
9 

, -  

a 

3 

3 

a 

-iJ+T JJS93-- 
REPORT OF INVESTIGATION 

NO. 1 7 4  
DO E/ET/2 3 3 g 3 - - ~5 

EVALUATION OF LOW-TEMPERATURE GEOTHERMAL 
POTENTIAL I N  UTAH AND GOSHEN VALLEYS AND D E 8 4  017359  

ACJACENT AREAS, UTAH 

PART I: GRAVITY SURVEY 

DISCLAIMER 

This report was prepared as an account of work sponiiorcd by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would no. infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

Prepared for 
U.S. Department of Energy 

Idaho Operatiions Office 
Under Speci a1 

Res ea rch Contract 
#DE-AS07- 7 7ET28393 

by 
Deborah Ann Dav is  and Kenneth L. Cook 

A p r i l  3.983 
\ 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



Ls 
3 

3 

3 

3 

NOTICE 

Th is  r e p o r t  was prepared t o  doc:ument work sponsored by t h e  Un i tea  
S ta tes  Government. Ne i the r  t h e  Un i ted  S ta tes  no r  i t s  agent, t h e  UniteG 
Sta tes  Department o f  Energy, nor  any Federa l  employees, nor  any o f  
t h e i r  con t rac to rs ,  subcontractors  cir t h e i r  employees, makes any 
warranty, express or  imp l i ed ,  or assumes any l e g a l  l i a b i l i t y  or  
r e s p o n s i b i l i t y  fo r  t h e  accuracy, carnpleteness, or usefu lness o f  any 
i n fo rma t ion ,  apparatus, product  or process d isc losed,  or  represents  
t h a t  i t s  use would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  

NOTICE 

Reference t o  a company or product  name does n o t  imp ly  approval  or 
recommendation o f  t h e  product  by t h e  Utah Geo log ica l  and M ine ra l  Survey 
o r  t h e  U.S. Department o f  Energy t o  t h e  exc lus ion  o f  o the rs  t h a t  may be 
s u i t a b l e .  

3 

3 



FOR!ZWORD 

b 

Under c o n t r a c t  with t h e  U.S. Department o f  Energy (DOE) t h e  Utah 
Geo log ica l  and M ine ra l  Survey (UGMS) has been conducting research t o  
advance t h e  u t i l i z a t i o n  o f  low-temperature geothermal resources i n  t h e  
S ta te  of  Utah. A c t i v i t i e s  r e l a t e d  t o  t h e  c o n t r a c t  ( o r i g i n a l l y  EG-77-5- 
7-1679 b u t  l a t e r  changed t o  DE-AS07-77ET 28393) began on J u l y  1, 1977. 

As p a r t  o f  t h i s  ongoing study, Deborah Ann Davis was funded t o  
conduct a g r a v i t y  survey with emphssis on geothermal areas f o r  Utah ana 
Goshen Va l l ey  and adjacent  areas, Lltah. This work was done f o r  t h e  
p a r t i a l  f u l f i l l m e n t  o f  requirements f o r  a Master o f  Science aegree i n  
geophysics from t h e  U n i v e r s i t y  o f  Lltah. 

Robert H. Klauk 
P r i n c i p a l  I n v e s t i g a t o r  

I ,  \ 
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During 1980 and 1981 a t o t a l  o f  569 new g r a v i t y  s t a t i o n s  were t a k e n  

i n  Utah and Goshen Valleys and adjace1i.t areas, Utah. 

were combined wi th  530 o t h e r  g r a v i t y  s t a t i o n s  t a k e n  i n  p r e v i o u s  s u r v e y s  

which r e s u l t e d  i n  a compi l a t ion  o f  10'39 s t a t i o n s  which were used i n  

t h i s  s tudy .  

e v a l u a t i o n  o f  t h e  area f o r  t h e  p o s s i b l e  development o f  geothermal  re- 

s o u r c e s  by p r o v i d i n g  a n  i n t e r p r e t e d  s t r u c t u r a l  framework by a e l i n e a t i n g  

f a u l t s ,  s t r u c t u r a l  t r e n d s ,  i n t r u s i o n s ,  t h i c k n e s s  o f  v a l l e y  f i l l ,  and 

The new s t a t i o n s  

The a d d i t i o n a l  s u r v e y s  were under taken  t o  ass is t  i n  t h e  

i n c r e a s e d  d e n s i t y  o f  h o s t  rock. 

The g r a v i t y  data are p r e s e n t e d  as (1) a comple te  Bouguer g r a v i t y  

anomaly map wi th  a 2 mgal c o n t o u r  i n t l e r v a l  on a scale o f  1:100,000 and 

(2) f i v e  g e n e r a l l y  e a s t - t r e n d i n g  g r a v i t y  p r o f i l e s .  

p r e t a t i o n  of t h e  s t u d y  area was made from the g r a v i t y  map ana  from the 

i n t e r p r e t i v e  g e o l o g i c  c r o s s  s e c t i o n s  which were modeled a l o n g  t h e  

A g e o l o g i c  i n t e r -  

g r a v i t y  p r o f i l e s .  

Two dominant t r e n d s  o f  g r a v i t y  c o n t o u r s  are e v i d e n t  on t h e  comple te  

Bouguer g r a v i t y  anomaly map -- nor thwes t - sou theas t  i n  t h e  n o r t h e r n  part 

o f  t h e  s t u d y  area and no r theas t - sou thwes t  i n  t h e  s o u t h e r n  part; these 

t r e n d s  may be related t o  s t r u c t u r a l  t r e n d s  o f  t h e  S e v i e r  orogeny. I n  

a d d i t i o n ,  t h e  comple te  Bouguer g r a v i t y  anomaly map e x h i b i t s  a p a t t e r n  

o f  a l t e r n a t i n g  g r a v i t y  lows and h i g h s  o v e r  g rabens  and horsts ,  r e spec -  

t i ve ly ,  which are s e p a r a t e d  from each o t h e r  by bands o f  c l o s e l y  spaced  

I 



3 

3 

3 

3 

3 

3 

g r a v i t y  contours i n d i c a t i v e  o f  l a q e  Bas in  and Range f a u l t s .  

l a r g e s t  g r a v i t y  g rad ien ts  occur a long t h e  Utah Lake f a u l t  zone and t h e  

Wasatch f a u l t  zone -- 9 mgal/km ov8?r t h e  former i n  t h e  Saratoga Hot 

The 

Spr ings and Cra te r  Hot Spr ings m e a  and 10 mgal/km over t h e  l a t t e r  

southeast o f  Provo, Utah. 

The g r a v i t y  data i n d i c a t e  t h a t  t h e  Utah Va l l ey  graben and t h e  

Goshen Va l l ey  graben ( t h e  two major grabens within t h e  s tudy area) a r e  

p a r t  o f  t h e  Wasatch s t r u c t u r a l  t rough and as such were d isp lace0 aown- 

ward r e l a t i v e  t o  (1) t h e  Wasatch Range h o r s t  on t h e  east, (2 )  t h e  West 

Mountain and Warm Springs Mountain h o r s t s  i n  t h e  c e n t r a l  p a r t  o f  t h e  

s tudy area, and ( 3 )  t h e  Oqu i r rh -Bou l te r -T in t i c  f a u l t  b lock  on t h e  

west. The g rea tes t  v e r t i c a l  displacement between t h e  l a r g e  f a u l t  

b locks  within t h e  survey area i s  i n  t h e  southern p a r t  o f  t h e  Utah 

V a l l e y  graben where depth t o  Paleozoic  bedrock i s  i n t e r p r e t e d  t o  be 

somewhat g rea te r  t han  4.2 km (13,690 f t) .  

i n t e r p r e t e d  t o  be complexly f a u l t e d  and composed o f  seve ra l  smal le r  

b locks  which e x h i b i t  d i f f e r e n t i a l  displacement a long f a u l t s  o r  f a u l t  

zones and whose depth t o  Paleozoic  bedrock i s  i n t e r p r e t e d  t o  be some- 

The Goshen Va l l ey  graben is 

what g rea te r  than 1.9 km (6230 f t) .  

The assoc ia t i on  o f  (1) severa l  thermal  sp r ings  (Saratoga H o t  

Springs, L i n c o l n  Po in t  Warm Spr ings,  C ra te r  Hot Springs, e t c . )  w i t h  t h e  

Utah Lake f a u l t  zone, (2) Goshen harm Spr ings with t h e  Long Ridge 

f a u l t ,  and (3) o the r  sp r ings  with o t h e r  f a u l t  zones subs tan t i a tes  t h e  

f a c t  t h a t  many o f  t h e  these springis a r e  f a u l t  c o n t r o l l e d ;  llvhereas t h e  

i n t e r p r e t i v e  cross sec t i ons  modeled from t h e  r e s i d u a l  g r a v i t y  anomalies 

i n d i c a t e  t h e  minimum v e r t i c a l  displacements o f  t h e  f a u l t s .  Fur ther -  
V 
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more, t h e  a s s o c i a t i o n  o f  thermal  sp r ings  wi th  t h e  f a u l t s  or f a u l t  zones 

suggests t h a t  t h e  v e r t i c a l  displact2ments o f  t h e  f a u l t s  or  f a u l t  zones 

may be g rea te r  t han  modeled i n  order  f o r  t h e  f a u l t s  t o  t a p  a geothermal 

r e s e r v o i r  which may e x i s t  a t  depth where t h e  water i s  heated by t h e  nor-  

mal geothermal g rad ien t .  A l t e r n a t l v e l y ,  t h e  g rea te r  d e f i n i t i o n  o f  t h e  

under l y ing  s t r u c t u r e  within t h e  su:rvey area a ids  i n  t r a c i n g  f a u l t s  

through which warm waters a re  migra t ing .  A sma l l  p o s i t i v e  r e s i d u a l  

g r a v i t y  anomaly associated with Sa:catoga Hot Spr ings and Cra te r  Hot 

Spr ings i s  ev iden t  on p r o f i l e  A-A '  and suggests an inc rease i n  dens i t y  

o f  a l l u v i u m  and/or under l y ing  Paleozoic  bedrock as a r e s u l t  o f  cemen- 

t a t i o n  as t h e  r e s u l t  o f  c i r c u l a t i n g  h o t  b r i nes .  Although t h e  g r a v i t y  

da ta  apparent ly ,  do n o t  de l i nea te  any deep i n t r u s i v e  boaies which may 

represent  heat  sources, t h i s  does n o t  p rec lude t h e  p o s s i b i l i t y  t h a t  

these fea tu res  may e x i s t .  
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Locat ion  and Purpose o f  Survey 

The g r a v i t y  su rvey  d i s c u s s e d  i n  t h i s  r e p o r t  (F ig .  1) is approx- 
2 imately 3,340 km2 (1,350 m i  ) bounded by l a t i t u d e s  39'52.5' N.  

and 4Oo30.Ot N. and l o n g i t u d e s  11lo3Ov E. and 112'7.5' E. The 

s t u d y  area is  l o c a t e d  abou t  56 km (35 m i )  s o u t h e a s t  o f  the  Great Salt 

Lake and compr ises  p r i n c i p a l l y  Utah Valley ( i n c l u d i n g  Utah Lake), 

Goshen Valley, and the mountains a d j a c e n t  t o  these v a l l e y s  (Fig. 2). 

The mountains i n c l u d e  the T r a v e r s e  Mountains, the  Lake Mountains, West 

Mountain, t h e  e a s t e r n  margin o f  the  East T i n t i c  Mountains,  and the 

wes te rn  margin o f  the  c e n t r a l  Wasatch Range. 

A g r a v i t y  su rvey  was under taken  t o  assist i n  the  e v a l u a t i o n  o f  t h e  

area for  t h e  p o s s i b l e  development of geothermal  r e s o u r c e s .  The a r e a  

l i e s  w i t h i n  t h e  Bas in  and Range p rov ince ,  which is characterized by: 

1) h igh  heat f low;  2) Tertiary volcanism; and 3)  a t h i n  c r u s t  o f  20 

t o  25 km (15 m i )  t h i c k n e s s  ( i n  comparison w i t h  40 t o  50 km (25 t o  31 

m i )  i n  t h e  Middle Rocky Mountains p rov ince ) .  Indeed ,  the p resence  o f  

low-temperature ( less t h a n  9OoC; Muf f l e r  and o t h e r s ,  1981) geothermal  

a c t i v i t y  w i t h i n  the valleys (i.e.,  Goshen Warm S p r i n g s  n e a r  Goshen, 

S a r a t o g a  Hot S p r i n g s  a t  t h e  no r thwes te rn  margin of Utah Lake, and 

Crystal Hot S p r i n g s  i n  s o u t h e r n  Jo rdan  Valley) and warm t e m p e r a t u r e s  

o b t a i n e d  from wells i n  t h e  s o u t h e r n  p o r t i o n  o f  Utah Valley (Goode, 1978 

and unpubl i shed  Utah Geo log ica l  and Minera l  Survey da ta )  i n  con- 
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j u n c t i o n  with Basin and Range normal f a u l t i n g  and minor east-west 

f a u l t i n g ,  i n d i c a t e  t h e  p o s s i b i l i t y  o f  low-temperature geothermal r e -  

sources within t h e  s tudy area. 

A g r a v i t y  survey i s  h e l p f u l  i n  geothermal p rospec t ing  by p r o v i a i n g  

a s t r u c t u r a l  framework which may d e f i n e  geothermal t a r g e t s  by ae l i ne -  

a t i n g  f a u l t s ,  s t r u c t u r a l  t rends,  i i -krusions, and th ickness  o f  v a l l e y  

f i l l  t h a t  may be d i r e c t l y  or  i n d i r e c t l y  r e l a t e d  t o  a geothermal re -  

source. G r a v i t y  anomaly p a t t e r n s  ( g r a v i t y  h ighs,  g r a v i t y  lows, ano 

bands o f  c l o s e l y  spaced g r a v i t y  contours )  u s u a l l y  assoc iated wi th  geo- 

thermal  systems i n  t h e  Bas in  and Range prov ince  a re  genera l l y  n o t  any 

d i f f e r e n t  from those g r a v i t y  anomalies associatea with i n t e r p r e t e a  

s t r u c t u r a l  phenomena (Thangsuphanich, 1976). 

assoc iated w i t h  g r a v i t y  p a t t e r n s  a re  as fo l l ows :  

s i t y  o f  sediments or  hos t  rock  as a r e s u l t  o f  cementation and/or t he r -  

mal metamorphism by c i r c u l a t i o n  o f  h o t  b r i n e  i n  a l i q u i d  dominatea hy- 

drothermal  system cou ld  r e s u l t  i n  a g r a v i t y  h i g h  ( t h e  emplacement o f  

h ighe r  dens i t y  m a t e r i a l  i n t o  lower  dens i t y  m a t e r i a l ,  such as t h e  em- 

placement o f  a r h y o l i t e  dome i n t o  v a l l e y  sediments may a l s o  r e s u l t  i n  a 

g r a v i t y  h i g h ) ;  

heat  source o f  t h e  geothermal system, may r e s u l t  i n  a g r a v i t y  low; 3 )  

a f a u l t  o r  f a u l t  zone, t h a t  may serve as a network f o r  t h e  f l u i o  r n i g a -  

t i o n ,  may r e s u l t  i n  a band o r  bands o f  c l o s e l y  spaced g r a v i t y  contours;  

and 4) 

geothermal r e s e r v o i r ,  may r e s u l t  i n  an i n t e r s e c t i o n  o f  banas o f  c l o s e l y  

spaced contours. 

Geothermal man i fes ta t i ons  

1) an increased den- 

2) a shal low magma chamber, which might be t h e  d i r e c t  

t h e  i n t e r s e c t i o n  o f  f a u l t s  t h a t  may i n d i c a t e  t h e  l o c a t i o n  o f  a 
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I n  t h e  I m p e r i a l  Va l l ey  Known Geothermal Resource Area (KGRA) i n  

C a l i f o r n i a  south  o f  t h e  Sa l ton  Sea, a r e s i d u a l  g r a v i t y  h i g h  with a c los-  

u r e  o f  4 mgal over  an area o f  abou:: 2.5 km2 (0 .9  m i  ) encompasses a 

r e g i o n  o f  h i g h  heat  f l ow  (Coombs and M u f f l e r ,  1973) and i s  be l i eve0  t o  

be due t o  an increased dens i t y  o f  t h e  sediments aue t o  cementation ana/- 

2 

or  l o c a l  thermal  metamorphism by t h e  c i r c u l a t i o n  o f  h o t  b r i n e s  within 

t h e  area ( B i e h l e r  and Coombs, 1972). 

mal f i e l d  e x h i b i t s  a g r a v i t y  h i g h  (with a 10 mgal c losu re  over an area 

o f  4 km (1.5 m i  ) (Hochstein and Aunt, 1970). I n  a d d i t i o n ,  t h e  

The Wairakei Broadlands geother- 

2 2 

Glass Mountain KGRA i n  S isk i you  County, C a l i f o r n i a  i s  centered over  a 

concealed ca lde ra  o f  Miocene age and e x h i b i t s  a g r a v i t y  h i g h  with a 4 

mgal c losu re  over 20 kmL (7.6 m i L )  (Anderson and A x t e l l ,  1972). 

A g r a v i t y  low associated wi th geothermal phenomena may be a t t r i -  

buted t o  t h e  presence o f  a l e s s  dense magma chamber surrounded by a 

h ighe r  d e n s i t y  vo l can ic  f i e l d  as i n  t h e  Geysers geothermal f i e l o .  

g r a v i t y  low associated with t h i s  f i e l d  e x h i b i t s  a 15-20 mgal c losu re  

over 525 krn2 (200 m i  1 (Peters, 1974) and i n d i c a t e s  a s i l i c i c  magma 

The 

2 

chamber a t  a shal low depth beneath t h e  C lear  Lake volcano f i e l d  

(Isherwood, 1975; Anderson and A x t e l l ,  1972). 

A band o f  c l o s e l y  spaced g r a v i t y  contours associated with geother- 

mal phenomena i n  t h e  Bas in  and Range prov ince  u s u a l l y  i n d i c a t e s  a f a u l t  

o r  f a u l t  zone through which thermal  waters may migrate. 

an east-west band o f  c l o s e l y  spaced g r a v i t y  contours occurs over  

For ins tance,  

C r y s t a l  Hot Spr ings i n  Jordan Va l ley ,  Utah and i s  i n t e r p r e t e a  t o  i n a i -  

c a t e  f a u l t s  which c o n t r o l  t h e  convec t ive  system o f  t h e  sp r ings  (Murphy 

and Gwynn, 1979; Utah Energy Offic:e, 1981). Thus, g r a v i t y  anomalies 

Q 
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are u s e f u l  i n  l o c a t i n g  t h e  heat  sour 'ce ( i n d i r e c t l y ) ,  i n c r e a s e d  d e n s i t y  

o f  s ed imen t s  due t o  c i r c u l a t i o n  o f  h o t  b r i n e s ,  o r  d e l i n e a t i n g  the geol- 

o g i c  s t r u c t u r e  a s s o c i a t e d  w i t h  thermal r e s o u r c e s .  However, t h e  rela- 

t i o n s h i p  between t h e  geothermal  p r o s p e c t  and t h e  g r a v i t y  data may n o t  

be direct. T h e r e f o r e ,  the  i n t e r p r e t a t i o n  o f  g r a v i t y  data must take 

i n t o  accoun t  g e o l o g i c a l  cons ide ra t i c ins  and obvious  geothermal  a t t r i -  

b u t e s  ( such  as  h o t  s p r i n g s ) .  I n  a d d i t i o n ,  g r a v i t y  aata may aid i n  a 

more r e f i n e d  i n t e r p r e t a t i o n  o f  s u b s u r f a c e  geology and the  d e s i g n  of 

f u t u r e  s u r v e y s  i n  the  area. 

Topography and Physiography 

a 

3 

a 

The s t u d y  area l i e s  w i t h i n  the t r a n s i t i o n  zone  between t h e  Bas in  

and Range and Middle Rocky Mountains phys iog raph ic  p r o v i n c e s  (Fenneman , 
1928, 1946; S t o k e s ,  1977). Consequently,  t h e  Wasatch Range, b o r d e r i n g  

the C o r d i l l e r a n  Hinge l ine ,  is t y p i c a l  n o t  o n l y  o f  t h e  Middle Rocky 

Mountains phys iog raph ic  p r o v i n c e  a s  d e f i n e d  by Fenneman (1928, 1946) , 
b u t  a l s o  of the Wasatch Range and Wasatch H i n t e r l a n d  s u b a i v i s i o n s  as 

d e f i n e d  by S t o k e s  (1977). 

relief and t r e n d  approximate ly  nor th-south  a l o n g  t h e  e a s t e r n  edge  o f  

t h e  su rvey  area ( P l a t e  1, i n  pocket:) .  The h i g h e s t  o f  t h e  peaks i n  t h e  

Wasatch Range are Mount Timpanogos i:ising t o  a n  e l e v a t i o n  o f  3570 m 

(11,722 f t )  and Provo Peak a t  a n  a l t i tude  o f  3370 m (11,068 f t )  from a 

These mountains e x h i b i t  extremely rugged 

base o f  abou t  1460 m (4800 f t ) .  

West o f  the C o r d i l l e r a n  H i n g e l i n e ,  Utah Valley, Jo rdan  Valley, and 

Juab  Valley comprise p a r t  of the Wasatch F r o n t  Valley phys iog raph ic  

s u b d i v i s i o n  ( S t o k e s ,  1977) which ave rages  on ly  1460 rn (4800 f t )  i n  



5 

i 6 

d 

3 

8 

0 

'Grs 

e leva t ion .  Goshen Va l ley ,  West Mountain, and t h e  western p a r t  o f  t h e  

East  T i n t i c  Mountains l i e  i n  t h e  Thomas Mounta ins-T int ic  Mountains 

subd iv i s ion  (Stokes, 1977); whereas t h e  Lake Mountains ana t h e  ao jo in -  

i n g  area comprise p a r t  o f  t h e  Uinta Extens ion subd iv is ion .  

these fea tu res  a re  p a r t  o f  t h e  Bonnev i l l e  Bas in  s e c t i o n  o f  t h e  Basin 

and Range prov ince  (Fenneman; 1928,1946). 

All o f  

Utah Va l l ey  i s  approximately 415 km (28 m i )  l o n g  and 19 km (12 m i )  

wide and t rends  rough ly  nor th-south p a r a l l e l  t o  t h e  Wasatch Range. 

Located eas t  o f  t h e  East T i n t i c  MoiJntains and a l s o  t r e n d i n g  no r th -  

south, Goshen Va l l ey  i s  19 km (12 in i )  l o n g  and 13 km (8 m i )  wide. 

Utah Va l l ey  and Goshen Va l ley  a re  p a r t l y  inundated by Utah Lake, which 

i s  approximately 10 km (16 m i )  wide and 32 km (51 m i )  long. Utah Lake 

i s  a fresh-water l a k e  recharged p r i m a r i l y  by t h e  Provo and American 

Fork  r i v e r s ,  as w e l l  as Dry Creek, and ground water. 

t h e  head waters o f  t h e  Jordan R ive r  which f l ows  northward through t h e  

Jordan Narrows i n t o  t h e  Jordan R i v e r  Va l l ey  and f i n a l l y  i n t o  t h e  Great 

S a l t  Lake. 

Both 

The l a k e  forms 

West Mountain and t h e  Lake Mountains t r e n d  nor th-south and r i s e  t o  

2070 m (6800 f t )  and 2320 m (7600 f t ) ,  r e s p e c t i v e l y ,  f rom 1460 m 

(4800 f t )  a t  t h e i r  bases. 

Va l l ey  and Goshen Va l ley  and i s  approx imate ly  13 km ( 8  m i )  long.  

Lake Mountains form t h e  nor thwestern boundary o f  Utah Va l l ey  and a re  

a l s o  13 km (8 m i )  long.  

West Mountain forms t h e  border  between Utah 

The 

The East T i n t i c  Mountains r i s e  t o  an e l e v a t i o n  o f  2500 m (8200 ft) 

and form t h e  southwestern boundary o f  t h e  survey area. 

Mountains a re  t h e  on ly  east-west 1:renaing mountains i n  t h e  s tuoy area 

The Traverse 
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and r i s e  t o  an e l e v a t i o n  o f  2010 m (6600 f t ) ;  these mountains e x h i b i t  a 

more rounded topography and a re  be.l ieved t o  r e f l e c t  a mature topo- 

graphic  sur face  (Hunt and o thers ,  ,1953). 

a 

3 
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Sedimentary and Igneous Rocks 

Located w i t h i n  the transition zone between the Middle Rocky Moun- 

ta ins  and the Basin and Range provinces, the rocks i n  the s t u d y  area 

ref lect  a complex h i s t o r y  of sedimentation (Plate 2,  i n  pocket). 

i n  t h e  h i s t o r y  of the area, sedimentary rocks were primarily 

miogeosynclinal i n  origin; l a t e r ,  sediments varied from continental t o  

transit ional shelf deposi ts  (Hintze, 1973). 

Early 

Precambrian 

Rocks o f  Precambrian age are exposed along the Wasatch Range i n  iso- 

lated loca l i t i es  and are primarily made up of the Big Cottonwood Forma- 

t i o n ,  the Mineral Fork T i l l i t e ,  and the Mutual Formation. 

Cottonwood Formation and the Mutual Formation are composed o f  medium-to- 

f ine-grained clastics (quartz areni tes, siltstones). 

T i l l i t e  is a glacial deposit composled primarily of gravel. The to t a l  

thickness of the Precambrian s t r a t a  varies and is unknown -- the Big 

Cottonwood formation is 510 m (1675 f t )  thick (Morris and Lovering, 

1961) i n  the East Tintic Mountains; and an exposure i n  Slate Canyon 

east  of Provo reveals more than 300 m (910 f t )  of Precambrian s t r a t a  

The Big 

The Mineral Fork 

(Baker, 1947) (Plate 1). The Big Cottonwood Formation and the Mutual 

0 Formation are both s l i g h t l y  metamorphosed and represent sediments which 

accumulated i n  a major northeast-trending geosynclinal belt  more than 

1.5 b i l l i o n  years ago. 
8 
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Paleozoic  

Genera l ly ,  Paleozoic  format ions a r e  more c a l c i c  i n  charac ter  (F ig .  

4A) and e x h i b i t  a sedimentat ion p a t t e r n  cons is ten t  with t h e  C o r d i l l e r a n  

miogeosyncl ina l  environment and whose d e p o s i t i o n a l  ex ten t  was primsrily 

governed by t h e  C o r a i l l e r a n  H inge l ine .  

l i n e  was genera l l y  charac ter ized  bly t h i c k  continuous s u i t e s  o f  sh t i l l oh  

marine sediments ( i  .e. , l imestones, shales, ana sandstones) ; whereas 

eas tern  Utah was on ly  i n t e r m i t t e n t l y  covered by marine s h e l f  seai -  

ments. 

Wasatch Range, West Mountain, t h e  Lake Mountains, t h e  East T i n t i c  

Mountains, and Long Ridge; and t o t a l  approx imate ly  12,200 m (40,000 f t )  

i n  th ickness  (Baker, 1947). 

Depos i t ion  west o f  t h e  Hinge- 

Rocks from a l l  per iods  o f  t h i s  e r a  a re  exposeo a long t h e  

Middle Cambrian t o  Middle Devonian sedimentary rocks  exempl i fy  t h i s  

t ype  o f  environment and a r e  c h a r a c t e r i s t i c a l l y  continuous ano o f  wioe 

a r e a l  ex ten t .  The T i n t i c  Q u a r t z i t e  represents  a marine t ransg ress i ve  

se r ies ,  and t h e  Manning Canyon Shale and t h e  Great B lue Limestone 

represent  marine fac ies .  The Stansbury Disturbance, i n  La te  Devonian 

t ime,  however, l e d  t o  depos i t i on  o f  coarse c l a s t i c  m a t e r i a l  -- sano- 

stone and conglomerate t y p i f i e d  by t h e  V i c t o r i a  Formation which crops 

o u t  on Long Ridge near Santaquin aim i n  Rock Canyon near Provo. 

M iss i ss ipp ian  t ime, t h e  geosync l ina l  environment was again dominsnt an0 

g rea t  carbonate banks were b u i l t  up as exemp l i f i eo  i n  t h e  T i n t i c  min ing 

d i s t r i c t  by t h e  Gardison Limestone, t h e  F i t c h v i l l e  Formation, anG t h e  

Deseret Limestone. Bas ina l  downwarping and cyc lothemic sedimentat ion 

p a t t e r n s  i n  t h e  La te  Pennsylvanian ana E a r l y  Permian t ime  r e s u l t e o  i n  

an accumulation o f  over  7600 m (25,000 f t )  (H in tze ,  1973) o f  i n t e r f i n -  

ge r ing  carbonates, sands, ana shales as seen i n  t h e  Oqu i r rh  Formation. 

6y  

3 
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Figure 2. Columnar section o f  ( A )  Paleozoic rocks and (8) layerea 
Cenozoic rocks, East Tintic mining d i s t r i c t  (Morris ana 
Lovering, 1979). 
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During t h e  l a t e r  p o r t i o n  o f  the  E a r l y  Permian, t h e  area gradua l ly  

became unstable. 

deposi ted as t h e  area became emergent. 

and a grea t  marine t ransgress ion deposited t h e  Phosphoria Formation. 

E o l i a n  sediments (e.g. , Diamond Creek Sandstone) were 

Later ,  t h e  area again submerged 

Mesozoic 

Mesozoic rocks are exposed l o c a l l y  on Long Ridge, a t  t h e  mouth o f  

Spanish Fork Canyon, and i n  t h e  southeastern and nor theastern margins o f  

t h e  survey area. These rocks r e f l e c t  a r a d i c a l  change which occurred 

along t h e  C o r d i l l e r a n  H inge l i ne  i n  t h e  c o n f i g u r a t i o n  o f  sedimentat ion 

pa t te rns ,  dur ing  t h e  Tr iass ic .  Throu'ghout most o f  t h e  Mesozoic, e ros ion  

occurred west o f  t h e  H inge l i ne  and depos i t i on  occurred east  o f  t h e  

--. Hingel ine,  which r e s u l t e d  f i r s t  i n  the  T r i a s s i c  r e d  beds (Shinarump, - 

Chinle,  and Moenkopi format ions) anoi l a t e r  i n  a v a r i e t y  o f  marine (Tw in  

Creek Limestone) and nonmar ine  sediments (Nugget Sandstone). T o t a l  

th icknesses for these s t r a t a  vary. However, Baker (1947) measured up t o  

3050 m (10,000 f t )  o f  Mesozoic s t ra ta  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  

survey area. 
3 

3 

3 

T e r t i a r y  

I n  Oligocene time, vo lcan ic  a c t i v i t y  produced t h i c k  vo lcan ic  p i l e s  

o f  p y r o c l a s t i c  d e b r i s  and quar tz  l a t . i t e  and andesi te  f lows which over- 

l i e  t h e  Apex Conglomerate and t h e  pre-Ter t ia ry  e r o s i o n a l  surface (Fig.  

48). The Apex Conglomerate i s  a c o l l u v i a l  sediment which probably 

covered t h e  pre-Ter t ia ry  sur face and has a th ickness o f  poss ib ly  1500 f t  

(457 m) i n  t h e  v a l l e y  areas (H. T. Morr is ,  o r a l  commun. , 1982). 

vo lcan ic  rocks are: 

The 

t h e  Packard Q w r t z  L a t i t e  with a th ickness o f  over 
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3000 ft (914 m)  (H. T. Mor r is ,  ora:L commun., 1982) ; t h e  T i n t i c  Mountain 

Volcanic  Group with a th ickness  o f  1800 f t  (549 m ) ;  t h e  Laguna Spr ings 

Volcanic  Group with a th ickness  o f  over  2100 f t  (640 m ) ;  t h e  West 

Traverse Mountains 1 a t i t e . a n d  andes i te  vo lcan ics  with a t o t a l  th ickness  

o f  3000 f t  (914 m )  (Moore, 1973); i3nd t h e  East Traverse Mountains 

andes i te  f lows whose th icknesses t i s t a l  more than  2000 f t  (610 m) 

(Bu l l ock ,  1958). 

Quaternary 

Quaternary sediments dominate the  v a l l e y  f l o o r s  and c o n s i s t  p r i -  

m a r i l y  o f  co l luv ium,  loess ,  g l a c i a l  depos i ts ,  and l a c u s t r i n e  deposi ts .  

Pre-Lake Bonnev i l l e  f an  depos i ts  bo rde r ing  t h e  mountains extend f a r  

i n t o  t h e  v a l l e y s ,  a re  c u t  by t h e  wave t e r r a c e s  o f  Lake Bonnev i l l e ,  and 

l o c a l l y  c o n t a i n  a pa leoso l  which formed p r i o r  t o  t h e  r i s e  o f  t h e  l a k e  

( B i s s e l l ,  1963). 

i m a t e l y  52,000 km2 (20,077 m i 2 )  and had a maximum depth o f  about 

350 m (1148 f t )  (Currey, 1980). 

o f  c l a y ,  s i l t ,  and sand which make up t h e  Lake Bonnev i l l e  sediments. 

I t  should be noted t h a t  p rev ious  i n t e r p r e t a t i o n s  of Lake Bonnev i l l e  

Lake Bonnev i l l e  3 t  i t s  h ighes t  stage covered approx- 

P le is tocene sediments c o n s i s t  c h i e f l y  

s t r a t i g r a p h y  should be mod i f i ed  based on s t u d i e s  done by Donald R. 

Currey (1980), W. E. S c o t t  (1980), and W. E. S c o t t  and o the rs  (1981). 

Prev ious i n v e s t i g a t o r s  o f  Lake B o n n e v i l l e  i n  Utah and Goshen 

v a l l e y s  (Hunt and o thers ,  1953; B i s s e l ,  1963) i n t e p r e t e a  t h e  va r ious  

s h o r l i n e s  o f  Lake Bonnev i l l e  t o  c o n s i s t  o f  t h r e e  major depos i ts  which 

they considered t o  make up t h e  Lake Bonnev i l l e  Group: A lp ine  ( o l d e s t ) ,  

Bonnev i l le ,  and Provo (youngest). The A lp ine  Formation was be l i evea  t o  

s i g n i f y  t h e  f i r s t  deep-lake c y c l e  which rose  t o  about 5100 f t  (1554 m ) .  
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i n  a l t i t u d e  -- t h e  i n te rmed ia te  t e r r a c e  depos i t  o f  t h e  group. 

h ighes t  s h o r e l i n e  was represented 3s t h e  Bonnev i l l e  Formation, which i s  

ev ident  a t  an a l t i t u d e  o f  about 5135 f t  (1565 m).  

was be l i eved  t o  mark t h e  l a s t  o f  t h e  major deep-lake cyc les  i n  t h i s  

area and represented t h e  lowest  major l e v e l  o f  t h e  l a k e  a t  4760 ft 

(1451 m) .  

The 

The Provo Formation 

Donald R. Currey (1980) and W .  E. S c o t t  and o the rs  (1981) have 

mod i f i ed  t h e  above i n t e r p r e t a t i o n  based on new radiocarbon aates. 

T h e i r  conc lus ions a re  as fo l l ows :  

A lp ine  Formation were deposi ted d u r i n g  t h e  Bonnev i l l e  Lake cyc le ,  

r a t h e r  than d u r i n g  an o l d e r  l a k e  cyc le ;  and 2) 

1) many o f  t h e  depos i ts  mapped as 

t h e  B o n n e v i l l  Lake cy- 

c l e  cons is ted  o f  a gradual  inc rease i n  l a k e  l e v e l  s t a r t i n g  perhaps 

25,000 years ago reaching t h e  Bonnev i l l e  l e v e l  approximately 17,500 

years ago. 

t h e  Bonnev i l l e  bas in  u n t i l  about 14,300 years ago, when a f i n a l  t rans-  

g ress ion  r e s u l t e d  i n  headward e ros ion  a t  Red Rock Pass i n  southern 

Idaho which resulted i n  t h e  ca tas t roph ic  Bonnev i l l e  f l ood .  

l e v e l  (4760 ft; 1451 m) o f  t h e  l a k e  was reached as a r e s u l t  o f  t h e  

f l o o d  reach ing  r e s i s t a n t  bedrock i n  Red Rock Pass. 

14,000 years ago (seve ra l  hundred years l a t e r ) ,  another episode o f  aown- 

c u t t i n g  r e s u l t e d  i n  a f i n a l  a l t i t L i d e  o f  about 4724 f t  (1440 m ) .  

l e v e l  was mainta ined u n t i l  approx imate ly  12,500 years ago when t h e  

P le is tocene d e c l i n e  o f  t h e  l a k e  relduced Lake Bonnev i l l e  t o  b a s i n - f l o o r  

l e v e l s  about 11,000 years ago. 

The l a k e  l e v e l  f l u c t u a t e d  seve ra l  t imes on t h e  per imeter  o f  

The Provo 

Approximately 

Th is  

Utah Lake i s  a geomorphological remnant o f  Lake Bonnev i l le .  The 

more recen t  sediments a long t h e  shores o f  t h e  l a k e  c o n s i s t  c h i e f l y  o f  



16 

a 

3 

depos i ts  e f  s i l t  and c l a y  and o the r  c o l l u v i a l ,  eo l i an ,  and a l l u v i a l  de- 

p o s i t s .  

(1360 m)  d u r i n g  1980. 

