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D u r i n g  t he  summers of 1978 and 1979, a t o t a l  of 436 new gravity 

s t a t i o n s  were taken in  the southern p a r t  of the Escalante Desert a n d  

v i c in i ty  in I r o n  a n d  Washington count ies ,  U t a h .  T h e  new s t a t ions  

were combined with 917 other s t a t ions  taken in previous surveys, a n d  

a t o t a l  of 1,353 s t a t ions  were used in t h i s  study, covering a n  area 

Of a b o u t  2,700 mi2 (7,000 k m 2 ) .  

evaluate  the  potential  of geothermal resources within the survey 

area ,  which includes the Newcastle and  L u n d  KGRA's. All the gravity 

d a t a  were t e r r a i n  corrected o u t  t o  a radial  dis tance of 166.7 k m  from 

each s t a t i o n ,  using a computer te r ra in-cor rec t ion  program.  T h e  d a t a  

were compiled a n d  presented a s  a complete Bouguer g r a v i t y  anomaly map 

with a 2-mgal contour in te rva l .  A geologic in t e rp re t a t ion  of the 

gravi ty  d a t a  was made qua l i t a t ive ly  from the  g r a v i t y  map  a n d  a lso 

quan t i t a t ive ly  from four  ea s t e r ly  t r e n d i n g  gravi ty  p ro f i l e s  taken 

across the area.  

The purpose of the study was t o  help 

The compl e t e  Bouguer gravity anomaly map shows gravi ty  anomaly 

values r a n g i n g  from a b o u t  -182 mgal over the  mountainous region, west 

of Enterpr i se ,  t o  -230 mgal over the f l a t  surface of Hamblin Valley 

i n  the  northwest corner of the study area. Because the  e n t i r e  study 

area l i e s  over a broad regional gravity saddle ,  the v a r i a t i o n  of the 

regional gravi ty  i s  generally assumed t o  be negl igible .  Over most of 

the study area are d o m i n a n t  northeastward-tr2ndi ng  gravity highs a n d  
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lows,  wh ich  r e f l e c t  t h e  Bas in  and Range f e a t u r e s ,  g e n e r a l l y  a long  t h e  

f l e x u r e s  a s s o c i a t e d  w i t h  t h e  Laramide orogeny. I n  t h e  wes te rn  

p o r t i o n  o f  t h e  area a r e  seve ra l  e a s t w a r d - t r e n d i n g  g r a v i t y  p a t t e r n s  

t h a t  a r e  i n t e r p r e t e d  as caused by  subsur face  g e o l o g i c  f e a t u r e s  t h a t  

have been shaped m o s t l y  by  t h e  e a s t e r l y  t r e n d i n g  p r e - B a s i n  and Range 

i gneous a c t  i v i  ty. 

The g r a v i t y  lows i n d i c a t e  grabens i n  thl. area,  i n c l u d i n g  t h e  (1) 

Cedar V a l l e y  graben., ( 2 )  Parowan V a l l e y  graben, ( 3 )  Avon graben, ( 4 )  

Lund graben, ( 5 )  Newcast le graben, ( 6 )  South B e r y l  graben; and ( 7 )  

E a s t  Modena graben. 

grabens, as i n d i c a t e d  f r o m  g r a v i t y  mode l i ng ,  i s  about  3 km, beneath 

The maximum dep th  t o  basement beneath t h e  

t h e  Newcas t le  graben. The g r a v i t y  h i g h s  i n d i c a t e  h o r s t s ,  i n c l u d i n g  

t h e  (1) Red H i l l s  h o r s t ,  ( 2 )  B l a c k  Ridge h o r s t ,  ( 3 )  T a b l e . B u t t e  

h o r s t ,  ( 4 )  B e r y l  h o r s t ,  and ( 5 )  E n t e r p r i s e  R e s e r v o i r  h o r s t .  The 

g r a v i t y  h i g h  o v e r  t h e  I r o n  S p r i n g s  d i s t r i c t  i n d i c a t e s  an e x t e n s i v e  

P 

A 

and c o n t i n u o u s  q u a r t z  monzoni te  body a t  s h a l l o w  d e p t h  between t h e  

i n d i v i d u a l  o u t c r o p p i n g  q u a r t z  monzon i te  b o d i  e s  compri  s i  ng Stoddard 

Mounta in,  I r o n  Mounta in,  G r a n i t e  Mounta in,  and The Three Peaks. .The 

g r a v i t y  h i g h  o v e r  t h e  An te lope  Range i s  i n t e r p r e t e d  p r o v i s i o n a l l y  as 

an i gneous  mass a t  s h a l l o w  dep th  wh ich  p o s s i b l y  has t h e  same o r i g i n  

as t h e  q u a r t z  monzon i te  bod ies  nearby.  The e a s t e r l y  t r e n d i n g  g r a v i t y  

h i g h s  o v e r  t h e  Mount E s c a l a n t e  a r e a  and t h e  w e s t e r n  p a r t  o f  t h e  B lack  

Mounta ins a r e  i n t e r p r e t e d  as caused by basement s t r u c t u r a l  b l o c k s  a t  

s h a l l o w  dep th ,  wh ich  have been i n t r u d e d  b y  e a s t w a r d - t r e n d i n g  d e e p l y  

r o o t e d  i gneous  ve i  n-1 i ke bodies.  

The n o r t h e a s t w a r d  e x t e n t  o f  t h e  B a s i n  and Range-type grabens and 
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hors t s ,  a n d  the o f f s e t s ,  bending, a n d  bulging o f  the in t rus ive  

igneous bodies are  believed t o  be confined w i t h i n  an  area of 

s t ruc tu ra l  cont ro l ,  possibly associated with a proposed 

southeastward-trending minor in t rus ive  be l t  , w h i c h  probably forms as 

a bridge joining the two major eas te r ly  trending igneous b e l t s ,  

Pioche-Marysvale on the  nor th  and  Delamar-Iron Springs on the south. 

The exis tence of the minor in t rus ive  bel t  i s  p a r t i a l l y  supported by 
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the  . b e l t  of southeastward-trending aeromagnetic anomal i e s  across the 

Escal ante Desert. 

Even though no gravity anomaly t h a t  ind ica tes  a geologic feature  

d i r e c t l y  re la ted  t o  the geothermal process o r  heat source (such as a 

magma chamber), i s  observed in the study area ,  the gravi ty  survey 

de l inea tes  well the steeply dipping f a u l t s  or f a u l t  zones which bound  

the deep grabens and associated s t ruc tures  t h a t  may par t ly  control 

the geothermal systems i n  t h i s  area. I n  pa r t i cu la r ,  in  the Newcastle 

a n d  L u n d  KGRA's, the gravity d a t a  indicate  t h a t  s teeply d i p p i n g  f a u l t  

zones along the eas t  (with a downthrow o f  a b o u t  3 k m )  and  west ( w i t h  

a d o w n t h r o w  of a b o u t  1 k m )  marg ins  of t h e  Newcastle a n d  Lund  grabens, 

respec t ive ly ,  probably form conduits for  the  upward c i rcu la t ion  o f  

h o t  water observed a t  shallow depth near Newcastle ( 2 2 0 ° F )  a n d  L u n d .  

According t o  Clement (1980) ,  the water in  the Newcastle K G R A  i s  

probably heated by the geothermal gradient i n  t h i s  region a n d  

probably or ig ina tes  a t  a depth of a b o u t  3 km. 

v i  
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Location of Survey 

During the  summers o f  1978 and 1979, a regional gravi ty  survey was 

made in the southern p a r t  of t he  Escalante Desert a n d  adjoining areas 

in  Iron and Washington counties,  U t a h .  

located between l a t i t udes  37'30' N and 38'07.5' N a n d  i s  bounded on the 

west by longitude 1 1 4 O O O '  W a n d  on the eas t  by the  Hurricane f a u l t  zone 

(approximately between longitudes 112'45' W and  113"OO' W ) ,  which forms 

the western margin of the Colorado Plateau. 

includes Parowan Valley. 

The survey area (Fig. 1)  i s  

The survey area also 

The important c i t i e s  and towns in the area 

include: Cedar City,  Parowan,  P a r a g o n a h ,  Newcastle, Enterpr ise ,  L u n d ,  

and'Modena. 

geothermal potential  of the region. The study was made as part of a 

l a rge r  study of the  geothermal resource evaluation i n  southwestern U t a h  

The purpose of the study was t o  help evaluate t h e  

b e i n g  performed by t h e  Geothermal Team o f  t h e  Department of Geology and  

Geophysics; University o f  U t a h .  

Topography 

n 

A b o u t  75 percent of the study area i s  covered by the f l a t  valley 

surface of the Escalante Desert, Cedar Valley, an'd Parowan Valley (Fig. 

2 ) .  

m )  on  the Escalante Desert f l o o r ,  near L u n d ,  a n d  t h e  highest elevation 

i s  a b o u t  10,000 f t  (3,048 m ) ,  i n  the  Hurricane C l i f f s  area near Cedar 

City. 

The lowest elevation in the  survey area i s  a b o u t  5,080 f t  (1,548 
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Figure 1. Map of Utah showing l o c a t i o n  o f  t h e  study a r e a .  
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The central  t o p o g r a p h i c  fea ture  o f  the  survey area i s  a 

northedstward-trending bel t  of low mountains, 20 miles (32 k m )  l o n g  and  

3 t o  5 miles (4.8 t o  8 k m )  wide, located 10- t o  20 miles (16  t o  32 k m )  

west of Cedar City. The bel t  includes,  from southwest t o  northeast:  

S t o d d a r d  Mountain, I ron  Mountain, Granite Moun ta in ,  a n d  The Three 

Peaks. 

f t  (1 ,616 m )  on the valley f loo r  t o  7,800 f t  (2,378 m )  a t  the summit of 

I ron  Mountain. Cedar Valley l i e s  between t h i s  b e l t  of mountains on the 

west and the Hurricane C l i f f s  in the Cedar City region, on the eas t .  

Cedar Valley i s  terminated on the south by the Harmony Mountains, which 

r i s e  more t h a n  3,000 f t  (915 m) above the  valley f loor .  Cedar Valley 

extends nor thward  t o  jo in  the  Escalante Desert in  the area west of the 

Red Hi l l s .  The westward-facing Hurricane C l i f f s ,  t h e  most prominent 

f ea tu re  in  the  area with generally u p  t o  3,000 f t  (915 m)  o f  r e l i e f ,  

Sound the survey area on the eas t .  

westward from the be l t  of mountains a n d  Antelope Range t o  the southern 

extension of the Needle Range near Modena, a n d  extends nor thward  t o  the 

edge of the  survey. area a n d  beyond. 

Q 
& 

I n  the  I r o n  Springs d i s t r i c t ,  the  e levat ion ranges from 5,300 

\ 

The Escalante Desert extends 

I n  the  area n o r t h  of Cedar Ci ty ,  Parowan Valley i s  separated from 

Cedar Valley by the Red H i l l s ,  which have a maximum r e l i e f  of more t h a n  

1,000 f t  (305 m )  from the valley f l o o r .  To the n o r t h  of the Red H i l l s ,  

8 

3 

the  Black Mountains, which l i e  on the eastern margin of  the Escalante 

Desert in the northern p a r t  of the  survey area,  are  composed of low 

h i l l s  w i t h  a r e l i e f  of a b o u t  1 ,000 f t  (305 m )  above the deser t  f l o o r .  

The elevat ion of the highest peak i n  the  Black Mountains i s  a b o u t  8,600 

f t  ( 2 , 6 2 2  m ) .  
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Near the northwestern corner of the survey area ,  Hambl in  Valley i s  

bounded on the eas t  a n d  south by the southern arm of the  Needle Range, 

w i t h  peaks more t h a n  8,000 f t  (2 ,439  m )  i n  e leva t ion ;  a n d  t h e  valley 

extends northwestward beyond the survey area. I n  the  southwestern part 

of the study area near Enterprise,  the area i s  covered w i t h  nearly 

east-west-trending low h i l l s ,  including M t .  Escalante, with a r e l i e f  of 

about 1,000 f t  (305 m )  above the deser t  f loor .  

. I n  the  eastern portion of the  survey area,  several closed 

topographic basins,  ranging in area from a few hundred square meters t o  

1 k m 2 ,  a re  found in Cedar Valley a n d  Parowan Valley along the west 

m a r g i n  of the Colorado Plateau. The average elevat ion o f  Cedar Valley 

i s  lower t h a n  t h a t  of Parowan Valley; a n d  the average elevat ion of the 

Escalante Desert i s  the lowest o f  a l l .  The elevation of the  f loo r  of 

the Escalante Desert decreases s l i g h t l y  t o  the north. These three 

Val leys a re  major i m p o r t a n t  ground-water reservoi rs  in southweste-rn 

U t a h .  

Newcastl e a n d  Lund KGRA' s 

The Newcastle Known Geothermal Resource Area ( K G R A )  i s  on the 

eastern margin of the Escalante Desert, and includes the  town of 

Newcastle. Hot water, with a temperature of a b o u t  220" F (104" C ) ,  

occurs a t  a depth of a b o u t  230 f t  (70  rn) i n  the  shallow water wells 

d r i l l e d  by l o c a l  farmers. The h o t  water f o u n d  i n  t h i s  area i s  so pure 

(with r e l a t i v e l y  l i t t l e  mineral content)  t h a t  t h e  farmers use the water 

f o r  i r r i g a t i o n  a f t e r  c o o l i n g  i t  down t h r o u g h  a s e r i e s  of  ponds. The 

h o t  water has been used by the local people fo r  many years .  No h o t  
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63 springs occur in t h i s  area. 

a l t e r a t i o n  of a l l u v i u m  or rocks i s  found a t  the  surface.  According t o  

Clement (1980) ,  the h o t  water apparently r i i e s  from a deep source a n d  

leaks in to  the c o l d  water near the surface; and  the  water i s  p r o b a b l y  

heated by the geothermal gradient in t h i s  region a n d  probably 

o r ig ina t e s  a t  a depth of about 3 km t o  reach the  present temperature a t  

the surface.  

Because the ho t  water i s  f r e sh ,  no 
B 

. 
The Lund K G R A  i s  near the western margin of the Escalante Desert, 

and includes the hamlet of L u n d .  I n  t h i s  area,  warm water occurs in 

shallow water wells west of Lund  ( M .  Clement, 1980, personal 

communication). 

designated a " K G R A "  because the land has been leased f o r  i t s  geothermal 

potent i a1 . 

No h o t  springs occur in  t h i s  area;  a n d  the  area i s  

b 
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Pri or Invest i g a t  i ons 

A pioneering study by Leith a n d  Harder (1908) i n  the  Iron Springs 

d i s t r i c t  appears t o  be the f i r s t  detai led geologic study i n  the area.  

More r e c e n t l y ,  M a c k i n  (1947, 1954, 1960)  s t u d i e d  t h e  in t rus ions  i n  

de ta i l  as well as the s t ruc tura l  re la t ionships  i n  the surrounding area 

of southwestern U t a h .  

Desert were invest igated by White (1932) ,  whose study was p r o b a b l y  the 

f i r s t  o f  i t s  kind in t h i s  area. The geology of the B u l l  Valley 

d i s t r i c t ,  south of Enterpr ise ,  was studied in de t a i l  by B l a n k  (1959) .  

A reconnaissance geologic map of the Red H i l l s  area n o r t h  of Cedar C i ty  

was made by Harold Thomas (Thomas a n d  Taylor, 1 9 4 6 ) ,  i n  connection w i t h  

a study of ground-water resources o f  Cedar V a l l e y  a n d  Parowan Valley. 

The ground-water resources of the  Escalante 
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A deta i led  study of the geology of the Cedar C i t y  area a n d  v i c in i ty  

was made by Threet (1952). 

The Hurricane f a u l t  zone, near the eastern m a r g i n  of the study 

area ,  was studied in de ta i l  by Huntington a n d  Goldthwait (1903, 1904) ,  

Dobbin (1959),  Gardner (1941) ,  Gregory a n d  Williams ( 1 9 4 7 ) ,  Cook (1957, 

1960a), and many others .  

Previous pub1 ished geophysical d a t a  in the I ron  Springs d i s t r i c t  

include a ground magnetometer survey by the U.S. Bureau of Mines (Cook, 

K .  L . ,  1950) and  a n  aeromagnetic survey by the U.S. Geological Survey 

( B l a n k  a n d  Mackin, 1 9 6 7 ) .  Several mining companies t h a t  are exploring 

f o r  and  developing iron ores in t h i s  area have conducted additional 

d e t a i l  magnetometer surveys; b u t  the  r e su l t s  have not  been published. 

A regional aeromagnetic survey which included t h e  whole study area was 

made by Scintrex Mineral Surveys, Inc. over  southwestern U t a h  a l o n g  

east-west f l i g h t  l ines  with 2-mile spacing (U.S. Geological Survey, 

1972a, b ) .  The p a r t  of the  aeromagnetic map t h a t  ove r l i e s  the present 

study area i s  shown i n  Figure 5. 

A regional gravity survey over the eastern p o r t i o n  o f  the present 

study area ( e a s t  of longitude 113'30' W )  was made by Hardrnan (1964). 

The regional gravity survey o f  western U t a h  by Montgomery (1973) covers 

the whole study area with r e l a t i v e l y  sparse d a t a .  

Currently,  heat f low measurements, geochemical, a n d  additional 

geophysical surveys a re  being made in the Escalante Desert area by the 

Geothermal Team of facul ty  and  students of the University of U t a h  and  

other  teams from private  industry t o  determine the geothermal potential  

of the region. 
b 
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Purpose a n d  Scope 

The present detai led gravi ty  survey augments the regional g r a v i t y  

survey of Hardman (1964)  and gives a more cpmplete r e g i o n a l  p ic ture  o f  

the  gravi ty  var ia t ions  surrounding t h e  southern Escalante Desert a n d  

Cedar City region. The purpose of t h i s  study i s  t o  aid in the 

evaluation of potential  geothermal resources within the  survey area. 

The study area includes the Newcastle a n d  L u n d  KGRA's (Map of 

Geothermal Resources of the  Western United S ta t e s ,  1 9 7 7 ) .  

pa r t i cu la r  object ive i s  t o  provide information t h a t  will  a s s i s t  in  the 

One 

development of the  Newcastle KGRA a t  t he  eas t  margin of the  Escalante 

Desert. I n  t h i s  area,  hot  water with a temperature o f  about 220°F 

(104" C )  i s  found a t  shallow depth (Mr. Christensen, 1980, personal 

communication); and t h i s  area will probably be a t a r g e t  of fu r the r  

geothermal exploration a n d  development a c t i v i t y  i n  the near fu ture .  

The gravi ty  method has been extensively used i n  the  investigation 

o f  geothermal prospects. I n  some areas ,  the re la t ionship  between 

gravity observation a n d  the geothermal prospect i s  d i r e c t .  However, 

anomalies which have been observed over known geothermal areas a re  

var iable  i n  character and must be carefu l ly  in te rpre ted  i n  re la t ionship 

t o  the  geological d a t a .  

A t  the  Imperial Valley K G R A ,  in southern Cal i forn ia ,  small 

pos i t ive  gravi ty  anomalies observed over areas o f  high heat flow have 

been a t t r i bu ted  t o  e i t h e r  an emplacement of higher densi ty  rhyol i t e  

domes or a dens i f ica t ion  process in  which the  loosely consolidated 

sediments are  cemented a n d / o r  thermally metamorphosed by c i rcu la t ing  

h o t  f l u i d s  (Biehlerand Combs, 1 9 7 2 ) .  A t  the Geysers geothermal f i e l d ,  
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located 120 k m  n o r t h  of San Francisco, a g r a v i t y  low ( a b o u t  20-km wide 

and w i t h  about 30-mgal c losure)  northeast o f  t he  steam f i e l d  has been 

in te rpre ted  as a magma chamber (Isherwood, 1975) ,  which i s  t h o u g h t  t o  

be the  heat source f o r  the geothermal system. A t  the Lake City K G R A ,  

in Modoc County, Cal i forn ia ,  a pronounced gravi ty  gradient of 25 mgal 

i n  2 miles (3.2 k m )  i s  centered over a mud volcano and h o t  spring 

(Anderson and Axtel ,  1972). 

over 5,000 ft (1,524 m )  of ver t ica l  displacement which may serve a s  a 

conduit f o r  the c i rcu la t ion  of thermal f lu ids .  

The gradient i s  a t t r i bu ted  t o  a f a u l t  with 

Since the  present survey area may contain one or  more collapse 

caldera fea tures  within a volcanic f i e l d  (Crosby, 1973), previous 

inves t iga t ions  of the gravi ty  pat tern over major volcanic f i e l d s  a n d  

volcanic subsidence s t ruc tures  el sewhere should be mentioned here. 

Invest igat ions by Yokoyama (1958) show gravi ty  r e su l t s  over selected 

calderas  in the Japanese island arc .  Gravity lokrs w i t h  more t h a n .  

20-mgal c losure were observed over the Kuttyaro a n d  k s o  calderas ,  

whereas a gravi ty  high with a b o u t  15-mgal c losure was observed over the 

Mihara volcano. Pakiser (1964) noted a gravi ty  low with a b o u t  70-mgal 

amplitude i n  the  southern Cascade Range near Lassen Peak in  Cal i fornia .  

Kane a n d  others  (1976)  discuss a gravi ty  low with a b o u t  50-mgal closure 

over the Long Valley caldera ,  Cal i forn ia ,  which i s  interpreted t o  be 

the r e s u l t  of about 3 k m  of low-density volcanic material in the 

caldera assuming a density contrast  of 0.45 g/cc. Studies by Eaton  and 

others  (1975) show a large gravi ty  low w i t h  sbout 50 ngal closure in 

Yellowstone National P a r k .  Here the gravi ty  low was interpreted as due 

n o t  t o  low-density volcanic f i l l  b u t  r a ther  t o  a c r y s t a l l i n e  or molten 



10 

ba thol i th .  

The invest igat ion of the present gravity survey was done in an  
A 

E 

attempt t o  (1)  decipher the s t ruc tura l  fea thres  i n  the  survey area such 

as north-northeastward trending typical Basin a n d  Range f a u l t  zones, 

3 

3 

local Larimide th rus t s  a n d  folds  in  f ront  of t h e  main t h rus t  sheet i n  . 

an east-southeast  d i rec t ion ,  the possible east-west trending f a u l t  

system control led by the pre-Basin and Range eastward-trending 

s t ruc tura l  lineament, and the s i z e  and extent  of t he  subsurface 

in t rus ive  igneous masses which prevail throughout southwestern U t a h ,  

and  ( 2 )  discover any gravity expression of a possible geothermal system 

such as steam reservoir  or the  heat source. 

A complete Bouguer gravity anomaly map and  aeromagnetic map of the 

study area a re  presented. The gravity a n d  aeromagnetic d a t a  are  

cor re la ted  with the geologic d a t a .  Four  gravi ty  p ro f i l e s  in an 

approximately east-west direct ion are  modeled t o  p r o v i d e  geologic 

in t e rp re t a t ion  of the subsurface. 

3 

a 

3 
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Regional Structure  

The survey area i s  located w i t h i n  the  t r a n s i t i o n  zone between the 

undeformed s t ra ta  of  the Colorado Plateau and  severely deformed rocks 

of .the Basin and Range province ( F i g .  1 ) .  Along the  western marg in  o f  

the  t r a n s i t i o n  zone, which extends i n  a northeastward d i rec t ion  across 

the study area ,  Tert iary volcanic rocks a re  exposed on the west side of 

t he  Escalante Desert near the western margin o f  the  survey area. The 

study area i s  bounded on the east  by the Hurricane f a u l t  zone a n d  on 

the west by the  southern extension of  the  Needle Range. The survey 

a rea  includes the southern extension o f  the  Needle Range  and  Wah Wah 

Range, the southern p a r t  of t h e  Escalante Desert, the  northern part  of 

the B u l l  Valley area ( lying south of En te rp r i se ) ,  t h e  Iron Springs 

d i s t r i c t ,  the  southern part of the  Black Mountains, the  Red Hi l l s  area 

( n o r t h  o f  Cedar C i t y ) ,  Parowan Valley,  a n d  Cedar  Val ley ( F i g .  3 ) :  T h e  

area i s  dominated by northeastward-trending Basin a n d  Range fea tures ,  

and  the northeastward-trending be l t  o f  in t rus ions  t h a t  were par t ly  

control led by the e a r l i e r  Laramide th rus t s  a n d  fo lds  (Mack in ,  1 9 6 0 ) .  

The eastward-trending lineaments, which r e f l e c t  the  pre-Basin a n d  Range 

igneous a c t i v i t i e s ,  a re  a lso f o u n d  on t he  western p a r t  o f  the  survey 

area (Stewart a n d  others ,  1977) .  

Tectonical ly ,  the study area i S  l o c a t e d  between t h e  

eastward-trending Pioche-Marysval e igneous be l t  on the n o r t h  a n d  
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Figure  3. G e n e r a l i z e d  geo log ic  m a p  o f  t h e  E s c a l a n t e  D e s e r t  

( A d a p t e d  f r o m  H i n t z e ,  lS63). and v ic in i ty ,  U t a h  
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Delamar-Iron Springs igneous be l t  on the south,  which a re  characterized 

by known volcanic centers ,  plutons,  h o t  spr ings ,  igneous-related 

mineralized rocks ,  hydrothermally al tered rocks, a n d  aeromagnetic 

anomalies in southern Nevada a n d  southwestern U t a h  (Rowley a n d  others ,  

1979) .  Both igneous be l t s  are  included in the Wah k'ah-Tushar volcanic . 

be l t  based on outcrops of calc-alkal ine rocks (Stewart and others, 

1 9 7 7 ) .  

. Stewart and others (1977)  postulated t h a t  the  east-west patterns 

a re  the  r e s u l t  of a southward migrating f ron t  of igneous a c t i v i t y  

which, in Nevada and U t a h ,  s t a r t ed  a b o u t  43 t o  34 m.y. ago near 

l a t i t u d e  40'00' N and ended a b o u t  17  t o  6 m.y. ago  nea r  l a t i t u d e  37'00' 

N .  During any one time in t e rva l ,  igneous a c t i v i t y  was concentrated 

near the leading edge of the east-trending f ron t .  The volcanic front 

may be re la ted  t o  igneous a c t i v i t y  localized a l o n g  a 

southward-propagati n g  transverse break or s t ruc tu ra l  warp i n  a 

subducting pl a t e .  

Rowley a n d  others (1979) a1 so suggested t h a t  east-west extension 

s t a r t e d  a b o u t  20 m;y. a g o  t o  imprint a nor ther ly  s t r i k i n g  pattern' of 

basin-range f a u l t s  o n t o  the older  east-trending igneous be l t s  a n d  
8 

underlying sedimentary rocks. Up1 i f t ed  blocks were eroded and 

sediments were deposited in the adjacent developing basins. 

Concurrently a bimodal  assemblage of mostly small volumes of basa l t i c  

a n d  r h y o l i t i c  rocks was erupted. Basalt flows were widely d i s t r ibu ted ,  

b u t  t he  r h y o l i t i c  rocks were erupted from local cen ters ,  many of w h i c h  

are  1 ocated a1 o n g  the east- t rendi  n g  1 i neaments wi t h i  n the  o l  der igneous 

b e l t s .  
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Within the  study area,  the surface rocks range in  age from 
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Paleozoic t o  Recent. The sedimentary sect ion i s  mostly of Mesozoic 

age. With the  exception of the  Quaternary basal t  f lows, a l l  igneous 

rocks, both in t rus ive  a n d  extrusive,  are  Ter t ia ry  in  age (Hintze, 

1963). I n  nearly a l l  valley areas ,  b o t h  the pre-Tertiary and Tert iary - 

rocks a re  overlain unconformably by a1 luvium of Quaternary age. 

Escal ante  Desert Area 

The southern part of t he  Escalante Desert' was t he  southermost arm 

of ancient Lake Bonneville, possibly as recent ly  as 13,000 years ago. 

According t o  Anderson a n d  Bucknam (1979), the shore l i n e  o f  Lake 

Bonneville was found near Lund and Table Butte,  whereas the  shore l i n e  

a t  t he  southermost area near Enterprise and  Modena i s  obscure. 

Nevertheless, they discovered from observations t h a t  a 800-km2 area in 

the  southern Escal ante Desert has experienced u p 1  i f t  of a t  l e a s t  30 m y  

probably in Holocene time, a f t e r  the Lake Bonneville abandoned t h i s  

area,  possibly as a r e su l t  of i s o s t a t i c  rebound. 

S t ruc tu ra l ly ,  the Escalante Val ley  i n  the  s t u d y  a r e a  i s  a p p a r e n t l y  

bounded on the  north by the eastward-trending Pioche-Marysvale igneous 

be l t  ( a b o u t  26 m.y. o l d ) ,  a n d  on the  south a n d  west by the Delamar-Iron 

Springs igneous be l t  ( a b o u t  20 m.y. o l d ) ,  both of which extend from 

southern Nevada in to  southwestern U t a h .  The lack of volcanism in the  

deser t  area may be due t o  the  f a c t  t h a t  t he  southward migration of 

igneous a c t i v i t y  appears t o  have taken place in  " s h i f t s  or  jumps" in  

U t a h  (Stewart and o thers ,  1 9 7 7 ) .  

l a t e r  by the Basin a n d  Range tec tonic  a c t i v i t y .  

The val ley area was probably modified 
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I r o n  Springs Area 

I n  the  I ron  Springs area,  the  dominant geologic fea ture  i s  the 

northeast-trending be l t  of outcropping in t rus ions  of quartz monzonite 

from which sediments dip outward  asymmetrically (Fig.  3 ) .  The 

intrusions a r e ,  from southwest t o  northeast ;  Stoddard Mountain, I ron  

Mountain, Granite Mountain, and  The Three Peaks. T h e  q u a r t z  monzonite 

stocks a re  associated with replacement iron ore bodies, except f o r  

S t o d d a r d  Mountain..Pre-volcanic sedimentary rocks are  exposed fo r  the 

most p a r t  only where they have been arched u p  by the  in t rus ions ,  a n d  
- - 

therefore  the  ear ly  geologic his tory o f  the  area a r o u n d  t he  Escalante 

Desert i s  r e l a t i v e l y  obscure. Although the in t rus ive  bodies in the 

I r o n  Springs d i s t r i c t  were or ig ina l ly  described by Leith a n d  Harder 

3 

9 
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a 

(1908)  as l a c c o l i t h s ,  the monzonite bodies are  n o w  generally considered 

t o  be stocks (Granger, 1963) .  T h a t  the  monzonite may be deeper a n d  .. 

more widespread t h a n  o r i g i n a l l y  believed i s  evidenced by the nonionite 

t h a t  was penetrated a t  a depth of a b o u t  3,490 f t  ( 1 , 0 6 4  m )  i n  an o i l  

t e s t  hole near Parowan Gap, which l i e s  in the Red Hi l l s  area a few 

miles northeast  of the  iron be l t .  I n  the I r o n  Springs area,  minor 

t h r u s t s  a n d  overfolds lying in  f ront  of the main Laramide thrus t  be l t  

have been mapped by Mackin ( 1 9 4 7 ) .  

. .  

I n  the  I ron  Springs a rea ,  the lowest s t r a t ig raph ic  unit  exposed i s  

the  Homestake Formation, a massive t o  thick-bedded limestone, generally 

300 f t  (92 m )  th ick.  

Homestake Formation, cons is t s  of sha le ,  s i l t s t o n e ,  a n d  arkosic 

sandstone with a t o t a l  thickness of a b o u t  200 f t  (61 m ) .  B o t h  

The E n t r a d a  Formation, which over l ies  t h e  

formations a re  of Upper Jurass ic  age. Overlying t h e  E n t r a d a  F o r m a t i o n  
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8 disconformably i s  the Iron Springs Formation, of  possible Upper 

Cretaceous age, which consis ts  of 

a n d  limy sandstones up  t o  3,000 f t  (915 m )  i n  t o t a l  thickness.  

Overlying the I r o n  Springs Formation, with a marked angular 

s e r i e s  of conglomerate limestones a 

unconformity, i s  the Claron Formation, of Late Cretaceous or Early 

Eocene age, composed of abou t  1,000 f t  (305 m )  of conglomerate, 

z 
sandstone, sha le ,  and  limestone. The Claron Formation i s  covered by u p  

t o  2,000 f t  (610 m )  of Tert iary lavas and  pyroclast ics .  Sometime 

during the post-Claron period, the  q u a r t z  monzonite stocks were 

emplaced; and  subsequently block f au l t i ng  occurred. 

Enterprise Area 

The area lying south of the Escalante Desert and  in the v ic in i ty  

o f  Enterprise i s  the northern edge of the Bull Valley d i s t r i c t  (Fig.  

3 ) ,  which i s  a t  the western margin of the t r a n s i t i o n  zone betwen the 

Col o r a d o  P1 a t e a u  a n d  Basi n-Range type o f  tectoni  c envi ronments (Dobbi n ,  

1939, p. 125; Cook, 1957,  p. 87) .  The B u l l  Valley d i s t r i c t  was the  

s i t e  o f  in te rmi t ten t  volcanism from e a r l y  T e r t i a r y  t ime u n t i l  Recent. 

Most o f  t h e  s t ruc tura l  features  a re  associated d i r e c t l y  o r  ind i rec t ly  

w i t h  erupt ive igneous a c t i v i t i e s .  Some f e a t u r e s ,  such as an intrusive 

arch, a t r o u g h ,  and  deformed blocks, a re  caused by the emplacement of 

t h e  in t rus ions .  The overall igneous a c t i v i t y  was accompanied by 

intensive deformation characterized by c lose ly  spaced'high-angle 

f au l t i ng  ( B l a n k ,  1959) .  Several east- t rending t ranscurrent  f a u l t s  t h a t  

show b o t h  l e f t -  and  r i gh t - l a t e ra l  displacements were traced i n  t h i s  

area by Lia l ton  (Smith and  S b a r ,  1 9 7 4 ) .  The area i s  mostly, covered by 
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Ter t ia ry  volcanics and  Quaternary basa l t .  T h e  srnall exposures of  

a 

i )  

Ter t i a ry  in t rus ive  rock are f o u n d  j u s t  beyond t h e  southern m a r g i n  o f  

the study area a b o u t  7 miles (11 k m )  southeast of Enterprise.  tlesozoic 

rocks a re  exposed a l o n g  the boundary of the Escalante Desert east  o f  

Enterpr ise .  The post-volcanic, l a t e  Tert iary sediments a n d  Quaternary 

alluvium cover the low regions of the area south a n d  southwest o f  
... 

Enterpri se .  

b 

3 
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Needle Range Area 

I n  the  northwestern )art of the  survey area l i e  the  southern 
- 

extensions o f  the  Needle and Wah Wah ranges (Fig.  3 ) .  The area i s  

mostly covered by Tert iary volcanic rocks. 

Quaternary basa l t  are f o u n d  a t  the  northwest boundary of Escalante 

Valley. Paleozoic rocks are  exposed i n  the Needle a n d  Wah Wah ranges 

A few small outcrops of 

near the northern margin of the survey area.  Paleozoic rock t h a t  i s  .- 

t h r u s t  over Mesozoic rock i s  exposed i n  the  Wah i4ah Mountains. 

small exposures of Paleozoic rock thrus t ing  over Mesozoic rock a n d  

Ter t ia ry  sedimentary rocks a re  f o u n d  a t  a place a b o u t  5 miles (8 k m )  

northwest of Lund (see geologic map of southwestern U t a h  by Miller ,  

1963). 

Range and the Needle Range) are  covered with Recent alluvium. 

A few 

Hamblin Valley and  Pine Valley (wh ich , l i e s  between the Wah Wah 

The Mesozoic sequence overridden by the  Paleozoic sequence i s  well 

exposed a t  Blue Mountain, which l i e s  beyond the survey area a b o u t  12  

miles (19  k m )  n o r t h  o f  Lund  ( see  geologic map of southwestern U t a h  by 

Mi l le r ,  1963) .  This thrust i s  the  f i r s t  major  overthrust  on the west 

s ide  of the  Escalante Desert. The d i rec t ion  of  the  movement i s  t o  the 
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east-southeast .  A t  i t s  easternmost exposure a t  Blue M o u n t a i n ,  the 

th rus t  dips below the  alluvium of t h e  Escalante Desert, a n d  therefore 

i t s  eastward l imi t  i s  not  k n o w n  ( H i l l e r ,  1963) .  Beyond the survey area 

and about 15 miles (24  k m )  northwest o f  Blue Mountain, the Paleozoic 

8B 

@ sequence i s  overridden by the Precambrian qua r t z i t e  along the Wah Wah 

thrust. All these th rus t s  may be related t o  t h e  Snake Range 

"decol 1 ement ' I  i n eastern Nevada (Mi 11 e r ,  1963) .  

P 
Red Hi l l s  and  Black Mountains Area 

The Black Mountains? which l i e  in the northeastern p a r t  of the 

survey area ( F i g .  3), are  comprised mostly of l a t e  Ter t ia ry  volcanics, 

although 1 imited exposures of Paleozoic and Mesozoic sedimentary rocks 

occur beyond the  survey area t o  the n o r t h .  These sedimentary rocks are 

9 

postulated t o  underlie the extrusions a t  a depth of o n l y  a b o u t  300 m 

(Erickson, 1968). 
P 

I n  the Red Hi l l s  area,  t h e  Mesozoic s t r a t a  are exposed i n  the  

v i c in i ty  of  Parowan Gap  ( F i g .  3 ) .  T h e  ea r ly  Ter t ia ry  sedimentary rocks 

are exposed over the Red Hi l l s ,  and the overlying volcanics cover the 

area i n  the  northern part. 

rocks, w i t h  associated basa l t ic  cinder cones a n d  l a v a  flows, cover the 

south end of the  Red Hi l l s .  

Post-volcanic 1 a t e  Ter t ia ry  sedimentary 

The Red Hi l l s  area i s  a composite range block, separating Parowan 

Valley a n d  Cedar Valley (Threet,  1963). The area was involved i n  block 

f au l t i ng  associated with the i n i t i a t i o n  of the Colorado Plateau m a r g i n  

3 

Q 

a l o n g  the  Hurricane f a u l t  zone in  the l a t e  Ter t ia ry  period (Threet,  

1952). Laramide fo ld ing ,  accompanied by minor thrus t  f a u l t i n g ,  i s  
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exposed in the v i c in i ty  of Parowan Gap ;  a n d  the l a t e  Tert iary block 

f au l t i ng  accompanied by minor t i l t i n g ,  occurred throughout the Red 

Ki l l s  area.  The Laramide f lexure i n  Parowan Gap  may be a northward 

extension of the  toe of the Kanarra f o l d  near Cedar C i t y  (Gregory and  

Williams, 1947). Geologic mapping in t h i s  area ind ica tes  t h a t  Cedar 

Valley a n d  Parowan Valley a re  located over a north-trending s t ructural  

graben in which rocks of Cretaceous, Ter t ia ry ,  and  Quaternary age are 

complexly deformed. Anderson a n d  Bucknam (1979)  noted Holocene 

deforriation at- the margins o f  Cedar and  Parowan Valleys. 

Hurricane Fault Zone 

The survey area i s  bounded on the eas t  by the Hurricane f a u l t  

zone, which i s  a pronounced Basin a n d  Range s t ruc tu re  t h a t  extends 

t h r o u g h  southwestern U t a h .  The f a u l t  zone has been studied extensively 

by many a u t h o r s .  I n  the area immediately eas t  of the Hurricane f a u l t '  

near Cedar Ci ty ,  the Mesozoic s t r a t a  are  well exposed, with a few areas 

covered with Quaternary basa l t  flows. 

exposed in the  Hurricane f a u l t  zone near Parowan, where they are  

The Mesozoic s t r a t a  a re  a lso 

associated ,with Ter t ia ry  volcanics a n d  sedimentary rocks. 

I n  the  segment near Cedar Ci ty ,  the  Hurricane f a u l t  i s  a normal 

s l i p  f a u l t ,  downthrown t o  the west a b o u t  8,000 f t  (2 ,439  m )  (Threet,  

1963). The plateau margin between Cedar City a n d  P a r a g o n a h  i s  

t ransected by a s e r i e s  of en echelon f a u l t s ,  ra ther  t h a n  paralleled by 

a master "Hurricane f a u l t "  (Thomas a n d  Taylor, 1 9 4 6 ) .  However, i t  was 

suggested by Threet (19638) t h a t  the  complex scarp between Cedar City 

a n d  P a r a g o n a h  i s  re la ted  e s sen t i a l ly  t o  a Neogene monocline t h a t  was 
\ 

3 
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developed as a s t ruc tura l  bridge between the Hurricane f a u l t  and the 

Paragonah f a u l t .  

3 

a 

6 
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Se ismic  S t u d i e s  

The s t u d y  area i s  l o c a t e d  a t  t h e  j u n c t i o n  o f  t h e  n o r t h - s o u t h  

t r e n d i n g  I n t e r m o u n t a i n  Se ism ic  B e l t  ( I S B )  and an e a s t e r l y  t r e n d i n g  

secondary s e i s m i c  zone, which ex tends  westward f r o m  sou thwes te rn  Utah 

t h r o u g h  s o u t h e r n  Nevada t o  j o i n  t h e  n o r t h - t r e n d i n g  Nevada se i sm ic  zone. 

The a c t i v i t y  o f  ISB ex tends  a l o n g  t h e  w e l l - d e f i n e d  no r thward -  t r e n d i n g  

E a s t  Cache and Wasatch f a u l t  zones i n  U tah  f r o m  t h e  n o r t h - t r e n d i n g  

Grand - V a l l e y  f a u l t  zone o f  s o u t h e a s t e r n  Idaho  and c o n t i n u e s  southward 

a l o n g  t h e  S e v i e r ,  Tushar,  and H u r r i c a n e  f a u l t  zones o f  c e n t r a l  U tah  

( S m i t h  and Sbar,  1974).  The e a s t e r l y  t r e n d i n g  secondary zone o f  

s e i s m i c i t y ,  w h i c h  ex tends  200 krn f r o m  sou thwes te rn  U t a h  i n t o  

s o u t h e a s t e r n  Nevada, i s  n o t  a l i g n e d  w i t h  t h e  r e g i o n a l  t e c t o n i c  g r a i n ,  

wh ich  i s  p r i m a r i l y  n o r t h - s o u t h  normal f a u l t i n g ;  r a t h e r ,  i t  corresponds 

w i t h  an e a s t - t r e n d i n g  zone o f  T e r t i a r y  v o l c a n i c  r o c k s  t h a t  ex tends  

t h r o u g h  t h e  E n t e r p r i s e  area w i t h i n  t h i s  s t u d y  area. 

D u r i n g  1966, an ea r thquake  o f  magni tude 6 .1  o c c u r r e d  near  t h e  

southwest  c o r n e r  o f  t h e  s t u d y  area i n  s o u t h e a s t e r n  Nevada n e a r  t h e  Utah 

b o r d e r .  The f a u l t  p l a n e  s o l u t i o n  i n d i c a t e d  s t r i k e - s l i p  mo t ion ,  which 

i s  d i f f e r e n t  f r o m  t h e  normal f a u l t i n g  t h a t  c h a r a c t e r i z e s  t h e  r e g i o n a l  

3 a s i n  and Range s t r u c t u r e .  D e s p i t e  i n s u f f i c i e n t  s e i s m i c  d 3 t a ,  t h e  

movement was i n t e r p r e t e d  i n  an eas t -wes t  d i r e c t i o n  and w i t h  

l e f t - l a t e r a l  d i sp lacemen t  (Smi th  and Sbar,  1 9 7 4 ) .  

Q 
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The most r e c e n t  ear thquake swarm a l o n g  t h e  ISB w i t h i n  t h e  s tudy  

area o c c u r r e d  d u r i n g  1971 a l o n g  t h e  H u r r i c a n e  f a u l t  zone, 7 km n o r t h  o f  

Cedar Ci ty.  A composi te  f a u l t - p l a n e  s o l u t i o n  i n d i c a t e d  normal f a u l t i n g  

a l o n g  a north-northwest-trending f a u l t  p l a n e  w i t h  a most l i k e l y  d i p  o f  

62" NE. The a c t i v i t y  was l o c a t e d  a l o n g  t h e  zone t h a t  bounds T e r t i a r y  

and Q u a t e r n a r y  b a s a l t  f l o w s  and o u t l i n e s  a p r o m i n e n t  l i n e  of s p r i n g s .  

F i e l d  i n v e s t i g a t i o n s  r e v e a l e d  n o r t h - t r e n d i n g  f r a c t u r e s  w i t h  east -west  

h o r i z o n t a l  e x t e n s i o n  ( S m i t h  and Sbar, 1974).  

Smi th  and Sbar (1974)  p o s t u l a t e d  t h a t  t h e  s o u t h e r n  s e c t i o n  o f  t h e  

I S B  fo rms  t h e  e a s t e r n  boundary of t h e  Grea t  B a s i n  s u b p l a t e .  

o f  t h i s  s u b p l a t e  a r e  d e f i n e d  on t h e  s o u t h  b y  t h e  e a s t - t r e n d i n g  

The l i m i t s  

secondary s e i s m i c  zone t h a t  l i e s  ac ross  t h e  s t u d y  a rea  and on t h e  west 

by  t h e  n o r t h - t r e n d i n g  Nevada s e i s m i c  zone. On t h e  n o r t h ,  t h e  s u b p l a t e  

i s  s e p a r a t e d  f r o m  t h e  n o r t h e r n  Rocky Moun ta in  s u b p l a t e  by  t h e  Idaho  

s e i  sni c zone. 

A t e l  e s e i s m i c  P-wave anomaly w i t h  a +2-sec r e s i d u a l  was observed 

i n  s o u t h w e s t e r n  Utah a p p r o x i m a t e l y  c e n t e r e d  o v e r  t h e  p r e s e n t  su rvey  

a r e a  (Jacob, 1972) .  

G r a v i t y  Fea tu res  

The smoothed Bouguer g r a v i t y  anomaly map o f  w e s t e r n  U tah  by 

Montgomery (1973)  shows i n t e r e s t i n g  f e a t u r e s  o f  t h e  r e g i o n a l  g r a v i t y  i n  

sou thwes te rn  U tah  t h a t  occur  i n  t h e  s t u d y  a r e a  and v i c i n i t y .  T h i s  

smoothed g r a v i t y  map can be c o n s i d e r e d  as a low-pass f i l t e r e d  g r a v i t y  

map. Throughout  t h e  smoothed Bouguer g r a v i t y  map, t h e  r e g i o n a l  g r a v i t y  

h i g h  on t h e  west i s  separa ted  f r o m  t h e  r e g i o n a l  l o w  on t h e  e a s t  by  t h e  

s 
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lciasatch gravi ty  gradient ,  which i s  a t t r ibu ted  t o  t h e  combined e f f ec t  o f  

the  Paleozoic thrus t ing  a n d  the crustal  thickening o f  the  Colorado 

Plateau (Montgomery, 1973). 

63 
iB 

To the  south,  from the gravi ty  o f f se t  over the Black Rock area 

near the  northern edge of the Mineral Mountains, t he  s teep gravity 

gradient continues a l o n g  the eastern flank of the Mineral Range t o  the 

southern end of the range. 

prominent where i t  extends over the  Black Mountains near the northern 

However, the s teep gradient becomes less 

d 

3 

margin of  the  present survey area. Only a s l i g h t  gravi ty  gradient can 

be t raced southward along the western boundary of t h e  Colorado Plateau 

over the  Hurricane f a u l t  zone. Thus i t  i s  possible t h a t  the  

easternmost boundary o f  the th rus t  sheet may no longer be associated 

with the plateau margin near the eastern boundary o f  the  study area. 

Moreover, Montgomery (1973) suggested t h a t  the trend of the Wasatch 

Line, which extends southwestward across the northwestern p a r t  o f - t h e  

present survey a rea  and  which leaves the western boundary a t  a b o u t  

l a t i t u d e  37'40' N ,  a f t e r  i t s  direct ion changes from southward t o  

southwestward over the Black Mountains, i s  indicated by the g r a v i t y  

f ea tu re s  on b o t h  smoothed Bouguer gravi ty  anomaly map and smoothed 

f r e e - a i r  gravi ty  anomaly map. 

O n  the smoothed Bouguer gravi ty  anomaly map of ;viontgomery ( 1 9 7 3 ) ,  

the present survey area i s  ac tua l ly  located over the b r o a d  regional 

gravity saddle between the Sevier gravity high on the  n o r t h  a n d  the S t .  

George-Kanab gravi ty  high on the southwest. 

located between the gravity low over the C o l o r a d o  Plateau t o  the east  

The gravi ty  saddle i s  

A a n d  the s l i g h t  regional g r a v i t y  low over H a m b l i n  Valley on the 
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northwest. According t o  Montgomery (1973) , the  Sevier g r a v i t y  high on 

the no r th  i s  interpreted as re la ted t o  the  Sevier u p l i f t ,  a n d  the S t .  

George-Kanab g r a v i t y  high on the south may be par t ly  r e l a t e d  t o  the 

c rus ta l  thinning associated with the i s o s t a t i c  adjustment a f t e r  the 

removal of large amounts of ear th  by the Colorado River. This eas te r ly  

trending gravi ty  saddle,  which occupies approximately the present study 

area,  can be a t t r i bu ted  t o  a c rus ta l  downwarping between the two 

s t ruc tu ra l  highs on the n o r t h  and south, within the  t r a n s i t i o n  zone 

t h a t  i s  characterized by a th in  c rus t  with a thickness of a b o u t  25 km 

associated with a 9-km mantle upwarp  (Smith, e t  a l . ,  1975) .  

existence of crustal  thickening in  t h i s  region may be re la ted  t o  (1)  

the  +Z-sec te leseismic P-wave residual delay anomaly which centers  over 

the  survey area in southwestern U t a h :  or  ( 2 )  a southward-propagating 

The 

t ransverse break or s t ruc tura l  warp  associated w i t h  igneous a c t i v i t y  

proposed by Stewart and others ( 1 9 7 7 ) .  

I n  the  survey area the gravi ty  pat terns  are  mostly characterized 

by northeast-trending Basin and Range fea tures .  The gravi ty  highs are  

generally a t t r i bu ted  t o  the hors t s ,  the igneous in t rus ive  be l t  

associated with the Laramide an t i c l ina l  s t ruc tu re ,  and  the existence of 

t he  Paleozoic rocks a t  shallow depth. The gravi ty  lows a r e  generally 

re la ted t o  the grabens covered with the lower-density valley f i l l .  

Hardman (1964)  observed (1)  a gravi ty  high with a b o u t  6-mgal closure 

over the I ron  Springs in t rus ive  b e l t ,  and  - ( 2 )  gravi ty  lows, with 

closures  of a b o u t  -8 mgal and  -10 mgal, over the  L u n d  graben and Avon  

graben, respect ively.  The grea tes t  d e p t h  t o  bedrock beneath these 

grabens was interpreted t o  be a b o u t  6 ,000  f t  (1,829 n ) ,  below the 



9 
26 

a 

a 

a 

3 

a 

b 

n 

surface,  assuming a density contrast  of 0 .4  g/cc between t h e  bedrock 

and val ley f i l l .  A se r i e s  o f  gravity lows were observed over Cedar 

Valley and  the Harmony Mountains. The r e l a t i v e l y  large g r a v i t y  low 

over the Rush Lake area ( i n  Cedar Valley),  with a c losure of a b o u t  -10 

mgal , was modeled by Hardman (1964)  as a graben with the  maximum 

v a l l e y - f i l l  thickness of about 4,000 f t  ( 1 , 2 2 0  m ) ,  assuming a density 

contrast  0.4 g/cc between the bedrock and valley f i l l .  

A high gravi ty  ridge,  with a steep gradient on t he  west s ide ,  

observed by Hardman (1964)  over the u p t h r o w n  s ide  of the  Hurricane 

f a u l t  zone a l o n g  Cedar Mountain. 

as due par t ly  t o  the Basin and  Range normal type Hurricane f a u l t ,  with 

was 

He in te rpre ted  t h e  gravi ty  gradient 

downthrow on the west, and par t ly  due t o  the  Kanarra fold.  The de ta i l  

o f  each gravi ty  fea ture  will be discussed in  the in t e rp re t a t ion  of the 

gravi ty  map. 

Magnetic Features 

The general aeromagnetic fea tures  over southwestern U t a h  reveal a 

b road  b a n d  of prominent g r a v i t y  highs in the  east-west a l i g n m e n t  which 

corresponds, with the eastward-trending Pioche-Marysvale igneous b e l t ,  

approximately between l a t  38'00' N a n d  38'30' N ( see  the  aeromagnetic 

map of U t a h ,  Zietz e t  a l . ,  1976): The magnetic highs typ ica l ly  overl ie  

the in t rus ive  igneous rock exposures, a n d  t h e  magnetic lows are  

generally caused by the grabens f i l 1ed .wi th  the non-magnetic sediments. 

As a r e s u l t ,  the  loca l ly  north-south-trending magnetic highs separated 

by magnetic lows which r e f l e c t  the  Basin a n d  Range s t ruc tures  can also 

be seen within the b r o a d  eastward-trending region of t h e  magnetic 
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h i  ghs. 

To the south of l a t  38'00' N, the trend of the magnetic features  

l i e s  i n  a northeastward direct ion approximately over the present study 

area ,  w i t h  scat tered magnetic highs. 

prominent eastward-trending bel t  o f  magnetic highs over l ies  the 

intensive volcanic region o f  the east-west-trending Delamar-Iron 

Spri ngs  i gneous be l t .  

A t  a b o u t  l a t  37'30' N, a l e s s  

. The local magnetic patterns within the present survey area 

apparently reveal the near-surface s t ruc tura l  var ia t ions  throughout the 

region, i n  which the northeastward-trending in t rus ive  bodies and the  

horsts  a n d  grabens (covered w i t h  various Basin. and Range structural 

thicknesses of valley f i l l  

the  s t ruc tu ra l  feature .  T 

sediments a n d / o r  volcanic rocks) domi nate 

le spec i f ic  aeromagnetic anomalies a n d  the 

r e l a t ion  t o  the geologic s t ruc tures  w i l l  be discussed i n  the  l a t e r  

r 

sect ions.  

Comparison o f  Gravity a n d  Hagnetic Features 

The s imi l a r i t y  of the local g r a v i t y  fea tures  a n d  the aeromagnetic 

t rends can be seen i n  the study a rea ,  although there  does ex i s t  a major 

east-west-trending aeromagnetic fea ture  t h a t  i s  d i f f e ren t  from the 

gravi ty  t rends beyond the study area o n  the n o r t h .  

trending f ea tu re  dominates the  area a l o n g  the Pioche-Marysvale 

in t rus ive  b e l t .  The study a r e a  l i e s  w i t h i n  the  southern p o r t i o n  of the 

extensive volcanic s t ruc tura l  complex in  southwestern U t a h .  The reason 

fo r  the s i m i l a r i t y  i n  gravity and aeromagnetic trends may be related t o  

the f a c t  t h a t  the volcanism which occurred d u r i n g  the l a t e r  period of  

This east-west- 

3 
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igneous a c t i v i t y  in southwestern Utah was c lose ly  followed or 

r) accompanied by the  Basin a n d  Range tectonism. The fea tures  of the 

f au l t i ng  and  volcanism may have been much influenced by the older 

eastward-trending s t ruc ture .  

a 

3 

3 

3 
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For the surface geology of t he  survey area ,  the geologic map of 

southwestern U t a h  by Hintze (1963) was used (Fig.  3 ) .  The survey area . 

i s  covered mostly with alluvium i n  t h e  valleys a n d  volcanics over the 

high regions. 

age) a re  exposed only around the in t rus ive  b e l t  of the Iron Spring 

The sedimentary rocks (most of which a re  Mesozoic in 

d i s t r i c t  and in the  Red Hi l l s  and Hurricane C l i f f s  areas.  

except in a n d  near the in t rus ive  b e l t ,  rocks of Paleozoic age a re  

believed t o  ex i s t  in the basement t h r o u g h o u t  the  study area. 

the dens i t i e s  of  the rocks in the nearby areas ,  measured by other 

i nves t iga to r s ,  a r e  necessarily used for  the gravity in te rpre ta t ion .  

