH600 
EH602 
EH603 
El4604 
EH605 
EH606 
EH607 
EH738 
EH739 
EH740 
EH74 1 
E H 7 4 2  
EH743 
EH745 
EH746 
EH747 
EH748 
EH752 
EH348 
EA348 
EH352 

a Q 

LATITUDE LONGITUDE ELEV. OBSERVED 
G R A V I T Y  

979487.16 
979608.49 
979691.92 
979584.03 
979584.8Q 
9 7 9 5 9 8 0 3 0  
979541.45 
979537.98 
9 7 9 5 4 1  0 4 1  
979550.98 
979553.76 
979595.8C 
979596.87 
979590.23 
979592.37 
9 7 9 5 9 4 0 8 1  
9 7 9 5 9 3 0 6 7  
979595.55 
9 796 18 39 
979613071! 
979610.53 
9 7 9 6 1  10 14 
9796 16 3 1 
9796 14 5 5  
9 796 100 01 
9796 10.26 
979609.96 
979609 007 
979583.92 
979558.88 
97956 1 5 3 
979600.  34  

(D 

THE OR. F R E E -  
G R A V I T Y  A XR 

979917.05 5.07 
979924.33 -60.52 
979922.32 -54.08 
979921.50 -48.56 
979919.68 -43.16 
979924.85 -51.26 
9 7 9 9 2 3 0 1 2  -42.58 
9 7 9 9 2 2 0 8 4  -42.82 
9 ? 9 9 2 1 0 1 6  -43.01 
919920.05 -41.98 
979918012 -39.85 
979925.37 -49.69 
9 7 9 9 2 0 0 6 1  -53.18 
979919.56 -49.89 
979917.90 -SSo44 
979918.98 -48.37 
979917.16 -53.40 
9 7 9 9 2 0 0 5 1  -48.57 
979925.29 -57.97 
979924.65 -59.20 
979922.68 -56.36 
979924.04 -59.64 
979924.04 -55.04 
979923.40 -55.69 
979922.61  - 5 6 0 6 3  
979922.24 - 5 6 0 4 9  
979922.27 -57.75 
97992P.95 -53.82 
979918.28 -48.85 
979932.29 -64.9‘4 
979932 0 3 7  -59 00 
979931.08 -65.07 

Q e 

SIMPLE T . C .  COMPLETE 
BOUGUER BOUGUER 



STAT.  

EH354 
EH360 
EH361 
EH394 
EA394 
EB394 
EH395 
EH414 
EH415 
EA415 
E6415 
EA416 
EH426 
Et4429 
EH430 
EH436 
EA436 
EH437 
EA437 
EH438 
EH439 
EH699 
EH713 
EH714 
EH721 
EH732 
EH733 
EH734 
EH736 
EH737 
EC335 
E0335 

e 

L A T I T U D E  L O N G I T U D E  E L E V  0 OBSERVED 
G R A V I T Y  

979588.71 
919517.84 
979548oG2 
919483.89 
9 7 9 4 8 1 0 3 2  
979481.16 
979975.96 
979502.07 
979515.14 
979490.67 
979488 31  
979521.23 
979595.41 
9796 14 096  
9796 11 31 
979556 0 8 4  
979Sf9 .51  
979553 17 
979553.92 
979558.17 
979550.20 
9 7 9 5 8 3 0 3 9  
979594.94 
979588.60 
9796ffS.59 
979607 0 8 8  
9796 12 0 4 1  
979611.89 
9796 18 062  
9 796 15 0 9 6  
979497 0 8 7  
979488.14 

9 

THEOR 0 FREE - 
G R A V I T Y  A I R  

979934.66 -58056 
979934.60  -48.01 
979934.84 -47.51 
979926.85 -4oSQ 
9 7 9 9 2 7 0 0 9  -3 .61  
979927.24 -3 .81  
979926.40  - 0 2 3  
979926 0 5 7  -1 108 1 
979928.41  -20.29 
979925.96 -5.77 
9 7 9 9 2 6 0 0 8  -4.02 
979929.58 -23.79 
979931.43 -60.19 
979927.02 060.23 
979925.47 059.03 
979930.49 -6O.11 
979930.51 -56.81 
979928.91  -60 .91  
9 7 9 9 2 9 0 0 8  - 5 5 o S O  
979927.61  - 5 3 o S S  
979926.40 -51.36 
9 7 9 9 3 0  16 -66 0 6 0  
9 7 9 9 3 0 0 2 0  -62.37 
979932.75 -62.68 
9 1 9 9 2 8 0 8 6  -57.89 
979928.25 -55.83 
979927.52 -58.95 
979927.29 -57.53 
979925.91 -58.98 
979925.93 -59.76 
979937.49 -28063 
979937.59 -21.72 

6 

SIMPLE ToCo COMPLETE 
BOUGUER GOUGUER 



S T A T .  