Jordan R ive r  through l o c k s  i n  a darn l o c a t e d  a t  t h e  n o r t h  end o f  t h e  

. s ta tu te  and i s  c o n t r o l l e d  each yea:r by t h e  amount o f  f l ow  a l loweu i n t o  

The e l e v a t i o n  o f  t h e  Utah Lake sho re l i ne  was about 4462 f t  

The l e v e l  oi' t h e  Utah Lake i s  maintaineo by t h e  

t h e  lake .  

a 

a 

a 

3 

3 

S t  r u c t  u r d  Features 

The s t r u c t u r a l  f ea tu res  observed i n  t h e  survey area a re  complex, 

b u t  t h e  genera l  p a t t e r n s  o f  many 0.P t h e  s t r u c t u r a l  f ea tu res  a r e  now 

recognized and understood. From La te  Precambrian i n t o  Permian t ime  

more than 30,000 f t  (9140 m) (Morr:is and Lovering, 1961) o f  seoimentary 

rocks  accumulated i n  t h e  miogeosyncl ine west o f  t h e  C o r d i l l e r a n  Hinge- 

l i n e .  

d u r i n g  T r i a s s i c  t ime  r e s u l t e d  i n  u p l i f t  west o f  t h e  H i n g e l i n e  and thus  

a r e v e r s a l  i n  t h e  pas t  sedimentary p a t t e r n  i n  t h e  area. 

c o l l i s i o n  o f  these p l a t e s  r e s u l t e d  i n  t h e  Sev ie r  (Late Ju rass i c  t o  La te  

Cretaceous) and Laramide (La te  Cretaceous t o  La te  Eocene) orogenies 

which c rea ted  a s e r i e s  o f  superimposed t h r u s t  f a u l t s .  Mesozoic and 

C o l l i s i o n  between t h e  Nor th  American and t h e  P a c i f i c  p l a t e s  

Continueu 

o l d e r  s t r a t a  from eas tern  Nevada were moved as much as 160 km (99  m i )  

(Mor r i s  and Lover ing,  1979) over Ml?sozoic and o l d e r  s t r a t a  i n t o  c e n t r a l  

Utah. 

b u t  i s  a l s o  associated with t e a r  f , w l t i n g  and f o l d i n g .  

shor ten ing  o f  t h e  Sev ie r  orogenic b e l t  by f o l d i n g  and f a u l t i n g  i s  pos t -  

u l a t e d  t o  be between 60 and 100 km (37 and 62 mi )  (Armstrong, 1968) .  

The major mapped t h r u s t  f a u l t s  i n  t h e  survey area are  ( P l a t e  2 ) :  

1) t h e  Char leston t h r u s t s ;  2) the Deer Creek thrust; 3 )  B i g  Baloy 

The Sev ie r  orogeny i s  n o t  o n l y  assoc iated with t h r u s t  f a u l t i n g ,  

The amount o f  
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t h r u s t ;  and 4) t h e  East T i n t i c  thrust. The Char leston t h r i i s t s ,  which 

c o n s i s t  o f  t h e  Char leston t h r u s t  and t h e  Upper Char leston t h r u s t ,  a re  

l oca ted  i n  t h e  nor theas tern  p a r t  0.P t h e  area, t r e n d  east-west l o c a l l y ,  

d i p  about 20' S. (Baker, 1959) ,  and can be fo l lowed from t h e  n o r t h  

end o f  Deer Creek up Bear Canyon and i n t o  M i l l  Creek Canyon. It has 

been pos tu la ted  t h a t  t h e  Corner Cri?ek f a u l t  was o r i g i n a l l y  p a r t  o f  t h e  

Char leston t h r u s t  which d u r i n g  t h e  Bas in  and Range f a u l t i n g  became a 

normal f a u l t .  

a h o r i z o n t a l  displacement o f  over 160 km (99  mi )  (Mor r i s  and Lover ing,  

1979) ,  forms t h e  main basa l  thrust system o f  t h e  Wasatch Range. 

t h r u s t  i n v o l v e s  Pennsylvanian s t r a t a  o v e r t h r u s t  by T i n t i c  Q u a r t z i t e  (o f  

The Char leston thrust, which is thought t o  have i n v o l v e d  

Th is  

Cambrian age), which i n  turn, has 'been o v e r t h r u s t  by M i s s i s s i p p i a n  

s t r a t a  (Baker, 1959) .  

west and d i p  south  a long t h e  v a l l e y  o f  t h e  South Fork o f  Deer Creek, 

where i t  i s  concealed by t h e  T ibb le  Formation ( T e r t i a r y  i n  age) and 

where bedrock outcrops p rov ide  evidence f o r  p r o j e c t i n g  t h e  l o c a t i o n  o f  

t h e  f a u l t .  On t h e  west s i d e  o f  Mount Timpanogos ana t r e n d i n g  nor th -  

south, t h e  B i g  Baldy t h r u s t  extends south  across t h e  Provo R iver ,  where 

t h e  t r e n d  becomes east-west, and te rmina tes  aga ins t  normal Bas in  and 

Range f a u l t i n g  associated wi th t h e  Wasatch f a u l t  zone. 

p lane i s  n e a r l y  h o r i z o n t a l  and i s  o f f s e t  by numerous v e r t i c a l  normal 

f a u l t s  (Baker, 1959) .  The East T i n t i c  t h r u s t  i s  i n  t h e  southwestern 

p a r t  of t h e  survey area i n  t h e  East T i n t i c  Mountains and s t r i k e s  

rough ly  north-south. The i n f e r r e d  l o c a t i o n  o f  t h i s  f a u l t  i n  t h e  B i g  

Canyon area i s  based on t h e  exposures i n  t h e  Burg in  mine and exp lo r -  

The Deer Crlsek t h r u s t  i s  be l i eved  t o  t r e n d  east -  

The t h r u s t  

a t o r y  d r i l l  ho les,  Th is  t h r u s t  i s  be l i eved  t o  te rmina te  i n  t h e  v i c i -  
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n i t y  o f  t h e  Inez  t e a r  f a u l t ,  where t h e  t h r u s t  d i p s  about 20' W. 

t h e  area o f  t h e  S i l v e r  S h i e l d  mine t h e  East T i n t i c  t h r u s t  e x h i b i t s  a 

throw o f  2,130 m (7000 f t)  d i s p l a c l n g  t h e  T i n t i c  Q u a r t z i t e  over Upper 

M i s s i s s i p p i a n  s t r a t a  (Mor r i s  and Lover ing,  1979) .  

I n  

The major f o l d s  associated w i t h  t h e  Sev ie r  orogeny (Armstrong, 

1968) i n  t h e  survey area are  t h e  Lake Mountain sync l i ne  and t h e  East  

T i n t i c  a n t i c l i n e .  

o f  t h e  Lake Mountains ( P l a t e  2) ,  i!; f a u l t e d  by a t  l e a s t  two l a r g e  t e a r  

f a u l t s  t r e n d i n g  northeast-southwesi:. 

t r e n d i n g  rough ly  nor th-south i n  a sinuous bend, t h e  Lake Mountain 

sync l i ne  can be t raced  approximate.ly 18 km (11 m i )  (Bu l lock ,  1951) .  

The East T i n t i c  a n t i c l i n e  i s  1arge.ly concealed by l a v a  i n  t h e  East 

T i n t i c  Mountains and i s  known from sparse sur face  exposures and a r i l 1  

h o l e  data. 

be l i eved  t o  be p a r t  o f  t h e  T i n t i c - I l q u i r r h  f o l d  b e l t  and i s  be l i eved  t o  

be f l anked  on t h e  west by t h e  T i n t i c  s y n c l i n e  which i s  a l s o  covered by 

lava .  The ampli tudes o f  t h e  a n t i c l i n e  and s y n c l i n e  a re  be l i evea  t o  be 

about 3,050 m (10,000 f t)  (Mor r i s  i3nd Lover ing,  1979) .  

The Lake Moun tah  sync l i ne ,  which i n v o l v e s  t h e  whole 

S l i g h t l y  asymmetrical and 

The East T i n t i c  a n t i c l i n e  i s  a no r th - t rend ing  s t r u c t u r e  

Major shear and t e a r  f a u l t s  wh.ich form a conjugate f r a c t u r e  system 

i n  t h e  East T i n t i c  min ing  d i s t r i c t  o r i g i n a t e d  du r ing  t h e  Sev ie r  

orogeny. The major t e a r  f a u l t s  are:  1) t h e  Homansvi l le f a u l t ;  

2) t h e  Inez  f a u l t ;  and 3 )  t h e  B a l l p a r k  f a u l t .  The Homansvi l le f a u l t  

is on t h e  n o r t h  s i d e  o f  Homansvilli? Canyon and t rends  nor theas t  con- 

t i n u i n g  under T e r t i a r y  vo lcan ics .  The f a u l t  has an average throw o f  

about 920 m (3000 f t ) ,  i s  downthrown on t h e  no r th ,  and has an average 

d i p  o f  80' N. ( M o r r i s  and Lover ing,  1979) .  The B a l l p a r k  f a u l t ,  which 
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is  known on ly  l o c a l l y  abou t  1 km ncirth o f  t h e  Burgin No. 2 s h a f t ,  appar- 

e n t l y  t r e n d s  N. 30' E . ,  d i p s  75' W , ,  , and has a vertical  Uispkce- 

ment o f  abou t  300 m (1000 f t )  (Mor r i s  and Lovering,  1979). Drili h o l e  

d a t a  and exposures  o f  sed imentary  rock  n e a r  t h e  Burgin mine are  i n a i -  

c a t i v e  o f  a t o t a l l y  concea led  n o r t h e a s t - t r e n d i n g  tear  f a u l t  known a s  

the Inez  f a u l t .  The d r i l l  da ta  i n d i c a t e  t h a t  t h e  East T i n t i c  t h r u s t  

t e r m i n a t e s  a g a i n s t  t h i s  f a u l t .  

may be t h e  westward c o n t i n u a t i o n  o f  a f a u l t  exposed i n  t h e  s o u t h e r n  

p a r t  o f  West Mountain (Mor r i s  ana  Ishepard, 1964). 

tear  f a u l t  i s  abou t  N. 40' E. w i t h  n e a r l y  v e r t i c a l  o i p  b u t  var ieG 

d isp lacement .  

Fu:cthermore, t h i s  r e g i o n a l  tear  f a u l t  

The t r e n a  o f  t h i s  

Between 35 and 19 m.y. ago ( H i n t z e ,  1973) ,  q u a r t z  monzoni t ic  s tocks 

were i n t r u d e d  i n  t h i s  area accompanied by a n d e s i t i c - l a t i t i c  volcanism.  

Approximately 20 m.y. ago ,  e x t e n s i o n a l  t e c t o n i c s  r e s u l t e d  i n  Bas in  ano  

Range f a u l t i n g  accompanied by basa l t ic  ano  r h y o l i t i c  volcanism which  

now characterizes the survey  area. The dominant f e a t u r e  is t h e  hasatch 

f a u l t  zune which marks t h e  boundary between t h e  Bas in  ana  Range ana  the  

Middle Rocky Mountains p r o v i n c e s  alnd which is characterized by earth- 

quakes and i s  l o c a t e d  w i t h i n  the In t e rmoun ta in  Seismic Belt. 

Thermal S p r i n g s  

I n  the survey  area,  t h e  known thermal s p r i n g s ,  o r  groups  of 

s p r i n g s ,  a re  l i s t e d  i n  Table 1 (a  t o t a l  o f  n i n e  s p r i n g s )  ana  are s h o w ,  

by l e t t e r  d e s i g n a t i o n ,  on P la te  2. 

a c l u s t e r  o f  i n d i v i d u a l  warm s p r i n g s  which form an  a l ignment  i n d i c a t i n g  

t h a t  the s p r i n g s  may be f a u l t  c o n t r o l l e o .  Indeeo,  most o f  t h e  thermal 

s p r i n g s  i n  t he  s t u d y  area are  a s s o c i a t e 0  w i t h  major  f a u l t s  which  bouno 

I n  some areas the s p r i n g s  occur  as  
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l a r g e  grabens and h o r s t s  and a c t  a3 condu i t s  for deep c i r c u l a t i o n  o f  

meteor ic  water. 

as l o c a l  sources o f  low-temperaturl? ground water which may be usea for  

d i r e c t  heat app l i ca t i ons ,  such as space hea t ing  and greenhouse a g r i -  

c u l t u r e .  

I n  general,  t h e  sisrings a re  consiaereo t o  be favorab le  

3 

3 
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Table 1. -- Summary o f  characteristics of principal thermal s p r i n g s  i n  
4 survey area . 

Name Location Temperature Geologic Notes 
P C >  

a Bi rd  Island Off t h e  t i p  of 30 Valley f i l l  
Warm Springs1 Lincoln Po in t  

l a t  400 10.6' 
long 111' 48.0' 

b Burgin Mine2 sec. 22, 54.5 
T. 10 S., R. 2 W .  
Lat 390 57.0' 
long 1120 2.7" 

c Cast i l la  Hot sec. 18, 42-44 
springs3 T. 9 S., R. 4 E:. 

l a t  40° 2.3' 
long 11l0 32.7 I 

T. 5 S . ,  R. 1 W. 
l a t  40° 21.2' 
long 1110 53.7' 

d Crater Hot sec. 25, 38 
s p r  i ng3 

e Crystal Hot sec. 12, 21-54 
springs3 T. 4 S., R. 1 Id. 

l a t  40° 29.1' 
long 1110 53.9'  

f Goshen Warm sec. 8, 21 
spr ings3 

g Lincoln Point sec. 2, 21-32 
Warm Springs3 T. 8 S., R. 1 'E. 

and 
sec. 3, Do 
T. 8 S., R. 1 E. 
l a t  40' 21.0' 
long 11l0 48.8' 

Fault-controlled 

Sandstone; 
fault-controlled 

- 
Valley f i l l ;  
fault-controlled 

Valley f i l l ;  
fault-controlled 

Colluvium; 
fault-controlled 

Valley fill 

Do 
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Name Locat ion  Temperature Geologic  Notes 
(OC) 

h S a r a t o  a Hot sec. 5, 44 Valley f i l l ;  
S p r i n g s  8 T. 5 S., R. 1 W .  f a u l t - c o n t r o l l e d  

l a t  40° 21.0t 
l ong  1110 54.4' 

i Warm Spr ings  a t  sec. 5, 21-24 Valley f i l l  
Goose Poin t3  T. 7 S . ,  R. 1 E. 

and 
sec. 8, Do Do 
T. 7 S., R. 1 E. 
l a t  40° 5.6' 
long  111° 52.Clt 

LMil l igan and others,  1966. Although these a u t h o r s  do n o t  g i v e  a 
s p e c i f i c  name for  the  warm s p r i n g s  on Bi rd  I s l a n d ,  t h e  d e s i g n a t i o n  
V i r d  I s l a n d  Warm Spr ingsvt  w i l l  be used f o r  convenience i n  t h i s  r e p o r t  
t o  i d e n t i f y  these warm s p r i n g s .  

%orris and Lovering,  1979. 

3Mundorf f , 1970. 
3 

3 

4The le t ter  d e s i g n a t i o n s  t'att,lvbll, etc. b e f o r e  t h e  names o f  the 
s p r i n g s  i n  t h i s  t a b l e  are used on t h e  map i n  F i g u r e  3 t o  i d e n t i f y  t h e  
l o c a t i o n s  o f  t h e  s p r i n g s .  

3 

3 

3 

3 , 
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Gravity Data 

The gravity data used i n  t h i s  report  consist  of a compilation of 

data from 1099 s ta t ions  obtained i n  four surveys by the following: 

Cook and Berg (1961 and 1972); 2) 

Meiiji Resource Consultants (1980); and 4) Davis (1981). Figure 3 

shows the areal  extent of  each survey and Table 2 gives the number of 

gravity s ta t ions  taken i n  each survey. 

fac ts  of a l l  gravity s ta t ions  is given i n  Appendix A. A t o t a l  of 37 o f  

the 1099 s ta t ions  are  omitted from the complete Bouguer gravity anomaly 

map (Plate  2) i n  order t o  facil i tat iz drafting because i n  some areas 

( a s ,  fo r  example, along cer ta in  prof i les)  the s ta t ions  were more 

closely spaced . 
complete Bouguer anomaly gravity malp (Plate  2) and the l i s t i n g  of 

principal fac ts  (Appendix A )  because the gravity values o f  these s ta-  

t i o n s  are  considered i n  error  due t o  mislocation of s ta t ions ,  erroneous 

elevation determinations, o r  possible instrument reading errors i n  the 

1) 

Applied Geophysics Inc. (1978); 3)  

A l i s t i n g  of the principal 

1 Also, 7 additional s ta t ions  are  omitted from the 

f i e ld  . 

'It should be noted tha t  these 37 s ta t ions  are inc luded  i n  the 
l i s t i n g  of the principal fac ts  o f  gravity s ta t ions  (Appendix A )  and 
were used as  needed i n  the analysis and intepretation of the gravity 
profiles. 
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Table 2. -- Sources o f  g r a v i t y  da ta  i n  t h e  study area. 

I n v e s t i g a t o r  or 
P r o j e c t  

Number o f  
St a t  i o n s  

Cook and Berg, 1961 anci 1972 357 

Appl ied Geophysics Inc. ,  1978 206 

M e i i j i  Resource Consul tants,  1980 478 

Davis, D. A., 1981 58 

Q 

0 
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Standard techniques were used i n  obtaining the gravity aata and i n  

standard techniques were used i n  the compilation ana reduction of oata 

t o  give complete Bouguer gravity anomaly values. The oe ta i l s  of these 

methods are given i n  Appendix B. 

complete Bouguer gravity anomaly map, w i t h  a contour interval  o f  2 mgal. 

Plate 2 shows the r e s u l t i n g  

Discussion - of Errors 

Errors associated w i t h  gravity data compilation ana reauction i n  

t h i s  s t u d y  are  a s  follows: 1) instrument e r ror ;  2) instrument a r i f t  

and t i d a l  variation; 3)  elevation determination; 4)  horizontal con- 

t r o l ;  5) assumed mean rock aensity; and 6)  errors  inherent i n  u s i n g  

the te r ra in  correction program. 

errors  is  given i n  Appendix C. 

error  of about 0.65 mgal t o  1.0 mgal (P,ppendix C )  i n  the complete 

Bouguer gravity anomaly value could result i f  a l l  sources o f  error  weIe 

t o  accumulate a t  one s ta t ion.  Hohever, i t  should be noted tha t  the 

accumulation o f  these errors  a t  one s ta t ion  is  unlikely. 

A more detailed discussion of these 

I n  t h i s  s t u d y ,  an estimatea maximum 

D e n s i t y  Measurements and Sample Collections 

E leven  rock samples were collected from outcrops w i t h i n  the s t u d y  

area i n  order t o  ascertain the r o c k  densi t ies  of t h e  pre-Mesozoic seai-  

mentary formations. 

t ion ,  rock type, and density o f  the rock samples collectea. 

Table 4 (Appendix D )  i s  a compilation o f  t h e  ioca- 

E i g h t  o f  

the samples were limestone, two we're sandstone, an0 one has quartzite.  

The average density for the limestone samples i s  2.61 gm/cc, the aver- 

age density for the sandstone samples i.s 2.42 gm/cc, ana t h e  d e n s i t y  

f o r  the quartzi te  sample is  2.70 gn/cc. I n  the modeling of  the gravity 

e 
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p r o f i l e s ,  a mean rock  dens i t y  value o f  2.67 gm/cc was used f o r  Paieo- 

z o i c  and o l d e r  formations. 

Also, dens i t y  measurements o f  i:he Pi2ckard Quar tz  L a t i t e  ( T e r t i a r y  

i n  age) were made i n  order  t o  f a c i . L i t a t e  t h e  modeling i n  Goshen Va l ley  

(see Table 4, Appendix D) .  

meters o f  each o ther .  

gm/cc. It should be noted t h a t  t h i s  average dens i t y  value agrees w e l l  

w i th  t h e  d ry  d e n s i t y  va lue  o f  2.47 gm/cc f o r  t h e  Packard Quartz L a t i t e  

as determined by M o r r i s  and LoveriiTg (1979, Table 2, p. 32). 

Four si2mples were se lec ted  wi th in a few 

The average dens i t y  o f  these samples i s  2.475 

Conse- 

quent ly ,  an assumed rock  dens i t y  value o f  2.47 gm/cc was used f o r  t h e  

Packard Quar t z  L a t i t e  i n  the  modeling o f  t h e  g r a v i t y  p r o f i l e s  i n  t h i s  

r e p o r t .  

D r i l l  Ho le  I n f o r m a t i o n  

The d r i l l  h o l e  i n f o r m a t i o n  u t i l i z e d  for  geo log ic  c o n t r o l  i n  t h e  

study area was obtained from: 12 se lec ted  water w e l l s  with depths 

g rea te r  than 240 m (800 f t) ;  a deep w i l a c a t  o i l  and gas t e s t  w e l l  

d r i l l e d  by Gulf Energy and Minera ls  Company near Spanish Fork, Utah in 

1977; and 3) a deep d r i l l  h o l e  f o r  ore e x p l o r a t i o n  i n  t h e  East T i n t i c  

min ing  d i s t r i c t  (Mor r i s  and Lover ing,  1979). 

these w e l l s  a re  shown i n  F igu re  2. 

from a l a r g e  number o f  w e l l s  because they a r e  among t h e  deepest i n  t h e  

1) 

2) 

The l o c a t i o n s  o f  a l l  o f  

The 12 water w e l l s  were se lec teo  

area and are  l o c a t e d  near t h e  p r o f i l e s  discussed i n  t h i s  r e p o r t .  

s i m p l i f i e d  l i t h o l o g i c  l o g s  o f  these w e l l s  a re  summarized i n  Appendix E. 

The 

- 

The Gulf Energy and Minera ls  Compariy #1 Bank e x p l o r a t i o n  w e l l  vias 

d r i l l e d  t o  a t o t a l  depth o f  13,OOCi f t  (3962 m )  ana bottomea i n  Miocene 
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sedimentary rock.  The d r i l l  ho le  i n f o r m a t i o n  from t h i s  w e l l  inc ludea:  

1) a l i t h o l o g i c  l o g ;  2) 

gamma); and 3) 

l o g .  

f i l l ,  as shown by t h i s  p a r t i c u l a r  w e l l  (:Fig. 9 ,  Appendix E ) ,  was 

a compensated fo rmat ion  dens i t y  l o g  (gamma- 

a simultaneous Compensated neutron- format ion aens i t y  

As a r e s u l t ,  t h e  dens i t y  p r o f i l e  and composi t ion o f  t h e  v a l l e y  

u t i l i z e d  i n  determin ing t h e  geo log ic  c ross  sec t i ons  o f  a l l  p r o f i l e s  i n  

t h i s  study. I t  should be noted t h a t :  l) i n  t h e  depth range 0 t o  500 

f t  (0  t o  152 m)  no l i t h o l o g y  l o g  was a v a i l a b l e ,  ana i n  t h e  depth range 

3300 t o  3400 f t  (1005 t o  1036 m)  t h e  b i t  was damaged, r e s u l t i n g  i n  a 

m i s i n t e r p r e t a t i o n  o f  h o l e  samples as noted by t h e  l i t h o l o g y  l o g ;  and 

2) i n  t h e  depth range 0 t o  500 f t  ( 0  t o  152 m) ana 2000 t o  6000 f t  

(610 t o  1830 m ) ,  no compensated fo:rmation dens i t y  or simulataneous 

compensated neutron- format ion dens i t y  l o g  was ava i l ab le .  

The deep o re  e x p l o r a t i o n  d r i l l  h o l e  [ t o t a l  depth o f  about 820 m 

(2700 f t ) ]  i n  t h e  East T i n t i c  min ing  d i ! ; t r i c t  was begun i n  Packard 

Quartz L a t i t e .  The h o l e  bottomed :in Packard Quartz L a t i t e  w i thou t  

encounter ing any o the r  fo rmat ion  ( M o r r i s  and Lovering, 1979) .  

G r a v i t y  Map and G r a v i t y  P r o f i l e s  

The reduced g r a v i t y  da ta  a re  p:cesented as a hand-contoured complete 

Bouguer g r a v i t y  anomaly map with a Z-mgial contour  i n t e r v a l  ( P l a t e  2 ) .  

I n  a d d i t i o n ,  5 g r a v i t y  p r o f i l e s  and assoc ia ted  i n t e r p r e t i v e  geo log ic  

cross sec t ions ,  a l l  o f  which t r e n d  genera l l y  east-west, a re  presentea. 

The geo log ic  c o n t r o l  f o r  t h e  geo lo i j i c  c ross  sec t i ons  comprises: 

t h e  genera l i zed  geology map ( P l a t e  2);  2 )  

Paleozoic  and laye red  Cenozoic rocks  i n  t h e  East T in t i c  min ing  a i s t r i c t  

1) 

t h e  columnar s e c t i o n  o f  

3 
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(F ig .  4); 3) 

1); 4) 

F ig .  9); and 5 )  

mining d i s t r i c t  (Mor r i s  and Loverinla, 1979). 

d e n s i t i e s  i n  t h e  i n t e r p r e t i v e  geololaic cross sec t i ons  was discussed i n  

t h e  prev ious  sec t ions  t i t l e d :  1) "Density measurements and sample 

12 water w e l l s  l o c a t e i j  throughout t h e  survey area ( P l a t e  

The Gu l f  Energy and Minera ls  Company 111 Bank w e l l  (Appendix E, 

a m ine ra l  e x p l o r a t i o n  ho le  l o c a t e d  i n  the  East T i n t i c  

The b a s i s  f o r  t he  assumed 

c o l l e c t i o n s I 1  and 2 )  I I D r i l l  hole in fo rmat ionv1.  

Q 

0 

63 



8 DATA 1NTE:RPRETAT I O N  

a 

3 

3 

3 

Gravj.ty Map 

General Features 

The complete Bouguer g r a v i t y  anomaly map o f  t h e  stuay area ( P l a t e  

21, which has a 2 mgal contour  i n t e r v a l ,  shows a p a t t e r n  o f  a l t e r n a t i n g  

g r a v i t y  lows and h ighs  over graben:; and ho rs ts ,  r e s p e c t i v e l y ,  which i s  

c h a r a c t e r i s t i c  o f  t h e  Basin and Range p:covince (Stewart, 1971). Also, 

t h e  zones or b e l t s  o f  c l o s e l y  spaced g r a v i t y  contours, which o e f i n e  

steep g r a v i t y  g rad ien ts ,  i n d i c a t e  .Large Basin ana Range f a u l t s  which 

occur between adjacent  grabens ana ho rs ts .  

g r a v i t y  contours have two dominant t rends  -- northwest-southeast ana 

northeast-southwest, with minor g m v i t y  l i n e a t i o n s  which t r e n d  nor th -  

sou th  and east-west. I n  t h e  no r the rn  p o r t i o n  o f  t h e  survey area, t h e  

p a t t e r n  c o n s i s t s  o f  widespread eloi7gate northwest-southeast t r e n d i n g  

g r a v i t y  h ighs  over t h e  Lake Mountains and t h e  Wasatch Range separatea 

by a l a r g e  s i m i l a r - t r e n d i n g  g r a v i t y  low over t h e  no r the rn  p a r t  o f  Utah 

Va l ley ;  and i n  t h e  southwestern p o r t i o n  o f  t h e  survey area, t h e  p a t t e r n  

c o n s i s t s  o f  e longate northeast-southwest t rendinG g r a v i t y  h ighs  over  

t h e  East T i n t i c  Mountains and Warm Spr ings  Mountain separated by a 

l a r g e  g r a v i t y  low over Goshen Va l ley .  

t rends  rough ly  p a r a l l e l  Sev ie r  orogenic  t rends  mappeo i n  t h i s  area by 

Eard ley ( 1 9 3 9 ) ,  i n d i c a t i n g  t h a t  t h e  Bas in  and Range normal f a u l t i n g  

p a t t e r n  may, i n  p a r t ,  be c o n t r o l l e a  by Sev ie r  orogenic t renos.  

I n  t h e  survey area, t h e  

Furthermore, these two aominant 
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The complete Bouguer g r a v i t y  anomaly values range from a maximum o f  

about -168 mgal over  t h e  southern p o r t i o n  o f  t h e  Lake Mountains on t h e  

west s i d e  o f  t h e  survey area t o  a minimum o f  about -224 mgal over t h e  

area j u s t  nor thwest  o f  Spanish Fork i n  Utah Va l ley .  

t h a t  l o c a l  anomalies a r e  superimposed on t h e  eas tern  margin o f  a 

r e g i o n a l  Bouguer g r a v i t y  h i g h  over t h e  Lake Bonnev i l l e  Basin; and t h a t  

r e g i o n a l  Bouguer g r a v i t y  anomalies e x h i b i t  an i nve rse  c o r r e l a t i o n  with 

t h e  r e g i o n a l  e l e v a t i o n  which apparent ly  i s  t h e  r e s u l t  o f  a com- 

p l e x  dens i t y  d i s t r i b u t i o n  i n v o l v i n i j  an inc rease i n  c r u s t a l  th ickness  

toward t h e  eas t  and v a r i a t i o n s  i n  (densi ty  o f  t h e  lower  c r u s t  ana upper 

mant le  (Montgomery, 1973; Eaton and o thers ,  1978). I n  p a r t i c u l a r ,  t h e  

r e g i o n a l  g r a v i t y  i s  assumed t o  decrease about 5 t o  6 mgal from t h e  East 

T i n t i c  Mountains t o  West Mountain (along p r o f i l e s  C-C1 and D-DI, and t o  

decrease about 16 mgal from West Mountain t o  t h e  Wasatch Range a long 

p r o f i l e  B-B1. 

I t  shoula be notea 

The major g r a v i t y  lows occur i n  t h e  southern p a r t  o f  Utah Va l l ey  

and i n  t h e  c e n t r a l  p a r t  o f  Goshen Va l ley  with minimum g r a v i t y  anomaly 

values o f  about -224 mgal and -204 mgal, respec t i ve l y .  

g r a v i t y  h ighs  occur over t h e  Lake Mountains, West Mountain, and t h e  

Wasatch Range with maximum g r a v i t y  anomaly va lues o f  about -168 mgal, 

-180 mgal, and -189 mgal, r e s p e c t i v e l y .  The s teepest  measureo g r a v i t y  

g rad ien ts  occur over t h e  Wasatch f a u l t  zone i n  t h e  area southeast o f  

Provo with a g rad ien t  o f  about 10 mgal/km and over t h e  Utah Lake f a u l t  

zone i n  t h e  area o f  Saratoga Hot Spr ings wi th  a g rad ien t  o f  about-9 

mgal/km. 

The major 
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Wasatch F a u l t  Zone 

The Wasatch f a u l t  zone i s  a t y p i c a l  Basin and Range normal f a u l t  

system which c o n s i s t s  o f  complexly b ra ided  f a u l t s  which d i p  approx i -  

mate ly  50-70' W (Eardley, 1939) .  Near t h e  mouth o f  Santaquin Canyon, 

one o f  t h e  f a u l t s  assoc iated wi th t h i s  f a u l t  zone e x h i b i t s  a v e r t i c a l  

throw o f  1680-2140 m (5500-7000 f t )  (Eardley, 1539). The hasatch f a u l t  

zone i s  one o f  t h e  dominant s t r u c t u r a l  f ea tu res  within t h e  stuay area 

and co inc ides  with a band o f  c l o s e l y  spaced g r a v i t y  contours which 

de f i nes  a l a r g e  g r a v i t y  g rad ien t  a long t h e  western margin o f  t h e  

Wasatch Range within t h e  survey aIea. I n  t h e  area southeast o f  Provo, 

a g r a v i t y  g rad ien t  o f  10 mgal/km is  observed. 

spaced g r a v i t y  contours associated wi th  t h e  Wasatch f a u l t  zone t renas  

northwest-southeast a long t h e  Wasatch Range from S p r i n g v i l l e  t o  

The band o f  c l o s e l y  

Alp ine.  

S p r i n g v i l l e ,  t h e  band o f  c l o s e l y  spaced g r a v i t y  contours a b r u p t l y  

However, a t  t h e  mouth o f  Hobble Creek Canyon j u s t  south o f  

changes i n  t r e n d  from northwest-southeast t o  northeast-southwest pa ra l -  

l e l  t o  t h e  Wasatch f a u l t  zone. At. t h e  mouth o f  Spanish Fork Canyon, 

t h e  g r a v i t y  contours a re  sharp ly  o f f s e t  toward t h e  n o r t h  because o f  a 

j u x t a p o s i t i o n  o f  east-west and northeast-southwest t r e n d i n g  f a u l t s  

which r e s u l t  i n  a sma l l  spur o f  bedrock j u t t i n g  o u t  i n t o  t h e  Utah 

Va l ley .  From t h e  mouth o f  Payson Canyon t o  t h e  mouth o f  Santaquin 

Canyon, t h e  t r e n d  o f  t h e  g r a v i t y  c:ontours associated with t h e  kasatch 

f a u l t  zone i s  2ot o n l y  i n f l u e n c e d  by t h e  Wasatch f a u l t  zone but a l s o  by 

a zone o f  east-west f a u l t s  as mapped by Eardley (1933) which a re  

be l i eved  t o  i n d i c a t e  a zone o f  weakness which e x i s t e o  be fo re  Bas in  ana 

Range f a u l t i n g .  The combination o f  these two s t r u c t u r a l  f ea tu res  de- 
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l i n e a t e  t h e  no r the rn  boundary o f  t h e  "Santaquin spur", which i s  a bed- 

rock  spur p r o j e c t i n g  westward from t h e  Wasatch Range and which was 

f i r s t  recognized and designated by G i l b e r t  (1428) .  

G i l b e r t ,  t h i s  spur i s  a l a r g e  f a u l t e d  b lock  which separatea from t h e  

main mountain b lock  and became lodi jed a t  an i n te rmed ia te  l e v e l  between 

t h e  mountain b lock  and t h e  v a l l e y  iblock t o  t h e  nor th .  

Canyon south  within t h e  s tudy area, t h e  Wasatch f a u l t  zone shows l i t t l e  

o r  no e f f e c t  on t h e  g r a v i t y  data; however, i t  shoula be noted t h a t  t h e  

g r a v i t y  da ta  a re  sparse i n  t h i s  area. 

According t o  

From Santaquin 

Utah Lake F a u l t  Zone 

The Utah Lake f a u l t  zone, f i r s t  designate0 by Cook and Berg (19611, 

i s  i n d i c a t e d  by one o f  t h e  most dominant b e l t s  o f  g r a v i t y  contours i n  

t h e  survey area which t rends  n o r t h  from Santaquin, through Hol laday 

Spr ings,  a long t h e  eas tern  margin o f  West Mountain, through t h e  thermal  

sp r ings  a t  L i n c o l n  P o i n t ,  through t h e  B i r d  I s l a n d  Warm Springs, ano 

then  cont inues with a northwest-sclutheast t r e n d  through Saratoga Hot 

Spr ings and Crater Hot Springs. 

f a u l t  zone beneath t h e  c e n t r a l  and nor thwestern p a r t s  o f  Utah Lake i s  

lhe  exact location o f  the  Utah Lake 

Q 

0 

4d 

unknown due t o  t h e  l a c k  o f  g r a v i t y  da ta  over t h e  lake.  

a t i o n  o f  t h e  g r a v i t y  contours -- m u  hence t h e  Utah Lake f a u l t  zone -- 

from Bird I s l a n d  through t h e  Sarat:oga Hot Spr ings and Cra te r  Hot 

The cont inu-  

Spr ings area i s  supported by t h e  f 'ol lowing: 1) t h e  ex is tence o f  t h e r -  

mal sp r ings  a long t h i s  band o f  g r a v i t y  contours; 2) t h e  g r a v i t y  g I a a i -  

e n t  which i s  f i r m l y  es tab l i shed  by many g r a v i t y  s t a t i o n s  on or  near t h e  

shores o f  Utah Lake; 3) a f a u l t  scarp a long t h e  eas tern  margin o f  Nest 

Mountain (Eaton, 1929) ;  and 4) a mappea f a u l t  i n  t h e  Pe l i can  H i l l s  on 
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t h e  eas t  margin o f  t h e  Lake Mountahs  (Bu l l ock ,  1951). 

noted t h a t  t h e  l o c a t i o n  o f  t h e  thermal  sp r ings  a long t h e  Utah Lake 

It shoulo be 

f a u l t  zone i s  genera l l y  a long t h e  western margin o f  t h e  b e l t  o f  c l o s e l y  

spaced g r a v i t y  contours. 

Nor th  o f  Saratoga Hot Spr ings the  Utah Lake f a u l t  zone d i v i d e s  i n t o  

two d i f f e r e n t  branches which are  i i7d icated by two separate banos o f  

g r a v i t y  contours. 

westward over t h e  Bever ly  H i l l s  arlsa, where high-angle f a u l t s  occur 

(Madsen, 1952), and over t h e  western p a r t  o f  t h e  Traverse Mountains, 

and then  nor thward ( o f f  t h e  map i n  P l a t e  2), even tua l l y  t o  become p a r t  

o f  a band o f  c l o s e l y  spaced g r a v i t y  contours (Cook and Berg, 1961) 

which are  associated with a f a u l t  zone which separates t h e  Jordan 

Va l l ey  graben from t h e  Oqu i r rh -Bou l te r -T in t i c  f a u l t  b lock .  The o t h e r  

band o f  g r a v i t y  contours t rends  n o r t h e r l y  a long t h e  western margin o f  

t h e  Traverse spur ( i .e.,  t h e  eas tern  segment o f  t h e  Traverse Moun- 

t a i n s ) .  

arcuate manner t o  even tua l l y  j o i n  t h e  band o f  eas t - t rend ing  g r a v i t y  con- 

t o u r s  which d e l i n e a t e  t h e  f a u l t  zone which forms t h e  southern boundary 

o f  t h e  Jordan Va l l ey  graben. 

Spr ings,  shown on P l a t e  2 near t h e  Utah S t a t e  P r i s o n  i n  Jordan Va l l ey ,  

One band o f  g r a v i t y  contours cont inues f i r s t  nor th -  

Then, t h i s  band o f  g r a v i t y  contours t rends  nor thwester ly  i n  an 

I t  should be noted t h a t  t h e  C r y s t a l  Hot 

a re  c o n t r o l l e d  by t h i s  f a u l t  zone. 