T h e  densi ty  measurements made by Schnoker ( 1 9 7 2 )  , Carr ie r  (1979) , Serpa 

(1980),  and Gabbert (1980) were especial ly  studied t o  determine the 

dens i t i e s  of the  rocks i n  t h i s  area.  The magnetic suscep t ib i l i t y  

measurements made by Schrnoker (1972) were also used f o r  the br ief  

analysis  of the aeromagnetic map. 

However, 

Therefore 

Sample Coll ection a n d  Density Measurement 

Rock samples of the common types were col lected i n  t h e  study area,  

and  dry and wet density measurements were made. 

ac tua l ly  the density of the exposed rock on the surface.' However, the 

The d r y  density i s  

dens i t i e s  used in the gravity modeling should represent the dens i t ies  

of the  rocks i n  the  subsurface generally beneath t h e  water table .  

water t ab le  i s  generally a t  a d e p t h  o f  a b o u t  .ZOO f t  ( 6 1  m )  i n  the 

(The 

a 
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valleys within the study area) .  Consequently, the rocks below t h e  

water t ab le  a re  under hydrostatic pressure a t  depth, a n d  a re  considered 

t o  be e s sen t i a l ly  saturated with water. Moreover, i t  i s  believed t h a t  

the measured wet density of the saturated rock measured represents 

be t t e r  t h a t  of the rock a t  depth in  the f i e l d .  Therefore the wet 

dens i t i e s  of the saturated r o c k  samples were measured in the  laboratory 

t o  help evaluate the average densi ty  o f  ce r t a in  rock types used in the 

gravi ty  modeling. The methods and r e su l t s  of the dry a n d  wet density 

measurements of the rock samples are  described in Appendix C. 

Dril l  Hole Information 

The locat ions o f  a l l  d r i l l  holes used fo r  geologic control i n  t h i s  

report  a r e  shown on Figures 3 and 4.  Per t inent  l i t ho log ic  information 

of these d r i l l  holes, including abbreviated well logs,  i f  ava i lab le ,  i s  

summarized in Appendix B. 

A n  abandoned o i l  a n d  gas well L i t t l e  Sa l t  Lake # l ,  d r i l l e d  by 

Mounta in  Fuel Supply Company in 1963, i s  in  the Red Hi l l s  area.  The 

complete l i t ho log ic  l o g  of the well i s  ava i lab le ,  and  was used t o  help 

control the geologic cross sect ion a l o n g  p ro f i l e  D - D ' .  Another ' 

abandoned o i l  and gas well Fee B 1 - B ,  which i s  in  t he  Escalante Desert 

near Table Butte, was d r i l l e d  by P a n  American Petroleum Corporation in 

1971. The l i t ho log ic  l o g  of the well i s  pa r t ly  ava i lab le  and can be 

used only qua l i t a t ive ly  in the gravi ty  map i n t e rp re t a t ion .  

abandoned o i l  and gas well S h u r t z  Creek # l ,  in  the Hurricane C l i f f s  

area sou th  of Cedar Ci ty ,  was d r i l l e d  by Mountain Fue l  Supply Company 

A n  

in 1973. The complete l i tho logic  log of the  well i s  used t o  help 
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control the geologic cross sect ion a l o n g  p ro f i l e  B - B ' .  

The geothermal t e s t  wells DeArrnan #1, S ta t e  # l ,  and Jones $1, a l l  
@ 

io 

a 

of which are  in  the Escalante Desert, were d r i l l e d  j o i n t l y  by the 

McCulloch O i l  Corporation, Incorporated, Geothermal Kinetics,  Inc., a n d  

the Utah Power and L i g h t  Company i n  1976. 

ava i lab le  f o r  the wells DeArrnan #1 and S t a t e  #l; b u t  only an  

abbreviated well log was made avai lable  t o  the author for the well 

Jones #l. The l o g  of well S t a t e  #1 i s  used t o  help control t he  

geologic c ross  section of p ro f i l e  B - B ' .  The abbreviated log of well 

Jones #1 i s  used as a main control f o r  t h e  geologic cross  section of 

a The complete well logs are 

a pro f i l e  C"-C"'. The log of well DeArrnan #1, which shows the 

geological subsurface fea ture  which i s  d i f f i c u l t  t o  co r re l a t e  d i r ec t ly  

w i t h  t h a t  along the prof i le  B - B ' ,  can be used only qua l i t a t ive ly  in the  

in t e rp re t a t ion  o f  the  gravi ty  map. a 

a 
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DATA ACQUISITION , R E D U C T I O N  , Al iD C O i l P I L A T I O i 4  

d 

3 

Gravity Data  

During the summers of 1978 and 1979,  a regional gravity survey was made 

with LaCoste and Romberg gravity meter No. 264 in the southern part  o f  the 

Escalante Desert and v i c in i ty .  The survey consisted of 486 s t a t ions ,  

including 50 s t a t i o n s  coincident with those taken in the previous surveys. 

I n  addition t o  the 436 new s t a t i o n s ,  917 other s t a t ions  taken by Hardman 

( 1 9 6 4 ) ,  t he  University of Utah GG521 gravi ty  c lasses  of 1965 a n d  1975, Selk 

(1974),  Montgomery (1973),  Kuennemann (1978) , Gabbert (1980) , and  Green 

(1980) were used in t h i s  study. 

each o f  these sources. 

Table 1 shows the  number of s ta t ions  from 

0 A l i s t i n g  of a l l  s t a t ions  i s  given in Appendix A .  

The . s e n s i t i v i t y  of the gravity meter i s  1.05746 mgal /d i  a1 divi sion and. 

the reading can be obtained with a n  accuracy of 0.001 dial  divis ion w i t h  a 

a repeatable precision of a b o u t  0.003 m g a l .  The U.S. Geological Survey 

7-1/2-minute t o p o g r a p h i c  quadrangle maps with a scale  of  1:24,000 were used 

fo r  horizontal c o n t r o l .  Lati tudes and  longitudes were located within 0.01 

min of a r c ,  giving a locat ion accuracy o f  a b o u t  50 f t  (15  m )  . 0 

Vertical control \qas obtained from bench marks a n d  spot elevations on 

8 
the topographic q u a d r a n g l  e maps where avai 1 ab1 e , and a ,  Hal 1 ace a n d  Tiernan 

a1 t imeter  model No. 185 was used otherwise. .  A b o u t  70 percent of the 

elevations of the s t a t ions  taken during the survey were controlled by bench 

marks or spot e levat ions.  The a l t imeter  was used t o  o b t a i n  the  elevations 

o f  only a b o u t  30 percent of the s t a t i o n s .  T h e  a l t imeter  was read t o  t h e  3 

@ 
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T a b l e  1. Source  of  g r a v i t y  d a t a  f o r  g r a v i t y  map ( F i g .  4 ) .  

S t a t  i on Area I n v e s t i g a t o r  Yea r (  s )  Approximate 
Desi g n a t  i on o f  Survey  No. o f  S t a t i o n s  

4B 

AAOOO Area A Ec k hard  1978  200 
Kuennenann 

b 

8 

i )  

EHOOO E a s t e r n  E s c a l a n t e  E 1 wood 1963-64 470 
Desert Hardrnan 

LUOOO Lund Donald Se l  k 1974 110 

RGOOO E n t e r p r i s e  Ronald Green 1980 25 

SGOOO \dah liah Range S tephen  Gabber t  1980 80 

WPOOO Escal  a n t e  Desert Win Pe 1980 480 

WUOOO Esca l  a n t e  Desert J e r r y  
Mont gonery  1973 60 

65B00 Mi nersvi 11 e GG521 Clas s*  1965 8 

75200 Lund GG521 Clas s*  1975 5 

" U n i v e r s i t y  o f  Utah 

3 
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@ nearest  foo t ;  and  the a l t imeter  d r i f t  was obtained by reading the instrument 

a t  s t a t i o n s  with k n o w n  elevation (bench mark or spot e leva t ion)  a t  

approximately l - h o u r  i n t e rva l s .  

a l t imeter  readings was avoided during the ear ly  afternoon, w h e n  the 

atmospheric pressure usually changes rapidly.  

0 

I t  should be emphasized t h a t  taking 

The accuracy of the elevat ions of the s t a t ions  are  estimated t o  be 

generally as follows: 

f o r  the 'bench marks; 

e levat ions ( i . e . ,  10 percent of the contour i n t e r v a l ) ;  a n d  c )  10 f t  ( 3  m )  

( o r  a b o u t  0.6 mgal) f o r  the s t a t ions  u s i n g  the a l t imeter .  

noted t h a t  the e levat ions of a l l  a l t imeter  s t a t ions  were a l so  independently 

a )  1 f t  (0.3 m )  (or corresponding t o  a b o u t  0.06 mgal) 

b )  4 f t  (1 .2  m) (or a b o u t  0.24 mgal) f o r  the  spot 

I t  should be 

estimated d i r e c t l y  from the topograhic maps by interpolat ion between the 

topogrpahic contours and  compared with the elevat ions obtained ' w i t h  the 

a1 t imeter  technique. 

range o f  0 t o  10 f t  (0-3  m ) .  

Q 
The differences i n  e levat ion were generally within the 

The Cedar City base s t a t i o n ,  w h i c h  i s  one of the main  base s ta t ions  i n  
P 

the  Utah  g r a v i t y  base s t a t i o n  network a n d  which has  a published absolute 

gravity value o f  979,429.16 rngal (Cook e t  a1 ., 1 9 7 1 ) ,  was used as the m a i n  

base for  the e n t i r e  survey. All of the  s ta t ions  were t i ed  d i r e c t l y  t o  t h i s  

s t a t i o n .  The Enterprise base s t a t ion  was n o t  used during the survey. The 

observed g r a v i t y  values a t  the 50 coincident s t a t i o n s  were generally f o u n d  

t o  be w i t h i n  i 0.5 mgal of the values observed i n  the  previous surveys. 

Using the University of U t a h  U N I V A C  1108 d i g i t a l  computer, the observed 

gravi ty  values were dr i f t -cor rec ted  (assuming l i n e a r  d r i f t )  and  reduced t o  

give simple Bouguer gravi ty  anomaly values.  I n  the  reduction, the 

Internat ional  Gravity Formula (Swick, 1 9 4 2 )  was used t o  obtain the 
3 

@ 
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Q 
theore t ica l  gravity a t  mean sea leve l .  Then a t o t a l  t e r r a i n  correction of 

P 0.05999 r n g a l / f t ,  which assumes a mean rock density of  2 . 6 7  gm/cc, was used. 

The t i d a l  cor rec t ion ,  which may be as large as Oe.3 m g a l ,  was not applied 

independently; b u t  i t  would be par t ly  taken in to  account i n  the  

9 

ia 

a 

assumed-linear d r i f t  correct ions,  previously mentioned. 

Terrain correct ions out t o  a radial  dis tance of 166.7 km ( 100 miles) 

from each s t a t i o n  (here in  designated the  " to t a l  t e r r a i n  correct ion")  were 

made using a computer program provided by the U.S. Geological Survey and 

modified f o r  use on the University of U t a h  U N I V A C  1108 d i g i t a l  computer by 

Serpa (1980). For the  program descr ip t ion ,  the  reader i s  referred t o  Serpa 

and Cook (1980). The to t a l  t e r r a i n  correct ions f o r  a t o t a l  o f  1,403 gravity 

s t a t i o n s  in the  study area were made w i t h  t h i s  program. For 156 of these 

s t a t i o n s ,  t he  t o t a l  t e r r a i n  cor rec t ions ,  as done by the computer, were 

grea te r  t h a n  3 mgal; a n d  f o r  these 156 s t a t ions  only,  therefore ,  the  

inner-zone t e r r a i n  correct ions t o  a radial  dis tance of 0.895 km were 

8 

separately calculated by h a n d ,  u s i n g  t h e  Hammer (1933) zone c h a r t .  f o r  
3 

these same 156 s t a t ions  only, the t e r r a i n  correct ions froin a r a d i a l  distance 

o f  0.895. km t o  166.7 km.were separately c a l c u l a t e d  by t h e  t e r r a in -  

correct ion program. For a s t a t i o n  within very rugged topography, the 

terrain correct ion out t o  a radial  dis tance of 0.895 km from a s ta t ion  done 
P 

by h a n d  i s  believed t o  be more accurate t h a n  t h a t  done w i t h  the  computer. 

a For those s t a t ions  with the  t o t a l  t e r r a i n  correct ions l e s s  t h a n  3 mgal , 

which were calculated using only the  computer, the  difference between the 

inner-zone correct ions computed by hand a n d  those calculated by the  computer 

was found  t o  be w i t h i n  0.02 mgal . 
jud ic ious ly  selected s t a t ions  w i t h  the  t o t a l  t e r r a i n  correct ions j u s t  l e s s  

This conclusion was based on a b o u t  20 3 

@ 
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@ t h a n  3 mgal. 

0 For the s t a t ions  t h a t  l i e  i n  the f l a t  a reas ,  w h i c h  cons t i tu te  a b o u t  70 

percent o f  the t o t a l  1 ,403 s t a t i o n s ,  the accuracy of the t e r r a i n  corrections 

i s  probably w i t h i n  0.05 mgal ; however, the accuracy fo r  the remaining 30 

d 

3 

9 

a 

percent of the t o t a l  1,403 s t a t i o n s ,  which l i e  i n  steeper t e r r a i n ,  i s  

probably within 0.1 mgal, except for a few s t a t ions  i n  very rugged areas 

(Hurricane C l i f f s  a rea ,  f o r  ins tance) ,  where the maximum e r r o r  may be 

possibly a s  large as 0.2 mgal. 

inaccuarcy of the elevat ion of the s t a t i o n  i t s e l f ,  by the t i da l  var ia t ion,  

by the t e r r a i n  correct ion technique, by the possible density var ia t ion of 

the surface rocks from 2.67 g/cc (used in the Bouguer a n d  t e r r a i n  

co r rec t ions ) ,  and by the instrumental d r i f t ,  the  t o t a l  e r r o r  in  the complete 

Bouguer gravi ty  anomaly values for  a b o u t  70 percent of the t o t a l  s ta t ions  i s  

p r o b a b l y  w i t h i n  0.4 mgal; a n d  the e r ro r  fo r  the remaining s t a t ions  ( a b o u t  30 

percent) i s  probably w i t h i n  0 .7  m g a l .  

Accounting fo r  the e r ro r s  introduced by the 

9 

F i n a l l y ,  the complete Bouguer gravity anomaly  values ( i  . e . ,  those t h a t  

h a v e  been t e r r a i n  corrected o u t  t o  a r a d i a l  d is tance of 166.7 km from each 

s t a t i o n )  of 1,403 s t a t ions  were plotted on the  nap using the UI4IVAC 1108 

d i g i t a l  computer and contoured by hand with a 2-mgal con tour  in te rva l .  Only 

one s t a t ion  was omitted from the complete Bouguer gravi ty  anomaly map 

because i t s  value was considered unreasonable a n d  was probably  caused by a 

reading e r r o r  i n  the  f i e l d .  

Aeromagnetic Data 

The aeromagnetic map of the study area ( F i g .  5 )  was taken from the 

t o t a l  i n t ens i ty  aeromagnetic map of  southwestern U t a h  w i t h  a scale  of 
@ 
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@ 1:250,000 (U.S. Geologic survey, 1972 a ,  b ,  area 

P Aeromagnetic Map of U t a h ,  Z ie tz ,  e t  a1 ., 1 9 7 6 ) .  

conducted by Scintrex 14ineral Survey, Inc.  a t  an  

m) barometric, w i t h  2-mile (3.2-km) spacing of t 

9 

labeled w i t h  L '  i n  

The aeromagnetic survey was 

a l t i t u d e  of 9,000 f t  ( 2 , 7 4 4  

le f l i g h t  l i n e s  i n  an 

north-south d i r ec t ion .  The to t a l  in tens i ty  magnetic f i e l d  on the map was . 

drawn r e l a t i v e  t o  an a r b i t a r y  da tum w i t h  contour in te rva ls  of 20 gammas i n  

areas of small magnetic r e l i e f  and 100 gammas (heavy l i n e s )  i n  areas of 

large magnetic r e l i e f .  

i n t ens i ty  values,  w h i c h  mainly depends on the  correctness in  location of the  

a i r c r a f t ,  i s  estimated t o  be w i t h i n  f 10 gammas. 

The accuracy of the observed magnetic f i e l d  

\ 
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I N T E R P R E T A T I O N  OF COMPLETE B O U G U E R  G R A V I T Y  ANOMALY MAP 

Q 
General Features 

O n  the  complete Bouguer gravi ty  anomaly map ( F i g .  4 ) ,  the  dominant 

trend of the gravi ty  contours i s  approximately northeastward t h r o u g h o u t  

3 

9 

most of the survey area. This trend i s  para l le l  t o  t h a t  o f  the 

Laramide fo lds  and f a u l t s  in the region and ind ica tes  t h a t  the  Laramide 

orogeny has la rge ly  determined the  trend of the dominant geologic 

s t ruc tu res  in th i s  p a r t  of the  t r a n s i t i o n  zone. Except f o r  a few 

gravi ty  fea tures  in the western p a r t  of the study area ,  the  general 

appearance of the gravity map i s  one o f  elongate northeast-trending 

gravi ty  troughs separated by gravi ty  h i  ghs. 
Q 

The Bouguer gravity anomaly values range from a h i g h  o f  a b o u t  -182 

mgal over the area lying west of Enterpr ise ,  t o  a low of a b o u t  -230 

mgal over Harnblin Valley. As discussed previously,  the var ia t ion of 

the regional gravity over the broad  gravity saddle t h a t  over l ies  the 

study area,  i s  assumed t o  be negl igible  except in the  easternmost' p a r t  

of the area.  Near the western boundary of the Colorado Plateau, which 

i s  approximately between longitudes 112'45'W a n d  113°00'W i n  t h i s  area,  

the regional gravity anomaly values gradually decrease eastward w i t h  a 

gradient of a b o u t  0.4 mgal/km. 

high Bouguer gravity anomaly values of a b o u t  -190 mgal overl ies  (1) the 

be l t  of q u a r t z  monzonite in t rus ions  in the I r o n  Springs d i s t r i c t ,  ( 2 )  

A widespread region with r e l a t ive ly  

the Beryl a n d  Table Butte areas in the Escalante Desert ,  ( 3 )  Mount  



39 

3
 

P d
 

" 0 b 

9. 

h
 

c, 
S

 

V
 

>
 

W
 

S
 

m
 

c, 
L
 

aJ v
) 

-.- 
*.- *
F

 

aJ 

aJ c, 
t
 

fu 
m

 
V

 
v
) 

w
 

n
 

I-- 

P
 

a
 

E
 m 
3
 

*
W
 C 

a
J
a
 

L
 
3
s
 

D
O
 

e.- 
L
 

L
L

H
 



40 

3 

i )  

3) 

T a b l e  2 .  I d e n t i f i c a t i o n  and c h a r a c t e r i s t i c s  o f  
g r a v i t y  anomal ies i n  F i g .  4 .  

No. o f  Area Name o f  G r a v i t y  Amount o f  Leng th  of Width o f  
Des igna ted  Anomaly C1 o s u r e  Anomal y Anonal y 
i n  F i g .  4 ( m 9 a l )  (km) (km) 

1 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 

. 1 2  
13  
1 4  
15 
16 
17 
18 
19 

20 

21-A 

21-B 

22 

23 
24 

E n t e r p r i s e  R e s e r v o i r  
g r a v i t y  h i  gh 
Mount Esca l  a n t e  
g r a v i t y  h i g h  
Modena g r a v i t y  h i g h  
Hambl i n  Val 1 ey 
g r a v i t y  l o w  
East  Modena g r a v i t y  l ow  
Needle Range g r a v i t y  h i g h  
South B e r y l  g r a v i t y  l o w  
B e r y l  g r a v i t y  h i g h  
P ine  V a l l e y  g r a v i t y  l ow  
Wah Wah Range g r a v i t y  h i g h  
B i g  Moun ta in  g r a v i t y  h i g h  
Newcast l  e g r a v i t y  1 ow 
Tab1 e B u t t e  g r a v i t y  h i g h  
Lund g r a v i t y  l ow  
P i n t o  g r a v i t y  l o w  
An te lope  g r a v i t y  h i g h  
I r o n  S p r i n g s  g r a v i t y  h i g h  
Avon g r a v i t y  l o w  
B l a c k  Mounta ins 
g r a v i t y  h i g h  
G r a v i t y  r i d g e  n o r t h  o f  
The Three Peaks 
Cedar Val 1 ey g r a v i t y  
1 ow ( n o r t h )  
Cedar Val 1 ey g r a v i t y  
l ow  ( s o u t h )  
G r a v i t y  r i d g e  o v e r  
H u r r i c a n e  C l i f f s  
Red H i  11 s g r a v i t y  h i  gh 
Parowan Val 1 ey 
g r a v i t y  l o w  

2 

4 

4 

6 
2 
8 
4 

14 
6 
8 
4 
1 
4 
8 

10 

12 

4 

4 
2 

19 

16 

6 

13  
12 
1 2  
12 

22 
15 
22 

4 
9 

30 
19 
12 

31 

12 

35 
22 

6 

9 

6 

6 
5 
8 
6 

6 .  
11 

4 
6 

10 
9 

.9 

i o  

11 

8 

5 
12 
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E s c a l a n t e  and t h e  v i c i n i t y  west o f  E n t e r p r i s e ,  ( 4 )  t h e  wes te rn  p o r t i o n  

o f  t h e  B l a c k  Mounta ins,  and ( 5 )  Cedar Moun ta in .  The m a j o r  g r a v i t y  

lows, wh ich  o v e r l i e  Hambl in V a l l e y ,  t h e  E s c a l a n t e  Deser t ,  Cedar 

V a l l e y ,  and Parowan V a l l e y ,  range f rom about  -210 mgal t o  -230 mgal. A 

d e t a i l e d  d i s c u s s i o n  o f  i n d i v i d u a l  g r a v i t y  anomal ies w i l l  be made i n  t h e  

f o l l o w i n g  s e c t i o n s .  

I r o n  S p r i n g s  G r a v i t y  H igh  

. I n  t h e  I r o n  S p r i n g s  area, a n o r t h e a s t w a r d - t r e n d i n g  g r a v i t y  h igh ,  

a p p r o x i m a t e l y  30 k m  l ong ,  w i t h  about  6-mgal c l o s u r e ,  c o i n c i d e s  

a p p r o x i m a t e l y  w i t h  t h e  a l i g n e d  i n t r u s i v e  b o d i e s  ( q u a r t z  monzoni te  

p o r p h y r y )  o f  S toddard  Mountain,  I r o n  Mounta in,  G r a n i t e  Mounta in,  and 

The Three Peaks ( a r e a  17, F i g .  4 ) .  The c o n t r a s t  i n  average d e n s i t y  o f  

2.7 g/cc f o r  t h e  i n t r u s i v e  r o c k s  and 2.5 g/cc f o r  t h e  s u r r o u n d i n g  

Mesozoic and T e r t i a r y  sed imen ta ry  rocks ,  r e s u l t s  i n  t h e  c o r r e l a t i o n  o f -  

t h e  g r a v i t y  h i g h s  w i t h  t h e  i n t r u s i v e  b o d i e s .  The s o u t h e r n  end o f  t h e  

g r a v i t y  h i g h ,  o v e r  S toddard  Mounta in,  i s  a p p a r e n t l y  o f f s e t  t o  t h e  

s o u t h e a s t  f r o m  t h e  main a l i gnmen t .  T h i s  l e f t - l a t e r a l  o f f s e t  of t h e  

g r a v i t y  anomaly may i n d i c a t e  a m a j o r  f a u l t  system between I r o n  Mounta in 

and S toddard  Mounta in.  Such a f a u l t  system, i f  p r e s e n t ,  c o u l d  p o s s i b l y  

e x e r t  s t r u c t u r a l  c o n t r o l  on t h e  emplacement o f  t h e  i r o n  ore.  I t  shou ld  

be n o t e d  t h a t  t h e  S toddard  Moun ta in  q u a r t z  monzon i te  body, u n l i k e  t h e  

t h r e e  o t h e r s  t o  t h e  n o r t h ,  i s  b a r r e n  o f  i r o n  o re ,  whereas t h e  o t h e r s  

a r e  a s s o c i a t e d  w i t h  rep lacement  i r o n  o r e  b o d i e s .  

e l o n g a t e  g r a v i t y  h i g h ,  w i t h  a c l o s u r e  o f  about 2 mgal,  o v e r  t h e  

a1 1 u v i  um-covered area between I r o n  Mountai  n and G r a n i t e  3 o u n t a i  n 

The c o n t i n u i t y  o f  t h e  

n 
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ind ica tes  the cont inui ty  also o f  the  quartz monzonite a t  r e l a t ive ly  

shallow depth i n  t h i s  area.  The cont inui ty  of the q u a r t z  monzonite i n  

t h i s  area a t  shallow depth ( a b o u t  900 f t  ( 2 7 4  m ) )  has been confirmed by 

aeromagnetic surveys (Blank a n d  Mackin, 1967)  a n d  by deep  d r i l l i n g  ( K .  

L. Cook, 1980, personal communication). 

The continuous gravity high abou t  30 km (19  mi) in length which 

extends over and beyond the Iron Spr ings  d i s t r i c t  (Fig.  4 ) ,  a n d  other 

geological geophysical and d r i l l  d a t a  ind ica te  t h a t :  (1) a great 

q u a r t z  monzonite porphyry mass i s  probably n o t  only continuous a t  

r e l a t i v e l y  shallow depth between each of four individual intrusions,  

b u t  a lso extends widespread in the subsurface t h r o u g h  a t  a l a rger  area 

in  southwestern U t a h ;  ( 2 )  the now-exposed in t rus ions  which were formed 

along Laramide zones of weakness cons t i t u t e  only a small p a r t  o f  the 

e n t i r e  igneous mass a t  depth (Cook and  Hardman, 1967). 

’ Furthermore, Cook and Hardman (1967) emphasized t h a t  the creAt o f  

the gravity ridge i s  generally centered west or northwest of the 

outcropping intrusions and t h a t  therefore  the main mass o f  quartz 

monzoni te  porphyry i s  p r o b a b l y  b u r i e d  a t  r e l a t i v e l y  shallow d e p t h  t o  

the west and northwest of the  exposures o f  porphyry, a n d  t h a t  t h i s  

i n t e rp re t a t ion  i s  consis tent  with two separate  magnetic h i g h  anomalies 

with northeastward alignment a b o u t  2 mi (3.2 k m )  west of the m a i n  

magnetic high anomalies over the in t rus ive  rock exposures on the 

aeromagnetic map by B l a n k  and Mackin ( 1 9 6 7 ) .  

A prominent gravi ty  high centered over the  Antelope Range, w h i c h  

l i e s  northwest of I r o n  Mountain, appears as an  offshoot of the bel t  of 

the gravi ty  anona l  i e s  approximately over the in t rus ions .  A l t h o u g h  the  
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gravi ty  s t a t i o n s  in the  Antelope Range area a re  sparse due t o  
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i naccess ib l i t y  over the  central  area of t h i s  anomaly, the  d a t a  around 

i t s  flank are  su f f i c i en t  t o  define the h i g h .  Two p o s s i b i l i t i e s  f o r  the 

causat ive body of the Antelope Range gravi ty  high suggested by Hardman 

(1964)  a re :  (1 )  the extension o f  the  monzonite in t rus ion  northwestward 

from Iron Mountain t o  the Antelope Range area;  ( 2 )  the  northwestward 

extension of a great s t ruc tura l  block throughout the  Iron Springs 

d i s t r i c t  t h a t  i s  bounded by f a u l t s  a n d  thick alluvium and/or volcanics 

a t  i t s  margin. 

The second poss ib i l i ty  seems l e s s  l i k e l y  f o r  t he  following 

reasons: (1) the  gravi ty  h i g h  o f  about -192 mgal i s  probably caused 

gammas c 

Range on 

t h a t  an 

Ante1 ope 

only by rock w i t h  h i g h  density (2 .7  t o  2.8 g / cc ) ,  such as in t rus ive  

igneous rock or Paleozoic sedimentary rock, a t  shallow depth in the  

study area;  ( 2 )  the main Laramide thrust sheet of such Paleozoic rocks 

which may e x i s t  a t  shallow depth, probably does  n o t  extend f a r  enough 

southeastward in  the I r o n  Springs d i s t r i c t ;  ( 3 )  the  s t ruc tura l  block o f  

upper Mesozoic rock might e x i s t  underneath the Antelope Range, b u t  a n  

exposed Mesozoic s t ruc tura l  block i n  the  Red Hi l l s  area contr ibutes  a 

maximum gravi ty  high of only about -198 mgal . 
The f i r s t  poss ib i l i t y ,  t h a t  the  gravi ty  h i g h  may be a t t r i bu ted  t o  

an  igneous mass w i t h  high densi ty  a t  shallow depth under the  Antelope 

Range, now seems more probable. A small magnetic high (of about 20- 

osure) a l so  occurs over t h e  northern part  of the  Antelope 

the aeromagnetic map ( F i g .  5 ) .  Therefore, i t  i s  conceivable 

ntrusive igneous body occurs beneath t h e  volcanic rock of the 

Range a t  shallow depth, which nay have the same or ig in  as the  

3 
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I r o n  Springs intrusions.  
0 

Newcastle and Pinto Grabens 3 

A large negative gravity anomaly e x i s t s  i n  the  Escalante Desert 

west o f  Newcastle ( a r e a  1 2 ,  F i g .  4 ) .  The anomaly ind ica tes  as a 
a 

a 

9 

3)  

northwest-trending graben which represents one of t h e  dominant  Basin 

and Range fea tures  previously controlled by the Laramide s t ruc ture  in 

t h i s  area. This graben i s  herein designated the  "Newcastle graben". 

On the eas t  s ide  o f  the  graben, the trend of the pronounced 

gravi ty  gradient coincides w i t h  t he  northeastward-trending margin  o f  

the  deser t  f l oo r  on the west side of the Antelope Range nor th  of 

Newcastle. However, a t  Newcastle the trend o f  the  gravity gradient 

changes from south-southwest (S20"W) t o  southwest (S45"W)  ; and t h i s  

change i n  gravi ty  trend indicates  an a b r u p t  change i n  the  d i rec t ion  of 

f au l t i ng .  The a b r u p t  change i n  trend of the f a u l t  zone suggests a 

t r i p l e  j u n c t i o n  of f a u l t s ,  w i t h  one of the f a u l t s  trending 

southeastward. The southeastward-trendi n g  f a u l t  p r o b a b l y  extends from 

Newcastle southeastward a1 ong the southwestern marg in  of a small 

gravi ty  low, which i s  located a b o u t  6 km eas t  of Newcastle ( a r e a  1 5 ,  

F i g .  4 ) .  This c i r c u l a r  gravity low may be caused by a small graben 

possibly resu l t ing  from g r a v i t y  s l i d ing  near the I ron  Springs 

in t rus ion .  This graben i s  herein designated the  " P i n t o  graben". The 

above-mentioned southeastward-trending f a u l t  zone probably extends 

southeastward t o  the area along L i t t l e  P i n t o  Creek, which l i e s  on the 

southwest s ide  of Stoddard Moun ta in .  
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Lund and Avon Grabens 

A northeast-trending gravi ty  low (area 14, Fig. 4 )  e x i s t s  in the 

Escalante Desert near Lund.  The gravity low indicates  a 

no r theas t \ .~a rd - t r end ing  graben , which was designated the  "Lund  graben" 

by Cook a n d  Hardman (1967) .  

f a u l t  zone was independently mapped by Anderson and Mil ler  (1979) along 

the  area t h a t  corresponds w i t h  the  gravity gradient on the  west s ide  o f  

t h i s  gravi ty  low. 

A northeastward-trendi ng 1 a t e  Pleistocene 

Another northeastward-trendi n g  gravity 1 ow, approximately equal i n  

s i z e  t o  the L u n d  gravi ty  l o w ,  e x i s t s  i n  the Escalante Desert near Avon 

(area 18, Fig. 4 ) .  The gravi ty  low i s  separated from the  Lund gravi ty  

low by a gravi ty  ridge which extends between Table Butte gravi ty  high 

a n d  the Black Mountains gravity h i g h  ( t o  be discussed l a t e r ) .  

gravi ty  low indicates  a northeastward-trending Basin a n d  Range-type . 

The 

graben, which was designated the " A v o n  graben" by Cook and  Hardman 

( 1 9 6 7 ) .  Geothermal t e s t  well Jones #1 i s  located within the gravity 

low a b o u t  3 k m  south of i t s  center .  The d r i l l  f a i l ed  t o  reach bedrock 

a f t e r  penetrating a t o t a l  t h i c k n e s s  of 5,855 f t  (1 ,785  m )  o f  Cenozo ic  

sediments a n d  volcanics. A Schlumberger r e s i s t i v i t y  sounding survey in  

t h i s  area by Geothermal Kinetics,  Inc., ind ica tes  t h a t  the  bedrock i s  

probably located a t  a depth of about 6,000 t o  7,000 f t  (1,829 t o  2,134 

m )  (Dr. Norman Harthi l l  , 1980, personal communication). The Newcastle 

gravi ty  low i s  separated on the  south from the Avon gravi ty  low by a 

g rav i ty  ridge which l i e s  between the  Table Butte grav i ty  high and  the 

Ante1 ope Range gravi ty  high. 

Pleis tocene f a u l t s  were independently napped by Anderson a n d  Miller 

Two northeastward-trending 1 a t e  
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(1979)  a l o n g  t h e  area t h a t  corresponds a p p r o x i m a t e l y  w i t h  t h e  g r a v i t y  

g r a d i e n t  between t h e  A n t e l o p e  Range g r a v i t y  h i g h  and t h e  Avon g r a v i t y  

1 ow. 

Eas t  Modena and South B e r y l  Grabens 

I n  t h e  E s c a l a n t e  Deser t ,  two i n t e r m e d i a t e  g r a v i t y  lows e x i s t  

between t h e  Modena g r a v i t y  h i g h  ( d i s c u s s e d  l a t e r )  on t h e  west and t h e  

Newcas t le  g r a v i t y  l o w  on t h e  east.  One g r a v i t y  l ow ,  w h i c h  l i e s  e a s t  of 

t h e  Modena g r a v i t y  h i g h  ( a r e a  5 ,  F i g .  4 ) ,  i s  h e r e i n  d e s i g n a t e d  t h e  

"Eas t  Modena g r a v i t y  low".  

a s m a l l ,  n o r t h w a r d - t r e n d i n g  g r a v i t y  h i g h  o v e r  t h e  Needle Range and on 

t h e  s o u t h  by  t h e  e l o n g a t e ,  a p p r o x i m a t e l y  e a s t - w e s t - t r e n d i n g  Mount 

E s c a l a n t e  g r a v i t y  h i g h  ( d i s c u s s e d  l a t e r ) .  

The g r a v i t y  l o w  i s  bounded on t h e  n o r t h  by 

The o n l y  e a s t w a r d - t r e n d i n g  g r a v i t y  l o w  i n  t h e  s t u d y  a rea  l i e s  eas t  

o f  t h e  Eas t  Modena g r a v i t y  l o w  ( a r e a  7,  F i g .  4 ) .  The g r a v i t y  low, 

h e r e i n  d e s i g n a t e d  t h e  "South B e r y l  g r a v i t y  l o w , "  i s  bounded on t h e  

n o r t h  by  t h e  B e r y l  g r a v i t y  h i g h  ( d i s c u s s e d  l a t e r )  and on t h e  s o u t h  by  

t h e  Mount E s c a l a n t e  g r a v i t y  h igh.  

Because t h e s e  two g r a v i t y  l ows ,  w i t h  abnormal t r e n d  and c h a r a c t e r ,  

a r e  l o c a t e d  w i t h i n  t h e  unusual  env i ronmen t  o f  t h e  g r a v i t y  p a t t e r n s ,  t h e  

s u b s u r f a c e  g e o l o g i c a l  f e a t u r e s  t h a t  cause t h e s e  anomal ies a r e  assumed 

t o  be  d i f f e r e n t  f r o m  t h o s e  of t h e  n o r t h e a s t w a r d - t r e n d i n g  g r a v i t y  lows 

wh ich  g e n e r a l l y  co r respond  w i t h  t h e  B a s i n  and Range grabens i n  t h e  

s t u d y  area. It i s  commonly accep ted  t h a t  t h e  n o r t h w a r d - t o  

n o r t h e a s t w a r d - t r e n d i n g  B a s i n  and Range f a u l t  system i n  t h e  

i s  a p p a r e n t l y  t h e  r e s u  t o f  t e c t o n i c  a c t i v i t y  a s s o c i a t e d  w 

s t u d y  area 

t h  

P 
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approximately east-west extension i n  southwestern U t a h  (Stewart, 1978). 

Consequently, the S o u t h  Beryl gravi ty  low, which shows a n  eastward 

alignment, was probably caused by an  east-west-trending graben as a 

r e s u l t  of the  tec tonic  system associated w i t h  north-south extension. 

I f  so,  t h i s  tec tonic  system probably occurred before the  period of 

intensive Basin and Range tec tonic  a c t i v i t y  (with east-west extension).  

Consequently, the  east-west-trending graben causing the gravi ty  low, 

was. probably act ivated during the time of the  east-west trending 

igneous a c t i v i t y  which s t a r t ed  before the Basin and Range tectonism. 

Another subsurface geologic f ea tu re  t h a t  possibly causes the  S o u t h  

Beryl gravi ty  low i s  the vent of a collapsed caldera which was 

subsequently f i l l e d  with low-density volcanic mater ia ls .  

has postulated a possible caldera i n  t h i s  general area.  However, 

according t o  the d r i l l  d a t a  of geothermal t e s t  well DeArman f l ,  which . 

i s  located about 5 k m  north of the  center  of t he  South Bery gravity 

low, th i s  poss ib i l i t y  i s  obscure. Test well DeArman $1 pen t r a t ed  

sedimentary rock of Paleozoic ( ? )  age a f t e r  passing t h r o u g h  a b o u t  1 ,600 

f t  (488 m )  of 1ate.Cenozoic sedimentry rock a n d  about 3,000 f t  ( 9 1 5  m )  

of overlying volcanics. Conceivably, the  South Beryl gravity low may 

be merely a t t r i bu ted  t o  a down-faul ted basement block of sedimentary 

Crosby (1973) 

rock, surrounded by the be l t  of igneous in t rus ions .  

The subsurface geologic f ea tu re  t h a t  causes the  East Modena 

gravi ty  low may be s imilar  t o  t h a t  postulated above as causing the  

South Beryl gravi ty  low. However, the graben which causes t h i s  

gravi ty  low seems t o  be s l i g h t l y  affected by t h e  Laramide thrusting 

a c t i v i t y  because of i t s  northward trend. The northward-trendi n g  
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g r a v i t y  r i d g e  between t h e s e  two g r a v i t y  lows i s  p o s s i b l y  caused by' 

t h r u s t e d  sed imen ta ry  r o c k  u n d e r l a i n  by a zone of  igneous i n t r u s i o n .  

T a b l e  B u t t e  H o r s t  

I n  t h e  E s c a l a n t e  Deser t ,  a g r a v i t y  h i g h  o v e r l i e s  T a b l e  B u t t e  and 

t h e  a d j a c e n t  a rea  (a rea  13, F i g .  4). Cook and Hardman (1967)  

i n t e r p r e t e d  t h i s  g r a v i t y  h i g h  as caused by  a h o r s t  t h a t  t h e y  d e s i g n a t e d  

the. " T a b l e  B u t t e  h o r s t " .  Two separa te  s m a l l  g r a v i t y  h i g h s ,  w i t h  

n o r t h w a r d  t r e n d  and a l i gnmen t ,  e x i s t  w i t h i n  t h e  main T a b l e  B u t t e  

g r a v i t y  h i g h .  One g r a v i t y  h i g h ,  w i t h  t h e  s m a l l e r  a m p l i t u d e ,  i s  l o c a t e d  

about  2 km west  of T a b l e  B u t t e  p roper ;  and t h e  o t h e r ,  w i t h  t h e  l a r g e r  

a m p l i t u d e ,  i s  l o c a t e d  about 6 km southwest o f  T a b l e  B u t t e .  A g r a v i t y  

nose ex tends  southwestward f r o m  t h e  T a b l e  B u t t e  g r a v i t y  h i g h  toward  t h e  

South B e r y l  g r a v i t y  low. The T a b l e  B u t t e  g r a v i t y  h i g h  i s  h e r e i n  

i n t e r p r e t e d  as caused by  an i n t r u s i v e  body, and t h e  branches o f  t h i s  

body may ex tend  southwestward and sou theas tward  a t  r e 1  a t i  v e l y  g r e a t e r  

depth.  The q u a r t z  monzoni te  t h a t  was p e n e t r a t e d  i n  geothermal t e s t  

w e l l  S t a t e  $1 i s  p r o b a b l y  t h e  southwestward e x t e n s i o n  of t h i s  body. 

T h i s  i n t e r p r e t a t i o n  depends on t h e  d e t a i l e d  p e t r o l o g i c  l o g  o f  t h e  

q u a r t z  monzon i te  p e n e t r a t e d  i n  t h a t  w e l l ,  w h i c h  i n d i c a t e d  t h a t  t h e  

d r i l l  f a i l e d  t o  p e n e t r a t e  t h e  main q u a r t z  monzon i te  mass, b u t  r a t h e r  

a p p a r e n t l y  p e n e t r a t e d  t h e  edge o f  a m a j o r  i n t r u s i v e  body l o c a t e d  

nearby.  

The two s e p a r a t e  n o r t h w a r d - t r e n d i n g  g r a v i t y  h i g h s  a r e  p r o b a b l y  

caused b y  two  s e p a r a t e  i n t r u s i o n s  a t  s h a l l o w  dep th ,  wh ich  a r e  cupolas 

o r  o f f s h o o t s  f r o m  t h e  main q u a r t z  monzoni te  mass a t  g r e a t e r  depth.  It 
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should be em?hasized t h a t  in t e s t  well S t a t e  $1, q u a r t z  monzonite was 

penetrated a t  a depth of 1,890 f t  (576  m ) ,  which was imnediately below 

the l a t e  Cenozoic sedimentary rocks. 

t h a t  i n  th is  a rea ,  deep erosion occurred a f t e r  the q u a r t z  monzonite had 

intruded. An abandoned o i l  and  gas well Fee # l - B  i s  located between 

the  two separate  gravity h i g h s  just  west of Table Butte. 

complete d r i l l  data a re  not ava i lab le ,  i t  was learned t h a t  the  Claron 

Formation was penetrated a t  a d e p t h  of about 2,900 f t  (884 m ) .  This 

information suggests t h a t  the Claron Formation may ex i s t  on the flank 

of a dipping sedimentary se r i e s  arched u p  by the  intrusion.  

Furthermore, i f  there  is  a connection o f  t he  in t rus ive  bodies under 

Table Butte and  Antelope Range, then the  connecting mass probably 

supports the horst  underneath between the  Newcastle graben and Avon 

graben. 

These- d r i l l i n g  r e su l t s  suggest 

Although the 

Beryl Horst 

A gravi ty  h i g h  over the Beryl area (area 8 ,  F i g .  4 ) ,  i s  herein 

designated the  "Beryl gravity h i g h . "  The Beryl gravi ty  h i g h  i s  

probably caused by a complex s t ruc tura l  h i g h  a t  shallow depth composed 

o f  pre-Tertiary ,sedimentary rocks associated w i t h  igneous intrusive 

bodies. The northeastward extension o f  the gravi ty  h i g h  from the  Beryl 

area t o  the southern end of the  Wah Wah Range i s  probably caused by 

basement Sedimentary rock a t  s h a l l o w  depth with the  possible 

northeastward-trending boundary on the e a s t  s ide.  The Beryl gravity 

high i s  bounded on the  south by a h i g h  gravi ty  grad ien t ,  located 

between the Beryl h i g h  a n d  the South Beryl gravi ty  low. The t o t a l  
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gravi ty  r e l i e f  across the slope (peak t o  t r o u g h )  of  t h i s  g r a d i e n t  i s  

0 a b o u t  22 mgal within a dis tance of 11 k m  a n d  i s  possibly caused by a 

es  of para l le l  f a u l t s  d o w n t h r o w n  on the south. I n  geothermal t e s t  

DeArnan X 1 ,  which i s  approximately a t  the m i d p o i n t  o f  t h i s  s lope,  

d r i l l  penetrated a f r ac tu re  zone in the  basement sedimentary rocks 

a t  a depth o f  between 7,710 f t  (2,354 m )  and  8,465 f t  (2,581 m ) ,  and  

s l ickensides  were found occasionally a t  a depth of between 7,000 ft 

(2,'134 m )  and 9,500 ft (2,896 m ) .  

i n t e rp re t a t ion  of a s e r i e s  of f a u l t s  located on the  north s ide  o f  the  

S o u t h  Beryl graben. The small gravi ty  l o w  between the Beryl gravity 

high and Table Butte gravity high may be caused by a northeastward- 

This information par t ly  supports the 

9 

3 

Q 
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trending graben (or Val l ey)  which possibly forms the southwestward- 

extension of the Lund  graben. 

Black Mountains Gravity Highs 

A pronounced gravity h i g h  e x i s t s  near t h e  eastern m a r g i n  of the 

Escalante Desert over the western part of the  Black Nountains (area 19 ,  

Fig. 4 ) .  

shaped with. an  ea s t e r ly  trending elongate pat tern.  

recognized t h a t  in the study area the eastward-trending gravity 

anomalies are  probably n o t  re la ted  t o  the subsurface geologic features  

t h a t  were pr inc ipa l ly  formed by the Laramide tec tonic  a c t i v i t y ,  t h i s  

The anomaly appears t o  be nearly c i rcular-shaped,  o r  o v a l -  

Because i t  i s  

gravi ty  high may represent a s t ruc tura l  block a t  re1 a t i  vely shall  ow 

depth, disrupted by one or more deeply rooted igneous masses. Thus, 

the  gravi ty  high may indicate  a n  area of volcanic erupt ive vents lying 

under the Black Mountains. A s  there  i s  no pronounced high,magnetic 
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anomaly observed d i r e c t l y  over the area of t h i s  gravi ty  high, the upper 

part  of the main causative igneous body ( i f  one e x i s t s )  may be composed 

of s i1  i c i c  volcanic materials.  A s e r i e s  of- northeast-trending 

suspected Quaternary f a u l t s  was independently mapped by Rowley ( 1 9 7 7 )  

a l o n g  the  area t h a t  corresponds approximately with the southeast margin- 

of t h i s  gravi ty  high. 

A narrow bel t  of gravity highs trending i n  approximately 

northwestward alignment i s  located along (or near) the eas t  s ide o f  the  

gravi ty  high discussed above. The gravity b e l t ,  w h i c h  i s  a b o u t  6 km in 

w i d t h ,  extends northward from the northern end o f  the I r o n  Springs 

gravi ty  high, then bends northeastward a1 ong the northwestern boundary 

of the  Cedar Valley gravity low, and  then continues nor thward  again 

over the Black Mountains and  beyond the study a r e a .  

i s  possibly caused by a northward-trending narrow horst  composed o f  the 

pre-Tertiary sedimentary rocks possibly shaped by the minor thrust ing 

in  f ront  of the main Laramide th rus t .  A zone of northward- t o  

northeastward-trending l a t e  Pleistocene and suspected Quaternary f a u l t s  

were mapped by Anderson a n d  others  (1978)  a l o n g  the area t h a t  

corresponds approximately with the  eastern flank of t h i s  gravity ridge. 

T h e  gravity ridge 
8 

. 

Q 

Gravity Anomalies over the Needle Range Area 

A n  approximately ci  rcul ar gravity high over Modena a n d  vici ni t y  

(a rea  3,  F i g .  4 )  i s  probably caused by a b lock  of Paleozoic sedimentary 

rock a t  shallow depth. 

A northward-trendi ng small gravity hi g h  was observed over the 

southern end of the Needle Range despi te  the sparse  g r a v i t y  d a t a  i n  



3 
52 

Y 

9 

3 

i )  

3 

3 
A 

t h i s  rugged area (area 6 ,  F i g .  4 ) .  The gravi ty  h i g h  i s  probably caused 

by Paleozoic sedimentary rocks beneath the  volcanic cover a t  shallow 

depth. The Needle Range was interpreted by Gabbert (1980) as a 

northward-trending horst  which has been t i l t e d  eas t .  

The gravi ty  anomaly values decrease t o  a b o u t  -230 mgal over 

Hamblin Valley. 

southeastern p a r t  o f  the  valley a n d  the gravi ty  anomaly i s  n o t  closed 

on ' the gravi ty  map, the  gravity low i s  probably caused by a Basin and  

Range-type graben (Gabbert, 1980). A s teep  gravi ty  gradient ,  w i t h  a n  

average v a l u e  o f  about 4 mgal/km, over l ies  the  eas te rn  margin of the  

southern end o f  Hamblin Valley. The gravi ty  gradient indicates  a 

s teeply dipping normal f a u l t ,  with downthrow on t he  west, which 

separates  the  Hamblin Valley graben from the  Needle Range'horst. 

gravi ty  d a t a  ind ica te  a t o t a l  ver t ica l  throw of approximately 11,400 f t  

( 3 , 4 7 5  m )  along the zone (Gabbert, 1980) .  

Even though the  gravity data were taken only i n  the  

The 

A gravi ty  l o w  was observed over the  southern end of Pine Valley 

(area 9 ,  Fig. 4 ) .  This  gravity low, which i s  bounded on the  east  by 

the  Wah Wah gravi ty  h i g h  and on the  west by the  Needle Range gravi ty  

high, ind ica tes  a graben (Gabbert, 1980). For t h e  in te rpre ta t ion  of 

the  gravi ty  anomalies over the major' portion o f  t h i s  region beyond the 

study area t o  the north, the  reader i s  referred t o  the I"I.S. t hes i s  by 

Gabbert (1980). 

Enterprise Reservoir Gravity High  

A northeastward-trending gravi ty  h i g h  ove r l i e s  the  area a b o u t  10 

krn west of Enterprise (area 1 ,  F i g .  4 ) .  The f ea tu re  i s  herein 

3 
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A designated the "Enterprise Reservoir gravity high. " 

s t a t i o n s  are sparse in t h i s  area,  the  contours on the southern p a r t  of 

A s  the  gravity 

the anomaly (near the southern margin of the  survey a rea )  a re  inferred.  

However, the  gravi ty  gradients on the e a s t ,  n o r t h ,  a n d  west margins  of 

the anomaly shows the prominent northeastward-trending gravi ty  high 

which ove r l i e s  this  area. The gravity high i s  interpreted as caused by 

a northeastward-trending s t ruc tura l  high in  the  near-surface basement 

rocks resu l t ing  mainly from the Laramide orogenic a c t i v i t y .  The s teep 

gravi ty  gradient on the  southeast s ide o f  the  anomaly may indicate  a 

s teeply d i p p i n g  f a u l t  which was formed a t  the  western m a r g i n  of the  

Reservoir trough during the period of the Bas in  and Range tectonism 

a f t e r  the Reservoir trough was formed accompanying the  Bull Valley- Big  

Hountain in t rus ion  (Blank, 1959) .  The gravi ty  gradient o n  the west 

s ide  of t he  anomaly may be interpreted as caused by a northeastward- . 

trending normal f a u l t  w i t h  downthrow on the west. Nevertheless, t he  

r e l a t i v e l y  small gradient on  the north s ide  of the anomaly may be 

caused by density cont ras t s  re la ted  t o  a d i f f e ren t  tectonism, which 

wil.1 be discussed i n  the  in te rpre ta t ion  o f  the  M o u n t  Escalante gr.avity 

h i g h .  

The northeastward-trending small  gravi ty  low which l i e s  on the  

southeast  s ide  of the Enterprise Reservoir gravi ty  high, was observed 

near Enterpr ise .  This gravity low i s  probably caused by the  low- 

densi ty  sediments w i t h i n  the  Reservoir trough. Although there  a re  a 

few r h y o l i t i c  and basa l t i c  in t rus ions  a n d  up l i f ted  blocks within the  

Reservoir t r o u g h  region (Blank, 1 9 5 9 ) ,  t he  d i f fe rences  o f  t h e  density 

d i s t r i b u t i o n  in the  region may n o t  be high enough t o  give the separate 
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g r a v i t y  fea tures .  

Big Mountain Gravity High 
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A small gravi ty  high e x i s t s  over Big M o u n t a i n ,  a b o u t  7 km 

southeast  of Enterprise;  however, there  i s  n o  c losure o f  t h e  gravity 

contours within the mapped area (area 11, Fig. 4 ) .  The high i s  herein 
I 

designated the  "Big Mountain gravity high". The gravi ty  high i s  

possibly caused by the doming o f  t he  Mesozoic sedimentary rocks by the 

igneous intrusion along the Bull Valley-Big Mountain Laramide 

s t ruc tu re ,  which may be the  southwestward extension o f  the  I ron  Springs 

in t rus ion  (Blank, 1959) .  The smal 1 northeastward-trending gravity 

high, with 2-mgal c losure,  which i s  located immediately n o r t h  o f  the 

Big Mountain gravity h i g h ,  i s  probably caused by a s t ruc tura l  high ( i n  

the basement rocks) t h a t  i s  a northward extension o f  the  Big Mountain 

in t rus ive  arch. 

A small gravity low, w i t h o u t  any mapped closure on the g r a v i t y  

map, e x i s t s  on the east  s ide  of the Big Mountain gravi ty  h i g h  and  i s  

probably caused by a s t ruc tura l  low ( i n  the basement rocks) t h a t  i s  

f i l l e d  with low-density volcanics and/or sediments. A small gravity 

high, without c losure,  which occurs near the  southern boundary o f  the 

survey area immediately southwest o f  S t o d d a r d  M o u n t a i n ,  may represent a 

s t ruc tu ra l  high ( i n  the basement rocks) t h a t  i s  p r o b a b l y  re la ted t o  

I r o n  Springs doming-up s t ruc ture .  - . 