EH337 
EH338 
EH339 
EH356 
EH357 
EH359 
EH363 
EA364 
EH365 
EH366 
EA366 
EH374 
EH375 
E H 3 7 6  
EH377 
EHTOO 
EH701 
EH702 
EH703 
EB307 
EH328 
EH330 
FH704 
EH705 
EH706 
El4707 
EH708 
EH709 
EH710 
EH279 
EH280 
EH28 1 

LATITUDE LONGITUDE 

37015.96 113.17.69 
37 015 057 113. 17.18 
37.14036 113016.81 
37014025 113021064 
37014.93 113020.64 
37016.52  113018.78 
37013.10 113.15.15 
37.13018 1130 9.85 
37.13094 1130 9.33 
37.14.22 1130 9.oa 
37.15013 1130 8.2'4 
37.18094 1130 8.57 
37.19088 1130 9.31 
37019.88 113.10.98 
37018.19 113011.94 
37.11.02 113.18.20 
37017.73  113017.86 
31.18059 113.17.70 
37019.35 113.17.15 
37026.51 113015030 
37.24079 113.x4.30 
37026.13 113014043 
37020.07 113016.72 
37 020.84 1130 16.15 
37021.61 113015072 
37.22.34 113.15.29 
37.23.16 113014065 
37 024 0 0 3  113.!4.3Q 
37.24.84 113013.88 
37 3 3 048 113 11024 
37032.62 113.10.66 
37033.48 113.10.25 

Q 

E L E V e  O B S E R V E 0  
G R A V I T Y  

97954 1 7 1 
979552.48 
979554.46 
979558.84 
979550.59 
979535039 
979536.76 
979591 34 
979537 10 
979536. I4 
979527.813 
979438.98 
979435.80 
979430.03 
979418.34 
979531.84 
979526 84 
979522.70 
979513.98 
979467084 
979968.82 
979470.77 
979513 0 0 3  
97951 1 0 5  1 
979593.56 
979498.89 
979483.34 
979475.56 
979477. 31 
979437016 
97943702 1 
979437039 

THEOR. FREE- 
G R A V I T Y  A I R  

97994C)oOS -S9012 
979939.48 -62.92 
979937.73 -64.94 
979937058 -48046 
979938.57 046.88 
979940087 47016 
979935.91 - 4 1 0 Q 3  
979936.02 -48.41 
979937.12 -48.29 
979937.53 -50 .03  
9 799 38 8 4 -4 5 b 7 
979949.31 1.13 
979945.73 So38 
979945.73 10.99 
979943.27 18.87 
979942059 -48.43 
979942.62 -46.83 
979943.86 -94.88 
979944095 -40096 
979955.34 -25.14 
979952.72 -22.02 
979954080 -22.72 
979946.00 - 4 2 0 1 0  
979947.12 -45.1'4 
979948.23 -41.95 
979949.30 -41086 
97995C.49 -35.29 
979951.74 -27.29 
979952.92 -24011 
979965.47 -6.33 
979964.51 -1.17 
979965047 -5.07 

Q e 

S X M P L E  T o C o  C O M P L E T E  
BOUGUER BOUGUER 



S T A T .  

E H 2 8 8  
EA289 
EB289 
EC289 
EH29Q 
EH291 
EB292 
EH293 
EH297 
EA297 
EB297 
EH298 
EA298 
EC298 
C6298 
EH299 
E H 3 0 0  
EH301 
EH303 
EH304 
EH306 
EA306 
EC306 
E8306 
EA307 
EH331 
EA332 
EH588 
EHS89 
EH592 
EH613 
EH162 

LATITUDE LONGITUDE 

37033.71 113012.41  
37032.61 113.14.62 
37031.8O 1 1 3 ~ 1 4 ~ 4 2  
37  3 1  18 11 3 14.46 
37.33.48 113.12.68 
37032.44 113.12.14 
37 .31012 113012.90 
37033.36 113.11.51 
37033.46  113027.67  
37031.93  113028.47 
37031.96 113026.95 
37  3 3 09 11 3 28 076  
37.32.71 113029.88 
37.32050 113.32.OO 
37.30017 113.29.39 
37.32.87 113.24.36 
3 7 0 3 2 . 4 9  113023.28 
37.32.44 113.22075 
37032.45 113.20.76 
37031.52  113019.77  
37030.26  113.19.21 
37030.68 113.18024 
37.31.99 113.18.46 
37032.70 113.17.73 
37027.93 113016.25 
37.27.78 113.13032 
37028.82  113.19053 
37033.48  113.31.84 
37032.41 113.15.45 
37033.07 113016.57 
37.32.3@ 113.11.37 
3 7 0 3 6 . 6 3  1 3 3 0 2 2 . 3 1  

E L E V .  