Q 
Utah Va l ley  Graben 

The Utah Va l l ey  graben i s  i n d i c a t e d  by an e longate nor th-south t o  

northwest-southeast t r e n d i n g  p a t t e r n  o f  two g r a v i t y  lows ana two 

bounding se ts  o f  g r a v i t y  contours associated with t h e  Utah Lake f a u l t  

zone on t h e  west and t h e  Wasatch f ' a u l t  zone on t h e  east .  It shoula be 

Q 
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noted t h a t  because the re  were no g r a v i t y  da ta  a v a i l a b l e  over Utah Lake, 

t h e  contours were evenly  spaced between known g r a v i t y  data; and t h i s  

r e s u l t e d  i n  t h e  contour ing  o f  two g r a v i t y  lows ins tead  o f  t h e  one 

g r a v i t y  low contoured by Cook and Ejerg (1961). 

low, south o f  American Fork, shows a c losu re  o f  about 8 mgal ana a 

complete Bouguer g r a v i t y  anomaly msnimum value o f  -220 mgal; ana t h e  

southern g r a v i t y  low, l y i n g  n o r t h  o f  Spanish Fork, shows a c losu re  o f  

about 12 mgal and a g r a v i t y  anomaly minimum value o f  approximately 

-224 mgal. 

e longate g r a v i t y  low approximately 35 m i  (55 km) l o n g  and 10 m i  (16 km) 

wide with a c l o s u r e  o f  about 16 mgal. I t  should be noteo t h a t  a l though 

two g r a v i t y  lows were contoured over t h e  Utah Va l ley  graben (suggest in5 

t h e  p o s s i b i l i t y  o f  two b locks  i ns teao  o f  one) one l a r g e  b lock  i s  

assumed. 

graben i s  composed o f  two separate b locks.  

t h e  Utah Va l l ey  graben may be t i l t e d  toward t h e  southeast as i n d i c a t e d  

by t h e  complete Bouguer g r a v i t y  anomaly minimum (-224 mgal) assoc iatea 

with t h e  g r a v i t y  low l y i n g  n o r t h  o f  Spanish Fork. 

The no r the rn  g r a v i t y  

Together t h e  two g r a v i t y  lows combine t o  form a l a r g e  

Th is  does n o t  prec lude t h e  p o s s i b i l i t y  t h a t  t h e  Utah Va l l ey  

The b lock  associatea with 

The Utah Va l l ey  graben i s  bounijed on t h e  n o r t h  and south  by g r a v i t y  

saddles t r e n d i n g  east-west. The g r a v i t y  saddle d e l i n e a t i n g  t h e  no r the rn  

margin o f  t h i s  graben has been a s s l x i a t e d  with t h e  Traverse spur, ana 

t h e  southern g r a v i t y  saddle with t h e  Santaquin spur (Cook and Berg, 

1961). 

G i l b e r t  (1928),  a r e  bedrock s a l i e n t s  p r o j e c t i n g  westward from t h e  

These spurs, which were o r i g i n a l l y  recognize0 ana oesignatea by 

Wasatch Range which he i n t e r p r e t e d  t o  be b locks  downoropped t o  an i n t e r -  

mediate l e v e l  between t h e  Wasatch Range b lock  and t h e  v a l l e y  b locks .  
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The eas tern  and southeastern margin o f  t h e  Utah Va l ley  graben i s  ae l i ne -  

a ted  by a band o f  c l o s e l y  spaced g r a v i t y  contours i n d i c a t i v e  o f  a l a r g e  

g r a v i t y  g rad ien t  assoc iated with t h e  Wasatch f a u l t  zone as mappeo by 

Hunt and o the rs  (1953). The g r a v i t y  contours associatea with t h e  

southern margin o f  t h e  Utah Va l l ey  graben i s  markedly d iscont inuous  i n  

t r e n d  and i s  probably  i n f l uenced  bly t h r e e  s t r u c t u r a l  elements: 

Santaquin spur, which i s  essential.Ly a s e r i e s  o f  bearock b locks  sepa- 

r a t e d  by a t  l e a s t  two nor th-south t rend ing  f a u l t s  ( G i l b e r t ,  1928); 2) a 

s e r i e s  o f  east-west f a u l t s  l oca ted  between t h e  mouths o f  Payson Canyon 

and Santaquin Canyon (Eardley, 1933); and 3)  t h e  Wasatch f a u l t  zone, 

which t rends  rough ly  nor theas t  i n  t h i s  reg ion .  

1) t h e  

The western marg in o f  t h e  Utah Va l l ey  graben i s  ae l i nea ted  by t h e  

g r a v i t y  contours assoc ia ted  with t h e  Utah Lake f a u l t  zone which extencls 

n o r t h  from Santaquin, a long t h e  eas te rn  margin o f  hes t  Mountain, 

through t h e  c e n t r a l  p a r t  o f  Utah Lake, and then cont inues with no r th -  

westward t r e n d  through Saratoga Hot Springs. Along t h e  western marg in 

o f  t h e  Utah Va l l ey  graben i n  t h e  P e l i c a n  P o i n t  area, t h e  g r a v i t y  anom- 

a l y  contours show a t o t a l  r e l i e f  o f  approx imate ly  40 mgal. 

Only one deep o i l  and gas w e l l  t e s t  i s  known within t h e  Utah Va l l ey  

graben. Th is  w e l l  i s  t h e  Gulf Energy and M ine ra l s  Company fl Bank w e l l  

(Appendix E, F ig .  ll), nor thwest  o f  Spanish Fork ,  which bottomed 

i n  rock  o f  Miocene age a t  a t o t a l  depth o f  13,000 f t  (3,900 m). 

Goshen Va l l ev  Graben 

The Goshen Va l l ey  graben i s  i n d i c a t e d  on t h e  complete Bouguer 

g r a v i t y  anomaly map ( P l a t e  2) by f'our g r a v i t y  lows l oca tea  i n  t h e  south- 

western p o r t i o n  o f  t h e  survey area, which together  t r e n d  genera l l y  



37 

3 

3 

3 

3 

Q 

0 

i 

nor th-south t o  northeast-southwest. 

graben i s  complex and apparent ly  cons i s t s  e s s e n t i a l l y  o f  f o u r  s t ruc -  

t u r a l  b locks,  each of which i s  d isp laced downward a t  var ious  l e v e l s  

with respect  t o  each other .  

designated as: 1 )  t h e  Nor th Goshen p la t fo rm;  2) the East Goshen 

p la t fo rm;  3) 

these b locks  are  designated l1aV1, llbll 9 llcll , and lidti, r e s p e c t i v e l y ,  on 

The g r a v i t y  da ta  i n d i c a t e  t h a t  t h e  

These : s t ruc tu ra l  b locks  a re  h e r e i n  

t h e  West Goshen bench:; and 4) the South Goshen b lock  -- 

P l a t e  2. 

The Nor th  Goshen p l a t f o r m  is the northernmost b lock  and i s  de l i ne -  

a ted  by t h e  f o l l o w i n g  g r a v i t y  features:  

eas t - t rend ing  band o f  g r a v i t y  con toms  along t h e  southern margin o f  t he  

g r a v i t y  saddle which extends southeastward from the  Mosida H i l l s ;  2 )  

on t h e  east, by a sma l l  band o f  g r a v i t y  contours a long t h e  southwestern 

margin o f  West Mountain and the  extreme nor thwestern margin o f  Warm 

Spr ings Mountain; and 3) on t h e  soiuthwest, by a southeast - t rending 

band of c l o s e l y  space g r a v i t y  contolms which separate t h i s  p l a t f o r m  

from t h e  East Goshen p l a t f o r m  and t h e  South Goshen b lock  (bo th  o f  which 

w i l l  be discussed p resen t l y ) .  

p la t fo rm,  two minor g r a v i t y  lows d e f i n e  a sma l l  east-west l ineament.  

The western g r a v i t y  low shows a c losu re  o f  approximately 2 mgal, where- 

as t h e  eastern g r a v i t y  low shows a c losure  o f  about 4 mgal; t h i s  

fea ture  suggests a t i l t i n g  o f  the Nor th  Goshen p l a t f o r m  toward t h e  east.  

1) on t h e  no r th ,  by a sma l l  

I n  add i t i on ,  within t h e  N o r t h  Goshen 

The East Goshen p l a t f o r m  i s  t h e  easternmost b lock  which, l y i n g  

southeast o f  t h e  Nor th  Goshen p la t fo rm,  has been downdropped r e l a t i v e  

t o  t h e  Nor th  Goshen p la t fo rm.  

eas t  by the Long Ridge f a u l t ,  mapped by Eaton (1929), which i s  i n d i -  

ca ted  by a cresent-shaped band of c l o s e l y  spaced g r a v i t y  contours which 

The East Goshen p l a t f o r m  i s  bound on the 
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i s  concave toward t h e  west and which i s  assoc iated wi th t h e  Goshen Warm 

Springs. 

no r th - t rend ing  band o f  c l o s e l y  spaced g r a v i t y  contours which separates 

t h i s  p l a t f o r m  from t h e  South Goshen b lock .  

Goshen p l a t f o r m  conta ins  a minor g r a v i t y  low with a c losu re  o f  about i 

mgal which i s  i n t e r p r e t e d  t o  be associated with a sma l l  downdroppea 

b lock  within t h e  p la t fo rm.  

On t h e  west, t h e  East Golshen p l a t f o r m  i s  de l i nea ted  by a 

I n  add i t i on ,  t h e  East 

The West Goshen bench i s  a narrow e longate nor th -nor theas tern  

t r e n d i n g  s t r u c t u r a l  b l o c k  a long t h e  western margin o f  t h e  Goshen Va l l ey  

graben. 

nor theas tern  t r e n d i n g  bands o f  c l o s e l y  spaced g r a v i t y  contours which 

i n d i c a t e  two l a r g e  f a u l t  zones, which a re  h e r e i n  designatea as t h e  

"East T i n t i c  Mountains f a u l t  zone" and t h e  lfGoshen Va l l ey  f a u l t  zone1', 

r e s p e c t i v e l y .  

The b lock  i s  de l ineated  01-1 t h e  west and eas t  by two nor th -  

The South Goshen b lock  i s  i n d i c a t e d  by t h e  nor th -nor theas tern  

t r e n d i n g  g r a v i t y  low, wi th  a c losu re  o f  more than 6 mgal, which extenos 

throughout t h e  c e n t r a l  p a r t  o f  Goshen Va l ley .  The g r a v i t y  m i n i m u m  l i e s  

about 2 m i  (3.3 km) no r theas t  o f  tine town o f  E lber ta .  The asymmetrical 

shape o f  t h e  g r a v i t y  low, with t h e  s teepes t  g r a v i t y  g rad ien ts  on t h e  

eas t  and nor theas tern  s ides,  suggests a t i l t i n g  o f  t h e  b lock  towara t h e  

nor theas t .  It should be noted t h a t  t h e  South Goshen b lock  is aown- 

dropped r e l a t i v e  t o  each o f  t h e  o t h e r  t h r e e  s t r u c t u r a l  b locks  j u s t  

discussed: 

p l a t f o r m  (on t h e  eas t ) ,  and t h e  West Goshen bench (on t h e  west). 

Furthermore, on t h e  west, t h e  South Goshen b lock  i s  bouncr by t h e  f a u l t  

zone h e r e i n  p rev ious l y  designatea as t h e  IIGoshen Va l l ey  f a u l t  zone1'. 

t h e  Nor th  Goshen p l a t f o r m  (on  t h e  no r th ) ,  t h e  East Goshen 
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The deepest b o r i n g  within t h e  Goshen Va l l ey  graben i s  t h e  m ine ra l  

e x p l o r a t i o n  h o l e  no ted  by M o r r i s  and Lover ing  (1474)  l o c a t e d  on t h e  

western margin o f  t h e  graben i n  t h e  f o o t h i l l s  of t h e  East T i n t i c  

Mountains which s t a r t e d  i n  Packard Quar t z  L a t i t e  ana bottomea i n  

Packard Quartz l a t i t e  a t  a depth 07 about 2700 ft (820 m).  

bo r ings  c o n s i s t  o f  water w e l l s  which bottomed i n  unconsol idated v a l l e y  

f i l l  except f o r  one w e l l  south o f  t l l b e r t a  which bottomea i n  vo l can ic  

rock  a t  344 f t  (100 m) .  

geology and depths t o  bedrock i s  g.iven i n  t h e  d iscuss ion  p e r t a i n i n g  t o  

p r o f i l e s  C-C ' ,  D-DI, and E-El. 

Other 

A more comprehensive exp lanat ion  o f  t h e  

Wasatch Range Hors t  

The Wasatch Range, which was f i r s t  designated as a h o r s t  by G i l b e r t  

(1928), i s  bounded on t h e  west by .the Wasatch f a u l t  zone ( P l a t e  2 ) .  

Only a segment o f  t h e  western p a r t  o f  t h e  Wasatch Range h o r s t  l i e s  

within t h e  s tudy area. 

Along t h e  nor theas tern  margin o f  t h e  survey area, a l a r g e  segment 

o f  t h e  Wasatch Range h o r s t  coincidins w i th  a broad e longate northwest- 

southeast t r e n d i n g  g r a v i t y  h i g h  with a known c losu re  o f  a t  l e a s t  8 mgal 

and a maximum Bouguer g r a v i t y  anomaly va lue o f  about -188 mgal. On t h e  

nor theas tern  margin o f  t h i s  g r a v i t y  h igh ,  a genera l  p a r a l l e l i s m  occurs 

between t h e  g r a v i t y  contours and t h e  Deer Creek and Char leston t h r u s t s ;  

and on t h e  eas tern  margin o f  t h i s  g r a v i t y  h igh ,  a genera l  p a r a l l e l i s m  

occurs between t h e  nor th-south t r e n d i n g  g r a v i t y  contours ana t h e  t renas  

o f  t h e  West Aspen Grove and t h e  Aspen Grove f a u l t s .  

reg ion ,  t h e  data a re  so sparse because o f  d i f f i c u l t y  o f  access t h a t  any 

d i r e c t  c o r r e l a t i o n  between t h e  mapped s t r u c t u a l  f ea tu res  ana t h e  

However, i n  t h i s  
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g r a v i t y  contours i s  u n c e r t a i n  anG specu la t i ve .  Along t h e  eas tern  and 

southeastern p a r t s  o f  t h e  survey area, the maximum g r a v i t y  anomaly 

values over  t h e  Wasatch Range h o r s t  range from -200 mgal over t h e  

Spanish Fork Canyon r e g i o n  t o  -192 mgal over t h e  Payson Canyon reg ion .  

Lake Mountains Hors t  

The Lake Mountains ho rs t ,  which l i e s  a long t h e  western margin o f  

t h e  s tudy area, i s  i n d i c a t e d  by a p a i r  o f  nor th-south t r e n d i n g  g r a v i t y  

h ighs  which o v e r l i e  t h e  Lake Mcuntains and which range from -170 mgal 

on t h e  south t o  -178 mgal on t h e  no r th .  The Lake Mountains h o r s t  

c o n s i s t s  o f  Paleozoic  rocks  which have been fo laea,  then f a u l t e o .  

decrease i n  g r a v i t y  va lues toward t h e  n o r t h  representea by t h e  two 

The 

g r a v i t y  h ighs,  separated by an east-west t r e n d i n g  g r a v i t y  g r a a i e n t  may 

be t h e  r e s u l t  o f :  

t h e  nor th ;  2) 

1) p lung ing  o f  t h e  Lake Mountains s y n c l i n e  towaro 

two t e a r  f a u l t s  on t h e  west s i d e  o f  t h e  Lake Mountains 

h o r s t  which have been downdropped *coward t h e  south  (Bu l lock ,  1951); 3 )  

t h r u s t  f a u l t i n g  which i s  ev ident  i n  t h e  Cedar Va l l ey ,  Pe l i can  P o i n t ,  

and Bever ly  H i l l s  area (Bu l lock ,  1!351); o r  4) a combination o f  a l l  

these fac to rs .  The no r the rn  marg in o f  t h e  Lake Mountains h o r s t  i s  

i n d i c a t e d  by a nor thwest- t rending band o f  g r a v i t y  contours associate0 

with t h e  western branch o f  t h e  Utal-t'Lake f a u l t  zone, whereas t h e  

eas tern  margin o f  t h e  h o r s t  i s  i n d i c a t e d  by t h e  nor th-south t r e n o i n g  

band o f  g r a v i t y  contours with a stlzep g r a v i t y  g rad ien t  associateci with 

t h e  Utah Lake f a u l t  zone. 

Mountains h o r s t  i s  de l i nea ted  by a northeast-southwest t r e n a i n g  bano of 

g r a v i t y  contours wi th  a steep g r a v i t y  g rad ien t  which i n d i c a t e s  t h e  

bounding f a u l t  between t h e  h o r s t  and t h e  v a l l e y  f l o o r .  

The southeastern margin o f  t h e  Lake 

The southern 

3 
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margin o f  t h e  h o r s t  i s  i n d i c a t e d  by a southeast-northwest t r e n d i n g  bano 

o f  g r a v i t y  contours which form a re -en t ran t  which separates t h e  Lake 

Mountains h o r s t  on t h e  n o r t h  from t:wo northeast-southwest t r e n o i n g  

g r a v i t y  h ighs  associated with t h e  Greeley H i l l  and Mosiaa H i l l s  b locks  

on t h e  south. 

Greeley H i l l  and Mosida H i l l s  Bloc& 

The Greeley H i l l  and Mosida HiILls b locks  are  i n d i c a t e d  by two sma l l  

northeast-southwest t r e n d i n g  gravi1:y h ighs  which o v e r l i e  Greeley H i l l  

on t h e  west and t h e  Mosida H i l l s  on t h e  eas t  j u s t  south o f  t h e  Lake 

Mountains h o r s t .  

l e n g t h  and has a c losu re  o f  a t  1ea:;t 4 mgal; each o f  t h e  g r a v i t y  h ighs  

e x h i b i t s  a complete Bouguer g r a v i t y  anomaly va lue o f  about -168 mgal. 

Furthermore, each h o r s t  cons i s t s  e s s e n t i a l l y  o f  f o lded  and f a u l t e d  

Paleozoic  rocks.  

l y i n g  between t h e  Greeley H i l l  blol=k and t h e  Mosida H i l l s  b lock  i s  

e s s e n t i a l l y  co inc iden t  wi th  t h e  T i i i t i c  P r ince  f a u l t  -- a r i g h t - l a t e r a l  

shear f a u l t  mapped by M o r r i s  and Ll3vering (1961). 

Each o f  t h e  g r a v i t y  h ighs  i s  seve ra l  k i l o m e t e r s  i n  

The e longate nor th -nor theas t  t r e n d i n g  g r a v i t y  saoole 

The no r the rn  margin o f  these two b locks  i s  co inc iden t  wi th  a 

g r a v i t y  g rad ien t  assoc iated with t h e  southern margin o f  t h e  Lake 

Mountains ho rs t .  The band o f  c l o s e l y  spacea g r a v i t y  contours with a 

s teep g r a v i t y  g rad ien t  a long t h e  eas t  s i d e  o f  t h e  Mosiaa H i l l s  b lock  

i n d i c a t e s  a marg ina l  f a u l t  zone, h e r e i n  designatea as t h e  "Mosida H i l l s  

f a u l t  zonell, which separates t h e  Mosida H i l l s  b lock  from what i s  pos- 

t u l a t e d  t o  be a t i l t e d  ( t o  t h e  west) b lock  under t h e  southwestern arm 

o f  Utah Lake i n  t h e  area west o f  West Mountain. 

t h e  Mosida H i l l s  b lock  i s  de l i nea ted  by an east-west t r e n d i n g  bano o f  

The southern margin of 
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g r a v i t y  contours which i s  i n d i c a t i v e  o f  t h e  o f f s e t  f a u l t i n g  t h a t  i s  

assoc iated with t h e  en echelon f a u . l t i n g  t h a t  i s  i n t e r p r e t e d  a t  t h e  

no r the rn  end o f  t h e  East T i n t i c  Mountains f a u l t  zone and t h e  southern 

end o f  t h e  Mosida H i l l s  f a u l t  zone. 

H i l l  b lock  i s  de l i nea ted  by an east-southeast t r e n d i n g  band o f  c l o s e l y  

spaced g r a v i t y  contours which ind i i za te  a f a u l t  zone; bu t ,  no f a u l t  w i th  

t h i s  t r e n d  was mapped i n  t h i s  area by M o r r i s  and Lover ing (1961, 

1979). It should be noted t h a t  t h i  East T i n t i c  Mountains h o r s t ,  t h e  

Lake Mountains h o r s t ,  t h e  Greeley I i i l l  b lock ,  and t h e  Mosida H i l l s  

b lock  together  apparent ly  form t h e  eas tern  margin o f  one o f  t h e  g rea t  

s t r u c t u r a l  b locks  i n  t h e  reg ion ,  dlesignated by Cook and Berg (1961) as 

t h e  vvOquirrh-Boulter-Tintic f a u l t  b lockvv which, accord ing t o  them, i s  

The southern margin o f  t h e  Greeley 

bounded on t h e  west by t h e  Oqu i r rh -Bou l te r -T in t i c  f a u l t  zone. 

East T i n t i c  Mountains Hors t  

The East  T i n t i c  Mountains h o r s t  i s  i n d i c a t e d  by a prominent nor th -  

nor theas t  t r e n d i n g  g r a v i t y  nose i n  t h e  southwestern p o r t i o n  o f  t h e  

survey area, over  which t h e  complete Bouguer g r a v i t y  values oecrease 

from -176 mgal i n  t h e  n o r t h  t o  -190 mgal i n  t h e  south. 

g r a v i t y  values toward t h e  south may be i n d i c a t i v e  o f  a t h i c k e n i n g  o f  

vo l can ic  rocks  or  a change i n  t h e  d e n s i t y  s t r u c t u r e  oue t o  t h r u s t i n g  in 

t h i s  reg ion ,  or  a combination o f  bo th  o f  these e f fec ts .  Furthermore, 

t h e  h o r s t  may be considered as a southern c o n t i n u a t i o n  o f  t h e  Greeley 

The aecrease i n  

H i l l  and Mosida H i l l s  ho rs ts .  The East  T i n t i c  Moutains h o r s t  i s  com- 

posed e s s e n t i a l l y  o f  Paleozoic  rocks  ( P l a t e  2) which have n o t  o n l y  been 

thrust f a u l t e d ,  b u t  a l s o  fo lded,  b lock  f a u l t e d ,  and coverea by T e r t i a r y  

vo l can ic  rocks  (Mor r i s  and Lover ing,  1979). A major nor theast -south-  
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west t r e n d i n g  band o f  c l o s e l y  spaced g r a v i t y  contours which extends 

a long t h e  eas tern  margin o f  t h e  East T i n t i c  Mountains i n d i c a t e s  a f a u l t  

zone which de l i nea tes  t h e  eas tern  boundary of t h e  East T i n t i c  Mountains 

h o r s t  and t h e  western boundary o f  t h e  Goshen Va l l ey  graben. Th is  f a u l t  

zone has p rev ious l y  been designatel l  h e r e i n  as t h e  East T i n t i c  Mountains 

f a u l t  zone. 

with a nor theas t - t rend ing  band o f  ic lose ly  spaced g r a v i t y  contours 

(which, t o  t h e  no r th ,  i s  associated with t h e  Goshen Va l l ey  f a u l t  zone) 

South o f  Highway 50, t h i s  band o f  g r a v i t y  contours merges 

i n  such a manner t h a t  t h e  i n d i v i d u 3 1  d e f i n i t i o n  o f  t h e  East T i n t i c  

Mountains f a u l t  zone becomes vague because o f  t h e  e s s e n t i a l l y  constant  

spacing o f  t h e  g r a v i t y  contours i n  t h i s  reg ion .  

t h a t  t h e  r e s u l t s  o f  t h e  i n t e r p r e t a t i o n  a long p r o f i l e s  C-C' ana D-D' a i a  

i n  d e l i n e a t i n g  t h e  l o c a t i o n  o f  t h e  East T i n t i c  Mountains f a u l t  zone. 

It shoula be notea 

West Mountain Hors t  

A g r a v i t y  h i g h  o f  -180 mgal, t r e n d i n g  nor th-south with a c losu re  of 

4 mgal, o v e r l i e s  West Mountain i n  t h e  c e n t r a l  p a r t  o f  t h e  survey area. 

The h o r s t  i s  bounded on t h e  eas t  tly t h e  Utah Lake f a u l t  zone and on t h e  

west by a f a u l t  i n f e r r e d  by Eaton (1929) on t h e  bas i s  o f  an abrupt  

scarp on t h i s  s i d e  o f  t h e  mountain. 

sence o f  a steep g r a v i t y  g rad ien t  on the,west  f l a n k  o f  West Mountain is 

It shoula be notea t h a t  t h e  ab- 

i n d i c a t i v e  o f  a th in  veneer o f  sediments over  bedrock an6 ooes n o t  

necessa r i l y  negate t h e  presence of' a b u r i e d  f a u l t  i n  t h i s  reg ion .  The 

no r the rn  boundary o f  t h i s  h o r s t  i s  n o t  w e l l  de l i nea ted  by t h e  g r a v i t y  

3 data. 

'\ A broad g r a v i t y  low, with a c losu re  o f  4 mgal, o v e r l i e s  t h e  south- 

western arm of  Utah Lake i n  t h e  area l y i n g  west o f  bes t  Mountain ana 

3 
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probably indicates a block which has been oownaroppea re la t ive  t o  the 

Mosida Hills on the west and West Mountain on the east .  

margin of the block is  delineated b y  a bana o f  closely spaceo gravity 

contours along the eastern margin o f  the Mosiaa Hills, which inaicates 

a f au l t  zone previously designated herein a s  the Mosida Hills f au l t  

zone. 

west s ide of West Mountain, as  previously discusseo. 

gentle gravity gradient associated w i t h  t h e  gravity contours on t h e  

eastern margin of the block and the steep gravity gradient associate0 

w i t h  the gravity contours on the wizstern margin of the block suggests 

tha t  the block may be t i l t e d  toward the west. The south enu of t h e  

downdropped block is  indicated by i3 small gravity saddle which l i e s  

along the southern margin o f  the above-mentioned small gravity low. 

T h i s  gravity saddle a lso indicates t ha t  the downoropped block is prob- 

ably separate and d i s t inc t  from the s t ruc tura l  block lying immeaiately 

south of the gravity saddle, which was previously designated herein as  

The western 

The block is  bound on the ei3S.t by the inferred f au l t  along the 

Furthermore, the 

the North Goshen platform. 

East-West Gravity Trends 

On a gravity anomaly contour miap, s t ruc tura l  trenas are  often inci i -  

cated by a systematic arrangement iif features ox patterns of gravity 

contours which is related t o  corresponding contrasts of density i n  the 

underlying rocks o f  the survey a r m .  

indicate such s t ructural  trends inIAude: 1) alignment of the gravity 

contours; 2) 

a t i c  termination or abrupt changes of gravity anomalies -- e i ther  

gravity h i g h s  o r  lows. 

The gravity features which may 

systematic offset  o f  the gravity contours; ana 3 )  system- 

3 
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Two east-west g r a v i t y  t rends  a r e  ev iden t  i n  t h e  southern p a r t  o f  

t h e  survey area on t h e  complete BolJguer g r a v i t y  anomaly map ( P l a t e  2 ) .  

One o f  these t rends  l i e s  south o f  t h e  Greeley H i l l  h o r s t ,  t h e  Mosiaa 

H i l l s  h o r s t ,  and t h e  western arm o f  Utah Lake, between t h e  western mar- 

g i n  o f  t h e  East T i n t i c  h o r s t  and West Mountain. 

g r a v i t y  t r e n d  i s  i n d i c a t e d  n o t  o n l y  by a narrow band o f  g r a v i t y  con- 

t o u r s  which a r e  i n t e r p r e t e d  t o  i n d i c a t e  a marg ina l  f a u l t  which sepa- 

r a t e s  t h e  Greeley H i l l  and Mosida H i l l s  h o r s t s  from t h e  East T i n t i c  

Mountains h o r s t ,  but a l s o  by a sma l l  g r a v i t y  saddle between t h e  Goshen 

Va l l ey  graben on t h e  south and a s ina l l  g r a v i t y  low on t h e  no r th .  

Furthermore, t h e  

The 

o the r  east-west 

band o f  g r a v i t y  

t h e  Utah Va l l ey  

(1933). 

g r a v i t y  t r e n d  i s - i n d i c a t e d  by an east-west t r e n o i n g  

contours which co inc ides  with t h e  southern margin o f  

graben and a zone o f  east-west f a u l t s  mapped by Earu ley 

Furthermore, t h e  two g r a v i t y  t rends  l i e  within and a r e  p a r a l l e l  t o  

t h e  Deep Creek-T in t i c  b e l t ,  which i s  a 50-65 km (30-40 m i )  wiae b e l t  

a long l a t i t u d e  40°N. charac ter ized  by an east-west al ignment o f  

i n t r u s i v e  bodies,  and m e t a l l i c  and nonmeta l l i c  depos i ts  ( H i l p e r t  ano 

Roberts, 1964; Stokes, 1968) which i s  a l s o  c o i n c i d e n t a l  with (1) a much 

l a r g e r  r e g i o n a l  east-west g r a v i t y  l i n e a t i o n  (Cook and Montgomery, 1972; 

Montgomery, 1973), (2)  a s e r i e s  o f  east-west t r e n d i n g  magnetic h ighs  

(Mabey and o thers ,  1964; Z e i t z  and o thers ,  1969; Stewart and o thers ,  

19771, and (3) east-west se ismic t rends  (Kas t r insky ,  1977; McKee, 

1982). 

c i d e n t  with t h e  n o r t h  end o f  t h e  T i n t i c  Mountains, t h e  Santaquin Spur, 

and t h e  south  end o f  t h e  Utah Va l l ey  graben (Montgomery, 1973) ana as 

The l a r g e  r e g i o n a l  east-we:;t g r a v i t y  l i n e a t i o n  i s  a l s o  co in -  
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such i s  be l i eved  t o  c o n t r o l  t h e  o f f s e t  o f  t h e  Wasatch Range ana t h e  

n o r t h  and south t e r m i n i  o f  t h e  Basin and Range grabens and h o r s t s  

l oca ted  a long l a t i t u d e  40' N. 

aeromagnetic h ighs  a re  be l i eved  t o  be associatea wi th  i n t r u s i v e  boaies 

seve ra l  thousand f e e t  below t h e  sur face  i n  t h e  East T i n t i c  Mountains 

The s e r i e s  o f  east-west t r e n d i n g  

(Mabey and o thers ,  1964) .  The east-west se ismic t rends  were inves-  

t i g a t e d  by Kas t r i nsky  (1977) by a tnicroearthquake survey i n  1975 i n  

Goshen Va l ley .  

be perpend icu la r  t o  t y p i c a l  Basin and Range normal f a u l t i n g  t renos  wi th  

a nodal  p lane s o l u t i o n  o f  N. 85' E. and was i n t e r p r e t e a  by Kas t r insky  

as n o t  necessa r i l y  r e l a t e d  t o  t h e  development o f  t h e  v a l l e y .  

The e p i c e n t r a l  p a t t e r n  o f  m ic rose ism ic i t y  was found t o  

Fur ther -  

more, i t  was pos tu la ted  by Cook and Montgomery (1972) ana Montgomery 

(1973) t h a t  t h e  source o f  t h e  east-west g r a v i t y  t rends,  and aeromag- 

n e t i c  anomalies may be r e l a t e d  t o  a f r a c t u r e  or f r a c t u r e  zone associ- 

a ted  with an anc ien t  t rans form f a u l t  extending i n t o  t h e  upper mantle. 

G r a v i t y  P r o f i l e s  and I n t e r p r e t i v e  

Geologic Cross Sect ions 

I n  t h i s  r e p o r t ,  f i v e  i n t e r p r e t i v e  geo log ic  cross sections' a r e  

shown a long genera l l y  east-west t r e n d i n g  g r a v i t y  p r o f i l e s ,  which a re  

designated A - A '  through E-E' ( P l a t e  2). 

near thermal  sp r ings  i n  t h e  survey area. 

i n c l u d e  t h e  complete Bouguer g r a v i t y  anomaly values (designatea 

A l l  p r o f i l e s  pass through or  

The data d o n g  each p r o f i l e  

lThe r e s u l t s  o f  a p r e l i m i n a r y  a n a l y s i s  o f  a nor th-south p r o f i l e  
through t h e  town o f  E l b e r t a  a re  omi t ted  from t h i s  r e p o r t  because most 
o f  t h e  p r o f i l e  p a r a l l e l e d  t h e  main t rends  o f  t h e  g r a v i t y  ana geology 
o f  t h e  area. 

3 
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"observed"), t h e  assumed r e g i o n a l  g r a v i t y ,  t h e  r e s i d u a l  g r a v i t y ,  and 

t h e  c a l c u l a t e d  g r a v i t y .  The r e g i o n a l  g r a v i t y  f o r  a l l  p r o f i l e s  i s  

assumed t o  be l i n e a r ,  from bedrock ou tc rop  t o  beorock outcrop,  w i t h  

g r a v i t y  decreasing toward t h e  eas t .  As was noteo p rev ious l y ,  t h e  re -  

g i o n a l  Bouguer g r a v i t y  anomalies e x h i b i t  an i nve rse  c o r r e l a t i o n  wi th  

t h e  r e g i o n a l  e l e v a t i o n  o f  t h e  survey area; and as a r e s u l t ,  t h e  re- 

g i o n a l  g rad ien t  i s  probably n o t  l i n e a r  a long t h e  l e n g t h  o f  t h e  p r o f i l e s  

and cou ld  have been r e l a t e d  t o  r e g i o n a l  topography. However, t h i s  

would n o t  have changed t h e  r e s i d u a l  anomlies apprec iab ly .  

g r a v i t y  i s  obta ined by s u b t r a c t i n g  t h e  observed g r a v i t y  from t h e  

assumed r e g i o n a l  g r a v i t y .  

g r a v i t y  computed f o r  t h e  model shown i n  t h e  geo log ic  cross sec t i on .  

For  a l l  t h e  models shown, t h e  d i f f s r e n c e  between t h e  r e s i d u a l  ancl c a l -  

c u l a t e d  g r a v i t y  va lues i s  genera l l y  l e s s  than 0.5 rngal. 

The r e s i d u a l  

The cali-.ulateo g r a v i t y  i s  t h e  t h e o r e t i c a l  

A l l  p r o f i l e s  were modeled us ing  2 dimensional and/or 2-1/2 aimen- 

s i o n a l  g r a v i t y  modeling programs which were developed by Snow (1978) 

us ing  t h e  2 dimensional g r a v i t y  computation a lgo r i t hm o f  Talwani anc? 

o the rs  (1959) and t h e  2-1/2 dimensional computat ional  a l g o r i t h m  o f  Caoy 

(1977; 1980). For those models which used 2-1/2 dimensional tech- 

niques, a f i n i t e  ( r a t h e r  than  an i n f i n i t e )  s t r i k e  l e n g t h  f o r  each po ly -  

gon was assumecl i n  t h e  model. Thus, s t r i k e  l eng ths  a re  noteo f o r  those 

polygons within t h e  model when 2-1/2 d imensional  techniques were useo. 

The g e o l o g i c a l  cross sec t i ons  modeled from t h e  g r a v i t y  oa ta  were accep- 

t e d  when t h e  d i f f e r e n c e  between t h e  c a l c u l a t e d  and r e s i d u a l  g r a v i t y  

anomalies was l e s s  than 0.4 mgal. 
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Each p r o f i l e  was modeled assum.ing a 4- layer  sedimentary rock  mooel 

based on t h e  Gulf Energy and Minera ls  Company #l Bank w e l l  near Spanish 

Fork (see Table 3). However, two p r o f i l e s  i n  t h e  Goshen Va l l ey  r e g i o n  

i n c l u d e  a vo l can ic  rock  l a y e r  with an assumed dens i t y  o f  2.47 gm/cc 

based on t h e  d e n s i t y  determinat ions o f  t h e  Packaro Quar tz  L a t i t e  (Table 

4)  and a conglomerate l a y e r  assoc iated with t h e  Apex Conglomerate with 

an assumed d e n s i t y  o f  2.40 gm/cc. 

assumed f o r  most models f o r  ease o f  modeling; and i t  should be noted 

t h a t  v e r t i c a l  as w e l l  as h o r i z o n t a l  v a r i a t i o n  i n  t h e  dens i t y  o f  t h e  

v a l l e y  f i l l  probably  occurs. 

H o r i z o n t a l  aens i t y  hor izons  were 

Along each p r o f i l e  i n  t h e  v a l l e y  areas, t h e  t o p  l a y e r  represents  

l a k e  depos i ts  wi th  an assumed dens i t y  o f  2.05 gm/cc t o  a depth o f  0.43 

km (1400 f t ) a n d  cons is t s  o f  c lay ,  g rave l ,  and s i l t  lenses, as exempli- 

f i e d  i n  t h e  water w e l l  l ogs  (see Tables 5 t o  16). 

p r o f i l e  i n  t h e  v a l l e y  areas, t h e  second sedimentary l a y e r  has an 

assumed d e n s i t y  o f  2.20 gm/cc t o  a depth o f  0.9 km (2950 f t )  and con- 

sists o f  essent ia l ly  t h e  same l i t h o l o g y  as t h e  t o p  l a y e r ,  but i s  more 

consol idated.  Along p r o f i l e s  A-AI  and B-BI i n  t h e  v a l l e y  areas, t h e  

t h i r d  l a y e r  i s  assumed t o  have a d e n s i t y  o f  2.45 gm/cc and c o n s i s t s  of 

a l t e r n a t i n g  l a y e r s  o f  sandstone, c laystone,  and shale which probably  

represent  Middle Cenozoic sediments t o  a depth o f  3.2 km (10,500 f t ) .  

Along p r o f i l e  B-B' i n  t h e  Utah Va l l ey  area, t h e  f o u r t h  ana bottom l a y e r  

has an assumed dens i t y  o f  2.55 gm/cc and i s  composed p r i m a r i l y  of 

shale,  sandstone, and s i l t s t o n e , w h i c h  may inc i i ca te  rocks o f  Miocene age 

or o lde r .  

assumed mean rock  d e n s i t y  of 2.67 gm/cc. 

Also, a long each 

Bedrock i s  assumed t o  c o n s i s t  o f  Paleozoic  rocks  h i t h  an 

3 
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Table 3. -- Densi ty  values used i n  modeling -- based on the  Gulf Energy 
and Minera ls  Company PI. Bank we l l .  

Range o f  Depth 
(km) ( f t )  

L i t ho logy  Densi ty 
( gm/ cc 1 

0.0-0.43 0.0-1400 Unconsolidated gravel ,  c lay ,  2.05 
s i l l : ,  and sand. 

0.43-0.9 1400-2950 Consol idated gravel ,  clay, 2.20 
s i l l :  and sand. 