M o u n t  Escalante Gravity High 

A b r o a d ,  eastward-trending gravity high over1 ies  M o u n t  Escal ante 

a n d  v i c i n i t y ,  (area 2 ,  Fig. 4 ) .  Despite the sparse gravi ty  d a t a  over 
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the  western p a r t  of t h i s  area,  the pronounced gravity h i g h ,  w i t h  a 

maximum gravi ty  anomaly value o f  a b o u t  -188 m g a l ,  c l ea r ly  ex i s t s  over 

t h i s  region. The gravity high i s  herein designated the "Mount 

Escalante gravi ty  h i g h " .  The g r a v i t y  high i s  apparently located within 

the surrounding gravity anomalies, the fea tures  o f  which seem t o  be 

incompatible w i t h  t h i s  h i g h  a t  the  center.  The i so l a t ion  of the trend 

of the  gravi ty  h i g h  from t h a t  of the surrounding gravi ty  anomalies 

suggests the  poss ib i l i t y  of major s t ruc tura l  breaks between the 

causat ive body and the surrounding s t ruc tures .  One poss ib i l i t y  of the 

cause of the gravi ty  h i g h  i s  a block of  basement sedimentary rock, 

located a t  shallow depth, which has been displaced l a t e r a l l y  by a 

s t r i k e - s l i p  f a u l t  system. I f  so, i t  i s  conceivable t h a t  t h i s  

s t ruc tura l  block was previously the c o n t i n u a t i o n  of  t he  northeastward- 

trending Enterpr ise  Reservoir basement s t ruc tu re  t h a t  was l a t e r  

displaced by a l e f t - l a t e r a ?  movement along the eastward-trending 

s t r i k e - s l i p  f a u l t .  The eastward extension of t h i s  postulated 

l e f t - l a t e r a l  f a u l t  possibly coincides w i t h  the corresponding 

l e f t - l a t e r a l  o f f se t  o f  S t o d d a r d  M o u n t a i n  from t h e  m a i n  alignment o f  t h e  

be l t  of I ron  Springs intrusions.  I f  such a s t r i k e - s l i p  f a u l t  e x i s t s ,  

i t s  horizontal displacement may be as la rge  as a b o u t  

the alignment of the Bull Valley-Big Mounta in  i n t rus  

Enterpr ise  beyond the study area,  along the d o m i n a n t  

Springs in t rus ive  b e l t ,  as postulated by B l a n k  (195 

w i t h o u t  pronounced o f f se t  on the aeromagnetic map of 

8 km. However, 

ve arch (south of  

trend o f  the Iron 

) )  can be seen 

U t a h  (Zietz  e t  

a1 . , 1 9 7 6 ) .  Consequently, t h i s  inference seems t o  be unfavorable. 

A second poss ib i l i t y  o f . t h e  cause of  the M o u n t  Escalante gravity 
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h i g h  i s  an igneous body composed of dense s i l i c i c  v o l c a n i c  m a t e r i a i s  a t  

s h a l l o w  depth.  Moreover,  t h e  aeromagnet ic  map does n o t  show a 

pronounced b road  magnet ic  h i g h  o v e r  t h i s  a rea  p r o b a b l y  because o f  t h e  

absence of b a s i c  i n t r u s i v e  m a t e r i a l s  i n  t h e  upper p o r t i o n  o f  t h e  

igneous body. The g r a v i t y  r i d g e  between t h e  South B e r y l  graben and 

Newcas t le  graben may r e p r e s e n t  a h o r s t  s u p p o r t e d  b y  a l i n k i n g  o f  t h e  

igneous i n t r u s i o n  between t h e  i n t r u s i v e  body beneath t h e  T a b l e  B u t t e  

area ( p r e v i o u s l y  p o s t u l a t e d )  and t h e  p o s t u l a t e d  i gneous  body under  t h e  

Mount E s c a l a n t e  g r a v i t y  h i g h  a t  a c e r t a i n  depth.  

Cedar Va l e y  and Parowan V a l l e y  Grabens 

Two n o r t h e a s t w a r d -  t o  n o r t h w a r d - t r e n d i n g  g r a v i t y  lows ex tend  

a c r o s s  t h e  Cedar V a l l e y  area ( a r e a  21, F i g .  4 ) .  The more pronounced 

g r a v i t y  1 ow c o i  n c i d e s  w i t h  Cedar Val 1 ey a p p r o x i m a t e l y  between Cedar 

City and t h e  s o u t h e r n  f o o t h i l l s  of t h e  B l a c k  Moun ta ins  ( a r e a  21-A, Fig. 

4 ) .  T h i s  anomaly i n d i c a t e s  a graben. The g r a v i t y  g r z d i e n t s  on e i t h e r  

s i d e  o f  t h e  anomaly i n d i c a t e  t h a t  t h e  graben i s  bounded on t h e  west by 

a pronounced f a u l t  zone and on t h e  eas t  by  a f a u l t  zone b u t t e d  a g a i n s t  

t h e  west  s i d e  o f  Red H i l l s  s t r u c t u r a l  b l o c k .  Water w e l l s  and an 

abandoned o i l  and gas w e l l  , w h i c h  have been d r i l l e d  i n  Cedar V a l l e y ,  

i n d i c a t e  t h a t  t h e  t h i c k n e s s  of t h e  v a l l e y  f i l l  i s  g r e a t e r  t h a n  960 ft 

(295 rn), wh ich  i s  t h e  dep th  o f  t h e  deepest w e l l  i n  t h e  v a l l e y  f o r  which 

d a t a  a r e  a v a i l a b l e  (Hardman, 1964).  

The o t h e r  g r a v i t y  low, on t h e  south,  w 

mgal, i s  separa ted  by  a s m a l l  g r a v i t y  r i d g e  

g r a v i t y  l o w  d e s c r i b e d  above ( a r e a  21-By F i g  

t h  a c l o s u r e  of about 4 

n e a r  Cedar City f r o m  t h e  

4 ) .  T h i s  g r a v i t y  l o w  i s  
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located over Quichapa Lake area  in the southern p a r t  of t h e  Cedar 

Valley a rea ,  between Cedar City a n d  the Harmony Mountains. The gravity 

low a lso  indicates  a graben. 

The trend of the gravity lows over Cedar Valley extends 

southwestward generally paral le l  t o  the Hurricane C l i f f s ,  t h r o u g h  the . 

New Harmony area ,  Grass Val ley and beyond (Cook and Hardman, 1 9 6 7 ) .  

The two above-di scussed grabens were designated j o i n t l y  as the "Cedar 

Valley graben" by Cook and Hardman (1967) .  

probably comprises two separate s t ruc tura l  blocks. 

However, the  graben 

A northeastward-trending gravity low over Parowan Valley area 

e x i s t s  with a minimum gravity value of a b o u t  -228 mgal a t  the  center 

(area 2 4 ,  Fig. 4 ) .  

the  northeast  p a r t  of the anomaly, the main p o r t i o n  o f  the  anomaly l i e s  

within the survey area. The gravi ty  low indicates  a graben, herein . 

designated the  "Parowan Val ley graben," between the Red Hi1 1s horst on 

the west a n d  the s t ructural  h i g h  associated w i t h  a monocline (Threet,  

A l t h o u g h  the contours are  not  completely closed on 

1952a)  on the southeast .  

Red Hi l l s  Gravity H i g h  

A 1 o n g ,  narrow, northeastward-trending gravi ty  ridge over1 i e s  the 

Red Hi l l s  area (area 23, Fig. 4 ) .  The gravi ty  ridge over l ies  exposures 

of Mesozoic sedimentary rock t h a t  form the s t ruc tura l  block between the 

Cedar Valley graben on the west and the Parowan Valley graben 

(discussed l a t e r )  on the eas t .  According t o  the d r i l l  d a t a  of the 

Mountain Fuel Supply Company L i t t l e  S a l t  Lake $1 well ,  located a b o u t  10 

krn southwest of Parowan Gap along the gravi ty  r idge,  quartz monzonite 
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was penetrated a t  a depth of about 3,490 f t  (1 ,064  m ) .  This q u a r t z  

monzonite i s  possibly a northeastward extension of the Iron Springs 

in t rus ion .  

between The Three Peaks and the Red Hi l l s  area i s  probably due t o  the 

domination of the gravity e f f ec t  caused by the  Basin and  Range f au l t i ng -  

over t h a t  of the  igneous intrusion.  For a more comprehensive 

discussion of the  gravity discont inui ty  over the  va l ley ,  t he  reader i s  

referred t o  Cook and Hardman (1967) .  

8 

The discont inui ty  of the high gravity trend over the region 

8 

Gravity Ridge over the Hurricane Fault Zone 

The northern end of the Hurricane f a u l t  zone extends for a 

dis tance of about 24 k m  from Cedar City t o  the  southeastern margin of 

the study area (area 2 2 ,  F ig .  4 ) .  I n  t h i s  p o r t i o n  of the  f a u l t  zone, 

i t  i s  conceivable t h a t  the steep gravity ridge corresponds mainly with 

Black Ridge, which i s  a n  u p t h r o w n  faul ted narrow block composed 

primarily of  Paleozoic sedimentary rocks, covered w i t h  a r e l a t i v e l y  

t h i n  l ayer  of lower Mesozoic uni ts  a n d  ( i n  some places) Quaternary 

b a s a l t  a t  t h e  t o p .  T h i s  i n t e r p r e t a t i o n  i s  s u g g e s t e d  b y  t h e  a b a n d o n e d  

o i l  and g a s  well Schurtz Creek 81 ( located about 8 k m  s o u t h  of Cedar 

City over the Black Ridge) t h a t  penetrated Paleozoic Sedimentary rock 

a t  a shallow depth of a b o u t  746 f t  ( 2 2 7  m )  a f t e r  passing t h r o u g h  

Nesozoic Sedimentary rocks. 

Trend Analysis of Gravity Map 

Northward t o  northeastward trends.--On the eas te rn  portion of the 

b 

Q 
survey area ( F i g .  4 ) ,  a northeastward trend of gravi ty  highs overl ies  

the Hurricane f a u l t  zone a n d  continues northeastward a l o n g  the Red 
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Hi l l s  gravi ty  ridge.  The f ac t  t h a t  t h i s  trend of  gravity highs l i e s  

aproximately a l o n g  a s t r a igh t  l i ne  i n  a northeastward d i rec t ion ,  may 

ind ica te  t h a t  the  underlying geologic s t ruc tu res  occur mainly as a 

r e s u l t  of the  Basin and  Range fau l t ing  system a l o n g  the Laramide zone 

of weakness, and under l e s s  influence of the igneous intrusion in t h i s  

region. A n o r t h -  t o  northeastward-trending zone of gravi ty  lows occurs 

along Cedar Valley on the west s ide  of the above-mentioned gravity high 

trend. Within t h i s  zone of gravi ty  lows, t he  trend of the  gravi ty  low 

on the west s ide  of the Red Hills i s  approximately northward, whereas 

the overall  trend of the zone i s  northeastward. This change in trend 

of t he  gravi ty  lows may indicate  t h a t  the northern p a r t  of the Cedar 

Valley graben was formed primarily under the influence of the r e g i o n a l  

north-south-trending Basin and Range f au l t i ng  system. 

Another gravi ty  high with northeastward trend occurs over the I r o n  

Springs in t rus ive  bodies a n d  extends northeastward a l o n g  a narrow high 

gravi ty  zone on the west s ide of the northern part  o f  the Cedar Valley 

graben. 

i r r egu la r  individual gravity h i g h s .  This f a c t  probably suggests . that  

The overall h i  g h  gravity trend i ncl udes the re1 a t i  vely 

the  subsurface s t ruc tures  along the  d i f f e ren t  parts of the t rend ,  have 

undergone d i f f e r e n t  tec tonic  a c t i v i t i e s .  

gravi ty  h i g h  trend may represent a weak zone of minor thrusted 

I n  o t h e r  words, the e n t i r e  

sedimentary s t ruc tu re  i n  f r o n t  o f  the  main Larami'de t h r u s t ;  however, a t  

l a t e r  periods,  the southern portion of the trend was probably modified 

by the I r o n  Springs igneous in t rus ion ,  and  the northern portion, 

without in t rus ion  a t  shallow depth, i s  probably more influenced by the 

Basin a n d  Range tectonism. 
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Another northeastward-trending gravi ty  f ea tu re ,  on the west side 

of the I r o n  Springs gravity h i g h ,  contains b o t h  h i g h  a n d  low gravity 

anomalies. This trend includes the  tjewcastle g r a v i t y  low, the Lund 

gravity low, and the Table Bu t t e  g r a v i t y  h i g h  i n  the middle. I n  t h i s  

case,  the Avon gravity low i s  assumed t o  be excluded from t h i s  

northeastward-trending a1 ignment, a1 t h o u g h  the underlying Avon graben 

P 

U 

3 
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resembles a Basin and  Range s t ruc tu re .  

formed w i t h i n  a l imited region during the Basi.n and Range tectonism 

The Avon graben was apparently 

among the complex s t ruc tura l  fea tures  associated with the igneous 

in t rus ions ,  ra ther  t h a n  formed along the general trend under Basin and  

Range s t ruc tu ra l  c o n t r o l .  A long  t h e  northeastward-trending gravity 

alignment, i t  should be noted t h a t  s teep gravi ty  gradients occur along 

the west s ide o f  the Lund gravity low, the Newcastle g r a v i t y  low,  a n d  

the sma l l -g rav i ty  low (located on  the eas t  s ide of the Enterprise 

Reservoi r gravi ty  h i g h )  . 
probably shaped by the loca l ly  intensive Basin a n d  Range tectonism 

The geol ogic s t ruc tures  a1  o n g  t h i  s trend were 

a l o n g  the northeastward- t r e n d i n g  narrow zone, located near the eas t  

s ide of the main Ldramide th rus t .  

Eastward t o  southeastward trends.--Three r e l a t ive ly  pronounced 

trends of the boundaries of the gravi ty  anomalies, w i t h  a southeast 

d i rec t ion  (approximately S 60" E ) ,  e x i s t  on the gravity map ( F i g .  4 ) .  

The f i r s t  ( a n d  northermost) trend extends southeastward from t h e  

southern end of the Pine Valley g r a v i t y  low t o  approximately the 

southern end o f  t h e  Red H i l l s  gravi ty  high, across t h e  northern 

boundaries o f  the Beryl gravi.ty h i g h  a n d  the Table Butte gravity high, 
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the  center  of the  Avon gravi ty  low, and the  northern end of the I r o n  
i )  Springs gravi ty  h i g h .  

The second and middle) trend extends over the approximate 

northern boundar es  of the  East Modena gravi ty  low,  the  South Bery 

gravi ty  low, the Newcastle gravi ty  low, the Antelope gravi ty  high, a n d  

the  small g rav i ty  saddle between The Three Peaks gravi ty  h i g h  and the 

Granite Mountain gravi ty  high, and continues over the small gravity 

ridge across Cedar Valley near Cedar City. 

The t h i r d  ( a n d  southern) trend l i e s  along the approximate southern 

boundaries of t he  East Modena gravi ty  low and the  S o u t h  Beryl gravity 

low, and extends southeastward across the center  of the Newcastle 

gravi ty  low, the  town of Newcastle, and  continues over the southern end 

of the  Iron Mountain gravi ty  h i g h ,  the southern margin o f  the gravity 

low.in the  southern p a r t  of Cedar Valley, a n d  extends over the of fse t  .' 

o f  the  gravi ty  ridge in  the Murie Creek f a u l t  area (Cook a n d  Hardman, 

1 9 6 7 )  within the  Hurricane f a u l t  zone. 

The southeastward-trendi n g  zone of the gravi ty  fea tures  within 

these three  t rends probably corresponds with the subsurface geological 

va r i a t ions .  These fea tures  a re  par t ly  shaped by a 

southeastward-trending s t ruc tura l  control which may be re1 ated t o  a 

be l t  of minor igneous in t rus ion  across the Escalante Desert (which w i l l  

be discussed 1 a t e r )  . 

3 
n 
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R E G I O N A L  FEATURES OF THE A E R O M A G N E T I C  MAP 
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The aeromagnetic d a t a  were taken a t  a constant barometric 

e levat ion of 9,000 f t  (2,744m), a l o n g  north-south f l i g h t  l ines  with a 

separation of 2 m i  (3 .2  km). 

(heavy l i n e s )  and 20 gammas ( t h i n  l i n e s )  on the aeromagnetic map ( F i g .  

5 ) .  The e a r t h ' s  magnetic f i e l d  i n  th is  region has an approximate 

declinaton of 16"E, an inc l ina t ion  of 64"N, a n d  a t o t a l  f i e l d  strength 

of approximately 54,000 gammas (Vestine and o thers ,  1947). A plane 

regional magnetic f i e l d  corresponding t o  the  gradient of the e a r t h ' s  

main magnetic f i e l d  of a b o u t  9 .0  gammas per mi (5 .63  gammas per k m ) ,  

increasing a b o u t  N30"E has been removed on the aeromagnetyc map. 

e levat ions of the area range from a b o u t  5,000 f t  (1 ,524  m )  on the 

- 

The contour interval  s a re  100 gammas 

The 

deser t  f l o o r  t o  a b o u t  8,000 f t  ( 2 , 4 3 9  m )  on t h e  peaks o f  t h e  h i g h  

mountains. Consequently, the aeromagnetic anomalies a re  possibly 

a t t r ibu ted  t o  the topography t o  a large ex ten t ;  a n d  therefore  i n  t h i s  

repor t ,  on ly  the general trends and  c h a r a c t e r i s t i c s  of  the  large 

regi onal magnetic anomal i e s ,  ra ther  t h a n  the  smal 1 1 oca1 magnetic 

anomal i es , w i  1 1  be d i  scussed. 

The overall  character  of the aeromagnetic map shows regions of 

magnetic highs over the Needle Range area a n d  t h e  Black  Mountains. 

These h i g h  maglietic regions may correspond mainly w i t h  the 

regional magnetic anomaly a n d  the topographic anomalies, even t h o u g h  

there  may be other magnetic regional e f f e c t s  due t o  deeper s t ruc tures .  
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A zone of prominent magnetic highs a n d  lows, w h i c h  over l ies  the h i l l y  

region near Enterprise a n d  the  Iron Springs d i s t r i c t ,  extends 

northeastward t o  j o i n  the region o f  the magnetic highs over the B l a c k  

Mountains. Magnetic contours w i t h  only gent le  magnetic re1 ief  overl ie  

8 
d 

a 

9 
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9 

most o f  the f l a t  surface of the valley a reas ,  where there  i s  l i t t l e  or 

no local magnetic disturbance. 

Eastward- t o  Northeastward-Trending Magnetic Features 

' The most pronounced northeastward-trending b e l t - o f  magnetic 

anomalies i n  the  study area over l ies  the be l t  of the I ron  Springs 

q u a r t z  monzonite in t rus ive  bodies. The average h i g h  magnetic 

suscep t ib i l i t y  values of 0.00345 cgs units for the in t rus ive  rocks, i n  

contrast  w i t h  t h a t  of 0.00028 cgs uni ts  f o r  the alluvium (Schmoker, 

1 9 7 2 ) ,  causes the h i g h  magnetic anomalies over the in t rus lons .  These 

magnetic s u s c e p t i b i l i t y  values were taken by Schmoker ( 1 9 7 2 )  from the 

measurements of samples of q u a r t z  monzonite from the S a n  Francisco 

Nountains and  v i c i n i t y ,  located a b o u t  20 km nor th  of the  northern 

margin of the present survey area.  The elongate magnetic high over 

Granite Mounta in  and  The Three Peaks has a closure of a b o u t  100 gammas. 

The magnetic h i g h  i s  par t ly  caused by the h i g h  t opography  of the 

mountains. 

w i t h  a c losure of a b o u t  400 gammas, over I ron  H o u n t a i n ,  w h i c h  i s  a b o u t  

1 ,000 f t  (305 m )  higher i n  e levat ion t h a n  the other two. 

This suggestion i s  supported by the i so la ted  magnetic high, 

The possible nor thward  extension of the el ongate magnetic high 

over  Granite M o u n t a i n  a n d  The Three Peaks i s  f o u n d  i n  Cedar Valley, i n  

the area l y i n g  west of the Red H i l l s ,  a f t e r  a g a p  of a b o u t  6 mi (10 

c 
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k m ) .  

i n t o  the magnetic h i g h  over the B l a c k  Mountains. 

the magnetic r idge,  west of the Red Hi l l s ,  may correspond w i t h  the 

extension of the q u a r t z  monzonite body a t  shallow depth beneath th i s  

area.  The magnetic low over the Red Hi l l s  i s  consis tent  w i t h  the lower 

average magnetic suscep t ib i l i t y  of 0.00004 cgs uni t s  for  consolidated 

sedimentary rocks and the r e l a t i v e l y  higher average magnetic 

s u s c e p t i b i l i t y  of 0.00028 cgs units f o r  alluvium (Schrnoker, 1972) .  

From t h i s  a rea ,  a magnetic r i d g e  extends northeastward a n d  merges 

T h e  c o n t i n u a t i o n  of 

. 

Similar ly ,  the northward-trending be l t  of magnetic lows, which 

extends northward from the northern end of the Iron Springs magnetic 

high t o  the western portion of the  Black Mountains, i s  possibly caused 

by a northward-trending ridge,  composed of sedimentary rocks w i t h  low 

magnetic suscep t ib i l i t y  a t  shallow depth. Across the sou the rn  p a r t  of 

Cedar Valley, a magnetic r idge,  which extends southeastward from the 

Iron Springs magnetic h i g h  t o  Cedar C i t y ,  coincides with the grav-ity 

ridge between the two northeastward-trendi n g  g r a v i t y  1 ows i n  Cedar 

Val 1 ey.  Therefore, the eastward-trendi ng horst between the  two  grabens 

i n  Ceda r  Valley may b e  a s t r u c t u r a l  h i g h  re la ted  t o  t h e  l e s s  s i l i . c i c  

igneous materi a1 . 
Eastward-trending magnetic anomalies over l ie  t h e  region west of 

Enterpr ise .  A l t h o u g h  the magnetic highs are par t ly  due t o  high 

t o p o g r a p h y ,  the anomalies may be in te rpre ted  as caused main ly  by the 

eastward-trending igneous-re1 ated s t ruc tu res ,  possibly unrelated t o  t h e  

northeastward-trendi ng Laramide geologic fea tures .  

eastward-trending magnetic low (with a closure of a b o u t  100 gammas and  

w i t h  i t s  center located a b o u t  12 k m  northwest o f  Enterpr ise)  a n d  an 

A prominent 

a 
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adjacent magnetic h i g h  ( w i t h  approximately equal amp1 i tude and  located 

immediately south of the above-mentioned magnetic low) occur over t h i s  

r e l a t i v e l y  low t o p o g r a p h i c  region. This pair  of magnetic anomalies 

( h i g h  and low) may indicate  an  east-west-trending magnetic body with a 

large component of t ransverse polar izat ion in a north-south d i rec t ion .  

I t  s h o u l d  be noted t h a t  the h i g h  magnetic anomaly values over the 

8 
5) 

region near Mount  Escalante are  approximately equal t o  those over 

Granite Mountain and The Three Peaks, i n  the  I r o n  Springs d i s t r i c t .  

These two areas have approximately the same tdpographic fea tures .  

Although there  may be a magnetic regional t h a t  i s  d i f f e ren t  from the 

plane regional due t o  the geomagnetic gradient ,  the causative magnetic 

bodies under the area near M o u n t  Escalante may have approximately the 

same magnetic cha rac t e r i s t i c s  as those of the I r o n  Springs intrusive 

bodies. 

in t rus ive  rocks a t  shallow depth. 

I f  so, the rocks beneath the area near  Mount Escalante may be 

I t  should a l s o  be noted t h a t  the prominent magnetic low near 

ilodena i s  bounded on the north with a s teep magne t i c  g r a d i e n t  of  a b o u t  

200 gammas per 3 mi,  ( 4 .8  krn). Because m o s t  o f  t h i s  magnet ic  g r a d i e n t  

i s  located over the f l a t  region of the Escalante Desert near Modena, 
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the northward-trending moun ta in  ranges lying north of Modena may n o t  be 

primarily responsible f o r  t h i s  s teep  magnetic gradient .  However, the 

magnetic low may be interpreted as an eastward-trending basement 

sedimentary s t ruc tu re  which generally has lower magnet ic  suscept ib i l i ty  

t h a n  t h a t  of the surrounding alluvium a n d  extrusive volcanic rocks w i t h  

high si1 ica  content (Schmoker , 1 9 7 2 ) .  

h i g h ,  which i s  located a b o u t  2 k m  north of Ilodena, over l ies  the steep 

Moreover, t h e  Modena g r a v i t y  

s 
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magnetic g r a d  en t .  Therefore, the steep magne t i c  gradient between' the 

magnetic h i g h  on the n o r t h  a n d  the magnetic low on the south suggests 

the a l t e r n a t i v e  qua l i t a t ive  in te rpre ta t ion  t h a t  an  east-west-trending 

elongate body e x i s t s  w i t h  i t s  cen ter  located approximately 1 km nor th  

of Modena. I f  s o ,  t h i s  body i s  probably a n  igneous body a t  shallow 

d e p t h ,  with reverse polar izat ion.  This in te rpre ta t ion  seems more 

cons is ten t  with the location o f  the  causative body corresponding w i t h  

the  Modena gravi ty  hi g h .  

Southeastward-Trending Magnetic Feature 

Over the  Escalante Desert, approximately between the Antelope 

Range on the eas t  and the f o o t h i l l s  of the southern end of the Needle 

Range (north of Beryl) on  the  west, the  a b r u p t  terminations of the 

northeastward-trending magnetic anomalies w i t h  r e l a t ive ly  small 

amplitudes, on b o t h  the  northeast  and southwest s ides ,  a re  

approximately located a l o n g  the t rends i n  a southeastward d i rec t ion .  

The w i d t h  of the southeastward-trending zone of  the  magnetic anomalies 

between the two l i nes  w h i c h  apparently confine the northeastward extent 

o f  the  anomalies, i s  a b o u t  15 km. 

apparently extends southeastward t o  the magnet ic  h i g h  over Granite 

Mountain and The Three Peaks. The zone of  the magnetic anomalies (most 

o f  w h i c h  a re  h i g h  anomalies), approximately coinc,jdes w i t h  the 

southeastward-trending be l t  o f  the  gravi ty  anomalies, which includes 

the g r a v i t y  highs over the Beryl a rea ,  Table Butte a rea ,  Antelope 

Range, a n d  Iron Springs a rea ,  from northwest t o  southeast ( see  F i g .  4 ) .  

The be l t  i s  interpreted as caused by a southeastward-trending 

The zone o f  the magnetic anomalies 
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igneous-related s t ruc tu re ,  probably a minor in t rus ive  be l t  j o i n i n g  the 

two major eas t e r ly  trending igneous b e l t s  on the  n o r t h  a n d  south. The 

trends of the magnetic pattern over t h i s  region are  obviously n o t  

re la ted t o  topographic e f f ec t s .  About 1 2  km northeast of Beryl, an  

approximately c i r c u l a r  magnetic h i g h ,  w i t h  a c losure o f  about 100 

a 

gammas w i t h i n  the b e l t ,  i s  probably due t o  an offshoot o f  a n  intrusion 

a t  shall  ow depth , possibly w i t h i n  t he  shal l  ow basement sedimentary 

s rock, under the a1 1 u v i  urn o f  t he  Escal ante Desert. 
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G R A V I T Y  P R O F I L E S  AllD I N T E R P R E T A T I V E  MODELS 

Four gravi ty  p ro f i l e s ,  extending approxmately in a n  east-west 

d i r ec t ion ,  were chosen i n  the survey area (Figs.  3 and  4 )  , t o  be 

modeled using a 2-1 /2  dimensional gravity modeling program. This 

program was devel oped by Snow (1978) , usi n g  2-1 / 2  di meni sonal gravi ty  

computation algorithm (Talwani, e t  a l .  , 1959) .  

Except f o r  t he  eastern p a r t  o f  the p ro f i l e  D - D ' ,  t he  regional 

grav i ty  f o r  a l l  p ro f i l e s  was assumed t o  be zero ( a s  previously 

discus-sed). Each prof i le  was modeled assuming a three- layer  subsurface 

geologic model. The top layer ,  w i t h  an assumed densi ty  o f  2 .2  g/cc, 

represents  alluvium and la te -Ter t ia ry  sediments, t he  maximum thickness 

o f  which i s  assumed t o  be about 3,000 f t  (912  m ) .  A t  g rea te r  depth, . 

l a t e -Te r t i a ry  sediments may e x i s t ,  b u t  the  densi ty  of the  sediments i s  

assumed t o  be greater .  This  assumption i s  based on the density-depth 

curve f o r  Ter t ia ry  sediments, a s  given by G r a n t  a n d  Nest (1965,  p .  

194) .  The t o p  layer  may be composed of claystone, s i l t s t o n e ,  shale ,  

a n d  loose conglomerate. The second layer ,  w i t h  a n  assumed average 

densi ty  of 2.45 g/cc or 2.5 g/cc, may represent late-Cenozoic sediments 

a t  a depth of grea te r  t h a n  about 3,000 f t  (912 m ) , ,  volcanics, the 

Claron Formation, and possibly the  upper portion of Mesozoic 

sedimentary rocks ( f o r  instance,  t he  Iron S p r i n g s  Formation). The 

t h i r d ,  and bottom, layer  w i t h  an  assumed average densi ty  of 2 . 7  g/cc, 

may represent  1 ower Mesozoic rocks , P a l  eozoi c rocks , a n d  i ntrusi  ve 

b 
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igneous rocks a l l  of which are  herein co l l ec t ive ly  designated as 
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I '  b a s e me n t roc k I' o r " bed roc k " . 
The gravity prof i les  were modeled wi th- the  assumption t h a t  t h e  

e a r t h ' s  surface i s  horizontal. Thus the depths t o  the rock layers  

shown in the  models and discussed in the t e x t  of t h i s  report  are  w i t h  

respect t o  the surface elevation. Models f o r  each p ro f i l e  were 

constrained using (1)  known surface geology, ( 2 )  sample density 
J 

measurements, and ( 3 )  d r i l l  hole information, where avai lable .  The 

three- layer  i n t e rp re t a t ive  geologic cross sect ions shown are  no t  

unique, b u t  are  considered more r e a l i s t i c  f o r  the geologic s e t t i n g  t h a n  

two-layer geologic cross sect ions.  I n  some of the models along the 

margin of a graben, only a s ing le ,  steeply dipping f a u l t  i s  shown; 

however, i t  should be emphasized t h a t  a l a rger  number of smaller s tep 

f a u l t s  may ac tua l ly  occur t h a t  would give e s sen t i a l ly  the  same gravity 

anomal y.  

Prof i le  A - A '  

P ro f i l e  A - A '  ( F i g .  6 )  extends southeastward approximately 30 k m  

fro; a place (located a b o u t  8 km northwest o f  Beryl Junction in t h e  

Escalante Desert)  , a l o n g  U t a h  highway 56, across Newcastle, a n d  

terminates a t  a point a b o u t  2 k m  southwest of I r o n  Mountain. 

northwest t o  southeast ,  the prof i le  i s  located over the a l l u v i u m  of the 

Escalante Desert fo r  a b o u t  18 km,  over exposed volcanics ( i n  the area 

From 

lying eas t  of Newcastle) f o r  a b o u t  2 k m ,  a n d  over a l l u v i u r r i  a g a i n  for  

a b o u t  10 k m .  T h e  complete Bouguer gravi ty  anomaly values range from 

approximately -190 mgal over b o t h  ends of  t h e  p r o f i l e ,  t o  a b o u t  -220  



Y W V W W yl rg 

I I 

N C  

i i I I 

BJ 
A Newcast le  Graben Pinto  Graben A' 

0 
2.2 

2.45 
2000 

eo00 

N O  V E R T I C A L  E X A G G E R A T I O N  2.7 
4000 

DEPTH ( F T )  IM) 0 IO 20 30 

I zoo0 

D I S T A N C E  ( K M )  

Figure 6.  
number i s  the density ( i n . g / c c )  o f  the layer .  Designations: BJ = Beryl Junction; 
and  NC = Newcastle. 4 

In te rpre ta t ive  geblogic cross '  section along gravi ty  p r o f i l e  A A '  . The 
-4 



72  

3 

Q 

a 

3 

mgal in the middle of the anomaly a b o u t  4 km west of  Newcastle. 

p ro f i l e  A - A '  west of Newcastle, the subsurface geology i s  interpreted 

as a deep graben (Newcastle graben) t i l t e d  .east ,  a n d  bounded on b o t h  

Along 

the eas t  and west margins by s teeply d i p p i n g  f a u l t s  or f a u l t  zones. 

The t o p  layer  i s  modeled as bowl-shaped a t  the  b o t t o m ,  w i t h  a maximum 

thickness of 3,000 f t  (920 m )  a t  the  center ;  a n d  t he  deepest p a r t  o f  

the bedrock near the eastern boundary of the  graben i s  modeled a t  a 

depth of a b o u t  10,000 f t  (3,050 m ) .  

t h a t  forms the eastern marg in  of  the  Newcastle graben, may extend t o  a 

The s teeply dipping f a u l t  zone 

great depth and serve as a c o n d u i t  f o r  the c i r cu la t ion  of h o t  water. 

Therefore, in the Newcastle area,  the h o t  water with a temperature of 

a b o u t  220" F (104°C) observed near the surface,  possibly or ig ina tes  

from a deep heat source. 

A small graben ( i . e . ,  the  P i n t o  graben) i s  modeled near the east  

end of p ro f i l e  A - A ' ,  w i t h  t i l t e d  bedrock a t  a depth of  a b o u t  5,000 f t  

(1 ,600  r n ) ,  a n d  w i t h  the near-surface va l l ey - f i l l  thickness of  a b o u t  

2,600 f t  (800 r n ) .  The subsurface geologic model between the  two 

grzbens seems t o  be complex: the underlying basement may be e i t h e r  the 

westward extension o f  the in t rus ive  igneous rock or possibly 

sedimentary rocks of .lower Mesozic age. The basement a t  the 

easternmost end of  the p ro f i l e ,  near the I r o n  M o u n t a i n  in t rus ion ,  i s  

assumed t o  be shallow; and consequently, the  basement a t  the 

westernmost end of the p ro f i l e  i s  a lso assumed t o  be shallow. 

P ro f i l e  B - B '  

P ro f i l e  B - B '  ( F i g .  7 )  extends for  a b o u t  84 k m  approximately i n  a n  

3 
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Q 

east-west d i r ec t ion ,  across the e n t i r e  study area ,  w i t h  a bend a t  a 

p o i n t  n o r t h  of the Antelope Range. The p ro f i l e  extends from Modena 

across the  Escalante Desert f o r  abou t  45 km t o  the northern edge of  the 

Antelope Range, then continues southeastward along Antelope Road t o  

I r o n  Springs and  across Cedar Valley t o  Cedar City,  a n d  terminates in 

Coal Creek Canyon a t  a point a b o u t  6 k m  ea s t  of Cedar City. The 

p r o f i l e  ove r l i e s  a few volcanic exposures north of the Antelope Range, 

l i e s  near some exposures of volcanics, Mesozoic rocks, and  in t rus ive  

rocks in the Iron Springs d i s t r i c t ,  and over l ies  exposures of Mesozoic 

sedimentary rocks in  Coal Creek Canyon, eas t  o f  Cedar City. The 

gravi ty  anomaly values range from a b o u t  -190 magal  near The Three Peaks 

in t rus ion  t o  about -210 mgal over the S o u t h  Beryl graben. 

A l o n g  the  western portion of prof i le  B - B ' ,  in the Escalante 

Desert ,  the subsurface geology i s  interpreted as  a sequence of horsts  

a n d  grabens. Four r e l a t ive ly  wide grabens are modeled here. I n  t h i s  

area,  the basement rock i s  probably Paleozoic rocks associated w i t h  

i n t rus ive  igneous rock;  and the density of the m i d d l e  layer  i s  herein 

assumed t o  be 2.45 g/cc because of the la rge  thickness o f  the 

vol canics .  

I n  the eastern part of p ro f i l e  B - B ' ,  the  basement a t  shallow depth 

i s  modeled beneath the I r o n  Springs d i s t r i c t .  Although t h e  density o f  

the basement rock (assumed as the main igneous mass) beneath the point 

of the  highest gravi ty  anomaly i s  assumed t o  be 2 . 7  g/cc, the density 

of the  q u a r t z  monzonite i n  the outcropping bodies i s  assumed t o  be 2.65 

g/cc 

I n  the eastern p a r t  of t h e  p r o f i l e ,  a graben (Cedar V'alley graben) 

a 
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i s  modeled within Cedar Valley. 

beneath Cedar Valley i s  assumed t o  be 2.5 g / c c ,  instead o f  2 .45  g/cc 

(which was the value assumed in the area lying west o f  the I r o n  Springs 

i n t r u s i o n ) ,  because of the smaller thickness of volcanics nea r  the area 

of the Hurricane C l i f f s .  

Along p ro f i l e  B-B', from west t o  e a s t ,  the  bedrock of the  Modena 

The densi ty  value of the middle layer 

i )  

horst  i s  modeled t o  l i e  a t  a depth of about 656 f t  (200 m ) ,  whereas the 

basement of the southern portion o f  the East Modena graben i s  modeled 

as t i l t e d  eas t  a t  a depth of a b o u t  4,000 f t  (1,300 m )  and overlain by a 

top layer  with an assumed thickness of a b o u t  1 ,000 f t  (305 m ) .  

maximum depth t o  bedrock in the South Beryl graben i s  modeled as a b o u t  

7,000 f t  (2 ,134 m ) ,  with an assumed thickness of 3,000 f t  (920 m )  f o r  

the near-surface alluvium and sediments. 

The 

d 

Q 

The bedrock beneath the s t ruc tura l  high between t h e  S o u t h  Beryl . 

graben a n d  the northern part of the  Newcastle graben i s  modeled a t  a 

depth of approximately 2,300 f t  (700 m ) ,  i . e . ,  irnnediately beneath the 

t o p  layer .  This bedrock depth i s  inferred from the  l o g  of the 

geothermal t e s t  well S t a t e  t l ,  located a b o u t  4 k m  n o r t h  o f  prof i le  B - B '  

(Fig.  4 )  , which penetrated q u a r t z  monzonite beneath the  1 a t e  Cenozoic 

sediments with a thickness of a b o u t  1,900 f t  (580 m ) .  

A l o n g  p ro f i l e  B-B' , the  basement o f  the  northern edge of the 

Newcastle graben i s  modeled a t  a depth of a b o u t  5,300 f t  (1,630 m ) ;  and 

the thickness of the middle layer ,  which par t ly  represents the exposed 

volcanics a t  the  northern end of the Antelope Range, i s  modeled as 

a b o u t  2,300 f t  (700 m).  A small g r a b e n ,  located west o f  The Three 

Peaks, i s  modeled w i t h  a depth o f  a b o u t  3,280 f t  ( 1 , 0 0 0  n) i o  the 
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basement. 

The basement under the peak of the Iron Springs gravi ty  h i g h  along 
8 

@ 

p r o f i l e  B - B '  i s  modeled a t  a depth of about 328 f t  (100 m ) .  I n  the  

area between Granite Mountain and The Three Peaks, the depth t o  the top 

of t he  quartz monzonite mass i s  shown as 800 f t  (244 m ) ,  based on the  

log of U.S. Bureau of Mines d r i l l  hole No. 20, which was d r i l l e d  during 

1944-45 (Cook, 1950). The d e p t h  t o  the bottom of the eas te rn  edge of 

the. exposed monzonite be l t  (with the  assumed densi ty  of 2.65 g/cc) i s  

modeled as  3,280 f t  (1,000 m )  on this  prof i le .  The basement beneath 

the  Cedar Valley graben i s  modeled a t  a depth of a b o u t  4,592 f t  (1,400 

m ) ,  and with an  assumed thickness of 2,165 f t  (660 m )  f o r  the  t o p  

1 ayer.  

The exis tence of Paleozoic rock (bedrock) a t  shall  ow 'depth beneath 

t h e  grav i ty  ridge in  the  Hurricane C l i f f s  area,  near Cedar Ci ty ,  i s  

inferred by the l o g  of the well Schurtz Creek #l  located a b o u t  9 -km 

south of the  p ro f i l e ,  which penetrated Paleozoic rock a t  a depth of 

a b o u t  746 f t  ( 2 2 7  m )  under the  exposed lower Mesozoic rocks. On t he  

p r o f i l e ,  i n  t he  area eas t  of Cedar Ci ty ,  t he  thickness o f  the  Mesozoic 

3 

a 

9 

8 

rock i s  modeled w i t h  about 800 f t  (244 m ) .  

A regional gravi ty ,  w i t h  gravi ty  Val ues decreasi ng  eastward, may 

e x i s t  over the eastern p a r t  o f  profie  B - B '  near t h e  Hurricane f a u l t  

zone. However, i t  i s  assumed t h a t  the  densi ty  of'some of the Paleozoic 

rocks a t  shallow depth in  the Hurricane C l i f f s  area i s  possibly grea te r  

t h a n  2 .7  g/cc (which i s  the densi ty  value used f o r  the basement in  the 

model) and  therefore  may contr ibute  t o  the  higher gravi ty  anomaly 

values which nay compensate f o r  t he  decrease of the  regional gravi ty ,  
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t o  a ce r t a in  extent .  Therefore, the net regional grav i ty ,  a f t e r  

a compensating f o r  the difference between the observed a n d  calculated 

gravity anomaly ( i f  the correct  a n d  higher -density were used 

s p e c i f i c a l l y  fo r  the  bedrock in the Hurricane C l i f f s ,  on t h e  p r o f i l e ) ,  

i s  assumed t o  be zero over the area near Cedar City. z 

d 

Prof i l e  C-C"' 

P r o f i l e  C - C " '  (Fig. 8 ) ,  which comprises t w o  separate  segments 

C - C '  and C " - C " ' ,  extends eastward fo r  about-42 k m  from a point near 

the southern edge of the Wah Wah Range, t o  a point n o r t h  of The Three 

Peaks in the  I r o n  Springs d i s t r i c t ,  with a n  o f f se t  of  a b o u t  5 k m  near 

A v o n ,  and with a bend a t  a point near L u n d  i n  the  f i r s t  segment C - C ' .  

The e n t i r e  p ro f i l e  overl ies  a l l u v i u m  of the Escalante Desert except fo r  

a few exposures o f  volcanics near the west end of the p ro f i l e  and a t  a s) 

place a b o u t  6 km west of Lund.  The gravity anomaly values are a b o u t  

3 

-194 mgal near the volcanic outcrops on the westernmost end o f  the 

p ro f i l e  a n d  a b o u t  -191 mgal near The Three Peaks q u a r t z  monzonite 

outcrop on the eastern end. A g r a v i t y  anomaly difference of a b o u t  2 

mgal occurs over the north-south o f f se t  of the p ro f i l e  between points 

C' and  C " .  The gravi ty  anomaly values decrease t o  a b o u t  -213 mgal  a n d  

-215 mgal in the middle of the Lund gravi ty  l o w  and the  Avon gravity 

low, respect ively.  Each segment of  the  p ro f i l e  i s  modeled separately 

and  presented in a composite p ro f i l e  with the locat ion of the of fse t  

(between points C' and  C " )  a t  a point a b o u t  23.2 k m  from the west end 

of the  p ro f i l e .  

The f i r s t  segment C - C '  i s  modeled w i t h  a small graben in the area 
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lying west of Lund and a large deep graben (Lund graben) i n  the area 

east  of L u n d .  Because no d r i l l  hole d a t a  are  ava i lab le  on t h i s  segment 

of the p ro f i l e  t o  help control the geologic- cross sec t ion ,  the bedrock 

e 

a t  a point a b o u t  4 km west of L u n d  i s  assumed t o  be located a t  shallow 

i9 

a 

F) 

9 

9 

depth. Moreover, along the p ro f i l e  in the area west of L u n d ,  the  

alluvium i s  assumed t o  be too th in  t o  model. The sinal 1 graben in  the 

area west of Lund i s  modeled with a depth t o  bedrock of abou t  2,952 f t  

(900 i n ) ,  and  with the bedrock overlain by volcanics. O n  the p ro f i l e ,  

the Lund graben i s  modeled with a depth t o  basement of about 5,900 f t  

(1,800 m )  and  with a thickness o f  3,000 f t  (915 m )  f o r  the top layer.  

I n  t he  model, the graben i s  bounded on the west by two s teeply dipping 

s tep  f a u l t s  and  on the east  by a s tep f a u l t  a n d  a gently dipping f a u l t .  

The 

graben),  

t e s t  we1 

east  of 

second segment C " - C " '  i s  modeled with a deep graben ( A v o n  

with a depth t o  bedrock of 6,500 f t  (1 ,982 m ) .  Geothermal . 

Jones #1 i s  located approximately on the p r o f i l e ,  a b o u t  2 k m  

he center  of the g r a b e n  ( see  Fig. 4 ) .  This t e s t  well ,  w i t h  a 

bot tom depth of 5,855 f t  (1,785 m ) ,  f a i l ed  t o  reach bedrock. 

f a c t ,  together  w i t h  the r e s u l t s  of  the e l e c t r i c a l  depth sounding survey 

in t h i s  area (Dr. Norman H a r t h i l l ,  1980, personal communication) were 

used t o  model the bedrock a t  an assumed depth of 6 ,500  f t  (1,982 m ) .  

The Avon  graben i s  modeled with a steep f a u l t  bounding each s ide of the 

This 

graben, and the thickness of the t o p  layer  i s  assumed t o  be a maximum 

value of a b o u t  3,000 f t  (915 m ) .  

between The Three Peaks basement s t ruc tu ra l  high a n d  the A v o n  graben, 

A s e r i e s  of s t ep  f a u l t s  may ex i s t  

although only two s tep  f a u l t s  are modeled on t h i s  s ide  of the graben. 

The t o p  of the basement (assuming i t  i s  composed of in t rus ive  rock) 

a 



Q 

near  The Three Peaks i s  modeled a t  a dep th  o f  about  558 ft (170 m)'. 

81 

a 
P r o f i l e  D - D '  

P r o f i l e  D - D '  ( F i g .  9 )  ex tends  eastward f o r  about 40 km f r o m  a 

p o i n t  about  14 km n o r t h  o f  The Three Peaks, ac ross  Cedar V a l l e y ,  

t h r o u g h  Parowan Gap, ac ross  Parowan V a l l e y  t o  t h e  town o f  Parowan, and 

t h e n  c o n t i n u e s  sou theas tward  a p p r o x i m a t e l y  a l o n g  U t a h  highway 14 f o r  

3 

i 

A 
3 

about  7 km ( w i t h i n  t h e  deep canyons)  t o  t h e  H u r r i c a n e  C l i f f s  area. 

There  a r e  t w o  bends i n  t h e  p r o f i l e ,  one a t  Parowan Gap and t h e  o t h e r  

n e a r  Parowan. The p r o f i l e  o v e r l i e s  a l l u v i u m  i n  Cedar V a l l e y  f o r  about 

1 7  km, exposures o f  Mesozoic r o c k s  i n  t h e  Parowan Gap a rea  ( i n c l u d i n g  

t h e  Red H i l l s )  f o r  about 4 km, a l l u v i u m  i n  Parowan V a l l e y  f o r  about 11 

km, and exposures of v o l c a n i c s  and Mesozoic r o c k s  i n  t h e  H u r r i c a n e  

C l i f f s  area,  nea r  Parowan, f o r  about 7 km. 

' The g r a v i t y  anomaly va lues  on t h e  p r o f i l e  range f r o m  about -195 . 

mgal a t  t h e  west end o f  t h e  p r o f i l e  t o  about  -223 mgal i n  Parowan 

V a l l e y .  A l t h o u g h  t h e  reg i lonal  g r a v i t y  i s  assumed t o  be z e r o  a l o n g  t h e  

p r o f i l e  west o f  t h e  Red H i l l s ,  i t  i s  assumed t h a t  t h e  r e g i o n a l  g r a v i t y  

i s  dec reas i -ng  eastward o v e r  Parowan V a l l e y  and t h e  H u r r i c a n e  C l i f f s  

area.  An e a s t w a r d - l o w e r i n g  g r a v i t y  r e g i o n a l ,  w i t h  a r a t e  o f  

a p p r o x i m a t e l y  0.4 mgal/km, i s  o b t a i n e d  f r o m  t h e  c a l c u l a t e d  model 

assuming t h a t  (1) t h e  dep th  t o  t h e  Moho i s  25 km on t h e  west s i d e  o f  

t h e  w e s t e r n  boundary o f  t h e  Co lo rado  P l a t e a u  (assumed t o  be l o c a t e d  

near  t h e  town o f  Parowan), ( 2 )  t h e  dep th  t o  t h e  Moho i s  40 km on t h e  

e a s t  s i d e  o f  t h e  boundary,  ( 3 )  t h e  boundary i s  d i p p i n g  45" E,  and ( 4 )  

t h e  d e n s i t y  c o n t r a s t  between t h e  c r u s t  and m a n t l e  i s  0.1 g/cc.  
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The density of the middle layer i s  assumed t o  be 2.45 g/cc i n  the 

area on the west side of the Red Hil ls  a n d  2 . 5  g/cc on the  east  side. 

This difference i n  the density values of the middle layer  i s  assumed 

from the f ac t  t h a t  the  Hurricane C l i f f s  area has been deeply eroded. 

The bedrock in  the deepest p a r t  of the Cedar Valley graben i s  modeled 

with a depth o f  about  8,200 f t  (2,500 m ) .  I n  the  model a s e r i e s  of 

four s tep  f a u l t s  i s  shown on the west s ide  of the Cedar Valley graben 

and two  s tep  f a u l t s  are  shown on the eas t  side.  The basement rock in 

the Cedar valley graben i s  believed t o  be q u a r t z  monzonite t h a t  forms 

the northeastward extension o f  the  quartz monzonite body in  the I ron  

Springs d i s t r i c t .  

The d r i l l  d a t a  o f  well L i t t l e  S a l t  Lake 81, located over the Red 

H i l l s  about 6 km south o f  the  p ro f i l e ,  was used for geologic control of 

the  cross  sect ion.  I n  accordance with the well log ,  the  basement rock 

( k n o w n  t o  be q u a r t z  monzonite) i s  modeled a t  the  k n o w n  depth o f  3,490 

f t  (1 ,064  m )  a n d  i s  overlain by the  middle layer  t h a t  in t h i s  area i s  

a c t u a l l y  the Mesozoic rocks penetrated in the d r i l l  hole a n d  exposed a t  

the surface.  Beneath the Parowan Valley graben, the depth t o  the 

basement i s  modeled as a b o u t  8,397 f t  (2,560 m ) .  

s teeply dipping f a u l t s  are modeled on the west s ide  of the g r a b e n  a n d  

two s tep  f a u l t s  a re  modeled on the  eas t  s ide  of the  graben. 

I n  the  basement, two 

The bedrock beneath Parowan Valley may n o t  be the extension of the 

in t rus ive  body. Instead, i t  i s  probably Paleozoic rock underlying the 

thick sequence of Cenozoic a n d  Mesozoic sedimentary rocks. I n  the 

model, the  maximum thickness of t h e  t o p  layer  i s  assumed t o  be 3 ,700  f t  

(1,128 m )  in the middle of Parowan Valley a n d  3 ,000 f t  (915 m ) ,  in the 
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middle o f  Cedar Valley. 

Relationships between Gravity Features a n d  

Geothermal Systems in Study Area 

The gravi ty  method i s  generally used in  geothermal prospecting. 

In some areas ,  the  gravi ty  d a t a  ind ica te  the  causat ive fea ture  which i s '  

d i r e c t l y  re la ted  t o  the geothermal system. A gravi ty  h i g h  may indica te  

an anomalous region i n  which the  density of the host rock or  sediments 

i s  grea te r  t h a n  the  surrounding area due t o  the dens i f ica t ion  process 

by geothermal hot f l u id .  A r e l a t ive ly  broad gravi ty  low may indicate  

d i r e c t l y  the heat source of the  geothermal system (magma chamber a t  

shallow depth) .  

in geothermal prospecting t o  loca te  the subsurface s t ruc tu re  associated 

I n  some KGRA's t he  gravi ty  method i s  used ind i rec t ly  

with the geothermal system. For instance,  a large gravi ty  gradient may 

indica te  a s teep ly  dipping f a u l t  o r  f a u l t  zone with a large normal 

s l i p ;  and such a f a u l t  zone i s  of ten associated w i t h  f r ac tu re s  a n d  

openings ( i n  the rock) t h a t  play an  i m p o r t a n t  role  e i t h e r  the formation 

o f  a geothermal reservoir  or in the  movement of t h e  geofluid,  or b o t h .  

Within the Newcastle KGRA i s  a large gravi ty  gradient which bounds  

t he  Newcastle gravi ty  low on the eas t  (area 1 2 ,  F i g .  4 ) .  

ind ica tes  a s teep ly  dipping f a u l t  zone on the  eas te rn  m a r g i n  o f  the  

The gradient 

Newcastle graben with a downthrow of about 3 k m  on the  west (see 

p ro f i l e  A - A ' ,  Fig. 6 ) .  The f a u l t  zone may serve a s  a conduit for  the 

hot water t o  r i s e  from a deep source. 

water ( u p  t o  220' F )  i s  confined within a small  area near Newcastle 

(Clement, 1980),  the  geothermal system may be par t ly  control led by 

Because the occurrence of h o t  
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another e a s t e r l y  trending f a u l t  system. 

junct ion f a u l t  system near Newcastle may be a n  important s t ructural  

The previously proposed t r i p l e  

f ea tu re  for the p l u m b i n g  system of t h e  hot  water in the Newcastle KGRA.  

For a more de ta i led  discussion o f  t h e  geothermal a c t i v i t y ,  the 

c i r cu la t ion  system of the ho t  water, and  the  possible heat source i n  

t h i s  a rea ,  the  reader i s  referred t o  the M.S. t h e s i s  of Clement (1980).  

Within the Lund KGRA i s  a lso a large gravity gradient which bounds 

the. Lund  gravi ty  low on the  west (area 1 4 ,  Fig. 4 ) .  The gradient 

ind ica tes  a s teeply dipping f a u l t  zone on the western margin of the 

L u n d  graben with a downthrow of about 1 k m  on t h e  eas t .  The warm water 

in the  shallow wells in t h i s  area may be related t o  the movement of the  

g round  water par t ly  controlled by the f a u l t  zone. 

3 

a 
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The survey area i s  located within the  t r ans i t i on  zone between the 

Colorado Plateau and Basin a n d  Range provinces. 

t h e . t r a n s i t i o n  zone extends i n  a northeastward d i rec t ion  on the west 

s ide  of the  Escalante Desert near the western margin of the survey 

area. 

t h rus t  a lso extend s imi la r ly  across the study area.  

The western margin o f  - 

The Wasatch Line and the  eastern m a r g i n  of the  m a i n  Laramide 

The study area has been influenced by four  s ign i f i can t  geologic 

events. The f i r s t  event was a period of large-scale  thrus t ing  of  

Sevier  age. The northeastward-trending fo lds ,  f a u l t s ,  a n d  minor 

t h rus t s  occurred i n  f ron t  o f  the m a i n  Laramide* t h r u s t  t h r o u g h o u t  the  

s tudy ,area .  The in tens i ty  of th rus t ing  g r a d u a l l y  decreases t o  the  * 

southeast .  The second event was p r o b a b l y  a n  episode of  east-west- 

trending igneous a c t i v i t y  (possibly o f  deep o r i g i n  i n  the c r u s t ) ,  w h i c h  

s t a r t ed  a b o u t  43 t o  34 m.y. ago .  The e a s t e r l y  trending 

Pioche-Marysvale igneous be l t  on t he  no r th ,  and  the  Delamar I r o n  

Springs igneous be l t  on the south of the survey area a re  possibly 

caused by t h i s  igneous ac t iv i ty .  The t h i r d  event,  which occurred more 

or less  concurrently w i t h  the  eastward-trending igneous a c t i v i t y ,  was a 

period of  Basin and Range tectonism. 

and  grabens were formed duricg t h i s  peri-od. 