1707. 
1953 0 

1855, 
1806. 
1725 
1668 
1636. 
t 6 8 5  
1925. 
2076. 
2167. 
2010. 
19030  
1845. 
1929 
1929 
1961 
2005 
1909 
1783. 
1716. 
1812. 
2185 
2359 
1579 
1563. 
1566 
1690. 
20670 
2248 0 

1676. 
1949 

9 

O B  SER WED 
G R A V I T V  

9794 3 0 05 
979380.51 
979398 044 
979408.91 
9 79426 02  
979438.77 
9 7 9 4 4 6 0 6 2  
979436 0r! 
979388.28 
9 79  35 3 0 05 
979329.95 
979370.44 
979389 069 
979399.80 
979376.46 
979386.23 
979 378 039  
9 7 9 3 7 1  032 
979386.84 
979406.87 
979414 044  
979395064 
979324.16 
979289.73 
979499.37 
979459.88 
979454.55 
979435.27 
979355.23 
979318 0 6 9  
979437.87  
979390.62 

THEOR. F R E E -  
G R A V I T V  A I R  

979965 083 
979964.20 
979963.02 
9 7 9 9 6 2 0 1 2  
979965.47 
979963 095 
979960.84 
979962.38 
979965.55 
979963 0 2  1 
979963.26 
979964.91 
979964 0 3 5  
979963.90 
979960.65 
9 799 65 5 9 
979963 095 
979963.95 
9 79963 0 9 7  
979962 0 6 2  
979960.78 
9 7996 1 39  
979963 030 
9 7 9 9 6 4 0 3 4  
979957 040 
979957.18 
979958.70 
979965.47 
979963.91 
9799 69 @ 7 
979963.75 
979970.03 

-4.27 
23.68 
1 2 0 7 0  

8.84 
-2.43 
-5.66 
- 6 0 9 1  

- 0 1 8  
21.86 
35.42 
40.20 
30.60 
17.29 

9.99 
15.87 
21.88 
2 9 - 4 6  
30.84 
16.90 

-057 
-12.04 

-1.63 
39.92 
58.35 

-15.86 
-10.22 
-15.94 

33.97 
52.34 
-3.80 

-3.70 

x . a 3  

0 e 

SIMPLE T.C. COHPLETE 
BOUCUER BOUCUER 

-200.05 
-199.60 
-199.67 
-198.00 
-2oc.20 
-197.10 
-195.00 
-194.13 
-198.39 
- 2 0 1  07 1 
-207.06 
-199.09 
-200.90 
-201.22 
-204.76 
-198 08 1 
-199.78 
-198.33 
-201.54 
- 2 0 4 0 9 3  
-208.83 

-2C9.35 
-210.46 
-197.38 
-189.89 
-196 003 
-197 06 7 
- 2 0 2  . I O  
-203.99 
-196.17 
-196.04 

-2~19.22  

1.88 
2.55 
2.28 
2.88 
1.84 
2.39 
2.71 
3.09 
1.83 
1.89 
3.43 
1.63 
1.67 
2.19 
2.73 
3.55 
3.56 
2.60 
3.11 
3.88 
3.32 
2.65 
6 0 9 0  
9 000 
2 0 3 6  
3.86 
2.34 
2.02 
4.87 
5 000 
2 080 
1.48 

-198.17 
-197.05 
- 1 9 7 0 3 9  
-195.12 
-198 36 
0194.71 
0192.29 
-19 1 04 
-196.56 
0199.82 
-203.63 
-197.56 
-198 07 3 
-199.03 
0202.03 
-195.26 
-196.22 
-195.13 
-198.43 
-201.05 
-2O5.51 
-206.57 
- 2 0 2 0 4 5  
-201.46 
-195.02 
-186.03 
- 1 9 3 0 6 9  
-195.65 
-197.23 
-198.99 
0193.37 
-194.56 

03 
Y 



S T A T ,  

EA162 
EH163 
EH175 
E H l 7 6  
Et4274 
EH275 
EH276 
EH278 
EH282 
EH283 
EH284 
EA286 
€E286 
EHZ87 
EA287 
EH289 
EH295 
EH296 
€E306 
EF306 
EC306 
EH586 
EH593 
EH595 
EH596 
€ti609 
EH61Il 
EH6 11 
EH773 
EH774 
EH8 18 
UP379 