0.9-3.2 2950-10,500 Predominately sandstone, 2.45 
claystone, and shale. 

shale. 
3.2-3.9 10,500-13,000 Sandstone, s i l t s t o n e ,  and 2.55 

3 

3 

3 
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A l l  dep ths  d i s c u s s e d  i n  t h e  t e x t  and shown i n  the i n t e r p r e t i v e  geo- 

l o g i c  c r o s s  s e c t i o n s  are measured w i t h  r e s p e c t  t o  a n  assumed h o r i z o n t a l  

s u r f a c e .  It  shou ld  be unders tood  tha t  the comprehensive g e o l o g i c  c r o s s  

s e c t i o n s  as modeled i n  t h i s  s t u d y  are n o t  un ique ,  b u t  are modeleo t o  

r e p r e s e n t  the  p r e s e n t  geology as c l l x e l y  as  p o s s i b l e  based on aril1 

hole d a t a  and known geology. Also,  t h e  i n h e r e n t  ambigui ty  a s s o c i a t e d  

w i t h  g r a v i t y  anomal ies  i n  many cases n e c e s s i t a t e s  modeling a s i n g l e  

s t e e p  f a u l t  i n s t e a d  o f  a series o f  f a u l t s  or  a s t e e p  i n c l i n e .  

P r o f i l e  A-A' :  S a r a t o g a  Hot S p r i n g s  

The S a r a t o g a  Hot S p r i n g s  p r o f i l e  A-A' ( F i g .  4) e x t e n d s  n o r , , e a s  1- 

ward a c r o s s  t h e  no r thwes te rn  margin o f  Utah Valley from t h e  n o r t h e r n  

margin of the Lake Mountains approximate ly  12 km (7.4 m i ) ,  t o  a b o u t  1.5 

km (0.9 m i )  n o r t h e a s t  o f  Lehi .  

v a l u e s  r ange  from -177 mgal o v e r  the  P a l e o z o i c  r o c k s  o f  t h e  Lake 

Mountains on the west, t o  -211 mgal ove r  t h e  sed imen t s  cove r ing  Utah 

Valley on the east. 

is assumed t o  have a g rad ien t  o f  -0.285 mgal/km toward t h e  east. 

g e o l o g i c  c r o s s  s e c t i o n  was modeled u s i n g  2 d imens iona l  t echn iques .  

The comple te  Bouguer g r a v i t y  anomaly 

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

The 

Along p r o f i l e  A-A' ,  t h e  s t r u c t u r e  is modeled as t h e  wes te rn  margin 

o f  a graben  which was p r e v i o u s l y  d e s i g n a t e d  as  t h e  Utah Valley graben 

(Cook and Berg, 1961); and the modeled maximum depth  o f  t h e  graben  i s  

approximate ly  2.5 km (7620 f t ) .  The graben  is bounded on the west by 

the  Utah Lake f a u l t  zone ,  which is i n d i c a t e d  by a l a r g e  residual 

g r a v i t y  anomaly w i t h  a t o t a l  g r a v i t y  relief ( w i t h  g r a v i t y  d e c r e a s i n g  

toward the east) o f  approximate ly  32 mgal o v e r  a h o r i z o n t a l  d i s t a n c e  of 

12 km (7.5 m i ) .  I n  t h e  model, t h e  Utah Lake f a u l t  zone c o n s i s t s  o f  two 
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Figure 4 .  Interpretive geologic  cross section along gravity profile 
A - A ’ .  The number is the density ( i n  gm/cc) of t he  layer. 
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major bounding f a u l t s ,  which from west t o  east ,  show oisplacements of 

0.46 km (1500 ft) and 1.66 km (5400 f t ) ,  r e s p e c t i v e l y .  Along t h e  west- 

e r n  p o r t i o n  o f  t h e  p r o f i l e ,  t h e  i r r e g u l a r  g r a v i t y  anomaly curve (wi th  

g r a v i t y  decreasing toward t h e  eas t ) ,  i s  modelea as a broken bearock sur-  

face composed o f  sma l l  b locks  b u r i e d  under a th in,  b u t  t h i cken ing  ( t o -  

ward t h e  eas t )  veneer o f  a l l u v i a l  sediments. Along p r o f i l e  A-A'., a 

sma l l  r e s i d u a l  g r a v i t y  h i g h  over t h e  Saratoga Hot Spr ings ana Cra ter  

Hot Spr ings area (as p r o j e c t e d  onto t h e  p r o f i l e )  is probably  caused by 

e i t h e r  (1) Paleozoic  bedrock b locks  which a re  d i f f e r e n t i a l l y  f a u l t e a  or 

(2) an inc rease o f  t h e  dens i t y  o f  t h e  hos t  rocks  -- namely, a l l u v i u m  

and/or unde ly ing  Paleozoic  bedrock -- as a r e s u l t  o f  cementation cause0 

by c i r c u l a t i n g  h o t  b r i n e s  associated with t h e  h o t  spr ings.  

i n t e r p r e t a t i o n  i n d i c a t e s  t h a t  t h e  f a u l t ,  or f a u l t  zone, which forms t h e  

condu i t  (or condu i ts )  f o r  t h e  h o t  sp r ings  may extend t o  g r e a t  depth ana 

a r e  e s s e n t i a l l y  bedrock aga ins t  bedrock f a u l t s .  

Saratoga Hot Spr ings and Cra ter  H c t  Springs, with measurea temperatures 

o f  55OC and 3 8 O C ,  r e s p e c t i v e l y ,  a t  t h e  sur face  (Table 11, may repre-  

sent  leakage from a deep r e s e r v i o r  where c i r c u l a t i n g  water i s  heated by 

t h e  normal geothermal g rad ien t  o f  t h e  area. 

is heated by a normal geothermal ciradient o f  35'C/km (D. S. Chapman, 

personal  commun., 19811, a tempersture of 55OC (which i s  comparable 

t o  t h e  sur face  temperature o f  t h e  water measured a t  Saratoga Hot 

Spr ings)  would be reached a t  a de@h o f  1.6 km (5250 ft). 

water temperature probably  decrea5,es as t h e  water ascends a long t h e  

f a u l t s ,  t h i s  may suggest t h a t  t h e  minimum v e r t i c a l  depth o f  p e n e t r a t i o n  

o f  t h e  f a u l t s  o r  f a u l t  zone i n  the v i c i n i t y  o f  t h e  h o t  sp r ings  may 

Th is  

The h o t  water from 

Furthermore, i f  t h e  water 

Because, t h e  

G 
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reach a depth o f  1.6 km or more. 

assumed normal 

geothermal g rad ien t  i s  co r rec t .  

Th i s  reasoning pressumes t h a t  t h e  

P r o f i l e  B-BI: Spanish Fork 

The Spanish Fork p r o f i l e  B-BI ( (F ig .  5 ) ,  t o t a l i n g  about 25 km (15.6 

m i )  i n  l eng th ,  extends eas t  from West Mountain approximately 12 km (7.4 

m i )  t o  t h e  cen te r  o f  Utah Va l l ey ,  .ihen southeast approximately 13 km 

(8.0 m i )  through Utah Va l l ey  and a long Spanish Fork Canyon i n  t h e  

Wasatch Range. 

The p r o f i l e  o v e r l i e s  Paleozoic  rock  i n  t h e  West Mountain r e g i o n  f o r  

about 2 km (1.25 m i ) ,  a l l uv ium i n  IJtah Va l l ey  f o r  approximately 19 km 

There i s  one bend .in t h e  p r o f i l e  -- near Spanish Fork. 

(11.7 m i ) ,  ana Paleozoic  rocks  and a l l u v i u m  a long Spanish Fork Canyon 

f o r  3 krn (1.8 m i ) .  

from approximately -181 mgal on thl? west over West Mountain t o  approx- 

ima te l y  -220 mgal over Utah Va l l ey  near Spanish Fork, ana about -198 

mgal over t h e  Wasatch Range. 

rocks  of West Mountain t o  t h e  Paleozoic  rocks o f  t h e  Wasatch Range was 

The complete Blwguer g r a v i t y  anomaly values range 

The r e g i o n a l  g r a v i t y  from t h e  Paleozoic  

assumed t o  be l i n e a r .  A r e g i o n a l  g r a v i t y  g rad ien t  o f  0.66 mgal/km, 

with g r a v i t y  decreasing toward t h e  eas t ,  was assumed. The geo log ic  

c ross  s e c t i o n  was modeled u s i n g  2 dimensional and 2-1/2 dimensional 

techniques -- i n  p a r t i c u l a r ,  polygons lla'l, %ll, ana r r ~ l l  were moaelea 

us ing  2-1/2 dimensional techniques. 

The geologic  cross s e c t i o n  a long p r o f i l e  B-B', as mocielea, c o n s i s t s  

p r i m a r i l y  o f  a s i n g l e  l a r g e  graben -- t h e  Utah Va l ley  graben -- which ' 

i s  i n d i c a t e d  by a minimum r e s i d u a l  g r a v i t y  anomaly o f  approximately -31 

mgal which l i e s  3 km ( 2  mi )  west o f  Spanish Fork i n  t h e  c e n t r a l  p a r t  o f  

Utah Va l l ey .  The Utah Va l l ey  graben, as modeled a long p r o f i l e  B-B', 
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F i g u r e  5. I n t e r p r e t i v e  g e o l o g i c  c r o s s  s e c t i o n  a long  g r a v i t y  p r o f i l e  
8-8'. The number is  thls d e n s i t y  ( i n  grn/cc) o f  t h e  layer. 
F=mapped f a u l t .  
a l l  polygons are assume3 2 d imens iona l .  

Except f o r  polygons a ,  b ,  and c (see b e l o h ) ,  

Polygon S t r ike  Length ( i n  km) 
( n o r t h  1 ( s o u t h )  

12.0 

12.0 

3.0 

8.5 

8.5 

0.5 

3 

3 
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extends f o r  a d is tance o f  about 20 km (12.3 mi)  between West Mountain 

and t h e  Wasatch Range; and i s  modeled as a complexly f a u l t e o  graben 

c o n s i s t i n g  o f  one l a r g e  deeply f a u l t e o  b lock  (about 4 km (2.5 m i )  wiae) 

i n  t h e  c e n t r a l  p a r t  o f  t h e  v a l l e y ,  with a s e r i e s  o f  s tep  f a u l t s  a long 

t h e  s ides.  The c e n t r a l  b lock  (which c o n s i s t s  o f  polygons aesignated 

lcarr and "bfc i n  P l a t e  1) was modeled us ing  2-1/2 dimensional techniques 

assuming a s t r i k e  l e n g t h  o f  12 km (7 .4  m i )  toward t h e  n o r t h  ano a 

s t r i k e  l e n g t h  o f  8.5 km (5.25 m i )  toward t h e  south. As shown i n  t h e  

model, t h e  b l o c k  i s  bounded on bo th  s ides  by l a r g e  f a u l t s ,  which a r e  

i n d i c a t e d  by l a r g e  g r a v i t y  anomaly s lopes and which a re  modeled t o  have 

v e r t i c a l  displacements o f  approximately 3.3 km (10,000 f t )  on t h e  eas t  

and 3.2 km (9700 ft) on t h e  west. The s e r i e s  o f  modeled s tep  f a u l t s  

a long each s i d e  o f  t h e  Utah Val ley graben, which a re  i n o i c a t e o  by t h e  

i r r e g u l a r i t y  o f  t h e  g r a v i t y  anomaly s lopes a long t h e  p r o f i l e ,  form a 

c o a l i t i o n  o f  b locks  whose t o t a l  displacement i s  approximately 1.0 km 

(3050 f t )  on each s i d e  o f  t h e  Utah Va l l ey  graben. 

f au l t s  of  t h e  Utah Va l l ey  graben a re  i n t e r p r e t a t e d  t o  be associate0 

wi th  t h e  Utah Lake f a u l t  zone. 

The western bounding 

The depth t o  bedrock ( i .e.,  Paleozoic  or o l d e r  rocks)  i n  t h e  deep- 

e s t  p a r t  o f  t h e  Utah Va l l ey  graben i s  cons t ra ined t o  be g rea te r  than 

4.0 km (13,000 f t)  on t h e  bas i s  o f  t h e  Gulf Energy ana Minera ls  Company 

#l Bank w e l l  (which d i d  n o t  completely penet ra te  rocks o f  T e r t i a r y  age) 

and i s  modeled t o  be approximately 4.2 km (13,780 f t ) ,  which i s  about 

0.24 km (800 f t )  deeper than t h e  t o t a l  depth o f  t h e  Guif #l Bank w e l l .  

However, i t  should be noted (on t h e  complete Bouguer g r a v i t y  anomaly 

map on P l a t e  2 )  t h a t  t h i s  p r o f i l e  does n o t  c ross  t h e  t r u e  g r a v i t y  



57 

3 

a 

3 

3 

3 

a 

a 

3 

3 

Grs 

minimum (about -224 mgal) within the Utah Va l ley  graben, thus i n d i -  

c a t i n g  t h a t  t h e  depth t o  bedrock i n  t h e  area o f  t he  t r u e  g r a v i t y  

minimum i s  probably g rea te r  than 4.i! km (13,780 ft). 

On t h e  east s ide  o f  t h e  p r o f i l e ,  a sma l l  shal low ho rs t ,  which i s  

i n d i c a t e d  by a smal l  r e s i d u a l  g r a v i t y  h igh,  i s  shown adjacent  t o  a 

sma l l  graben, which i s  i n d i c a t e d  by a smal l  g r a v i t y  minimum; ana the 

modeled associated wedge o f  a l luv iun i  i s  designated as polygon VI1 i n  

F igu re  7.  

i s  3.0 km (1.9 m i )  and the assumed s t r i k e  l e n g t h  toward the  south i s  

0.5 km (0.3 m i ) .  I t  should be emphasized t h a t  a long t h e  eas t  s i d e  o f  

the p r o f i l e ,  the marg ina l  f a u l t s  assoc iated w i t h  these s t r u c t u r e s  a re  

mapped (Metter, 1955; Rawson, 1957) f a u l t s  which a re  associated with 

t h e  Wasatch f a u l t  zone. 

For  polygon llcll, t h e  assumed s t r i k e  l e n g t h  toward the n o r t h  

P r o f i l e  C-C1:  Genola 

The Genola p r o f i l e  C-C1 (Fig.  6:1, t o t a l i n g  about 3 1  km (19.1 m i )  i n  

length ,  extends genera l l y  eas t  from t h e  East T i n t i c  Mountains, across 

Goshen V a l l e y ,  o v e r  t h e  s o u t h e r n  m a q i n  o f  West Mountain, across t h e  

c o n s t r i c t e d  southern end o f  Utah Va l l ey  j u s t  n o r t h  o f  Santaquin, and 

f i n a l l y  over Dry Mountain. 

-- a t  t h e  southern margin o f  t h e  western arm o f  Utah Lake (approx i -  

mately 6 km [3.7 m i ]  n o r t h  o f  Goshen). 

o v e r l i e s  Paleozoic rocks on t h e  western margin o f  t he  p r o f i l e  f o r  ap- 

There i s  one major bend a long t h e  p r o f i l e  

From west t o  east, t h e  p r o f i l e  

p rox imate ly  2.5 km (1.5 m i ) ,  T e r t i a r y  vo l can ics  f o r  4 krn (2.5 m i ) ,  a l -  

luv ium associated with Goshen Va l ley  f o r  17 km (10.6 m i ) ,  Paleozoic 

rocks  on West Mountain f o r  1 km (0.6 mi ) ,  a l l u v i u m  o f  Utah Va l l ey  f o r  5 

km (3.1 m i ) ,  and Paleozoic rocks on Dry Mountain f o r  1 km (0.6 m i ) .  

a 
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F igu re  6. I n t e r p r e t i v e  geologic  c ross  s e c t i o n  a long g r a v i t y  p m f i l e  
C-CI. The number i s  t h e  d e n s i t y  ( i n  gm/cc) o f  t h e  l a y e r .  
F 1  = East T i n t i c  Mountains f a u l t  zone, Fz = Goshen 
Va l l ey  f a u l t  zone, and F=mapped f a u l t .  Except f o r  polygons 

2 dimensional. 
9 9 , and I1d1l (see below), a l l  polygons a re  assume0 llall llbll 1 1 ~ 1 1  

Polygon S t r i k e  Length (km) 
(no r th )  ( south ) 

5.0 I n f i n i t e  

5.0 I n f i n i t e  

1.0 I n f i n i t e  

I n f i n i t e  0.5 
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Along t h e  p r o f i l e ,  t h e  complete Bouguer g r a v i t y  anomaly values a re  

approximately: 

over t h e  southern margin o f  t h e  west arm o f  Utah Lake, -184 mgal over 

Goshen Pass, -197 mgal i n  t h e  area n o r t h  o f  Santaquin, and -195: over 

Dry Mountain. 

i e n t s  corresponding wi th  two segments o f  t h i s  p r o f i l e ,  each o f  which 

assumes t h a t  t h e  r e g i o n a l  g r a v i t y  decreases toward t h e  east .  

assumed r e g i o n a l  g r a v i t y  g rad ien t  i s  0.443 mgal/km f o r  t h e  western p a r t  

o f  t h e  p r o f i l e ,  between t h e  East T i n t i c  Mountains and k e s t  Mountain; 

whereas, t h e  assumed r e g i o n a l  g r a v i t y  g rad ien t  i s  0.846 mgal/km f o r  t h e  

eas tern  p a r t  o f  t h e  p r o f i l e ,  betwein West Mountain and t h e  Wasatch 

Range. 

-174 mgal over t h e  East T i n t i c  Mountains, -199 mgal 

There a re  two d i f f e r e n t  assumed r e g i o n a l  g r a v i t y  cjrao- 

The 

The geo log ic  c ross  s e c t i o n  was modeled us ing  2 and 2-1/2 aimen- 

s i o n a l  techniques. 

The g r a v i t y  da ta  (which c o n s i s t  p r i m a r i l y  o f  a l a r g e  r e s i d u a l  

g r a v i t y  minimum) a long p r o f i l e  C-C' i n d i c a t e  t h a t  a broao complexly 

f a u l t e d  graben, h e r e i n  designated as t h e  "Goshen Va l l ey  graben", over- 

l i e s  Goshen Va l l ey  throughout most o f  t he  a i s tance  between t h e  East  

T i n t i c  Mountains and West Mountain. The Goshen Va l l ey  graben i s  i n t e r -  

p re ted  t o  c o n s i s t  o f  a main deeply f a u l t e d  graben b lock  wi th in t h e  cen- 

t r a l  p a r t  o f  t h e  v a l l e y  t h a t  is  f l anked  on bo th  t h e  west and eas t  by a 

s e r i e s  o f  subs idary or smal le r  h o r s t s  and grabens i n  t h e  bearock. 

Along t h e  western p a r t  o f  p r o f i l e  C - C ' ,  t h e  westernmost graben, 

which i s  shown beneeth t h e  eas tern  f l a n k  o f  t h e  East T i n t i c  Mountains 

and which was modeled us ing  2 dimensional  techniques, shows a w i d t h  o f  

about 2 km (1.25 m i )  and a depth o f  about 0.8 km (2600 f t ) .  

i s  modeled as f i l l e d  p r i m a r i l y  by T e r t i a r y  vo l can ic  rock  with an 

The graben 
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assumed dens i t y  o f  2.47 gm/cc o v e r l y i n g  t h e  Apex Conglomerate with an 

assumed dens i t y  o f  2.40 gm/cc. 

The Goshen Va l l ey  graben, as modeled a long t h i s  p r o f i l e ,  i s  com- 

p r i s e d  o f  s t r u c t u r a l  b locks  which a r e  h e r e i n  aesignated, from west t o  

east :  1) t h e  "West Goshen benchI1;, 2) t h e  Y o u t h  Goshen b lockf1;  and 

3) t h e  "Nor th Goshen p la t formt1.  The West Goshen bench, which i nc ludes  

t h e  westernmost graben, i s  bound or1 t h e  west by t h e  East T i n t i c  Moun- 

t a i n s  f a u l t  zone (p rev ious l y  descri-bed ana designated as "F," - i n  F ig .  

6) and on t h e  eas t  by t h e  Goshen Va l l ey  f a u l t  zone (designated "F2" 

i n  F ig .  6 ) ,  which a re  modeled t o  have v e r t i c a l  displacements o f  0.75 km 

(2500 ft) and 0.5 km (1640 f t) ,  r e s p e c t i v e l y .  Along p r o f i l e  C-C1 ,  t h e  

West Goshen bench has a t o t a l  w id th  o f  about 4 km '(2.5 m i ) .  

I n  t h e  c e n t r a l  p a r t  o f  p r o f i l e  C-C1,  t h e  des ignat ion  "South Goshen 

b lock "  i s  h e r e i n  g i ven  t o  t h e  main deeply f a u l t e d  graben b lock  within 

t h e  c e n t r a l  p a r t  o f  Goshen Va l ley .  The b lock  was modeled us ing  2-1/2 

dimensional techniques and i s  composed o f  polygons llall, "b", and llcll. 

Po 1 y g on s and llbll represent  a l h v i u r n  younger than  Paleozcjic i n  age 

wi th  a dens i t y  o f  2.20 gm/cc and T e r t i a r y  vo l can ic  rocks  with a d e n s i t y  

a 

o f  2.47 gm/cc, r e s p e c t i v e l y ,  and b o t h  polygons a r e  assumed t o  have a 

n o r t h  s t r i k e  l e n g t h  o f  5.0 km (3.0 m i )  and an i n f i n t e  south s t r i k e  

length .  

t o  have a dens i t y  o f  2.40 gm/cc and a south s t r i k e  l e n g t h  o f  0.5 km 

(3.0 m i )  and an i n f i n i t e  n o r t h  s t r i k e  length .  

i s  bound on bo th  s ides  by l a r g e  s t e e p l y  d i p p i n g  f a u l t s :  

west, t h e  b lock  i s  bound by t h e  Goshen Va l l ey  f a u l t  zone (oes ignatea 

l1F2I1 on F ig .  6 ) ;  and on t h e  east ,  t h e  b lock  i s  bound by a f a u l t  w i t h  

Polygon llcll represents  t h e  Apex Conglomerate which is assumea 

The South Goshen b lock  

on t h e  extreme 
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modeled v e r t i c a l  displacement o f  about 4920 f t  (1.5 km). 

f a u l t ,  which i s  i n d i c a t e d  by a l a r g e  s teep g r a v i t y  anomaly ( w i t h  

g r a v i t y  i n c r e a s i n g  toward t h e  eas t ) ,  de l i nea tes  t h e  western edge o f  t h e  

Nor th  Goshen p la t fo rm.  

6230 f t  (1.9 km) deep -- t h e  deepest b lock  a long t h e  p r o f i l e .  

should be noted t h a t  i n  order  f o r  t h e  th ickness  o f  t h e  T e r t i a r y  vo l -  

can ic  rocks t o  be cons t ra ined t o  i t s  maximum est imate0 th ickness  o f  

2700 f t  (0.82 km) (H. T. Mor r is ,  persona l  commun., 1982), i t  was 

necessary t o  model a th ickness  o f  about 1500 f t  (0.46 km) o f  Apex 

Conglomerate a t  t h e  bottom o f  t h e  South Goshen b lock.  

Th is  l a t t e r  

The South Goshen b lock  i s  modeled t o  be about 

I t  

The Nor th  Goshen p l a t f o r m  was modeled us ing  2 dimensional tech-  

n iques and i s  assoc iated with a bIoad sinuous g r a v i t y  anomaly curve 

t h a t  extends from an area l o c a t e d  5 km (3.1 m i )  west o f  t h e  town o f  

Genola t o  West Mountain. 

depth o f  about 0.7 km (2300 ft). 

grabens a re  associated with t h i s  Fl latform and a re  i n d i c a t e a  by two 

minor g r a v i t y  minima over  t h i s  r e c i o n .  

As modeled, t h i s  p l a t f o r m  has an average 

Furthermore, two separate minor 

Along t h e  eas tern  p a r t  o f  p r o f ' i l e  C-C' ,  t h e  West Mountain h o r s t  i n  

t h e  Goshen Pass r e g i o n  i s  bound ori bo th  t h e  west and eas t  s ides  by 

minor f a u l t s  which a re  i n d i c a t e d  tiy s m a l l  g r a v i t y  g rad ien ts  and whose 

v e r t i c a l  displacements a r e  modeleci as 0.04 km (130 f t )  and 0.08 km (260 

ft), respec t i ve l y .  To t h e  east  of' West Mountain, p r o f i l e  C-Ct  crosses 

o n l y  a rninor " f i n g e r "  o r  narrow sciuthward ex tens ion  o f  t h e  southern 

p a r t  o f  t h e  l a r g e  g r a v i t y  minimum assoc ia ted  with t h e  Utah Va l l ey  graben 

( P l a t e  2) .  It should be noted t h a t  t h e  subsurface geology associate0 

with t h e  Utah Va l l ey  graben a long p r o f i l e  C-C' (polygon l fo tv ,  F i g .  6 ) ,  
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was modeled u s i n g  2-1/2 dimensional techniques, i n  which t h e  assume6 

s t r i k e  l e n g t h  toward t h e  n o r t h  i s  i n f i n i t e  and t h e  assumea s t r i k e  

l e n g t h  toward t h e  south i s  0.5 kn (0.3 mi ) .  

with a t o t a l  r e l i e f  o f  approx imte ly  8 mgal, i n d i c a t e s  t h a t  a nar- 

row f i n g e r  o f  t h e  Utah Va l l ey  graben extends southward i n t o  t h i s  area. 

The marg ina l  f a u l t s  which bound t h e  Utah Va l l ey  graben a long p r o f i l e  

C-C' are  i n d i c a t e d  by a f a i r l y  g e n t l e  g r a v i t y  anomaly s lope on t h e  west 

and a f a i r l y  steep g r a v i t y  anomaly s lope on t h e  east. The i n f e r r e o  

f a u l t  assoc ia ted  wi th  Hollaaay Spr:tngs, though n o t  i n d i c a t e a  by t h e  

r e s i d u a l  g r a v i t y  a long t h e  p r o f i l e ,  i s  i nc luded  i n  t h e  geo log ic  c ross  

s e c t i o n  a t  t h e  p o i n t  o f  i n t e r s e c t i o n  of an i n c l i n e d  ( toward t h e  e a s t )  

bedrock sur face  and a h o r i z o n t a l  bedrock sur face  within t h e  Utah Va l l ey  

graben. 

marg ina l  f a u l t s  shown on t h e  eas t  !side o f  t h e  Utah Va l l ey  graben, which 

a r e  i n d i c a t e d  by t h e  r e s i d u a l  grav. i ty  anomaly slopes, correspono with 

t h e  l o c a t i o n  o f  mapped (Met ter ,  1955) f a u l t s  i n  t h i s  reg ion .  

Th is  narrow g r a v i t y  low, 

Also, i t  should be emphasized t h a t  t h e  l o c a t i o n  o f  t h e  two 

P r o f i l e  D-D': Goshen 

The Goshen p r o f i l e  D-D' (F ig .  '7) extends eastward from t h e  East  

T i n t i c  Mountains a long Highway 50 f o r  32 km (19.9 m i ) ,  across Goshen 

Va l l ey ,  over t h e  no r the rn  margin o f  Warm Spr ings Mountain, over t h e  

southern margin o f  Utah Va l l ey  ( . inc lud ing  t h e  town o f  Santaquin), anti 

f i n a l l y  over Dry Mountain. There are  s i x  bends a long t h e  p r o f i l e :  one 

a t  t h e  mouth o f  B i g  Canyon i n  t h e  East T i n t i c  Mountains; one near 

Goshen; t h r e e  minor bends n o r t h  and nor thwest  o f  Warm Spr ings Mountain; 

and one a t  Santaquin. The p r o f i l e  o v e r l i e s  exposed Paleozoic  rocks  f o r  

- 

about 1.7 km (1.1 mi )  and Paleozoic  rocks  covered by Packard Quartz 
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F igu re  7. I n t e r p r e t i v e  geo log ic  c ross  s e c t i o n  a long g r a v i t y  p r o f i l e  
D-D' .  
F i=East  T i n t i c  Mountaiins f a u l t  zone, F2=Goshen Va l l ey  
f a u l t  zone, F3=Long Ridge f a u l t ,  and F=mapped fault. 

The number is  t h e  dens i t y  ( i n  gm/cc) o f  t h e  l a y e r .  
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L a t i t e  i n  t h e  East T i n t i c  Mountain!; f o r  approximately 4 km (2 .5 m i ) ,  

a l l u v i u m  associated with Goshen Va l l ey  f o r  17 km (10.6 m i ) ,  Paleozoic  

rocks  (covered wi th a t h i n  veneer o f  a l l uv ium)  associatea wi th  t h e  

no r the rn  margin o f  Warm Spr ings MOlJntain f o r  3 km (1.9 kin), a l l uv ium 

associated w i t h  t h e  southern margin o f  Utah Va l l ey  f o r  4 km (2.5 km), 

and Paleozoic  rocks i n  Dry Mountain f o r  2 km (1.2 m i ) .  

Along p r o f i l e  D-D', t h e  approximate complete Bouguer g r a v i t y  

anomaly values are :  -179 mgal over t h e  East T i n t i c  Mountains; -203 

mgal over Goshen Va l l ey  near Currant  Creek; -185 mgal over t h e  n o r t h e r n  

margin o f  Warm Spr ings Mountain; -191 mgal over Utah Va l l ey  near 

Santaquin; and -191 mgal Over Dry Ivlountain. A r e g i o n a l  g r a v i t y  grad- 

i e n t  o f  0.236 mgal/km, wi th g r a v i t y  decreasing eastward, was asssumea 

between t h e  East T i n t i c  Mountains 2nd t h e  southern margin o f  West 

Mountain; and a r e g i o n a l  g r a v i t y  g rad ien t  o f  0.785 mgal/km, wi th  

g r a v i t y  a l s o  decreasing eastward, ihcas assumed between t h e  no r the rn  

margin o f  Warm Spr ings Mountain and Dry Mountain. 

s e c t i o n  (F ig .  7) was moaeled us ing  2 dimensional techniques. 

The geo log ic  c ross  

Along most o f  p r o f i l e  D-D', the geo log ic  model cons i s t s  o f  t h e  

Goshen Va l l ey  graben, which extends across Goshen Va l ley  from t h e  East 

T i n t i c  Mountains on t h e  west t o  Warm Spr ings Mountain on t h e  east .  

graben i s  i n d i c a t e d  by t h e  l a r g e  r e s i d u a l  g r a v i t y  minimum over Currant  

Creek with a t o t a l  g r a v i t y  r e l i e f  o f  about 21 mgal. Along t h e  eas tern  

margin o f  p r o f i l e  D-D', t h e  southern end o f  t h e  Utah Va l ley  graben i s  

i n d i c a t e d  by a narrow r e s i d u a l  g r a v i t y  low o f  approximately 3 mgal 

l oca ted  eas t  o f  Warm Spr ings Mountain. 

The 
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AZong p r o f i l e  D-D' ,  t h e  f a u l t s  assoc iated with t h e  western margin 

o f  t h e  Goshen Va l l ey  graben (which a re  i n  p a r t  mapped o r  i n f e r r e d  from 

t h e  geology o f  t h e  East T i n t i c  min ing  d i s t r i c t  (Mor r i s  and Lover ing,  

1979) and/or i n d i c a t e d  by t h e  g r a v i t y  da ta) ,  a re  ( f rom west t o  e a s t ) :  

1) a sma l l  bounding f a u l t ,  which i s  i n d i c a t e d  by a sma l l  change i n  t h e  

g r a v i t y  anomaly which co inc ides  with t h e  con tac t  between t h e  Paleozoic  

rocks  and t h e  Packard Quartz L a t i t e  as mapped by M o r r i s  and Lover ing  

(1979) and which i s  modeled with a v e r t i c a l  displacement o f  approx i -  

mate ly  0.5 km (1640 f t ) ;  2) 

by M o r r i s  and Lover ing  (1979) and which co inc ides  with a sma l l  p o s i t i v e  

r e s i d u a l  g r a v i t y  anomaly a long the p r o f i l e ;  3) 

zone (which co inc ides  wi th t h e  prc i jected I n c a  f a u l t  as i n f e r r e d  by 

M o r r i s  and Lover ing  (1979) and which i s  designated t'Fll' on F ig .  7 ) ,  

which co inc ides  wi th a s i g n i f i c a n t  change i n  t h e  t h e  slope o f  t h e  

g r a v i t y  anomaly; and 4 )  

designated as t h e  Goshen Va l l ey  f a u l t  zone (designated "F2" on F ig .  

7) and which is i n d i c a t e d  by a l a q e  change in t h e  s lope of t h e  g r a v i t y  

anomaly i n  t h e  west c e n t r a l  p a r t  c i f  Goshen Va l ley .  

t h e  East T i n t i c  t h r u s t ,  which i s  i n f e r r e o  

t h e  East T i n t i c  f a u l t  

a l a r g e  :,teeply d ipp ing  f a u l t  which was h e r e i n  

The i n t e r p r e t e d  s t r u c t u r a l  b locks  associatea with t h e  Goshen Va l l ey  

1) t h e  West Goshen graben a long p r o f i l e  D-D' a re  ( f rom west t o  eas t ) :  

bench; 2) 

Along p r o f i l e  D-D', t h e  West Goshen bench i s  bound (1) 

t h e  South Goshen b lock ;  and 3) t h e  East Goshen p la t fo rm.  

on t h e  west, by 

t h e  East T i n t i c  Mountains f a u l t  zone ( o r  t h e  p r o j e c t e d  I n c a  f a u l t ) ,  

which i s  modeled with a v e r t i c a l  displacement o f  about 0.6 km (1960 f t )  

and ( 2 )  Thus, t h e  bench 

a long p r o f i l e  D-D' is about 4 km ((2.5 m i )  i n  width.  

on t h e  eas t ,  by t h e  Goshen Va l l ey  f a u l t  zone. 

The depth o f  t h e  
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bench, as modeled along p r o f i l e  D- [ I f ,  i s  0.87 km (2650 f t )  an6 compares 

w e l l  with t h e  depth o f  t h e  bench, as modeled along p r o f i l e  C-Ct t o  t h e  

no r th ,  which i s  0.85 km (2790 ft). I t  should be noted t h a t  along 

p r o f i l e  D-D t ,  t h e  depth o f  t h e  West Goshen bench i s  considered t o  be 

deeper than 0.82 km (2700 f t )  on t h e  bas i s  o f  a m ine ra l  e x p l o r a t i o n  

h o l e  l oca ted  about 0.5 km (0.3 m i )  n o r t h  o f  p r o f i l e  D-D' near t h e  mouth 

o f  B i g  Canyon i n  t h e  East T i n t i c  Misuntains, which bottomed i n  Packard 

Quartz L a t i t e  a t  a depth o f  0.82 kin (2700 f t )  (Mor r i s  and Lover ing,  

1979). Therefore, t h e  rocks  above t h e  West Goshen bench a r e  mooelea as 

Packard Quartz L a t i t e  which have an assumed d e n s i t y  o f  2.47 gm/cc. 

Along p r o f i l e  D - D t ,  t h e  South Goshen b lock  i s  bound on bo th  s ides  

by l a r g e  s teep ly  d ipp ing  f a u l t s  (o r  f a u l t  zones) which are i n a i c a t e d  by 

steep g r a v i t y  g rad ien ts :  
. .  

(1) on t h e  west, by t h e  Goshen Va l l ey  f a u i t  

zone (designated ttF21t on F ig .  7 ) ,  w i th  a modeled v e r t i c a l  d isp lace-  

ment o f  about 1.0 km (3280 ft); arid (2) on t h e  east,  by an unnamed 

f a u l t  ( o r  f a u l t  zone), w i th  a modeled v e r t i c a l  displacement o f  about 

1.5 km (4900 ft). 

about 6.5 km (4.0 m i ) .  

Thus, the South Goshen block here has a w id th  o f  

As discussred e a r l i e r ,  t h e  South Goshen b l o c k  is 

t h e  deepest o f  t h e  b locks  i n  t h e  Goshen Va l l ey  graben and t h e  depth t o  

bedrock i s  modeled here t o  be about 1.9 km (6230 f t ) .  

p a r t  o f  t h e  Goshen Va l l ey  graben a long p r o f i l e  D-Dt ,  t h e  rocks a re  

modeled t o  c o n s i s t  o f  (1) Packard Quar t z  L a t i t e  (or  other  T e r t i a r y  

vo l can ic  rocks) with an assumed average th ickness  o f  0.82 km (2,700 f t )  

and an assumed dens i t y  o f  2.47 gm/cc, o v e r l y i n g  ( 2 )  t h e  Apex Conglom- 

e r a t e  with a modeled th icknesss  o f  about 0.46 km (1500 f t )  and an 

I n  t h e  aeepest 

- 

assumed d e n s i t y  o f  2.40 gm/cc. However, i t  shoulo be notea t h a t  on t h e  
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complete Bouguer g r a v i t y  anomaly map, t h e  l a r g e s t  g r a v i t y  minimum assoc- 

i a t e d  with t h e  Goshen Va l l ey  graben i s  2 km (1.2 mi )  n o r t h  o f  p r o f i l e  

D-D1 near Currant  Creek; and t h i s  .Pact i n d i c a t e s  t h a t  t h e  maximum depth 

o f  t h e  graben i s  probably  somewhat g rea te r  than t h a t  moaeleo a long 

p r o f i l e  D-D1 . 
Along p r o f i l e  D-D1, t h e  East Goshen p l a t f o r m  is de f ined  as con- 

s i s t i n g  o f  a s e r i e s  o f  b locks  i n  t h e  r e l a t i v e l y  shal low bedrock o f  t h a t  

p a r t  o f  t h e  Goshen Va l l ey  graben wli ich extends f o r  a d is tance o f  about 

8 km (4.9 m i )  between t h e  town o f  IGoshen and Warm Spr ings Mountain. 

Beneath t h e  town o f  Goshen, t h e  modeled depth o f  t h e  p l a t f o r m  averages 

approximately 0.43 km (1410 f t ) .  