The northeastward-trending horsts 

The fo r th  event was a 

*The term "Laramide" i s  generally used f o r  the s t ruc tures  including 
those developed d u r i n g  the Sevier orogeny. 
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p e r i o d  o f  i n t e n s i v e  vo l can  

l a s t  t h r e e  g e o l o g i c  even ts  

sm w i t h  a s s o c i a t e d  i n t r u s i v e  a c t  

p r o b a b l y  ove r lapped  each o t h e r .  

v i t y .  .The 

G e o p h y s i c a l l y ,  t h e  s t u d y  area l i e s  a p p r o x i m a t e l y  a t  t h e  j u n c t i o n  

o f  t h e  n o r t h - s o u t h - t r e n d i n g  I n t e r m o u n t a i n  S iesmic  B e l t  and an e a s t e r l y  

t r e n d i n g  secondary se i sm ic  zone wh ich  ex tends  westward f r o m  

s o u t h w e s t e r n  U tah  t o  s o u t h e r n  Nevada. The smooth Bouguer g r a v i t y  

anomaly map of Montgomery (1973)  shows t h a t  t h e  su rvey  area o v e r l i e s  

t h e  e a s t w a r d - t r e n d i n g  broad r e g i o n a l  g r a v i t y  s a d d l e  between t h e  S e v i e r  

g r a v i t y  h i g h  on t h e  n o r t h  and t h e  S t .  George-Kanab g r a v i t y  h i g h  on t h e  

southwest .  The aeromagnet ic map of Utah ( Z i e t z ,  e t  a l . ,  1976) shows a 

b r o a d  e a s t e r l y  t r e n d i n g  band of prominen t  magne t i c  h i g h s  on t h e  n o r t h  

s i d e  o f  t h e  s t u d y  area, and a r e l a t i v e l y  l e s s  p rominen t  e a s t e r l y  

t r e n d i n g  b e l t  o f  magnet ic  h i g h s  wh ich  bounds t h e  s t u d y  a rea  on t h e  

sou th .  The magne t i c  h i g h s  a r e  t y p i c a l l y  caused by t h e  igneous 

i n t r u s i v e  b o d i e s  l y i n g  a t  r e l a t i v e l y  s h a l l o w  depth.  

The comp le te  Bouguer g r a v i t y  anomaly map o f  t h e  s t u d y  a rea  w i t h  a 

2-mgal c o n t o u r  i n t e r v a l ,  shows t h e  dominant f e a t u r e s  o f  t h e  g r a v i t y  

c o n t o u r s  t o  b e  i n  a n o r t h e a s t w a r d  d i r e c t i o n ,  wh ich  i n d i c a t e  t h a t  t h e  

B a s i n  and Range s t r u c t u r e s  a r e  p a r t l y  c o n t r o l l e d  b y  t h e  

n o r t h e a s t w a r d - t r e n d i n g  f e a t u r e s  o f  Laramide age. 

The h o r i z o n t a l  e x t e n t  o f  t h e  B a s i n  and Range grabens, h o r s t s ,  and 

i g n e o u s - r e l a t e d  s t r u c t u r e s  a t  s h a l l o w  dep th ,  t h e  c h a r a c t e r i s t i c s  o f  t h e  

f a u l t s  wh ich  bounds t h e  h o r s t s  and t h e  grabens,  and t h e  v e r t i c a l  e x t e n t  

o f  t h e  grabens a r e  e s t i m a t e d  q u a l i t a t i v e l y  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  

comp le te  Bouguer g r a v i t y  anomaly map. Fu r the rmore ,  t h e  l o c a t i o n s  o f  

t h e  b o u n d i n g  f a u l t s ,  t h e  depths t o  t h e  b o t t o m  o f  t h e  grabens and t o  t h e  

? 
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t o p  of the horsts below the surface are interpreted quant ia t ively by 

modeling fou r  gravity prof i les  selected on the gravi ty  map. T h e  

ea s t e r ly  trending gravity highs a n d  lows are  in te rpre ted  as caused by 

the subsurface s t ruc tura l  highs and  lows, w h i c h  were possibly modified 

or formed under the geologic control which may be re la ted t o  the 

east-west-trending igneous a c t i v i t y ,  t h a t  s t a r t ed  pr ior  t o  the Basin 

and Range tec tonic  ac t iv i ty .  The in te rpre ta t ion  of these s t ruc tures  i s  

a l so  made qua l i t a t ive ly  a n d  quant i ta t ive ly .  

The northeastward-trending 1 arge gravi ty ' l  ows i n  the Escal ante 

Desert ind ica te  the Newcastle graben, L u n d  graben, and  Avon  graben. 

These grabens are  characterized mainly by the Basin a n d  Range ac t iv i ty .  

The gravi ty  low over the Newcastle graben, w i t h  a t o t a l  r e l i e f  of a b o u t  

20 mgal, ind ica tes  a depth t o  bedrock of a b o u t  3 k m  i n  the  modeling of 

p r o f i l e  A - A ' .  The gravi ty  low over the L u n d  graben, w i t h  a t o t a l  

r e l i e f  of a b o u t  13 mgal on p ro f i l e  C - C ' ,  indicates  a depth t o  bedrock 

of a b o u t  1.8 km. The gravity low over the Avon graben, with a t o t a l  

r e l i e f  of a b o u t  15 m g a l ,  indicates  a depth t o  basement o f  a b o u t  2 k m  in 

t h e  modeling of p r o f i l e  C " - C " ' .  

Two intermediate gravity lows. i n  the  Esca 

S o u t h  Beryl and E.ast Modena grabens, which are 

large extent by the east-west trending pre-Bas 

ac t iv  ty .  The basement beneath the  S o u t h  Bery 

ante  Desert indicate  the 

probably shaped t o  a 

n a n d  Range igneous 

g r a b e n  i s  believed t o  

be pre-Tertiary sedimentary rock ,  in  accordance w i t h  the  l o g  of 

geothermal t e s t  well DeArman F1, which penetrated the basement 

sedimentary rock a t  a depth of a b o u t  4,600 f t  ( 1 , 4 0 2  m ) .  

B - B ' ,  t he  depth t o  basement beneath the S o u t h  Beryl graben i s  

On p rof i le  

a 
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calculated as a b o u t  2 .2  k m ,  and  t h a t  beneath the East Modena graben i s  

calculated as a b o u t  1.2 k m .  

Two n o r t h w a r d -  t o  northeastward-trending g r a v i t y  lows a l o n g  Cedar 

Valley ind ica te  two typical intermontane down-faulted grabens t h a t  form 

contiguous blocks t h a t  are herein j o i n t l y  designated the "Cedar Valley 

graben". The depth t o  bedrock beneath the  northern p a r t  of the Cedar 

Valley graben, near the Red Hi l l s ,  i s  calculated as a b o u t  2.5 krn in the 

model i ng of prof i 1 e D - D '  . A nort heastward-t rendi ng gravi ty  1 ow over 

the Parowan Valley graben, with a t o t a l  re1 ie f  o f  a b o u t  20 rngal , 

ind ica tes  a depth t o  basement of abou t  2.5 km in the  modeling of 

p ro f i l e  D-D', which extends across the southern p a r t  o f  the  graben. 

I n  the  I r o n  Springs area,  a northeastward-trending gravity high, 

approximately 30 km long, corresponds approximately with the  bel t  of 

four i n t rus ive  bodies, which, from southwest t o  northeast ,  are:  

Stoddard Mountain, I ron  Mountain, Granite M o u n t a i n ,  a n d  The Three 

Peaks. The r e l a t ive ly  h i g h  average density of 2 .7  g/cc of the 

in t rus ive  rock probably causes the gravity high. A g r a v i t y  high over 

the A n t e l o p e  Range ,  northwest  o f  I r o n  M o u n t a i n ,  i s  i n t e r p r e t e d  a s  

caused by a n  igneous mass a t  shallow depth which may have the same 

or ig in  as the I ron  Springs intrusions.  The gravi ty  high (without 

closure on the gravity map) over Big Mountain, south of Enterprise,  

probably ind ica tes  the southwestward continuation, of the I ron  Springs 

in t rus ive  be l t .  The bel t  of gravi ty  highs extending nor thward  from The 

Three Peaks area t o  the  Black Mountain's, surpr i s ing ly  corresponds with 

the  be l t  of - low magnetic anomalies on the acromagnetic map. 

co r r e l a t ion  possibly indicates  t h a t  the northward-trending r i d g e  of  

This 
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basement sedimentary rock a t  shallow depth probably has a lower 

magnetic s u s c e p t i b i l i t y  t h a n  the  surrounding a l l u v i u m .  39 
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The northeastward-trending gravity highs over the Hurricane C l i f f s  

near Cedar Ci ty ,  the Red H i l l s ,  a n d  the Enterpr ise  Reservoir a rea ,  are 

interpreted a s  caused by the u p 1  i f t e d  pre-Tertiary sediinentary blocks 

developed along the Laramide zones of weakness during the  period of the 

Basin and  Range tectonism. The eas t e r ly  trending elongate gravity highs 

over the western portion of t h e  Black Mountains a n d  Moun t  Escalante 

area are provisional l y  interpreted as caused 5y basement s t ruc tures  of 

sedimentary rock t h a t  has been intruded by eastward-trending vein-1 ike 

igneous in t rus ions  a t  shallow depth. A small gravi ty  high over Modena 

i s  probably caused e i t h e r  by an eastward-trending basement s t ruc tura l  

block or  a n  elongate igneous body a t  shallow depth. This gravity high 

approximately coincides w i t h  an  east-west-trending pronounced magnetic 

1 ow. 

A gravi ty  h i g h  over the Beryl area probably ind ica tes  bedrock t h a t  

has been complexly deformed by the  igneous in t rus ions  a t  s h a l l o w  depth. 

T h e  n o r t h e a s t w a r d  ex tens ion  o f  t h e  Beryl g r a v i t y  h i g h  t o  t h e  a r e a  w e s t  

of L u n d  and  beyond, i s  interpreted as caused by a basement s t ruc tu re  

which may correspond w i t h  the  eastern m a r g i n  of the main Laramide 

thrust. 

an igneous in t rus ive  body a t  shallow depth. 

pa r t ly  supported by the  d r i l l  data o f  geothermal t e s t  well S t a t e  #1, 

which penetrated q u a r t z  monzonite a t  a depth of about 1,900 f t  (579  m ) .  

The gravi ty  high over the Table Butte area probably indicates  

This in te rpre ta t ion  i s  

The Beryl gravi ty  h i g h ,  Table Butte grav i ty  high, Antelope Range 

gravi ty  high, and  I r o n  S p r i n g s  gravity h i g h  are  located a l o n g  a 

Q 
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sou theas tward  a l i g n m e n t .  

b e l t  o f  h i g h  aeromagnet ic  anomal i e s  t h a t  ex tends  ac ross  t h e  Esca lan te  

D e s e r t  i n  a sou theas tward  d i r e c t i o n .  T h e r e f o r e ,  t h i s  b e l t  o f  g r a v i t y  

h i g h s  may i n d i c a t e  a s o g t h e a s t w a r d - t r e n d i n g  m i n o r  igneous b e l t  which 

resembles a b r i d g e  between t h e  e a s t e r l y  t r e n d i n g  Pioche-Marysvale igneous 

The a l i gnmen t  c o i n c i d e s  a p p r o x i m a t e l y  w i t h  a @ 
0 

io 

3 

3 

b e l t  on t h e  n o r t h  and De la rna r - I ron  S p r i n g s  i gneous  

Even though  no g r a v i t y  anomaly t h a t  i n d i c a t e s  

d i r e c t l y  r e l a t e d  t o  t h e  geothermal  p rocess  o r  h e a t  

magma chamber), i s  observed i n  t h e  s t u d y  area, t h e  

b e l t  on t h e  south.  

a g e o l o g i c  f e a t u r e  

source ( such  as a 

g r a v i t y  survey 

d e l i n e a t e s  w e l l  t h e  s t e e p l y  d i p p i n g  f a u l t s  o r  f a u l t  zones which bound 

t h e  deep grabens and a s s o c i a t e d  s t r u c t u r e s  t h a t  may c o n t r o l  t h e  

geothermal systems i n  t h i s  area. I n  p a r t i c u l a r ,  i n  t h e  Newcast le  and 

Lund KGRA's t h e  g r a v i t y  d a t a  i n d i c a t e  t h a t  s t e e p l y  d i p p i n g  f a u l t  zones 

a l o n g  t h e  e a s t  ( w i t h  a downthrow o f  about  3 km) and west  ( w i t h  a 

downthrow o f  about  1 km) marg ins o f  t h e  Newcast le  and Lund grabens, 

r e s p e c t i v e l y ,  p r o b a b l y  f o r m  c o n d u i t s  f o r  t h e  upward c i r c u l a t i o n  o f  h o t  

wa te r  observed a t  s h a l l o w  depth n e a r  Newcast le  (220"  F )  and Lund. 

A c c o r d i n g  t o  Clement (1980) ,  t h e  w a t e r  i n  t h e  Newcast le  KGRA i s  . 

p r o b a b l y  hea ted  by  t h e  geothermal  g r a d i e n t  i n  t h i s  r e g i o n  and p r o b a b l y  

o r i g i n a t e s  a t  a d e p t h  o f  about 3 km. 

I n  a d d i t i o n ,  t h e  g r a v i t y  s u r v e y  p r o b a b l y  r e v e a l s  some p o s s i b l e  

i'gneous b o d i e s  ( p r o b a b l y  young i n  age),  a s s o c i a t e d  w i t h  comp lex l y  

deformed basement s t r u c t u r e  i n  t h e  s t u d y  area.  The p o s s i b l e  e a s t e r l y  

t r e n d i n g  i gneous  f e a t u r e s  i n  t h e  Mount E s c a l a n t e  a rea  and t h e  western 

p o r t i o n  of t h e  B l a c k  Mounta ins a r e  w o r t h w h i l e  f o r  f u r t h e r  s t u d y  t o  

e v a l u a t e  t h e  geothermal  p o t e n t i a l  o f  t h e s e  r e g i o n s .  

b 
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APPENDIX A . 

PRINCIPAL FACTS OF GRAVITY STATIONS 

Notes: 1)  Units are as follows: 

Lat i tude 

Longitude 

Elevation 

Units 

degrees, minutes 

degrees, minutes 

f e e t  

Observed gravi ty  mi 11 i gal 

Theoretical  gravi ty  # mill igal  

Free-ai r grav i ty  anomaly val ue mi 1 1  i gal 

Simp1 e Bouguer gravi ty  anomaly Val ue* mii l igal  

Terrain correct ion ( T . C . ) *  m i  1 1  i gal 

Terrain-corrected Bouguer gravi ty  anomaly value* mil l igal  

2 )  Coding i s  as follows: 

WP 000 - Number  designation o f  gravity station taken by Win Pe. 

AA 000 - Number designation o f  gravi ty  s t a t i o n  taken by Eckhard 

Kuennemann d u r i n g  1978. 

E H  000 - Number designation of  gravi ty  s t a t i o n  t a k e n  by 

Hardman (1964) .  

LU 000 - Number designation of gravi ty  s t a t i o n  taken by Donald 

Selk during 1967. 

WU 000 - Number designation o f  gravi ty  s t a t i o n  t a k e n  by 

Montgomery (1973) .  

b 
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658 00 - Number designation o f  gravity s t a t i o n  taken by GG 521 

gravi ty  c lasses ,  University of U t a h ,  during 1965. 

752 00 - Number designation of gravi ty  s t a t ion  taken by G G  521 

gravi ty  c lasses ,  University of U t a h ,  during 1975. 

SG 000 - Number d e s i g n a t i o n  o f  gravi ty  s t a t ion  taken by Gabbert 

(1980). 

RG 000 - Number designation of gravity s t a t i o n  taken by Green 

(1980). 

# Theoretical gravity a t  mean sea l e v e l ,  u s i n g  t he  International 

gravi ty  formula (Swick, 1942) 

* A densi ty  cont ras t  o f  2.67 g/cc was assumed f o r  b o t h  the  Bouguer 

and t e r r a i n  correct ions.  Terrain-correction values were 

3 

3 

obtained (1)  for the inner zone (out t o  a radial  dis tance of 0.895 

. km from the s t a t i o n )  by h a n d  using a Hammer zone c h a r t ,  and for . 

the outer  zones (out t o  a radial  dis tance o f  166.7 k m  from the  

s t a t i o n )  by using the te r ra in-cor rec t ion  program o f  Serpa (1980) 

on the U N I V A C  1108 d i g i t a l  computer, a t  the  University of Utah .  

Note: All d a t a  are referred t o  t he  Cedar City base s t a t i o n  which has a 

published absolute gravi ty  value o f  979,429.16 mgal (Cook et  a l . ,  

1 9 7 1 ) .  

P 

P 
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STAT. LATITUDE LONGITUDE ELEV. 

WP240 
WP241 
WP212 
VP24:3 
WP214 
WP2 45 
WP246 
WP247 
UP2 48 
WP249 
WP2 50 
WP251 
WP252 
WP253 
WP254 
WP255 
WP2 56 
WP257 
WP258 
WF259 
'dP260 
't!P261 
WP 2 62 
k'P263 
WP264 
k'P 2 65 
W 2  G6 
WP267 
WP265 
WP269 
WP278 
WP271 

37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37 . 
37. 
37. 
37. 
37. 
37. 
37 . 
37. 
37. 
37. 
37. 
37. 
37 - 
37. 
37. 
37. 
37. 
37. 
37 . 
37. 
37. 
37 . 
37. 
37. 

40.29 
40.33 
41.49 
42.45 
42.43 
42.44 
43.30 
43.38 
43.31 
43.31 
43.32 
44.20 
44.20 
44.19 
44.18 
44.20 
44.18 
44.19 
45.06 
45.06 
45.06 
45.@6 
45.95 
45.94 
45.94 
45.93 
45.92 
45.93 
45.94 
46.81. 
46.80 
46.01 

113. 29.14 
113. 32.89 
113. 36.32 
113. 37.42 
113. 36.32 
113. 35.19 
113. 34.91 

113. 37.15 
113. 38.21 
113. 39.31 
113. 39.32 
113. 38.21 

113. 36.01 
1.13. 34.92 
113. 34.10 
113. 32.70 
113. 33.89 
113. 35.47 
113. 39.66 
113. 39.32 
113. 39.32 
113. 38.21 
113. 3r1.12 
113. 36.82 
113. 34.93 
113. 32.71 

113. 31.62 
113. 32.72 
113. 33.82 

113. 36.01 

113. 37.12 

113- 31.62 

5722. 
5293. 
5192. 
51 73. 

' 5177. 
5154. 
5171. 
5172. 
5166. 
5168. 

5165. 
5162. 
5163. 
51 59. 

' 5154. 
5167. 
5161. 
51 50. 
5149. 
51 56. 
5159. 
5152. 
51 53. 
5151. 
5151. 
5141. 
51 44. 

5137. 
5135. 
5137. 

5 / 7 2 .  

5146. 

OBSERVED 
GRAVITY 

979429.07 
979444.87 
979446.84 
979455.91 
979450.71 
979448.02 
979451.73 
979451.55 
979460.77 
979466.66 
979472.55 
979474.76 
979471.61 
979467 e45 
979461 -04 
979456.36 
979455.66 
979455.18 
979459.32 
979162 029 
979472.45 
979475.791 
979473.93 
979474 -14 
979473.29 
979460.95 
979464.59 
979463.22 
979463.51 
979468.66 
979168.30 
979467 -69 

THEOR. 
GRAVITY 

979975.3 7 
979975.42 
979977.12 
979978.52 
97997e.49 
979978.50 
979979.76 
979979.76 
979979.77 
979979.77 
979979.79 
979981.0 5 
979981.0 5 
979981 -0 4 
979981.02 
979981.05 
979981.02 
979981.0 2 
979982.30 
979982.30 
979982.38 
979982.30 
979983.60 
979983.59 
979983.59 
979983.57 
979983.55 
979983.57 
979983.59 
979984.85 
979984 . 8 4  
979984.85 

FREE- 
AI R 

-8.09 
-32 69 
-41.92 
-36.04 
-40.84 
-42 -88 
-41.65 
-38.73 
-33.10 
-27.02 
-20.76 
-20 . 49 
-23 -92 
-27.97 
-34 -74 
-39.92 
-39.36 
-40.41 
-38.58 
-35.71 
-24.89 
-21.36 
-25 -08 
-24.76 
-25.80 
-30 12 
-35 -41 
-36.51 
-36.05 
-33 001 
-33.55 
-33 099 

SIMPLE 
BOUGUER 

-202 . 98 
-212.97 
-218.76 
-212.23 
-217.17 
-219.44 
-217.77 

-208.06 
-203 . 05 
-196.91 
-196.41 
-199. 74 
-203 e2 
-210.46 
-215.46 
-215.35 
-216.19 
-213. S9 
-211.08 
-200.51 
-197.08 
-200 . 56 
-200.27 
-201.24 
-205.57 
-210.52 
-211.71 
-211.32 
-207.98 
-208.45 
-208.96 

-214.@9 

T.C 

1.30 
.60 . 25 

' .19 
8 21 
.24 
.22 . 19 . 17  
.16 
16 
.13 
.14 
-15 
-17  
.19 
0 22 
.32 
.19 
015 
.12  
.12 
.10 
.10 
.11 . 12 
-14 
.20 . 28 
.21  
.17 
.14 

T.C. 
BOUGUER 

-201.69 
-212.37 
-218 -51 
-212.04 
-216.96 
-219 . 20 
-217 -55 
-214.70 
-208.89 
-202.89 
-196 -75 
-196.29 
-199.60 
-203 -67 
-210.29 
-215.27 
-215.13 
-215.87 
-213.80 . 

-210.93 
-200.39 
-196.96 
-200.46 
-200.17 
-201.13 
-205.45 
-210.39 
-211.51 
-211.04 
-207.77 
-208.28 
-208.82 



STAT. 

WP 2 72 
WP273 
WP274. 
WP275 
WP2 76 
WP277 
WP 2 78 
WP279 
WPZRB 
WP281 
WP282 
WP283 
WP2R4 
WP285 
WP286 
WP287 
WP288 
WP2R9 

WP2 91 
WP292 
WP293 
\!P294 
WP295 
WP296 
WP297 
WP298 
WP299 
WP300 
WP3ml 
WP3P12 
WP303 

wr 2 90 

LATITUDE 

37. 46.81 
3'7. 46.81 
37. 46.81 
37. 46.02 
37. 4'7.68 
37. 47.67 
37. 47.68 
37. 47.68 
37. 48.00 
37. 48.09 
37. 40.55 
37. 48.52 
3?. 48.51 
37. 45.50 
37. 48.55 
37. 48.56 
37. 49.43 
37. 49.43 
37. 49.43 
37. 48.56 
37. 47.68 
37. 50.31 
37. 50.31 
27. 50.30 
37. 5fl.29 
37. 49.42 
37. 49.87 
37. 50.30 
37. 50.30 

37. 49.41 
37. 50.29 

37. 50.30 

LONGITUDE ELEV. 

113. 34.92 
113. 36.01 
113. 37.12 
113. 38.21 
113. 39.32 
113. 37.95 
113. 37.12 
113. 34.42 

113, 36.17 
113. 36.02 
113. 32.79 
113. 31.69 
113. 30.55 

113. 38.21 
113. 30.22 

113. 40.43 
113. 4.0.43 
113. 4-0.41 
113. 39.33 
113. 38.23 
113. 37.12 
113. 36.02 
113. 36.02 
113. 34.92 
113. 34.92 
113. 33.84 

113. 32.76 
113. 30.54 

113. 34.92 

113. 39.32 

113. 39.32 

113- 32-75  

5136. 
51;QpI. 
5144. 
5143. 
5143. 
5141. 
5143. 
5133. 
5133. 
2135. 
5134. 
5127. 
5128. 
5128. 
5138. 
5136. 
5132. 
5131. 
5137. 
5139. 

5131. 
5128. 
5124. 
5122. 
5128. 
5124. 

5118. 
5117. 
51 22. 
5117. 

5144. 

.5123. 

O B S E R V E D  
G R A V I T Y  

979469.31 
979473.05 
979475.39 
979174.66 
979472.14 
979474 . O l  
979175.51 
979472.34 
979474.36 
979475.91 
979476 . O l  
979478.95 
979483.40 
979481.19 
979473 -27, 
979475.30 
979479.23 
979476.32 
979474.37 
979471.29 
979470.65 
979479.65 
979481.48 
979482.37 
979485 .03 
979479.74 
979479 .74 
979482.52 
979483.59 
979484 . G 6  
979402.74 
979493 .21 

THEOR. 
G R A V I T Y  

979984.85 
979984.85 
979984.85 
979984.87 
979986.12 
979986.11 
979986.12 
979986.12 

979986.70 
979987.39 
97998'7.34 
97998'7.33 
979987.31 
979987.39 
979987.41 
979988.67 
979988.67 
979988.67 
979987.41 
979986.12 
979989.9 5 
979989.95 
979909.94 
979989.9 2 
979988.66 
979989 31 
979989.94 
9 79989.9 4 
979989.94 
979988.64 
9'79989.92 

979986 59 

FREE- 
: A I R  ' 

-32.46 
-28.34 
-25.62 
-26 . 09 
-30.24 
-28.55 
-26.87 
-30.99 
-29 -43 
-27.81 
-28 . 49 
-26 . 15 
-21.60 
-23.79 
-30.90 
-29.03 
-26.73 
-29 -46 
-31.12 
-32.75 
-31.64 
-27.69 
-26.14 
-25.61 
-23.12 
-26 . 58 
-27 -61 
-25 0 55 
-24.. 95 
-23.98 
-24 13 
-15.41 

SIMPLE T.C 
BOUGUER 

-207.39 12 
-203.40 . l l  
-200.83 .10 
-20 1.40 .09 
-205.41 09 
-203 . 66 09 
-202.04 .09 
-205.82 . ll  
-204 . 26 .09 
-202.71 .09 
-203.35 0 09 
-200 . 78 . l l  
-196.26 .13 
-198.45 .15  
-205.90 -09 
-203.97 .09 
-201.53 . l l  
-204 -32 .10 
-206.08 .12  
-207.79 .12 
-206 . 84 . l l  
-202.45 .10 
-200.80 . l l  
-200.13 .13 
-197.50 .10 
-20 1.24 . 0 8  
-202 . 13 008 
-200.04 - 0 8  
-199.27 .08 
-198.26 .10 
-190 . 59 .10 
-189.70 .12 

T.C. 
BOUGUER 

-207.27 
-203.29 
-200 .73 
-201.31 
-205.32 
-203.57 
-201.95 
-205.71 
-204.17 
-202.62 
-203.26 
-200.67 
-196.13 
-198.30 
-205.81 
-203.88 
-201 -42 
-204.22 
-205.96 
-207.67 
-206.73 
-202.35 
-200.69 
-200 .OO 
-197.48 
-201.16 
-202.05 
-199.96 
-199 19 
-198.16 
-198.49 
-189.58 



u 10 

STAT. 

‘liP3c74 
WP305 
WP386 
W P 3 8 7  
WP308 
WP3flS 
WP310 
WP311 
WP312 
WP313 
WP314 
WP315 
WP316 
WP317 
‘ d P 3 1 R  
WF’319 
WP320 
WP321 
‘rlP322 
WP323  
WP324 
WP325 
WP326 
WP327 
WP328 
WP329 
WP33B 
WP351 
WP332 
WP333 
WP334 
WP335 

L A T I  TUDE 

37. 50.29 
37. 51.16 
37. 52.04 
37. 51.17 
37. 51.17 
37. 51.17 
37. 51.17 
37. 51.17 
37. 52.05 
37. 52.05 
37. 52.92 
37. 53.75 
37. 54.66 
37. 54.66 
37. 55.52 

37. 55.91 
37. 57.26 
37. 57.61 
37. 56.39 
37. 58.17 

37. 59.14 
37. 58.13 
37. 58.13 
3’7. 58.82 
37. 59.87 
37. 59.72 
37. 57.30 
37. 56.40 
37. 55.53 
3 7 .  56.48 

37. 54.66 

37. 58.14 

LONGITUDE ELEV. 

113. 31.64 
113. 30.53 
113. 38.53 

113. 32.76 
113. 33.86 
113. 34.92 
113. 36.02 
113. 36.02 
113. 34.91 
113. 34.96 
113. 34.96 
113. 34.96 
113. 37.16 
113. 34.78 
113. 33.81 
113. 33.81 
113. 30.50 
113. 29.71 
113. 29.41 
113. 30.50 

113. 32.70 
113. 33.80 
113. 34.79 
113. 34.79 
113. 31.77 
113. 30.50 
113. 34.96 
113. 34.96 
113. 36.05 
113. 36.68 

113. 31.84 

113. 31.60 

5116. 
51 13. 
5109. 
51 10. 
.5113. 
5116. 
51 19. 
5121. 
5122. 
5118. 
5126. 
5139. 
5172. 
5163. 
5202. 
5151. 
5198. 
5159. 
5149. 
5112. 
5222. 
5265. 
5285. 
5334. 
5341. 
5392. 
5168. 
5353. 
5287. 
5237. 
5196. 
5215. 

OBSERVED 
G R A V I T Y  

979488 -63 
979490.30 
979492.43 
979488.46 
979488.59 
979489.48 
979487 0 10 
979486 . O l  
979485.61 
979486.50 
979405.83 
979485.53 
979186.49 
979492.57 
979487.54 
979483 -88 
979487.96 
979488.48 
979486.24 
979484.87 
979491.99 
979487 -84 
979486.46 
979483.2@. 
979184.72 
979481.78 
979479.77 
979488.48 
97948a -04 
979488 -57 
979490 -86 
979494.90 

THEOR.  
G R A V I T Y  

979989.92 
979991.20 
979992.48 
979991.21 
979991.21 
979991.21 
979991.21 
979991.21 
979992.49 
979992.49 
979993 .‘77 
979994.95 
979996.28 
979996.28 
979997.53 
979996.28 
979998 . 10 
980000.07 
9e00B0.59 
9’79998.88 
980001.41 
980001.37 
980R01.37 
980001.35 
980001.35 
980002.36 
980003.89 
98000 3.6 6 
980008.12 
979998.81 
979997.55 
97999Q.81 

FREE- 
: AIR 

-20.08 
-19.98 
-19 - 5 0  
-22.11 
-21 .70 
-20.52 
-22.62 
-23.53 
-2$. 11 
-24.60 
-25.79 
-26 15 
-23.32 
-18.09 
-20.70 
-2’7 -90 
-21 022 
-2,6 . 34 
-30 -04 
-33.10 
-18.24 
-18 e 3 1  
-17.81 
-16.45 
-14.27 
-13.42 

-9 .R2 
-11 -69 
-14.80 
-17.66 
-17.96 
-13.40 

SIMPLE T . C  
BOUGUER 

-194.33 0 10 
-194.13 .10 
-193.51 .08 
-196.16 012 
-195.85 .17 
-194.77 . ll  
-196.97 -08  
-197.95 . ll  
-199.56 .ll 
-198.92 .09 
-20R.39 .09 
-201.15 .11 
-199.48 .09 
-193 95 .15 
-197.88 .12 
-203 -35 .10 
-198.2’7 .13 
-202.05 .17 
-205.41 .15 
-207.22 .08 
-196 . 10 .20 
-197.63 22 
-197.82 .29 
-198.12 .22 
-196-. 19 .24 
-197.07 28 
-196.06 .38 
-194.02 32 
-194.87 021 
-196.03 .16 
-194.94 .15 
-191 . 02 .26 

T . C .  
B O U G U E R  

-194.23 
-194 -03 
-193.43 
-196.04 
-195.68 
-194.66 
-196.89 
-197.84 
-199.45 
-198.83 
-200.30 
-201.04 
-199.39 
-193.80 
-197.76 
-203 -25 
-198.14 
-201.88 
-205.26 
-207.14 
-195.90 

-197.53 
-197.90 
-195.95 
-196.79 
-195.68 
-193.70 
-194.66 
-195.87 
-194.79 
-190.76 

-197 *41 



W Y 

S T A T .  LATITUDE 

WP336 
WP337 
WP338 
WP339 
WP340 
WP311 
WP342 

WP344 
WP345 
WP346 
WP347 
WP348 
WP349 
WP350 
WP351 

WP353 
tlP 3 54 
WP355 
V P 3  56 
WP357 
WP358 
WP3 59 
WP360 
WP361 
WP362 
WP363 
WP364 
WP365 
WP366 
WP367 

wr343 

wr352 

37. 55.53 
37. 53.78 
37. 53.77 
37. 54.65 
37. 55.51 
3'7. 56.38 
37. 56.38 
37. 56.39 
37. 57.25 
37. 59.0'7 

37. 59.68 
37. 58.42 
37. 59.71 
3'7. 57.01 
37. 57.25 
37. 57.26 
37. 56.38 
37. 55.51 
37. 51.64 
37. 53-77 
37. 53.78 
37. 53.78 
37. 54.65 
37. 55.51 
37. 56.39 
37. 53.83 
3'7. 52.91 
37. 52.91 
3'1. 52.90 
37. 52.58 
37. 51.15 

37. 58.98 

L O N G I T I J D E  X L E V .  

113. 37.15 5181. 

113. 40.45 5163. 
113. 40.45 5200. 
113. 40.45 2233. 
113. 40.45 5291. 
113. 39.35 5263. 
113. 38.24 5225. 
113. 40.44 5403. 
113. 39.24 5575. 
113. 39.30 5692. 
113. 3'7.69 5666. 
113. 42.80 5658. 
113. 44.11 5715. 
11.3. 44.24 5537. 
113. 42.64 5461. 
113. 41.53 5430. 
113. 41.53 2330. 
113. 41.54 5271. 
113. 41-54 5218. 
113. 41.54 51'73. 
113. 43.74 5215. 
113. 44.83 5232. 
113. 44.83 5307. 
113. 44.83 5393. 
113. 44.85 5493. 
113. 42.96 5210. 
113. 39.34 ,5138. 

113. 41.54 5157. 
113. 42.78 5156. 
113. 44.82 5169. 

113. 39.36 5143. 

113. 40.43 5146. 

O B S E R V E D  
GRAVITY 

979194 .?0 
979494 . 52 
979495 .?3 
979495.55 
979494 032 
97W91.40 
979493.75 
979496.88 
979484.84 
979472.63 
979468.59 
979470.48 

979462.68 
979172.63 
979481 - 4 8  
979484.67 
979489.09 
979490.85 
979193.91 
979497.10 
9 79488 .75 
979484.90 
979482.51 
979478.07 
979472.05 
979491 .S0 
979491.96 
979494.71 
979495.61 
979493.99 
979482.30 

979470 e35 

T H E O R .  
G R A V I T Y  

979993.55 
979995.00 
9'79994.98 
979996.27 
979997.52 
979990.79 
979998.79 
979998.80 
980000.05 
980001 .27 
980002.59 
980003.61 
9800911.77 
988002.20 
979999.70 
980 000.0 5 
980000.07 
979998.79 
979997.52 
979996.25 
979994.98 
979995.00 
979995 -00 
979996.27 
979997.52 
979998.80 
979995.07 
979993.75 
979993.7 5 
979993.73 
979993.2 7 
979991 . 18 

FREE- 
A I R  

-15.53 
-16.73 
-13.63 
-11.61 
-10.99 
-9 .'73 
-10.01 
-10 046 
-7.02 
-4.25 
1.39 
-.19 
' 077 

-1 e90 
-6 -27 
-4.92 
-4 e66 
-9.37 
-10.88 
-11 -54 
-11.32 
-1s .74 
-17 -99 
-14.59 
-12.19 
-10 -09 
-13.53 
-10 -52 

-13.07 
-14.31 

-15.01 

-22 0 69 

S I M P L E  T . C  
BOUGUER 

-192 . 00 .19 
-191 . s0 .19 
-189.48 19 
-188.72 .24 
-189.22 31 
-189.95 38 
-189.27 .39 
-188.42 35 
-191 . 05 .42 
-194.13 50 

-193.17 .71 
-191.94 .80 
-196.63 .98 
-194.86 .56 
-190. s2 .51 
-189.61 46 
-190.91 .39 
-190.41 .33 
-189.26 .391 
-18'7.51 .23 
-193 . 37 . 29 
-196.19 .34 
-195.35 .41 
-195.8'7 .48 
-197.19 55 
-190.98 . 26 
-193 52 .15 
-190.29 017 
-188 . 72 . 18 
-18 9.92 .2d 
-198.75 19 

-192.48 68 

T . C .  
EOUGUER 

-191.81 
-191.71 
-189.29 
-188.48 
-188 -91 
-189.57 
-188.88 

-190.63 
-193.63 

-192.46 
-191.14 
-195.65 
-194.30 
-190.41 
-189.15 
-190.52 
-190.08 

-187.29 
-193.08 
-195.85 
-194.94 
-195.39 
-196.64 
-190 .?2 
-193.37 
-190.12 
-188.54 5 
-189 .?2 
-198.56 

-188 -07 

-191 -80 

-188 -96 



W W Y 0 Y 

STAT.  L A T I T U D E  

WP3 68 
WP369 
W P3?0 
WP371 
WP3 72 
WP373 
WP37.2 
WP375 
WP376 
WP377 
WP378 
WP37Q 
WP3R0 
WP381 
WP382. 
VP383  
WP384 
WP385 
WP386 
WP387 
WP388 
'A' P 3 8 9 
WP398 
WP391 
WP392 
WP393 
WP394 

W3396 
WP397 
WP398 
WP399 

'h'pz 95 

37. 48.56 
37. 49.57 
37. 48.57 
37. 49.43 
37. 49.44 
37. 45.94 
37. 45.06 
37. 45.93 
37. 51.18 
37. 52.@5 
37. 52.05 
37. 36.81 
37. 36.07 
3'7. 32.27 
37. 34.66 
37. 31.23 
37. 31.18 
37. 31.78 
37. 30.87 
37. 34.00 
37. 36.25 
37. 38.91 
37. 39.04 
37. 37.15 
37. 36.29 
37. 35.10 
37. 34.52 
37. 33.33 
37. 32.41 
37. 31.48 
37. 30.26 
37. 33.64 

L O N G I T U D E  ELEV. 

113. 44.81 
113. 43.72 
113. 42.61 
113. 42.61 
113. 43.72 
113. 42.62 
113. 43.72 
113. 43.71 
113. 41.52 
113. 41.54 
113. 38.22 
113. 31.06 
113. 30.66 
113. 30.95 
113. 31.68 
113. 30.72 
113. 33.66 
113. 36.78 
113. 37.39 

.113. 37.30 
113. 37.99 
113. 39.63 
113. 39.63 
113. 39.62 
113. 39.63 
113. 40.75 

113. .21.31 
113. 39.97 
113. 38.47 
113. 37.99 
113. 42.94  

113. 41.86 

5184. 
5168. 
51 56. 
5153. 

' 5163. 
5264. 
5182. 
5175. 
5142. 
5146. 
5130. 
5679. 
5636. 
6052. 
5798. 
61 68.  
6530. 
5797. 
5818. 
5528. 
5341. 
5218 . 
5231. 
5253. 
5288 . 
5323. 
5367. 
5532. 
5836. 
6034. 
5900. 
5392. 

O B S E R V E D  
G R A V I T Y  

979473 -25 
979468.98 
979467 095 

9'79473.26 
979470.52 
979476.52 
9'79472.41 

979493.62 
979487.07 
979431.81 
979432.93 
979400.12 
979419 -74 
979390, .95 
979363.82 
9794 12.12 
979409.99 
3 79436 .56 
979447.28 

979451.52 
979449.52 
979447.72 
979447 091 
979446.40 
979438.50 
979419 .74 

979406.29 
979441.61 

979475 073 

9794a8 .e0 

979454 094 

979398 -46 

TMEOR. 
G R A V I T Y  

979987.41 
979987.42 
979987.4 2 
979980.67 
979988.69 
979983 . 59 
979982.30 
979983.57 
979991 . 2 2 
979992.49 
979992.49 
979970.31 
979969.23 
979963.72 
979967.19 
979962.21 
979962.13 
9'79963.01 
979961.68 
979966.24 
979969.49 
979973.37 
9799'72.10 
979970.80 
979969.55 
97996 3 . 8 1 
979966.98 
979965.2'7 
979963.92 
979962 . 57 
979960.80 
979965. '72 

FREE- 
; A I R  , 

-26 . 56 
-32.35 
-34.51 
-29.25 
-2$ .81 

-18.38 
-24.41 
-1e .77 
-14 -85 
-22.90 
-4.34 
-6.19 

$ .65 
-2 . 09 

CI .90 
15 -90 
-5.62 
-4.46 
-9 .72 

-19.85 
-23 -63 
-28 .5? 
-27 -19 
-24 . 46 
-19.22 
-15 -78 

-6.43 
4 .75 
3.45 
' 045 

-16.95 

-17 -95 

S I MPLE 
B O U G U E R  

-203.13 
-208.37 
-210 . 12 
-203.77 
-201.66 
-197.25 

-200.67 
-193 . 91 
-190.12 
-197.63 
-197 077 
-198 . 15 
-200.48 
-199.57 
-201 -19  
-206.51 
-203.916 
-202.62 
-198.01 
-201 .77 
-205.36 
-206.74 

-204.5'7 
-200.52 
-198.58 
-194.85 
-194.03 
-202.06 
-200.50 
-200.61 

-194 8 80 

-206.11 

T .C 

0 13 
011 
0 11 
.ll 
.12 
26 
.14 . 13 
.15 
.16 
.12 

1 a00 
1.39 
1.70 
2.07 
1 .77  
2.12 
1.10 
1.52 
1.49 

.64 

.32 
38 

0 43 
.51 
.69 

1.27 
1.29 
2.07 
1.89 

a 65 

. ?a 

T.C. 
B O U G U E R  

-203.00 
-208.26 
-210 001 
-203.66 
-201.54 
-196.99 
-194.74 
-200.54 
-193.76 
-109.96 
-197.51 
-196 .77 
-196 -76 
-198.78 
-197 -50 
-199 -42 
-204.39 
-201 -96 
-201.10 
-196.52 
-201.13 
-205.04 
-206.36 
-205.68 
-204.06 
-199.83 
-197.93 
-193.59 
-192.74 

-198.61 
-199.83 

-199.99 su" 



u 90 Y Y Y 0 0 

STAT. 

WP400 
WP401 
WP402 
WP4Q3 
WP404 
WP405 
WP406 
WP407 
WP408 
WP409 
WP410 
WP4 11 
WP4 12 
WP413 
WP414 
WP415 
WP416 
WP417 
WP418 
WP4 19 
WP420 
WP421 
WP422 
WP423 
h'P424 
WP425 
WP426 
VP427 
WP428 
WP429 
WP430 
WP431 

LATITUDE 

37. 32.57 
37. 32.23 
37. 34.41 

37- 36.01 
37.- 36.73 
37. 37.15 
3?. 37.17 
37. 38.04 
37. 30.92 
37. 44.41 
37. 41.87 
37. 39.78 
37. 39.49 
37. 38.48 
37. 39.92 
37. 39.79 
37. 39-04 
37. 45.22 
37. 45.07 
3'7. 45.07 
37. 45.07 
37, 45.07 
3'7. 46.05 
37. 45.93 
37. 45.92 
37. 46.81 

37- 46.81 
37. 46.82 
37. 47.68 
37- 47.68 

37. 35.04 

37. 46.81 

LONGITUDE 

113. 43.61 
113. 44.65 
113. 44.30 

113. 42.77 
113. 42.63 
113. 41.53 
113. 37.97 
113. 37.98 

113. 44.49 
113. 44.01 
113. 42.96 
113. 42.96 
113. 41.87 
113. 40.72 
113. 40.72 
113. 40.72 

113. 48.12 
113. 49.23 
113. 50.33 
113. 51.42 
113. 48.56 
113. 47.fl2 
113. 45.94 
113. 45.91 
113. 47.B2 
113. 18.12 
113. 49.22 
113- 49.22 
113. 48.11 

113. 43mfl5 

113- 37097 

113. 46.51 

ELEV. 

5418. 
5576. 
5321. 
5305. 
5296. 
5312. 
5255. 
5282 0 

5245. 
5214. 
5191. 
5425. 
5251. 

5230. 
5223. 
5216. 
5233. 
5223. 
5246. 
5261. 
5283. 
5303. 
5261. 
5226. 
5204. 
5206. 
5223. 
5241. 

5263. 
5238. 

5264 

5261 

OBSERVED 
G R A V I T Y  

979436.64 
979427.65 
979449 .70 
979454 16 
979455.84 
979456.53 
979455 044 
979446 -75 
979447.51 
979448 094 
979479.77 
979458.20 
979459.27 
979460.43 
979455 .G9 
979455.61 
979459.80 
979453.53 
979470.37 
979469.75 
979468.87 

979466.71 
979468.48 
979478.09 
979470.26 
979470.75 
970473 . 11 
979471.30 
979468.37 
979467 075 
979472.49 

979467 084 

THEOR . 
GRAVITY 

979964.16 
979963.66 
979966.82 
979967.75 
979969.14 
979970.20 
979970.80 
979970.84 
979972 . 10 
979973.38 
979981.36 
979977.67 
979974 -62 
979972.76 
979972.74 

979974.63 
979972.10 
979982.54 
979982.32 
979982.32 

979982.32 
979983.74 
979983 57 
979983.55 
979984.85 
979984.85 
979984.85 
979984.87 

979986 . 12 

979973 38 

979982.32 

979986 12 

FREE- 
' AIR 

-17.92 
-11.54 
-16.63 
-14 -61 
-15.17 
-14.03 
-21. m9 
-27 .27 
-31.25 
-34 03 
-13.34 
-9 . 20 
-21 -45 
-13.21 
-24.38 
-26 50 
-24.22 
-26.36 
-20.90 
-19.14 
-18.61 
-17 e 57 
-16.82 
-20.42 
-2i 093 
-23.82 
-24.43 
-20.47 
-20.59 
-21.65 
-23.35 
-20 . 96 

SIMPLE 
BOUGUER 

-202.46 
-201.46 
-197.87 
-195.29 
-195.55 
-194.95 
-200.08 
-287.17 
-209.89 
-21 1.62 
-190.15 
-193.98 
-2910.30 
-196.50 
-202.79 
-204.39 
-201.88 
-204 . 60 
-198.79 
-197.82 
-197.80 

-193.45 
-199.61 
-199.93 
-201.07 
-201 . 74 
-198.37 
-199.10 
-208.84 
-202.61 
-199.37 

-197.51 

T.C 

1.66 
1.17 
1.40 
.74 
.79 
.60 
.44 
.54 
.46 - 36 . 19 . 32 . 81 
.67 - 42 
31 . 27 
.35 . 20 
.22 
.31 
31 
.395 . 22 
.17 
.16 . 15 
.17 
.19 
.22 
0 22 . 19 

T.C.  
BOUGUER 

-200.80 
-200.29 
-196.47 
-194.55 
-194.76 
-194.35 
-199.64 
-206.63 
-209.43 
-211.26 
-189.96 
-193.66 
-199.49 
-195.83 
-202.37 
-204.08 
-201.61 
-204.25 
-198.59 
-197.60 
-197.49 
-197.20 
-19'7.15 
-199.39 
-199.76 
-200.91 
-201.59 

-198.91 
-200.62 
-202.39 
-199.19 

-198 -20 



cy Y 

STAT. 

WP432 
WP433 
WP434 
WP435 
WP436 
WP437 
VP43t3 
WP439 
WP44B 
WP441 
WP442 
WP443 
VP444 
WP445 
WP446 
WP447 
WP449 
WP448 
WP45pI 
WP451 
WP452 
WP453 
wp454 
WP455 
WP456 

WP458 
WP459 
WP4GpI 
WP4G1 
WP462 
WP463 

wr4 57 

LAT1,TUDE 

37. 47.69 
37. 46.56 
37. 49.42 
37. 49.43 
37. 51.00 
3'7. 50.30 
37. 49.43 
37. 48.56 
37. 49.43 
37. 49.43 
37. 48.57 
37. 47.69 
37. 48.56 
37. 49.43 
37. 47.69 
37. 51.42 
3'7. 50.93 
37. 51.65 
3'7. 51.99 
37. 51.87 
37. 53.79 
37. 52.92 
37. 53.81 
37. 53.82 
37. 52.95 
37. 53.52 
37. 54.33 
3'7. 55.56 
37. 54.97 
37. 55.35 
37. 56.71 
37. 58.38 

LONGITUDE 

113. 47.01 
113. 47.02 
113. 45.55 
113. 4'7.02 
113. (17.01 
113. 48.12 
113. 48.12 
113. 48.12 
113. 49.21 
113. 50.31 
113. 50.32 
113. 50.31 
113. 51.42 

113. 51.97 
113. 49.86 
113. 51.67 
113. 49.06 
113. 47.02 

113. 47.03 
113. 47.02 

113. 49.35 
113. 50.32 
113. 51.99 
113. 50.45 
113. 50.45 
113. 49.22 
113. 48 .48  
113. 49.18 
113. 45.82 

113. 51.42 

113. 45 .18  

113. 48.23 

ELEV. 

5219. 
5213 
5185. 
5202. 
5199. 
5219. 
5227. 
5234. 
5251. 
5268. 

2293. 
5312. 
5303. 
5346. 
5269. 
5322. 
5248. 
5198. 

5245. 
5209. 

5380. 
5383. 
5589. 
5534. 
57891. 
5518. 
5505. 
5926. 
5822. 

5289 

5176. 

5295- 

OBSERVED 
G R A V I T Y  

979474 -69 
979474.63 
979477.84 
979474.03 
979472 -23 
979470.95 
979470.80 
979471 065 
979469 058 
979470,09 
97946'7.15 
979466.34 
979460.60 
979471.31 
979465.42 
979473.56 
979475 -29 
9794'72.95 
979473 .R9 
979481.70 
979480.94 
979478.16 
979478.34 
979474.29 
970470.97 
979457 e24 
979465.21 
979453.55 
979468 -13 
979468.90 
979446.63 
979453.41 

THEOR. 
G R A V I T Y  

979986.13 
979987.41 
9799813.66 
979988.67 
9'79990.96 
979989.94 
979988.67 
9'799P7.41 
979988.67 
979988 e 6'7 
979987.42 
979986 . 13 
9'7998'7.41 

979986.13 
979991.5'7 
979990.86 
979991.91 
979992.39 
9'79992.23 
9'79995.02 
979993.77 
979995.05 
9'79995 . 06 
9'79993.79 
979994.62 
979995.80 
979997.59 
979996.73 
97999'?.29 
979999.27 
980001 .'72 

979988 67 

FREE- 
AIR 

-243.55 
-22 045 
-23.12 
-25.35 
-29 -72 
-28.10 
-26.22 
-23 -46.  
-2s. 19 
-23 e 08 
-22.00 
-21.91 
-19.17 
-18.57 
-17.07 
-22 -41 
-14.99 
-25.33 
-29.58 
-23.68 
-20 .'74 
-25.66 
-18.67 
-14 .?4 
-16 -50 
-11.68 
-10.07 

-039 
-9.59 

-10.60 
4 -76 
-.69 

S I MPLE 
B O U G U E R  

-198.31 
-200 . 00 
-199.72 
-202.53 
-206.€?0 
-205.86 
-204 26 

-204.04 
-202.51 
-282 e 94 
-202 . 22 
-208 . 10 
-199.19 
-199.96 
-201.88 
-196.26 
-284.07 
-2916.62 
-199.97 
-199.39 
-203.08 
-199.02 

-199.85 
-202.04 
-198.56 
-19V.25 
-197.54 
-196.10 
-1 9 7 .,10 

-201 b 73 

-197.98 

-1980 98 

T..C 

.17 

.18 
- 1 5  
.19 
.26 
.27 
.23 
.20 
.26 
31 

.27 

.25 

.30 

.35 

.31 

.42 
50 

.41 

.31 

.23 

.51 

.40 
60 

.'70 

.64 
1 .05  

.98 
1.52 

1 .03  
2.21 
1.07 

8 99 

?.C. 
B O U G U E R  

-198.14 
-199.82 
-199.57 
-202.34 
-206.54 
-205.59 
-204.03 
-201.53 
-203.79 
-202 e 20 
-202.67 
-201.97 
-199.80 
-190.04 
-199.65 
-201.46 
-195 .'76 
-203.66 
-206.31 
-199 074 
-198.88 
-202 -69 
-198.42 
-197.29 
-199.21 
-200.99 
-197.58 
-195.73 

-197.07 
-194.89 

-196 055 

-197 a91 

--1 

0 
0 



u Y OI, 

STAT. LATITUDE 

WP464 37. 
WP465 37. 
WP466 37. 
WP467 37. 
WP460 37. 
WP469 37. 
UP470 37. 
WP471 37. 
WP472 37. 

WP474 37. 
WP475 37. 
WP476 3'7- 
WP477 37. 
WP47R 37. 
WP479 37. 
WP4PpI 37. 
WP4Rl 37. 
WP482 3'1. 
WP483 37. 
WP481 37. 
WP4t35 37. 
WP486 37. 
WP487 37. 
WP488 37. 

WP490 37. 
WP491 37. 
WP492 37. 
WP493 37. 
WP.194 37. 
WP495 37. 

wP473 37. 

WP489 37. 

59.49 
57.06 
56.67 
55.09 
50.06 
48.99 
48.16 
47.67 
45.94 
16.86 
45.85 
1 6 - 8 1  
46.07 
47.11 
48.88 
52.05 
52.83 
49.59 
50.49 
5 1 . 3 2 .  
52.23 
53.16 
54.01 
54.69 
55.52 
56.33 
57.14 
57.84 
59.04 
59.03 
59.28 
59.95 

LONGITUDE 

113. 46.93 
113. 46.74 
113. 45-92 
113. 45.93 
113. 53.27 
113. 53.52 
113. 55.24 
113. 51.091 
113. 53.63 
113. 54.80 
113. 56.76 
113. 57.92 
113. 5cl.43 
113. 59.45 
113. 55.76 
113. 53.37 
113. 53.33 
113. 56.21 
113. 56.42 
113. 56.591 
113. 56.52 
113. 56.38 
113. 56.54 
113. 56.93 
113. 56.84 
113. 57.06 
113. 56.97 

113. 57.03 
113. 58.14 
113. 59.00 
113. 59.95 

113. 57.04 . 

ELEV . 

6039. 
5652. 
5500 
5341. 
5378. 
5420. 
5482. 
5410, 
5371. 
2430. 
5594. 
5502. 
5519. 
5550. 
5554. 
5607. 
5673. 
5644. 
5751. 
5865. 
5990. 
6071. 
6155. 
6255. 
6330. 
6465. 
6589. 
6641. 
6627. 
6710. 
6812. 
690 5. 

OBSERVED 
G R A V I T Y  

979440.53 
979464.11 
979172.12 
979478.45 
979472.917 
979467.66 
979466. 04 
979164.82 
979463.19 
979463.65 
979452.52 
979459 -23 
979455.82 
979451.47 
979464 .02 
979455 -92 
979452.11 
979457.74 
979440.76 
979439.90 
979429 -42  

979417.245 
979410 -60 
979405.52 
979393.75 
979384 -59 
979381.29 
979378.23 
979372 -99 
979368.26 
979362.80 

979422 048 

THEOR. 
- G R A V I T Y  

980003.34 
979999.77 
979999.21 
979996.91 
979989.59 
979988.03 
979986.82 
979986.11 
979983 . 59 
979984.93 
979983.45 
979984.85 
979983.77 
979985.30 
9799e7.75 
979992.49 
979993.62 
979988.91 
979990 - 2 2  
979991.43 
979992.76 
979994.09 
979995.34 
979996.33 
979997.53 
979990.71 
979999.90 
980000.93 
980002.68 

980003.02 
980 004.0 0 

980002.66 

F R E E -  
; AIR 

5.22 
-4.04 

-16.09 
-11.67 
-10.57 
-5.15 

-12.43 

-10.54 

-8 .ll 
-B .85 

-11.80 
-1 -33 
-9.18 
-7.92 
-.30 
-.53 

.13 
08 

-.59 
.80 

2.62 
3.39 
3.14 
4.46 
s .01 

-1.12 
i .47 

€3.28 

-9 -76 

-15.21 

-4 077 

$ -97 

T.C SIMPLE 
B O U G U E R  

-200.47 1.61 
-196.55 1.67 

-198.01 56 
-194 . 04 .62 

-191.07 .68 

-197.09 0 05 

-195.18 e 46 

-196.70 42 
-198.15 0 48 
-195 . 49 .63 
-195.31 .93 
-195.51 0 81 
-196.83 .67 
-208.83 1.24 
-190.50 1.02 
-200.15 .92 
-201.14 1.08 

-196.41 1.07 
-199.63 1.15 
-203.94 1.37 
-207.37 1.59 
-208.84 1.60 
-210.43 2.00 
-212.21 2.33 
-217.85 1.50 
-219.96 1.04 
-221.18 1.00 
-226.83 I95 
-227.07 1.22 
-226.05 1.55 

-192.53 1 .28  

-226.90 1.61 

T.C.  
B O U G U E R  

-198.86 
-194 -88 
-196.24 
-197.45 
-194.22 
-194 -72 
-191.19 
-196.28 
-197.67 
-194.86 
-194.38 
-194.70 
-196 . 16 
-199.59 
-189.48 
-199.23 
-200 .06 
-191 -25 
-195.34 
-198.48 
-202.57 
-285.78 
-20'f. 24 
-208.43 
-209.88 
-21s .55 
-218.92 
-220.19 
-225.88 --1 

-225.85 5 
-224.50 
-225.29 
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Y v 

STAT. 