Q 

LATITUDE LONGITUDE 

37m37.11 113021.76 
37.36.68 113.22.94 
37 .36033 113.25.56 
37m36.06 133.26.77 
37.36.12 113mlOm74 
3 7 0 3 6 . 3 1  113. 9.65 
37 035.24 113 10.28 
37.34.37 113.  10.85 
37.34.09 1 1 3 .  9.88 
37.35.46 113.  9.65 
37.37.02 113. 8.93 
37.36066 !13.14*92 
37.36.12 113m14*02 
37.35.23 113.12.38 
37.35.24 113.13.62 
37.34.36 113.33.63 
37.34.07 113.25.31 
37.33.81 113.26.29 
37.33.84 113.17.90 
37m34.35 1 1 3 .  18.43 
37.34.67 113.18m71 
37.37.30 113.15.13 
3’1.36.11 113m12.39 
37.37 16 113.10.72 
37.37.38 1 1 3 0  9.48 
37m34.55 113. 7.70 
37.33.99 113. 8.94 
37m35.12 113. 9.63 
3 7 * 3 6 * 1 1  1 1 3 * 1 1 * 8 4  
37.35.24 1 1 3 r l f * 8 4  
3 7 * 3 7 * 1 4  1 1 3 * 1 4 * 6 0  
3 7 0 3 6 . 8 1  113.31*G6 

ELEV . 
1986 
1 9 4 7 .  
1866. 
1789 0 

1667 
168 1 
1669. 
1673. 
1689. 
1693. 
1697. 
1718. 
1708 
1687. 
1769. 
1772. 
1860. 
1878. 
2503,  
2 4 4 3 0  
2404. 
1718. 
1667. 
1666. 
1686 
1929 
1756. 
1686, 
1654. 
1674 
1704 
1731.  

OBSERVED 
G R A V I T Y  

97938 3 5 1 
9 7 9 3 9 1  m92 
979496.91 
979420.26 
979436 57  
979937.91 
979940.16 
9794 37 9 I 
979436.37 
979436.24 
9794 33.99 
979925.45 
979426.69 
979432 36 
979412.69 
979417.94 
979602.67 
979398.12 
979260.2X 
919219.39 
979294 e66 
979424.51 
979933.74 
979434.23 
979433.69 
979392.84 
979423.69 
979428.57 
9 79 4 34 82 
979935.44 
979426.60 
97943 1.81 

1 H E O R  * FREE- 
G R A V I T Y  A X R  

97997C.73 30.40 
97997C.11 27.41 
979969.59 18.09 
979969.20 8.02 
919969.29 -13.47 
979969.27 -7.88 
979968.01  -7.85 
979966.75 07.62 
979966.34 -3.96 
979968.33 -4.93 
979970.60 -8.05 
9799713.08 -9.67 
979969.29 -10.75 
979967.99 -10.23 
979968.01  -4.65 
979966.74 2.79 
979966.32 15.14 
979965.95 16.41 
979965.99 71.38 
979966.73 71.40 
979967.19 64.25 
979970.12 -11.07 
979969.27 -16.38 
9799 71lt.80 -1 7 e 6  1 
979971.12 -12.39 
979967.02 26.06 
979966.21  4.29 
979967.84 -4.08 
979969.27 -16.0f  
979968.01  -10.77 
979970.77 -13.63 
979970.31  -4.34 

e 

SIMPLE T.C. COMPLETE 
BOUGUER BOUCUER 

-196.60 
-195 e22 
-195.55 
-!96.99 
-204.81 
-2OOm86 
-199.96 
-199 068 
-197.76 
-199.14 
-202.76 
-206.69 
-206.65 
0203.82 
-207.38 
-2OOoZ6 
-197.17 
-198.49 
-213.45 
-206.75 
-209.57 
-208.17 
- 2 0 7 0 6 8  
-208.85 
-205.85  
-194.64 
-197.04 
-197.56 
-207.98 
-2G2.93 
-209 a06 
-197.77 

I * S O  
1.37 
1.06 
1 e70 
1.71 
2.46 
2.30 
2.23 
3.25 
2.64 
2.17 
1.88 
1 e77 
1.61 
I e 7 3  
2.04 
1 e98 

10.10 
6 e99 
6.13 
1.69 
1 e 4 8  
1.44 
1069 
4m2l  
5.15 
3.00 
1 .50  
1.67 
1.42 
1 .EO 

2.~13 

-195.10 
-193.85 
-194.49 
-195.29 
-203.10 
-198.40 
-197.16 
-197.45 
- 1 9 4 0 5 1  
9196.50 
0200.59 
0204.81 
-264.88 
-2@2.21 
-205.65 
-198.22 
-195.79 
-196.46 
-203.35 
-199 76  
-203.44 
-206.98 
-2n6.20 
-207.41 
-2U4.16 
-190.43 
-191.89 
0194.56 
-205.58 
-2P1.26 
-2rJ7.64 
-196.77 



S T 4 T o  

UP380 
UP382 
UP383 
UP388 
UP392 

UP394 
UP401 
UP402 
UP403 
UP404 
UP405 
UP906 
UP407 
UP525 
UP526 
UP528 
UP530 
UP532 
UP533 
UP534 
UP535 
UP536 
UP537 
UP538 
UP539 
UP540 
UP54 1 
UP680 
UP60 1 
UP682 
UP68 3 