(1) on t h e  west, by t h e  l a r g e  s t e e p l y  d i p p i n g  unnamed f a u l t  about 2 km 

(1.2 m i )  west o f  t h e  town o f  Goshen and (2 )  on t h e  east, by t h e  Long 

Ridge f a u l t  (des ignated l1Fjtt on F ig .  9 ) .  

sma l l  graben i s  i n d i c a t e d  by a g r a v i t y  low with a c losu re  o f  2 mgal, 

which l i e s  4 km (2.5 m i )  west o f  t h e  Goshen Warm Springs; and t h i s  

graben is modeled w i t h  a depth o f  approximately 0.66 km (2170 f t ) .  In 

a d d i t i o n ,  t h e  eas tern  margin o f  t h e  East Goshen p l a t f o r m  is moaeled t o  

comprise t h r e e  bounding f a u l t s  which a r e  i n d i c a t e d  by a steep g r a v i t y  

g rad ien t  over t h e  western f l a n k  of  Warm Spr ings Mountain. 

most f a u l t  i s  co inc iden t  with botkl t h e  Long Ridge f a u l t  (which was 

mapped by Eaton (1929)) and a l s o  Loshen Narm Spr ings ana i s  mooelea 

with a v e r t i c a l  displacement o f  atiout 0.1 km (330 ft). 

Spr ings Mountain h o r s t  i s  i n d i c a t e d  by a r e s i d u a l  g r a v i t y  h i g h  which i s  

bounded on bo th  s ides  by g r a v i t y  anomalies which i n d i c a t e  marg ina l  

The East Goshen p l a t f o r m  i s  bounaeo 

Within t h i s  p la t fo rm,  a 

The eastern- 

The Warm 
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f a u l t s  -- on t h e  west, t h e  Long Ridge f a u l t  j u s t  discussed, ana on t h e  

eas t ,  an unnamed f a u l t  i n f e r r e d  from t h e  g r a v i t y  data. 

The southern t i p  o f  t h e  Utah Va l l ey  graben i s  i n d i c a t e d  a long 

p r o f i l e  D-Dl by a narrow r e s i d u a l  g r a v i t y  low o f  approximately 3 mgal 

l o c a t e d  eas t  o f  t h e  Warm Spr ings Mountain ho rs t .  On t h e  west, t h e  

graben i s  shown as bound by two sma l l  f a u l t s  which are  i n d i c a t e d  by two 

sma l l  increases i n  t h e  g r a v i t y  g rad ien t .  On t h e  east ,  t h e  Utah Va l l ey  

graben i s  bounded by a f a u l t  which i s  n o t  o n l y  i n d i c a t e d  by a g r a v i t y  

g rad ien t ,  but a l s o  co inc ides  with i3 f a u l t  mappeo by Met te r  (1955) which 

i s  assoc iated with t h e  Wasatch f a u l t  zone. 

P r o f i l e  E-E': Goshen Warm Spr ings 

The Goshen Warm Spr ings p r o f i l l ?  E-E' (F ig .  81, t o t a l i n g  6.5 km (4.0 

m i )  i n  leng th ,  extends 4.5 kin (2.8 m i )  west o f  Goshen harm Spr ings 

across t h e  eas tern  margin o f  Goshen Va l l ey  and 2 km (1.2 m i )  eas t  o f  

Goshen Warm Spr ings  over Warm Spr ings Mountain. The complete Bouguer 

g r a v i t y  anomaly values range from -196 mgal over t h e  a l l u v i u m  a t  t h e  

western end o f  t h e  p r o f i l e  t o  -186 mgal over  t h e  Paleozoic  rocks  o f  

Warm Spr ings Mountain a t  t h e  eas tern  end o f  t h e  p r o f i l e .  Furthermore, 

t h e  assumed r e g i o n a l  g r a v i t y  g rad ien t  is 0.263 mgal/km (with g r a v i t y  

decreasing toward t h e  eas t ) ,  which i s  t h e  same as t h a t  assumed f o r  t h e  

western segment o f  p r o f i l e  D-DI. 

modeled us ing  2-1/2 dimensional techniques and assuming a n o r t h  s t r i k e  

The geo log ic  c ross  s e c t i o n  was 

l e n g t h  o f  4.5 km (2.8 m i )  and a south s t r i k e  l e n g t h  o f  2.5 km (1.5 m i ) .  

The r e s i d u a l  g r a v i t y  anomaly a long p r o f i l e  E-El shows ( f rom west t o  

eas t )  an anomalous sma l l  g r a v i t y  t l igh, a sma l l  g r a v i t y  low, and a pro-  

nounced anomalous g r a v i t y  s lope over t h e  eas tern  margin o f  Goshen 
I 
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F i g u r e  8. I n t e r p r e t i v e  g e o l o g i c  c r o s s  s e c t i o n  a long  g r a v i t y  p r o f i l e  
E-E ' .  The number is  t h e  d e n s i t y  ( i n  gm/cc) o f  t h e  layer. 
Fl=Long Ridge f a u l t .  
modeled us ing  2-1/2 d imens iona l  t echn iques .  A l l  polygons 
were modeled assuming a n o r t h  s t r i ke  l e n g t h  o f  4.5 km ano a 
s o u t h  s t r ike l e n g t h  o f  2.5 km. 

T n i s  g e o l o g i c  c r o s s  s e c t i o n  was 
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Val ley .  The pronounced g r a v i t y  anomaly, w i th  a t o t a l  r e l i e f  o f  10 n 5 a l  

over a h o r i z o n t a l  d i s tance  o f  2 km (1.2 m i ) ,  i s  i n t e r p r e t e d  t o  be 

associated with f o u r  f a u l t s  whose t o t a l  v e r t i c a l  displacement i s  

approximately 0.60 km (1970 f t ) .  

t o  be co inc iden t  with t h e  contac t  between t h e  a l l uv ium o f  Goshen Va l ley  

and t h e  Paleozoic  rocks  o f  Warm Spr ings Mountain. 

t h e  west i s  i n t e r p r e t e d  t o  be co inc iden t  with t h e  Lon5 Ridge f a u l t  

(mapped by Eaton (1929) and des ig ra ted  ltF1ll on F ig .  8 )  and Goshen 

Warm Spr ings ( p r o j e c t e d ) ;  t h i s  f a b l t  i s  modeled t o  have a v e r t i c a l  ois-  

placement o f  approx imate ly  0.2 km (660 ft). 

f o u r  f a u l t s ,  with a modeled v e r t i c a l  displacement o f  0.3 km (980 f t ) ,  

i s  i n t e r p r e t e d  t o  be t h e  f a u l t  which bounds t h e  eas tern  margin o f  t h e  

sma l l  graben l o c a t e d  within t h e  East Goshen p la t fo rm.  

p a r t  o f  p r o f i l e  E-E', t h e  smal l  gIaben within t h e  East Goshen p l a t f o r m  

is i n d i c a t e d  by t h e  sma l l  g r a v i t y  low with a t o t a l  r e l i e f  of l e s s  than 

1 mgal. 

i s  i n t e r p r e t e d  t o  be associated wi th  t h e  western margin o f  t h e  East 

Goshen p la t fo rm.  The East  Goshen p l a t f o r m  is probably  bouno on t h e  

west by a f a u l t  which separates i t  from t h e  South Goshen b lock ,  as seen 

i n  p r o f i l e s  C-C' and D-D'; however, t h i s  f a u l t  apparent ly  l i e s  j u s t  

west o f  t h e  west end o f  p r o f i l e  E-E' and i s  t h e r e f o r e  n o t  shown on 

p r o f i l e  E-E'. 

The easternmost f a u l t  i s  i n t e r p r e t e o  

The nex t  f a u l t  t o  

The westernmost o f  t h e  

Over t h e  c e n t r a l  

Along t h e  western p a r t  o f '  p r o f i l e  E-E', t h e  sma l l  g r a v i t y  h i g h  

The f a c t  t h a t  Goshen Warm Spr ings i s  d i r e c t l y  r e l a t e d  t o  t h e  Long 

Ridge f a u l t ,  suggests t h a t  t h e  Lorig Ridge f a u l t  (and p o s s i b l y  ad jacent  

f a u l t s )  may a c t  as condu i ts  f o r  t h e  ascension o f  t h e  thermal  water 

assoc iated w i t h  t h e  spr ings.  Fur ther ,  t h i s  r e l a t i o n  suggests t h a t  t h e  
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f a u l t s  may extend t o  a much g rea te r  depth than i n d i c a t e d  by t h e i r  

modeled v e r t i c a l  displacements i n  order  t o  t a p  t h e  h o t  water heated by 

t h e  geothermal g rad ien t  within t h e  area. I f  one assumes t h a t  (1) t h e  

depth of  maximum v e r t i c a l  displacement i s  0.6 km (197G f t ) ,  ana (2) 

t h e  temperature o f  t h e  water may be due t o  hea t ing  by t h e  normal 

geothermal g rad ien t  o f  approximately 35' C/km (D. S. Chapman, per -  

sona l  commun., 198l), then  t h e  r e s u l t i n g  temperature o f  t h e  water i s  

approximately 21% -- which i s  i d e n t i c a l  t o  t h e  measured sur face  

temperature o f  t h e  water i n  t h e  Goshen Warm Spr ings (see Table 1). 

Because, t h e  water temperature prolsably decreases as t h e  water ascends 

a long t h e  f a u l t s ,  then t h e  f a u l t s  isrobably extend t o  a g rea te r  depth 

than 0.6 km (1970 f t)  t o  p rov ide  w a r m  water wi th a temperature o f  

2l0C a t  t h e  surface. 

t h e  assumed normal geothermal g rad ien t  i s  co r rec t .  

Of  course, t h i s  reasoning a l s o  presumes t h a t  

3 

a 

3 

3 



Q 

74 

D1SC:USSION 

a 

3 

N- 

3 

3 

3 

3 

I n t e r r e l a t i o n s h i p  o f  F a u l t  B locks 

The i n t e r r e l a t i o n s h i p  o f  t h e  grabens, ho rs ts ,  and spurs as i n t e r -  

p r e t e d  from t h e  g r a v i t y  da ta  w i t h i n  t h e  survey area i s  complex, b u t  

does e x h i b i t  d i f f e r e n t i a l  f a u l t i n g  and t i l t i n g  which i s  t y p i c a l  wi th in 

t h e  Basin and Range prov ince.  

b locks  ( t h e  Utah Va l l ey  graben and t h e  Goshen Va l l ey  graben) a r e  oown- 

dropped r e l a t i v e  t o  t h e  mountain b locks  ( t h e  Oqu i r rh -Bou l te r -T in t i c  

f a u l t  b lock ,  t h e  Wasatch Range b lock ,  t h e  West Mountain h o r s t ,  and t h e  

Warm Spr ings Mountain h o r s t ) .  

apparent ly  t i l t e d  i n  d i f f e r e n t  d i r e c t i o n s ;  

graben i s  probably  t i l t e d  toward t h e  southeast and t h e  Goshen Va l l ey  

graben is  probably  t i l t e d  toward t h e  nor theas t .  

W i t h i n  t h e  survey area, t h e  v a l l e y  

I n  a d d i t i o n ,  t h e  v a l l e y  b locks  a re  

i .e . ,  t h e  Utah Va l ley  

It should be noted t h a t  t h i s  p a t t e r n  o f  d i f f e r e n t i a l  f a u l t i n g  ana 

t i l t i n g  a l s o  p e r t a i n s  t o  t h e  sma l le r  s t r u c t u r a l  b locks  within t h e  l a r g e  

h o r s t  and grabens. 

Goshen Va l l ey  graben ( i .e . ,  t h e  Nor th  Goshen p la t fo rm,  t h e  West Goshen 

bench, t h e  East Goshen p la t fo rm,  and t h e  South Goshen b lock)  e x h i b i t  

d i f f e r e n t i a l  subsidence a long f a u l t s  o r  f a u l t  zones r e l a t i v e  t o  each 

o ther .  Furthermore, t h e  South Goshen b lock  n o t  on l y  d i sp lays  t h e  

g rea tes t  r e l a t i v e  subsidence o f  a l l  t h e  s t r u c t u r a l  b locks  wi th in t h e  

Goshen Va l l ey  graben -- namely, t o  a depth o f  1.9 km (6230 f t )  a long 

For  example, t h e  sma l l  s t r u c t u r a l  b locks  within t h e  

3 
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p r o f i l e  D-D' (F ig .  7) -- b u t  a l s o  t h e  b l o c k  probably t i l t s  toward t h e  

nor theas t ,  as ev ident  from t h e  g r a v i t y  p a t t e r n s  over t h i s  b lock .  

a d d i t i o n ,  t h e  h o r s t s  within t h e  Oqu i r rh -Bou l te r -T in t i c  f a u l t  b lock  i n  

t h e  survey area ( i .e . ,  t h e  Lake MOlJntainS h o r s t ,  t h e  Greeley H i l l  

b lock ,  t h e  Mosida H i l l s  b lock ,  and t h e  East T i n t i c  Mountains h o r s t ) ,  

a r e  d isp laced v e r t i c a l l y  r e l a t i v e  'LO each o ther ,  as ev ident  from t h e  

e leva t i ons  o f  t h e i r  c r e s t s  and t h e  g r a v i t y  p a t t e r n s  associatea wi th  

them; and t h e  p o s s i b i l i t y  t h a t  t h e  Greeley H i l l  b lock  ana Mosida H i l l s  

b lock  are  a l s o  d isp laced l a t e r a l l y  from each o ther ,  as i s  ev iden t  from 

t h e  o f f s e t s  o f  t h e  g r a v i t y  h ighs  and t h e  few mappea f a u l t s  assoc iatea 

wi th t h e  separate ho rs ts ,  warrants f u r t h e r  f i e l d  i n v e s t i g a t i o n .  

I n  

Furthermore, t h e  Utah Va l l ey  g::aben and t h e  Goshen Va l l ey  graben 

a re  be l i eved  t o  be p a r t  o f  a nor th-south t r e n d i n g  b e l t  o f  grabens which 

d e f i n e  t h e  Wasatch s t r u c t u r a l  t rough ( G i l b e r t ,  1928). 

area, t h e  Wasatch s t r u c t u r a l  t rough l i e s  between t h e  Oqui r rh-Boul ter -  

T i n t i c  f a u l t  b lock  and t h e  Wasatch Range b lock  ( G i l b e r t ,  1928; Cook ana 

Berg, 1961) where t h e  i n t e r v e n i n g  t i locks have been dropped down r e l a -  

t i v e  t o  these two l a r g e  bounding b.locks. 

e n t l y  remained r e l a t i v e l y  stationa::y with respec t  t o  t h e  Oquirrh- 

B o u l t e r - T i n t i c  f a u l t  b lock  based on t h e  e s s e n t i a l l y  un i fo rm e l e v a t i o n s  

o f  t h e  c r e s t s  o f  Nest Mountain, the Lake Mountains, ano t h e  East T i n t i c  

Mountains, accord ing t o  Cook and Berg (1961). 

I n  t h e  study 

The West Mountain h o r s t  appar- 

I n  add i t i on ,  t h e  bed- 

rock  spurs became lodged a t  an i n te rmed ia te  l e v e l  r e l a t i v e  t o  t h e  

Wasatch Range b lock  and t h e  v a l l e y  b locks.  Furthermore, t h e  Utah 

Va l l ey  graben shows t h e  g rea tes t  dlsplacement r e l a t i v e  t o  a l l  t h e  
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b l o c k s  w i t h i n  t h e  su rvey  area, where dep th  t o  bedrock is modeled t o  be 

4.2 km (13,780 f t )  ( a l o n g  p r o f i l e  B-B', Fig .  5 ) .  

Geothermal S i g n i f i c a n c e  

The u s e f u l n e s s  o f  g r a v i t y  s u r v e y s  i n  h e l p i n g  t o  e v a l u a t e  t h e  geo- 

thermal r e s o u r c e s  o f  a n  area was d i s c u s s e d  p r e v i o u s l y  (p.  1). I n  this ' 

s e c t i o n ,  t h e  geothermal  s i g n i f i c a n c e  o f  the  r e s u l t s  o f  t h e  g r a v i t y  

su rvey  i n  t h e  s t u d y  area w i l l  be d i scussed .  

Within the s t u d y  area, there is one g r a v i t y  h igh  l o c a t e d  above 

S a r a t o g a  Hot S p r i n g s  and Crater Hot S p r i n g s  which may a p p a r e n t l y  be 

caused  by t h e  i n c r e a s e d  d e n s i t y  o f  a l luv ium or  h o s t  rock  as a r e s u l t  o f  

t h e  c i r c u l a t i o n  o f  h o t  water. It i s  u n l i k e l y  t h a t  f o u r  small l o c a l  

g r a v i t y  lows which occur  w i t h i n  t h e  su rvey  area (three i n  o r  n e a r  t h e  

J o r d a n  Narrows area and one j u s t  west o f  Goshen Warm S p r i n g s )  are 

caused  by sha l low magma chambers o r  s i l i c ic  i n t r u s i o n s ,  as  l o c a l  heat 

s o u r c e s ,  because  no Recent (less t h a n  2 m.y. o l d )  (White and Williams, 

1975) v o l c a n i c  r o c k s  are e v i d e n t  w i t h i n  the s t u d y  area. The three 

small g r a v i t y  lows i n  or n e a r  t h e  Jo rdan  Narrows area are probably  t h e  

r e s u l t  o f  a d e n s i t y  d i f f e r e n c e  between t h e  a l luv ium which fills t h e  

nar rows  and t h e  a d j a c e n t  P a l e o z o i c  rocks .  

Goshen Warm S p r i n g s  is i n t e r p r e t e d  t o  be caused  by a small graben 

w i t h i n  t h e  East Goshen p l a t fo rm.  

The g r a v i t y  low west o f  t h e  

However, w i t h i n  t h e  su rvey  area:, many bands of c l o s e l y  spaced  

g r a v i t y  c o n t o u r s  w i t h  l a r g e  g r a v i t y  g r a d i e n t s  i n d i c a t e  major f a u l t s  or 

f a u l t  zones  which form t h e  boundar i e s  o f  g rabens  and h o r s t s .  The major 
3 

i 
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f a u l t s ,  which may extend t o  depths o f  a t  l e a s t  severa l  k i l omete rs ,  

o f t e n  serve as condu i ts  f o r  t h e  hot. water t o  asceno t o  t h e  sur face,  

a f t e r  i t  has been heated by t h e  noi-mal r e g i o n a l  geothermal g rad ien t .  

The h o t  sp r ings  i n  t h e  study area appear t o  be c o n t r o l l e d  by major 

f a u l t s  and tend t o  be a l i g n e d  a long t h e  f a u l t s  ana are  sometimes a t  t h e  

i n t e r s e c t i o n  o f  f a u l t s .  For  example, f i v e  thermal  sp r ings  a re  l o c a t e d  

a long t h e  Utah Lake f a u l t  zone (which i s  c l e a r l y  i n d i c a t e d  by t h e  ban0 

o f  c l o s e l y  spaced g r a v i t y  contours with steep g r a v i t y  g rad ien ts  on t h e  

complete Bouguer g r a v i t y  anomaly map): 1) Saratoga Hot Springs; 2) 

Cra te r  Hot Springs; 3) 

I s l a n d  Warm Springs; and 5) t h e  L i n c o l n  P o i n t  Warm Springs. 

e r n  U tah  Va l ley ,  i n  t h e  Saratoga Hist Spr ings area, water temperatures 

t h e  warm sp r ings  near Goose Po in t ;  4) t h e  B i r d  

I n  no r th -  

o f  15.5OC t o  46OC were repo r ted  from sp r ings  ana w e l l s  (Goooe, 

1978). Here t h e  Utah Lake f a u l t  zone i s  modeled i n  t h i s  r e p o r t  (pro-  

f i l e  A-A ' ,  F ig .  4) w i th  a v e r t i c a l  displacement o f  t h e  Paleozoic  bed- 

rock  sur face  o f  approx imate ly  1.5 km (4900 f t )  and t h e  Utah Va l l ey  

graben is modeled ( a l s o  p r o f i l e  A - A ' ,  Fig. 4 )  w i t h  a depth  o f  about 2.5 

km (8200 f t ) .  I n  a d d i t i o n ,  i n  t h e  southern p a r t  of Utah Va l l ey ,  on t h e  

eas t  s ide  of West Mountain, water temperatures obta ined from shal low 

w e l l s  range from 20°C t o  34OC (Gocide, 1978); i n  t h i s  area, t h e  Utah 

Lake f a u l t  zone comprises a f a i r l y  wide band o f  s tep  f a u l t s  which t r e n a  

nor th-south and which have an i n d i c a t e d  t o t a l  v e r t i c a l  oisplacement of 

t h e  Paleozoic  bedrock sur face  o f  4.2 km (13,780 f t )  a long p r o f i l e  B-B' . 

(F ig .  5 ) .  Th is  evidence suggests t h a t  t h e  f a u l t s  assoc iated wi th t h e  

Utah Lake f a u l t  zone probably  exteno t o  seve ra l  k i l omete rs  and p rov ioe  
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t h e  condu i ts  f o r  t h e  upward m i g r a t i o n  o f  h o t  water heated by t h e  normal 

r e g i o n a l  geothermal g rad ien t  w i t h i n  t h e  area. 

I n  t h e  Goshen Va l l ey  area, sp r ings  and shal low w e l l s  were repo r ted  

by Goode (1978) t o  produce water t l imperatures which range from 18.5’ 

t o  22’ C. Furthermore, Parry  and ‘Cleary (1978) suggest t h a t  water as 

h o t  as 18OoC may e x i s t  a t  depth i n  Goshen Va l l ey  basea on Na-K-Ca and 

S i02  geothermometry. 

Ridge f a u l t ,  and correspond with a band o f  c l o s e l y  spacea g r a v i t y  

contours. The f a u l t  may extend t o  a g rea te r  depth than t h a t  [namely 

0.1 km (330 f t) ]  modeled a long p r o f i l e  D-D1 (F ig .  7) i n  orcler t o  t a p  

t h e  h o t  water heated by t h e  normal r e g i o n a l  geothermal g rad ien t  o r  t h e  

geothermal r e s e r v o i r  which may e x i s t  a t  depth. 

graben i s  shown i n  thi’s r e p o r t  t o  comprise seve ra l  l a r g e  s t r u c t u r a l  

b locks  (one con ta in ing  bas in  f i l l  t o  a depth o f  1.9 km o r  6200 f t )  as 

w e l l  as sma l l  s t r u c t u r a l  b locks  which a r e  complexly f a u l t e d  and t i l t e d .  

Thus t h e  many f a u l t s  assoc iated with these b locks  within t h e  Goshen 

Va l l ey  graben may form adequate condu i ts  f o r  t h e  m i g r a t i o n  o f  thermal  

waters which cou ld  be heated a t  depth by t h e  normal r e g i o n a l  geothermal 

The Goshen Warm Spr ings l i e  a long t h e  Long 

The Goshen Va l l ey  

g rad ien t .  

Grav i t y  da ta  a i d  i n  l o c a t i n g  increased dens i t y  areas which a re  t h e  

r e s u l t  o f  c i r c u l a t i o n  o f  thermal  waters and d e l i n e a t i n g  f a u l t s  or f a u l t  

zones which may a c t  as condu i ts  f o r  t h e  c i r c u l a t i o n  o f  thermal  waters 

and which, i n  some cases, c o n t r o l  t h e  l o c a t i o n  o f  thermal  sp r ings  a long 

t h e  f a u l t  or f a u l t  zone. The thermal  waters may be r e l a t e d  t o  e i t h e r  

(1) a convec t ive  geothermal systeri, where c i r c u l a t i o n  occurs i n  a low- 

p o r o s i t y  b u t  fracture-permeable erivironment o r  (2) a conduct ive 

geothermal system, where water i n  h i g h  p o r o s i t y  and/or h i g h  perme- 
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a b i l i t y  sed imen ta ry  a q u i f e r s  is  heated i n  p l a c e  by a h i g h e r  t h a n  normal 

geothermal  g r a d i e n t  -- as  i n  valley/ b l o c k s .  
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The survey area l i e s  within t h e  t r a n s i t i o n  zone between t h e  Bas in  

and Range and t h e  Middle Rocky Mountains phys iographic  prov inces;  ana 

within t h e  Sev ie r  orogenic  b e l t  ani3 t h e  Wasatch f a u l t  zone. 

r e l a t e d  t o  a l l  o f  these fea tu res  a f f e c t  t h e  g r a v i t y  p a t t e r n s  within 

S t ruc tu res  

t h i s  area. 

I n  t h e  survey area, two dominant t rends  o f  g r a v i t y  contours a re  

ev ident  on t h e  complete Bouguer g r iav i ty  anomaly map -- northwest-south 

eas t  i n  t h e  no r the rn  p a r t  o f  t h e  s tudy area and northeast-southwest i n  

t h e  ,southern p a r t  o f  t h e  area. 

t rends  rough ly  p a r a l l e l  t h e  Sevier  orogenic  b e l t  i n  t h i s  area ana 

suggest t h a t  Bas in  and Range norma.1 f a u l t i n g  p a t t e r n s  may i n  p a r t  be 

These two dominant g r a v i t y  contour  

c o n t r o l l e d  by these o l d e r  s t ruc tu res .  

The survey area l i e s  a long the eastern p a r t  o f  the Deep Creek- 

T i n t i c  b e l t  which i s  o r i e n t e d  east-west a long l a t i t u a e  40' N.; ana 

within t h e  survey area, two east-wi?st l o c a l  g r a v i t y  t renas  a re  ev ident  

within and p a r a l l e l  t o  t h e  o r i e n t a t i o n  o f  t h i s  much l a r g e r  r e g i o n a l  

fea ture .  Both l o c a l  g r a v i t y  t rends  a re  de f i ned  by bands of g r a v i t y  

contours (which i n d i c a t e  marg ina l  f a u l t s )  o r  g r a v i t y  sadales. The 

l o c a l  east-west g r a v i t y  t rends  and t h e  Deep Creek-T in t i c  b e l t  co inc iae  

wi th  (1) a l a r g e  r e g i o n a l  east-west g r a v i t y  l i n e a t i o n  (Cook ana 

Montgomery, 1972; Montgomery, 1973), (2) an east-west t r e n a i n g  s e r i e s  
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o f  aeromagnetic h ighs  ( Z e i t z  and ochers, 1969; Mabey ana o thers ;  1464), 

and (3) an east-west t rend ing  b e l t  o f  s e i s m i c i t y  (Kas t r insky ,  1977; 

McKee, 1982) .  The broad east-west t rend,  which mani fests  i t s e l f  on 

seve ra l  d i f f e r e n t  k i n d s  o f  geophys.ica1 da ta  a long l a t i t u o e  40' N., i s  

be l i eved  t o  be t h e  r e s u l t  o f  a f r a c t u r e  or f r a c t u r e  zone associated 

with a t rans form f a u l t  extending i n t o  t h e  upper mantle ( Z e i t z  ana 

o thers ,  1969; Cook and Montgomery, 1972; Montgomery, 1973) .  

The complete Bouguer g r a v i t y  anomaly map e x h i b i t s  a p a t t e r n  of 

a l t e r n a t i n g  g r a v i t y  lows and h ighs  over grabens and hors ts ,  respec- 

t i v e l y ,  which a re  separated from e , x h  o the r  by banas of  c l o s e l y  spacea 

g r a v i t y  contours i n d i c a t i v e  o f  Bas in  and Range f a u l t s .  Th i s  p a t t e r n  i s  

c h a r a c t e r i s t i c  o f  g r a v i t y  p a t t e r n s  over  much o f  t h e  Bas in  and Range 

prov ince.  The g r a v i t y  da ta  were i n t e r p r e t e d  by modeling f i v e  east-west 

p r o f i l e s ,  A-A'  t o  E-E'; and i n t e r p r e t i v e  geo lg i c  cross sec t i ons  were 

modeled. The g r a v i t y  da ta  de f i ne  seve ra l  l a r g e  f a u l t  b locks  which 

e x h i b i t  d i f f e r e n t i a l  displacement and t i l t i n g  i n  r e l a t i o n  t o  each 

other.  I n  p a r t i c u l a r ,  t h e  Utah Va l l ey  graben and Goshen Va l l ey  graben 

a re  t h e  major b locks  i n  t h e  survey area which have n o t  on l y  been aown- 

dropped r e l a t i v e  t o  t h e  Oqu i r rh -Bou l te r -T in t i c  f a u l t  b lock ,  t h e  Wasatch 

Range h o r s t ,  t h e  West Mountain h o r s t ,  and t h e  Warm Spr ings Mountain 

h o r s t ,  b u t  a l s o  have been t i l t e d  i n  d i f f e r e n t  d i r e c t i o n s  r e l a t i v e  t o  

each o ther .  

be l i eved  t o  be p a r t  of a nor th-south t r e n d i n g  b e l t  o f  grabens which 

form p a r t  o f  t h e  Wasatch s t r u c t u r a l  t rough  ( G i l b e r t ,  1928) charac- 

t e r i z e d  as fo l l ows :  1) within t h e  t rough,  t h e  i n t e r v e n i n g  b locks  have 

dropped down r e l a t i v e  t o  t h e  t h e  Oqu i r rh -Bou l te r -T in t i c  f a u l t  b l o c k  and 

The Utah Va l l ey  graben and t h e  Goshen Va l ley  graben a r e  
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t h e  Wasatch Range h o r s t ;  2 )  within t h e  t rough,  t h e  hes t  Mountain h o r s t  

has remained s t a t i o n a r y  r e l a t i v e  t o  t h e  two l a r g e  bounding b locks  (Cook 

and Berg, 1961); and 3) within t h e  t rough,  t h e  Traverse and Santaquin 

spurs have become lodged a t  in te rmed ia tes  l e v e l s  r e l a t i v e  t o  t h e  

Wasatch Range h o r s t  and t h e  v a l l e y  b locks  adjacent  t o  t h e  spurs. 

Within t h e  Wasatch s t r u c t u r a l  t rough,  t h e  Utah Va l ley  graben i s  

bound on t h e  west and eas t  by t h e  Utah Lake f a u l t  zone and t h e  Wasatch 

f a u l t  zone, r e s p e c t i v e l y .  The Utah Lake f a u l t  zone and t h e  Wasatch 

f a u l t  zone produce t h e  s teepest  g r a v i t y  g rad ien ts  within t h e  survey 

area -- 9 mgal/km over t h e  former a t  t h e  Nor th  end o f  Utah Lake ana 10 

mgal/km over t h e  l a t t e r  j u s t  southeast o f  Provo. 

ments o f  t h e  bedrock sur face  associated with f a u l t s  which bouna t h e  

deepest p a r t  o f  t h e  graben were modeled t o  be 3.3 km (10,800 f t )  on the 

west and 3.2 km (10,500 f t)  on t h e  eas t  a long p r o f i l e  B-B1 near Spanish 

Fork. 

Traverse spur and t h e  Santaquin spur, r e s p e c t i v e l y .  Depth t o  Paleozoic  

bedrock w i th in  t h i s  graben i s  i n t e r p r e t e d  t o  be somewhat more than  4.2 

km (13,780 ft), based on t h e  Gulf Energy and Minera ls  #,l Bank w e l l  and 

V e r t i c a l  a isp lace-  

The Utah Va l l ey  graben i s  bound on t h e  n o r t h  and south  by t h e  

t h e  i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  da ta  a long p r o f i l e  B-BI. 

Within t h e  Wasatch s t r u c t u r a l  t rough,  t h e  Goshen Va l l ey  graben i s  

shown t o  be a complexly f a u l t e d  graben which c o n s i s t s  o f  smal le r  

s t r u c t u r a l  b locks  which e x h i b i t  d l f f e r e n t i a l  displacement a long f a u l t s  

o r  f a u l t  zones. 

zones within and a long t h e  boundaries o f  t h e  Goshen Va l l ey  graben have 

been modeled t o  exceed 1.5 km (4920 f t )  a long p r o f i l e s  C-C' ,  D-D', ano 

The minimum v e r t l i c a l  aisplacements a long t h e  f a u l t  
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bedrock within t h i s  graben i s  somewhat g rea te r  than 1.9 km (6230 f t ) .  

The g r a v i t y  da ta  i n d i c a t e  t h a t  t h e  maximum depth t o  Paleozoic  

Overa l l ,  t h e  g r a v i t y  da ta  have shown t h a t  t h e  s t r u c t u r a l  r e l a t i o n -  

s h i p  which e x i s t s  between t h e  many l a r g e  and sma l l  f a u l t  b locks  w i t h i n  

t h e  s tudy area i s  p r i m a r i l y  r e l a t e d  t o  Basin and Range normal 

f a u l t i n g .  Furthermore, t h e  g r a v i t y  da ta  i n d i c a t e  t h a t  b locks  wi th in 

t h e  s tudy area were d isp laced downward r e l a t i v e  t o  t h e  Wasatch 

Mountains on t h e  eas t  and t h e  0qui :crh-Boul ter -T in t ic  f a u l t  b lock  on t h e  

west -- with t h e  t h e  g rea tes t  v e r t i c a l  displacement o f  t h e  sur face  o f  

Paleozoic  bedrock occu r r i ng  i n  t h e  southern p a r t  o f  t h e  Utah Va l l ey  

graben. It was a l s o  found t h a t  t h e  s t r u c t u r e  under l y ing  t h e  Goshen 

V a l l e y  is f a r  more complex than p r e v i o u s l y  recognized. 

t h i s  s tudy have genera l l y  subs tan t i a ted  t h e  f i n a i n g s  o f  t h e ' p r e v i o u s  

i n v e s t i g a t o r s ,  e s p e c i a l l y  those o f  G i l b e r t  (1928) and Cook and Berg 

(1961); and t h e  a d d i t i o n a l  g r a v i t y  da ta  a v a i l a b l e  fo r  t h i s  s tudy have 

pe rm i t ted  a more d e t a i l e d  i n t e r p r e t a t i o n  o f  t h e  r e g i o n a l  s t r u c t u r a l  

pat te rns .  

The r e s u l t s  o f  

The assoc ia t i on  o f  t h e  Utah Lal<e f a u l t  zone with f i v e  thermal  

sp r ings  (Saratoga Hot Springs, C r a t e r  Hot Spr ings,  t h e  warm sp r ings  a t  

Goose Po in t ,  t h e  B i r d  I s l a n d  Warm Springs, and t h e  L i n c o l n  P o i n t  Warm 

Spr ings)  subs tan t i a tes  t h e  f a c t  th(3t t h e  thermal  sp r ings  a re  f a u l t  

c o n t r o l l e d .  I n  add i t i on ,  t h e  miniinum v e r t i c a l  displacements associated 

with t h e  Utah Lake f a u l t  zone as mDdeled a long p r o f i l e s  A - A '  and 8-B' 

[1.66 km (5450 f t )  and 3.3  km (10,900 ft), r e s p e c t i v e l y ]  i n  con junc t i on  

with t h e  thermal  spr ings ,  i n d i c a t e  t h a t  t h e  f a u l t s  probably extend t o  

depths o f  a t  l e a s t  seve ra l  k i l omete rs  t o  t a p  t h e  h o t  water heateo by 
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t h e  n rmal  regior; 1 geothermal g rad ien t  within t h e  survey area. M o n g  

t h e  Long Ridge f a u l t  i n  t h e  Goshen Va l ley ,  t h e  g r a v i t y  data support t h e  

conc lus ion  t h a t  t h e  Goshen Warm Spr ings a r e  a l s o  f a u l t  c o n t r o l l e o  ana 

a i d  i n  d e l i n e a t i n g  t h e  t r e n d  o f  t h e  f a u l t  assoc iate0 with t h e  warm 

spr ings.  

Saratoga Hot Spr ings and Cra te r  Hot; Spr ings area (as p r o j e c t e d  onto t h e  

p r o f i l e )  i s  probably  caused by e i t h e r  (1) Paleozoic  bearock b locks  

which a re  d i f f e r e n t i a l l y  f a u l t e d  o r  (2) an inc rease o f  t h e  dens i t y  o f  

t h e  hos t  rocks  -- namely, a l l uv ium and/or under l y ing  Paleozoic  beorock 

-- as a r e s u l t  o f  cementation caused by c i r u c u l a t i n g  h o t  b r i n e s  

associated with t h e  h o t  spr ings.  The g rea te r  a e f i n i t i o n  o f  t h e  

under l y ing  s t r u c t u r e  within t h e  t h e  Utah Va l l ey  graben and Goshen 

Va l l ey  graben w i l l  a i d  i n  t r a c i n g  l ’au l ts  through which warm waters a re  

m ig ra t i ng ,  as ev ident  from warm water temperatures obta ined from water 

w e l l s  (Goode, 1978) and t h e  sur face  man i fes ta t i ons  o f  thermal  sp r ings  

i n  t h e  study area. I t  should be noted t h a t  a l though t h e  g r a v i t y  da ta  

do n o t  apparent ly  d e l i n e a t e  any deep i n t r u s i v e  bodies which may 

represent  a heat  source fo r  t h e  thermal  waters i n  t h e  survey area, t h i s  

does n o t  prec lude t h e  p o s s i b i l i t y  t h a t  these fea tu res  may e x i s t .  

Along p r o f i l e  A - A ’ ,  a sma l l  r e s i u u a l  g r a v i t y  h i g h  over t h e  

3 
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PRINCIPAL FACTS OF GRAVITY STATIONS 

U n i t s  a re  as f o l l o w s :  

L a t i t u d e  
Longi tude 
E l e v a t i o n  
Observed g r a v i t y  
T h e o r e t i c a l  g r a v i t y 1  
Free-a i r  g r a v i t y  anomaly va lue 
Simple Bouguer g r a v i t y  anomaly value2 

Complete Bouguer g r a v i t y  anomaly vi3lue 
T e r r a i n  c o r r e c t i o n  (T.C. )2  2 

Number des ignat ion  o f  g r a v i t y  s t a t i o n s  i s  as fo l l ows :  

U n i t s  
degrees, minutes 
degrees, minutes 
f e e t  
m i l l i g a l  

Do 
Do 
Do 
Do 
Do 

- 

Designat ion -- I n v e s t i g a t o r  or  P r o j e c t  

wo-000 
P-0000 and PG-000 
MS-000 and 6-0000 
DD-000 Davis, D. A., 1981 

[bok and Berg, 1961 and 1972 
Apl2lied Geophysics Inc . ,  1978 
M e i i j i  Resource Consultants, 1980 

I T h e o r e t i c a l  g r a v i t y  a t  mean sea l e v e l ,  us ing  t h e  I n t e r n a t i o n a l  
G r a v i t y  Formula o f  1930 (Sw'ick, 1342). 

2A mean rock  dens i t y  o f  2.67 gm/cc was assumed f o r  bo th  t h e  Bouguer 
and t e r r a i n  co r rec t i ons .  
krn (100 m i )  from each s t a t i o n .  