UP520 
WP529 
WP530 
WP531 
'AP532 
WP533 
WP534. 
WP535 
WP536 
HP537 
WP538  
WP539 
VP 540 
WP541 
WP542 
WP543 
VP 541 
WP 545 
WP51.6 
WP 54.7 
WP548 
WP510 
wp55a 
WP551 
WP552 
WP553 
WP5 54 
WP555 
WP556 
IJP 5 57 
HP 5 58 

L A  TI T U D E  

37. 34.47 
37. 34.63 
37. 34.85 
37. 30.W 
37. 35.41 
37. 36.75 
37. 36.88 
37. 33.62 
37. 31.85 
37. 35.63 
37. 36.10 
37. 36.45 
37. 36.52 
37. 36.44 
37- 36.68 
37. 35.67 
37. 34.07 
37. 40.55 
37. 40.52 
37. 40.54 
37. 40.52 
33.  40.48 
37. 40.43 
37. 491.35 
37. 40.39 
37. 40.83 
37. 41.09 
37. 41.79 
37. 41.71 
37. 42.44 
37. 47.64 

L O N G I T U D E  ELEV. 

113. 48.16 
113. 50.25 
113. 51.28 
113. 51.03 
113. 49.67 
113. 48.19 
113. 46.p15 
113. 50.17 
113. 50.88 
113. 52.97 

113. 55.78 
113. 56.77 
113. 57.84 
113. 50.86 
113. 56.12 
113. 57.56 
113. 29.97 
113. 391.36 
113. 30.68 
113. 31.06 
113. 31.46 
113. 31.90 
113. 32.38 
113. 33.24 
113. 34.50 
113. 35.21 

113. 54.01 

113. 37.12 . 
113. 31.22 
113. 30.51 
113. 25.01 

5438. 
5506. 
5518 . 
5715. 
2577. 
5812. 
5640 
5522. 
5625. 
5598. 
5639 
5897. 
5906. 
6095. 
5954. 
5950. 
6126. 
5592. 
5536. 
5475. 
5434. 
5376. 
5320. 
5313. 
5275. 
5226. 
5207. 
5183. 
5286- 
5237. 
5383. 

O B S E R V E D  
G R A V I T Y  

979452.27 
979451 -73 
979451.10 
979422.92 
979450 .Q3 
979428 .c32 
979440.35 
979452 -08 
979429.05 
979441.22 
979436.97 
979413.86 
979409.37 
979402.48 
9794919.64 
979413.36 
979398.45 
979436.86 
979439.79 
979443.24 
979415.39 
979448 .ll 
979449.12 
979445.87 
979444.19 
979442 e99 
979443.65 
979451.45 
979451.97 
979457.23 
979463.49 

THEOR. 
GRAVITY 

979966.91 

979967.46 
979961.70 

979970.22 
979970 . 41 
979965 . 69 
979963.11 
979968.59 
979969.27 
979969.78 
979969.89 
979969.77 
979970.12 
979968.65 
979967 . 49 
979975.74 
979975.70 
979975.73 
979975.70 
979975.64 
979975.58 
979975.4 5 
979975.52 
979976 e 1 6  
979976.54 
979977.55 
979977.44 
979978.50 
979986.06 

979967 14  

979968 27 

FREE- SIMPLE 
A I R  B O U G U E R  

-3 . 16 
2.49 
2.66 

-1.23 
6 e34 
4.47 . 44 
5 079 

-4.98 
- .83 

-1.91 
-1.26 

2.52 
6.01 
-945 
4.37 
7.17 

-12.91 
-15.21 
-17.52 
-19.20 
-21.87 
-26 . 06 
-29.85 
-35.17 

-43.13 
-36.60 

-20 -69 
-16.25 

-41 -61 

-28 -28 

-188.38 
-185 . 05 
-185.29 
-195 . 88 

-193.48 
-191.65 
-182 . 56 
-196.57 
-191.50 
-193.97 
-199.59 
-201.36 
-201 . 58 
-203 . 24 
-198.29 
-201 -48  
-203.39 
-203 . 76 

-204 . 28 
-204.96 
-207 . 26 
-210.81 
-214 . 84 

-220 . 48 
-215.14 
-208.32 
-207.06 
-199.60 

-183.61 

-203 e 90 

-219.61 

WP559 37. 47.61 113. 25.62 5349. 979464.63 979986.02 -18.26 -200.45 

T . C  

3.69 
1.04 
1.04 
1.61 . 73 
1 .16  
1.05 

4.09 
.82 . 98 
0 75 
.85 . 73 
.61  
88 

1.08 
.96 
.91 
.79 
.77 . 78 
.66 
.55 
42 

.33 

.22 . 94 
1.65 

.42 . 46 

1 - 5 9  

83 

T . C .  
B O U G U E R  

-184.69 
-184 . O 1  
-184.25 
-194.27 
-182.88 
-192.32 
-190.60 
-100.97 
-192.48 
-190.68 
-192.99 
-198.84 
-200.51 
-200.85 
-202.60 
-197.41 
-200.65 
-202.31 
-202.80 
-203.07 
-203.49 
-204.19 
-206.48 
-210.15 
-214.29 
-219.19 
-220.15 
-214.92 
-207.38 
-205.41 
-199.18 
-199.99 

---I 

0 
w 



Y W 03 Y 

S T A T .  

VP560 
WP561 
WP562 
WP563 
WP 5 64 
WP565 
h'P56G 
WP567 
WP56R 
WP569 
WP579) 
WP571 
WP572 
VP573 
WP574: 
WP575 
WP 5 76 
WP577 
WP 5 78 
VP579 
WP585.J 
WP581 
WP5A2 
WP583 
WP594 
WP585 
WP586 
WP587 
WP5R8 
WP589 
WP5991 
WP591 

L A T I T U D E  L O N G I T U D E  E L E V .  

37. 47.62 
37. 47.66 
37. 47.66 
3'7. 47.64 
37. 47.66 
37. 4'7.65 
3'1. 4'7.66 
37. 47.69 
37. 47.69 
37. 47.69 
37. 47.69 
37. 47.69 
39. 47.67 
37. 50.12 
37. 50.61 
37. 51.00 
37. 51.92 
37. 52.90 
37. 52.90 
37. 52.90 
3'7. 52.90 
37. 52.89 
37. 52.92 

37. 53.26 
38. .36 
38 . .39 
38 . 918 
38. .06 
38 .39 
38 . .69 
38. 68 

37. 52.96 

113. 26.04 
113. 26.59 
113. 27.14'  
113. 2?.46 
113. 27.91 
113. 28.31 
113. 29.08 
113. 31.06 
113. 32.80 
113. 41.51 
113. 42.61 
113. 43.72 
113. 30.00 
113. 25.64 

113. 25.99 
113. 25.76 
113. 22.81 
113. 23.11 
.113. 23.92 

113. 25.091 
113. 25.55 

113. 26.63 
113. 27.48 
113. 28.60 
113. 29.60 
113. 31.56 
113. 32.66 
113. 33.80 
113. 34.75 

113. 24.66 

113. 24.45 

113. 26.15 

5300. 
5239. 
5173. 
5151. 
5130. 
5128. 
51 29. 
5133. 
51391. 
5151. 
5160. 
5169. 
51 33. 
5148. 

I 5161. 
5197. 
5169. 
5162. 
5163. 
5164. 
51 49. 
5161. 
523'7. 
5181. 
5088. 
5265. 
5306. 
5351. 

5524. 
5514. 

5153. 

54813 

OBSERVED 
G R A V I T Y  

979466.44 
9'79469.44 
979472 -75 
979472 055 
979472.19 
979472.29 
979472.58 
979473.82 
979473.57 
979467.34 
979464.70 
979464.88 
979471.91 
979476.88 
979474.23 
979484.61 
979484.74 
979475.38 
979470.23 
979482 . R 8  
9'79484.30 
9'79486.43 
979488.57, 
9'79485.27 
979489.66 
979494.44 
979496 .Q2 
979193.87 
979484.12 
979478.43 
979479.35 
979479.48 

T H E O R .  
G R A V I T Y  

979986.0 3 
979986.09 
9'7998 6.0 9 
979986.06 
979986.09 

979986.09 
979986.13 
979986.13 
979986 13 
979986.13 
979986.13 
979986.11 
979989.68 
979990 . 29 
979991.08 
979992.30 
979993.73 
979993.73 
979993.73 
979993.73 
979993.7 2 
979993 . 77 
9'79993 80 
979994.24 
980004.60 

980004.20 
980004.16 
980004.64 
980005.09 
98000 5.0 7 

979986 0 8 

98000 4 6 4 

FREE- 
, AIR 

-21.08 
-23.89 
-26.78 
-29.02 
-31.39 
-31 -46 
-31.09 
-29 -51 
-30 . 04 
-34.30 
-36.09 

-31.40 
-28.66 
-31.48 
-20.75 
-18.73 
-3?. 16 
-29.97 
-25.23 
-23 -72 
-22 -98 
-19.81 
-15 095 
-17.26 
-31.60 
-13 -41 
-11.25 
-13.92 
-10 077 
-6.15 
-6.95 

-35 06 

SIMPLE 
A O U G U E R  

-201.59 
-202 . 34 
-202 . 97 
-204.46 
-206.09 
-286.12 
-205.78 
-204.34 
-204.77 
-209.75 
-211.84 
-21 1 . 11 
-206.24 
-204.00 
-207 . 00 
-196.64 
-195.72 
-208.22 
-205.80 
-201.08 

-198.36 
-195.59 
-194 + 34 
-193.74 
-204 . 90 
-192.73 
-191 . 98 
-197.19 
-19'7.42 
-194.30 
-194 . 75 

-199 61 

T.C  

.49 

.51 

.54 

.53 

.49 

.43 

.32 

.18 

.13 

.11 

. l l  . 12 

.24 

.14 

.11 

.16 

.23 

.05 

.04 

.04 
- 0 5  
.06 
.11 
26 

.14 

.35 . 39 

.41 . 40 . 35 

.39 
45 

T . C .  
B O U G U E R  

-201.10 
-201.83 
-202 -43 
-203.93 
-205.60 
-205.69 
-205.46 
-204.16 
-204.64 
-209.64 
-211.73 
-210.99 
-206 .OO 
-203 -86 
-206.89 
-196.48 
-195.49 
-208.17 
-205 .76 
-201.04 
-199.56 
-198.30 
-195.48 
-194.08 
-193.60 
-204.55 
-192.34 
-191.5'7 
-196.79 ---I 

-197.07 g 
-193.91 
-194.30 



Q3 @ Y OD 

S T A T .  LATITUDE 

WP592 
WP593 
WP591 
WP595 
WP 596 
WP597 
WP598 
WP599 
WPG00 
WP6Q1 
WP602 
WP6913 

WP6P) 5 
WP606 
WP6c37 
WP608 
WP609 
W 6 1 g  
WP6l.l 
WP612 
WPG13 
WPG14 
WP615 
VP616 
WP617 
WPGlP. 
WP619 
WP620 
WP621 
WP622 
WP623 

w t w 4  

37. 43.76 
37. 43.37 
37. 42.97 
37. 42.57 
37. 42.09 
37. 54.21 
37. 54.47 
37. 54.63 
37. 54.66 
37. 54.89 
37. 54.65 
37. 54.48 
37. 54.29 
37. 54.04 
37. 53.73 
37. 53.63 
37. 52.95 
37. 53.17 
37. 52.95 
37. 52.99 
37. 52.51 
37. 52.54 
37. 52.94 
37. 53.00 
37. 52.93 
37. 52.92 
37. 54.71 
37. 55.60 
37. 56.46 
37. 55.57 
37. 53.61 
37 .  47.88 

LONGITUDE 

113. 42.62 
113. 41.52 
113. 40.43 
113. 39.33 
113. 37.96 
113. 1.84 
113 0 73 
113. . O 1  
112. 59.56 
112. 59.54 
112.  59.22 
112. 58.88 
112. 53.40 
112.  57.41 
112. 56.81 
112.  56.36 
112 .  55.48 
112. 54.93 
112. 54.21 
112. 44.12 
112. 44.56 
112. 44.94 
112.  45.08 
112. 46.35 
112. 46.77 
112. 47.30 
112. 45.31 
112. 47.55 
112.  49.19 
112. 49.76 
112. 50.59 
112. 40.88 

ELEV 

5170. 
5176. 
51 79. 
5180. 
5179. 
5510. 
5515. 
5528. 
5535. 
5565. 
5540. 
5556. 
5573. 
5646. 
5719. 
5691. 
5687. 
5719. 
5697. 
6465. 
6290. 
6197. 
5950. 
5892. 
5842. 
5803. 
5887. 
5713. 
5694. 
5704. 
" "740. 
6615. 

OBSERVED THEOR. 
GRAVITY ' G R A V I T Y  

97947Q .23 979980.43 
979475.50 979979.85 
979473.95 979979.27 

979457.73 979977.98 
979450.05 979995.62 
979453.34 979996.01 
979454.98 979996.23 
979456.35 979996.28 
979454.16 979996.62 
979458.28 979996.27 
979459 -70 979996.02 

979452.52 979995.38 
979446.31 979994.92 

979440.17 979993.79 
979437.85 979994.11 
979433.87 979993.79 
979384.19 979993.84 
979394.01 979993.16 

9794 13.29 979993.79 
9794 15.22 . 979993.86 
979416.70 979993.77 
97Cl!m.98 979993.77 
9'79418.83 979996.36 
979423.54 979997.66 
979430.96 979990.91 
979427.96 97999'7.61 
979423.95 979994.75 
979370.59 979986.41 

979468.98 9'799713.69 

979459 -41 979995074 

979445 e98 979994.78 

979399 a 5 5  979993.20 

FREE- 
A I  R 

-15.91 
-17.50 
-18.19 

-33 -11 
-2? . 32 
-23 -94 
-21.29 
-19 . 32 
-19.03 
-16.99 
-13.73 
-12.14 
-11.80 
-1cII -69 
-13 -51 
-18.71 
-10.34 
-24 . 07 

-1.57 
-7.53 

-10.77 
-20.85 
-24.45 

-30 -96 
-23.81 
-36 .'76 
-32.38 
-33.14 
-30.90 

6.39 

-22 49 

-27 e59 

SIMPLE 
B O U G U E R  

-192 . 00 
-193 . 79 
-194.59 

-209.51 
-214.99 
-211.€!0 
-209.50 
-207.84 
-208.58 
-205 . 68 
-202.96 
-201.95 
-204.10 
-205.48 
-207 . 34 
-212.42 
-213.13 
-218.09 
-221.76 
-221.77 
-221 0 84 
-223.51 
-225.13 
-226.57 

-224.32 

-226.31 
-227.42 
-226.40 
-210.91 

-198 0 92 

-228 061 

-231.35 

T.C 

.19 

.16 

.16 
0 18 
.19 

' .49 
0 57 
.65 
.82 
.71 

1.13 
1 .57  

3.17 
2.34 
1.89 
1 .21  
1.09 
1.30 
7.75 
9.76 
8.46 
3.52 
3.01 
2.84 
2.49 
2.62 
1.49 
1.37 
1.34 
1 . 3 2  
7.92 

2.18 

T.C. 
B O U G U E R  

-191.81 

-194.43 
- 198 . 74 
-209.32 
-214 -50 
-211.23 
-208.93 
-207 . 02 
-207.87 
-204.55 
-201.39 
-199 .77 
-200.93 
-203.14 
-205.45 
-211.21 
-212.04 
-216 *79 
-214 . O 1  
-212.01 
-213.38 
-219.99 
-222.12 
-223 -73 
-226.12 
-221.70 
-229.86 
-224.94 - 
-226.09 
-225 a08 
-210.99 

-193 -63 



Y W u 

STAT. 

WP625 
WP626 
WP627 
WP628 
WP629 
WP630 
WP631 
WP632 
WP633 
WP634 

WP636 
WP637 
WP638 
WPG39 
WP611, 
WP641 
WPG42 
WP643 
WP 644 
WP645 
\!!JpG.IFJ 
'A'P647 
W P G 40 
WPG49 
WP658 
WP651 
WP652 
VP653 
WP654 
WP655 
WPG56 

we635 

LATITUDE 

37, 49.44 
37. 49.69 
37. 50.01 
37, 50.20 
37. 50.32 
37. 50.53 
37. 51.44 
37. 51.95 
37. 51.50 
37. 50.98 
37. 51.45 
37. 50.32 
37. 49.90 
37. 49.73 
37- 52.09 
37. 52.08 
37. 51.28 
37. 51.85 
37. 5n.75 
37. 51.39 
37. 51.36 
37. 51.84 
37. 51.2Q 
37. 58.31 
37. 50.367 
37. 48.64 
37. 49.13 
33. 48.62 
37. 47.99 
37. 47.21 
37. 46.79 
37. 48.27 

LONGITUDE 

112. 40.62 
112. 48.82 
112. 49.94 
112 .  49.918 
112. 49.14 
112. 49.25 
112. 49.64 
112. 49.13 
112. 47.56 
112. 48.38 
112. 49.77 
112.  50.33 
112. 51.14 
112. 51.96 
112. 50.32 
112. 51.43 
112. 51 . 4 1  
112. 52.50 
112. 52.11 
112. 52.53 
112. 54.19 
112. 55.28 

112. 53.89 
112. 52.51 
112. 48.47 
112. 53.88 
112. 53.45 
112. 54.40 
112. 54.93 
112. 54.65 
112. 55.26 

112- 55.21 

ELEV. 

6297. 
6215. 
61  54. 
61916. 
6066. 
6925. 
5998. 
5853. 
5950. 
5942. 
5932. 
59591. 
5809. 
2872. 
5838. 
5801. 
5841. 
57639. 
5819. 
577R. 
5710. 

5721. 
5788. 
5810. 
6437. 
59 4 3 .  
6148. 
6230.  
6313. 
6667. 
6017. 

57a3. 

OBSERVED 
GRAVITY 

979392.48 
979397.79 
979180.63 
9794913.70 
979405.11 
979406.70 
979408.89 
979414.30 
979410.72 
979110.65 
979412.23 
979410.01 
979415.38 
979416.98 
979416.55 
979420.08 
979417.06 
979424.16 
97941R .09 
979422.73 
979429.62 
979434.12 
979431.59 
979425.41. 
979418.91 
979380 -36 
979413.12 
979481.24 
979396.62 
979394.27 
979372.20 
979410 a44 

TBEOR. 
GRAVITY 

979988.69 

979989.52 
979989.80 
979989.97 
979990.27 
979991 . 60 
979992.34 
979991.69 
979990 93 

979989.97 
979989.36 
979989.11 
979992.53 
979992.53 
979991.37 
979992.20 
979998.59 
979991 53  
979995.84 
979992.19 
979991.25 
979989.95 
979989.94 
979987.52 
979988.24 
97998 7.49 
979986.58 
979985.44 
979984.83 
979986.98 

979989 -0 5 

979991 62 

FREE- 
AIR 

-3.92 
-6 -69 

-10.05 
-11.77 
-14 -30 
-16.59 
-19 -30 
-23.52 
-21.32 
-21.39 
-21.43 
-20 28 
-20 . 07 

-26.87 
-26.82 
-24.91 
-25.42 
-25 . 18 
-25.33 
-29.40 
-21.65 
-21.54 
-291.13 
-24.55 
-1 -71 

-16.13 
-7.98 
-3.97 

2 ,63  
14.47 

-10.59 

-19 e 8 1  

SIMPLE 
BOUGU ER 

-21 8.39 
-218.37 
-219.67 
-219.74 
-220.90 
-221.90 
-223.32 
-226. e7 
-223 . 98 
-223 b 78 
-223.47 
-222.94 
-220.64 
-219.e1 
-225.71 
-224.40 
-223 E 5  
-221.51 
-223 . 38 
-222 . 13 
-224.15 
-215.89 
-216.40 
-217.27 
-222.44 
-220 . 95 
-218.55 
-217.38 
-216.16 
-212.39 
-212.61 
-21 5 . 53 

T.C 

5.46 
4.75 
4.18 
3.84 
3.52 
3.04 
2.14 
2.79 
4.15 
3.98 
2 . D 8  
3.99 
3 .73  
3.56 
1.69 
1.49 
1.83 
1 . 4 3  
2.04 
1.61 
1 . 0 7  
1.42 
1 .48  
1.89 
2.35 

10.56 
2.90 
4.30 
5.06 
6.70 
5.58 
2.99 

T . C .  
BOUGUER 

-212.99 
-213.62 
-215.49 
-215.90 
-217 -38 
-218.86 
-221.19 
-224.08 
-219.83 
-219.80 
-221.39 
-219.80 
-216.91 
-216.25 
-224.02 
-222.91 
-222.02 
-220.48 
-221.34 
-220.52 
-223.09 
-214.47 
-214.92 
-215.39 
-220.09 
-210 -39 
-215.65 
-213.09 
-211.10 - 
-205.69 
-207.03 
-212.54 



Qw P v 0 Y 

STAT.  

WP657 
MP658 
WP659 
WP660 
WP661. 
k'P662 
WP663 
WP664 
WP665 
WP666 
WPG67 
WP668 
We69 
WP670 

WP672 
WP673 
WP674 
WP675 
VP676 
WPG77 
'rlP678 
W7679 

WP681 
WP682 
WP6P3 
YP6R4 
WPG85 
WP 686 
WP687 
WP688 

Ih'P 671 

wr6m 

LATI  TUDE LONCITUDE ELEV. 

37. 49.06 112 .  56.49 
37. 46.89 112. 57.97 
37. 47.23 112. 56.92 
37. 50.09 112. 55.27 
37. 49.63 112. 56.36 
37. 48.75 112. 55.92 
37. 17.46 112. 59.75 
37. 48.13 112. 57.75 
37. 50.54 112. 56.92 
37. 50.03 112. 57.30 
37. 49.21 112. 58.02 
37. 49.82 112. 5e.59 
37. 49.24 112. 59.25 
37. 50.12 112.  59.46 

37. 52.12 112. 58.96 
38. 4.01 112. 41.35 

38 . .44 112. 43.23 
37. 39.41 113. 30.44 
37. 38.73 113. 30.40 
37. 39.19 113. 31.73 
37. 37.97 113. 31.80 

37. 31.91 113. 33.74 
37. 33.48 113. 32.78 
37. 32.22 113. 32.38 
37. 33.47 113. 35.58 
37. 40.65 113. 25.38 
37. 41.93 113. 26.57 
3'7. 42.72 113. 25.93 
37. 42.71 113. 24.24 

37. 51.28 112. 59.23 

38. 3.47 112. 41.57 

37. 35.13 113. 32.28 

5952. 
6030 .  
5952. 
5776. 
5808. 
5862. 
5857. 
5855. 
5753 
2772. 
57913. 
5880. 
5702. 
5854. 
5950 
5936. 
5991. 
5871. 
5809. 
5623. 
5474. 
5443. 
5033. 
6358. 
6695. 
6245. 
6415. 

.6398. 
6262. 
6889. 
6825. 
6670. 

OBSERVED 
G R A V I T Y  

979414.70 
9794Gl9.79 
979412.50 
979127.82 
979425.40 
979429.10 
979423.5d.s 
979420.27 
979432 010 
970431.59 
979428.31 
979428.99 
979440.74 
979432.45 

979431.83 
979433.32 
979434.41 
979433 .a8 
979433.55 
979441.35 
979444.16 
979421.48 
979385 -00 
979356 .16 
979389.14 
979376.74 
979384 .a9 
979407.53 
979366.36 
979374.07 
979380 . O 1  

979428 -26 

T HEOR.  
G R A V I T Y :  

979986.67 
979984.98 
979985.47 
979989.63 
979988.96 
979987.68 
979985.80 
979986.78 
979990.29 
9799r39.55 
97998e. 35 
979989 . 24  
979988.40 
979989.68 
979991.37 
979992.59 
980009.92 
980 00 9 . 1 3 
980004.72 
979974.191 

9'79973.78 
979972.00 
979967.86 
979963.20 
979965 . 49 

979965.48 
979975.90 
979977.76 
979978.91 
9799'78.89 

979973 11 

979963 65 

FREE- 
A I R  

-12.14 
-8 . O 1  

-13 . 13 
-18.53 
-17.27 
-16.21 
-11.40 
-15.79 
-17.07 
-15.04 
-15.42 

-7.18 
-11.33 

-6.61 
-3.46 
-2.43 

-21.56 
-22.51 
-25.25 
-11.65 
-16.88 
-17.67 
-1.87 
14 -42  
22 -69 
11.05 

20.41 
20.64 
36.58 
37.12 
29.30 

16 e49 

SIMPLE 
BOUGUER 

-214 . 86 
-213.39 
-215.t36 
-21 5.26 
-215.09 
-215.87 
-210.88 
-215.22 
-213.02 
-211.63 
-212.63 
-207.45 
-205.54 
-206 . 00 
-206.12 
-204.61 
-222.55 
-222.47 
-223.10 
-203.17 
-203.33 
-203.06 
-200.54 
-201.E6 
-205.34 
-201 . 65 
-202.01 
-197.51 
-192.64 

-195.34 
-197.80 

-198.06 

T . C  

2.61 
3.70 
4.19 
1.69 
1.62 
2.31 
1 .95  
2.11 
1 - 6 6  
1.69 
1.61 
1 .43  
1.66 
1 . 2 4  
1 . O 1  

.98 
1.69 
1 66 
1.41 

.69 
1.17 
1.48 

.93 
4.28 
3.07 
1.4.3 
1.28 
2.63 
1.46 

2.19 
2.61 

2.48 

T.C. 
B O U G U E R  

-212.25 

-211.6'7 
-213.5'7 
-213.47 
-213.56 
-208.93 
-213.11 
-211.36 
-209.94 
-211.02 

-203.88 
-204.76 
-205.11 
-203.63 
-220.86 
-220.81 
-221 -69 
-202.48 
-202.16 
-201.58 
-199.61 
-197 058 
-202.27 
-200.22 
-200.73 
-194.88 
-191018 4 
-195.58 

-209 e61 

-206 02 

-193.15 
-195.27 



W W Y, W w W 

STAT. 

WP 683 
WP69B 
WP 6 91 
k ' P G 9 2  
WP693 
WPG94 
WP695 
WP69G 
WP697 

\\ WPG90 
WP699 
WP700 
WP71al 
WP782 
\J 1' 7 Tr 3 
W P 7 0 4  
WP 70 5 
'~'P786 
WP7@7 
WP 708 
WP709 
WP'IlQI 
'ilP711 
WP712 
WP713 
WP714 
WP715 
WP716 
WP717 
WP710 
WP719 
WP728 

LATITUDE 

37. 42.46 
37. 47.70 
37. 45.91 
37. 52.@3 
38. 5.10 
38. 5.95 
38. 6.76 
38. 6.96 
38. 6.50 
38. 2.13 
38. 3.71 
3P. 3.37 
38. 1-68 
30. .5?3 
37. 56.91 
37. 57.81 
57. 59.91 
38. .16 
37. 59.04 
37. 59.04 
37. 59.84 
37. 58.30 
37. 59.04 
37. 58.45 
37. 59.91 
3'7. 59.91 
37. 59.91 
3 7 .  59.05 
37. 58.32 
38 .38 
38.  1.133 
38. .87 

LONGITUDE 

113. 22.61 
113. 23.45 
113. 22.98 
113. 27.22 
113. 38.64 
113. 39.76 
113. 41.65 
113. 42.72 
113. 44.90 
113. 40.18 
113. 42.67 
113. 41.78 
113. 42.29 
113. 43.61 
113. 44.83 
113. 45.23 
113. 46.29 
113. 46.97 
113. 55.93 
113. 54.82 
113. 53.76 
113. 53.58 
113- 52.95 
113. 52.96 

113. 52-97 
113. 51.30 

113. 5.1.46 
113. 51.92 
113. 51.11 
113. 58.45 

113. 51.75 

113. 51.68 

' ELEV. 

6296. 
54Q2. 
5615. 
5235. 
5988. 
6168. 

6450. 
6750. 
5976. 
6469 
6221. 
6192. 
6117. 
5556. 
5683. 
5997. 
6226. 
6564. 
6550. 
6610. 
6829. 
6732. 
7875. 

6581. 
659115. 
6870. 
7370. 
6654. 
6670. 
6716. 

6414. 

6788. 

OBSERVED 
G R A V I T Y  

979488.12 
979463.89 
979452.82 
979484.06 
979111.05 
979425.76 
979413 .lo 
9'79414.25 
979401.34 

979416 .71 
979432.87 
979436.92 
979439 .12 
9794791.25 
979462 e31 

979453 -80 

979442 .m 
979430.79 
979383.26 
979385.44 
979390.70 
979384 e02 
979394.37 
979370.40.. 
979393.19 
979399.82 
979388.81 
979387 -96 
979354- .22 
979401.56 
979404.85 
979402.44 

THEOR. 
GRAVITY 

979978.52 
979986.15 
979983.54 
979992 . 47 
980011.51 
980012.75 
980013.93 
9880 14.0 7 
980013.55 
980007.18 
980009.48 
980008.99 
980 00 6 . 5 2 
980004.92 
979999.56 
98m00.89 
980002.49 
S80004.31 
980002.6e 
980i302.68 
980002.68 
980001.60 
980002.68 
900801.82 

980003.95 

980002.70 
980001 -62 
980004.63 
98000 5 . 58 
98000 5.34 

980803 9 5 

98000 3.9 5 

FREE- 
AIR 

21.79 
-14.15 
-2.58 
-16.01 
-7.23 
-6.84 
2-47 
7 .62 
22.69 

15.70 
9.02 
12.82 
9.56 

-6 .?2 
-4.04 
4.26 
1? . 10 
-2.02 
-1.16 
9 .?5 
24.75 
24.90 
34-05 
27.72 
14.89 
-3.75 
31 -46 
45.82 
22.81 
26.65 
2t3.80 

0 -72 

SIMPLE 
BOUGUER 

-192.65 
-198.15 
-193.83 
-194 31 
-2 1 1.18 
-216.92 
-215.99 
-212.34 
-207 21 
-194. e2 
-204 -65 
-202.85 
-198.04 
-198 . 78 
-195.95 
-197.61 
-199 98 
-199.96 
-225 . 59 
-224.26 
-215.38 
-207.e4 
-204.40 
-206.92 
-203.49 
-209.25 
-225.15 
-202 52 
-205.20 
-2rZr3.82 
-200 . 53 
-199 . 96 

T.C 

1.26 
.41 
.84 
22 

2.02 
1.26 
78 

1.05 
1 69 

2.17 
1.31 
1.09 
1.20 

.62 
84 

1 .1.5 
1.13 
86 
.93 

1.11 
2.14 
1.45 
2.09 
2.12 
1.04 
.88 

4.31 
1.50 
1.15 
1.40 

69 

2.70 

T . C .  
BOUGUER 

-191.39 
-197 -74 
-192.99 
-194.09 
-209.16 
-215.66 
-215.21 
-211.29 
-205.52 
-194.13 
-202.48 
-201.54 
-196.95 
-197.58 
-195.33 
-196.77 

-198.83 
-224.73 
-223.33 
-214.27 
-205.70 
-202.95 
-204.83 
-201.37 
-208.21 
-224.27 
-199.82 
-200.89 - 
-202.32 2 
-199.38 
-198.56 

-198 .a3 



w u W 90 y3 Y W w 

STAT. 

WP721 
WP722 
WP723 
WP 724 
WP725 
AA03.0 
A A P l 9 1  
AA092 
hA093 

AA095 
AAL396 
An097 
Ah098 
An100 
A h l Q l  
AA1C35 
AAl06 
A A l Q R  
A A l f l 9  
An110 
A A l l l  
A A 1 1 2  
AA113 
AA114 
A A 1 1 5  
AA144 
An145 
AAl46 
AA147 
AA148 
AA149 

A A ~ M  

LATITUDE 

38. . 73 
37. 37.45 
37. 38.11 
37. 36.63 
37. 41.45 
38. .44 
38. 7.37 
38. 6.39 
38. 6.08 
38. 4.74 

38. 4.93 
38. 6.21 
38. 7.42 
38. 6.25 
38. 5.51 
38. 1.52 
38. 1.51 
38. 1.27 
38. .67 
38 .58 
38. 1.48 
38. 2.01 
38 . .85 
38. .63 
38 .18 
37. 58.24 
37. 57.39 
37. 57.613 
37. 53.92 
37. 53.83 
37. 54.54 

38. 3.99 

LONGITUDE ELEV. 

113. 49.86 
113. 19.30 
113. 51.04 
113. 54.43 

112. 43.23 
112. 45.38 
112. 46.82 
112. 47.45 
112. 48.13 
112. 50.12 
112. 52.36 
112. 50.18 
112-  50.55 
112. 40.22 
112. 48.63 
112. 43.32 
112. 44.08 
112. 46.86 
112. 47.44 
112. 49.04 
112. 50.16 
112. 51.60 
112. 51.16 
112. 52.13 

112. 43.16 
112. 44.01 
112. 45.52 
112. 46.45 
112. 45.33 
112. 44.87 

113. 45-73  

112. 45.30 

6767. 
6217 . 
6217. 
5668. 
2641. 
5809. 
7558. 
7883. 
'7653. 
'7326. 
7033. 
680 5. 
7496. 
7328. 
7525. 

5778. 
57'79. 

,6036. 
5981. 
6118. 
6568. 
€756. 
6659. 
6532. 
5738. 
5860. 

,5864. 
6120. 
5834. 
5880. 
5990. 

7830. 

OBSERVED 
GRAVITY 

979100.45 
979401.34 
979404.66 
979433.34 
979443 -52 
979433.15 
979342.89 

979341.05 
979364.74 
979382 -21  
979395.50 
979355 058 
979369 -11 
979352.02 
979328.77 
9794491.91 
979442.30 
979427 -56 
979431 -50 
979429.83 
979407 . 10 
979403 -48 
979402.16 
979411.60 
979438.98 
979423.13 
979122.05 
979413.24 
979416.77 
979417.81 

979319 a79 

979414 a 3 8  

THEOR.  
G R A V I T Y  

98000 5.14 
979971.24 
979972.20 
9'79970.05 
979977.05 
980004.72 
980014.84 
S80013.29 
980012.94 
980018.98 

980011.27 
980 01  3.1 2 
980014.91 
980 0 13.19 
98001 2.1 1 
980006.29 
980006.27 
98000 5.93 

980004.80 
980006.23 
98G087.01 
980005.31 
980004.99 

980001.52 
980000.27 
980000.59 
979995.06 
979995.07 
9'79996.10 

980009.89 

9800 0 5 0 5 

9813004.34 

FREE- 
A I R  

31.81 
14 -86 
17 = 23 
-3.59 
-2.95 

-25 . 18 
38.96 
47 -87 
43.95 
42.84 
33.85 
24.32 
47.53 
43.47 
46.63 
53.91 

-21 -90 
-28.41 
-19.63 
-10 099 

.48 
18.65 
31.94 
23.20 
21.01 

-25.65 
-27 .20 
-26.67 
-11 .?1 
-29.56 
-24.19 
-18 -31 

SIMPLE 
B O U G U E R  

-198.66 
-196 . 89 
-194.52 
-196.64 
-195.09 
-223.03 
-210.47 
-220 62 
-212.71 
-206.68 
-205.69 

-207.79 

-209.67 
-213.05 
-218.69 
-217.23 
-216.22 
-214. '70 
-207.90 
-205.06 
-198.17 
-203.60 
-201.47 
-221 - 0 9  
-226.79 
-226.40 
-220.16 
-228.26 
-224.46 
-222 . 33 

-2P17 46 

-206.12 

T . C  

1.64 
1 .41  

.97 . 87 

.49 
1.41 
2.76 
3.37 
2.70 
2.94 
1 . 70 
1.18 
2.43 
1.94 
2.83 
2.99 
1.41 
1.37 
1.28 
1.13 
1.28 
1.50 
1.08 
1.18 
1.12 
1.26 
1.94 
1.75 
2.55 
2.29 
4 - 0 1  
5.02 

T.C. 
BOUGUER 

-197.02 
-195.48 
-193.55 
-195.77 
-194 -60 
-221.62 
-215.71 
-217.28 
-210 . O 1  
-203.74 
-203 -99 
-206.29 
-205.36 
-204.18 
-206.84 
-210.05 
-217 -28 
-215.86 
-214 -94 
-213 -57 
-206.62 
-203.56 
-197.09 
-202.42 
-200.35 
-219.83 
-224.85 
-224.65 
-217.61 --1 

-225.97 
-220.45 
-217.31 



Y W W (0 Y 

STAT. LATITUDE 

AA150 37. 56.03 
AA154 37. 53.39 

AA156 37. 52.99 
Ah157 37. 52.92 

AA359 37. 52.95 
A A 1 6 0  37. 52.94 
A A l G 1  37. 52.95 
A A l G 2  37. 52.95 
A A l 6 4  37. 52.94 

Ah167 37. 55.22 
A A l G S  37. 55.59 

AA170 37. 55.88 
A11171 37. 57.33 
A A 1 7 2  37. 59.68 
AA173 37. 58.86 
An174 37. 5Q.09 
AA175 37. 54.70 
AA176 37. 53.83 
AAL77 37. 54.70 
AA17R 37. 54.70 
A A l B D  37. 55.95 
A A l R l  37. 57.15 
AA182 37. 58.38 
A A 1 R 3  37. 59.53 
AA184 38. .14 
A A 1 8 5  38-  .59 
AA186 38. 1.7Q 
AA187 38. 2.66 

1 

An155 37. 52.94 

AA15R 37. 52.95 

AA166 37. 54.61 

A A 1 6 9  37. 54.80 

LONGITUDE 

112. 44.48 
112. 46.11 
112. 45.46 
112. 44.13 
112. 47.84 
112. 49.21 
112. 50.29 
112. 51.43 

112. 53.07 
112. 56.03 
112. 55.25 
112. 54.79 
112. 54.01 
112. 53.57 
112. 53.21 
112. 49.76 
112. 49.16 
112. 46.82 
112. 45.76 
112. 47.55 
112. 27.54 
112. 49.20 
112. 50.56 
112. 58.96 
112. 58.53 
112. 58.00 
112. 57.25 
112. 56.23 
112. 55.32 
112. 55.23 
112. 54.03 

112. 52.48 

ELEV. 

2784. 
5897. 
E008. 
6465. 
5792. 
5798. 
5796. 
5758. 
57391. 
5709. 
5727. 
5770 . 
5810. 
5897. 
5699 
5979. 
5721. 
6005. 
5737. 
5722. 
5735. 
5762. 
5718. 
5698. 
5670. 
5817. 
5965. 
6B.20. 
6111. 
6295. 
6292. 
6449. 

ORSERVED 
G R A V I T Y  

979424.20 
979415.41 
979410.92 
97938%. 10 
979415.95 
979417.13 
979419.72 
979423.42 
979426.20 
979428.62 
979439.31 
979439.42 
979438.87 
979435.37 
979441 e32 
979427.51 
979435.87 
979432.59 
979437.48 
979436.05 
979421.03 
979418 .G0 
979425.19 
979427.28. 
979447.08 
979441.30 
979435.36 
979435.95 
979434.23 
979423.20 
979424 .ll 
979414.37 

THEOR. 
GRAVITY ' 

979998.28 
979994.30 
979993.79 
979993.84 
979993.77 
979993.79 
979993.79 
979993.79 
979993.79 
979993 . 79 
979993.79 
979996.20 
979997.09 
979997.64 

979998.05 
980000.17 
980003.61 
98E19192.41 
980002.75 
979996.34 
979995.07 
979996.34 
979996.34 
979998.16 
979999.91 
9809101.72 

980804.28 

980096.55 
980007.94 

979996.48 

9a00~3.39  

980004.94 

FREE- 
' AIR 

-30.05 
-24.23 

-1.65 
-33.03 
-31 -30 
-29.85 
-28 .?8 
-28 63 
-20 19 
-15.80 
-14.07 
-11.74 

-7.61 
-19.12 

-8.17 
-26.18 

-6 19 
-25.32 
-28.49 
-35 089 
-34.50 
-33.33 
-33.11 
- l ?  .77 
-1 1.48 

-5.30 
68 

4.75 
10.36 
9.38 

13.03 

-17 076 

SI MPLE 
BOUGUER 

-227.05 
-225.09 
-222.40 
-221.85 
-230.31 

-226.92 
-224 . 90 
-223.79 
-222.64 
-210.86 
-210.60 
-209.63 
-208.46 
-213 22 
-211. e l  
-221.04 
-210 . 72 
-220.72 
-223.38 
-231.22 
-230.76 
-228.08 
-227.18 
-210.89 
-209.59 
-208.46 
-205.06 
-203.39 
-204.05 
-204 ..93 
-206.62 

-220 a 70 

T . C  

2.77 
2.90 
4.82 
7.73 
2.20 
1.65 
1.43 
1.28 
1.20 
1.23 
1.23 
1.12 
1.00 

.96 
1.17 
1.25 
1.37 
1.27 
1.19 
1.28 
1.66 
1.89 
1.43 
1.36 

.60 

.4a 

.56 

.51 

.58 

.70 

.68 

.78 

T . C .  
B O U G U E R  

-224.28 
-222.19 
-217.59 
-214.12 
-228.11 
-227 13 
-225.49 
-223.62 
-222.59 
-221.41 
-209.63 
-209.48 
-208.63 
-207.50 
-212.05 
-210.56 
-219.67 
-209 .45 
-219.53 
-222.10 
-229 -56 
-228.87 
-226.65 
-225 -82 
-210.29 
-209.11 
-207.90 
-204.55 

-203.35 ; 
-204.25 
-205.84 

-202.a1 --1 



w v 93 W Y Y qrs Y 

STAT.  L A T I T U D E  L O F J G I T U D E  ELEV. O B S E R V E D  TI IEOR.  FREE- SIMPLE T . C  T . C .  
G R A V I T Y  G R A V I T Y  A I R  B O U G U E R  B O U G U E R  

AA188 
AA189 
AA190 
AA191 
AA192 
AA193 
A A 1 9 1  
AA195 
A h 1  96 
AA197 
AA198 
AA199 
AA200 
AA201 
An202 
AA203 
AA204 
AA205 
A A 2 0 G  
AA2Q7 
AA208 
AA209 
AA210 
AA211 
AA212 
AA213 
An214 
AA215 
AA216 
AA217 
AA218 
An219 

38. 
38. 
30. 
38 
38 . 
38. 
38.  
38 
38. 
38 
38 
38. 

38. 
38. 
38. 
38 . 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
38. 
38. 
38. 

38. 

38 

38 

4.55 112. 57.42 
4.75 112. 56.53 
4.50 112. 55.56 
5.04 112. 55.09 

- 6 . 1 1  112. 54.13 
6.91 112. 56.66 
6.56 112. 53.24 
7.27 112. 52.69 
3.73 112. 55.12 
3.73 112. 53.93 
4.99 112. 53.35 
3.47 112. 53.18 
3.20 112. 56.48 

.83 112. 58.53 
1.40 112. 59.84 

.74 112. 57-68  
1.90 112. 57.74 

55.97 112. 57.49 
55.26 112. 57.44 
54.98. 112. 58.60 
55.78 112. 58.31 
56.20 112. 56.€?5 
56.38 112. 55.97 
56.39 112. 55.19 
57.72 112. 55.09 
58.47 112. 54.45 
59.20 112. 53.87 

5.00 112. 59.90 
3.83. 112. 59.03 
4.20 113-  1'.41 
4.67 113. 3.08 

.04 112. 53.65 * 

6493. 
6606. 
6503. 
6583 
6776. 
6946. 
6903. 
7081. 
64413. 
E5QI0. 
6779. 
6677. 
6399. 
6160. 
6246. 
6148. 
6255. 
5872. 
5962. 
5699,. 
5724. 
5945. 
609@. 
6110. 
6280. 
6274. 
6372. 
,6315. 
6658. 
6445. 
6513. 
6591. 

979418.34 
979410.95 

979413.49 
979400.45 
979393.83 
979394 .G9 
979389.38 
979421 .?O 
979413.71 
379406.02 
979402.71 
979419.55 
979430.58 
979428.22 
979431.54 
979426.45 
9'79442.34 
979436.66 
979451 .(a9 
979447 *79  
979438 -15 
979430.93 
979430.34 
979428.91 
979123.63 
979116.87 
979421.43 
9794@9 .$8 
979422.31 
9794'19.21 
979419.48 

979418 .a7 

980010.71 18.36 
980011 .OO 21.31 
980010.64 19.91 
98Q011.42 21.27 
980012.98 24.81 
980014.15 32.22 
980013.64 30.34 

580009.52 14.45 
980009.52 15.58 
980011.35 32.30 
980009.13 21.61 
580008.74 12.69 
98000 5.29  4.70 
980006.12 9.60 
98000 5.16 4.66 
980806.84 7.96 
979998.19 -3.53 
979997.16 29 
979996.74 -10.46 
97'9997.91 -11.73 
979998 52 -1.20 
979998.79 4.86 
979998.80 6.25 
9800UO .75 11.33 
981i1001.85 11.91 
980002.91 13.31 
980004.14 11.28 
980011.37 24.87 
980009.66 10.86 
980010.20 2 1  -63 
980010.88 27.55 

S80014.69 40.73 

-202.79 .71 
-203.69 .91 
-201.59 0 75 
-202 95 .87 
-205.98 1.15 
-204.36 3.73 
-204.77 1.35 
-200.45 1.58 
-203.63 . 6 R  
-205. e l  Eca 
-198.60 1 . O R  
-285.81 i . 0 6  
-205.26 .65 
-205.11 .5u 
-203.14 .56 
-204.75 .55 
-2i35.08 .57 
-203.53 .66 
-202.77 . €37 
-204.26 80 
-206.69 .711 
-203- 68 . 7cl 
-202.56 .67 
-20 1.86 .76 
-199 E34 .80 
-201.79 .95 
-2k33.72 l . 0 0  
-2163.e1 1.22 
-201.991 1.09 
-200.66 68 
-200.20 .e0 
-196.94 1.31 

-282.09 
-202 -78 
-200.84 
-202.08 
-204.03 
-2091.63 
-203.42 
-198.87 
-202.95 
-205.01 
-197.52 
-2rd4 , '75 
-294.61 
-2C34.61 
-202.5s 
-204.20 
-204.51 
-2i32 .E37 
-201.90 
-2U3.46 
-205.99 
-282.98 
-201.89 
-2a1.10 
-199.04 
- 2 O D  .84 
-2e2 .72 
-21.12.59 
-2rd0.r31 -I 

-199.98 2 
-199 -40 
-195.63 



Y 

STAT.  LATITUDE 

A A 2 2 @  
AA221 
AA222 
AA223 
AA224 
AA227 
AA231 
AA232 
AA233 
AA234 
AA235 
Ah236 
AA237 
A A 2 3 8  
AA239 
Ah240 
AA241 
AA242 
AA213 
AA244 
Ah245 
AA246 
A8247 
AA210 
A A 2 4 9  
AA254 
An255 
AA256 
AA257 
AA258 
AA259 
AA260 

38 
38 
38. 
38. 
38 
38. 
38. 
38. 
38. 
38. 
38 
38. 
38. 
3 0 .  
38. 
38. 
38 
3 8 .  
38. 
38 0 

38. 
38. 
30. 
38. 
38 .  
3e. 
38. 
38 .  
38. 
38. 
38. 
38 

4.14 
3.50 
3.21 
5.77 
4.99 
6.01 
9.15 
6.23 
6.51 
6.88 
6.11 
5.13 
4.25 
3.17 
3.39 

.90 

.90 
1 .G8 

.90 

.80 
1.65 
2.70 
4.Q1 
2.11 
5.12 
6.88 
6.01 
5.97 
6.88 
6.88 
5.23 
4.26 

LONGITUDE 

113. 3.20 

113. 1.68 
113. 4.095 
113. 5.98 
113. 70 
113. 12.78 
113. 13.40 
113. 11.84 
113. 14.51 

113. 13.76 
113. 13.83 
113. 13-42  
113. 12.85 
113. 12.98 

113. 13.95 
113. 11.99 

113. 10.06 
113. 9.21 

113. 8.45 
113. 7.55 

113. 16.22 
113. 17.31 

113. 16.26 
113. 15.66 
113. 15.16 

113- 3.51 

113. 1 1 - 5 1  

113. 14.78 

113. 10.66 

1139 9 - 1 5  

113. 15.16 

113-  17.36 

ELEV. 

6537. 

6742. 
6174. 
5984. 
7494. 
5107. 
5089. 
5353. 
591 76. 
5084. 
5172. 
5234. 
5269. 
5369. 
5202. 
5150. 
5 1  57. 
5276. 
5367. 
5519. 
5685. 
596Q. 
5570. 
6 1  5Q. 
5081. 
5082. 
5@81. 
5075. 
5@78. 
5105. 
5114. 

6381 

OBSERVED 
G R A V I T Y  

979418.48 
979427.58 
979405.67 
979442.78 
979451 -70 
979353 . O 1  
979506.69 
979508 e48 
979492.21 
979510.49 

979505.22 
979501.56 
979496 -97 
979491.89 
979193.72 
979496.27 
979499.83 
979485.68 
979478.24 
979-174.93 
379470.39 
979460.02 
9794'72.37' 
979147.02 
979510.29 
979506.70 
973504.98 
979505.82 
9'79508.84 
979507.16 
979504.72 

979510 -34 

THEOR.  FREE- 
G R A V I T Y  A I R  

980010.11 23.24 

985008.76 31.07 
9891012.48 11.02 
9800 1 1 3 5 3.21 
980012.84 45.06 
980014.50 -27.46 
9e0013.16 -26.02 
980013.57 -17.86 
980014.10 -26.17 
980012.98 -24.46 
980011.55 -19.86 
980010.27 -16.41 
98dV108.70 -16.14 
980009.02 -12.13 
980005.39 -22.38 
9620005.39 -24.72 
980006.52 -21.64 
980005.39 -23.46 
980005.24 -22.19 
980506.48 -12.55 
980808.80 -2.89 
980u09.92 10.70 
980007.16 -10.88 
980011.54 13.95 
980014.10 -25.90 
980812.84 -28.13 
980e12.77 -29.89 
980014.10 -30.93 
980014.10 -27.64 
980011.70 -24.37 
980010.29 -24 -56 

9800139.18 18.60 

S I P1PLE 
B O U G U E R  

-199.41 
-198 . 74 
-198.57 
-199.26 
-200.61 
-210.19 
-201.40 
-199.36 
-2mld. 20 
-199.06 
-197.62 
-196.02 
-194.68 
-195.60 
-195.00 
-199.56 
-200.12 
-1 97.29 
-203.16 
-204.99 
-200.52 
-196.52 
-192.30 
-200.60 
-195.52 
-198. S 6  
-201.22 
-202.34 
-203.79 
-200.60 
-198 ..25 
-198 0 74 

T . C  

1.01 
.76 

1.42 . 73 
.58 

10.30 
.37 
51 
85 

.17 
- 3 1  
.55 
.5p1 
.60 
.75 

' .24 
10 

.23 

.31 

.43 

.62 
1.45 

.56 

.75 

.13 

.12 

.09 

.09 

.10 

.23 

.20 

.2a 

u 

T . C .  
B O U G U E R  

-198.48 
-197.99 
-197.15 
-198.53 
-280.02, 
-199.89 
-261.03 
-198 -85  
-199.35 
-198.89 
-197.31 
-195.47 
-194.19 
-195.00 
-194.25 
-199.32 
-200.02 
-197.06 
-202.85 
-2134.71 
-200.09 
-195.90 
-190 .@5 
-2'80 .04 
-194.77 
-198 -83 
-201 . l 0  
-282 .u5 
-2Q3.70 

-198.82 
-198.54 

-20@.50 ;;; 



Y w Y Y v Y Y Q93 Y 

S T A T .  LATITUDE LONGITUDE 

AA261 
AA262 
An263 
AA264 
AA265 
AA266 
AA267 
AA268 
AA269 
AA270 
Ah271 
AA272 
AA273 
Ah271 
Ah275 
AA276 
AA277 
An278 
AA295 
AA296 
AA297 
AA298 
AA299 
AA300 
AA3fl1 
EH 1 
EII 2 
EH 3 
EH 4 
E11 5 
EN 6 
EH 6 

38. 3.39 
38. 3.39 
3€!* 3.38 
38. 3.38 
38. 3.37 
38. 3.37 
38. 1.63 
38. 1.64 
38. 1.63 
38. 1.62 
38. 1.62 

38. 1.63 
38. 1.64 
38.  1.65 
38. 2.52 
37. 58.55 
37. 59.53 

38. 4.25 
38. 4.24 
38. 4.24 
38. 3.95 
38. 5.19 
38. 6.03 
37. 54.22 
37. 55.61 
37. 54.45 
37. 57.31 
37. 57.77 
37. 59.09 
37. 58.66 

38. 1 - 6 3  

38. 6.11 

113. 15.16 
113. 16.26 
113. 17.36 
113. 18.46 
113. 19.57 
113. 20.67 
113. 24.38 
113. 22.81 
113. 21.85 
113. 20.61 
113. 19.57 
113. 18.47 
113. 17.38 
113. 16.26 
113. 15.16 
113. 15.16 
113. 13.96 

113. 25.17 
113. 25.00 

113. 22.80 
113. 21.67 
113. 22.25 
113. 21.70 
113. 1.84 
113. 1.84 
113. 1 .81  ’ 

113. 1.84 
113. 1.84 
113. 1.84 
113. 1.84 

113. 13.95 

113. 23.63 

ELEV. 

5 1  18. 
5111. 
5111. 
5094. 
5093. 
5088. 
5077. 
5087. 
5091. 
5095. 
5103. 
5111. 
5123. 
5132. 
5141. 
5129. 
5179. 
5175. 
5431. 
5186. 
5177. 
51 50. 
5107. 
5196. 
5189. 

5616. 
,5692. 
5762. 
5810. 
59 58. 
5910. 

m a .  