~ ~ 3 9 3  

L A T I T U D E  LONGITUDE 

37036.07 113030066 
37039.66 113031068 
33031.23 113.30.72 
3 1  036.25 113037.99 
37 036.29 11 3 39 063 
37.35.lb 113.40.7s 
37034.52 113041086 
37032.23 113044065 
37.34041 11304403c) 
37.35.04 113.43.05 
37036.01 113042077 
37036.73 113042063 
3?037015 113.41053 
37.31.17 113.31.91 
37034028 113045.27 
37033.91 113046.31 
37.34097 113048016 
37.34 085 113.5 1.28 
37035.41 113069067 
37036075 113048.19 
37036.88 113046.05 
37033062 113050.17 
37031085 113050088 
37035.63 113052097 
37036.10 113054001 
37 036045 113.55 078 
37036.52 11305607? 
37036.44 113057084 
37.35.13 113032.28 
31031.91 113.33074 
37033.48 113032.78 
37032 .22  113.32038 

3 

E L E V a  OBSERVED 
G R A V I T Y  

979432.93 
979419.74 
979390095 
979447.28 
979447072 
979447.91 
979446.40 
979421.65 
97944907b 
979454 16 
979455.84 
979456 53 
979455.44 
9?9446o?S 
979498.34 
979448.93 
979452 027 
9794SlolO 
979450.03 
9 79428 02 
979440035 
979452008 
979429.05 
979441.22 
979436.97 
97941 3.86 
979913903? 
9794Dt.48 
9 79 38 5 00 
979356.16 
979389.14 
919376.74 

cop 

THEOR F R E E -  
GRAVITY A I R  

979969.23 
979967.19 
979962021 
979969099 
979969.55 
979967.81 
939966.98 
979963.66 
979966 0 8 2  
979967075 
979969014 
979970 20 
919970.80 
979970.84 
979966 064 
979966012 
979966.91 
979967.46 
979968021 
979970 2 2 
979970.41 
979965 069 
979963031 
979968.59 
979969 2 7 
979969 78 
979969089 
979969 77 
9799670 86 
919963.27 
979965099 
979963 065 

SIMPLE T o C o  COMPLETE 
B O U G U E R  BOUCUER 
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APPENDIX B 

ROCK SAMPLE DATA AND DENSITY MEASUREMENTS 

e 
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* 

Q .  

8 

A s t r a i g h t f o r w a r d  method adapted from C a r r i e r  (1979) was used t o  

determi ne t h e  dry-  and wet-rock d e n s i t i e s  o f  hand specimens c o l l  ected 

i n  t h e  survey area. The bas ic  steps are as fo l lows: 

Step 1: A rock sample i s  se lected w i t h  as l i t t l e  weathering a s  

possible,  o f  mass u s u a l l y  100-500 gm but  never over 1 kg. 

Step 2: 

Step 3: 

The mass o f  t h e  sample i s  determined i n  a i r .  

The sample i s  placed i n  an hermet ica l l y  sealed vessel 

and evacuated o f  a i r  f o r  6-8 h r  us ing a vacuum o i l  pump a t  a 

pressure o f  0.0001 mn o f  mercury. 

Step 4: Only water i s  al lowed t o  en ter  t h e  vessel t h e o r e t i c a l l y  

s a t u r a t i n g  t h e  sample a t  atmospheric pressure. 

e i s  determined w h i l e  Step 5: The saturated mass o f  t h e  samp 

suspended i n  water, 

Step 6: The saturated mass o f  t h e  samp 

suspended i n  a i r .  

e i s  determined w h i l e  

The volume o f  t h e  rock sample i s  t h e  saturated mass i n  a i r  less  

t h e  saturated mass i n  water. 

unsaturated and saturated dens i t ies ,  as though they are s i t u a t e d  above 

and be1o.N t h e  water tab le ,  are: 

Hence, t h e  f o l l o w i n g  formulas f o r  

Nassdry i n  a i r  

Masssat. i n  a i r  - Masssat. i n  water 
punsat. = 

Masssat. i n  a i r  

Masssat. i n  a i r  - Masssat. i n  water 
- psat  , - 



93 

A s t r a t i g r a p h i c  column of rock units (Cook, 1960) i s  l i s t e d  i n  

Table 2 w i t h  the bas i c  l i t h o l o g y ,  approximate t h i c k n e s s  of the u n i t ,  

and the average wet dens i ty  determined from rock samples taken wi th in  

the survey a rea .  U n i t  symbols a r e  taken  from Cook (1960).  Lithology 

abbrev ia t ions  a r e  a s  f o l l  ows : 

1 s t  

vol 

brec 

s s  

0 
sh 

dol 

ves 

mas 
6 

cong 

undi f f  

1 imestone 

vol cani c 

b recc ia  

sandstone 

s h a l e  

dolomite 

v e s i c u l a r  

massive 

conglomerate 

u n d i f f e r e n t i a t e d  



* 

Consol i dated 
U n i t  
Name 

ves basa l t  
mas basa l t  

upper 
Te r t  i ary  
vo l  cani  cs 

1 ower 
T e r t i a r y  
vo lcani  cs 

Cretaceous 
1 i mestones 

Mesozoic 
sand s t  ones 

Pal eozoi c 

Q 

Table 2. S t ra t i g raph ic  column w i t h  u n i t  l i t h o l o g y ,  thickness, and densi ty .  