Terra.in c o r r e c t i o n s  were taken ou t  t o  166.7 

3 

d3 
3 
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STAT,  LATITUDE LOHGITUDE ELEV, ObSEfi'lED THEOR, 
G R A V I I Y  GRAVITY 

HS 1 39. 54.460 112, lib60 5464.00 979650.65 980172e28 
hS 2 39, 54,430 112, 1,530 5358600 979655612 980172+?3 
?!S 3 3 9 ,  54.390 112, 1,210 5263600 97966Ot39 980172118 
hS 4 39, 54,450 112. ,930 5159,OO 979665.95 980172.25 
HS 5 3 9 ,  54,430 112. ,720 51G4+00 779669448 980172.31 
HS 7 39, 54,500 112. ,270 4973e00 979676194 980172.34 
hS li 3 9 ,  54,500 111. 59,990 4908eOO 979680e44 ?80172*34 
H5 9 ?%9$ 54,500 111, 59t7!0 4858100 979682.52 980172*34 
HS 10 3 9 ,  54,470 111, 59,380 4814,OO 979684+15 980172t32 
ns ti 39. 54,350 111. sc,zeo 4784.00 97968~~02 980171~98 
dS 12 39, 54,429 1 1 1 1  59,170 4777,OO 9?9685*49 98'317?*2? 
tis 13 39, 54,440 111, 58,700 4722,OO 979687,79 980172,25 
f lS 1' 15, 54,450 111, 58,370 4708.00 979688.05 980172*26 
6.5 15 34, 54.460 111, 58,100 4694.00 979688637 980172,?8 
ilS 1: 39, 54.450 111, 57,600 4682tOO 97?689*04 980172626 
ri5 l7 39. 54,470 111, 57.550 4673.00 979689A4 ?8017?,29 
HS !6 3?, 54,470 111. 57,210 4664tOO 979690t05 980172.29 
k5 19 39. 54,480 111. 56,990 4654400 979590486 980172+31 
f4S 20 354 S4,4?G 111, 56,676 4652.00 979591.35 990172e32 
KS 21 3 9 ,  54,480 111, 56,430 4t5l100 979692,03 980172,31 
tis 22 39, 54,510 111, 564140 4655tOO 979693e23 980172t35 
HE 23 39, 54,750 111, 55.810 4699000 979651v79 980172.71 
HS 24 39, 54,940 111, 55.550 4731eOO 979651e55 980172t99 
KS 25 3 9 ,  54,950 111, 55t?50 4754,OO 97965'2t99 980173402 
HS 26 30, 54,960 111, 54.980 4758800 97965'3t71 980173*0? 
H5 27 39, 55.170 1 1 1 8  54,400 4760,OO 97965'3+25 980173e33 
HS 28 39,  55,180 111, 54,060 4680,OO 97965'8t19 980173134 
KS 79 39, 55,340 1 1 1 0  53.560 4691600 97965'6.92 980173t58 
HS Ji\ 371 55t?aG 111, 53,316 4769.00 9796?2,85 980173e49 
f lS 31 391 55,270 111, 53.060 4785100 97945'2,81 980173448 
nc, 32 39, 5 5 , m  111, 52,739 4790,oo 9 7 ~ 3 ~ 5 4  9a0173~49 
5S 23 39. 55,310 111. 52,470 4796,OO 97945'3.04 980173.54 
ti5 34 31, 55,170 111, 52,370 4850,OO 97961'1159 980173.33 
?I5 35 39. 56.500 111, 54,510 4652tOO 9796?9*40 980175.30 
flS 3 29, 56+510 111, 53,929 4609tOO 979702b74 980175e31 
HS 37 ?q+  56,490 111, 52t3EO 45?4,00 979704e81 980175.28 
h3 38 39, 55.490 111, 52,790 4545eOO 979705865 980175128 
HS ZC 37, 54.500 111. 52,470 4539aOO 9797335.91 980175*30 
HS 40 3 9 ,  56,490 i!i, 5 ~ 4 0  4s38,oo 9?9705,ao ~ 8 0 1 7 5 ~ 8  
hS 41 2 9 ,  5~.500 111. 52,000 4541100 9797')5,71 980175a30 
kS 41 31, %e590 111, 51.670 4544,OO 979706*?4 900175.30 
i4l; 42 39, 5tPt490 111, 51,340 4555,OO 979707,68 980175928 
ffS 44 39, 56.500 111, 51,090 4618*00 179706+96 980175*30 
nc 45 39, 56,410 111, 50,760 4790.00 979609.38 980175~6 

KS 48 39. 57.940 !E, 2,850 5810.00 979695.17 900177~3 
MS 4Y 3 9 ,  51,730 112. 2.430 5671,OO 9796'51,94 980177.12 
ns 50 39, 57,480 112. 2,130 5587.00 1796'54+76 980176.75 

HS 46 39, 56,370 111, 50,490 4850*00 9796'?5*83 980175+11 
Hs 4-' 3 9 ,  58.170 112, 3,430 5988,OO 979635881 980177,77 

FREE SIHPLE 
AIR EOUGUEk 

-7 . 670 -193 e 830 
-12 t 180 -194 6 700 
-1 6 + 790 -196 ,080 
-20,060 -195,820 
-22,730 -196,620 
-27 ,660 -197,080 
-30 270 -1 9 7 9 470 
-32,860 -138,380 
-35,400 -199,390 
-37,020 -199,990 
-37,370 -200 6 130 
-40,290 -201,170 
-4 1 8 400 -201 t 790 
-42.410 -202.330 
-42,020 -202 ,340 
-43,210 -202.410 
-43,570 -202,460 
-43,720 -202,270 
-43,440 -201,920 
-42,800 -201,260 
-41,270 -199~a60 
-38,940 -139,020 
-36,430 -197,620 
-32,840 -194,810 
-31,740 -193,850 
-32, 390 -194.540 
-34,950 -194.390 
-35,410 -195.230 
-32,050 -194,530 
-30,600 -1938610 
-29,370 -1924570 
-29 ,380 -192,780 
-?5+500 -190+800 
-38,350 -1 96,030 
-39 e 070 -196 + 080 
-40,270 -196,090 
-42.120 -196,970 
-424500 -197 t 120 
-42,660 -197,260 
-42,510 -197,200 
-4la700 -196,490 
-386190 -193,730 
-34,020 -191,330 
-25.240 -100,430 
-23,130 -188.350 
21 * 230 -182 760 
15,010 -182 + 920 
8.200 -184,990 
3.500 -106,830 

T, C t  COHPLETE 
BOUGUER 

2 58 -191 8 250 
2 t 53 -192,070 
2*18 -193.900 
1695 -193,870 
1 *78 -194,840 
1 t 58 -195.500 
le49 -195.980 
1638 -197*000 
1628 -198, 110 
1,33 -198,660 
le27 -198,860 
1.31 -199,860 
1 *24 -200,530 
1 t 24 -201 6 090 
1.24 -201 * 100 
1 + 17 -201,240 
1 * 16 -201 * 300 
1415 -201*120 
1 17 -200 t 750 
1 19 -200 4 070 
1*22 -198t640 
1407 -197 950 
1*02 -1961600 
1, 07 -193,740 
le21 -192,640 
1*13 -1934410 
1.42 -192.970 
1 e40 -193.830 
1.32 -193,210 
1 * 46 -192, 150 
1 e78 -190,790 
2 6 16 -190 620 
2 33 -188s 470 
87 -195 4 960 
e98 -195,100 

1 t 15 -194,940 
1141 -195,560 
1.52 -1958600 
1,65 -195*610 
1.74 -1951460 
2.00 -194,490 
2,36 -191,370 
2 t 43 -188,900 
2.26 -106*170 
2 e32 -186.030 
1.35 -181 ,410 
1.34 -181,%0 
1 a22 -183,770 
1.23 -185.600 
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STLIT * LAT!TUDE LONGITUDE ELEV. OBSEfNED THEOF;, 
GRAUI'fY GRAVITY 

H5 5! 39.  57,070 112. 1,380 5319800 97966;',31 980176114 
k ;  52  3 9 ,  57,030 112, 1,050 5269,OO 97366'7.98 980176e08 
Hs 53 39. 57,030 112, ,730 5205,OO 97967:!.82 980176*08 
kS 54 3P4 57,050 112, ,430 5169.00 ?79674+06 980176,ll 
MS 55 J9t 57,070 112. ,170 5119eOO 97967!5,33 980176*14 
ffS A 39, 57.090 111, 59,710 5044,OO 97967r3.16 980176.17 
HL' 5' 39,  57,lCO 111, 59,300 497ItO0 9796B0144 980i76.19 

HS 59 39, 5i,1?0 111, 58,720 4866.00 979683.40 980176,22 

Hs i l  39, 57,120 111, 5Et25O 4824.00 97968L41 980176.22 

r\S 63 39,  57,1?0 111. 57.730 4754.00 979683.24 980176.23 

% 5e 39, 57,110 I l l ,  59,050 4933.00 979481988 980176620 

KS 60 35'. 57,120 111, 58,530 485710f 979684e19 980176t22 

Ks 6? 39, 57,1?0 111, 58,050 4746,OO 979686t48 980176*22 

ns 2.1 3 7 ,  v.i:o 111, 57,30c 4697,oo vwi,oo 980176.?0 
HS t 5  39. 57.130 I l l .  5Le510 4t21100 979694,94 980176e23 
NS ?b  39, 57,140 111, 56.190 4598eOO 97'1696b52 980176.25 
hS t 7  39, 57,150 111, 55,580 4579000 979698a60 980176*26 
hS 66 3 9 ,  57,160 111, 54,510 4540,OO ?79705,84 980176o28 
h i  S? 39, 5i.180 111, 53,960 4548,OO 979707.00 980176*30 
hS 70 39, 57,266 111, 53.320 4526.00 979707,73 980176.42 
hS 71 39, 57,400 111. 52t780 4519000 979706694 980176663 
h5 72 311 57,520 111, 52,390 4518,OO 979706679 980176.81 
HS J!, 39, 57.600 111, 52,090 4517,OO 97?707*06 980176193 
KS 74 39, 57,640 111. 51,900 4523eOO 979707e51 980176.99 
hS 75 39, 5?*890 111, 51,680 4524,OO 979709.25 980177*22 
KS 76 39 ,  57,650 111, 51,500 4517.00 979711159 980177.00 
If; 77 39, 58,100 111, 51,320 4517tOO 979714t01 980177467 
HS 79 39, 58.160 l l l t  51,230 4519.00 979715*03 990177.76 
tfS 79 394 58t?60 111, 51.100 4533eOO 979715150 980177e90 
tlS 80 39. 58,4?0 111, 50,810 4614,OO 9?9712+75 980178.24 
nS 81 39t 58,610 111, 50,500 4660,OO 979730.03 980178*42 
HS 82 39 ,  58.610 111. 49.990 4699,OO 979709.58 980178.72 
HS 53 3 9 ,  58.980 111, 49,490 4761eOO 979707939 980178497 
t!S 84 39,  59,100 111, 48'?50 4816*00 979703.06 980179e15 
Ht: 35 39, 58,940 111, 48,120 4870.00 97965'7,33 980178,91 
!+i, 86 39, 58,790 111. 47,710 4908sOO -9796?3*86 980178.69 
k5 8' 39, 58,840 111, 47*06@ 4920400 97965'0.09 980178.76 
hS BE 33, 59.570 111, 45.240 4808,OO 9796"5,02 980179.84 
VI: 8" 40, 1,350 12 ,  1,150 5277,OO 9796t15,50 980182.03 
ti5 93 40. ,950 112, 1670 5197.00 9796I17*36 980181b89 
YS 91 4 0 4  ,900 112, ,700 5154800 979608*50 980181*81 
HS J? 40, ,840 112, ,390 5081.00 9796'?1+47 980181.72 
KS 93 401 ,830 112, 1200 5038600 9796113e62 980181,71 
kS 34 40, ,880 111, 59,510 4904,OO 979701.28 980181s78 
nS 95 40, ,7?0 111, 59,136 4838.00 979705407 980181.62 
nS 95 40, t760 111, 58.800 4798*00 979705+36 980181e60 
HS 97 40, ,780 111, 58,510 4760,OO 979706e45 980181o63 
k5 'X 40, ,790 111, 58.30 4728600 979706t97 980181*65 
h5 9s1 40, ,803 111. 57,950 4697800 979707131 980181q66 

FREE S I t l P L E  
A I R  BOUGUER 

-8,520 -189,730 
-10,460 -189,990 
-13.660 -191 o 000 
-15,900 -191 t9BO 
-1 9 350 -1 93 4 740 
-23,610 -195,440 
-27,990 -197,410 
-30 4 360 -198, 410 
-33,280 -199 * 720 
-35.160 -200,640 
-37,100 -201,440 
-38,580 -201,990 
-40,790 -202,770 
-43,430 -203,440 
-46,630 -204.070 
-47,240 -203,890 
-46, 930 -202,940 
-43,380 -198.060 
-41 4 490 -1960 450 
-42.980 -197,180 
-44,610 -198.580 
-45 a 050 -1988980 
-44,970 -198,870 
-44 0030 -198,130 
-42,450 -1?6*580 
-40,590 -194,460 
-380 840 -192,710 
-37,710 -191,650 
-36,070 -1901490 
-31,500 -188,700 
-30.100 -1884860 
-27 + 130 -187.230 
-23 770 -1 85 * 970 
-23,090 -187 t 170 
-23, 470 -189,400 
-23,230 -190,430 
-25 t 860 -193, 490 
-32,610 -196,400 

-*160 -179,950 
-5,690 -182,740 
-8 6 550 -184 8 140 

-12 * 380 -185 s 470 
-14 230 -185,860 
-19 ,200 -186,290 
-21,530 -1866340 
-24,990 -188, 440 
-27,450 -189,620 
-29,940 -191,030 
-32 600 -192 * 600 

T C* COHPLETE 
BOUGUER 

1177 -187,960 
1 852 -188,470 
1948 -189,520 
1*17 -190,810 
1009 -1921650 

095 -194 490 
0 8 9  -196,520 
e 8 5  -197,560 
e81 -198 0910 
* 79 -1 99 850 
4 77 -200 8 670 
.7a - 2 0 ~ 2 1 0  
a 7 6  -202a010 
a 7 7  -202.670 
877 -203t300 
* 77 -203 * 120 
879 -202,150 
e91 -1970150 
t 94 -195 510 

1 +Ob -196.120 
1 18 -197,400 
1.26 -197,720 
1.36 -197,510 
1 * 46 -1968670 
1162 -1946960 
2.20 -192,260 
1.77 -190,940 
1 *78 -189 * 870 
1 e75 -188,740 
1846 -187,240 
1 4 39 -187 470 
1646 -185.770 
1437 -184.600 
1 50 -185,670 
1 * 69 -187* 710 
1s90 -188,530 
2 * 34 -191 * 150 
4.78 -191 620 
1 9 48 -178 t 470 
1 +26 -181,480 
1+14 -183,000 
1 e02 -184,450 

*94 -184,920 
,E1 -185, 480 
*76 -1850 580 
471 -187,730 
e68 -188.940 
64 -190,390 

+63 -1911970 
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S T A T ,  LATITUtlE LONGITUDE ELEV. OESERlED THEORt 
G K A ' I I  T Y GRAVITY 

HSl90 40, 
HSlGl 40, 
ilS102 40, 
HS193 40, 
HSl04 40, 
fl;lc; 40, 
HSl06 40, 
?iSlOJ 40, 
HS108 40, 
KSl89 40, 
HS110 49, 
tisill 40, 
WSll2 40, 

hS114 40. 
HS115 40. 
HSllb 40, 
tis117 SO, 
KSlli? 40, 

k!S!13 40, 

MS119 46, 
E5129 40, 
MS121 40, 

KSi23 40, 
HSl24 40, 
ns13 40, 
H5125 40, 
%1?7 40, 

HS122 40, 

HS128 40, 
ti5129 40, 
HE130 48, 
its131 40, 
MS132 40, 
kS133 40, 
HS1?-4 46, 
YSlt5 401 
MS13S 46, 
tis137 48. 
MS13'J 4G, 
HS13S % b  

HS140 40. 
MS141 40, 
nw! 40, 
fl5143 40, 
flS144 40, 
HS145 40, 
I45146 40, 
ns147 40, 
HS143 4 0 4  

,eo0 111, w i o  4669.00 9 7 9 7 0 ~ 6  ~0181.66 

,sori i i i l  56,860 4586+00 9797ii,65 x10iai.66 
,830 111. 57,160 4616,OO 97971Ct20 980181*69 

,510 111. 561580 45iO*OO 979711*76 980181623 
.'370 111. 55,776 4509.00 97971b.35 980180+58 
+ 080 11 1 t 54 450 4502 t 00 5'7972(1 53 98G180 60 
t 2 4 0  111, 53+750 4505,OO 079721 +83 980180e83 
ei3G 111i 52,985 45('3*00 97971E1424 980180.67 
,130 111, 5 ~ e 4 0  s503,oo 5797itia 9aoi80.67 
,?'% 111, 51t67C 4503t90 979720127 980180*91 
,221') 111, 51,376 4508,OO 9?9715',61 980180.80 
,230 111, 50.800 45?9+00 9797141.48 980180,82 
,2270 1 1 1 ,  5 o . m  m 8 , o o  w i 1 ; ~ 3 0  9aoi80.80 
,236 !11+ 561Z30 4578,OO 979714179 980180e82 
*?4G 111, 49,570 4599.00 979714.39 980180e83 
,250 111 t 49.680 4619,OO 979714140 980180,85 
,260 111. 49,4?0 4652,OO 97971:!,42 930180.86 
,250 111, 49.160 4698,OO 979719.69 980180+85 
, ? i o  111 4 8 m  4737tOO 97970!1*6? 980180.86 
,329 111 t 48.730 4759,OO 97970"*77 980180+95 
,290 111. 48,940 4792,OO 979707,21 980180,91 
,270 11:. 48,230 4774,oo 9 7 9 7 0 ; ~  980i80.88 
,240 111 47,990 4763,OO 97970tib59 980180,83 
,220 111, 47,770 4760,OO 97970ti004 980180,80 
,250 111. 47,520 4746,OO ?79?0!5,38 980180*86 
,269 111, 47.110 4743,OO 979704+49 980180*86 
,260 111, 46,850 4738,OO 979703e75 980180e86 
,280 f l l i  46.570 4727600 97970:!,97 980180489 
,280 111 * 46.260 4721,OO 977701185 980180e89 
1260 111, 46,000 4705,OO 979701b57 ?80180,86 
,270 111 95,710 4707,OO 979700649 980180e88 
,280 111, 454410 4699055 97969V.33 980180,89 
,280 111. 45,160 4635,OO 9796913.82 980180e89 

3,819 !I?, 1,930 5046,OG 9797011,65 980186e12 
3,730 1121 1.590 5012,OO 9797113e08 980186,OO 
3.72G 112, 1,230 5018eC0 97970'?,00 980185.99 
3,620 1121 1.030 543Ce00 979705*69 980185.84 
3,510 112, ,916 5617,GO 979705100 980185168 
3,440 112, ,SI0 4?aJ,00 979707a12 980185*57 
7,1380 112, ,480 49'0o,00 979706.69 980185,48 
3,290 111, 59,970 4920.00 979709*50 980185835 
5.290 111, 59.660 4894600 97971De69 980185135 
3,280 111, 59,390 4 m o o  m i i s 3  980185~34 

3,320 !ii. 5eb550 979715.13 9 8 0 1 ~ 5 ~ 0  

3,260 111, 59.159 48?6,00 979711e95 980185,31 
3,270 111, 58,829 4770,OO 979713.86 980185,32 

3,350 111. 58t280 4709.00 979716e90 980185,45 
3,290 111, 58,029 463,GO 979718*02 980185635 
3,290 111. 57,770 4654,OO 979719a52 980185+35 

FREE SIHPLE 
AIR BOUGUEH 

-34 ,620 -193,700 
-37 6 360 -194 e 610 
-3a,700 -194~30 
-40,570 -195 * 920 
-46.080 -199.710 
-36 * 620 -189 6 990 
-35,250 -188,740 
-38 o 850 -1 92 * 270 
-38,520 -191,940 
-37 090 -1 90 o 500 
-37,210 -190.770 
-37 410 -192 040 
-36 8 10 - 192 e 090 
-35,450 -191,410 
-33,900 -190,570 
-32,000 -189.360 
-30 900 -189 + 380 
-284290 -188,340 
-25, 700 -187,080 
-23,550 -185,680 
-22,950 -186 9 210 
-24,330 -186,980 
-26.270 -188,530 
-27 040 -189 210 
-29,110 -190,790 
-304250 -191,840 
-31,500 ' -192,900 
-33,290 -194,340 
-35+010 -195.840 
-36 ,780 -197 t 060 
-37 700 -198.040 
-39,570 -199.660 
-40.990 -200,750 
-2,850 -174 760 
-4,500 -175,250 
-4 t 970 -175, 940 
-it000 -177.380 
-7 ,810 -178.720 
-9,350 -179.260 
-9,420 -179,430 
-13 4080 -180 * 700 
-15,260 -181,650 
-17,280 -182,640 
-1 9 e 450 -183 860 
-22,770 -185,290 
-23.990 -185, 640 
-?5+610 -186.040 
-27 260 -186 a 650 
-28,050 -186,620 

1, C. COHPLETE 
BOUGUER 

* 61 -193 090 
*59 -194,020 
b59 -194,340 
6 61 -1950 310 
e 6 4  -199,070 
4 64 -189 8 350 
b 65 -188 090 
b74 -191 ,530 
e75 -191 * 190 
by4 -189,560 
b99 -189,780 
1.03 -191,010 
1.05 -191,040 
1 e 0 8  -190,330 
1b13 -189,440 
1 a 18 -188,180 
1b21 -188,170 
1b18 -187,160 
1 8 1 7  -185,910 
1116 -184,520 
1 4  17 -185,040 
1 *25 -1858730 
1 e34 -187 190 
1 + 42 -187 a 790 
1 e57 -189,220 
1 + 65 -190 190 
1 e76 -191 6 140 
1.90 -192,440 
2 e08 -193 8 760 
2+32 -194,740 
2 e54 -195 ,500 
2 86 -196*800 
3 t 25 -197 500 
b74 -174,020 
*70 -174.550 
* 58 -175 e 360 
656 -176.820 
856 -178,160 
e 55 -1 78 t 710 
e 55 -178 880 
e53 -180.170 
e50 -181 150 
e50 -182.140 
e49 -183.370 
e47 -184.820 
8 4 6  -185,180 
* 45 -185 * 590 
e 4 5  -1866200 
e 4 4  -186.180 

Q 
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SlkT 6 LATITUDE LOHGITUDE ELE'd, 0BSE:RV'ED THEOR, FREE SIHME 
G R A V I T Y  GRAVITY AIR RMlGUER 

HS144 46. 3,210 111, 57,450 4426,OO 979;'?1*27 980185+?3 
flS15!f 40. 3,250 I11 t 56,910 4592.00 979724e68 980185v29 
6151 49. 3,250 111, 56,230 4555100 979725,6? 980185t29 
HSl52 40. 3,340 111, 54,800 4498.09 979728.64 980185.45 
HS153 404 3,320 111, 54,250 4496'00 979730.35 980185140 
nsi54 40. 3.250 111, 53.500 44~3.00 979726,99 980ie5.29 
Iff155 40, 4.170 112. ,790 4903,OO 979722.12 980185,t5 
HS15t 40, 4.300 112, ,620 4883,OO 979722+92 980186.85 
HS157 40, 4,410 112. ,240 4841,OO 979722.35 980187~01 
HS158 40, 4,380 1124 ,040 4823,OO 979'722466 980186.97 
KS159 40, 4,440 111. 59,446 4786,OO 97972!,,61 980187.08 
HS160 40, 46490 111, 59,470 4773.00 97?7?:,97 980187.13 
H51C1 40, 4,520 111, 59,170 4747,QO ?7972?1,75 980187+17 
HSlb? 90. 4,520 111, 58+8bCI 4723,OO 979725.79 580187*17 
KS163 40, 4,540 111. 58,540 4592400 979728,72 980187e20 
WS164 40, 4,550 111, 58,270 4669,OO 979730e62 980187622 
n ~ i t 5  40, 4,560 111, 53,050 4646.00 97973:!,14 980187,23 
HSib6 4 0 6  4,560 111, 57,460 4602,OO 97973:!,57 980187,23 
HS167 40, 4,550 111, 566730 4556400 979733,,95 980187'22 
HSl68 401 4,550 1 1 1 6  55+?W 4522900 ??973:,,44 980187+22 
tis165 40, 5,560 111. 59,370 4773.00 97973:!+23 980189.16 
HSl7O 40. 5.850 111, 59,130 4732.00 97973!i,92 980189.14 
HS171 40, 5.840 111, 58,890 4687,OO 9797313.09 980189d3 

If5173 40, 5,850 111, 58.3?0 4633.00 97'?740,18 980189,14 
HS17C 404 5,840 111, 58,600 4656,OO 9797313,OO 980189913 

ti5174 40, 5,850 111, 58,030 4613,OO 979741,16 980189.14 
HS175 406 5,860 111, 57,780 4592100 979742,50 980189g16 
tlS176 $0, 5,870 111, 57,500 4576,OO 979742.24 980189.17 
&I77 401 5,876 111, 56,750 4537600 9797313+84 980189.17 
HSl?B 40, 5,870 111. 55,490 4495+00 979732e93 980189817 
flSl?? 40. 6,100 111, 55,080 4493,OO 979732.02 980189,51 
nSlY3 40. 8.670 I l l .  59.980 4091.00 979726.53 980193.32 
nsim 40. 8,590 111, 53.740 m , o o  979731.33 9aoi93.20 
6185 40, 8,450 111, 59,330 4793000 979734+57 980193,OO 
HS185 401 8,500 111, 59,090 4780,OO 979733.27 380193*07 
NS187 40, 8,500 111, 58*8?0 4751,OO 975'734e57 980193a07 
lis188 40, 8,490 111. 58,640 4737.00 979735.96 980193t05 
HS119 40, 5,490 111. 58,350 46?1+00 979740a06 980193.05 
HS190 40, 8,490 111, 58,100 4669,OO 979740067 980193,OS 
HS191 40, 8,490 111. 57.676 4633100 979743.05 980193105 
PIS192 40, 11,290 111, 57,490 5062,OO 979722.05 980197.20 
ti5193 40, 11,130 111, 57,370 5000,OO 979725.87 980196.97 
HS194 40, 11*000 Ill+ 57*?30 4942000 979729,OO 980196.77 
HS195 40, 10,770 111, 56,560 4871600 9797?12,35 -980196+43 
HS196 40. 10+610 111, 56,800 4821,OO 979??14,62 980196e20 
HSlP7 40, 10,260 111. 56.390 4705100 9797?;8,70 980195.68 
hS198 40, 10*090 111, 55,860 4615.00 979743,45 980195.43 
KS199 40, 9.920 111, 55,590 4569,OO 979744.75 980195e17 
HS200 40, 9,780 111. 55,500 4545.00 979744464 980194.97 

-28,840 -186,450 
-28,660 -185*120 
-31,200 -186,390 
-33 t 770 -187 6 900 
-32 * 130 -185,310 
-35,680 -188,760 
-3 , 370 -170 41 0 
-4 , 670 -171 e 020 
-9,300 -174,240 

- 10 620 -1 74 950 
-13 , 290 -176.350 
-1 5 6 260 -1 77 t 850 
-16,970 -178,680 
-17.16C -176,060 
-17,100 -177,020 
-17 8 390 -1760 470 
-18.060 -176,360 
-21,810 -178.590 
-26,750 -181 1960 
-30,450 -1 84,510 
-8,000 -170,600 
-8,090 -1 69 e 320 
-10+150 -169.840 
-13 , 220 -171 830 
-13,180 -171s020 
-14,050 -171 a 220 
-14,720 -171,170 
-16,530 -172 4 420 
-23,590 -1 78,160 
-33,960 -186,590 
-34,890 -187,960 

-6 t 730 -1 73 * 370 
-7,040 -171,790 
-7 ,610 -170,900 
-10,220 -173,060 
-1 1 , 650 -1 73,500 
-11,540 -172,920 
-1 1.780 -171,590 
-13,260 -172,310 
-12 980 -170,980 

1 020 -1 71 460 
-6810 -171,150 
-2,910 -171,290 
-5,950 -171,890 
-8,120 -172,370 

-1 4 t 460 -174 * 740 
-17 6 920 -175.140 
-20 660 -1 76 320 
-22.800 -177,650 

1. C e  COHPLETE 
B W G U E R  

t 45 -186 a 000 
9 4 4  -184.680 
,44 -1856950 
448 -1861520 
t 51 -184 t 800 
e61 -188,150 
e79 -169.620 
9 69 -1 70 330 
6 5 2  -1 73,720 
$48 -174,470 
43 -175.920 

6 42 -177,430 
40 -178 4 280 

+ 40 -177,660 
+ 39 -1 76 630 
+ 39 -176,080 
39 -1 75,970 
439 -178 200 
e39 -181,570 
440 -184,110 
,33 -170 270 
, 35 -168 + 970 . 39 -169 450 
e39 -171,440 
e 3 8  -170*640 
37 -1 70 4 850 
a36 -170,810 
36 -1 72 + 060 
36 - 177 6 800 

e 3 8  -106,210 
+38 -187 , 580 
e 2 5  -173.120 
838 -171,410 
433 -170,570 
$35 -172,710 
a36 -173.140 
,37 -172,550 
39 -1 71 200 

e40 -171,910 
e38 -1 70,600 
1807 -170,390 
1 , 16 -169,990 
1.12 -170,170 
a89 -171,000 
82 -1 71 a 550 
Q71 -174,030 
867 -174,470 
e63 -175,690 
60 -17.7 050 
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STAT' LATITUDE LONGITUDE ELEU, OBSERVED THEOR, 
GRAVITY G R A V I T Y  

fls201 
fiS?,O? 
KS203 
flS204 
tfS205 
KS206 
fls207 
tis206 
HS209 
fls21o 
fls2 11 
fls212 
HS: 1 ?, 
MS214 
KS215 
H S 3 6  
tis217 
flS212 
HSZ19 
KS270 
W?l  
If5222 
HS?!3 
HS224 
flS225 
HS22t 
flS227 
flS228 
fls229 
KS230 
flS231 
tis232 
HS233 

lis235 
HS236 
MS737 
flS238 
ns229 

HS?41 
HS242 
tis343 
fls244 
ns245 
KS246 
HS247 
flS248 
HS249 

ns234 

ns240 

40 * 
40, 
40, 
40 
40 
II:, * 
40 t 
40, 
40 I 

40, 
40 
40 * 
40 I 

40 
40 
40. 
40, 
40 
40 
400 
40, 
4C 6 

40 8 

40 1 

40. 
49 * 
40 t 
40 * 
40 t 
40. 
40 * 
40, 
40. 
40. 
40 + 

40. 
40. 

40 t 

40 t 
40 t 
40 I 
40. 
40 9 

40 
40, 
40 t 
40 I 
40 I 

40 ,  

7,720 111, 55.230 4500t00 
9.370 111, 551580 4504.0@ 
e a 0  111. 55,730 4 4 9 5 ~ 0  
1,160 l l i ,  50,550 4508,OO 
1,760 111. 49,970 4765,OO 
1,800 111, 49,420 5038,OO 
2.060 1111 48,580 4992000 
2,180 111, 48.430 4969,OO 
2,370 111, 48,350 4933800 
20450 111, 47,740 4698800 
214AO 1111 47,500 4641tOO 
2,890 111, 47,180 4573,OO 
2,460 1118 46.860 455'5+00 
2.450 111. 46,590 4584100 
?*450 111, 46,300 4592100 
2t460 111, 46eOOO 4596,OO 
2.470 111, 45,640 460Be00 
2,510 111, 45.450 4604,OO 
2i616 111, 45,170 4602tOO 
2,600 1110 44,660 4511eOO 
2.590 111, 44,259 4635100 
2,710 111. 43,910 4647,OO 
?e550 1 1 1 s  43956G 4647,OO 
2,660 111, 43,340 4677800 
2,660 111, 42,900 4500+00 
2,720 111, 42,500 4583.00 
2.770 111, 42,200 4583,OO 
2,810 111, 41,910 4582100 
2,870 111, 41,620 4581.00 
2,950 111, 41,100 4592eOO 
31260 111, 40.570 4583eOO 
3,330 111. 40,120 4617.00 
3,210 111, 39,750 4674600 
:e200 111, 39,450 4685eOO 
3,170 111, 39,200 4704800 
3,1?0 111. 38,890 4717,OO 
3,350 111, 38,620 4709eOO 
3.420 111, 38.330 4709100 
3.420 111, 38,040 4717,OO 
3,420 111, 37,780 4809eOO 
3.140 111, 37,610 50?7*00 
46J40 111. 47,970 4595100 
4,660 111, 47.790 4559,OO 
4,660 111, 47.520 4529,OO 
4,660 111. 47,210 4515,OO 
4,670 111, 46.840 4500.00 
4,680 111, 46,560 4504900 
4,680 l l l t  46,290 4505.00 
4,570 111, 46.100 4503.00 

9797415.94 
979743*09 
97974'1.87 
97971Bs 53 
97970'? + 99 
97969:3* 69 
97969 I 9 81 
97969'7a25 
97969'3 454 
97971 1 . 65 
97971 4*5? 
979716915 
97971 4 4 35 
979714,ll 
979713 a 23 
979712 53 
97V@?o?? 
979710 .05 
97?706+57 
?79703t 43 
779701 0 88 
979700.30 
979699e90 
97969ba78 
97970 0 08 
979698.34 
979697442 
979697oO6 
979697 6 38 
97?656*29 
979695 8 32 
97965'4 .Ob 

97969'1,96 
97965 1 * 74 

97965'2 603 
97965'2,55 
97965'2*86 
979694 I 03 
97965'4 74 
9796tl9 t89 
979677.33 
97971.6.22 
97971 7081 
97971 9,lO 
9797h9 28 
97971!9 t 17 
9797!L8147 
9797l7 6 32 
97?71,7+07 

980194 e 8 8  
980194 t36 
9801 93 * 75 
98018?*20 
980183 e09 
980183 * 14 
980163 * 53 
9801834 71 
980183 84 
980184 + 11 
980184e12 
980184 $76 
980184 8 12 
980184,ll 
980184 1 I 
980184*12 
980184*14 
980184.34 
980184.34 
9801 84 * 33 
980184e31 
980184.49 
980184840 
9801840 42 
980184.42 
980184.51 
980184 e58 
980184664 
980184,73 
980184.85 
980185.31 
980185.34 
980185 4 23 
980185,22 
980 185a17 
980185 * 17 
980185944 
980185.54 
980185 + 54 
980185 , 54 
?80185,13 
980187 + 35 
980187038 
980187.38 
9801 87 + 38 
980187 40 
980187 4 1 

980187.40 
980187 41 

FREE S I f l P L E  
AIR BOUGUER 

-25 710 -179 0 0 10 
-27,630 -181,070 
-29 4 080 -182 220 
-39,690 -193.250 
-24.880 -187 8 220 
-15 t 620 -187 e 250 
-19,170 -189,240 
-19 a 070 -188,360 
-21,270 -1890340 
-30 + 600 -190,650 
-33,110 -191,210 
-36 470 -194,270 
-37,580 -194,120 
-38,800 -194,980 
-38,940 -195.390 
-39 260 -195 t 850 
-40 720 -197 s 710 
-41,280 -198,120 
-44 8 900 -201 8 690 
-47 160 -204 4 260 
-46,480 -204,380 
-47 + 070 -205 8 400 
-47 380 -205 + 710 
-47 690 -207 4 040 
-51 680 -208 390 
-55,130 -211.260 
-56, 100 -212,230 
-56,640 -212,730 
-56 490 -212 550 
-56.650 -213,090 
-58,890 -215t040 
-56.970 -214,280 
-53t850 -2131090 
-52.550 -2i2t180 
-50 730 -210 8 970 
-48 $950 -209 650 
-49,610 -210,060 
-48,550 -208.990 

-43,300 -207,150 
-47.140 -207,840 

-35 000 -206 a 250 
-38.950 -195.490 
-40,790 -196 o 090 
-42.270 -196,570 
-43,380 -197 210 
-44,160 -197,760 
-45,260 -198,720 
-46,390 -199,850 
-46.740 -200,170 

T e  C* COHPLETE 
BWGUER 

t 59 -178 + 420 
* 52 -180,550 
447 -1816750 

1 *23 -192,020 
1+80 -185.420 
1 S O  -1850750 
1 *31 -187 1930 
le38 -1864980 
1 6 38 -187 * 960 
1 *34 -189.310 
1.33 -189.880 
1 e33 -1920940 
i a  -192,a60 
1428 -193,700 
1 ,26 -194,130 
1,27 -194 ,580 
1630 -196,410 
1 a29 -196,830 
le33 -2OOs360 
1 4 43 -202.830 
1 a 49 -202 890 
le51 -203,890 
1 * 61 -204 + 100 
1 e66 -205,380 
1 e93 -206 t 460 
2 4 Ob -209 t 200 
2.11 -210,120 
21 19 -210,540 
2 . 28 -210 t 270 
2.46 -210.630 
2 53 -212 5 10 
2.73 -211,550 
2.96 -210,130 
3 27 -208 910 
3 e57 -207 6 400 
4 *04 -205 610 
4*32 -205.740 
5.09 -203,900 
6 49 -201 a 350 
8 16 -198,990 
9.14 -197,110 
3.13 -192,360 
2 A 0  -193,690 
le83 -194,740 
1 46 -195,750 
1.23 -196,530 
1,  14 -197,580 
1 e 09 -198 e 760 
1 +Ob -199 8 110 

Q 
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Ls 
a 

3 

G) 