OBSERVED 
G R A V I T Y  

979505.21 
979499.99 
979496.52 
979495 .54 
979493.87 
979492.52 
979486.16 
979186.26 

979489.66 
979490.27 
979491.62 
979494.05 
979497.62 

979498.77 
979486.18 
979489.15 
979489.61 
979493.09 
979488.04 
979487.65 
979490.69 
979489 -34 
979493.54 
979449 -62 
979445.16 
97’9441.65 
979440.52 
9794.37.25 
979435.84 
979437.29 

979487 a75 

979498 .a7 

THXOR. 
GRAVITY 

9 80Q09.0 2 
98B00 9.0 2 
9800 0 9.0 1 
980009 . O 1  
980008.99 

980006.45 
980006.47 
9816 00 6.4 5 
980006.44 
98000 6.44 
981dQC3 6.4 5 
S80006.45 
980006.4 7 
980006.48 
980007.73 
980001.96 
9m003.39 
980012.98 
988010.27 
988010.26 
980010.26 
980009.84 
980011.64 
980012.87 
979995.64 
979997.66 
979995 . 98 
98016458.14 
980000.83 
9816082.75 
980002.12 

9e000e. 99 

FREE-  
A I R  

-22.42 
-28.30 
-31.75 
-34.33 
-36.08 
-37.90 
-42.75 
-41.74 
-39.85 
-37.54 
-36 . 18 
-34 0 10 
-30.54 
-26.14 
-24 .07 
-26.54 
-28.65 
-27.49 
-12.54 
-29.40 
-35.28 
-37.46 
-38.79 
-33.57 
-31.26 
-27.75 
-24.28 
-18.95 
-17.66 
-17.10 

-5.51 
-8.95 

SIMPLE T . C  
B O U G U E R  

-196.74 .21 
-202.38 .09 
-205. e3 .05 
-207.84 . e 4  
-209.55 .05 
-211.20 = 0 8  
-215.68, .14 
-215, 00 .09 
-213 25 005 
-211.07 .03 
-209.99 .03 
-208.18 .03 
-205.03 . @ 4  
-200. s3 . 06  
-199.17 .10 
-201.24 .14 
-205.85 .(a9 
-203.75 .1@ 
-197.52 .65 
-206.04 .38 
-21 1.61 .22 
-213.15 .19 
-212.74 .13 
-210.54 .20 
-208.00 .2@ 
-215.42 .49 
-215.56 .41 
-212. e2 .93 
-213.91 .3a 
-214 99 .40 
-208.44 .45 
-21 0.24 .42 

T . C .  
B O U G U E R  

-196.53 
-282.29 
-205.78 
-2137.80 
-209.50 
-211.12 
-215.54 
-214.91 
-213.20 
-211 .c74 
-209.95 
-208.15 
-204.99 
-2cIU.87 
-199.07 
-281.19 
-284 .96 
-282, .6S 
-196.87 
-2Q5.66 
-211.39 
-212.96 
-212.61 
-218.34 
-28’7 .a@ 
-214.93 
-215.15 
-211.89 
-213.52 --1 

-214.59 ;;I 
-2167.99 
-289.82 



Y (53 cy 

S T A T .  L A T I T U D E  

EH 7 37. 
EH 8 37. 
El1 9 37. 
El1 10 37. 
EII 11 37.  
FII 12 37. 
E14 13 37. 
El l  14 37. 
EH 15 3'7. 
EII 16 37. 
EH 17 37. 
EH 18 37.  
EII 18 37.  
EA 19 37. 
EH 20 37. 
Ell 21 37.  
E11 22 37. 
EH 23 37. 
EII  24 37. 
FII 25 37. 
EII 26 37. 
FJI 27 37. 
EB 27 37. 
EII 28 37.  
El1 29 37. 
E11 31 37. 
EH 32 37. 
E11 33 37. 
Ell 35 3'7. 
EII 36 37. 
FH 37 37. 
EH 38 37. 

59.52 
55.36 
55.95 
56.13 
57.12 
57.01 
57.31 
57.32 
55.73 
55.00 
54.50 
55.49 
53.49 
53.69 
53.81 
53.95 
53.13 
52.84 
52.69 
53.11 
53.49 
54.02 
54.69 
55.53 
55.98 
56.39 
55.93 
58.72 
54.62 
53.16 
51.65 
50.97 

L O N G I T U D E  ' E L E V .  

113. 
113. 
113. 
113 . 
113 . 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 

113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 
113. 

113 

1.81 
.39 

3.45 
4.28 
5.24 
6.22 
7.91 
9.57 
9.86 
9.37 
8.27 
7.37 
7.37 
5.51 
4.37 
3.73 
8.65 
10.24 
11.46 
12.03 
12.54 

14 .OO 
12.87 
13.98 
12.42 
11.14 
10.54 

.OO 
1.84 
1.85 
2.16 

13.67 

6020. 

5652. 
5688. 
5730. 
5707. 
558U. 
5295. 
5297. 
5313. 
5336. 
5355. 
5358. 
5127. 
5451. 
5182. 
5516. 
547c3. 
5511. 
5499. 
5386. 
5257. 
5223. 
5289. 
5232. 
5333. 
5416. 
5245 
5528.  
5425. 
2398. 
5408. 

5581. 

OBSERVED 
G R A V I T Y  

979435*841 
9794591.34 
979443.62 
979442.97 
979447.71 
979452.491 
979462.04 
979484.37 
979179.09 
979175.52 
979469.50 
979463.02 
979463.02 
979454.54 
979451.21 
979448.89 
979455.87 
979461.57 
979463 -41 
979165.10 
9794'74.30 
979473.75 
979473 .I6 
979480 .O1 
979476.12 
979480.02 
979175 ,918 
979495 e09 
979453.96 
979453. (b3 
979456.08 
979154.76 

TIIEOR 
G R A V I T Y  

980003.37 
979997.30 
979998.16 

979999.87 
979999.70 
900000 -14 
980000.16 
979997.84 
979996.77 
979996.0 5 
979994.57 
979994.57 
979994.E37 
979995.09 
979995.21 
979994.0 5 
979993.64 
979993.43 
9'79994.02 
979994.57 
979995.3 5 
979996.31 
979997.55 
979998.20 
979998.79 
979998.13 
980002.21 
979996.22 
979994.09 

979990.91 

97999E.42 

979991 e 9 1  

FREE- 
A I R  

-1.34 
-22.03 
-22 -92 
-20.45 
-13 -20 
-19.51 
-13 25 
-17.74 
-20.52 
-21.53 
-24.65 
-21.59 
-27.59 
-29.87 
-31 16 
-30 -72 
-19.36 
-17.57 
-8.85 
-6.69 
-13.67 
-27.14 
-31 -88 
-20.07 

-17.16 
-13.64 

-22.38 
-30.79 
-29.10 
-27.49 

-29 *97 

-13 -78 

SIMPLE T.C 
BOUGUER 

-206.38 .51 
-212 e 12 .51 
-215.43 .36 
-214.18 -35 
-208.36 .37 
-204.89 .38 
-203.30 .42 
-198.09 .58 
-200.94 ' .31 
-202.49 .33 
-206.39 .36 
-210.08 .35 
-210.918 .35 
-214.71 .33 
-216. €32 .30  
-217.44 .39 
-207.23 29 
-203.88 .26 
-197 . 58 .27 
-195.99 .26 
-197.12 .2a 
-286.19 .17 
-289.78 .14 
-200.21 .15 
-208-17 .ll 
-198.80 .17 
-198.11 .17 
-192.42 58 
-210.58 .66 
-215.57 .62 
-211,96 88 

.91 -211.69 

Y 03 

T.C.' 
BOUGUER 

-205.87 
-211 -61 
-215.07 
-213.83 
-207.99 
-2v14- .51 
-202.88 
-197.51 
-200.63 
-202.16 
-206.03 
-209 .?3 
-209.73 
-214.33 
-216.44 
-217.05 
-286.94 
-2633.62 
-197 -31 
-195.73 
-196.92 
-2Q6 .Q2 
-2139.64 
-200.05 
-2G8.06 
-198 . G 3  
-197.94 
-191 -84 
-209.93 -I 
-214.55 
-211.08 
-210 .?3 



Qs w Y csu w W 

STAT. LATITUDE 

EB 39 
EH 40 
EH 40 
EH 41 
EH 42 
EH 42 
Ell 43 
EII 44 
EN 45 
EH 46 
EH 47 
EN 48 
EH 48 
EH 49 
ET1 50 
E11 51 
Ell 52 
R H  53 
EH 54 
EM 55 
El1 55 
EII 56 
El1 56 
El1 57 
EH 50 
EII 59 
EH 60 
EH 61 
EH 62 
EH 63 
EH 64 
EH 65 

37. 51.01 
37. 52.29 
37. 51.88 
37. 50.17 
37. 50.79 
37. 49.93 
37. 49.60 
37. 49.37 

37. 49.46 

33. 49.76 
37. 47.36 

37. 47.91 
37. 48.56 
37. 47.78 
37. 46.76 
37. 45.89 
37. 45.87 
37. 46.18 
37, 45.89 
37. 45.89 
37. 45.89 
37. 46.53 
37. 48.17 

37. 50.33 
37. 50.00 
37. 51.20 
37. 52.02 

37. 49.45 

37. 5I9.46 

37. 48.15 

37. 49.40 

37. 51.64 

LONGITUDE 

113. 4.06 
113. 4.90 
113. 5.80 
113. 2.97 
113. 89 
113. 2.16 
113. 36 
113. 1.6@ 
113. 2.97 
113. 4.64 
113. 6.27 
113. 49 
113. 1.20 
113. 6.30 
113. 5.18 
113. 2.98 
113. 2.99 
113. 3.00 
113. 3.00 
113. 1.43 
113. .30 
113. 4.39 
113. 5.22 
113. 6.32 
113. 6.55 
113. 7.87 
113. 8.81 
113. 8.51 
113. 10.26 
113. 10.20 
113. 9.88 
113. 8.75 

ELEV. 

539 5. 
5383. 
5385. 
5416. 
5701. 
5457. 
5584. 
5494. 
5430. 
5423. 
5420. 
5583 
5532. 
2449 
5452. 
5441. 
5451. 
5470. 
5490. 
5601. 
5'755. 
5497. 
5496. 
5491. 
54891. 
5 5U8 
5585. 
,5536. 
560 1. 
5548. 
5508. 
5613. 

O B S E R V E D  
GRAVITY 

979449.76 
979453.15 
979454.05 
979449.18 
979440.74 
979450.84 
979446.45 
979150.37 
979447.76 
979446.94 
979450.30 
979447.47 
979447.05 
979448.33 
979144.99 
979446.43 
979445 -70 
979444.47 
979443.73 
979440 2 9  
979429.00 
979448.18 
979440.26 
979442.52 
979444.67 

979452.80 
978452.84 
979458.95 
979153.52 
9794'55.23 

979451 a85 

979446 a69 

THEOR. 
GRAVITY 

979990.98 
979992.84 
979992.24 
979989.75 
979990.66 
979989.40 
979988.92 
979988 59 
979988.70 
979988.72 

979987.70 
979985.66 
979986.80 
979986.15 
979987.41 
979986.15 
979994.78 
979983.52 
979983.48 
979983.94 
979983.52 
979983 . 52 
979983.52 
979984.45 
979986 84 
979988.62 
979989.98 
979989 51  
979991.2 5 
979992.45 
979991.89 

979988.72 

FREE- 
A I R  

-33.77 
-33.37 
-31.69 
-31.15 
-13.68 
-25.28 
-15.25 

-39.21 
-31.70 
-27.86 
-15.10 
-18.28 
-25.95 
-28.65 
-29.21 
-27.73 
-25.81 
-23.41 
-16.37 
-13.63 
-26.29 
-26 - 3 1  
-24.53 
-24.33 
-16.91 
-10.51 
-16.43 
-11.73 
-15.89 
-18.15 
-1'7 -25 

-21 -45 

SIMPLE 
B O U G U E R  

-217.52 
-216.71 
-215.10 
-215.62 
-207.e6 
-211.15 
-205.44 
-208.58 
-215.16 
-216.41 
-212.74 
-205.26 
-206.70 
-211.54 
-214.35 
-214.53 
-213.39 
-212.12 
-210.40 
-20'7.14 
-209.65 
-213.52 
-213.50 
-21 1.55 
-210.38 
-204.51 
-200.74 
-2914.99 
-202.50 
-204.05 
-205.75 
-208.43 

T.C 

.55 

.43 

.41 

.74 

.80 

.88 
1.21 
1.00 

.82 

.62 

.50 
1.35 
1.76 

.59 

.71 

.94 
1.11 
1 .31  
1.63 
2.59 
3.54 
1.14 

* 9 5  
.?9 . 70 
50 
.39 
.35 
.32 
.32 
.27 
.34 

T . C .  
R O U G U E R  

-216.97 
-216.23 
-214.69 
-214 .E38 
-206.98 
-210.27 
-204.23 
-207.58 
-214.34 
-215.79 
-212.24 
-2fl3.91 
-204.94 
-210.95 
-213 .G4 
-213.59 
-212.28 
-210.79 
-21irE3.77 
-284.55 
-206.11 
-212.33 
-212.55 
-21Q .76 
-210.28 
-204 .u1 
-200.36 
- 2 m  .64 
-202.10 - 
-2134.53 
-205.43 
-200 -09 
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S TA T.  LATI  TUDE LONGITUDE 

EH 66 37. 51.39 113. 6.99 
Ell  66 37. 51.21 113. 6.60 
EH 67 37. 47.52 113. 7.65 
EH 68 37. 45.90 113. 8.04 
EH 69 37. 45.93 113. 9.30 

FH 71 37. 47.33 113. 195.39 
EII 72 37. 47.33 113. 12.24 

EH 70 37. 46.75 113. 9.93 

El1 73 37. 426.62 113. 12.92 
. Ell  71 37. t9.48 113. 1 1 . 4 1  

EFI 75 37. 18.77 113. 12.93 

EN 77 37. 52.08 113. 22.19 

El4 79 37. 53.03 113. 19.97 
EH 8 g  37. 53.74 113. 19.05 
EEH 81 37. 55.52 113. 16.78 
EH 82 37. 54.88 113. 15.42 
EII 83 37. 52.73 113. 13.99 
EH 81 37.  51.21 113. 14.01 
EH 85 37. 49.79 113. 14.lril 
EN 86 37. 47.23 113. 14.82 

EH 88 37. 47.68 113. 16.98 
FH 89 37. 48.66 113. 18.34 
EH 98 37. 49.73 113. 19.43 
El1 91 37. 50.38 113. 20.70 
EH 92 37. 52.03 113. 19.18 
EH 93 37. 52.35 113. 18.20 
EIl 94 37. 51.17 113. 17.24 
E11 95 37. 51.19 113. 16.19 
EII 96 37.  50.26 113. 16.35 

EJl 76 37. 48.15 113. 10.29 

EII 78 37. 53.07 113. 21.84. 

EII a7 37. 45.87 113. 15.21 

ELEV . 

5150. 
5410. 
5477. 
5496. 
5674. 
5813. 
5865. 
5696. 
5588 
5714. 
5649. 
5778 0 

5171. 
5164. 
5181. 
5174. 
5162. 
5176. 
5286. 
538!2. 
5460. 
5399. 
5368. 
5321. 
5279. 
5239. 
5212. 
5203. 
5209. 

5235. 
5254. 

5235 

OBSERVED 
GRAVITY 

979454 .ll 
979455.07 
979451.31 
979449.02 
979444.61 
979440.16 
979440.19 
979450.96 
979458.86 
979446.93 
979453.44 
979447.89 
979469.77 
9 79472.20 
979468.12 
979 $70.21 
979475.98 
979473.07 
979170.77 
979467.89 
979467 -05  
979169 .E391 
979472.36 
979467.3e 
979470.73 
979469.34 
979467.88 
979169.27 
979470.17 
979472.27 
979472.38 
979472.57 

THEOR. 
GRAVITY 

979991.53 
979991.27 
979985.89 
979983.53 
979983.57 
979984.77 
979985.62 
979985.62 
979984.58 
979987.29 
979987.71 
9799e6.80 
979992.53 
979993.96 
979993 91 
979994.94 
979997.53 
979996.60 
979993.48 
979991.27 

979985.47 
379983.48 

979987.55 
979989.11 
979998.0 5 
979992.47 
979992.93 
979991.21 
979991.23 
979989.88 

9799e9 20 

979986.12 

FREE- 
A I R  

-24.80 
-27.34 
-19.42 
-17.56 

-5.27 
2.16 
6.23 
1.11 
-.12 

-2.91 
-2.93 

3 -81 
-36 -38 
-36.04 

-38.07 
-36.03 

-25.52 
-17.34 
-8 -59 
-3.84 
-6.97 

-18 -34 
-20.29 
-23. (30 
-31.94 
-34.82 
-32.81 

-26.46 
-23.13 

-38 -47 

-36 -68 

-26 55 

S I  MPLE 
BOUGUER 

-210.43 
-211.60 
-205.97 
-204.75 
-198.53 
-195. E 3  
-3.93.53 
-192. sa 
-190.45 
-197.53 
-195.33 
-192.72 
-212.50 
-211.93 
-214.93 
-214.38 
-21 1.85 
-212.97 
-205.56 
-200.58 
-194.56 
-131.73 
-189.53 

-200.09 
-205.44 
-209.46 
-21 2.03 
-210.23 
-2E14 e5 
-204 ., 76 
-202. BB 

-199.57 

T .C 

.36 

.39 

.57 

.64 

.60 

.61 
48 
.54 
.37 
.51 
.49 
.@7 . a 5  
006 
e05 
.05  
09 

.21 

.25 

.34 

.35 

.13 
25 

.20 

.15 
e 1 2  
.09 
.09 
.13 
.17 
.18 

63 

T . C .  
BOUGUER 

-210.07 
-211.21 
-205.40 
-204.11 
-197.93 
-195.28 
-192.92 
-192.42 
-189 .91 
-197.16 
-194.82 
-192.23 
-212.43 
-211.88 

-214.25 
-211.80 
-212.80 
-2165.35 
-208.33 
-194.22 
-191.38 
-189. l g  
-199.32 
-199.89 
-2C35.29 
-209.34 
-211.94 

-204.72 ; 
-201.59 
-281.90 

-214 .a7 

-210.14 --1 
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STAT. LATITUDE 

EH 98 
EH 99 
EIIl00 
EII101 
EHl02 
EH103 
EHl04 
EHl04 
EH105 
EHl06 
EH107 
EH108 
G I 1 1  10 
E f i 1 1 1  
E H l 1 2  
EA1 14 
E H 1 1 5  
El11 16 
El i1  17  
E l l 1  18 
E I I 1 1 9  
EII1213 
E111 2 1  
EII 1 22 
FI1.123 
EIIl25 
EH126 
EH127 
E H 1 2 8  
EH129 
E11.138 
E H 1 3 1  

37. 56.30 
37. 56.90 
37. 57.85 
37. 58.73 
37. 59.02 
37. 59.35 
37. 58.78 
37. 57.63 
37. 57.77 
37. 57.70 
37. 59.56 
37. 59.54 
37. 50.71 
37. 49.40 
37. 49.89 
37. 47.61 
37. 47.70 
37. 47.64 
37. 47.24 

37. 46.86 
37. 46.28 
37. 47.54 
37. 52.77 
37. 57.26 
37. 59.88 
37. 58.91 
37. 58.13 
37. 57.61 
37. 56.79 
37. 55.71 
3'7- 55.78 

37. 46.60 

LONGITUDE ELEV.  

113. 18.401 5150. 
113. 19.50 5111. 
113. 21 .28  5122. 
113. 21.54 5111. 
113. 20.69 5117. 
113. 19.58 5117. 
113. 19.58 5124. 
113. 17.94 5147. 
113. 16.72 5158. 
113. 13.99 5186. 
113, 13.96 5179. 
113. 13.95 5175. 
113. 22.80 5177. 
113. 22.88 52913. 
113. 23.79 5174. 
113. 25.62 5349. 
113. 23 .45  5402. 
113. 22.23 5423. 
113. 21.07 5457. 

. 113. 21.93 5570. 
113. 28.00 5427. 
113. 18.39 5404. 
113. 18.39 532'7. 
113. 21.32 5151. 
113. 23.31 5110. 
113. 21.89 5086. 
113. 27.78 5106. 
113. 2 8 . 7 6 .  5144. 
113. 29.71 5149. 
113. 28.30 5106. 

113. 24.18 5115. 
113. 26.20 5101. 

OBSERVED 
G R A V I T Y  

979482.05 
979485.12 
979489.16 
979488.16 
979489.34 
979190.88 
979189 -97 
979488.66 
979489.72 
979484.73 
979485.98 
979489.03 
979468 -41 
979468.32 
979168.53 
979464.37 
979263.41 
979460.83 
979459.25 
979455 16 
979458.43 

979467.03 
979180.48 
979487.91 
979485.47 
979486.12 
9794135.49 
979487 .08 
979485.88 
97919'0 a05 
979489 .E32 

979461.91 

TBEOR. 
G R A V I T Y  

979998.67 
979999.55 
980000.95 
9e0002.23 
980002.65 
980003.13 
980002.30 
980000.62 
980000.83 
980000 . ?3  
980001.98 
'380003.41 
979998 0 54 
979988.62 
979989.34 
979986.02 
979986.15 
979986.06 
979985.48 
979984.55 
979984.93 
979984.08 
979985.92 
979993.54 

980003.91 
980002.49 
980001.35 
980000.59 
979999.38 
979997.81 
979997.91 

9e000pl.07 

FREE- 
AI R 

-32.22 
-30 -80 
-30.01 
-33.33 
-32.01 
-30.95 
-39.37 
-27.85 
-25.96 
-28.21 
-28.86 
-2?. 62 
-35.18 
-30.92 
-34.15 
-18.53 
-14.63 
- l$ .  15 
-12.95 
-5.48 

-16.04 
-13.87 
-17.84 
-28.56 
-31.52 
-40.06 
-36.11 
-32.02 
-29.21 
-33.24 

-26.99 
-27 -97 

SIMPLE 
B O U G U  ER 

-207.63 
-205.98 
-204.47 
-207.41 
-206.30 
-205.24 
-204. e9 
-203.16 
-201.64 

-205.26 
-203 08 
-21 1.51 
-208.13 
-210.38 
-200.72 
-198.62 
-199.86 
-198.82 
-195.19 
-200.88 
-19'7.93 
-199.28 
-204.00 
-205.57 
-213.29 
-210.02 
-2i37.22 
-204.58 
-207.15 
-20 1.71 
-2Q1.21 

-204.85 

T . C  

.02 

.01 

.Q1 

.162 

. O 1  

. 0 3  
.02 
. O 1  . (?3 
e09 
.09 
.10 
.10 
. l o  
.15 
46 

.41  . 4.3 . s5 

.48  

.32 
.30 
.25 
.05  
. 0 1  
.00 
.15  
. l l  
.15 
.07 
,913 
.03 

T.C. 
B O U G U E R  

-207.61 
-2165 -97 
-204.46 
-207.39 
-206.29 
-205.21 
-204.87 
-203.15 
-201.61 
-204.76 
-205.17 
-203.78 
-211.41 
-207.95 
-21d .23 
-208.26 
-198.21 
-199.43 
-198.47 
-194.71 
-200.55 
-197 .fj3 
-199.03 
-203.95 
-2D5 -56 
-213.21 
-2pl9.87 
-207 . l l  
-204.43 --1 

-201.68 
-201.13 

-%0?.0!3 r; 
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STAT. 

El1132 
E111 33 
EN1 3 4  
E H 1 3 5  
Ell136 
ER137 
E11138 
EtI139 
EH140 
EHl41 
E I i l 4 2  
Efil43 
EH141 
E111 47 
l? til 48  
E11149 
E111 51 
E111 52 
El1153 
EHl54 
E11155 
E111 56 
E111 57 
E111 58 
E111 59 
E l l 1  59 
EH159 
XH160 
E l 1 1  61 
E 111 62 
E11162 
EII163 

L A T I T U D E  

37. 56.37 
37. 54.65 
37. 52.90 
37. 52.90 
37. 52.88 
37. 53.43 
37. 54.36 
37. 57.93 
37. 58.72 
37. 53.26 

37. 52.90 
37. 53.78 
37. 56.38 
37. 50.12 
37. 50.77 
37. 49.39 
37. 48.19 
37. 47.66 
3'7. 47.66 
37. 43.39 
37. 49.13 
37. 47.16 
37. 46.99 
37. 38.12 
37. 38.11 
37. 37.94 
37. 37.55 
37. 36.46 
37. 36.63 
37. 37.11 

37. 52.69 

379 36.68 

L O N G I T U D E  

113. 23.68 
113. 22.80 
113. 22.80 
113. 23.94 
113. 25.04 
113. 25.43 
113. 25.65 
113. 26.44 
113. 26.18 
113. 26.63 
113. 28.30 
113. 29.3'7 
113. 29.3'7 
113. 28.30 
113. 23.06 
113. 26.11 
113. 28.63 
113. 28.94 
113. 29.08 
113. 27.46 
113. 26.86 
113. 26.58 
113. 27.45 
113. 25.56 
113. 16.32 

113. 18.04 
113. 18.94 
113. 2 1 . 4 8  
113. 22.31 
113. 21.76 
113. 22.94 

113. 18.14 

ELEV. 

5116. 
5145. 
5169. 
5163. 
5149. 
5145. 
5121. 

5088. 
5172. 
5103. 
5104. 
5102. 
5101. 
5148. 
5145. 
5125. 
5128. 
5129. 
5151. 
51 5d. 
5142. 
5157. 
5461. 
5775. 
6269. 
5974. 
6115. 
6416. 
6394. 
6515. 
6387. 

50 93 

O B S E R V E D  
G R A V I T Y  

979188.75 
979486.57 
979475 .ll 
979182.55 
979486.21 
979491.27 
979493.76 

979485.48 
979489.99 
979493 -04 
979495.15 
979493.59 
979488 . O 1  
979476.31 
979484.20 
979487.54 
979475.80 
979472.26 
979472.20 
979472.32 
979475.65 
979173.78 
979460.50 
979421.991 

979413.41 
979402.21 
979386.98 
979390.37 
979383.24 
979391 .G7 

979186 -05 

979393 e86 

T H E O R .  F R E E -  
GRAVITY A I R  

979398.77 
979996.27 
979993.73 
979993.73 
979993.70 
979994.48 
979995.84 
980001.06 
980002.21 
979994.24 
979993.43 
9'79993 0 73  
979995.00 
979998.79 
979989.68 
979990.62 
979988.61 
979986.87 
979986.09 
979986.09 
979987.16 
979988.24 
979985.36 
979985.12 
979972.22 
979972.20 
979971.96 
979971.38 
979969 80 
979970.0 5 
979970.74 
979979 0 1 2  

-28.82 
-25 -76 
-32.43 
-2$. 56 
-23 18 
-19.28 
-20.13 
-35.97 
-38.17 
-13.78 
-20 -41 
-14.51 
-13.53 
-30.99 
-29.15 
-22.49 
-19.02 
-28.74 
-31.41 
-29.40 
-30.43 
-28.94 

-10.68 
-7.13 
11 032 
3.36 
6.00 

20.67 
21.74 
25.30 
22.32 

-26 52 

SIMPLE T.C 
BOU GU ER 

-203.07 .e2 
-201.00 . O 1  
-208.49 .05 
-201.41 . a4 
-198.55 .06 
-194.52 .08  
-194.65 .07 
-209.44 .06 
-211.47 .08 
-193.94 .16 
-194.22 -18 
-192.35 08 
-191.30 .04 
-204.73 .06 
-204.49 .16 
-19P. 73 .14 
-193 58 .21  
-203.40 .2? 
-206.15 .32  
-204. Q4 .52 
-205.84 .33 
-204.08 . 2 1  
-202.17 .98 
-196.78 .65 
-203.83 1.64 
-202.20 1 . 3 2  
-290.11 1.59 
-202.28 1.40 
-197.G6 1.62 
-196.04 1 .43  
-196 ..60 1.50 
-195.22 1 .37  

T . C .  
B O U G U E R  

-203.05 
-2oc3.99 
-208.44 
-2Cal.37 
-198.49 
-194.44 
-194.53 
-29J9.38 
-211.39 
-193.78 
-194.04 
-192.27 
-191.25 
-284.67 
-204.33 
-197.59 
-193.37 
-203.13 
-205. 73 
-204.32 
-205.51 

-291 . 19 
-196.13 
-202.19 
-200.88 
-198.53 
-200.89 
-196.24 ---I 

-194.56 
-195.10 
-193 -85 

-2a3 .a7 
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STAT. LATITUDE 

EIIl65 37. 37.98 
Ell167 37. 39.73 
EH168 37. 40.30 
Eli168 37. 40.83 
EH169 37. 40.63 
El1169 37. 40.71 
EH1745 37. 40.94 
EEIl71 37. 40.66 
EH172 37. 40.17 
E11173 37. 39.45 
EH173 37. 38.71 
Ell174 37. 37.75 
EH174 37. 38.50 
E14175 37. 37.75 
GH175 37. 36.33 
EH176 37. 36.06 
E11177 37. 40.26 
E11177 37. 40.63 
E11177 37. 20.45 

EH177 37. 45.90 
E f 1 1 7 8  37. 43.89 
EIIl79 37. 43.21 
El1180 37. 45.12 
E11181 37. 45.86 
EH1.82 37. 45.64 
E H 1 8 3  37. 45.26' 
E H 1 8 1  37. 45.16 
E B 1 8 5  37. 44.72 

EH187 37. 38.74 
E H 1 8 8  37. 39.53 

~ 1 1 1 7 7  37. 43 .33 .  

E11186 37. 44.16 

LONGITUDE 

113. 21.06 
113. 22,21 
113. 21.43 
113. 21.40 
113. 22-73  
113. 23.44 
113. 24.35 
113. 25.39 
113. 26.22 
113. 27.41 
113. 28.95 
113. 25.43 
113. 26.42 
113. 24.42 
113. 25.56 
113- 26.77 
113. 29.13 
113. 30.50 
113. 33.00 
113. 32.00 
113. 31.0LJ 
113. 29.96 
113. 29.62 
113. 29.96 
113. 29.52 
113. 16.57 
113. 15.26 
113. 1 4 . 4 7 '  
113. 13.55 

113. 14.58 
113. 12.94 

113- 12.13 

ELEV. 

6608. 
6268. 
2943. 
5944. 
6213. 
6348. 
6365. 
6262. 
6099. 
5872. 
5516. 
603@. 
5976. 
6195. 
61 23. 
5879. 
5722. 
5536. 
5314. 
5193. 
5175. 
52lil8. 
5441. 
5196. 
5184. 
5396. 
5426. 
5389. 
5405. 
5457. 
5624. 
5472. 

0 BSERV ED 
GRAVITY 

979378.83 
979407.23 

979429 11 
979412.52 
979404.48 
979403.24 
979407.31 
979415.16 
979422.92 
979133.32 
979419.66 
979420.19 
979406.48 
979406.69 
979429.03 
979428.70 
979439.53 
979444.84 
979454.91 
979463 *20 
979465.37 
979454. 1 2  
979465.93 
979467.39 
979468.13 
979467.35 
979469.45 
979465.66 

9794'26.22 
979434.96 

979427 a 5 1  

979455 .a7 

THEOR. 
GRAVITY 

979972.01 
979974.55 
979975.38 
979976.16 
979975.87 
979975.98 
979976.31 
979975.91 
979975.20 
979974 16  

979971.68 
979972.77 
979971.68 
979969.61 
979969.22 
979975.35 
979975.e7 
979975.59 
979979.80 
979983.53 

979979.62 

979983.47 
979983.15 

979982.45 
979981.80 
979980.99 
979973.12 
979974.28 

979973.0a 

979980.61 

979982 -40 

9799€!2 59 

FREE- 
. AIR 

28.37 
22.24 
11.12 
12.04 
21.05 
25.59 
25.62 
20.41 
13.64 

.99 
-20.93 

15.16 
9.52 

l?. 50 
13 .@0 
2.94 

-8.44 
-15 -63 
-30.93 
-36.45 
-33 -58 
-25.39 
-13.73 
-27.74 
-28.48 

-7.47 
-4.88 
-6.12 
-7.76 

-17.92 
-24.63 

-8 - 8 4  

SIMPLE T.C 
BOUGUER 

-196.78 1.92 
-191.25 1 .47  
-191.30 1.14 
-190.41 .93 
-190.56 1.g6 
-190.62 l . l@ 
-191.17 1.29 
-192.87 1.46 
-194.09 1.47 
-199.01 1 .19  
-208.80 1 .23  
-190.22 99 
-194.02 .94 
-193.50 1.76 
-195.55 1.BG 
-196.99 1.70 
-203.33 1 .30  
-204.19 . 8 5  
-211.92 .56 
-213.32 . 4 ?  
-299. e4 .34 
-202.77 1 . 5 4  
-199.g5 2.25 
-204.72 PQ 
-205.05 .?2  
-191.26 .35 
-189.69 .42 
-189.67 .54 
-191. a5 .73 
-194 71 82 
-209.47 .94 
-21 1. dl .89 

T . C .  
B O U C U E R  

-19-1 70 
-189.79 
-190.16 
-189.49 
-189.50 
-189.52 
-189.83 
-191.41 
-192.62 
-197.82 
-207.57 
-189.23 
-193.09 
-3.91.74 
-191.49 
-395.29 
-202.03 
-203.31 
-211.35 
-212.85 
-2139.50 
-201 .%3 
-3.97.00 
-203.92 
-2G14.33 
-198.91 
-189.27 
-189.13 
-191.12 
-193.89 ID 

- 2 m  .53 
-230.12 

-1 



V Y ab 

S T A T .  LATITUDE LONGITUDE ELEV. 

El1189 
EH190 
EHl91 
E111 92 
E141 93 
E11194 
EH195 
E111 96 
E11197 
El1198 
EH199 
E111 99 
E11200 
RH201 
EH202 
EH203 
EH2flII: 
E11285 
GI1206 
E N207 
E11208 
E112919 

E H 2 1 1  
EI-1212 
EH213 
EH214 
E1121 5 
EH216 
EH217 
EH218 
EI-1219 

~11210 

37. 40.66 
37. 40.44 
37. 41.11 
37. 42.13 
37. 41.51 
37. 42.88 
37. 42.87 
37. 42.55 
37. 42.13 
37. 41.76 
37. 43.72 
37. 43.79 
37. 41.59 
37. 40.70 
37. 41.39 

37. 42.41 
37. 43.30 
37. 45.03 
37. 43.98 
37. 43.20 
37. 44.61 
37. 45.92 
37. 41.41 
37. 42.47 
37. 43.39 
37. 43.88 
37. 44.56 
37. 44.14 
37. 45.04 
37. 45.02 
37. 44.14 

370 4 1 - 2 4  

113. 12.94 
113. 11.04 
113. 9.60 
113. 11 .03  
113. 11.85 
113. 11.87 
113. 13.00 
113. 13.81 
113. 15.13 
113. 16.63 
113. 16.04 
113. 15.15 
113. 17.57 
113. 18.Ql 
113. 18.65 
112.  19.43 
113. 21.36 
113. 21.06 
113. 18.39 
113. 22.06 
113. 23.32 
113. 24.65 
113. 13.37 
113. 3.09 
113. 3.70 
113. 3.43 
113. 3.26 
113. 2.32 
113. 4.09 
113. 3 . 2 7  
113. 5.50 
113. 5.50 

5503. 
5471. 
5493. 
5482. 
5471. 
5535. 
5742. 
5912. 
5938. 
5651 
5556. 
5831. 
5627. 
5725. 
5689 
5727. 
5887. 
5837. 
5472. 
5859.  
6110. 
60 52. 
5557. 
5874. 
5682. 
5704. 
5671. 
5648 
2549. 
5524. 
5514. 
5540. 

OBSERVED 
G R A V I T Y  

979437.36 
979437.73 
979448.20 
979443.41 
979441 .ll 
979449.10 
979437.23 
979426.49 
979425.60 
979442.19 
979454.51 
979137.73 
979445.84 
979437.27 
979443.96 
979441.12 
979436.56 
979440.16 
979161.84 
979431.72 
979118.50 
9'79425.83 
979459.55 
979427.18 . 
979432.09 
979431.04 
979432.28 
979437.36 
979439.08 
979441.84 
979439.22 
979436.99 

TIIEOR. 
G R A V I T Y  

979975.91 
979975.59 
979976.56 
979978.05 
979977.15 
979979.15 
979979.13 
979978.66 
979978.05 

979980.37 
979980.47 
979977.26 
979975.96 
979976.97 
979976.75 
979978.46 
979979.76 
979982.26 
979980.73 
979979.61 

979983.55 
979977.00 
979978.54 
979979.87 
979980.60 

979980.96 
979982.27 
979982.24 
979980.96 

979977.52 

979981 - 6 5  

979981 58 

FREE- 
AI R 

-20.94 
-23.26 
-19.70 
-19.00 
-21.44 

-9.43 
-1.02 

3.91 
6.08 

-3.80 
-3.27 

$ e73 
-2.15 

-.21 
2.10 
3.05 

11.83 
3.43 

-5 e72 
5.08 

13.60 
13.43 
-1.32 

2.69 
-12.00 
-12.32 
-14.91 
-12.97 
-20.04 
-20.85 
-24 39 
-22.89 

SIMPLE 
BOUGUER 

-208.37 
-209.616 
-206.79 
-205.72 
-207.78 
-197.95 
-197-39 
-197.45 
-196.17 
-196.27 
-192.51 
-192.87 
-193. t?l 
-195.20 
-191.67 
-192.01 
-188.68 
-159.38 
-192.10 
-194.48 
-194.51 
-192.70 
-190.59 
-197.38 

-206.60 
-208. G16 
-205.34 
-209.00 
-209.00 

-21 1 .58  

-205 e 53 

-21 2 .*20 

T . C  

.99 
e7 

.92 
75 

.90 

.74 
1 .E)0 
1.47 
1.10 

.716 

.64 
1.00 
.6G 
.a13 
.65 
69 

.85 

.6S 
36 

.68 
1.09 
1.08 

.52 
3.34 
2.49 
2.20 
2.15 
2.70 
1.66 
1.80 
1.913 
1.17 

T . C .  
B O U G  UER 

-207.33 
-208.73 
-205.97 
-204.97 
-206.88 
-197.21 
-196.39 
-195.98 
-195.Q7 
-195.57 
-191.87 
-191.87 
-193.15 
-194.30 
-191 .(n2 
-191.32 
-187.83 
- 188 .70 
-191 e74 
-193.80 
-193.42 
-191.62 
-190.07 
-194, .04 
-203.04 
-204.40 
-205.91 
-202.64 
-207.34 --1 

-287.20 2 
-211.17 
-21G.41 



Q w 93 8 

STAT.  

EH228 
EH220 
EH221 
EH222 
EH223 
Eli224 
EH225 
EH226 
EH227 
EH228 
EII229 
EH230 
E H 2 3 1  
E11233 
E w 3 4  
EH235 
EH236 
E H 2 3 7  
EH238 
EH239 
E H2 40 
EH241 
E11242 
EH243 
EH244 
EH245 
EH246 
EH246 
EH247 
EH247 
EH248 
E11249 

L A T I T U D E  

37. 41.75 

37. 40.62 
37. 40.00 
37. 41.13 
37. 42.39 
37. 43.26 
37. 45.03 
37. 45.90 
37. 45.03 
37. 44.59 
37. 43.27 
37. 42.39 

37. 43.27 
37. 43.29 
37. 42.40 
37. 43.71 
37. 44.16 

37. 39.78 
37. 39.78 
37. 39.80 
37. 40.68 
37. 39.85 
37. 39.32 
37. 40.89' 
37. 40.71 

37. 39.80 
3'7. 39.28 
37. 37.31 

37. 42.41 

37. 42.40 

37. 3 9 - 3 1  

37. 38.4(3 

LONGITUDE 

113 
113. 
113 
113. 
113. 
113. 
113. 
113 . 
113. 
113. 
113. 
113. 
113. 

113. 
113. 
113. 
113. 
113. 

113. 
113. 

113. 
113. 
113. 
113. 
113. 

113. 
113. 
113. 

113 

: 113. 

113 

113 

4.68 

4.82 
3.96 
6.61 
6.34 
6.32 
6.58 
7.41 
7.96 
7.95 
'7.96 
7.46 

8.53 
9.63 
9.63 

10.77 
9.63 

11.28 
9.63 
8.53 
7.97 
7.00 
6.35 
4.62 
3.70 
3.67 

4.06 
2.31 
1.87 

4.68 

8.52 

3 -62  

ELEV. 

5671. 
5625. 
5767. 
5910. 
5561. 
5569. 
5557. 
5512. 
5488. 
5504. 
5505. 
5531. 
5544. 
5518 
5515. 
5495. 
5499 
5478. 
5498. 
5469. 
5188. 
5507. 
55491. 
5549. 
5760. 
5996. 
58@0. 
5332 .  

6400. 
7963, 
8992. 

6€!72* 

OBSERVED 
GRAVITY 

979433.20 
979435.42 
979425.84 
979419.24 
979436.76 
979436.56 
979436.17 
979440.60 
979416.14 
979446 .p18 
979444.77 
979438.82 
979437.72 
979439.77 
979441.85 
979446.41 

979455.07 
979449.31 
979436 -38 
979438.34 
979439.52 
979438 .OO 
979137 *91 
9'7942s .65 
979414.02 
979428.89 
979126.61 
979364.37 
979399.81 
979289.71 
979222.52 

979442 -59 

THEOR. 
GRAVITY 

97997'7.50 
9799713.46 
979975.85 
979974.94 
979976.59 
979978.43 
979979.70 
979982.26 
979983.53 
979982.26 
97998i -62  
979979.71 
979978.43 
97997e.45 
979979.71 
9799'79.74 
979978.4 5 
979980.35 
979980.99 
979973.99 
979974.62 
979974.62 
979974.65 
979975.93 
979974.73 
979973 e96 
979976.23 
979975.98 

979973.21 
979972.45 

979972 6 3  

979971 -0 3 

FREE- 
AI R 

-10.89 
-13.96 
-7.58 

0 20 
-16.77 
-18 .06 
-20.84 
-23 21 
-21.20 
-18.48 
-19.06 
-20.65 
-19.25 
-19.67 
-19.13 
-16.47 
-18.62 
-10.03 
-14.54 

-20.09 
-17 . 12 
-15.57 
-16.08 

-3.30 
4 e04 

-1.80 
-.82 

38 e12 
19.58 
66.25 
97.27 

-23 020 

SIMPLE T . C  
B O U G U E R  

-204.04 2.00 
-205.55 1.84 
-204.00 2.32 
-201.09 3.19 
-206.18 1.55 
-207.71 1 . 2 8  
-210.11 1.14 
-210.95 * 84 

.68 -208 12 
-205.95 .69 
-206.56 .72 
-209.04 .86 
-280.08 1 .05  
-207.61 .89 
-206.97 .79 
-203.63 .?a 
-205.92 .77 
-196.61 .66 
-201.80 .65 
-209.47 .96 
-287.01 1 . 1 2  
-204.69 1.39 
-204.26 1 .63  
-205.08 1 . 6 4  
-203.49 2.10 
-200.18 3.14 
-199.35 2.89 
-199.46 2.96 

-190.40 4.89 
-204.97 8.63 
-209.00 9.90 

-195.94 5 -59  

T.C. 
D O U G U E R  

-202.04 
-203.71 
-201.68 
-197.90 
-201.63 
-206.46 
-208.97 
-210 . l l  
-207.44 
-205.26 
-205 -84 
-208.19 
-207.03 
-206.72 
-2k36.13 
-202.93 
-205.15 
-195.95 
-201.15 
-2LA8.51 
-20s .89 
-203.30 
-202.63 
-283.44 
-2B1.39 
-197.84 
-196.45 
-195.50 
-190.35 
-193.51 2' 
-196.34 
-199.10 



V 

S T A T .  

E 712 50 
EM2 50 
E11251 
E I12 52 
E11253 
E11254 
EH255 
E112 56 
El1257 
E 142 58 
EH259 

E €12 62 
E11263 
GI12 63 
EH264 
EH265 
E11266 
E I12 60 
E11268 
El12 69 
F: H2 71 
EH274 
EH2 75 
EH276 

E11279 
E I12 00 
E I I 2 8 1  
EH2 82  
E 112 83 
E11284 

~ ~ 1 2 6 1  

EII 2 78 

LATI TUDE 

37. 36.91 
37. 35.84 

37. 34.6B 
37. 33.60 
37. 33.16 
37. 32.72 
37. 31.92 
37. 31.22 
37. 31.88 
37. 32.14 
37. 32.98 
37. 33.60 
37. 34.21 
37. 34.59 
37. 36.19 
37. 37.24 
37. 37.70 
37. 35.25 
37. 35.61 
37. 34.80 
37. 37.68 
37. 36.12 
37. 36.11 
37. 35.24 
37. 34.37 
37. 33.48 
37. 32.82 
37. 33.48 
37. 34.09 
37. 35.46 
37. 37.02 

37. 36.18 

' LONGITUDE 

113. 1 .08  
113. 2.06 
113 .82 
113 . .82 
113. 81 
113. 1 .48  
113. 2.91 
113. 3.06 

113. 4.36 
113. 5.94 
113. 6.99 
113. 7.00 
113. 8.10 
113. 9.64 
113. 6.86 
113. 6.60 
113. 6.70 
113. 3.98 
113. 4.98 
113. 3.17 
113. 8.02 
113. 10.74 

113. 10.28 
113. 10.85 
113. 11.24 
113. 10.66 
113. 10.25 

113. 9.65 
113. 8.99 

113. 3.12 

113. 9.GB 

113. 9.88 

ELEV. 

9168. 
9303. 
9230. 
9236. 
9195. 
9336. 
9418.  
9217. 
9199. 
9454. 
8617. 
7990. 
7724. 
6177. 
5552. 
6011. 
5855. 
5795. 
7264. 
7024. 
8002. 
5647. 
5469. 
5514. 
5477. 
5490. 
5498. 
5512. 
5509. 
5541 
5553. 
556e. 

0 BS E RV ED 
G R A V I T Y  

979210.34 
979198.23 
979208.70 
979205.75 
979207.20 
979 197.43 
979191.04 
979203.54 
979203.80 
979185.15 
979241.09 
979282.44 
979300.23 
979402.95 

979.109.21 
979418.92 
979422.21 
979330.81 
979352.39 
979284.33 
979429.95 
979436.35 
979437.70, 
979439.95 
979437.70 
979436.95 
979437.02 
979437.20 
979436 16 
979436.03 
979433.79 

979436 e62 

TIIEOR.. 
GRAVITY 

979970.45 
979968.90 

979967 . 2% 
979965.66 
9799E5.02 
979964.37 
979963.21 
979962.20 
979963.16 
979963.54 

979965.66 
979966.53 
979963.89 
979969.40 
979970.94 
979971.61 
979968.04 
979968.56 

979971.58 
979969.3g 

979968.0 2 
979966.77 

979964.52 
979965.49 
979966.36 
979968.34 
979970.62 

979969 40 

979964 76 

979967 40 

979969 29 

979965 49 

EREE- 
AIR 

102.23 
104.38 

107.27 
106.42 
110.55 
112.52 
107.29 

111.24 
88.06 
69.22 
61.08 
17.43 
-0 025 

5.21 
-1.30 
-4.33 
46.03 
44.50 
69.60 

-10.48 
-18.54 
-12 *95 
-12.91 
-12.69 
-11.40 

-6.24 
-10.13 

-9.03 
-10.00 
-13.11 

107 0 47 

106.87 

SIMPLE 
BOUGUER 

-210.03 
-212.48 
-206.90 
-207.31 
-206 . 76 
-2167.43 
-208.26 
-206.65 
-206.45 
-210.76 
-205.44 
-202.92 
-202.00 
-192.96 
-197.35 
-199.52 
-200.72 
-201.71 
-201.38 
-194.74 
-202.95 
-202.82 
-204.81 
-200.76 
-199.46 
-199.68 
-198.66 
-195 . O O  
-197.77 
-197 76 
-199.14 
-202.76 

T.C  

10.08 
12.19 

7.%9 
6.13 
5.40 
6.30 
7.83 
6 .73  
6.56 
9.42 
9.89 

1 0 . 2 1  
10'. 15 

5.26 
3.36 
3.47 
3.Q4 
2 .73  
8 . 0 1  
3.79 
9.66 
2 .11  
1 .71  
2.46 
2.30 
2 . 2 3  
2.35 
3.29 
3.46 

2.64 
2.17 

3.26 

T . C .  
B O U G U E R  

-199.95 
-2(a0.29 
-199 -61 
-201.19 
-2L31.36 
-201 -13 
-200.43 
-199.92 
-199.89 
-2101.34 
-195.55 
-192.71 
-191.85 
-187.70 
-193.99 
-196.05 
-197.63 
-198 -98 
-193.37 
-136.95 
-193.29 
-200.71 
-203.10 

- 1 9 ' 7  .16 
-197.45 
-196.31 
-191.71 
-194.31 
-194.50 E 
-196.50 
-20@ .59 

-198.30 



V Y 

S T A T .  LATITUDE 

EH285 

EH286 
E11286 
EH286 
EH287 
E €I2 87 
E I i 2 8 8  
EH289 
E11289 
EH289 
EM2 89 
EH290 
E €12 91 
E11292 
EH292 
E11293 
EH2 91 
E11295 
E li2 96 
E112 97 
E11297 
E11297 
E112 98 
E11298 
EM2 98 
EH298 
El l2  99 
EH300 
EH301 
E H 3 0 2  
EH303 

E m 8 5  
37. 38.40 
37. 37.94 
37. 36.11 
37. 36.66 
37. 36.12 
37. 35.23 

37. 33.71 
37. 34.36 
37. 32.61 
37. 31.80 
37. 31.18 
37. 33.48 
37. 32.44 
37. 30.30 
37. 31.12 
37. 31.36 
37. 31.95 
37. 34.07 
37. 33.81 . 

37. 33.46 

37. 31.96 
37. 33.09 
37. 32.71. 
37. 32.40 
37. 30.17 
37. 32.87 
37. 32.44 
37. 32.44 
37. 32.41 
37. 32.45 

217. 35.24 

37. 31.93 

LONGITUDE 

113. 12.93 
113. 12.93 
113. 12.93 
113. 14.92 
113. 14.02 
113. 12 .38  
113. 13.62 
113. 12.41 
113. 13.63 
113. 14.62 
113. 14.42 
113. 14.46 
113. 12.68 
113. 12.14 
113. 13.45 

113. 11.51 
113. l l . @ 4  
113. 25.31 
113. 26.29 
113. 27.67 

113. 26.95 
113. 28.76 

113. 32.00 
113. 29.35 
113. 24.36 
113. 23.20 
113. 22.75 
113. 22.21 
113. 20.76 

113. 12.90 

113. 28.47 

113. 29.88 

ELEV 

5158. 
5470. 
5486. 
5636. 
5603. 
5535. 
5803. 
5599. 
5813. 
6406. 
6086. 
5924. 
5658. 
5172. 
5342. 
5369. 
5528. 
5537. 
6102. 
616W. 
6317. 
6812. 
71i79. 
6594. 
6212. 
6052. 
6328. 

6434. 
6577. 
6627. 
6264. 

6330 

OBSERVED 
G R A V I T Y  

979432.88 
979431.83 
979432.83 
979425.24 
979426 -49  
979432.09 
979412.47 
979429.84 
979417.73 
979380.25 
979398.21 
979409.69 
979425.82 
979438.55 
979446.42 
979144.91 
9794.36 -59 
979435.68 
979402.43 
979397.87 
979388 .d5 
9'79352.80 
979329.66 
979370.19 
979389.45 
979399.56 
979376.21 
979385.98 
979378.15 
979371.02 
979368.85 
979386.60 

THEOR.  
GRAVITY 

979972.63 
979971.96 
979969.29 
979970.09 
979969.30 
9 79968.0 1 

979965.82 
979966.76 
979964.21 
979963.0 4 
979962.13 

979963.97 
9'79960.85 
979962.0 5 
979962.48 
979963.2 5 

979968.02 

979965.49 

979966.33 
979965.97 
979965.46 

979963 2.7 
979964.91 

979963.91 
979960.66 

979963.97 
979963.97 

979963.98 

979963 23 

979964 37 

979964 59 

979963.92 

FREE- 
AIR 

-26 -38 
-25.63 
-20.46 
-14.73 
-15.81 
-15.30 

-9.73 
-9.35 
-2.27 
18 -59 
7.62 
3.77 

-7 -49 
-10.72 
-11.97 
-12.13 

-5 -85 
-6.77 
10.06 
11.32 
16.77 

35.07 
25.50 
12.20 
4.91 

10.77 

19.36 
25.68 
28.26 
11.81 

30 -31 

16.79 

SIMPLE T . C  
BOUGUER 

-212.28 1.04 
-211.94 1 .08  
-207.31 1.51 
-206.69 1.88 
-206.65 1 .77  
-203.52 1.61 
-207.38 1.73 
-200.05 1.88 
-200.26 2.a4 

-199.67 2.28 
-198.00 2 .33  
-200.20 1.84 
-197.10 2.39 
-193.22 2.42 
-195.00 2.84 
-194.13 3.18 
-195.36 3 .55  

-198.49 2.03 
-198.39 1.83 
-201.71 1.89 
-287.06 2.8. l  
-199.09 1 .47  
-200.40 1.72 
-201.22 2.19 
-204.76 2 .73  
-198.€1 3.80 
-199.78 3.76 
-198.33 2.60 
-197.46 2 - 1 8  
-201.54 3.21 

-199.60 2.55 

-197.77 1.98 

T.C. 
B O U G U E R  

-211.24 
-21GI -86 
-205.80 
-204.81 
-204.88 
-202.21 
-205.65 
-198.17 
-198.22 
-197.05 
-197.39 
-195.67 
-198.36 
-194.71 
-191.50 
-192.16 
-190.95 
-191 . R 1  
-195.79 
-196.46 
- 196.56 
-199.82 
-204.22 
-197 .62 
-198.68 
-199 .!J3 
-202.913 
-195 .G11 
-196.02 
-195.73 2 
-195.36 
-198.33 



9 w w Y w 

STAT. 

E 1130 4 
E1130 5 
E 11306 
EII306 
EH306 
EH306 
EII306 
EH306 
E11306 
EII3 13 
E H 3  11 
E11333 
EH460 
E I14 64 
Eli465 
XI14 7a 
Ell4 71 
EH.272 
El14 73 
ET1471 
E11475 
EH4 76 
EH477 
E 114 79 
R I I 4  80 
EH4 81 
E 114 83 
Eli487 
E 114 90 
EII491 
EH4 92 
E li4 94 

LATITUDE 

37. 31.52 
37. 30.68 
37. 30.26 
37. 30.63 
37. 31.99 
37. 32.70 
37. 33.84 
37. 34.35 
37. 34.67 
37. 21.28 
37. 30.15 
37. 30.34 
37. 57.72 
37. 53.81 
37. 54.63 
37. 57.29 
37. 56.41 
37. 55.51 
37. 53.81 
37. 54.36 
37. 57.27 
37. 56.39 

37. 59.00 
37. 59.88 
37. 55.08 
37. 57.11 
37. 47.66 
37. 49.40 
37. 48.06 
37. 49.53 
37. 50.12 

37. 55.51 

LONGITUDE 

113. 13.77 
113. 19.31 
113. 19.21 
113. 18.24 
113. 18.46 
113. 17.73 
113. 17.913 

113. 18.71 
113. 7.04 
113. 7.47 
113. 12.25 
113. 4.56 

113. 12.89 
113. 14.00 
113. 14.00 
113. 14.00 
113. 14.54 
113. 12.33 
113. 20.67 
113. 20.68 
113. 20.69 
113. 22.81 
113. 21.50 
113. 25.43 
113. 26.84 
113. 28.35 
113. 27.23 
113. 25.64 
113. 25.00 
113. 21.90 

113. i a . 4 3  

113. lrb.69 

ELEV. 