Consol i dated 
U n i t  

Thickness (m) 

760 

1300-1400 

Consol i dated 
U n i t  

Densi ty  (gm/cc) 

2 .o-2.2 
2.5-2.55 

2.25 

2.5 

2.6 

1175-1390 2.4-2 -45 

- 2.7 

Un i t  
Symbol 

Q t b  
T v f  
Tv P 
Tvcm 
TVP 
Tvmr 
Tv sc 
T v r  
Tvq 
Tc 
Kk 
KSW 
Kd t 
Kd 
K 
Jc 
Jn 
Jk 
Trmo 
TRc 
TR s 
TRm 
Pk 
Psc 
cc 
M r  
GOD 
6P 
6PM 

L i  tho1 ogy 

ves basa l t  
mas basa l t  
vol f lows 
t u f f  
rhyol  i t e  
l a t i t e  f l o w  
vo l  f l o w  
vo l  brec 
t u f f  / brec 
t u f f  / brec 
1s t  
ss/cong 
ss/ sh 
ss/cong 
tong 
u n d i f f  
ss w/sh 

s i l t  

ss /s i  1 t / s h  
ss/cong 
1 s t  
1 s t  

1 s t  
1 s t  
l s t / d o l  
sh 

ss 

ss 

ss 

s s  

a 

Wet 
U n i t  Density 

Thickness (m) (gm/cc) 

- - 
max 300 
max 100 
max 475 
max 600 
max 100 
max 100 
max 180 
max 490 

145 
36 5 
550 
300 

0- 30 
11 75-1 250 
145-205 
550-670 

21 5 
145 
120 
25 

470-645 
240-320 

550 
475 

170-340 
670 

70 
160 

2.15 
2.55 
2.25 
2.23 
2.14 
2.09 
2.35 
2.58 
2.54 
2.46 
2.65 
2.63 
2.57 
2.57 
2.60 
2.54 
2.45 
2.40 
2.40 
2.36 
2.54 
2.50 
2.60 
2.70 
2.50 
2.70 
2.60 
2.80 
2.50 
2.65 

a 
P 



a 0 e 

Table 3. L i s t i n g  o f  rock samples, sample l o c a t i o n ,  and ca lcu la ted  d r y  and wet dens i t ies .  

Sampl e 
Number 

T G O l l  
TGOlO 
TG009 
TG014 
TG008 
TG018 
TG012A 
TGOl2B 
TG007 
TG006 
TG005 
TGOOl 
TGOOl  
TG002 
TG003 
TG004 
TG048A 
TG050 
TG050 
TG048A 
TG048B 
TGOl5 
TG029 
TG032 
TG047 
TG047 
TG030 
TG031 

L i  t hol ogy 

Gnei ss 
Q u a r t z i t e  
Shale 
L i me s t one 
L i mes t one 
Limestone 
L i  mes t one 
Limestone 
Sandstone 
Limestone 
L i mes t o  ne 
Conglomerate 
Conglomerate 
Sandstone 
L i me s t one 
S i  1 t s t o n e  
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 
Limestone 
L i  mes tone 
L i mes t one 
L i mes t one 
Conglomerate 
Conglomerate 

U n i t  
Symbol 

P6 
6 Pm 
6P 
€00 
600 
M r  
cc 
cc 
P sc 
Pk 
TRm 
TR s 
TR s 
TRc 
TRmo 
Jk 
Jn  
Jn 
Jn  
Jn  
Jn  
Jc 
K 
K 
K 
K 
Kd 
Kd 

Locat i on 

SE SE Sec33 T42S R18W 
Ssl SW Sec27 T42S R18W 
SW NE Sec34 T42S R18W 
NW SW Sec35 T42S R18W 
SW NW Sec35 T42S R18W 
NE SW Sec36 T42S R18W 
NE NW Sec 8 T43S R18W 
NE NW Sec 8 T43S R18W 
NE SW Secl2 T42S R18W 
SW NE Secl2 T42S R18W 
SW NE Sec32 T41S R17W 
NE NW Sec32 T41S R17W 
NE NW Sec32 T41S R17W 
NE SW Sec29 T41S R17W 
NE SW Sec29 T41S R17W 
NE NW Sec29 T41S R17W 
NE SE Sec 2 T42S R16W 
NW NE Sec27 T41S R16W 
NW NE Sec27 T41S R16W 
NE SE Sec 2 T42S R16W 
NE SE Sec 2 T42S R16W 
NW NW Sec35 T40S R14W 
SW SW Sec29 T40S R17W 
SE SW Sec2l T30S R17W 
NW NW Sec28 T37S R16W 
NU NW Sec28 T37S R16W 
Ne Ne Sec32 T40S R17W 
NW NW Sec33 T40S R17W 