Q 

STAT 1 LkTITUDE LONGITUDE ELEUt OBSERVED THEOR, 
G R A V I T Y  G R A V I T Y  

40, 
40. 
40 1 

49 4 

40 I 
40 
4 0 .  
40 I 

40 t 
40 * 
40 6 

40 + 

40 I 
40, 
49 6 

40 + 

49 1 

40 
40 * 
40, 
40 * 
40 6 
40 . 
40, 
40 6 

40 * 
40 * 
40. 
40 I 
40 
40 + 

40. 
40 
50, 
40. 
40 * 
40. 
40 8 

6. 
so * 
49 4 

40, 
40 
40. 
40 I 
40 t 
40 t 
40 8 

40 + 

4et80 111, 45,890 4503oOO 
4,680 111. 45.670 4501+00 
4,690 111. 45,430 4496600 
4.580 Ill, 45,270 4497.00 
5,100 111, 44.680 4511+00 
5,090 111, 43.800 4522.00 
5.110 111. 43,160 4528.00 
5.100 111, 42.730 4534000 
5,110 111, 42,180 4542000 
5,110 111, 41,550 4542.00 
5,110 111, 40.950 4540600 
5.250 111, 39,950 4581,OO 
5,190 111, 39,340 4633,OO 
=-I d b L 4 c  I 111, 38,700 4606.00 
5,170 111, 38*100 4626.00 
5,050 111, 37,640 4640000 
4.920 111, 37,350 4655.00 
4,890 111, 370070 4660+00 
4,880 111, 36.920 4658,OO 
4,819 111, 360730 4660000 
40790 1 1 1 0  36.620 4662,OO 
4.780 111, 36.490 4664.00 
4,770 111. 36,260 4744000 
4,730 111. 36.150 4888000 
40670 Ill, 36,020 49510OO 
4,420 111, 350950 5111,OO 
60860 1 1 1 0  516030 4503000 
6.850 111. 500790 4555oOO 
6,760 1 1 1 6  50,330 4782000 
6.780 111. 49.940 4 m o o  

5,630 111. 48,010 4517,oo 

6,760 111, 49,630 5245,OO 
6,830 111, 49,330 4597100 

6,090 111, 47,490 4495.00 
5,850 111, 4?,2?0 4495,OO 
6,850 111, 415,850 4497100 
SeQ20 111, 46.590 4496.00 
tt950 111, 46,310 4492.00 
5.950 111, 46,110 4496100 
6,850 111. 45.770 4996.00 
5.870 111. w i o o  4504.00 
6 ,a73  111. 45,290 4506~00 
6,850 111, 44,950 4509.00 
5,870 111, 44,370 4513eOO 
5.870 111, 43,780 4521,OO 
6,830 111. 43,230 45?9+00 
5,3?0 1 1 1 ,  42,640 4538,OO 
6 . m  111, 41.890 4537.00 
6,5110 111, 41,140 4552.00 

97971 i' o 04 9801 87 4 1 
97971;'4 43 980187e41 
97971 7 71 980187* 42 
97971tj. 67 980187.41 
979711.40 980188.03 
97970~18 9aot88.02 
97970 L *78 980188 005 
9796913, 35 980188 *03 
97969'5096 980188 05 
9796915002 980188005 
97919 7.06 980188t05 
97969 7 .oe 980188,25 
979695.19 980188~7 
979599035 980188824 
979699.55 980188014 
979699 a 73 980187 096 
~79699,43 980ia7.77 
979699.83 980187o72 
979700 0 31 980 187 7 1 
979701,05 980187o40 
979741t31 980187.57 
979701 058 980187056 
9796m46 980107 *54 
979680.03 980187a48 
9796b3.71 980187~40 
979673056 980187 002 
9797!14014 980190064 
9797!11*5O 980190.62 
979718059 980190049 
?79705,31 980190052 
97965'0 0 2 1  980190 49 
5'7'77:!6,90 980190.60 
9797JOo96 980190.60 
97?7:!8,49 980190*61 
979x17 ,O? 980190e62 
9797:!5.09 9801Wa62 
9797:!3 30 980190 + 73 
9797X 4 40 980190 79 
9797:!1 o?O 980190 e62 
9797'19e82 980190.62 
979717.73 980190*65 
9797 16e56 980190s65 
9797 14 038 980190o62 
9797 LO 88 980190 * 65 
9797136086 980190e65 
979702 e 47 980190 *67 
979698 e99 980190 65 
979697 020 980190,65 
979696916 980190o71 

FREE SIME 
AIR BOUGUER 

-46,830 -2OOo240 
-460620 -199,960 
-46,800 -199.980 
-47,800 -201,000 
-52,300 -205.990 
-55.480 -2090550 
-60 0 4 10 -214 660 
-63 230 -2170 700 
-64.830 -219.590 
-650020 -219, 750 
-63.950 -2180630 
-60,280 -216*350 
-57,220 -215,050 
-55 660 -212 0580 
-53,480 -211.080 
-51 830 -209 900 
-50 + 510 -2090090 
-49 0 bo0 -208 4 350 
-49 240 -207,940 
-48.260 -207, Of 0 
-47,770 -206,590 
-470240 -206.160 
-43.870 -205.4W 
-39 730 -206 0 240 
-37 e 960 -206 a 650 
-32 0 680 -206 0 820 
-32,970 -186,380 
-300730 -185.900 
-220150 -185.050 
-15.630 -185 , 720 
-6.940 -185, 630 
-31,330 -187,930 
-34.770 -188,660 
-39,340 -192 e 470 
-400720 -193,870 
-42,570 -195,770 
-44,520 -197.700 
-45 850 -198 4 900 
-46 * 570 -19% 730 
-47 0 880 -201 070 
-49 e 260 -2020710 
-50 * 250 -203 0 770 
-52 090 -205 720 
-55 0 280 -209 030 
-58,520 -212.550 
-62 240 -216 0 520 
-64,870 -219,460 
-66,490 -2210140 
-66 430 -221 8 500 

1. C. COWLETE 
BOUGUER 

le05 -199,190 
1.05 -198,910 

1.10 -199.90G 
1.07 -198,910 

0 98 -205 0 010 
1004 -208,510 
1.09 -213,570 
1 15 -216,550 
1.23 -218,360 
1 , 36 -218 , 390 
1.52 -217,110 
1.70 -214,650 
1.88 -2131 170 
2.18 -2100400 
2.54 -208 * 540 
2.99 -2060910 
3*46 -205,630 
3090 -2040450 
4*22 -203,720 
4 0 ?S -202 0 060 
5 0 21 -201 380 
5.62 -200,540 
5 41 -200 ,080 
4.77 -2010470 
4.97 -201,680 
5 0 84 -200 980 
1 36 -185 0 020 
1 70 -184,200 
2089 -182 e 160 
3,91 -181.810 
3*20 -182 o 430 
2 e 73 -1 856 200 
1.87 -1a6.790 
1*11 -191.360 
e95 -192 920 
084 -194.930 
$78 -196.920 

+76 -198.970 
e76 -198.140 

176 -200,310 
75 -201.960 

e 75 -203 020 
*76 -2040960 
8 7 9  -208.240 
e83 -2110720 
e 87 -215 e 650 
,94 -218,520 

1 e03 -220 0 110 
1.15 -220,350 



Q 
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HS347 40, 91660 1 1 1 1  37,620 4534000 979703106 980194979 -65.270 -219,730 2080 -2161930 
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STAT 4 LATITUDE LONGITUDE ELE'Jo OBSERVED THEOR, 
GRAVITY GRAVITY 

FREE SIHPLE 
AIR BOUGUER 

T ,  C i  COWLETE 
EOUGUER 

ns279 
MS300 
HS301 
nsl,o:, 
HS303 
MS304 
MS305 
I6306 
85307 
MS308 
tis307 
HS310 
MS311 
15312 
YS313 
HS314 
MS315 
HS3 1 t. 
lis317 
MS319 
HS319 
tts220 

M532 
I45323 
MS324 
n5325 
M5326 
HS27 
MSX8 
HS329 
fls330 
ti5331 
K533? 
M S 3 3  
KS334 
MS335 
tW35 
6337 
HS338 
HS339 
HS340 
tis341 
HS342 
HS343 
HS344 
HS345 
I6346 

~5321 

40, 6,910 111 ,  40,740 45St.00 
40 ,  6,900 111. 40,230 4563.00 
40, 6+?90 111. 39,530 4564eOO 
401 61900 111, 38,910 4584.00 
40, 6,910 111, 38,300 4626eOO 
40, 6,930 1 1 1 1  37,520 4716400 
40. 6,900 111. 26,650 4719100 
401 t.930 111. 35,810 4716*00 
40, 6,930 111, 35,230 4710sOO 
401 6,940 1 1 1 0  34,930 4732000 
40, &#?do 111, 34,660 4749.00 
40, 6,930 111, 34,430 4763bOO 
40, to950 111. 34,240 4770400 
40, Ab950 111, 34,040 4793000 
90, 6175'2 111, 33.900 4816000 
40, 6.960 1 1 1 0  33,740 4857,OG 
40, 6,960 111, 330610 4875,OO 
40, 6.970 111. 33,540 4928.00 
40, 66960 111, 33,420 51loboo 
40, 8,270 111, 48,210 4533000 
40, 8,250 111, 47,890 4489,OO 
40. 8.150 111, 47,690 4489.00 
40, 8,160 111, 47,440 4488000 
400 8,240 1.11, 47,210 4489000 
40, 8,280 111, 460900 4488400 
40, 8.160 111, 46,360 4492,OO 
40, 8,160 111. 460080 449OoOO 
40, 8,210 111. 45,890 4491800 
40. 8,180 111, 450480 4493bOO 
40. 8,180 l i l ,  45,220 449lOOG 
40, 80190 1 1 1 0  44,920 4494.00 
40, 8.190 111, 49,700 4494100 
40. 80190 111, 44.300 4499.00 
40. E.190 111, 44,050 4504100 
40, 8.170 111, 43.780 4507.00 
40, 10,OOO 111, 440680 4494000 
40, 90830 111, 440070 4496000 
40. 9,460 111, 430800 4501000 
40, 9,520 1 1 1 1  43,120 4491000 
40, 8,510 111, 42,630 4497aOO 
401 9,510 111, 42,100 4505800 
40, 9,520 1 1 1 6  41,520 4506*00 
40. 90510 1 1 1 8  410030 4SOboOO 
40, 98520 111, 400390 4508600 
40, 91490 1 1 1 8  39,800 4507000 
491 9.660 111, 39.330 4503000 
40. 90660 1 1 1 1  39,820 4509100 
400 9,660 111. 38,100 4521.00 

9796960 10 
979694 0 27 
979697 e24 
979697 * 17 
979695 147 
97969C 094 
979691 1 63 
979691 039 
979691 e 74 
97969!io40 
979692 0 46 
979692lb41 
97969!8055 
97969;!, 41 
97?69Cl I 57 
979607o70 
97968A*05 
97968:! 0 58 
979670 4 18 
979733.82 
97973Jt30 
979731,083 
979730.65 
37972'!*33 

97972!;057 
979724.31 
979722686 
979720.34 
9797113b88 
97971t1084 

979727 b 7 5  

979715.29 
97971:2t76 
979710410 
97970.7 , 67 
97971 3, 18 
9797013 6 93 
9797015075 
97970 3.34 
979701 0 12 
97?69'?0 47 
979690 0 42 
979697 0 98 
979697 0 76 
97969 B o  35 
979699 0 83 
979700 I 47 
979702 b 33 

980190 4 71 
980 190 0 70 
980190.70 
980190.70 
980190+71 
980190074 
980 190 + 70 
900190e74 
980190.74 
980190 76 
?80190 e 76 
980 190 4 74 
980190 b?? 

9801901 77 
980190 b 77 
?80190 079 
9801 90 0 79 
980190 e 80 
980190 4 79 
980192 e73 
980192b70 
?8O1920 !E 
980192.57 
?a0192 068 
980192e74 
980192 e57 
9801 92 0 57 
980192 + 64 
980192*60 
980192 t 60 
980192861 
BO192,bl 
9801928 61 
980192,61 
9801 92 t 58 
980195b29 
980195 + 04 
980194 + 49 
980194.58 
980194b57 
980194.57 
980194.58 
,980194.57 
9801 94.58 
9801 94 b 54 
980194.79 
980194.79 
980194,79 

-664 080 -221 300 
-65 $250 -220 b 700 
-64 0 21 0 -219 * 690 
-62 0 360 -218,530 
-60 090 -217 0 700 
-56 0 260 -216,910 
-55 + 2 10 -2 15 e 980 
-540780 -2150450 
-530 950 -21 4 0 420 
-52,260 -2130 480 
-50 600 -212,390 
-49 0 340 -21 1 0 610 
-481590 -211,090 
-47,590 -?10e860 
-47,210 -?lle280 
-46,240 -211 , 710 
-46 I 230 -2120 360 
-44,660 -212o%O 
-40 e 000 -214 e 070 
-32,570 -186t990 
-37 0 160 -190,090 
-38 0 490 -191 t 420 
-391790 -1920690 
-41*080 -194,030 
-42,890 -195,780 
-44,460 -197,510 
-450960 -198,920 
-47,380 -200.3ao 
-49 630 -202 e 710 
-51 t 300 -204 0 300 
-530020 -2060 140 
-54 0620 -207.720 
-56 s 660 -209 0 940 
-5a.880 -212,320 
-6Oe990 -214 e 530 
-590410 -2120520 
-63 0 2% -21 6 410 
-64 410 -217 0 740 
-68 0 790 -221,810 
-700460 -223,660 
-71 , 350 -224 0 830 
-72 + 3 10 -225 e 830 
-72 0 730 -226 0 250 
-72,850 -226,420 
-72 280 -225 0 820 
-71,390 -2240810 
-70 + 200 -223 0 020 
-67 o 250 -221.260 

1 023 -220 s 070 
1.33 -2198370 
1 *49 -210.200 
1 0  64 -216 0 8 9 0  
le80 -2151900 
2012 -214,790 
2 b 5 6  -213,420 
3014 -212,310 
4 4  02 -2100400 
4049 -208.990 
5, 14 -207 e 250 
5191 -205 0700 
6.80 -204,290 
7.90 -2026960 
9 0 15 -2028 130 
10 t 60 -201 t 110 
I1 4 98 -200 0 320 
12b27 -2001290 
12,50 -201,570 
$72 -186,270 
0 73 -1 89 0 360 
70 -1 90,720 

9 67 -192 e 020 
e64 -193,390 
OM -1?So15O 
063 -1960880 
t 64 -1980280 
e 65 -199 t 730 
064 -2024070 
e 68 -203 620 
4 70 -205 + 440 
,71 -207,010 
.74 -209,200 
4 7 6  -2110560 
0 79 -213,740 
071 -211,810 
e77 -215,640 
e78 -21 6 + 960 
,a7 -220,940 
094 -222,720 

1,02 -2238810 
1 + 13 -2240700 
1024 -2250010 
1 40 -225,020 
1 0 59 -224 4 230 
1 e 82 -222 990 
1 b 62 -222,200 
2047 -2180790 
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G)  

Q 

Q 

Q 

0 

0 

STAT,  LATITUDE LONGITUDE ELEV, OBSERVED THEOR, 
GRAUI'TY G R A M  T Y  

ns348 
fls349 
ns350 
lis351 
HS352 

HS354 

HS356 

tlS358 
319359 
HS3id 
flS361 
%36? 
HS363 
lis364 
if5365 
HS36L 
KS367 
ti5368 
iIS369 
HS370 
11S371 
lis372 
KS373 
HS374 
e4375 
nS376 
KS377 
11S376 
6379 
tis380 
tis381 
tis302 

HS38.1 
WS385 
WS386 

tis388 
flS389 
ns390 
tlS391 
tis392 
ffs394 
ns395 
IS396 
HS398 

ns353 

ns355 

ns357 

m a 3  

ns3a7 

400 9,650 111, 37,190 4559000 
40, 9,650 1110 36.610 4584800 
40, 9,670 111. 360150 4605,OO 
404 9,650 111, 35,820 4615.90 
401 9,080 111. 35,720 4645100 
40, 9,650 111, 35,580 4638800 
40, 9,660 111, 350380 4673400 
400 9.660 111, 35,140 4711,OO 
40. 90640 1110 34,830 4728.00 
40, 9,640 111, 34,610 4755.00 
40, ?oh50 I l l *  34,450 480?000 
4Ga 9,720 111, 34.200 5053,OO 
490 00790 111, 34,030 5155100 
40, 9oE20 111, 33,910 5221,OO 
401 9,870 111, 33,720 5302,OO 
40s 90970 111. 33,580 5457.00 
40. 19,290 111, 56,290 5138000 
40, 190550 111. 56,050 4989000 
40, 19,870 111, 55'720 4835'00 
40,  19,990 111, 550550 4752bOO 
40. 2G*1?0 111, 55,390 4677,OO 
49, 200160 111, 550230 4632000 
404 20,260 111, 55,080 4591,OO 
40, 20,570 111, 54,840 4539100 
10, 20,730 111, 54,580 4522,OO 
4 0 +  200800 111, 54,460 4516,OO 
400 200840 111, 54,390 4514.00 
400 ?le010 111, 54,340 4511,OO 
400 210120 111, 54,140 4498eOO 
4 0 0  211190 111. 54,110 4499.00 
401 21,430 111, 54,000 4498400 
40, 21.740 111, 53.650 4493.00 
400 22.360 111, 52,586 4507,OO 
394 57.760 I l l ,  41,390 5887,OO 
3 9 0  59,020 111, 41,820 5334900 
391 59,450 111, 41,930 5218+00 
4 0 ,  ,310 111, 42,280 5066,OO 
40, ,790 111. 42,540 4978.00 
40. 1,180 111, 43,160 4899,oo 
4 0 ,  1,180 111, 43o?4O 4843.00 
400 1,530 1110 43,520 4814,OO 
40, 1,720 1110 43,680 4789,OO 
400 1,950 111, 43,730 4768600 
4c. ? . v o  111, 43,980 4741.00 

40, 2.870 iiik 43,890 4552.00 

40, 2,470 111, 43,890 4676,OO 
40, 3,020 111, 43,870 4612.00 

40, 40310 111, 43,880 4537000 
40, 5,87G 111. 43,820 4530,OO 

97970;J.60 

979704.53 
97970 4 4  38 

979704o70 
979700072 
979703t72 
97?702,12 
979700,31 
979700 e58 
97969 9 87 
979697 22 
97968 3.38 
979675086 
?7961'1,70 
979667,Ol 
9796116e89 
9797;'l , 57 
979731 *53 
979740,81 
9797'15,36 
979749 I48 
9797!i1 e 9 5  
9797!i4,15 
9797!is .93 
9797!i5,84 
9797'55*60 
?797!55S6 
979756 e06 
979756.86 
979756.73 
9797 55 e 29 
979753.09 
979739 , 60 
979623.43 
979657s24 
9796 65.70 
v m a , o i  
979684,6? 
979191.05 
9796194 0 23 
979695.31 

- 979695e98 
979096 59 
979h97 e04 
979i'OO e07 
979700 e98 
979;'03,69 
9 79705 e 5 4  
979706 6 22 

900194 77 
980194 , 77 
900194 e80 
980194877 
980193193 
900194.77 
9801 94 0 79 
980194.79 
980194.76 
980194 076 
9801 94 77 
980194 8 80 
980194 a 98 
9801?5,03 
980195,lO 
980195.25 
980209 07 
980209,45 
980209 0 93 
980210e11 
980210 30 
980210e36 
980210 51 
980210 ,97 
98021 1 , 20 
980211e31 
980211 e37 
98021 1 62 
980211.78 
980211 e 8 9  
980212.24 
980212970 
980213.62 
9801 771 16 
980179 404 
980 179 , 66 
980180e94 
?80181,65 
980 182 23 
980182e23 
980182 a 74 
9801834 03 
980183 37 
980183 172 
9801841 14 
980184 ,95 
980186.21 
980186 6 86 
980189 9 17 

FREE 
A I R  

-62 0 320 
-59 210 
-57,170 
- 5 6 e O o o  
-56 * 300 
-54,800 
-53,136 
-51,360 
-49,500 
-47,670 
-45,180 
-36 t 250 
-34,240 
-32 220 
-29 410 
-25,120 
-4,190 
-8 4 620 

-14,320 
-17,820 
-20 940 
-22 720 
-24 + 560 
-28.080 
-30.000 
-30,900 
-31 * 250 
-31,300 
-31 * 820 
-31,970 
-33 8 840 
-36.970 
-50 090 

-e040 
-20 090 
-23 180 
-26 + 400 
-28,820 
-30 e 340 
-32 , 500 
-34 600 
-36 , !%O 
-38 350 
-40,710 
-44 220 
-50,170 
-54 t 350 
-54 620 
-56 a 890 

S I W L E  
BOUGUER 

-217 0 650 
-2150390 
-214,040 
-213,220 
-2 14 550 
-212,810 
-2121 330 
-21 1.860 
-210 570 
-209 6 660 
-209 030 
-208 , 390 
-209 860 
-210,100 
-210,030 
-21 1,020 
-179,250 
-178,600 
-179,050 
-1 79 t 700 
-180 e 270 
-180.530 
-180,960 
-182,730 
-184.070 
-184,740 
-185.020 
-184,970 
-185,070 
-185,250 
-187,090 
-190 * 050 
-203 640 
-200 t 590 
-201 4 810 
-200,950 
-199.0oO 
-198 t 41 0 
-197 260 
-1970480 
-198,620 
-199 730 
-200 e 770 
-202,240 
-203 , 540 
-207,290 
-209 4 440 
-209 170 
-211,220 

T o  C,  COWLETE 
BOUGUER 

3406 -214 * 590 
2'55 -211,840 
4'12 -209,920 
4 6 61 -208,610 
3,69 -210,860 
5 02 -207,790 
5 33 -207,000 
5 t 72 -206 6 140 
6 69 -203 880 
7 38 -202 , 280 
7,84 -201,190 
7 e 10 -201,290 
7467 -202.190 
7,65 -202,450 
a,o9 -201.940 
Et22 -202,800 
2.36 -176,890 
1 e79 -176,810 
1.39 -177,660 
1.34 -178,360 
3.28 -178,990 
1 e25 -179,280 
1 21 -179 4 750 
1 0 07 -181 e 660 
,99 -183,080 
+ 97 -183,770 
,95 -184,070 
092 -184,050 
6 90 -184 + 170 
*89 -184,360 
,87 -186.220 
e 8 6  -189.190 

9.37 -191.220 
e90 -202.740 

0 + 48 -193.330 
8.13 -192,820 
7.31 -1 91,690 
5 36 -193,050 
3051 -193,750 
4 , 11 -193,370 
2 e 41 -1960210 
2 08 -197 650 
1.88 -198,890 
1 70 -200,540 
1 a61 -201 930 
1 43 -205 6 860 
1 8 24 -200 e 200 
1.16 -208.010 

90 -210,320 
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Q 

s 

STAT LATITUDE LONGITUDE ELEV, 

nS399 40, 6.439 111, 43.780 4527,OO 
HS401 46. 7.250 111, 43,770 4519.00 
KS4'32 10, 7.740 111. 43.790 4513,OO 
tlS404 49. 8,600 111. 43,790 4503eOO 
KS406 40, 9.820 i l l ,  43,790 4495.00 
flS407 40. 3.330 111, 44,810 4563.00 
HS408 401 3,790 111. 44,390 4545,OO 
"3411 4 G h  5,890 1111 421440 4543,OO 
tlS412 401 6,430 111, 41.910 4555.00 
M414 40, 7.320 111. 40,400 4556oOO 
HS415 49, 7.560 111, 40e010 4553.00 
8 3 1 6  40, ?,820 111. 39,550 4549.00 
KS417 40, EeOlO 111, 39,240 4537.00 
KS418 40. 8,310 111, 38,730 4556,OO 
tis419 40, E.560 111, 38,390 4524606 
HS320 40, 8,920 111, 38,200 45?2,00 
KS421 40, 9,230 111. 38,200 4517.00 
"323 40, 10,000 111, 38,160 4511,OO 
KS424 40, 10,450 111, 38,160 4507.00 
HS425 40, 10,880 111, 38.180 4503.00 
tlS427 39, 59,330 111, 47,130 4848tOO 
KS429 40, 1.200 111, 47,160 4674,OO 
tW30 40, 1,590 111, 47,170 4647,OO 
flS431 40, 2,020 111. 47,180 4623.00 
HS433 40, 3,800 111, 47,220 4537,OO 
~ ~ 9 3 4  40. 4.230 111. 47.210 4523.00 
I45436 40. 5.550 111. 47.230 4508.00 
flS437 40, 5.840 111. 47,240 4501.00 
HS438 40, 5,970 111. 47,790 4539.00 
I45439 40, 6,430 111, 47,800 4999.00 
ns441 40, 7,290 111. 48,230 4529,oo 
~5442 40. 7,700 111, 48,320 4519~00 
tlS443 46, 8,000 111. 48.440 4645.00 
KS446 39, 591370 111, 50,550 4603900 
tlS447 39, 59,780 111, 50,550 4595,OO 
HS450 4 G i  3,120 111. 51,850 4609000 
HS451 40, 3,360 111, 51.520 4620,OG 
HS45? 4 0 1  3,910 111, 51,570 4541600 
flS453 40, 4,720 111, 51.390 4543,OO 
K5451 40, 5,220 111, 51.590 4498,OO 
WS455 40, 5,580 111, 51,490 4502.00 
tlS456 40, 6,900 111. 51,220 4508,OO 
"357 401 6,420 111. 51.200 1499.00 
HS459 46, 7.220 111, 50,260 4726600 
tlS460 40, 7.290 111, 501670 4500.00 
KS451 4 0 4  ?e700 I l i ,  50,440 4504.00 
tlS462 40 ,  7,910 111, 50,160 4514400 
lis463 40. 8,020 111, 49,930 4512.00 
ns4u  40. 8,180 111. 49,700 451~00 

OBSERVED THEOR I 

GRAVITY GRAVITY 

979?0L 34 980190 6 00 
97970;',13 980191 a ? ?  

979707.73 980191 e94 
97970?+63 980193 122 
97970tt 85 980195 03 
97970?*47 980185.41 
97970ti.86 980186.09 
97969?,74 980189,20 
97969ii1 44 980190oOO 
97969ti.05 980191 e32 
97969ti136 980191.68 
9796915.59 980192 06 
97969.7 -43 980192 e34 
9?969(5,42 980192.79 
97969'7620 980193.16 
979700.66 980193.69 
979700.88 9801?4,15 
979703e70 980195.29 
979705e93 980195.96 
979703,31 980196160 
979695e86 980179049 
979709139 980182 026 
979711.77 980182.83 
97971 4,02 980183 47 
979718422 WO186.11 
97971 9 14 9801 86 74 
979721 * 16 980188.70 
979722.62 980189,13 
979725,22 ?80189*3? 
979729 6 63 9801 90 00 
979731.34 980191a28 
979733448 980191.88 
979727 8 12 980192.55 
979711 ,96 98017?+55 
979712t91 980180e15 
979718440 9801B5+10 
97971 9 +53 980185. 45 
979724473 980186.27 
979725,71 900187e47 
979728411 980188121 
979729946 980188.74 
979730.88 980189.37 
9797213932 980189.99 
979722.56 980191 e 1 7  
9797215.47 980191+28 
979736,lO 980191 088 
9797?14,94 980192,ZO 
9797?3,31 980192.36 
9797J5.97 980192,bO 

FREE 
AIR 

-57,860 
-59 + 000 
-59 , 720 
-62 070 
-65 + 360 
-48 , 730 
-51 I 770 
-64,160 
-650 130 
-66.780 
-67 . 060 
-67 580 
- 68,150 
-67 870 
-68 440 
-68,320 

-67,270 
-68 t 380 

-66,090 
-64,750 
-26,660 
-33 220 
-33 o 940 
-34 580 
-41 150 
-42,140 
-43 + 520 
-43,140 
-37,200 
-37 170 
-33 980 
-33 320 
.-28 ,310 
-34 e 600 
-35 060 
-33 A90 
-31.340 
-34 1 450 
-34 4 420 
-37 * 020 
-35,860 
-34 440 
-33.330 
-24 a 130 
-32 . 560 
-32.320 
-32,690 
-32 6 660 
-32 300 

SIiPtE 
BOUGUER 

-212 6 090 
-212,970 
-213.480 
-215.470 
-218.510 
-204,190 
-206.600 
-2 18 930 
-220 310 
-221 .?Eo 
-222 , 180 
-222 + 560 
-222 a 730 
-223 080 
-222 570 
-222 + 370 
-222,280 
-220 , 970 
-219 640 
-218,150 
-191,810 
-192.460 
-192.270 
-192.09O 
-1n.720 
-196.240 
-197 4 100 
-196.490 
-191,830 
-190.450 
-188,270 
-187 290 
-186t560 
-191.430 
-191.600 
-190o210 
-188.750 
-189.150 
-189,200 
-190 260 
-189,230 
-188.030 
-186,800 
-185,120 
-185.860 
-1 85 570 
-186,470 
- 186 380 
-186,000 

.85 

.81 
, 79 
,78 
, 80 

1.23 
1.21 
1606 
1.06 
1.28 
1.36 
1 e47 
1857 
1 e72 
1.95 
2.13 
2,25 
2065 
2.99 
3.40 
2.02 
1.45 
1040 
1 e34 
1.45 
1.47 
1.34 
1129 
2.00 
1 e82 
1.72 
1.24 

76 
1.13 
1 004 
1.51 
31 17 
3,21 
2.80 
1.77 
1.66 
1.90 
1 e52 
1.66 
1.53 
l*il  
1 a 0 4  
1 a03 

88 

COWPLETE 
BMH;UER 

-211,240 
-212,160 
-212 690 

-217,710 
-214,690 

-202 , 960 
-205 , 390 
-217,870 
-219.250 
-220 700 
-220,820 
-221,090 
-221,160 
-221 360 
-220 , 620 
-220.240 
-220. 030 
-2 18 320 
-21 6 650 
-21 4 750 
-189 790 
-191.010 
-190 870 
-190,750 
-194,270 
-194 770 
-195 760 
-195.200 
-189 e 830 
-188,630 
-186,550 
-1861 050 
-185.800 
-190,300 
-190 560 
-188.700 
-1 85 580 
-185. 940 
-186,400 
-188,490 
-187 570 
-186,130 
-185 280 
-183. 460 
-184,330 
-184,460 
-185.430 
-185.350 
-1850 120 
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95 

/ \  

W 
3 

d 

3 

d.1 

3 

5) 

3 

3 

STAT.  

HS465 
HS466 
HS467 
HS468 
HS469 
HS470 
HS471 
ws472 
lis474 
tts475 
ttS476 
HS477 
lis478 
ns479 
KS481 
KS402 
HS483 
HS484 
HS486 
HS487 
HS488 
HS489 
HS490 
HS491 
HS492 
tts493 
"94 
HS495 
HS497 
ttS498 
tfs500 
HS502 
HS503 
HS504 
ws505 
HS50c, 
!is507 

V0834 
WOE35 
U0836 

U0856 
W0859 
W W G  
W086 1 
MOB62 
W0633 
W0634 

wos2a 

~10857 

L A T I T U D E  LOHGITUDE E L E V  t 0BSERVE:D THEOR e 

G R A V I T Y  G R A V I T Y  

4 ? i  8,420 111, 49.200 4506.00 
40, 8,540 lli, 48,910 4510,OO 
401 8,620 111, 48,600 4517,OO 
4 0 6  1,190 111, 56,250 4530100 
40, 1.580 111, 56,010 4516+00 
40, 2,370 111, 550730 4501*00 
40, 2*?30 111. 55,470 4497eOO 
40, 3,690 111, 55,480 4511,OO 
40, 5,150 111, 56,340 4527000 
39, 52,570 111, 56.560 5088,OO 
391 52,730 111, 56,950 4948000 
39, 53,230 11!* 57,200 4783400 
39, 52,610 111. 57,220 4719100 
39, 54e040 111, 57,230 4G81*0@ 
39, 54,850 111, 57,260 4654,oo 
39, 55,7?0 111, 57,280 4638eOO 
39, 561200 111, 57,290 4670600 
3 9 ,  56,660 111, 57,300 4693000 
391 57.540 111, 57,320 4681,OG 
39, 58+000 111, 57,370 4669,OO 
39, 58,480 111, 57,370 4670,oo 
390 59,260 111, 57,390 4659.00 
39, 59,730 111, 57,430 4641,OO 
40, ,130 111, 57,440 4649tOO 
40, 1.430 111, 570460 4615000 
40, 2,020 111. 57,470 4626100 
40, 2,390 111, 57,470 4628400 
400 2,850 111, 57,450 4617*00 
40, 3.700 111, 57.450 4625,OO 
40, 4,120 111, 57,450 4608eOO 
400 4,990 1110 57,490 4597900 
40, 6.270 111, 57,510 4564.00 
40, 7.170 Ill, 57,490 4550*00 
40. 8.060 111, 56,920 4SS1oOO 
40, 8,430 111, 56,940 4561,OO 
40. 9,350 111. 56.940 4604.00 
40, 10,030 111' 56.360 4662.90 
46, ,220 111. 510130 4518800 
3 9 .  57,530 112, 4,200 6295100 
3$, 56,420 112, 4,740 6172.00 
39, 560090 112, 3,880 5949,OO 
39' 55.420 111, 32,780 5399,OO 
39, 56,580 111, 32,470 5329bOO 
3?, 581200 111, 30,510 5170*00 
39, 57,300 111, 40,630 6205tOO 
39, 55,520 111, 40,430 6872.00 
39. 56,420 111, 390230 7522100 
39, 59,160 111, 45,550 4824,OO 
39. 58,860 111, 460070 4899,OO 

979736 i 20 
979735 187 
9797351 74 
979716660 
979718 157 
979722 * 80 
9797?4,82 
979728098 
979733 0 20 
979674 ,45 
979681 , 03 
979689 0 19 
979698 e77 
979690 6 34 
979690 + 40 
979692e77 
979691 b 12 
779689t94 
979692 80 
979694 *96 
979696.22 
979699 e40 
979702 , 97 
979705,16 
979712.89 
979714 $32 
97971:~ 6 56 
97971V.32 
979723 03 
979721061 
979761 0 4 1 
9797421,92 
979743' e07 
9797441, 1fi 
9797411 88 
97973!, .87 
979740 , 11 
9797111 ,27 
979614 78 
979617e93 
979630 47 
979635,64 

979655.97 

97956'5,44 
97952'5. Ob 

979643 45 

97960 I 84 

97969 3 22 
97968'P 62 

980192 95 
980193. 13 
980193425 
980182924 
980182 82 
980183.99 
980184 52 
980185,94 
980188 6 11 
980169 * 48 
980169 e72 
980170 46 
980171 402 
980171 *66 
980172a86 
980174e22 
980174a85 
990175 54 
980176484 
980177b52 
9aoi78+23 
980179 938 
980180,OB 
980180 + 67 
?80182*60 
980183 47 
?80184,02 
980184 e70 
980185+96 
980186 0 58 
980187087 
980189.77 
980191 6 10 
980192*42 
9801 92 e 97 
980194b33 
980195 34 
980180b79 
980176,83 
9801 75 18 
9801 74 70 
980173 t 70 
980175, 41 
980177 e81 
980176+49 
9801 75 32 
980175+18 
98017% 24 
980178 6 79 

F R E E  SIMIE 
A I R  BOUGUER 

-32,870 -186*400 
-33,050 -186,700 
-32 0 6 10 - 186 * 51 0 
-39.560 -193,890 
-39,500 -193,340 
-37,830 -1 91 170 
-36 6 680 -189 * 900 
-32 t 670 -186 350 
-29,080 -183,320 
-16,450 -189.800 
-23,260 -191,840 
-31 6 430 -194.360 
-36, 430 -197 0 180 
-4 1,000 -200 , 490 
-44.660 -203,230 
-45 e 220 -203 230 
-44,450 -2034560 
-44 4 140 -204 * 040 
-43,770 -203.240 
-430 430 -202 , 490 
-42,770 -201,860 
-41,740 -200,970 
-40,540 -198,670 
-38.260 -196 e 630 
-35,640 -192,060 
-34,040 -191,640 
-33,180 -130e840 
-31,070 -188,380 
-25,870 -183,450 
-240510 -1810510 
-20 0 080 -1 76,690 
-16,350 -171,910 
-16 060 -171 070 
-18 200 -173 240 
-19,080 -174,470 
-21,410 -178,260 
-16,680 -1751530 
-37,556 -191 A80 
30,064 -184,400 
23, 284 -186,990 
15.336 -187 e 340 

-30,231 -214,170 
-30 7 1 6 -212 t 270 
-35,553 -211.690 

8e988 -2020410 
36,502 -197,620 
57 * 397 -198,870 

-32.281 -196,630 
-28.366 -195,270 

T e C ,  COKPLETE 
B O W E R  

e 8 6  -185,540 
s72 -185.980 
165 -185,860 
,57 -193.320 
54 -192 0 800 

4 5 1  -190.660 
050 -189,400 
b 44 -185 910 
e38 -182,940 

1079 -188,010 
1*65 -190,190 
le38 -192,980 
1 a31 -195 e870 
1 e24 -199,250 

1 to2 -202,210 
e 8 6  -2024700 

1 6 1 1  -202,120 

b 79 -203 0 EO 
b76 -2021480 
a74 -20 1 750 
e 71 -201 * 150 
e68 -199 790 
e67 -198*OOO 
65 -195 980 

e 5 8  -192,280 
e53 -191e110 
b 50 -190, 340 
,4a -187,900 
42 -183 4 030 

*40 -181e 110 
e 37 -176 e 320 
e 3 7  -171.540 
0 43 -170,640 
e39 -172,850 
e40 -174.070 
,SO -177,760 
b 6 3  -174,900 

1 b o 1  -190,470 
1 b 83 -182 * 570 
3 0 29 -183 700 
2 28 -185o060 
5 ,  10 -209,070 
5, 17 -207 100 
51 81 -205 * 880 

10 b 0 0  - 1 % e  410 
4*48 -193,140 
4 e 45 -134 e 420 
5 e52 -191 * 1 10 
4*06 -1910210 

Q 
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S T A T  8 L A T I T U D E  LONGITUDE E L E V ,  

U0637 
W0638 
W0640 
U0641 
W0642 
NO643 
WrJ644 
W0645 
W0646 
W064? 
YO648 
MOA49 
bl0i4; 
W0743 
M0744 
W0745 
W0752 
w775 
W0778 
610779 
U0780 
YO781 
U0789 
M0579 
W0580 
YO582 
U0583 