5851. 
5656. 
5629. 
5946. 
7168. 
7741. 
8211. 
W l 5 .  
7888. 
7863. 

5383. 
5917. 
5421. 
5325. 
5186. 
5214. 
5234. 
5213. 
5213. 
5131. 
5138. 
5147. 
5100. 
5088. 
5115. 
5093. 
5128. 
5 1  39. 
5261. 
5233. 
5202. 

8090 

OBSERVED 
GRAVITY 

979406.65 
979414 e16 
979414.23 
979395.44 
979323 -88 
979289.43 
979259.91 
979279.09 
979284.36 
979291.20 
979273.55 
979444.26 
979436.62 
979466.70 
979176.20 
979183.89 
979478 e03 
979473.97 
979471 .G4 
379471.80 
979489.41 
979486.23 
979482.09 

979485.70 
979192.65 
979488.48 
979471.95 

979467.83 
979169.20 
979467.41 

979486 -34, 

9794a2.18 

THEOR. 
GRA V ITY 

979962.62 
979961.41 
979960.80 
979961.41 
979963.31 
979964.35 
979966.01 

979967.20 
979962.27 
979960.63 
979960.91 
980000.75 
97999 5.0 5 
979996.31 
980080.11 

979997.56 
979995.0 5 

980000.09 
979998.80 
979997.52 
980002.62 
980003.91 

979999.85 
979986.09 
979988.62 
979986.67 
97998 7.36 

979966 74 

979998 83 

979995 84  

979996 89 

9799e9 s 68 

FREE- 
A I R  

-5.61 

-17.11 
-6 .?0 
34.79 
53.20 
66.22 
66 -24 
59.10 
68.53 
73 -87 

-10.34 
-3.58 

-18 -45 
-19.25 
-28.43 
-29.58 
-31.29 
-33.05 
-33 -72 
-29.06 
-29.30 
-31.30 
-36 .58 
-39.64 
-23.14 
-32.33 
-31.81 
-23.08 
-24.00 
-25.95 
-32.98 

-15 25 

SIMPLE T.C 
BOU GU ER 

-284.93 3.92 
-207.89 4.46 
-208.83 3.38 
-209.22 2.65 

-210.46 9.57 
-213.45 10.30 
-206.75 7.14 
-209.57 6.04 
-199.28 5.79 
-201.68 '7.88 
-193.68 3.15 
-209.11 .51 
-203.139 .20 
-200.62 .15 
-20s. 07 . l o  
-207.17 . 1,0 
-209.56 . 1 2  
-210.63 .15  
-211.27 .13 
-203.82 . QYJ 
-204.30 . 'dl 
-206.61 .02 
-210.29 - 0 2  
-212.94 . e7  
-197 36 .03 
-205.00 .@5 
-206.47 .4% 
-198.11 .19 
-203.19 .38 
-204.19 .29 
-210.16 .13 

-209.35 8 .34  

T.C.  
BOUGUER 

-201 . O 1  
-2G33.43 
-205.45 
-206.57 
-201 . O 1  
-280.89 
-203.15 
-199.61 
-203.53 
-193.49 
-193.80 
-19c3.53 
-2m3.60 
-202.89 
-200.17 
-204.97 
-207.07 
-209.44 
-210.49 
-211.14 
-2c33.82 
-204.29 
-206.59 
-210.27 
-212.07 
-197.33 
-205 .75 
-206. i35 
-197.92 -., 

-203.90 
-210.613 

-202.81 2 



STAT. LATITUDE LONGITUDE E L E V .  

E 114 97 
EH498 
EH499 
EH500 
EH503 
EH504 
EH507 
EH508 
E H 5 1 1  
E €151 6 
E H 5 1 8  
G I 1 5 1  9 
EH521 
EH522 
EII525 
EH526 
E11527 
E Fi 529 
EH530 
EII531 
E H 5 3 3  
E 11534 
EH537 
Eli540 
EfI541 
E11543 
EII544 
EH535 
EH548 
EH549 
E11550 
EH551 

37. 48.52 
37. 49.40 
37. 51.62 
37. 52.02 
37. 49.46 
37. 46.78 
37. 45.03 
37. 46.41 
37. 45.92 
37. 50.27 
37. 49.46 
37. 49.80 
37. 47.11 
370 49.46 
37. 48.60 
37. 47.70 
37. 47.34 
37. 15.89 
37. 45.89 
37. 45.89 . _  
37. 46.33 
37. 46.38 
37. 49.30 

37. 43.92. 
37. 41.88 
37. 43.70 
37. 41.76 
37. 39.93 
37. 41.11 
37. 41.11 
37. 11-1.11 

37. 43.42 

113. 20.70 5313. 
113. 20.70 5245. 
113. 21.70 5183. 
113. 21.20 5183. ' 

113. 17.35 5299. 
113. 16.19 5342. 
113. 20.59 5620. 
113. 14.89 5342. 
113. 14.66 5356. 
113. 9.50 5665. 
113. 7.40 5484. 
113. 6.62 5430. 
113. 5.48 5469. 
113. 5.18 5424. 

113. 4.21 5453. 
113. 4 .38  5458. 
113. 3.70 5494. 
113. 2.44 5490. 
113. 1 .88  5526. 
113. 2 . 4 3  5478. 
113. 1.42 5548. 
113. .77 5559. 
113. 4 .07-  5681. 
113. 4.95 5517. 
113. 5.20 5634. 

113. 6.61 . 5565. 
113. 5.22 5977. 

113. 8.53 5518. 
113. 9.09 5504. 

113. 4.18 5437. 

113. 6.59 5544- 

113. 7.72 5532. 

0 BSERV ED 
GRAVITY 

979464.34 
979467.34 
979468.20 
979468 . 26 
979469.40 
979469 -77 
979450.27 
979474.52 
979473.12 
979145.22 
979451.05 
979451.38 
979443.37 
9 79447.77 
979444 -90 
979443.56 
9 79443 .14 
979441 e59 
979444.09 
979443.34 
979444.80 
379444.20 
979146.81 
979435 e87 
979437.23 
979433.95 
979436 -90 
97,9436.59 
979413.53 
979437.64 
979438.93 
979440.09 

T H E O R .  
G R A  V ITY 

979987.34 
979988.62 
9'79991 -86  
979992.45 
979987.27 
979984.81 
979982.26 
979984.2'7 
9799e3.55 
979989.90 
979988.72 

979985.3rd 
979988.72 

979986.15 
979985.63 
979983.52 
979983.52 
979983.52 
9799E4.16 
979984.23 
979987.02 
979979.93 
979980.66 
979977.69 
979980.34 
979977.52 
979973 . 48 
979976.56 
979976.56 
979976.56 

979989-22 

979987046 

FREE- 
A I R  

-23.27 
-2? .95 
-36 15 
-36 -69 
-19.45 
-12.59 

-3.37 
-7.29 
-6.65 

-11.84 
-21.85 
-27 0 10 
-27.52 
-30.79 
-31.17 
-29.68 
-29.12 
-25 16 
-23.04 
-20 -40 

-18.18 
-17.34 

-21.68 
-13.82 
-21.98 
-17.49 

2.33 
-18.59 
-18.62 
-18.78 

-24 10 

-17 -24 

SIMPLE 
B O U G U E R  

-204.23 
-206.59 
-212.68 
-213.22 
-199.93 
-194 54 
-194 79 
-189.24 
-189.08 
-204.79 
-208.64 
-212.05 
-213.79 
-215.52 
-21 6.35 
-215.41 
-215. (62 
-212.29 
-210.03 
-208.62 

-207.14 
-21b6.68 
-208.01 
-210.61 
-2115.71 
-210. e l  
-207. (53 
-201.25 

-206.56 
-206.25 

-210 68 

-207.01 

T .C 

. 21  

.17 
88 

.08 

.22  
31 

.45 

.45  
49 

.42 

.43 
1 6  

.76 

.57 

.76 

.87 

.90 
1 *35 
1.94 
2.29 
1 .73  
2 .25  
1.58 
1.80 
1.35 
1.76 
1.02 
1 . 3 5  
2.94 
1.24 
1.07 

.99 

T . C .  
B O U G U E R  

-204.02 
-206.42 
-212.60 
-213.14 
-199.71 

-194.34 
-188.79 
-188 -59 
-284.37 
-2@8 .21 
-211.59 
-213.03 
-214 .I35 
-215.59 
-214.54 
-214.12 
-21pr.94 
-2L.39 .@9 
-206.33 
-2G@ .95 
-201.89 
-2d5.18 
-206.13 
-2 Q9 .23 
-203.95 
-209.79 

-190.31 - 
-205.49 
-205.25 

-194.23 

-205 .m 

-2kJ5.77 E 



9 w 93 

STAT. 

EH552 

EH5 57 
E11558 
EH559 
E11560 
E11561 
E11562 
EH563 
EH564. 
El1565 
EfI566 
E11568 
EH569 
Efi571 
EH573 
E11575 
E11576 
EH578 
EH579 
EH580 
E11581 
EM581 
EH586 
E11588 
EH5t39 
311592 
E11593 
EH595 
EH 596 
E11609 
E11612 

~r1553 

L A T I T U D E  

37. 41.56 
37. 41.11 
37. 33.04 

37. 38.05 
37. 38.40 
37. 40.64 
37. 42.36 
37. 43.45 
37. 4.3.90 
37. 44.15 
37. 44.16 
37. 44.14 
37. 43.71 
37. 44.95 
37. 38.42 
37. 44.16 
37. 43.29 
37. 42.42 
37. 41.05 
37. 40.66 
37. 39.76 
37. 40.80 
37. 37.10 
37. 33.48 
37. 32.41 
37. 33.87 
37. 36.11 
37. 37.16 
37. 37.38 
37. 34.55 
37. 33.48 

37. 38.03 

’ L O N G I T U D E  

113. 10.45 
113. 10.73 
113. 9.17 

113. 8.16 
113. 8.00 
113. 9.65 
113. 11.55 
113. 11.94 
113. 11.43 
113. 10.74 
113. 10.00 

113. 7.69 
113. 14.03 
113. 15.40 
113; 18.37 
113. 18.37 
113. 18.37 
113. 20.36 
113. 19.52 

113. 21.84 
113. 1-5.13 
113. 11.84 
113. 15.45 
113. 16.57 

113. 10.72 
113. 9.48 
113. 7.70 
113. 9.63 

113. 10.73 

113. 8052 

113. 20.62 

113. 12.39 

ELEV. 

5486. 
5477. 
5551. 
5471. 
5622. 
5607. 
2493. 
5471. 
5525. 
5463. 
5517. 
5489. 
5509. 
5526. 
5391. 

5527. 
5556. 
5611. 
5815. 
5778. 
5959. 
6025. 
5638. 
5546. 
6781 
7375. 
5468. 
5466. 
5531. 
6330. 
5637. 

5689 

0 BS ERV ED 
G R A V I T Y  

579440.66 
979439.32 
979133.43 
979435 e 6 5  
979431.77 
979431.73 
979439.47 
979447.27 
979451.48 
979456.85 
979454.62 
979452.8@ 
979444 061 
979439.67 
979168.23 
979423.84 
979458.80 
37945s .38 
9’79449.67 
979435.13 
979436.66 
979427.52 
979424 .08 
979424.29 

979354.96 
979310 .39 
979433.54 
9 79134.02 
979433.45 
979392.59 
979432.08 

979435.137”’ 

T N E O R .  
G R A V I T Y  

979977.21 
979976.56 
979972.10 
9’79972.09 
979972 -1 2 
979972.63 
979975.88 
979978.38 
979979.97 
979980.62 
979980.98 
979980.99 
9799E8.96 
979900.35 
979982.14 
979972.66 
979980.99 
979979.74 
9799713.48 
979976.48 
979975.91 
979974 60 
979976.11 
979979.73 
979965.49 
979963.92 
979964.88 
979969.29 
979970.82 
979971.14 
979967.03 
979965.49 

FREE- 
A I R  

-20.55 
-22.09 
-16 0 55 
-21.84 
-11.54 
-13.51 
-19.75 
-16.51 
-8.82 
-9 093 
-7.43 
-11.91 
-10 18 
-20.91 
-6.84 

-2.33 
-1.77 

5.61 
4.23 
13.42 
14.68 
-16 . 14 
-8.77 
28 -86 
47.20 
-21.44 
-22.68 
-17.46 
20.96 
-3.21 

-13 072 

-i .04 

SIMPLE 
BOUGUER 

-207.40 
-208.63 
-205.62 
-208.18 
-203. (E3 
-204 -48 
-2@6 . e4 
-202 . 85 
-197.00 
-196.00 
-195.34 
-198.87 
-205. €2 
-209.13 
-190 . 46 
-207.49 
-190.58 
-191.01 
-192.15 
-192.45 
-192.57 
-189.54 
-190.53 

-197.67- 
-202.10 
-203.99 
-207.68 
-208.85 
-205.85 
-194 64 
-195.21 

-208.17 

T . C  

.80 

.83 
1.56 
1.23 
1.90 
1.94 

.98 

.83 

.65 

.71 

.63 

.66 

.83 

.64 
1.08 
.41 
.47 
.53 . ‘76 
.77 
1.09 
1 .e0 
1.69 
2.e2  
4.13 
4.89 
1.48 
1.44 
1.69 
4.33 
4.67 

72 

T.C. 
BOUGUER 

-206.60 
-207 -80 
-204.06 
-206.95 
-201.13 
-2Q2.54 
-205.86 
-202.02 
-196.35 
-195.29 
-194.71 
-198.21 
-205.10 
-209.30 
-189 . P 2  
-206.41 
-190.17 
-190.54 
-191.62 
-191.69 
-191.80 
-188.45 
-199.53 
-206.49 
-195.65 
-197.97 
-199.10 
-2L36.216 
-2637.41 --I 

-284.16 E 
-190 34 
-190.54 



P u Y Y Y W ry 01 

STAT.  LATITUDE 

EH613 
EH770 
EH771 
EH772 
EH773 
EH771 
EH783 
EH775 
EH776 
EH777 
EH778 
EN779 
EH781 
E11782 
E1-1784 
EH783 
EII785 
EF1786 
EN 787 
E14788 
EH789 
EIl79'd 
EH791 
EH792 
E11793 
EH794 
EH795 
EH 796 
EI-1797 
EH798 
EH799 
E11800 

37. 32.30 
37. 40.45 
37. 41.52 
37. 44.53 
37. 36.11 
37. 35.24 
37. 39.72 
37. 43.04 
37. 44.59 
37. 44.59 
37. 49.46 
37. 46.59 
37. 39.12 
37. 47.07 
37. 45.91 
37. 47.64 
37. $1.10 
37. 39.48 
37. 44.75 
37. 45.03 
37. 53.34 
37. 54.53 
37. 56.66 
37. 57.45 
37. 58.15 
37. 59.40 
37. 58.28 
37. 58.14 
37. 57.57 
37. 53.81 
37. 50.27 
37. 40.64 

LONGITUDE ELEV. 

113. 11.37 
113. 7.72 
113. 9.11 
113. 11.07 

113. 11.84 
113. 14.30 
113. 5.50 
113. 4.4@ 
113. 3.27 

113. 5.48 
113. 13.78 
113. 20.59 
113. 17.27 
113. 25.00 
113. 5.80 
113. 5.70 
113. 22.06 
113. 20.00 
1.13. 23.70 
113. 24.77 
113. 27.35 
113. 28.29 
113. 29.40 
113. 24.00 
113. 22.37 
113. 21.72 
113. 20.71 
113. 21.10 
113. 20.10 
113. 3.25 

113. 11.84 

113. 4.18 

5499. 
5524 
5506. 
5703. 
54691. 
5493. 
5570. 
5580 a 

5530. 
5573. 
5422. 
5479. 
5528. 
5442. 
5402. 
5383. 
5625. 
588'6. 
5805. 
5582. 
5149. 
5128. 
5094. 
51 13. 
5175. 
509 5. 
51 10. 
5116. 
51 28.  
5163. 
5231. 
5862. 

OBSERVED 
GRAVITY 

979437.66 
979438.95 
979140.39 
979444.55 
979434.62 
979435.52 
979431.87 
979435 -80 
979439.39 
979438.38 
979446.26 
979442.34 
979431.16 
979461.17 
979466.92 
979463.20 
979432.53 
979117.48 
979438.34 
979452.77 
979484.20 
979492.29 
979499) .34 
979483.81 
979487.51 
979485.60 
979187.07 
979488 .ldl 
979488.87 
979473.84 
979467.76 
979427 e45 

TMEOR. 
GRAVITY 

979963.77 
979975.59 
979977.16 
979981.53 
979969 29 
979968.02 
979974.54 
979979.37 
979981.62 
979981.62 
979988.72 
979984 . 53 
979973.67 
979985.23 
979983.54 
979986.06 
979976.55 
979974.20 
979981.85 

979904.36 
979996.09 
979999.20 
980000.36 
980001.38 
980003.20 
980001.57 
980001.37 

979995.05 
979988.90 

979982 -26 

980000 5 4  

979975.88 

FREE- 
AIR 

-8.8'7 
-17.06 
-18.89 
-.56 

-21 . 11 
-15.84 
-18.75 
-18.72 
-22.08 
-19.04 
-32.47 
-26.85 
-22.56 
-12.20 
-8.51 
-16.55 
-14.94 
-3.65 
2.50 
-4.45 
-25.85 
-21.47 
-29 -72 
-35.63 
-27.12 
-38.37 
-33.86 
-32.15 
-29.33 
-35.58 
-30.12 
2.94 

SIMPLE 
BOUGUER 

-196.17 
-205 21 
-206.42 
-194.80 
-207.08 
-202.93 
-208.46 
-208.77 
-210.43 
-208.86 

-213.46 
-210.84 
-197.55 
-192.50 
-199.89 
-206 . 53 
-203.92 
-195.22 
-194 57 
-201.22 
-196.13 
-203.22 
-209.78 
-203.38 
-211 . 91 
-207.91 
-206.40 

-21 1.43 
-208.29 
-196.72 

-217.14 

-203 99 

T.C 

2.80 
1.46 
.92 . '70 
1.50 
1.67 
.80 

1.43 
1.95 
.67 
.82 
.85 
.34 
32 
.42 
1.86 
2.43 

* .57 
.41 
-03 
.03 
-05 

.13 
905 
.02 
.02 . e0 
.04 
.13 

3.50 

1.37 

.Oa 

T.C. 
BOUG 1J ER 

-193.37 
-2rd3.75 
-205.50 
-194.10 
-205.58 
-201.25 

-2U7.40 
-2@9 .@0 
-206.91 
-216.47 
-212.64 
-2v19.95 
-197 - 2 1  

-199.17 
-2L34.67 
-201.49 
-191.65 
-194.16 
-201.13 
-196.10 
-203.17 
- 2 m  .7@ 
-203.25 
-211.86 
-207.89 
-2@6.38 
-203.99 

-207.58 

-192. i a  

-211.39 3 
-205.16 
-193.22' 



W 0, W 

S T A T .  

E11801 
EH802 

E118PI4 
3118955 
E11806 
EH807 
EH808 
EH809 
E11810 
EFI811 
FH812 
EM813 
E11814 
EH815 
E11816 
EII817 
EH818 
L U  1 
LU 2 
LlJ 3 
LU 4 
LU 5 
LlJ 6 
L U  7 
L U  8 
LU 9 
L U  10 
LU 11 
L U  12 
LU 13 
L U  14 

~11803 

LATITUDE ' 

37. 40.43 
37. 40.42 
37. 40.36 
37. 40.10 
37. 49.04 
37. 47.30 
37. 46.39 
37. 53.78 
37. 53.83 
37. 53.96 
37. 52.95 
37. 53.73 
37. 56.10 
37. 54.70 
37. 59.98 
37. 60.03 
37. 55.95 
37. 37-14 
37. 40.33 
37. 41.09 
37. 41.78 
37. 42.56 
37. 43.31 
37. 44.20 
37. 44.65 
37. 45.06 
37. 45.50 
37. 45.95 
37. 46.37 
37. 46.82 
37. 47.25 
37. 47.68 

LONGITUDE ELEV. OBSERVED 
G H A V  I T Y  

113. 2.66 
113. 1.94 
113. 1.30 
113. .60 
113. 18.60 
113. 16.54 
113. 15.78 
113. 4.90 
113. 6.25 
113. 7.28 
113. 9.60 
113. 13.06 
113. 14.65 
113. 1.85 
113. 4.74 
113. 6.04 
113. 045 
113. 14.60 
113. 32.89 
113. 35.21 
113. 37.21 
113. 39.33 
113. 39.31 
113. 39.31 
113. 39.33 
113. 39.31 

113. 39.32 
113. 39.32 
113. 39.31 
113. 39.32 
113. 39.32 

113. 39.33 

5902. 
6038. 
6101. 
6213. 
5253. 
5338. 
5335. 
5465. 
5373. 
5353. 
5492. 
5321 
5205. 
5546. 
61 57. 
6067. 
5610. 
5589. 
5293. 
5207. 
5183. 
5180. 
5172. 
5165. 
5161. 
5159. 
51 55. 
51 52. 
51 50. 
5149. 
5146. 
5143. 

979422.96 
979413 .77 
979406.12 
979397.41 
979471.54 
979468 -55 
979472.12 

, 979450.82 
979460.48 
979465.34 
979458.45 
979475.24 
979475.23 
9 79448 .3 1 
979435 098 
979442.62 
979446.91 
979426.40 
979415.02 
979443.77 
979452 -15 
979468.95 
979472.79 

979475.75 
979475.91 
979474.84 
979474.12 
979473.52 
979473.14 
979472.41 
379471.62 

979474.98. 

THEOR. 
GRAVITY 

979975.58 
979975.56 
979975.47 
979975.09 
979988.10 
9799e5.57 
979984.24 
979995.00 
979995.07 
979995.26 
979993.79 
979994.9 2 
979999.37 
979996.34 

980004.12 
979998.16 
979979.79 
979975.42 
979976.54 
979977.54 
979978.67 
979979.77 
9'79981.0 5 
979981.71 
979982.30 
9799e2.95 
979983.60 
979984.21 

979985.49 
979996.12 

9e000 4 0 5 

979984 87 

FREE- 
A I R  

2.53 
6.14 
4 -51 
6 .?2 

-22 . 47 
-15.68 
-10.32 
-30.15 
-29.21 
-26.42 
-18 .?? 
-19 . 19 
-33.57 
-26.39 
11.07 
9.15 

-20 .76 
-1.0.70 
-32.55 
-43.00 
-37.89 
-22.50 
-2b. 51 
-20.27 
-20.53 
-21.15 
-23 0 23 
-24.89 
-26.29 
-27.42 
-29.06 
-30.76 

SIMPLE T.C 
R O U G U E R  

-198.49 5.64 
-199.51 6.96 
-203.29 7.50 
-204.89 8.18 
-201.39 .19 
-197.22 28 
-192.03 e 38 
-216.29 .36 
-212.21 .36 
-208.74 ' .37 
-205 . 03 .23 
-200.42 .17 
-219.85 .09 
-215.28 - ' .45 
-198.64 61 
-197.49 .57 
-212.86 .47 
-209.06 1.42 
-21 2.83 .60 
-220 0 35 .33 
-214.42 .22 
-198.93 .18 
-196.67 .16 
-196.19 .13 
-196.31 .I3 
-196.87 ' .12 
-198.81 .ll 
-200.36 -10 
-20i. 70 .lS 
-282.79 . Q9 
-204.33 .09 
-205. S3 .09 

T.C. 
B O U G U E R  

-192.85 
-192.55 
-195 .79 
-196 .?1 
-201.20 
-196.94 
-191.65 
-215.93 
-211.85 
-208.37 
-205.60 
-200.25 
-210.75 
-214.83 
-198.83 
-196.92 
-212.39 
-207.64 
-212.23 
-220.02 
-214.20 
-198.75 
-196.51 
-196 e86 
-196.19 
-196.75 
-198 -70 
-2k30.25 
-2911.60 
-202.70 2 
-284.24 
-205.84 



W Y (43 W V W 

STAT. LATITUDE LONGITUDE 

LU 15 37. 48.55 113. 39.33 
LU 16 37. 50.30 113. 39.33 
LU 17 37. 52.90 113. 39.35 
LU 18 37. 49.88 113. 41.52 
LU 19 37. 49.86 113. 42.61 
LU 20 37. 48.56 113. 41.52 
LU 21 37. 47.68 113. 41.51 
LU 22 37. 47.25 113. 41.51 
LU 23 37. 46.18 113. 41.51 
LU 24 37. 46.38 113. 41.51 
LU 25 37. 45.94 113. 41.51 
LU 26 37. 45.23 113. 41.51 
LU 27 37. 44.20 113. 41.51 
LU 28 37. 43.36 113. 41.51 
LU 30 37. 45.93 113. 44.83 

LU 32  37. 56.91 113. 44.83 
LU 33 37. 57.08 113. 43.73 
LU 34 37. 57.26 113. 42.63 
LU 35 37. 57.26 113. 41.54 
LU 36 37. 57.26 113. 40.45 
LU 37 37. 58.99 113. 39.30 
LU 38 38. 1.17 113. 39.09 
LU039 30. 2.54 113. 38.13 
LU 48 38. 3.27- 113. 38.63 
LU 41 38. 1.88 113. 36.49 
LU 42 38. .68 113. 34.79 
LU 43 38. .39 113. 32.65. 
LU 44 37. 59.85 113. 30.53 
LU 45 38. .39 113. 20.60 
LIJ 46 38. .36 113. 27.48 
LU 47 38. 1.18 113. 27.31 

LU 31 37. 46.81 113. 44.83 

ELEV OBSERVED THEOR. FREE- SIMPLE 
GRAVITY GRAVITY A I R  BOUGUER 

5138. 979473.32 
5131. 979479.80 
5135. 979491.99 

5151. 979481.24 
5147. 979469.01 

5153. 979467.87 
5155. 979468.80 
5156. 979470 .O1 
5158. 979471.50 
5163. 979473.52 
5171. 979475.20 
5176. 979475.59 
5191. 979472.02 

5556. 979470.22 
5512. 979475.52 
5461. 979481.50 
5430. 979484.72 

5142. 979478.13 

5151 979467 -42 

5188. 979468 -47 

5403. 979484 e83 
5692. 979168 e69 
6045. 979447.92 
5735, 979465.44 
5821. 979458 .ll 
5606. 979473.82 
5514. 979479.41 
,5480. 979478.35 
5350. 979488.49 
5265. 979495.95 
5088. 979494.38 
5084. 979503.08 

979987.39 
979989.94 
979993.73 
979989.33 
979989.30 
979987.41 
979986.12 
979985.49 
979983.94 
979984.23 
979983.59 
979982.62 

979979.84 
979983.57 
979984.85 
979999.56 
979999.80 
980000.07 
980000.07 
988000.07 
980002.60 
980005.78 
980807.77 
980008.84 
980006.82 

980004.64 
980003.86 
980004.64 
9816004.60 
98000 5.80 

979981 e0 5 

9~0005.07 

-30.80 
-27 . 52 
-10.47 
-27.54 
-23.56 
-34.23 
-34.21 
-32.93 
-30.27 
-29.25 
-26.93 
-23.48 
-19.48 
-17.40 
-23.30 
-28 -41 
-6.75 
-5.84 
-4.92 
-4.61 
-7.04 
1.47 
10.73 
-2.90 
-3.22 
-5.71 
-3.02 
-10 -85 
-12.15 
-13.47 
-31.65 
-24.53 

-205 . 80 
-202.28 
-193.47 
-202.68 
-199.00 
-209.59 
-209.65 
-208.45 
-205 85 

-2Pr2.61 
-199.33 
-195 61 
-193.70 
-200.11 
-205.11 
-195.98 
-193.58 
-190 92 
-189.55 

-204 e7 

-191.07 
-192.40 
-195.17 
-198.24 
-201.48 
-196.65 
-194.82 
-197.50 
-194.37 
-192.80 

-197.69 
-204 95 

T . C  

.09 

.10 

.15 
01% 
.12 
.ll 
011 
.ll 
.ll 
.ll 
012 
.13 
.11 
.1G 
14 
.13 
.62 
.54 
51 

.46 

.42 
. G 9  
.71 
.7H . '73 
.84 
-45 
.35 
.32 
.39 
.35 
.71 

T . C .  
BOUCUER 

-205.71 
-2132 18 
-193.32 
-202.56 
-195.89 
-209.43 
-2w .54 
-208.34 
-205.74 
-204.76 
-202.49 
-199.20 
-195.47 
-193.54 
-199.97 
-204.90 
-195.36 
-193.04 
-190.41 
-189.09 
-190.65 
-191.71 
-194.45 
-197.45 
-200.75 
-195.81 
-194.37 
-197.15 
-194.165 
-192.41 2 
-2y14.60 
-196 .S5 



V W W 

S T A T .  L A T I T U D E  L O N G I T U D E  

LU 48 38. .38 113. 26.51 
LU049 38. .O1 113. 25.08 
LU 5a 37. 59.71 113. 22.80 
LU051 38. 1.63 113. 24.40 
LU 52 38. 1.63 113. 22.81 
LU 53 37. 59.92 113. 27.78 
LU 54 37. 57.60 113. 29.72 
LU 55 37. 57.27 113. 30.50 
LU 56 37. 56.48 113. 32.19 
LU 57 3'7. 55.48 113. 34.95 

LU 59 37. 54.65 113. 37.15 
LU 60 37. 53.78 113. 40.44 
LU 61 37. 53.28 113. 40.85 
LU 62 37. 45.94 113. 42.63 
LU 63 37. 46.82 113. 42.62 
LU 64 37. 46.82 113. 43.71 
LU 65 37. 47.68 113. 42.62 
LU 66 37. 45.50 113. 42.63 
LU 67 37. 44.41 113. 42.62 
LU 68 37. 42.75 113. 42.62 
LU 69 37. 43.3% 113. 12.61 
LU 70 37. 42.45 113. 42.61 
LU 71 37. 41.55 113. 42.78 
LU 72 37. 39.78 113. 42.95 

LU 74 37. 41.55 113. 41.00 
LU 75 37. 41.54 113. 4GJ.16 
LU 76 37. 41.99 113. 39.33 
LU 77 37. 42.45 113. 40.41 
LU 78 37. 42.45 113. 41.51 
LU 79 37. 42.96 113. 40.42 

LU 58 37. 57.27 113. 34.95 

LU 73 37. 41.55 113- 41.88 

ELEV. 

56379. 
5087. 
5104. 
507'7. 
5087. 
51Q6. 
5149. 

5205. 
5200. 
5287. 
5163. 
5163. 
5152. 
5164. 
5166. 

5160. 
5169. 

5170. 
5192. 
5239. 
5220. 
5250. 
5199. 
5194. 
5193. 
5187. 
5184. 
5186. 

51 59 

5176. 

5169- 

5179. 

W 

OBSERVED 
G R A V I T Y  

97'9488.73 
979485.76 
979486.41 
979486.28 

979486.41 
979486.25 
979188.41 
979486.66 
979488.04 
979187.95 
979192.67 
979495.74 
979296.42 
979470.56 
979465.95 

979464.77 
979472.63 
979477.41 
979478.22 
9794,77.32 
979471.2'7 
979468.13, 
979459.28 

979469.79 
979468.88 
979466.09 
979472.39 
979473.19 
979473.95 

979486 17 

9794GG .96 

979467 -97 

W V 

THEOR.  
GRAVITY 

980004.63 
980004 . 09 
980002.20 
980006.4 5 
980 00 6 . 4 5 
980002.51 
980000.59 
9e0000.09 
979998.94 
979997.48 
980000.09 
979996.27 
979995.00 
979994.27 
979983.59 
979984.8 7 

979986.12 
979982.95 
979981.36 
979978.9 5 
979979.79 
979978.52 
979977.20 
979974.62 
97997'7.20 
979977.20 
97997'7.20 

979978.52 
979978.52 
979979.2 6 

979984 87' 

97'9977 85 

FREE- 
AIR 

-30.18 
-39.86 
-35.72 
-42.64 
-41 -81 
-35.83 
-30.03 
-26.43 
-22.71 
-20.33 
-14.85 
-17.97 
-13.64 
-13.25 
-27.31 
-33.01 
-31.06 
-36.02 
-24.12 
-17.76 
-14.45 
-14.11 
-14 47 
-16.08 
-21.53 
-20 22 
-18 -88 
-19 94 
-23.88 
-18.53 
-17.54 
-18 b 18 

SIMPLE 
BOU GU ER 

-211.17 
-213.12 
-28 9.56 
-215.57 

-289.74 
-205.40 
-202.15 
-200. 00 
-197.45 
-194.93 
-193.82 
-1139.49 

-203.19 
-20 8.96 
-207.35 
-21 1.77' 
-200.18 
-193. e l  
-190.54 
-190.95 
-192.91 
-195.87 
-2BQ. 34 
-197 29 
-195.79 
-196.81 
-200.55 
-195.09 
-194.18 
-194 . 57 

-215*07 

-188.72 

T . C  

.22 

.10 

.02 

.14 

.@9 

.16 

.15 
18 
.ll 

. .12 
.21 
.15 
.19 
.19 
.12 
.11 
12 
.ll 
.13 
.15 
.4@ 
.22 
.29 
.56 
.79 
.25 
.291 
.28 
018 
.17 
.19 
016 

?.C. 
B O U G U E R  

-210.95 
-213.02 
-209.54 
-215.43 
-214.98 
-209.58 
-205.25 
-201.97 
-199.89 
-197.33 
-194.72 
-193.67 
-189.30 
-180.53 
-203.07 
-2Q8.85 
-2137.23 
-211.66 
-200.05 
-193 .G6 
-190.14 
-190.73 
-192.62 
-195.31 
-199.55 
-197.04 
-195.59 
-196.61 
-200.37 - 
-194.92 
-193.99 
-194.41 



Qs Y Y u 

S T A T -  

LU 80 
LU 81 
LU 82  
LU 83 
LU 84  
LU 85 
LU 86 
LU 87  
LU 88 
LU 89 
LU 98 
LU 91 
LU 92 
L U  93 
LU 94 
LU 95 
LU 96 
LIJ 97 
LU 98 
LU 99 
LUl00 
LU101 
LU102 
LU103 
LUlQ.2  
LU105 
LUl06 
LU107 
LUl08 
LUl09 
LUll0 
L U l l l  

LATITUDE 

37.  42.09 
37. 40.22 
37. 40.23 
37. 39.80 
37. 40.65 
37. 40.65 
37. 40.4Ql 
37. 40.40 
37. 39.72 
37. 39.72 
37. 39.72 
37. 38.84 
37. 41.50 
37. 42.15 
37. 43.31 
37. 44;18 
37. 45.05 
37. 46.81 
33. 47.69 
37. 4 7 . 6 4 .  
37.  47.68 
3'7. 47.69 
37. 47.68 
37. 47.67 
37. 49.55 
37. 51.11 
37. 52.05 
37. 45.94 
37. 45.07 
37. 45.05 
37. 40.53 
37. 39.45 

LONGITUDE E L E V .  

113. 37.96 5178. 
113. 39.62 5204. 

113. 37.97 5200. 
113. 37.42 5190. 

113. 35.20 5209. 
113. 34.50 5223. 

113. 34.50 5223. 
113. 33.36 5286. 
113. 33.66 5354. 
113. 32.81 5246. 
113. 32.18 5224. 

113. 31.07 5169. 
113. 31.63 5157. 
113. 31.63 5137- 
113. 31.06 5133. 
113. 27.47 5151. 
113. 32.80 5130. 
113. 34.40 5133. 
113. 37.95 5141. 
113. 40.40 5144. 
113. 40.42 5139. 
113. 39.32 5131. 

113. 37.97 ,5153. 
113. 38.21 5158. 

113. 31.05 543'7. 
113. 27.41 5872. 

113. 37.96 5195. 

113- 36.31 5197. 

113. 35.21 5205. 

113. 31.63 5183. 

113. 39.33 5134. 

113. 36.29 5155. 

0 BSERVED 
GRAVITY 

979453.76 
979461 -96 
979452.12 
979450.89 
979449.82 
979445 002 
979443.63 
979443.51 
979445.37 
97944s .87 
979145.86 
979446.88 
979446.04 
979450.40 
979454.97 
979459 002 
979460.13 
979468.73 
979473.92 
979172 .?3 
979471.88 
979475.55 
979473.95 
979470.69 
979471.30 
979484.20 

979174.36 
979474.05 
979466 e98 
979445.49 
979423.35 

979489 -39 

THEOR. 
GRA V IT Y 

979977.98 
979975.26 
979975.27 
979974.65 
979975.90 
979975.90 
979975.53 
979975.53 
979974 . 54 
979974.54 
979974.54 
979973.27 
979977.13 
9799'78.08 
979979.77 
979981.02 
979982.29 
979984.85 
979986.13 
979986.06 
979986.12 

979986.12 
979986 . 11 
97998V. 39 
979991.12 
979992 -49  
979983.59 
979982.32 
9799e2.29 
979975.72 
979974.16 

979986.12 

FREE- 
' AIR 

-33.18 
-23.82 
-34 e 5 1  
-34.65 
-37.92 

-41.95 
-40.75 
-39.60 
-37.40 
-31.49 
-22 -80 
-37.66 
-36.32 
-37.30 
-3$.81 
-37.10 
-32.94 
-29.41 
-28.83 
-31.72 
-27.78 
-2s .63 
-31.58 
-32.73 
-24.31 
-291.21 
-24.54 
-23.11 
-38.43 
-19.83 

1.52 

-42 05 

SIMPLE T . C  
DOUGUER 

-209.54 0 19 
-201.06 .25  
-211.45 27 
-211.76 .30 
-214.69 .26 
-219.06 .38 
-219.37 .39 
-218.64 .45  
-216. e8 .4P 
-215.30 .5? 
-211.54 .E35 
-205.16 1.7'8 
-216.34 .47 
-214.25 .53 
-213.83 . 56 
-21 1.87 .60 
-212.74 .37 
-207. S1 .21 
-204.24 .18 
-204.28 .53  
-206.45 .13 
-202.61 . l l  
-283.73 . 09  
-206.78 . l l  
-207.76 .12  
-199.07 .l0 
-195.07 .12  
-2u0.05 . l l  
-198.79 . 1 2  
-206.01 . 14 
-201.01 .79 
-198.48 1.19 

T . C .  
B O U G U E R  

-209.35 
-200 -81 
-211.19 
-211 045 
-214.43 
-218 .76 
-218.99 
-218.19 
-216.40 
-214.73 
-210.69 
-283.38 
-215 .a7 
-213.72 
-213.27 
-211.27 
-212.37 
-207 .?@ 
-204. U5 
-203 .?5 
-206.32 
-2E72.50 
-203.64 
-2166.67 
-207.64 
-199.97 
-194.95 
-199.94 
-198.(j7 --I 

-2i35.87 W, 
-203.22 
-197.29 



Qs 

STAT. 

WU432 
WU546 
wu547 
WU548 
wu549 
WU550 
WU551 
WU552 
wu553 
wu554 
wu555 
WU556 
wu557 
WU623 
WU624 
WU625 
WU626 
WU628 
WU630 
WU631 
VU632 
WU633 
WU634 
WIT635 
WU636 
WU637 
WU638 
WU639 
WU640 
WU641 
WU642 
WU643 

Qs Y 

L A  T I  TUDE LONGITUDE 

37. 
37 . 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
38. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 
37. 

45.50 
53.22 
48.85 
50.37 
51.89 
53.55 
51.69 
52.97 
52 . 97 
54.55 
56.97 
58.71 

.48 
34.54 
35.12 
36 25 
36.75 
31.10 
31.88 
31.50 
32.37 
31.59 
37.99 
40.47 
43.33 
45.87 
47.65 
46.75 
41.21 
52.00 

47.65 
49.85 

112. 50.74 
1 1 2 .  46.84 
112. 56.15 
112.  55.25 
3.12. 55.25 
112. 56.38 
112.  59.21 
112 .  52.54 
112. 49.18 
112. 49.18 
112.  49.18 
112. 49.18 
112. 49.04 
113. 49.58 
113. 52.15 

113. 58.75 
113. 50.94 
113. 35.58 
113. 33.61 
113. 30.93 

113. 32.01 
113. 32.94 
113. 31.60 
113,. 31.68 
113. 32.82 
113. 36.04 
113. 37.18 
113. 39.33 
113. 39.37 
113. 39.38 

113. 54.93 

113. 31.65 

ELEV. 

7421. 
5897. 
5947. 
5739 0 

5696. 
5684. 
2547. 
5724. 
5794. 

'5723. , 

57'60. 
5813. 
61 18. 
5485. 
5591. 
5815. 
5973. 
5760. 
6010. 
6560. 
6052. 
5824. 
5799. 
5314. 
5193. 
5175. 
5151. 
5149. 
5153. 
5136. 
5143. 
5118. 

V 

O B S E R V E D  
G R A V I T Y  

979301.62 
979416.51 
979412.98 
979429.80 
979134.69 
979446.62 
979459 .OO 
979427.26 
979417.76 
979425.65 
979435 .OO 
979435 043 
979430.41 
979454.57 
979446.39 
979425 -66 
979409.66 
979422.89 
979402.15 
979365.40 
979400.50 
9'794 18.66 
979427 .E37 
979145.16. 
979154.91 
979463.87 
979472.14 
979173.30 
979467.68 
979489.42 
979478.34 
979472.23 

T H E O R .  F R E E -  
G R A V I T Y  A I R  

979982.95 16.69 
979994.18 -23.01 
979987.83 -15.48 
979990.04 -20.44 
979992.26 -21.81 
979994.66 -13.41 

979993.8 1 -28 16 
979993.81 -31.08 
979996.12 -32.17 
979999.65 -28.51 
980802.20 -20.01 
980004.78 1.08 
9 79 967.0 2 3.47 
979967.84 4.43 
979969.49 3.12 
979970.22 1.26 
979962.0 2 ?.66 
979963.16 4.29 
979962.59 19.84 
979963.87 5.89 
979967 -09 -.64 
979972.0 2 .36 
979975.62 -30.64 

979983 4 8  -32 -86 
979986.08 -29.44 
979984.77 -27.15 
979981.07 -28.71 
979992.42 -19.92 

979986.08 -29.63 

979996.33 -15.58 

979979.80 -36 -45 

979989 2 8  -27 19 

SIMPLE T . C  
B O U G U E R  

-236.07 9.21 
-223.€!6 2.42 

-215.91 1.70 
-215.81 1.46 
-207.01 1.85 
-204.51 1.09 
-223.12 1.21 
-228.43 1.66 

-222.65 1.34 

-21a.04 2.11 

-227.10 1.42 

-218.00 1.25 
-207.30 1.27 
-183.34 1.24 
-186.00 80 
-194.34 .79 
-202 . 18 . 6 3  
-193.52 1.62 
-200.41 1.88 
-203.59 2 . @ 4  
-200.24 1.63 
-199.01 1.95 
-196.81 1 .25  
-211.61 .56 
-213.33 .55  
-209.12 .28 
-204.89 .12! 
-202.53 . l l  
-204.23 .14 
-194 b e5 .11 
-202.36 . (39 
-204.97 .09 

T . C .  
B O U C U E R  

-226.96 
-221.44 
-215.93 
-214.21 
-214.35 
-205.16 
-203.42 
-221.91 
-226.77 
-225.68 
-221.31 
-216.75 
-206.03 
-182. la 
-185.20 
-194 15 
-201.55 
-191.90 
-199.33 
-201.55 
-198.61 
-197.06 
-195.55 
-211.09 
-212.78 
-208.84 
-204.77 
-202.42 
-2434.09 -, 
-194.74 
-202.27 
-204.88 



Y Y 03 0 w 

STAT.  

VU644 
WU645 
WU646 
WU647 
WU648 
WU649 
WU671 
WU672 
WU673 
WU674 
WU675 
WU676 
WU678 
WU679 
WU680 
WU705 
WU706 
WU707 
WU708 
WU709 
WU710 
WU711 
WU712 
WU713 
WU714 
WU715 
WU724 
WU725 
WU726 
651824 
65B36 
65B37 

L A T I T U D E  L O N G I T U D E  E L E V .  

37. 45.00 113. 39.35 5142, 

37. 41.82 113. 37.27 5185. 
37. 38.84 113. 38.03 5197. 

37. 33.85 113. 46.41 54216. 
37. 51.49 113. 56.62 5946. 
37. 54-82  113. 57.00 6292. 
37. 59.18 113. 57.01 6603. 
37. 59.97 113. 56.97 6634. 

37. 59.95 113. 52.38 6702. 
38. 1.10 113. 50.09 6742, 
38. 3.56 113. 58.09 6670. 
38. 6.25 113. 58.09 6570. 
38. T.47 113. 38.41 6113. 
38. 4.82 113. 38.28 5935. 
38. 2.24 113. 36,88 5694. 
38. -71  113. 34.82 5519. 

37. 59.89 113. 30.60 5288. 
38. ’2 .80  113. 26.57 5121. 
38. 1.56 113. 19.56 5116. 
38. 1.59 113. 15.12 5156. 
38. 3.70 113. 15.18 5129. 
38. 5.96 113. 16.31 5092. 
38. 6.82 113. 22.82 5355. 
38. 5.30 113. 25.48 *5406. 

38. 7.41 113. 12.76 5107. 
38. 4.22 112. 58.30 6561. 

37. 42.63 113- 39.38 5170. 

37. 36.16 113. 38e08 5380. 

37. 59.94 113. 53.77 6565. 

37. 58.06 ‘-113. 34.88 5345. 

38. 7.31 113. 25.69 5539. 

38. 5.20 112. 58.98 6590. 

O B S E R V E D  
G R A V I T Y  

979475.95 
979468 *99 
979451.45 
979448.94 
979446.97 
979449 .P)6 
979433,78 
979406.91 
979382.32 
979376.52 

979402.49 
979375.09 
979387.40 
979391.59 
979439.68 

979470.12 
979479.51 
979484 -77 
979488.62 
979501 -41 
979490.48 
979499.04 
9’79505.52 
979507.09 
979496.71 
979498.63 
979489.16 
979507.05 
979413.62 
979418.73 

979391 e24 

979446 -45 

T H E O R .  FREE- 
G R A V I T Y  A I R  

979982.22 -22.61 
979978.78 -23.50 
979977.59 -38.46 
979973.27 -35.51 

979966.0 2 -7.16 
979991.67 1.39 

2.22 979996*52 
980001.42 1.98 
980004.03 -3.52 
980803.99 4.75 
980004.00 28.88 
980005.68 3.56 
980009.27 5.51 
980013.19 -3.64 
980014.98 -.32 

980007.33 -1.64 
980005.12 -6.50 
9R00161.25 -13.74 
980003.91 -17.92 
988908.14 -25.06 

980006.38 -22.38 
980009.47 -21.52 

980014.02 -13.62 
980011.80 -4.68 

980014.89 -27.48 
980010.23 28.52 

979969.37 -16.36 

980011.10 -6.42 

980006.35 -34.66 

980012.76 -26.72 

980014.74 -4.59 

9W011.66 18.46 

S I MPLE 
B O U G U  ER 

-197.75 
-199.59 
-215.06 
-212.52 
-199.60 
-191.76 
-261.13 
-212.09 
-222.91 
-229.47 
-218.e5 
-199.39 
-226.07 
-221 -67 
-22 7.4 1 
-208.52 
-208.57 
-195 58 
-194.48 

-198.04 
-199.48 
-208.91 
-197.99 
-196.21 
-20U. 1 5  
-196.01 
-188.82 
-193 24 
-2161.42 
-202.95 
-202 0 93 

-195.79 

T . C  

.12 

.17 
0 21 
.36 
e 61 

1.83 
1.11 
1.97 

.99 

.89 
85  

1 . 2 5  
.92 
.84 
.79 
.68 

1.21, 
.76 
.44 
.23  
.58 
0 80 
. 0 2  
.09 
.10 
.12 
.38 
.51 
85 

.3a 

.77 
96 

T.C. 
B O U G U E R  

-197.63 
-199.42 
-214.85 
-212.15 
-198 e99 
-189.93 
-200.02 
-210.12 
-221.92 
-228.59 
-218. a0 
-198.14 
-225.15 
-220.83 
-226.62 
-207.84 
-207 -36 
-194.82 
-194.04 

-197.45 
-198.68 
-208.89 
-197.90 
-196.03 
-200.03 
-195.63 
-180 .:31 
-192.39 ---1 

-201.12 
-202.13 
-201.97 

-195 a56 



(rg W Y 

S T A T .  LATITUDE I LONGITUDE 

65B38 
65B39 
65B40 
651341 
65B42 
75252 
75253 
75254 
75255 
75256 
SG142 
SG143 
SG144 
SG145 
SG1+6 
SG147 
SG148 
SG149 
SG150 
SGlEi l  
SC152 
SG153 
SG151 
SG155 
S G 1 5 G  
SG157 
S G 1 5 8  
SG159 
SG166 
SG167 
S G168 
S G 2 5 3  

38. 4.94 113. .40 
38. 4.68 113. 2.36 

38. 5.46 113. 4.95 
38. 6.12 113. 6.25 

38. 6.85 113. 21.70 
38. 6.84 113. 22.80 

38. 6.16 113. 24.30 
38. 6.91 113. 38.41 

38. 5.14 113. 38.43 
38. 3.76 113. 38.63 

38. 2.54 113. 37.22 
38. 1.53 113. 36.00 
38 .67 113. 34.75 
38. .39 113- 32.66 
38. 3.62 113. 58.13 

38. 1.65 113. 58.13 
38. 1.08 113. 58.15 

38. .03 113. 59.93 
38. .78 113. 59.43 

38. 6.59 113. 57.96 
38. 5.99 113. 54.82 

38. 5.12 113. 53.15 
38. 5.58 113. 56.30 

38. 5.80 113- 3.80 

38. 7.01 113. 20.64 

38- 6.51 113. 23.58 

38. 6.09 113. 38.65 

38. 3.17 113. 38.07 

38. 2.57 113. 58.13 

38. -30 113. 58 .14  

38. 5.13 113. 58.13 

38- 5.12 113. 51.69 

E L E V .  OBSERVED 
G R A V I T Y  

6686. 
6525. 
6107. 
6871. 
6023. 
5106. 
5160. 
5287. 

5358. 
6037. 
5988. 
5922. 
5821. 
5791. 
5682. 
5557. 
5514. 
5480. 
6592. 
6646. 
6650. 
6678 
6709. 
691 1. 
6827. 

648 4 . 
6566. 
6761. 
6639. 
6380. 

5330 

4529 

979408.91 
979422.09 

979446.89 
979448.59 
979499.99 
979499.62 
979497.09 
979499.89 
979498.18 
979441.54 
979440 -80 
979444.85 
979458.05 
979462.60 
979169.27 
979477.79 
979479.28 
979478.23 
979389.31 
979382.21 
979377.87 
979374.52 
979371.75 
979363.30 
979367.83 
979390.54 
979392.02 
979397.12 
979375 e60 
979397.94 
979404.64 

979417 a16 

T H E O R .  
GRAVITY 

980011.28 
980010.90 
3t20012.53 
980161 2 . 04 
980013.00 
980014.30 
98U 01 4.06 
98001 4.05 
980013.57 
9800 13.0 5 
980014.15 
98001 2.95 
980011.57 
980099.55 
98000 8 . 70 
98000'1.77 
980006.30 
980005.05 
9800e4.64 
980009.35 
980 00 7. €! 1 
980 00 6.48 
98@005,.65 
9/0004.22 
980004.12 
980005.21 
9t20Glll. 2 5  
980013.68 
980012.80 
98001 1.54 
S80011.54 
980012.21 

T . C  FREE- SIMPLE 
A I R  : B O U G U E R  

26.51 
24.93 
9.06 
5-89 
2.11 

-34 . 04 
-28 35 
-19.67 
-12.35 
-10.91 
-4.78 
-8 -93 
-9.71 
-3.99 
-1 -41 
-4.06 
-5.83 

- l b  .97 
.00 

-.49 
-3.13 
-3 .OO 
-1.72 

9.22 
4.76 

-6.90 
-11 -78 

i .92 
.OO 

10.86 
-3.47 

-7 8 14 

-201.22 1.16 
-197.31 .90 
-198.94 095 
-200 . 89 .72 
-203.03 .57 
-207.95 .23 
-204.37 .32 
-199.75 .43  
-193 e9 .48 
-193.40 .45  
-219.41 1 .03  
-212.e8 93 
-211.41 1.89 
-202.26 1.03 
-198.65 . E37 
-197.59 .95 
-195.1@ f38 
-194 S5 .42 
-19'1.61 .32 
-226.66 .83 
-226. e6 88 
-229.63 .94 
-230.45 .95  
-230.23 99 
-226.17 1.49 
-22v.76 1.30 
-229 28 81 
-232.62 84  
-221.72 .84 
-202.90 1.116 
-21 5 .2.6 .91 
-224.77 86 

T . C .  
B O U G U E R  

-200. Q6 
-196 -41 
-197.99 
-200.17 
-202.45 
-207.72 

-2.84 
-199.32 
-193.41 
-192.95 
-209.38 
-211.95 
-210.32 
-201.23 
-197.78 
-196.64 
-194. .22 
-194.53 
-197.29 
-225.03 
-225.98 
-225.69 
-229.50 
-229.24 
-224.68 
-226.17 
-228 -47 
-231 .r7!3 
-220.88 - 
-214.35 
-223.91 

-201.80 2 



sy 

STAT. 