2.56 
2.59 
2.44 
2.62 
2.79 
2.48 
2.63 
2.65 
2.40 
2.63 
2.58 
2.39 
2.36 
2.27 
2.48 
2.28 
2.38 
2.22 
2.24 
2.39 
2.11 
2.45 
2.34 
2.57 
2.50 
2.32 
2.56 
2.48 

2.60 
2.63 
2.56 
2.67 
2.81 
2.60 
2.68 
2.67 
2.52 
2.70 
2.62 
2.50 
2.49 
2.46 
2.60 
2.41 
2-50 
2.38 
2.39 
2.50 
2.37 
2.46 
2.49 
2.59 
2.67 
2.41 
2.64 
2.55 



Sanpl e 
Nunber 

TG017A 
TGOl7A 
TGOl7B 
TG019 
TGO 18 
TG023 
TG025 
TG052 
TG052 
TG052 
TG055 
TG038 
TG022 
TG024 . 
TG036 
TG053 
TG021 
TG046B 
TG046A 
TG044 
TG045 
TG058A 
TG058A 
TG039 
TG04 1 
TG040A 
TG040B 
TG042B 
TG042A 

U n i t  
L i  tho1 ogy Synbol 

Ss/Congl onerate 
Ss/Congl onerate 
Ss/Congl onerate 
Ss/Shal e 
Ss/Congl onerate 
Linestone 
Linestone 
T u f f  /B r e c c i  a 
T u f f  /Brecci  a 
T u f f  /Brecci  a 
Tu f f /Brecc i  a 
Tu f f /Brecc ia  
Tuf f /Brecc ia  
Tuf f /Brecc i  a 
T u f f  /Brecc i  a 
Tuf f /Brecc i  a 
T u f f  /B recc i a 
Vol Brecc ia 
Vol Brecc ia 
F1 ow 
Flow 
L a t i t e  Flow 
L a t i t e  Flow 
Rhyol i t e  
Rhyol i t e  
F1 ow 
F1 ow 
T u f f  
T u f f  

Kdt  
Kdt 
Kdt  
Ksw 
Kk 
Tc 
Tc 
Tvqx 
Tvqx 
Tvqx 
Tvq 
Tvq 
Tvq 
Tvq 
Tvq 
Tvr 
Tvr  
Tvsc 
Tvsc 
T v f  
Tv f  
TVP 
TVP 
TVC'TI 
Tvcn 
Tvn r  
T v n r  
Tvo 
Tvo 

Table 3. Continued. 

Coca t i on 

SE SE Sec30 T39S R13W 
SE SE Sec30 T39S R13W 
SE SE Sec30 T39S R13W 
SW SE Secl9 T39S R13W 
NE SW Secl9 T39S R13W 
NW SW Sec 4 T38S R13W 
SW NW Sec 4 T38S R13W 
NE NW Sec22 T38S R16W 
NE NW Sec22 T38S R16V 
NE NW Sec22 T38S R16W 
NE SW Sec27 T38S R16W 
NW NU Sec25 T38S R18W 
SW SW Sec 4 T38S R13W 
SW NW Sec 4 T38S R13W 
SE NE Sec 6 T39S R17W 
SE NU Sec22 T38S R16W 
SW SW Sec 4 T38S R13W 
NE SW Secl2 T37S R18W 
NE SW Secl2 T37S R18W 
NE SE Secl4 T37S R18W 
SE NW Secl3 T37S R18W 
SI4 NE Sec29 T38S R14W 
SW NE Sec29 T38S R14W 
SW SW Sec24 T38S R18V 
NE SE Secl4 T38S R18U 
SW r3W Sec24 T38S R18W 
SCJ NV Sec24 T38S R18W 
SE NI4 S e c l l  T38S R18W 
SE N1J S e c l l  T38S R18V 

Dry Oensi t.y Wet Densi ty  
( g n l c c )  - (gn/cc)  

2.58 
2.64 
2.27 
2.46 
2 -59 
2.63 
2.62 
1.87 
2.13 
2.58 
2.16 
2.50 
2 -25 
2.12 
2.53 
2.49 
2.35 
2 -43 
2 -59 
2 -09 
2.50 
1.76 
1.72 
1.77 
1.99 
2.04 
2.15 
2.02 
1.97 

2-63 
2.69 
2.41 
1.57 
2-63 
2.64 
2.65 
2.05 
2.34 
2-68 
2.34 
2.66 
2.39 
2.34 
2.56 
2.65 
2.42 
2.54 
2.63 
2.25 
2.59 
2.10 
2.07 
2.06 
2 -23 
2.29 
2.35 
2.24 
2.22 



a 

Sampl e 
!lumber 

TG026 
TG049 
TG049 
TG049 
TG049 
TG027 
TG027 
TG056 
TG056 

Q, 

U n i t  
L i  tho1 ogy Symbol 

Mas Basa l t  
Mas Basa l t  
Mas Basa l t  
Mas Basa l t  
Mas Basa l t  
Ves Basa l t  
Ves Basa l t  
Basal t /Daci  t e  
Basal t /Dac i  t e  

9 

Table 3. Continued. 