S G2 54 
SG255 
SC256 
SG257 
SG258 
SG259 
SG260 
SG261 
SG300 
SG301 
SG302 
SG316 
SG317 
SG318 
SC319 
SG320 
SG321 
SG322 
SG323 
SG324 
SG325 
SG326 
SG.327 
SG328 
SG329 
SG330 
SG331 
SG332 
SG333 
S G334 
S G3 58 
SG351 

LATITUDE LONGITUDE ' ELEV. OBSERVED 
GRAVITY 

38. 5.11 
38. 5.11 
38. .34 
38 .77 
38. 2.13 
38. 2.51 

38. 2.51 
38. V.15 

38. 6.92 
38 .09 

38. .06 
38. 1.17 

38. 1.79 
38. 2.72 
38. 3.81 
38. 4.61 
38. 5.12 

38. 1.25 
38. 1.94 
38. 2.50 
38. 2.99 
38. 1.88 
38. 2.12 
38. 1.60 
38. 1.15 

38. 5.38 

38. 1.65 

380 6.51 

37. 59.92 

38. 1.98 

38. 68 

38. 7.21 

113. 50.79 
113. 49.72 
113. 52.66 
113. 54.83 
113. 59.24 
113. 57.05 
113. 56.34 
113. 54.83 
113. 47.99 

113. 46.51 
113. 29.59 
113. 30.50 
113. 31.55 
113. 30.54 
113. 30.97 
113. 32.36 
113. 33.49 

113. 33.28 
113. 32.94 
113. 33.€!0 
113. 35.37 
113. 35.60 
113. 35.68 
113. 35.69 
113. 36.49 

113. 39.34 
113. 39.09 
113. 35.63 
113. 35.53 

113. 46.97 

' 113. 33.33 

113. 40.18 

6891. 979399.29 
7040. 979392.16 
6561. 979402.59 

6788. 979372.82 
6551. 979389 .ll 
6546. 979386.58 
6464. 979396.16 
7546. 979364.70 
7035. 979392.04 
6924. 979397.46 
5306. 979505.13 
5354. 979488.43 
5381. 979484.09 
5552. 979483.56 
5702. 979470.63 
5592. 979479.71 
5710. 979472.31 
5884. 979456.19 
6017. 979456.10 
6103. 9794516.68 

5525. 979480.34 
5683. 979470.26 
5821. 979460.04 
5912. 979451.96 
5606. 979473.72 

6019. 979449.97 
6044. 979447.95 
6254. 979429.41 
62160. 979431.10 

6509 979387 52 

5524. 979479 e16 

.5976. 979453.48 

THEOR. 
GRAVITY 

98001 1.52 
980011.52 
980004.57 

980007.18 
98000 7.73 
98000 6 . 4 8 
980007.73 
980014.50 
980013.57 
980014.16 
980004.21 
9P0083.96 
980004.16 
980005.78 

980006.67 
980 008.0 3 
980009.63 
980010.80 
98001 1.54 
9 80 00 5.0 7 
98000 5.90 
980006.91 
9e00 0 7 . 7 1 
980008.42 
980006.82 
98000 7.16 
980006.41 
980005.76 

980013.37 

98000 5.20 

980006.96 

980014.59 

FREE- SIMPLE 
A I R  BOUGUER 

35.93 
42.82 
15.15 
-5 a46 

4.12 
-2 044 
-4.20 
-3.57 
59.98 
40 18 
34.57 

.OO 
-11 e94 
-13.94 

' .OO 
.OO 

-.99 
I .36 

.OO 
11.26 
13.19 
-6 e33 
-5.88 
-2.11 

-.16 
-.39 

-5.81 
8 -42 
9.70 

10.68 

' .90 
3.08 

-198.78 
-196.96 
-206.32 
-227.16 
-227.08 
-225.57 
-227.15 
-223.74 
-197.04 
-199.43 
-201.26 
-192.06 
-194.30 
-197.22 
-195.93 
-194.10 
-191.45 
-193.12 
-196.02 

-194.68 

-194.06 
-195.68 
-198.43 
-201.75 
-196.75 
-195.13 
-19S.31 
-195.18 
-209.93 
-210.27 

-193 68 

-194.48 

T.C 

1.26 
1.88 
1 . O 1  . 73 
1.11 

.78 

.76 

.70 
2.74 
2.00 
1.72 

.41 
30 

.33 
- 4 4  

G 3  
.60 
.62 
63 

.67 

.73 

.39 

.67 

.57 

.88 

.81 
' .96 

.74 

.?0 

.72 

.87 
1.11 

T.C. 
BOUGUER 

-197.52 

-207.31 
-226.43 
-225.97 
-224.79 
-226.39 
-223.04 
-194.30 
-197.43 
-199.54 
-191.65 
-194 .OO 
-196.89 
-195.49 
-193.47 
-1991.85 
-192.50 
-195.39 
-193 .Q1 
-193.95 
-194.09 
-193.39 
-195.11 
-197 -55 
-200.94 
-195.79 
-194.39 
-134.60 ---1 

-194.47 
-209.06 
-209.16 

-195 *@8 



S T A T .  LATITUDE ' LONGITUDE ELEV. 

S G 3 5 2  38. 5.72 113. 34.79 
SG353 38. 7.19 113. 34.34 
SG649 38. .36 113. 27.47 
SG650 38. -40 113. 28.60 

SG652 38. 1.20 113. 27.30 
SGG53 38. 2.04 113. 26.93 
SG654 38. 2.93 113. 26.57 
SG655 38. 3.47 113. 26.34 
SC656 38. 4.33 113. 25.99 
SG657 38. 4.51 113. 26.48 
SG658 38. 4.91 113. 26.98 
SC659 38. 3.57 113. 26.88 
SG660 38. 3.82 113. 27.45 
SG661 38. 4.45 113. 28.62 
SG662 38. 5.54 113. 25.38 
SG663 38. 6.09 113. 25.17 
SG664 38. 7.39 113. 25.82 
SG754 38. 5.77 113. 58.13 
SG755 3€?. 4.25 113. 58.15 
SG756 38. 4.25 113. 59.23 
SG757 38. 4.25 113. 58.68 
SG758 3€?. 4.25 113. 57.59 
SG759 38. 5.73, 113. 54.25 
SC760 38. 4.25 113. 51.75 

SG?67 38. 2.66 113. 52.05 ~ 

SG763 38. 2.09 113. 52.65 
RG022 37. 36.79 113. 36.24 
RG079 37. 31.89 113. 45.36 
RG080 37. 30.28 113. 46.81 

SG651 38. 037 113- 27.99 

SG761 38. 3.46 113. 51.63 

RG085 37. 33.57 113. 56.78 

61091. 
6376. 
5088. 
5265. 
5127. 
5081. 
5100. 
51 48. 
5177. 
5257. 
5387 
5571. 
5299. 
5482 
61 20. 
5380. 
5431. 
5504. 
6531. 
6555. 
6701. 
6638. 
6526. 
6572. 
671 5. 
6666. 
6606. 
6508. 
5450. 
5703. 
6322. 
6231. 

OBSERVED 
GRAVITY 

979415.09 
979430.78 
979526 .@3 
979495.97 
979496.51 
979503.08 
979504.91 
9795Qi .23 
979522.19 
979515.92 
979496.06 
979486.61 
979497.05 
979494.82 
979449.42 
979495.13 
979489 -44 
979497.16 
979389.34 
979389.81 
979380.22 
979384.66 
979392 -18 
979398 .82.. 
979399.37 
979399.16 
979398.81 
979398.98 
979442.86 
979419.49 
979361.68 
979395 -09 

THEOR. 
G R A V I T Y  

98001 2.41 
980014.55 
980004.60 
980004.66 
980004.62 
98000 5.83 
980007.05 
980008.34 
980Q09.13 
980010.39 

980011.23 
980009.28 
9816009.65 
980010.56 
980012.15 

980014.87 
980012.48 
98M010,2? 
980010.27 
980010.27 
980010.27 
981d 01 2.43 

9800 0 9.1 2 
980007.94 
98000'7.11 
979970.28 
979963.17 
979960.82 

980010 e66 

980 0 12 9 5 

980018.27 

979965. 62 

FREE- 
A I R  

6.45 
15.95 

.OO 
-13.47 
-25 87 
-24.56 
-22.45 
-22 -89 

.OO 

.OO 
-7.90 - .62 

-13.81 
.OO 

14.50 
-10.98 
-12.68 

. . O O  
-0.84 
-3.90 

.24 
-1.25 
-4.27 

4.55 
20.71 
17 . 04 
12.24 
4.02 

-14 -80 
-7.26 
-4.50 
15.56 

SIMPLE T.C 
B O U G U E R  

-201.32 1.03 
-201.21 . 97 
-205 . 02 .35 
-192.80 .42 
-200.50 41  
-197.72 .70 
-196.16 .85 
-198.32 0 73 
-198.61 69 
-195 b 55 ' .65 
-191.38 -95  
-190.37 .96 
-194 2 9  .84 
-189.€?1 1 . 0 8  
-193.95 3.00 
-194.22 .59 
-197 66 .51 
-19'7.47 .95 
-23 1.29 .80 
-227.16 84 
-227.99 .97 

-226 55 .?7 
-219.30 .88 
-208.00 .96 
-210.00 92 
-212.77 . R 4  
-217.65 .79 
-200.31 1.02 
-201.36 1.08 
-198.88 1.6~7 
-196.49 92 

-227.35 . 08 

T . C .  
B O U G U E R  

-2@O -29 
-2D9.24 
-204.67 
-192.38 
-200.09 
-197.02 
-195.31 
-197.59 
-197.93 
-194.90 
-190.43 
-109.41 
-193.45 
-188.73 
-190.95 
-193.63 
-197.15 
-196.52 
-230.5Q 
-226.32 
-227.02 
-226.47 
-225.78 
-218.42 
-207.84 
-209.08 
-211.93 
-216.86 
-199.29 --I 

-200.29 
-197.29 
-195.57 



Iy W cy 

STAT. LATITUDE LONGITUDE 

RGfl06 
RG087 
RG092 
RG405 
RG467 
RG468 
RG574 
RG578 
RG596 
RG597 
RC598 
RG60l 
RG612 
RG623 
RG655 
RG660 
RG662 
RG673 
RG674 
RG675 
RG678 

37. 32.85 113. 56.53 
37. 31.50 113. 5'7.06 
37. 31.76 113. 35.23 
37. 30.23 113. 51.83 
37. 30.09 113. 57.80 
37. 38.24 113. 58.23 
37. 32.20 113. 39.39 
37. 36.30 113. 59.24 
37. 32.55 113. 42.15 
37. 32.05 113. 41.67 
37. 30.76 113. 39.22 

37. 31.73 113. 42.88 
37. 32.75 113. 44.58 
37. 32.75 113. 50.74 
37. 31.13 113. 48.35 
37. 21 .31 .  113. 45.94 
37. 34.52 113. 36.86 
37. 35.43 113. 36.31 
37. 30.71 113. 33.41 
3'7. 32.34 113. 33.39 

37. 34.99 113- 59.75 

ELEV OBSERVED 
G R A V I T Y  

6215. 
6398. 
60 58. 
5803. 
6488. 
6454. 
6023. 
5938. 
5662. 
5816. 
7229. 
6127. 
5545. 
575'7. 
5694. 
6910. 
5923. 
5670. 
5735. 
6522. 
6621. 

979392.83 
979386.41 
979396.03 
979120.80 
979385.70 

979108.21 
979410.33 
97942'7 -16 
979417.39 
979324.13 
979393 -82 
979132.17 
979413.91 
979440.15 
979340 .30 
97940'7.10 
979429 -73 
979438.38 
979365.43 
979363.03 

979386.51 

T H E O R .  
G R A V I T Y  

979964 . 56 
979962.59 
979962-98 
979960.7 5 
979960 . 55 

979963.62 
979969.57 

979963.40 
979961.52 
979967.67 
979962.93 
9'79964.42 
979964.42 
979962.06 
979962 . 32 

979968.30 
979961 . 45 

979960.77 

979964.13 

979966.98 

979963 e83 

FREE- 
AI R 

12.85 
25.61 

2.87 
5.88 
35 - 4 2  
32.81 
11.11 
-.72 

-4 -41 
1.04 

42.5'7 
1.66 

-9.20 
-9 . O 1  
l i  .30 
20 0 19 

1.90 
-3.94 

1.52 
17.44 
21.97 

SIMPLE T .C 
BOUGUER 

-196.50 1.04 
-192.14 1.88 
-203.40 1.11 
-191.77 1 .29  
-185.56 2.12 
-189.02 1.87 
-193.91 1.31 
-202.84 .70 
-197 . 20 891 
-197.01 .91 
-203.56 9.68 
-206 . 92 '78 
-198.04 1.130 
-204. S9 .82 
-182.49 1.42 
-20'7.05 3.3'7 
-199.73 1.2@ 
-197.916 1 .03  
-193.81 1 . 2 3  
-204.70 1.75 
-203.54 2.48 

T . C .  
B O U C U E R  

-195.46 
-190.26 
-202.29 
-190.48 
-183.44 
-185.15 
-192.6@ 
-202. ltl 
-196.40 
-196.10 
-193.9'7 
-206.14 
-196.24 
-204.1'7 
-181 -07 
-203.69 
-198.53 
-196.03 
-192.53 
-202.95 
-2431 .L36 



3 
APPENDIX B . 

LOGS OF DRILL HOLES AND SUMMARY OF DRILLING RESULTS 

Q 

The l a t i t u d e s ,  longitudes,  a n d  c o l l a r  e levat ions o f  a l l  d r i l l  holes 

were determined approximately from U.S.G.S. 7 1/2-minute topographic 

quadrangle maps. 
9 

a 
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b 

e 

3) 

8 

Geothermal t e s t  well DeArman b l *  

( L a t  37" 50.33' N ,  Long 113" 41.18' W )  

(Collar  e levat ion -- 5,138 f t  ( 1 , 5 6 6  rn) )  

Geothermal t e s t  well DeArman #l i s  about 4 m i  (6.4 k m )  south of 

Beryl in the Escalante Desert. T h e  well penetrated a t o t a l  d e p t h  of 

12,295 f t  (3,748 m). 

From 470 t o  1,625 f t  (143 t o  495 in), t h e  well penetrated a layer  

of c laystone.  The claystone i s  mixed with sand  s i l t s t o n e  and welded 

t u f f  near t he  base, a t  a depth of between 1,340 and 1,625 f t  (408 and 

495 m ) .  The well penetrated volcanics (welded t u f f )  from 1,625 t o  

4,610 f t  (495 t o  1,405 m ) .  

I n  t h i s  sequence o f  volcanics,  75 percent quartz  monzonite was 

found between 1,700 and 2,270 f t  (518 and 692 m ) .  

f t  (.1,405 t o  1,622 m ) ,  t he  well passed through a sedimentary sect ion o f  

limestone and dolostone. I n  t h i s  sec t ion ,  volcanics were found 

associated with limestone and dolostone between 4,920 and 4,990 f t  

(1,500 and 1,521 m ) .  From 5,320 t o  6,180 f t  ( 1 , 6 2 2  t o  1,884 m ) ,  the  

From 4,610 t o  5,320 

well penetreated a mixture of mostly volcanics,  and  limestone a n d  

dolostone. I n  the sect ion o f  t h i s  mixture between 5,570 and 5,660 f t  

(1,698 and 1,726 m ) ,  70 percent quartz monzonite with 30 percent welded 

t u f f  was found. From 6,180 t o  7,720 f t  (1,884 t 0 . 2 ~ 3 5 3  m ) ,  t he  well 

again penetrated dolostone, 1 imestone, and shaly limestone. I n  t h i s  

sec t ion  between 7,110 and 7,180 f t  (2,168 acd 2,189 m ) ,  a few percent 

*Ne11 log furnished by Dr. Val A. Finlayson, Utah Power and  Light 
Company. \Jell designated "DH1" on Figures 3 and 4 .  
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3) 

a 

of a l te red  volcanics were found in limestone a n d  shaly limestone, which 

shows 10 f t  ( 3  m )  of minor s l ickenside zone a t  a depth of 7,140 f t  

(2,177 m ) .  

Between 7 ,720  and  8,465 f t  (2 ,354 a n d  2,581 m ) ,  t he re  was l o s t  

c i r cu la t ion  and no sample was returned. From 8,465 t o  t he  bot tom o f  

the well , a t  12,295 f t  (2,581 t o  3,748 rn), the  well passed t h r o u g h  a 

s e r i e s  of limestone, dolostone and in some places,  shaly limestone. 

t h i s  sec t ion ,  occasional s l ickensides  were found between 9,480 and 

9,490 f t  (2,890 and 2,893 m )  in  limy shale ,  limestone, and  dolostone. 

In 

3 

, 
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a 

B 

b 

8 

d 

Geothermal t e s t  well S t a t e  #1* 

(Lat 37" 50.14' N ,  Long 113" 37.90'  W )  

(Collar e levat ion -- 5,128 f t  (1,563 m ) )  

Geothermal t e s t  well S t a t e  #1 i s  about 5 k m  ea s t  of t he  DeArman X1 

well .  The well penetrated a t o t a l  depth of 4,986 f t  (1,520 m ) .  

The well penetrated so f t  c lay val ley f i l l  from 470 t o  770 f t  (143 

A moderately s o f t  conglomerate was then penetrated between t o  235 m ) .  

770 and 830 f t  (235 and  -253 m ) .  The well pased through s i l t s t o n e  

between 830 and 920 f t  (253 and 280 m ) ,  and claystone between 920 and 

1,090 f t  (280 and 332 m ) .  T h e n  t h e  well penetrated a th ick  layer  of 

sha le  from 1,090 t o  1,890 f t  (280 t o  576 m). 

The well penetrated a t h i n  l ayer  of volcanics comprising 60 

percent welded tu f f  a n d  40 percent quartz  monzonite porphyry between 

1,890 and 1,905 f t  (576 and 581 m ) .  T h e n  t h e  well passed through .- 

moderately hard quartz monzonite from 1,905 t o  4,560 f t  (581 t o  1,390 

m ) .  An open f r a c t u r e  zone was penetrated between 4,560 a n d  4,579 f t  

(1,390 and 1,396 m ) .  From 4,579 t o  4,622 f t  (1,396 t o  1,409 m ) ,  the  

well penetrated a l t e r ed  q u a r t z  monzonite porphyry i n  a f r ac tu re  zone. 

The bottom hole temperature o f  1 7 7 "  F was observed a t  a d e p t h  of 4,579 

f t  (1,396 m ) .  No Sam-ple was returned from 4,622 t o  4,986 f t  (1,409 t o  

1,520 m ) .  

* Well log furnished by Dr. Val A. Finlayson, Utah Power and Light 
Company. Well designated " D H 2 "  i n  Figures 3 and 4. 

3 

a 



Geothermal t e s t  well Jones ,#1* 

a 

( L a t  37" 51.85' N, Long 113" 1 9 . 9 5 '  W) 

(Collar elevation 5,199 f t  .(1,585 m ) )  

Geothermal t e s t  well Jones n"l i s  near Avon in the  Escalante 

Desert. The well penetrated a t o t a l  depth of 5,855 f t  (1,785 m )  

without reaching bedrock. 

The well penetrated pr incipal ly  a th ick  layer  of s i l t y  claystone 
ab from 620 t o  4,500 f t  (189 t o  1,372 m ) .  In this  thick layer  of s i l t y  

c laystone,  t h i n  layers  of minor volcanics including mostly welded t u f f  

w i t h  individual thicknesses of l e s s  t h a n  100 f t  (30.5 m )  were 
P 

occasionally found. From 4,500 t o  5,500 f t  (1,372 t o  1 , 6 7 7  m ) ,  t h e  

well penetrated mostiy volcanics o f  crystal  welded t u f f ,  some of which 

a re  a l t e r ed .  

the  percentage of claystone increased t o  80 percent in some places. 

From 5,500 f t  ( 1 , 6 7 7  m )  t o  the  bottom of the  hole ,  t h a t  i s ,  5,855 f t  

Some claystones were occasionally found i n  the  t u f f  a n d  
9 

3 

Q 

(1,785 m ) ,  t he  well passed t h r o u g h  a mixture of 80 percent s i l t y  

claystone a n d  20 percent welded t u f f .  '- 

* Abbreviated well log d a t a  only, furnished by Dr. Norman Harthil l  , 
Geothermal Kinet ics ,  Inc. Well designated "DH3" on Figures 3 a n d  4 .  
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a 

a 

b 

A 
L i t t l e  S a l t  Lake we11 = l  

( L a t  37" 51.55'  N, Long 112" 58.65" W )  

( C o l l a r  e l e v a t i o n  -- 6,115 ft (1 ,864  m ) )  

The we l l  i s  i n  t h e  Red Hil ls  a r e a ,  abou t  6 k m  s o u t h  o f  Parowan 

Gap. The wel l  was abandoned af ter  d r i l l i n g  a t o t a l  d e p t h  of 4,400 f t  

( 1 , 3 4 1  m). The we l l  bottomed i n  q u a r t z  monzoni te .  

T h e  wel l  p e n e t r a t e d  a series o f  T e r t i a r y  s e d i m e n t a r y  rocks,  

i n c l u d i n g  s i l t s t o n e ,  s h a l e ,  c o a l  ( b l a c k ) ,  a n d  s a n d s t o n e ,  from the 

s u r f a c e  t o  a d e p t h  of  2 ,925 f t  (892  m ) .  Then t h e  we l l  passed  t h r o u g h  a 

s e q u e n c e  of s h a l e  and s i l t s t o n e  of J u r a s s i c  age  from 2,925 f t  (829 m) 

u n t i l ' i t  r eached  the  t o p  of q u a r t z  monzonite a t  a d e p t h  o f  3 ,490 f t  

(1,064 m ) .  

4 ,400  f t  ( 1 , 3 4 1  m ) .  

,' 

The we l l  p e n e t r a t e d  monzoni te  from 3 , 4 9 0  f t  (1 ,064  m) t o  

* D r i l l  l o g  furnished by Utah O i l ,  Gas and M i n i n g  d i v i s i o n .  \?le11 
d e s i g n a t e d  "DH4" on F i g u r e s  3 and  4 .  
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8 
a 

b 

S h u r t z  Creek well* #1 

( L a t  37" 36 .18 '  N, Long 113" 05 .36 '  W )  

( C o l l a r  elevation -- 6,497 f t  ( 1 , 9 8 1  m ) )  

The well i s  abou t  8 km south of Cedar City in the Hurricane C l i f f s  

area. The well was abandoned a f t e r  d r i l l i n g  a t o t a l  depth of 5,996 f t  - 

( 1 , 8 2 8  m). The condensed l o g  o f  the  d r i l l  hole i s  shown in the 

fol 1 owing t a b 1  e .  
Q 

Table 3. Log o f  S h u r t z  Creek well #l. 

0 Depth t o  the top Formation Age 

( f e e t )  ( meters) 

a 

3 

3 

0 ( 0 )  

100 ( 3 0 )  

540 ( 1 6 5 )  

746 ( 2 2 7 )  

905 ( 2 7 6 )  

2 ,477  ( 7 5 5 )  

3 , 4 1 8  ( 1 , 0 4 2 )  

4 ,664  ( 1 , 4 2 2 )  

5 , 0 7 0  ( 1 , 5 4 6 )  

5 ,784  ( 1 , 7 6 3 )  

Virgin Limestone 

Moenk o p  i 

Ti mpowea p 

Kai b a b  

Toroweap 

Coconi no 

Pakoon 

C a l l  vi1 1 e 

Redwall 

Devoni a n  

~ 

Tr ia s s i c  

Tr iass ic  

Tr iass ic  

Permian 

Permi an 

Permi a n  

Permi an 

Pennsylvanian 

Mississippian ( ? )  

Devonian 

*Dri l l  l o g  furnished by U t a h  Oi l ,  Gas a n d  M i n i n g  d ivis ion.  Well 
designated "DH5" on Figures 3 and  4 .  

3 
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a 

d 

3 

Fee well* # 1 - B  

( L a t  37"  52.80' N ,  Long 113" 29.00 '  W )  

( C o l l a r  elevation - 5,105 f t  (1,556 m ) )  

The well i s  i n  t he  Escalante Desert near Table Butte a n d  was 

d r i l l e d  t o  a t o t a l  depth of 6,762 f t  (2 ,062  m ) .  

Complete information i s  not  avai lable  fo r  t h i s  well. However, the 

well reached the  t o p  of the  Wasatch Formation a t  a depth of 2,900 f t  

(884 m ) .  Then no sample was returned below 3,120 f t  (951 m )  because of 

l o s t  c i r c u l a t i o n ,  unt i l  i t  reached the bo t tom of the  hole. 
.. 

3 

3 

*Utah O i l ,  Gas' and Mining divis ion.  Idell designated "DH6" on Figures 
3 and 4. 
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APPENDIX C . 

DRY AND WET DENSITIES OF ROCK SAMPLES COLLECTED 

IN THE STUDY A R E A  

' I n  order t o  determine the dry and wet dens i t i e s  of rock samples, 

the dry mass determination was made for each sample. 

then placed i n  a vacuum for  a t  l e a s t  6 hours a.nd then saturated w i t h  

Rock samples were 

water. Each sample (saturated w i t h  water) was weighted i n  a i r  and 

water, and  the volume measurement was made by taking the  contrast  of 

these two weights. Finally,  the dry and wet densi ty  of  each sample was 

calculated from the dry mass, wet mass, and  volume. 

a 

b 

. -  
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Table 4. Location a n d  densi ty  of rock samples. 

3b 

3 

d 

3 

3, 

a 

3 

@ 

Sample area* Lat i tude N. Longitude W. D rY Wet 

Deg Min Deg Min Density g/cc Density g/cc 

Basalt  

B recc i a 

Daci t e  

Daci t e  

Rhyol i t e  

Rhyol i t e  
/,, 

R hyol i t e  

Rhyolite 

Tuff 

Tuff  2 

Tuff 2 

Tuff 3 

Tuff  3 

Tuff 6 

Tuff 2 

Limestone 6 

Limestone 6 

38 06.01 113 0.70 

37 39.19 113 31.73 

37 58.98 113 39.30 

37. 59.01 113 39.30 

37 42.72 .113 25.93 

37 37.45 113 49.30 

37 54.51 112 38.18 

37 36.45 113 55.28 

37 37.63 113 50.25 

37 36.52 113 56.77 

37 36.65 113 56.78 

37 57.14 113 56.97 

37 58.30 113 53.50 

37 37.94 113 18.04 

37 33.48 113 32.78 

37 42.72 113 25.93 

37 37.75 113 24.42 

2.67 

2.02 

2.51 

2.31 

2.29 

2.19 

2 .48  

2.48 

2.20 

1 .63  

1 . 8 1  

2.14 

2 .53  

2.27 

1 .57  

2 .63  

2.65 

2.71 

2.15 

2.56 

2.39 

2.40 

2.34 

2.53 

2.51 

2.32 

1.89 : 
2.05 

2.28 

2.57 

2.38 

1 .97  

2.65 

2.67 

Limestone 6 37 .41 .8 f  113 . 44.01 2.47 2.51 

Limestone 6 37 42.70 113  25.93 2.66 2.67 

*Areas a re  designated as follows: (1) Black Mountains; ( 2 )  Enterpr ise;  
( 3 )  Needle Range; ( 4 )  Newcastle; ( 5 )  Hurricane C l i f f s ;  ( 6 )  I ron  
Springs.  

a 
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a 
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a 

E R R O R  ANALYSIS IN THE M O D E L I N G  OF THE GRAVITY PROFILES 

The t o t a l  e r ro r  in the observed gravity values accumulated from . 

several sources (previously described) was determined t o  have a 

maximum value of abou t  0.7 mgal. When modeling the gravi ty  d a t a ,  the  

parameters of the model were constrained so t h a t  t he  best  possible 

f i t  of the model t o  the observed d a t a  occurred when the difference 

between each observed a n d  computed values f e l l  within t h e  estimated 

e r ro r  of 0.7 mgal, and  the sum o f  the  squares of a l l  t h e  differences 

was a minimum. A model was generally considered acceptable when i t  

f u l f i l l e d  the above c r i t e r i a  and  a lso f i t t e d  the mapped surface 

geoi ogy a n d  subsurface geology ( i  f k n o w n ) .  

Moreover, the prof i les  were modeled so t h a t  the  e r ro r s  between 

the computed a n d  observed gravity values a t  the ( r e l a t i v e l y  b r o a d )  

gravi ty  peaks a n d  troughs were always within 0.15 mgal ; and, using 

t h i s  cons t r a in t ,  the  best ver t ica l  dimension of  the model was 

obtained, although the accuracy o f  the d a t a  i s  determined within t h e  

l i m i t s  of the capable techniques used i n  d a t a  processing. 

determine the accuracy of the locations of t h e  near-surface f a u l t s  

TO 

which bound the s t ruc tura l  highs and  lows, i t  was f o u n d  t h a t  a normal 

f a u l t  dipping d t  an  angle greater  t h a n  45" does n o t  give a pronounced 

change in the gravity gradient b u t  ra ther  causes a s l i g h t  horizontal 

change in the whole se t  of gravity values. Therefore, even for  a 
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s teeply  dipping f a u l t ,  the 16cation a n d  a n g l e  o f  d i p  of the f a u l t  are  

apparently impossible t o  resolve exact ly ,  unless the t r a c e  of the 

f a u l t  i s  exposed a t  the  surface.  However, t h e  accuracy of the 

loca t ions  of the  s teeply dipping f a u l t s  i s  estimated t o  be generally 

within a b o u t  0.5 km, where there  i s  no geological cons t ra in t .  A 

s teep  f a u l t  i n  the model may represent a s e r i e s  of c losely spaced 

s tep  f a u l t s .  

each f a u l t  on a p r o f i l e  i s  n o t  cer ta in  because of t h i s  lack of 

resolut ion of the gravity d a t a .  

th ickness  of t he  top layer  (where d r i l l  d a t a  were not  ava i lab le)  a n d  

the configuration of the  subsurface f a u l t  systems, composed o f  double 

layers ,  were adjusted in the modeling t o  be as geologically 

reasonable as possible.  

For a s e r i e s  of gently dipping f a u l t s ,  t he  location of 

I n  the three- layer  modeling, the 

I n  order t o  determine the var ia t ions in depth t o  basement 

beneath the large grabens, with regard t o  the  changes of the  observed 

gravity values within the e r ro r  l i m i t  along the p r o f i l e ,  some 

observed gravi ty  values in the  gravi ty  t r o u g h  over each graben were 

v a r i e d  by $0.7 rngal, and  the c o r r e s p o n d i n g  c h a n g e  i n  d e p t h  was ; 

studied.  

studying the  var ia t ion .  The possible maximum a n d  m i n i m u m  depths o f  

The thickness of  t h e  t o p  layer  was kept constant while 

each graben, which correspond with the e r r o r  extremes, are given in 

Table 5. 

I n  gravi ty  p ro f i l e  modeling, the e r r o r  in the  model may be 

introduced bysthree main sources of e r ror .  The 

e r r o r  in the  observed gravity value of a n  indiv 

second source i s  the e r ro r  in the  observed g r a v  

f i r s t  source i s  the 

dual s t a t ion .  The 

t y  value o f  the 
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Table 5. Variation (range) of calculated depth t o  basement beneath 
several grabens f o r  change i n  gravi ty  anomaly of 20.7 mgal. 

Graben Prof i 1 e Depth Cal  cul  ated Minimum observed 
modeled range of depth gravi ty  value on the  

( i n  k m )  ( i n  k m )  p ro f i l e  ( i n  mgal)# 

a 
Newcastl e A-A ' 3.05 3 -13-2.98 -220.02 

L u n d  C - C ' *  1.80 1.92-1.67 -213.02 

Avon C '  I - C '  ' I 2.00 2.19-1.80 -214.87 

S o u t h  Beryl B-B' 2.21 2.49-1.96 -211.56 

East Modena B-B'* 1.35 1.48-1.23 -202.39 

d 

3 

3 

Cedar Valley D - D '  2.50 2.70-2.36 -217.05 

Parowan 
Val 3 ey D - D ' *  2.57 2.72-2.41 -218.96 

*The p ro f i l e  does - n o t  extend across the  deepest p a r t  of the  graben. 

#Complete Bouguer gravity anomaly value ( see  F i g .  4 ) .  

/ 
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s t a t i o n  a t  wh ich  t h e  e n t i r e  s e t  o f  c a l c u l a t e d  va lues  a l o n g  t h e  

p r o f i l e  i s  matched w i t h  t h e  observed va lues .  

a l o n g  t h e  p r o f i l e  where t h e  m a t c h i n g  i s  chosen, i s  d e s i g n a t e d  t h e  

"match s t a t i o n "  o r  "match p o i n t " ,  r e s p e c t i v e l y )  The match s t a t i o n  

( o r  match p o i n t )  s h o u l d  be a t  a s u f f i c i e n t  d i s t a n c e  f r o m  t h e  s t e e p  

g r a v i t y  g r a d i e n t ;  and, moreover, t h e  d e t a i l e d  s u b s u r f a c e  geology 

benea th  t h e  match s t a t i o n  shou ld  be known. O the rw ise ,  t h e  dep ths  t o  

t h e  basement o f  a l l  s u b s u r f a c e  f e a t u r e s  a l o n g  t h e  p r o f i l e  a r e  n o t  

c e r t a i n .  

t h e  p r o f i l e  s h o u l d  be t e m p o r a r i l y  extended beyond t h e  end p o i n t  f o r  a 

r e a s o n a b l e  d i s t a n c e  t o  a v o i d  t h e  edge e f f e c t  of  t h e  model. 

(The s t a t i o n  o r  p o i n t  

I f  t h e  match p o i n t  i s  a t  o r  near  one end o f  t h e  p r o f i l e ,  

T h i s  

p r o c e d u r e  i s  i m p o r t a n t  when t h e  match s t a t i o n  i s  l o c a t e d  o v e r  a 

basement r i d g e  a t  t h e  end p o i n t .  T h e r e f o r e ,  s e l e c t i n g  a match p o i n t  

i s  i m p o r t a n t  i n  p r o f i l e  model ing.  The t h i r d  sou rce  i s  t h e  e r r o r  i n  

t h e  assumed d e n s i t y  o f  each po lygon  o f  t h e  model. 

e 



R E F E R E N C E S  . 

s 

a 

9 

Anderson, L .  W . ,  and Miller,  D. G . ,  1979, Quaternary map of U t a h :  pub- 
l ished by Fugro,  Inc., Consulting Engineers and  Geologists, Long 
Beach, Cal i fornia .  

Anderson, R .  E., and Bucknam, R .  C . ,  1979, Two areas of probable 
Holocene deformation in southwestern U t a h :  Tectonophysics, v. 52, 
p .  417-430. 

Anderson, P .  N. ,  and Axtel, L. H.,  1972, Geothermal resources in Cal i f -  
ornia:  Geothermal overviews of t he  western United S ta t e s :  
published by Geothermal Resources Council, Davis, Cal i fornia .  

Armstrong, R .  L . ,  1968, Sevier orogenic b e l t  in  Nevada and Utah: 
Geol. SOC. America B u l l . ,  v .  79,  p. 429-458. 

B l a n k ,  H. R . ,  J r . ,  1959, Geology of the Bull Valley d i s t r i c t :  Wash- 
ington County, U t a h :  Ph.D. Thesis, University of Michigan. 

Blank, H .  R . ,  J r . ,  and  Mackin, J .  H . ,  1967, Geologic in t e rp re t a t ion  
3) of a n  aeromagnetic survey of the  I r o n  Springs d i s t r i c t ,  U t a h :  

U.S. Geol. Survey Prof. Paper 516-B, p.  B1-B14. 

il, 

Biehler ,  S . ,  a n d  Combs, J . ,  1972,  Correlations of gravi ty  and  
geothermal anomalies in the Imperial Valley, Southern California 
( a b s . ) :  Geol. SOC. America Abstracts with Programs, v .  4 ,  no. 3 ,  
p.  128. 

Carr ier ,  D .  L . ,  1979 ,  Grav i ty  a n d  h e a t  f l o w  s t u d i e s  a t  T w i n  Peaks: a n  
area of l a t e  Ter t ia ry  s i l i c i c  volcanism in  Millard County, U t a h :  
M. S. Thesis, University o f  Utah ,  120 p. 

a 

b 

Car ter ,  J .  A . ,  and  Cook, K .  L., 1978, Regional gravi ty  a n d  aero- 
magnetic surveys o f  the Mineral Mountains a n d  v i c i n i t y ,  Millard 
and Beaver Counties, U t a h :  M.  S. Thesis,  University o f  U t a h ,  178 

- P *  

Clement, M .  D . ,  1980, Escalante Desert: Heat flow and  geothermal 
assessment of the  Oligocene/Miocene volcanic b e l t  in southwestern 
Utah :  M. S.  Thesis, University of U t a h .  

Cook, E .  F . ,  1957,  Geology ofs the Pine Valley Mountains, U t a h :  U t a h  
Geol. a n d  Mineral. Survey Bull . ,  58, 111 p .  

, 1960a ,  Geologic a t l a s  o f  U t a h ,  Washington, County: U t a h  



d 153 

Geol . and Mineral. Survey Bull. 70, 119 p .  

d 

3 

Q 

a 

3 

Cook,  K .  L . ,  1950, Magnetic surveys in the  I r o n  Springs d i s t r i c t ,  I r o n  
County, U t a h :  U .  S. Bureau of Mines Rept. I n v .  4586, 78 p. 

Cook, K .  L . ,  Nilsen,  T. H . ,  and  Lambert, 3. F . ,  1971, Gravity base 
s t a t i o n  network in U t a h  -- 1967: U t a h  Geol. and Mineral. Survey 
B u l l .  9 2 ,  57 p. 

Cook, K. L . ,  and Hardman, E., 1967, Regional grav i ty  survey of the 
Hurricane f a u l t  area and Iron Springs d i s t r i c t ,  U t a h :  Geol. SOC. 
America Bull . ,  v .  78, p. 1063-1076. 

Crosby, G .  W., 1973, Regional s t ruc tu re  in  southwestern Utah: Utah 
Geological Association Publication 3 ,  p. 27-32. 

Dobbin, C.  E . ,  1939, Geologic s t ruc tu re  of the  S t .  George d i s t r i c t ,  
Washington County, U t a h :  Am. Assoc. Petroleum Geologists Bull.,  
V .  23, p .  121-144. 

Easton, G .  P . ,  Chris t iansen,  R.  L., Iyer ,  H .  M . ,  P i t t ,  A. M., Mabey, D .  
R . ,  B l a n k ,  H. R . ,  Z ie tz ,  I . ,  and  Get t ings,  M. E . ,  1975, Magma 
beneath Yellowstone National Pa rk :  Science,  v .  188, p. 787-796. 

Ekren, E .  B . ,  Bucknam, R .  C . ,  Carr, W. J . ,  Dixon, G .  L . ,  and Quinlivan, 
W. D . ,  1976, East-trending s t ruc tu ra l  lineaments i n  cent ra l  
Nevada: U .  S .  Geological Survey Prof.  Paper 986, 16 p. 

Erickson, M. P., and Dasch, E .  J . ,  1968, Volcanic s t r a t ig raphy ,  mag- 
n e t i c  d a t a  and  a l t e r a t i o n  geologic map and  sec t ions  of t h e  
Jar loose  mining d i s t r i c t  southeast  of Minersvi l le ,  Beaver County, 
U t a h :  U t a h  Geol. and  Mineral. Survey map no. 26 .  

Gabbert, S. C . ,  1980, Gravity survey of par t s  o f  Millard,  Beaver, a n d  
I r o n  Counties, Utah: M. S. Thesis, University o f  U t a h ,  107:~. 

Gardner, L .  S . ,  1941, The Hurricane f a u l t  i n  southewestern U t a h  a n d  
northwestern Arizona: Am. Jour.  Sc i . ,  v .  239, p. 241-260. 

Granger, A. E., 1963, The Iron province of southwestern U t a h ,  p .  
146-150 in.Guidebook t o  t h e  geology of southwestern U t a h :  
Intermountain Assoc. Petroleum Geologists,  1 2 t h  A n n .  Field Conf. , 
226 p. 

U t a h :  Geol. SOC. America Bull . ,  v. 58, p .  211-244. 
Gregory, H. E . ,  and  Williams, N .  C . ,  1947, Z i o n  National Monument, 

Hansen, G .  H . ,  and Scovi l le ,  H.  C . ,  1955, Dr i l l i ng  records f o r  o i l  a n d  
g a s  i n  U t a h :  U t a h  Geol. and  Mineralog. Survey Bull. 50, 110 p .  

3 
Hardman, E .  , 1964,  Regional grav i ty  survey of cent ra l  Iron 



3) 154 

P 

and Washington Counties, Utah: M .  S. Thesis,  University of Utah, 
107 p. 

Hintze, L . F . ,  1963, Geologic map of southwestern Utah : .  Utah Geol. and 
Mineral. Survey. 

Huntington, Ellseworth, and Goldthwait, J .  W., 1903, The Hurricane 
f a u l t  in  Southwestern Utah: Jour. Geology, v .  11, p. 46-63. 

Isherwood, W .  F . ,  1975, Gravity and magnetic s tud ies  of the Geysers 
Clear Lake geothermal region, Cal i fornia:  Department of the 
I n t e r i o r ,  Geol. Survey, Open-file report  73-368, 1975. 

Jacob, K .  H . ,  1972, Global tec tonic  implications o f  anomalous seismic P 
. t rave l  times from the nuclear explosion Longshot: Jour.  Geophys. 

Research, v. 7 7 ,  p. 2556. 

Kane, M. F . ,  Mabey, D. R . ,  and Brace, R . ,  1976, A gravi ty  and magnetic 
inves t iga t ion  of t he  Long Valley Caldera, Mono County, Cal i fornia:  
Jour .  Geophy. Research, v .  81, no.  5, p.  754-762. 

Springs d i s t r i c t ,  southern Utah: U.S. Geol. Survey Bull .  338, 102 
P *  

a 
Leith,  C .  K . ,  and Harder, E .  C . ,  1908, The i ron ores of the  Iron 

Mabey, D .  R . ,  1960, Regional gravi ty  survey of  par t  of the Basin and 
3 Range province: U.S. Geol. Survey Prof. Paper 400-B, p. 283-285. 

9 

Mackin, J .  H . ,  1947, Some s t ruc tura l  fea tures  of  the  in t rus ions  of the 
Iron S p r i n g s  d i s t r i c t ,  U t a h :  U t a h  Geol. S O C . ,  Guidebook t o  the  
geology of  Utah, no. 2 ,  62 p. 

, 1954, Geology and iron ore deposi ts  of the Granite Mountain 
a rea ,  I r o n  County, Utah: U.S. Geol. Survey Mineral I n v .  Field 
S t u d i e s  Map MF-14. 

, 1960, Structural  s ignif icance of Te r t i a ry  volcanic rocks i n  
southwestern Utah: Am. Jour. Sc i . ,  v .  258, p .  81-131. 

Mi l le r ,  G .  M., 1963, Outline of structural-stratigraphic uni t s  of 
i 

the  Wah Wah Mountains, southwestern U t a h :  in Guidebook t o  the 
.geology of southwestern Utah: Intermountain Assoc. Petroleum 
Geologists,  1 2 t h  A n n .  Field Conf., p. 96-102. 

a 
Montgomery, J .  R . ,  1973, A regional gravi ty  survey of western Utah; 

P h D  t h e s i s ,  Univeristy of Utah. 

3 

Pakiser ,  L .  C . ,  1963, Structure  of the  c rus t  and upper mantle in the 
western United S t a t e s :  Jour.  Geophys. Research, v.  68, p. 
5747-5756. 

A 

.. 



155 

a 

a 

a 

3 

5) 

3 

Q 

, 1964,  Gravity, volcanism, and  c rus ta l  s t ruc tu re  in the southern 
Cascade Range, Cal i fornia:  Geol. SOC.  America Bul l . ,  v .  75,  p .  
611-620. 

Rowley, P.  D .  , Steven, T.  A.  , Anderson, 3 .  3. , Cunningham, C .  G . ,  1979, 
Cenozoic s t r a t ig raph ic  a n d  s t ruc tura l  framework o f  southwestern 
Utah :  U.S. Geol. Survey Prof. Paper 1149, 22  p.  

Schmoker, 3. W., 1972,  Analysis o f  gravity and aeromagnetic d a t a ,  San 
Francisco Mountains and v i c in i ty ,  southwestern Utah: U t a h  Geol . 
and  Mineralog. Survey Bullet in  98, 24 p.  

Serpa, L. F., 1980, Detailed gravi ty  and aeromagnetic surveys in the 
Black Rock Desert area,  Utah: M.S. t h e s i s ,  University of U t a h ,  
211 p. 

Smith, R .  B., and S b a r ,  M. L., 1974, Contemporary tec tonics  and  
se i smic i ty  of the western United S t a t e s  with emphasis on the  
intermountain seismic be l t :  Geol. SOC. America Bull . ,  v .  85, p .  
1205-1218. 

Smith, R .  B . ,  Brai le ,  L . ,  and Kel ler ,  G .  R . ,  1975,  Upper crustal  
veloci ty  layers:  Possible e f f e c t  of high temperatures over 
mantle upwarp  a t  the Basin Range - Colorado Plateau t r a n s i t  
E a r t h  and Planetary Sci. Le t te rs . ,  v. 28, p. 197-204. 

1 ow- 
a 
on: 

Snow, 3 .  H . ,  1978, A study of s t ruc tura l  a n d  t ec tonic  pat terns  a 
. in te rpre ted  from gravity and  aeromagnetic d a t a :  unpublished M.S..' 

t h e s i s ,  University o f  U t a h ,  206 p. 

Speiker,  E .  M., 1949, The t r a n s i t i o n  between the  Co lo rado  Plateaus 
a n d  the Great Basin in central  Utah :  U t a h  Geol . S O C . ,  Guidebook 
t o  the geology of Utah,  no. 4 ,  p .  1-82. 

S t e w a r t ,  J .  H . ,  Moore, W. J . ,  and Z i e t z ,  I . ,  1 9 7 7 ,  East-west pat terns  
of Cen.ozoic igneous rocks, aeromagnetic anomalies, a n d  mineral 
depos i t s ,  Nevada and Utah: Geol. SOC. America Bull . ,  v .  88, p. 
67-77.  

Stewart , J .  H. , 1978, Basin-Range s t ruc ture  in western North America: 
A review, in  Smith, R .  B . ,  and  E a t o n ,  G .  P . ,  eds. ,  Cenozoic 
tec tonics  a n d  regional geophysics of the western Cordi l lera:  
Geol. SOC. America Mem. 152, p. 1-31. 

western U t a h :  in  Guidebook t o  the geology of southwestern Utah:  
Intermountain AEoc. Petroleum Ge,ologists, 1 2 t h  A n n .  Field Conf., 

Stokes, W. L . ,  and Heylmun, E .  B . ,  1963, Tectonic his tory of south- 

p .  19-25. 

Thomas, H. E .  , a n d  Taylor, G .  H., 1946, Geology a n d  ground-water 
r e se rvo i r s  of Cedar C i t y  and  Parowan Valleys, Iron County,  U t a h :  



P 156 

U.S. Geol. Survey k'ater Supply Paper 993. 

Threet,  R .  L . ,  1963a, Structure  of the Colorado Plateau margin near 
Cedar Ci ty ,  U t a h :  i n  Guidebook t o  the geology of southwestern 
U t a h :  IntermountainAssoc. Petroleum Geologists,  1 ' 2 t h  A n n .  Field 
Conf., p .  104-117. 

a 

3 

d 

a 

3 

1963b, Geology o f  the Parowan Gap 'area, Iron County, U t a h :  i n  
-2 - Guidebook t o  the geology o f  southwestern Utah: 

Assoc. Petroleum Geologists, 1 2 t h  A n n .  F i e ld  Conf., p .  136-145. 
Intermountain 

White, W. N., 1932, A method o f  estimating ground-water suppl ies  based 
on discharge by plants  and evaporation from so i l  -- r e su l t s  of 
inves t iga t ions  i n  Escalante Valley, Utah: U.S. Geol. Survey 

- .  Water-Supply Paper 659-A, p. 1-105. 

Yokoyama, I . ,  1958, Gravity survey on Kuttyaro Caldera Lake: Jour. 
Physics of the  Earth, v .  6,  p. 75-79. 

Zie tz ,  I . ,  Shuey, R. T., and Kirby, J .  R . ,  J r . ,  1976, Aeromagnetic map 
of Utah: U.S. Geol. Survey Map GP-907. 



3 VITA 

a 

Name 

Bi r thda te  

Bir thplace 

High School 

Uni vers i ty  
1965-1969 

Degree 
1969 

3 

3 

Professi  onal Pos i t  i on 
1970-1976 

1977 

Graduate Study 
197 7 -  1980 

Win Pe 

23 February 1949 

Kyaukse, Burma 

No. ( 2 )  State  High School 
Kyaukse, Burma 

Arts and Science University 
Mandal ay, Burma 

B.Sc., in Physics 
Arts and Sci ence Uni vers i t y  
Mandal ay, Burma 

Assi stant Geophysicist 
Department o f  Geol ogical Survey 

Rangoon,Burma 
and Mineral Expl ora t ion  

Assistant Geophysicist 
Department of Appl  ied Geology 
Arts and Science University 
Rangoon, Burma 

University of  Utah 
S a l t  Lake Ci ty ,  U t a h  

Research Assis tant  Department o f  Geology and Geophysics 
Summers 1978 and  1979 University of Utah 

S a l t  Lake City,  Utah 

Professional Organization Society o f  Exploration Geophysicists 

Honors 
1977-1979 United Nations Fell owshi p 
1979- 1980 F u l  br i  g h t  Schol arshi  p 


	ABSTRACT
	LIST OF FIGURES
	LIST OF TABLES
	ACKNOWLEDGMENTS
	INTKODUCTION
	Location of Survey
	Topography
	Newcastle and Lund KGRA's
	Prior I nvest i gati ons
	Purpose and Scope

	GEiJEKAL GEOLOGY
	Kegional Structure
	Escalante Desert Area
	Iron Springs Area
	Enterpri se Area

	Needle Kange Area
	Red Hills and Black klountains Areas
	Hurricane Fault Zone
	KEGIOI4AL GEOPHYSICS
	Seismic Studies
	Gravity Features
	Magnetic Features
	Features

	GEOLOGIC COIiTROL
	Sample Collection and Density Measurement
	Drill Hole Information

	DATA ACQUISITIOII KEDUCTION AND COMPILATIOr4
	Gravity Data
	Aeromagnetic Data
	General Features
	Iron Springs Gravity High
	Newcastle and Pinto Grabens
	Lund and Avon Grabens
	East f-lodena and South Beryl Grabens
	Table Butte Horst
	Beryl Horst
	Black Flountains Gravity Highs
	Gravity Anomalies over the lileed'le Range Area
	Enterprise Reservoir Gravity High
	Big Mountain Gravity High
	Mount Escalante Gravity High
	Cedar Valley and Parowan Valley Grabens
	Red Hills Gravity High
	Gravity Ridge over the Hurricane Fault Zone
	Trend Analysis of the Gravity Map
	Northward to Northeastward Trends
	Eastward to Southeastward Trends


	REGIOIiAL FEATURES OF THE AEROMAGNETIC MAP
	Eastward- to Northeastward-Trending Magnetic Features
	Southeastward-Trendi ng Magnetic Feature

	GRAVITY PROFILES AND IIITERPRETATIVE NODELS
	Profile A-A'
	ProfileB-9'
	Profile C-C" '
	Profile D-D'
	Study Area

	APPEI4DIX A: PRIIjCIPAL FACTS OF GRAVITY STATIONS
	APPEIjDIX B: LOGS OF DRILL HOLES AI4D SUMi\lAKY OF DRILLING RESULTS
	COLLECTED 114 THE STUDY AREA
	PROFILES


	REFERENCES
	207.39 l
	WP274
	979476 Ol
	WP2R4
	WP285
	WP286
	WP2R9
	WP2
	WP293
	979485 03
	WP297
	979989 l
	979484 G6
	-24 l
	WP303
	979194 0
	-191 s0
	WP338
	WP339
	WP340
	189.95 l
	WP342
	188.42 l
	WP344
	194.13 l
	192.48 l
	WP347
	e90
	190. s2
	189.61 l
	WP353
	tlP
	VP35653-77113
	WP357
	WP358
	WP3
	WP360
	197.19 l
	979491 S0
	-193 l
	WP364
	WP365
	-18 9.92 2d
	198.75 l
	WP3
	WP369
	W P3?0
	-2$
	WP37.2
	WP375
	-1e
	WP378
	1 a00
	WP3R0
	WP382
	WP384
	WP385
	WP386
	WP387
	WP388
	WP391
	WP392
	WP393
	W3396
	WP398
	WP432
	5213 l
	WP434
	WP435
	206.•?0
	WP437
	-204 l
	-201 b
	WP44B
	-282 e
	WP443
	VP444
	979988 l
	WP446
	WP447
	WP448
	979473 R9
	WP452
	WP453
	WP455
	WP456
	WP458
	WP462
	WP464
	WP465
	WP460
	195.18 e
	UP470
	WP472
	WP474
	-8 ll
	-B
	WP477
	WP479
	WP4Rl
	WP482
	WP483
	WP4t35
	20'f.
	WP487
	WP488
	WP490
	WP493
	WP495
	WP625
	WP626
	WP627
	WP628
	WP629
	WP630
	WP631
	WP633
	-223 b
	-20 l
	WP637
	WPG3937-
	WP611
	WPG42
	97941R 09
	979991 l
	WP645
	W P G
	WPG49
	WP651
	WP652
	WP655
	979410 a44
	WP657
	WP660
	WP661
	k'P662
	WP664
	97998e
	WP670
	WP672
	WP673
	1 l
	VP676
	979973 l
	'rlP678
	W7679
	WP681
	WP682
	WPG85
	WP687
	AA150
	AA154
	AA156
	Ah157
	AA359
	AA160
	-28 l
	-20 l
	AAl64
	AA166
	Ah167
	AAlGS
	-213 l
	A11171
	-6 l
	5Q.09
	AA175
	AAL77
	AA17R
	-l?
	AA182
	979424 ll
	AA187
	9 80Q09.0
	AA267
	S80006.45
	-24 07
	AA276
	205.85 a9
	AA295
	AA297
	AA298
	AA299
	AA300
	EII
	212. e2
	EN
	EH
	EB
	EH
	EH
	EH
	979988 l
	EN
	EH
	37 5I9.46
	EH
	2449 l
	E11
	Ell
	RH
	EM
	EII
	EH
	EH
	EH
	EH
	979446 a69
	El1189
	EHl91
	979441 ll
	E11194
	EH199
	E N207
	E11208
	E112919
	-205 e
	EH213
	979981 l
	EH217
	-24 l
	EH220
	EH222
	EH223
	EH225
	-208 l
	979446 p18
	97998i
	EH230
	EH231
	97997e.45
	5499 l
	EH237
	EH238
	E H2
	EH241
	EH246
	EH247
	EH248
	E11249
	EH285
	EH286
	E11286
	EH286
	EH287
	E •I2
	EIi288
	E11289
	EH289
	EM2
	EH290
	E11292
	EH292
	E11293
	E11295
	979963 l
	979964 l
	EH298
	EH300
	EH301
	EH303
	EH552
	EH5
	-2@6 e4
	E11562
	EH563
	EH564
	El1565
	979452.8
	EH569
	E11575
	E11576
	-i 04
	EH579
	EH580
	979974 l
	EH586
	E11612
	EH613
	-205 l
	EH771
	EH772
	979969 l
	EH771
	EH783
	EH777
	EN779
	E11782
	EH783
	EF1786
	-194 l
	EH791
	E11793
	EH794
	-203 l
	04
	EH799
	E11801
	EH802
	E118PI4
	EH808
	EH809
	EFI811
	5321 l
	215.28 -
	E11816
	EII817
	LU
	LU
	LlJ
	LU
	2b.
	LU
	Q9
	16
	17
	18
	19
	26
	-195 l
	LU
	LU
	LU
	LU
	979484 e83
	LU
	LU
	LU
	LU
	LU
	LU
	LU
	LU
	LU
	LU
	-42 l
	LU
	LU
	LU
	LU
	3$.81
	LU
	207. S1
	LU
	LUl00
	97998V
	LUl06
	LUll0
	LUlll
	WU432
	WU548
	wu549
	WU550
	-28 l
	wu553
	wu554
	WU556
	wu557
	WU626
	WU628
	WU630
	VU632
	WU633
	979427 E37
	WIT635
	WU636
	979983 l
	WU638
	WU640
	-194 b e5
	-27 l
	979468 *99
	WU673
	WU674
	WU676
	WU678
	WU679
	WU680
	T.47
	WU706
	-195 l
	WU708
	WU710
	WU711
	WU714
	20U.
	WU724
	65B36
	S G2
	6509 l 979387 l
	SG258
	979389 ll
	SG260
	SG261
	V.15
	40 l
	SG302
	OO
	06
	SG321
	SG322
	SG325
	-6 e33
	SG.327
	SG328
	9e00
	SG330
	SG331
	S G334
	S G3
	SG351
	OO
	SG650
	SG651113-5127
	SG652
	SGG53
	9795Qi
	-195 b
	SC659
	SG661
	SG662
	-197 l
	OO
	SG756
	SG757
	-226 l
	981d
	SC760
	SG763
	RG022
	RG079
	RG080
	RGfl06
	RG087
	RG405
	RG467
	RG468
	RG597
	RC598
	RG612
	204. S9
	RG660
	RG673
	RG674
	RG675
	Basalt
	B recc i a
	Daci te
	Daci te
	Rhyol i te
	Rhyol i te


	R hyol ite
	Rhyolite
	Tuff
	Tuff
	Tuff

	Tuff
	Tuff
	Tuff
	Limestone
	Limestone