Locat ion 

NU NW Secl8 T40S R16W 
NW SE Sec22 T41S R16W 
NW SE Sec22 T41S R16W 
NW SE Sec22 T41S R16W 
NW SE Sec22 T41S R16W 
NW NW Secl8 T40S R16W 
NW NW SeclS T40S R16W 
SE SE Sec 2 T39S R16W 
SE SE Sec 2 T39S R16W 

e 

Dry Densi ty  
( g d c c  

2.32 
2.58 
2.25 
2.58 
2.48 
1.86 
1.57 
2.16 
2.12 

2.41 
2.63 
2.51 
2.62 
2.54 
2.19 
2.01 
2.27 
2.28 
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The margin of error resulting i n  o b t a i n i n g  the complete Bouguer 

gravity anomaly values was determined t o  be 20.6 mgal i n  low-relief 

areas and k1.2 mgal i n  high-re1 ief areas (see Geologic and Geophysical 

Control section).  The designation of model uni ts ,  a l t h o u g h  well 

defi ned , was somewhat a r b i t r a r y  because of density var i  a t i  ons wi  t h i  n 

the model units. The model uni ts  generally involve density contrasts 

of 0.1 t o  0.2 g/cc. Therefore, changes in the density and dimension 

of the units o f  the survey area w i l l  resul t  i n  greater variations of 

the model t h a n  would be found i n  g rav i ty  surveys w i t h  larger density 

contrasts. This i s  because the density contrast between a l l u v i a l  f i  

and the bedrock i s  0.4 t o  0.5 g/cc compared t o  the smaller contrast 

found between the stratigraphic units modeled i n  t h i s  survey. I n  

1 

a d d i t i o n  t o  the problem of delineating the model units i s  the absence 

of subsurface control ( i . e . ,  well d a t a  o r  seismic l ines  i n  the survey 

area) and the complex nature of the geologic structure of the survey 

area. 

The interpretation of prof i le  A-A '  provided a regional geologic 

model f o r  the crust .  

was pertinent t o  the interpretation of prof i le  A - A ' .  

high-frequency error  d i d  not affect  the outcome of the regional 

geol ogi c i nterpretati  on . 

Only the low-frequency component o f  t h e  profile 

Therefore, 

The control used i n  modeling prof i le  6-6' was gained by set t ing 

the gravity response for the model of geologically similar areas equal 

and maintaining a constant u n i t  thicknss. The geologic map by Cook 

(1960) gave the sur f ic ia l  location of the modeled fau l t s .  However, 

the lack of detailed knowledge of the downthrown block, such as i t s  

i. 
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l i t h o l o g y  and hence i t s  d e n s i t y ,  limited the accuracy a v a i l a b l e  i n  

c a l c u l a t i 4 g  the v e r t i c a l  displacement of the f a u l t  and the d i p  of the 

beds. 

P r o f i l e  C - C '  posed more s e r i o u s  problems i n  r e so lv ing  the 

geologic  structure. The a r e a  west of Veyo i s  comprised of numerous 

f a u l t s  and f r a c t u r e s  of va r ious  o r i e n t a t i o n s .  

f a u l t e d  block and three normal f a u l t s  downthrown on the west, were 

used i n  the i n t e r p r e t a t i o n ,  which was cons t r a ined  by C o o k ' s  (1960) 

geologic  map. 

ob ta ined  b u t  the f a u l t  oca t ions  used i n  the model were not i n  

compliance w i t h  the mapped geology. 

the model of p r o f i l e  C - C '  for this s tudy  a r e a  i s  the most reasonable  

two-dimensional r e p r e s e n t a t i o n  t h a t  can now be made w i t h  the geologic 

con t ro l  a v a i l a b l e .  I t  was t h e r e f o r e  decided t o  model p r o f i l e s  B-B' 

and C - C '  i n  compliance w i t h  the known geology although the  e r r o r  

involved i n  doing so exceeded the maximum e r r o r  poss ib l e  i n  the 

g r a v i t y  da t a .  

Along p r o f i l e  C - C ' ,  a 

A c l o s e r  approximation t o  the observed g r a v i t y  d a t a  was 

I t  is  believed by the  au tho r  t h a t  

e 
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