W0585 
U058t 
U0587 

W0589 
W059G 
W0591 
w0593 
610594 
MOlr95 
U0536 
Id0537 
W0593 
WC599 
WO6OO 
YO602 
WO603 
Id0501 
UOSO5 
WO606 
WOb07 

wotia4 

uo58a 

39, 57,160 111, 55,000 4549.00 
39, 57.120 111. 56,990 4658.00 
39, 57,040 1121 1,850 5399.00 
39, 56.860 112, 2,820 5601.00 
39, 56,520 1121 3,360 5746+0G 
39, 58.510 112. 3,680 5863800 
394 59,310 112. 2,170 54?4*00 
39, 58.780 112, ,040 5069*00 
39, 58,980 Ill, 59,330 4925.00 
39, 58,860 111, 57,400 4672,OO 
39, 58,900 111, 55.380 4517100 
390 58,460 111, 54,050 4526eOO 
39, 56,380 1118 58,090 4767400 
391 56,300 112, ,500 5104,OO 
39, 56,310 112, 1,740 5452,OO 
39, 55,740 111, 58,990 4797600 
39. 55,340 111, 57,240 4638600 
39, 55,400 111, 54,950 4755100 
39, 58,060 111. 47,700 5005*00 
39, 57,460 111, 46,720 5175000 
39, 55,660 111, 48,710 4973.00 
390 55*000 111, 49,110 4960eOO 
39, 58,360 111, 41,500 5604,OO 
40, 5,900 111, 40,800 4592,OO 
40, Jo030 111, 39,280 4585,OO 
40, 6,050 111, 35,810 4745,OO 
40, 5,620 111, 35,230 4766.00 
40, 4,830 111, 35.070 4837,OO 
40, 3,380 111, 33,670 4860,OO 
401 2,030 111. 31,160 4932,OO 
40, 1,630 111, 301220 4960,OO 
40. 4.420 111, 36,940 4713.00 
40, 4,270 111. 38,080 4675eOO 
4@,  4,270 1114 39,720 461?,00 
404 3,430 1118 40.340 4586,OO 
4;. ,710 111, 44,670 4739000 
40,  ~ e 7 0  iiil 44,680 4648,oo 
40, 2.5?0 111. 44,360 4631,OO 
40, 3.910 111, 4:*380 4528,GO 
40, 1,180 111, 42,230 495?+50 
40, 2,033 1118 42.300 4693.00 
40, 2,240 111, 41,480 4694,GO 
400  1,630 111. 40,310 4952,OG 
40, 2,430 iii. 3 w e o  4e24,oo 
40, 2,870 111, 38,340 4829400 
40. 1,640 111, 39,460 5093,OO 
40, ,840 111, 15.730 4655,OO 
40, 4,220 111, 46,120 4514,OO 
40, 5,870 111, 46.180 4498,trO 

OBSEAVIED THEOR t FREE S I H P L E  T*C* C M P L E T E  
GRAVITY GRAVITY A I R  ROUGUER BOUGUER 

979702.65 9%0176,27 
979692 e71 980176 21 
979663.59 980176e09 
979654 a26 980175 e84 
979444*77 980175 634 
979644e49 980178.28 
979667.85 980179 46 
979684.72 980179.67 
979686 t 67 980178 4 97 
979697 a22 980178e79 
97970?,09 980178*85 
979711 *42 980178.21 
979686'+31 980175o12 
97967tlv50 980175eOO 
9796511,75 980175 *02 
979685, 43 980174 * 17 
97969 l e 5 2  980173*58 
97969i'q 46 980173 68 
979685.11 980177b61 
979670391 980176t72 
97968:!,62 980174.05 
979680t39 980173108 
979641),b3 980178,05 
979694b35 980189,21 
9796913.57 980189e40 
979693016 980189e43 
979692t54 980180,EO 
97968'),33 980187,62 
~ 7 9 6 7 ~ 0  9801a5 ,48 
97967:!,27 980183948 
97967'i,65 980182,89 
97969t5.88 990187 e 0 2  
97969'5.39 980186.79 
979694.26 9aoit16.79 
979694988 980185eS5 
97969 4 , 73 980181.52 
97970 3 e 2 1 980 183 23 
9 7 9 7 0 ~ 1 7  98oie4.27 
979696.18 980186,27 
979685.24 980182 122 
979696.91 980183o48 
97969L79 980183,79 
979681e92 980182,89 
97?688,20 980184,07 
979698.61 980184e73 
979672e42 980182+90 
979742437 980181a72 
979716193 980186e72 
979718.78 980189.17 

-45,740 -200 720 
-451367 -204,060 

-4 1671 -188, 610 
5 1250 -185 t 570 
9 900 -185.860 

17,687 -182,060 
3,274 -183,220 

-17 164 ' -189 , 860 
-29,050 -196,840 
-42, 120 -201 ,290 
-51,890 -205,780 
-41.074 -195,270 
-40 423 -202 9 830 
-18,422 -192,310 

-189 , 190 
-37,541 -2OOt970 
-45,808 -203.820 
-33,962 -1?5+960 
-21 725 -192 240 
-19 t 053 -195 360 
-23,675 -193, 100 
-26,148 -195,130 
-10,307 -201.230 
-62 ,935 -219 380 
-59 . 564 -2 15 770 
-49 0953 -211 610 
-47,977 -210,350 
-43 6 328 -208 6 120 
-51 e 455 -217,030 
-47,312 -215.340 
-40 708 -209 4 690 

-3 , 446 

-46,843 -207.410 
-51 ,667 -210.940 
-58,724 -215,850 
-59,320 -215e560 
-41,037 -202,490 
-42,837 -201 e 190 
-46,516 -204,290 
-64,184 -218,450 
-31,190 -199,900 
-45,154 -205+040 
-46,480 -206,400 
-35,190 -203,900 
-421 121 -206, 470 
-41,901 -206, 420 
-31 427 -204 940 
-41,499 -200,090 
-45,203 -190,990 
-47 308 -2000550 

* 86 -1 99 * 860 
* 77 -203 * 290 

1868 -186,930 
le75 -183,820 
2 a 07 -183 e 790 
1,99 -180*070 
2 t 76 -180, 460 
1 02 -188,840 
t85 -195,990 
t 69 -200 t 600 
0 70 -205 9 080 
e77 -1940500 
*83 -202*000 

1842 -190,890 
1.67 -187,520 
1 no6 -199,910 
1 08 -202 740 
499 -134,970 

2 ~ 2 6  -189 ,980 
4.25 -191 110 
3 85 -189 t 250 
3t73 -191a400 

-190 * 900 
1 e31 -218t070 
1 67 -21 4 4 100 
3.57 -2Q8aQ40 
5 e24 -205 110 
6 4 90 -201 * 220 

18 , 77 -198 6 260 
8 40 -206 940 
5 52 -204 170 
7 e26 -200 e 150 
3.63 -207 e 310 
2 22 -213 630 
2 53 -213,030 
2 4 82 -1 93 670 
1 78 -199 4 10 
le48 -202,810 
1 e59 -216.860 
3623 -196,670 
2 60 -202 8 440 
2.72 -203,680 
3.9 1 -199 * 990 
4,oO -202.470 
6 6 18 -200 e240 
4 6 0 4  -200 t 100 
2 e 11 -197,980 
l e 1 1  -197,880 

,90 -199,650 

10 t 33 
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STAT LATITUDE LONGITUDE ELEU, OBSERVED THEORt 
GRAVITY G R A V I T Y  

UObl? 
W0613 
W0614 
U0615 
YO621 
WOt23 
U0624 
U0625 
W0626 
YO627 
YO627 
U0630 
U063! 
UO632 
U0662 
W0683 
W0685 
M0686 
U0687 
W0688 
I40689 
U0691 
YO692 
M0693 
b10699 
U0700 
W0701 
U0702 
U077C 
U0708 
w0425 
M042t 
NO427 
W0430 
W0431 
W0432 
I40435 
NO436 
birJ437 
U0438 
U0439 
U044G 
U0441 
U0539 
YO540 
U0541 
W0542 

U054Q 
U0543 

40, 3.330 111, 47,190 4555100 
400 20450 1 1 1 *  47.180 4599.00 
40, 2,450 111. 480000 4757100 
40, 40650 1 1 1 0  480220 4734000 
40, 4,440 111. 510320 4490.00 
40, 2,790 111, 51,690 4598000 
40, 20400 1 1 1 0  51,410 4590,OO 
40. 1.980 111, 50,870 4581,oo 
40, 1,530 111, 50,570 4S11oOO 
40, ,770 111, 50,560 4518.00 
40,  ob80 111, 490420 4618eOO 
40. 1.960 1 1 1 0  48,870 511,2000 
49, 10140 1 1 1 0  470630 4761000 
10, ,700 111, 47,140 4703400 
40, 50510 i i ~  2,840 503e~oo 
40. 5,370 112. 2,030 4489tOO 
400 5,860 112. ,070 4799000 
408 50350 112, ,650 4847.00 
40, 4,670 112. ,600 4881*00 
40, 30810 112, 2,270 5092,OO 
40, 3,330 112, 3,830 5175000 
400 2,470 1120 4.230 5322,OO 
40, 1,030 112, 3,920 5772000 
400 ob80 112, 4,190 5725.00 
40, 40920 112, 3,380 5038000 
400 4,260 112, 3.440 5077,OO 
40, 3,270 112, ,310 497!5*00 
400 10030 111, 590910 4993,OO 
39, 59,680 1 1 1 0  47,130 4804000 
39, 59,880 111, 42,060 5166,OO 
40, 6,010 111, 58,200 4618,OO 
40. 5.450 i i i .  v . 4 a 0  r1sa3.00 
40, 40880 111, 57,460 4597.00 
40. 5.110 111, 58,930 4693.00 
40, 4,570 111, 550240 4494.00 
40, 5.650 111. 56,350 4519.00 
40, 4.580 ill, 56.330 4535.00 
40, 4,040 111. 55,180 4496400 
40, 3,400 111. 54,970 4505.00 
404 3,270 111. 55.470 4503,Od 
40, 2,030 1 1 1 0  550730 4498100 
40, 1,710 111. 57,450 4614,OO 
401 ,830 111, 57,450 4645'00 
40, 100450 111, 58,190 4505,OO 
40, 11,290 111, 38,220 4495900 
40, 12.380 111, 380470 4493000 
40, 121900 111. 380080 4536.00 
40, 13,050 111, 39,470 44?1oOO 
40, 130210 111, 40,610 4508,OO 

9?971Oo 79 
97?71!i+25 
9797011 t 67 
979710,40 
9797215091 
979720.33 
979721) , 59 
979720051 
97972 I t 49 
97971'7.71 
97971 4008 
979687e92 
97970 6 33 
9797Obe96 
979718.57 
9797200 43 
979727.32 
977726042 
979723e81 
979704 085 
979697 t 25 
979688087 
979657036 
97965 8 , 32 
979713.39 
979706994 
9797416 , 43 
97965'7 0 36 
9797CiO 0 02 
979671 S O 1  
979741 4 82 
979738.64 
9797?i4.43 
9797:!9,83 
9797211 , 84 
9797Xo 14 
9797211 e 65 
9797J1.53 

?797:!6,76 
9797;!7 630 

9797:!0 t 48 
9797 13181 
979708 1 52 
979705.99 
9797'10s53 
9797 180 10 
9797?4 8 40 
9797 17 0 38 
9797 i1.50 

980185 0 41 
980184 009 
980184 409 
980187.36 
9801 87 0 OS 
980184o61 
980184 , 02 
980183 40 
980182.74 
980181,60 
980181 a 48 
980183 37 
980182 6 16 
980181 a50 
980188063 
980188f 42 
980189,lb 
980188 0 40 
980187039 
980186.12 
9801 85 a 41 
980184.12 
980182 , 00 
980181.48 
980187476 
980186 78 
9801 85 0 32 
980182 6 0 0  

980180a02 
980 180 * 30 
9801 89 6 37 
980188 54 
980187,70 
980188,OS 
980187024 
980188085 
980187 026 
980186046 
980185 e51 
980185132 
980183848 
980183,OO 
980181 e70 
980195 , 98 
980197 0 21 
980198 83 
980199.59 
980199o80 
980200 * 04 

FREE SIHPLE T o C o  COHMETE 
A I R  EOUGUER mUGUEfi 

-40,176 -195,360 
-36,267 -192,950 
-270984 -190,050 
-31 ob77 -192,960 
-37 ,068 -190 e 310 
-31,731 -188,380 
-31,693 -188,070 
-320000 -188,070 
-36,945 -190,630 
-38,926 -192,850 
-330029 -1900360 
-13 0 669 -188 0 170 
-28,007 -190 8 210 
-32 0 173 -192 0 400 
3 810 -167,830 
1,270 -168,700 

-10.443 -173,940 
-6.068 -171,200 
-4,469 -170,760 
-2,321 -175.800 
-1,393 -177,700 
5 335 -175,980 
18 0 276 -178,370 
15 0 335 -1 79 t 7 10 

- 4  490 -172,130 
-2,302 -175,270 
-100947 -180, 440 
-14,993 -185,100 
-28,133 -191,800 
-23 0 380 -199 * 380 
-13,189 -170,520 
-18,822 -174.960 
-20 875 -177 0 490 
-16,794 -176 t 680 
-32,694 -lB, 800 
-28,652 -182 610 
-29 0 047 - 183 550 
-32.036 -t8S0210 
-34 469 -187,950 
-35 , 007 -188 0 426 
-39,918 -1931 160 
-35 0 196 -192 390 
-36,269 -194,520 
-66,249 -219.730 
-636 880 -217.020 
-57,836 -21 1 0  010 
-48,533 -203.070 
-60,006 -2130010 
-64,517 -218,100 

1038 -1930980 
1 a32 -191 0 630 
1041 -188,640 
3 6 8 0  -189 t 160 
4 t 85 -185 460 
1054 -186,840 
I 055 -186,520 
1073 -186.340 
1 e 55 -189 ' 080 
1013 -191072O 
1033 -189.030 
1.32 -1860850 
1.30 -188,910 
1 a 57 -1 90 0 830 

448 -167,350 
*63 -1680070 
843 -173o510 
6 61 -170,590 
a63 -170,130 
71 -1751 090 

1 t13 -176,570 
1 057 -174 4 10 
1 t87 -1760500 
2 e01 -17707OO 
e50 -171,630 
a64 -1740630 
056 -179,880 
e87 -184,230 

1 e84 -189,960 
6495 -192 , 430 

a 3 8  -170,140 
e36 -174,600 
,37 -1770 120 
e40 -176,200 
142 -185,380 
e37 -182,240 
039 -1830160 
8 4 4  -184,770 
e46 -187,490 
e47 -187.950 
,541 -192,brn 

.40 -193.920 
$57 -191omO 

2.99 -216,740 
3'86 -213f160 
4,60 -2060410 
6 e67 -196 0 406 
3033 -?09,68O 
2 , 19 -215 0 910 

Q 
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STAT, 

U0554 
M0555 
U0556 
W0558 
UO559 
W0560 
W0561 
YO563 
bo566 
U0567 
uos75 
M057t. 
YO581 
W0607 
WO6lO 
bf0616 
M0617 
W06lV 
NO655 
W0684 
NO402 
U0404 
Id0405 
Id0407 
W0408 
M0410 
io412 
YO413 
U04 14 
W0415 
bJ0416 
NO424 
M0433 
W0434 
U0916 
uov17 
U0545 
MO54t 
U0547 
b13548 
W054J 
W0550 
wo551 
wo552 
U0553 
U0656 
U0734 
U0725 
W0736 

LATITUDE LONGITUDE ELE'Jo OESER'IED 
GRAM r y  

40, 120179 111, 37.360 4554000 979720.15 
40, 10.330 111, 36.160 4564000 979709080 
400 100000 1110 35.140 4672.00 979703051 
40, 9*?10 111. 341400 4763800 97969'?o92 
40. 90070 111, 33,130 4860000 979692.82 
40, 9,320 111, 320310 4935000 979681058 
400 90830 111, 30,000 5101tOO 979672056 
401 7,810 1110 34,890 4717800 979695030 
400 70820 111. 38,980 4539000 979697,W 
40, 7.820 111, 41,310 4538.00 979696028 
40. 10,480 111, 39,760 4492000 979701096 
49, 8,010 111, 37.130 4618100 979695076 
40, 61490 111, 36,680 47?9*00 979692.50 
40, Eo150 111, 96,660 4492000 979726048 
401 bo840 111. 47,730 4497.00 979730045 
4 O t  7,930 111, 480750 4877000 979712052 
40. 8.690 111. 480390 4526,OO 979735033 
4 0 0  60840 111, 500610 4624000 479727022 
400 1?+850 112. ,050 4860.00 979726470 
400 bo610 112, 1,460 4958000 979722e70 
400 12.880 111. 530206 4728000 979742050 
400 110450 1 1 1 0  53,920 4560000 979749t65 
40. 11,080 111, 540560 4629000 979744026 
40, 100440 1 1 1 0  56,690 4765000 979735.66 
40, 9,700 1110 56.920 4648000 9797!;7053 
400 80510 111, 57,500 4643aOO 979743077 
40, 7.630 111, 57o'iOO 4561,OO 979747.84 
40, 8,150 1110 560240 4493.00 9797416tSO 
40, 8.760 111. 560930 4574.00 979743.53 
400 90030 1110 56.360 45430OO 9797410096 
400 9,370 111, 360370 4575tOO 979740m26 
401 b+750 i l l  570500 4550+00 979744,56 
401 6,320 111, 560360 4512000 9797218051 
40. 60750 l l l t  560360 4SO1oOO 979741.40 
40, 19,770 111, 31.620 5858000 979646071 
400 19.850 111. 37,130 4997100 9797(13,S3 
40, 141040 111, 42,730 4496000 9797110.75 
4 9 0  1Jt600 1110 42.740 4493000 979709058 
40. 14,280 !110 44.080 4490000 9797;12021 
4 0 0  14,560 11!, 410670 45?8*00 97971.2089 
40, 150350 111, 42,540 4530100 979ZLSoOS 
40, 15.630 1110 420940 4524,OO 9797116040 
400 15,620 111, 400800 4704,OO 979711.19 
400 150160 1110 38,540 4706000 9797118071 
400 14,020 111, 38,590 4545400 979723e32 
400 14,?40 1110 590720 4867000 979726095 
40, 190930 111, 590670 5OO6oOO 9797?807O 
40, 18.980 111, 59,570 4935000 9797;10,69 
40, 18o11O 111, 59,540 4892000 9797:J40?7 

THEOR 
GRAVITY 

9801 98 0 51 
980195 78 
980195.29 
980194012 
980193 092 
9801 94 28 
980195 B O 4  

980192e04 
980192005 
980192 0 0 5  

980196 0 00 
980192034 
980190 0 09 
980192o55 
980190 061 
9801 92 23 
980193 635 
980190661 
9801 99 0 52 
9801 90 0 26 
98019?,56 
980197045 
980196 89 
980195 95 
980194 085 
9801 93 6 09 
9801 91 e 77 
980192 0 5 5  

980193 45 
980193 086 
980194 0 3 6  
980190 0 48 
980189084 
980190648 
980209 0 7 7  

980209 e 89 
980201 8 2 8  

980200 0 62 
980201 63 
980202 0 0 4  

980203 0 22 
980203 0 62 
9802030 61 
980202 0 94 
980201 

980210,Ol 
?80208.61 
980207031 

980201 0 57 

FREE 
AIR 

-56*010 
-56 0 689 
-52 0 330 
-48,199 
-43 0 975 
-48 0 519 
-42 0 674 
-53 4 057 
-67,241 
-68.935 
-71 0 522 
-62.219 
-52.778 
-43 0 552 
-37 0 172 
-20097s 
-32 e 304 
-28 455 
-15 685 
-1 JO6 

-1 2 0 352 
-18,885 
-17,225 
-12 9 091 
-20 127 
-120598 
-14,921 
-230 438 
-19,688 
-25.585 
-23 t 774 
-17.193 
-260931 
-25,715 
-12,064 
-36 0 347 
-67,636 
-68 0 438 
-670090 
-63.246 
-62 077 
-61,702 
'49 0 959 
-41 0581 
-50.426 
-1 6 826 
-10.441 
-13,729 
-12,904 

SI HPLE 
BOUGUER 

-205 160 
-2120180 
-21105OO 
-210,470 
- m 9 . ~ 0  
-21606% 
-216.460 
-2130760 
-221 e 880 
-223 0 540 
-224 560 
-219 OS50 
-213,890 
-196 0 5W 
-190 0380 
-1870130 
-186 0500 
-185 0 990 
-181,260 
-170,120 
-173,430 
-1740240 
-1 74 930 
-174 0 430 
-1780480 
-1 70 780 
-1700310 
-176,510 
-175,520 
-180 0 360 
-1790640 
-172 480 
-180 650 
-179,060 
-21 1 0 640 
-206 0 590 
-220.8 10 
-221,510 
-220 * 060 
-2 17 0 51 0 
-216,410 
-2 15 6 830 
-210 * 220 
-mi ,910 
-205,270 
-182, 640 
-180,990 
-181 * 860 
-179 OS70 

l o c o  COWETE 
BOUGUER 

9039 -195.820 
6 0 32 -205 860 
8.60 -20209OO 
5045  -205,020 
7897 -201.580 

9 051 -206 0 950 
3 0% -209 0 810 
1, 64 -220,240 
1 0 0 8  -222 0 460 
1.87 -2220690 
2 a 27 -217 6 280 
2063 -211.260 

0 63 -195,960 
1 t 43 -1880950 
1.42 -1850710 

059 -1850910 
2.10 -183,890 

,77 -180+490 
0 32 -169,800 

1.56 -1710870 
1 0 13 -173 0 1 I O  
1.07 -1730860 

-173,640 
e 5 5  -1770930 
0 38 -1 70 6 406 
043 -169,880 
0 41 -176,lOO 
0 42 -175,100 
047 -1790890 
051 -1790130 
0 40 -172 6 080 
e36 -180,290 
* 37 -178, 690 

9 . 01 -202.630 
18 04 -188 0 556 
1038 -2190430 
1032 -220 0 190 
1.07 -218.990 
1087 -2150640 

13.52 -203.130 

1.62 -214,790 
1 0 54 -214 0 290 
2 0 56 -207 9 660 
6.65 -195,260 
be06 -199,210 
1032 -181 320 

0 86 -180 130 
1 e 10 -18Oo760 
1o49 -178*080 
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OBSERVED THEOR, FREE S I H P L E  T.C. C O M E T E  
GRAVITY GRAVITY A I R  BWGUER B O W E R  

YO737 40. 17,390 111. 59.510 4899.00 979735104 980206e25 
U0738 40. 16,380 111. 59,590 4868*00 979734e51 980204175 
U0739 40, 15.680 111, 59,600 4845100 979733e11 980203q71 
W0358 40. 19,640 111. 45,550 4506*00 979720e77 980209e59 
~0359  40. 20,010 111. 44,280 4541,oo 9 7 9 7 ~ ~ 2 0  mo2 io * i4  
W0360 40, 3 , 0 2 0  111, 43,440 4640+00 979723.15 980210*16 
W0361 40, 20.020 111, 42,760 4739600 979720*73 980210*16 
W0362 40, 20,020 111, 41,630 4854800 979719*?2 980210*16 
U0363 40. 20.100 111, 40,870 5097.00 979707 980210,27 
YO364 40, 18,?60 111, 42,270 4749,OO 979714179 980207.53 
U0365 40. 18,260 111. 43,410 4624,OG 979720,?9 980207e53 
WO366 40, 17,390 111, 43.400 4584.00 979721Q05 980206,25 
U0367 40, 17,170 111, 44,330 4527.00 979721 e72 980205*91 
W0368 40, 17,380 111. 45,130 4506100 979720,97 980206,23 
U0369 40. 17,830 111. 44,750 4522,OO 97972:!,50 980206*89 
W0370 40, 17,820 111, 45,510 4508toO 979720e86 980206*87 
U0371 40, 18,230 111, 45,640 4506,OO 979720a72 980207,48 
U0372 40, 19,000 111, 45,810 4506q00 979720t36 980208,M 
W0373 40, 16,850 111, 43,820 4531tOO 979720a82 980205*45 
U0374 40, 16,520 111, 43,600 4534100 97971',*68 980204,?5 
U0375 40. 16,520 111, 42,810 4585800 9797113,36 980204e95 
L10376 40, 16e510 111, 42,230 4712800 97971'1459 900204+94 
U0377 40. 17,400 111, 42,250 4747sOO 979713.87 980206*27 
W0378 40, 181270 111, 40,540 4826100 9797113,bb 980207+55 
U0380 40, 19,270 111, 38,910 4850*00 97972?,72 980209e03 
U0381 40, 17.870 111, 39,180 4838800 979720,OO 980206.96 
U0382 401 17,020 111, 39,070 4783'00 979713e69 980205470 
U0383 40, 16,100 111, 38,510 4840.00 979713661 980204,33 
M0384 40, 16.970 111, 39,510 4691*00 979723612 980205662 
YO385 404 17,340 111, 39,470 4721aOO 979723e84 980206*18 
W0386 406 18a050 111, ?Ye770 4760100 979724819 980207423 
U0387 40, 16.960 111. 40,070 4699.00 979721.28 980205e61 
UG388 40, 17,380 111, 40.520 4787.00 979716649 980206e23 
U0385 40. 17,380 1 1 1 6  41,460 4761600 979715848 980206.23 
U0390 40. 16,940 111, 41,260 4756900 979714a56 980205658 
Id0392 40, 17,470 111. 52,690 4594tOO 979750.61 980206e37 
U0393 40, 15,720 111, 52,720 4807.00 979739a25 980203e77 
NO394 40, 15.100 111, 52,680 5085.00 979722820 980202984 
YO395 40, 14,910 111, 52,770 5150*00 979717e81 980202a56 
U0395 40, 16,050 111, 53,980 5445800 979619e83 ?80204*25 
W0297 404 16,510 111, 53,120 4884600 979724113 980204e94 
U0398 40, 15,930 111, 51,220 4502,OO 979750,03 980204e08 
bo399 40, 15.780 111. 51,980 4620,OO 979747965 980203e86 
W0400 40, 14,780 111, 52,000 4628900 979746.39 980202137 
NO401 40, 131440 111, 52,570 4647,OO 979747b21 980200*37 
W0403 40, 13.290 111, 53,630 4944,OO 9797;!8,96 980200*16 
b1041Q 46, 19,970 111, 54,670 4555,OO 979755,33 980230,07 
Id0420 40, 19,780 111, 54.450 4593.00 979752,55 980209.79 
U0421 40, 191130 111. 55,930 5124,OO 9797:!2,36 980208883 

-101406 -177.310 
-12 6 352 -178 + 200 
-14 ,876 -179,940 
-64 6 985 -21 8 4 500 
-57 8 13 -2 12 520 
-50,570 -208 e 650 
-43 677 -205 * 130 
-33,869 -199,240 
-23 , 030 -196 * 680 
-44 ,046 -205,040 
-51 * 605 -209 t 140 
-54,028 -210.200 
-58.380 -212,610 
-61.425 -214,940 
-59 + 050 -213 110 
-61,997 -215,580 
-62 925 -21 6 * 440 
-64,445 -217,960 
-58 t 4 43 -2 12 e 810 
-58,801 -213,270 
-55,324 -21 1 e 530 
-50,137 -210,670 
-45 8 894 -207 620 
-34,953 -1 99,370 
-30 8 115 -195,350 
-31,894 -196,720 
-37 4 118 -200 e 070 
-35 * 466 -200,360 
-41 272 -201,090 
-38,280 -199,120 
-35 6 312 -197 480 
-42 e340 -202 430 
-39 o 482 -202 570 
-42,937 -205,140 
-43,668 -205,700 
-23,647 -180,160 
-12,380 -176,150 

-2 339 -175 , 590 - 6 345 -17S,800 
7,736 -177,770 

-1 1 I 417 -177,810 
-30,591 -183 * 970 
-21,651 -179 t 050 
-20,679 -178,350 
-16,071 -174,390 

-6,163 -174 * 600 
-26,296 -181,480 
-25,221 -181*700 

-4 500 -179,070 

1.59 -175,720 
1 68 -176 t 520 
1878 -178,160 
le69 -2166810 
2a44 -210,080 
2 8 84 -205 4 810 
3 a25 -201 880 
4146 -194,780 
5 62 -191,060 
2 634 -203,500 
1t89 -207,250 
1 e66 -208,540 
1 * 38 -211 * 230 
1923 -213,710 
1 9 41 -21 1 700 
1.23 -214,350 
1129 -215,150 
1 4 4 1  -216,550 
le45 -211,360 
1415 -21 1 t820 
1 e68 -209 t 850 
le98 -208.690 
2 22 -205 e 400 
3*36 -196,010 
8473 -186,620 
5.52 -191.200 
5t51 -194,560 
be76 -193, 600 
4t63 -1964 460 
4.84 -194,200 
4 6 48 -193 OOO 
3.58 -198*850 
3 e02 -199,550 
2 37 -202 770 
2 40 -203,300 
1 e62 -1786540 
2 043 -173,720 
2 , 16 -173,120 
2 0 54 -173 260 
3169 -174 080 
2616 -175, 6% 
1,12 -182,850 
1466 -177,390 
2 + 65 -175,700 
1.65 -172,740 
2, 18 -172,420 
1 8 40 -180 080 
1 *30 -180 400 
2.32 -176*750 



100 

3 

a 

3 

a 

3 

3 

Lr3 

3 

STAT + LATITUDE LONGITUDE ELEV, OBSERVED THEOR, 
GRAUI T Y GRAVITY 

W0423 40, 17,280 111. 53.420 4882,OO 979733696 980206,08 
NO904 40, 21,880 111. 33,340 5218,OO 979689.37 ?80212,91 
W0913 40. 21,380 1111 34,380 5196,OO 979690187 980212816 
W0914 40, 20,890 111, 32,690 5465eOO 979670490 980211b44 
WO915 40, 20,140 111, 31,350 5675,OO 979655.97 980210133 
U0324 40. 21.670 111, 43,100 4780800 979724e56 980212,bO 
W0323 40, 21.840 111, 44,280 4623.00 979731e09 980212e85 
U0325 40, 21,670 111, 42,310 5062,Oo 779709e86 980212b60 
W0333 40, 224160 111, 54,930 4522,OO 979755,60 980213.34 
W0334 40, 22,150 111, 56,080 4609.00 979752479 980213132 
W0335 40, 21*810 1111 564900 4774,OO 979743066 980212,80 
idG336 40, 21.740 111, 59.020 4885,OO 979738,90 980212.70 
id0337 40, 21,290 111. 54,930 4543,OO 979755824 980212e04 
W0339 40, 21,290 111, 544060 4499,OO 979754.07 980212,04 
UQ339 40, 21,600 111. 53.750 4493.00 979753e28 980212,50 
Id0340 40, 21.740 111. 53,220 4493,00 97974i',88 980212+70 
W0341 40, 21.900 111, 53,150 4494,OO 97974f459 980212494 
M0342 40. 22,200 111, 48.030 4567,OO 979721b21 900213.39 
NO343 45. 21,150 111. 48,770 4492000 979721692 980211*83 
W0344 40, 21,910 111, 49,820 4498,OO 9797211e19 980212b95 
WQ345 40, 22,110 111, 50,620 4496400 9797Be39 980213124 
W0346 40, 21,880 111, 50,910 4493.00 979730e25 980212193 
WQ347 40, 21,900 111, 51,400 4497600 97973;',40 980212194 
W0348 40, 21,620 1114 51,740 4490t00 97973'1e90 980212t53 
W0349 40, 211900 111, 51,980 4490,OO 97973fb,74 980212e94 
U0350 40, 20,760 111, 48,230 4491900 97971Pe53 980211e25 
WG351 40, 20,600 111, 480050 4490aOO 97971tlt75 980211e02 
U0352 40, ?Ob860 111, 47,660 4498600 97971'1t27 980211039 
W035S 401 20,860 111, 47,080 4501,OO 97971Y*% 980211e39 
NO354 40, 21,320 111, 46,390 4523400 979722,06 980212*08 
M0355 40, 21,320 111, 476090 4523100 979720e76 980212*08 
U0355 40. 20.870 111. 46,410 4505*00 979720610 980211e41 
bo357 40, 20e650 111, 45,530 4501eOO 97972Io66 980211e09 
U0417 40. 20,850 111, 54,930 4549,OO 97975!5,16 980211.38 
WQ418 40, 20,220 111, 54,900 4559b00 97975!i015 980210445 
u08e5 40, 27,000 111, 404270 6032100 979640.52 980220e51 
W0887 40, 26,990 111. 38,910 6332aOO 97962'?,19 980220e50 
WO889 40, 25,980 111, 38,140 7260bOO 979581,80 980219800 
U0889 40, 26,130 111, 37,700 7479.00 97956P.10 980219122 
U0266 40, 26,570 111, 55,316 4491bOO 979751,47 980219487 
WG267 40, 25,210 111, 55,530 4705800 979737952 980217485 
M0260 40, 25.220 111. 54,370 4546.00 979745,12 980217,87 
W0269 40, 24,350 111 54,360 4521 e 0 0  979745963 980216058 
YO270 40, 24,350 111, 53,150 4522eOO 979742b35 980216e58 
UG271 4 0 4  24,370 111, 51,590 4578,OO 979731b92 980216e61 
NO272 40. 25,140 111, 52,610 4570,OO 979739b47 980217*75 
!do273 4 C e  25,890 111, 536430 4627100 979741a54 980218686 
U0258 40, 254240 111, 50,940 4769,OO 979720889 980217*90 
U0289 40, 25,240 111, 50,370 4783bOO 979720113 980217,90 

FREE S I K P L E  TaC, C O M E T E  
A I R  BOUGUER B W G E R  

-124 915 -179,240 
-32 8 728 -21 0 500 
-32 e 557 -209 , 580 
-26,503 -212 t 690 
-20,568 -213,910 
-38 a 430 -201 e 280 
-46,919 -204,420 
-26 , 613 -199,070 
-32,400 -186,460 
-27,006 -184 e030 
-20,105 -182,750 
-14,323 -180 ,750 
-294 485 -184,260 
-32 794 -186 a 070 
-36.608 -1094680 
-42,208 -195,280 
-43,644 -1960750 
-60,607 -216t200 
-67,392 -220,430 
-63,678 -216,920 
-60 356 -21 4 * 130 
-60 048 -213 + 120 
-57,552 -210.760 
-55,300 -208,270 
-54,118 -207t360 
-69 296 -222,300 
-69,940 -222,910 
-69,038 -222,280 
-68,465 -221e810 
-64,586 -218,680 
-650 886 -219,980 
-67,569 -221,050 
-66 * 065 -2 19 s 41 0 
-20 e 340 -183 320 
-261479 -18108OO 
-12,620 -218,070 

4 ,280 -21103WJ 
45 680 -201 600 
53,350 -201 e 380 

-45,980 -198,940 
-37 , 780 - l?80030 
-45,150 -199,990 
-45+700 -199,690 
48,890 -2026910 
-541080 -2101010 
-48,430 -204,080 
-421100 -199,700 
-48 440 -210 870 
-47,880 -210,790 

2.20 -177,040 
17 4 92 -192*580 
1 be20 -193,380 
14 a86 -197 1830 
11 38 -202 8 530 
5150 -195,780 
3 bn -200 + 470 
7,22 -191,850 

e94 -185,520 
e 9 5  -183*080 
6 7 9  -181,960 
e84 -179,910 
e90 -183,360 
,88 -185.190 
4 87 -188 b 810 
e 8 6  -194,420 
,87 -195 9 880 

1 *54 -214 e 660 
1.20 -219,230 
1 14 -215 780 
le05 -2134080 

b 99 -212 130 
95 -209 e 810 

e91 -207 o 360 
a91 -206,450 

1 e23 -221 1070 
1 e24 -221 o 670 
1 b J 8  -220 t 900 
1 b 5 6  -220*2% 
lo95 -2164730 
le67 -218,310 
1 b79 -219,260 
2 4 13 -217 a 280 

e 9 8  -182 ,340 
1123 -180,570 

$71 -195 b 360 
17 68 -193 9 710 
9e80 -191 ,800 
6 o 3 1 -195 e 070 
2*00 -196.940 
1 t 40 -1961 630 
1 e24 -198 750 
1 b 1 1  -198,580 
1b10 -201,810 
le22 -208,790 
1 33 -202,750 
1 o 43 -1984270 
1 o 49 -209,300 
1 t 59 -209 a 200 



101 

8 

8 

Q 

8 

0 u 

STAT LATITUDE LONGITUDE ELEVI OkSERUED THEOR, 
GRAVITY GRAVITY 

YO290 
W0291 
Y3292 
U0293 
u0,m 
YO296 
W0297 
W0298 
w0299 
YO300 
U0301 
W0312 
b10313 
W0314 
YO315 
W0316 
W0317 
U03 18 
W0319 
W0320 
160322 
YO326 
W0327 
U0328 
YO329 
W0330 
W0331 
M0332 
W0921 
W0922 
U0923 
W0924 
U093 
U0926 
W0927 
W0928 
W0929 
W0930 
M0931 
U0932 
U0933 
NO934 
w0935 
NO936 
W0256 
U0257 
M258 
YO259 
c10261 

40, 25,250 111, 49,230 4801,OO 979719e40 980217+91 
40, 25,250 111, 48,080 4836,OO 97971Ei.52 980217.91 
40, 25,256 111, 47,500 4866tOO 979717t52 980217.91 
40, 25,250 111, 46,350 4890*00 979719tO6 980217+91 
40, 26,050 111, 44,140 5180,OO 979691 e05 980219*10 
40, 26,170 111, 43,640 5283400 979681,71 980219628 
40, 26,400 111, 43,130 5425'00 97967JeO7 980219t62 
40 * 26 e 690 11 1 8 41 860 5755 S O 0  97965'1 9 49 900220 105 
40, 26,820 111, 41,100 5923+00 979641ielO 980220e24 
40, 26,630 111, 42,130 5659600 979653'*13 980219*96 
40, 26,820 111, 46,650 4941,~ 97971:!,26 980220,24 
40, 26,990 111, 50,700 5362,GO 97915811~84 900220t50 
40, 23,430 111, 49,790 4558,OO 979728442 ?80215,21 
40, 23,210 111, 49,260 4549400 979721),79 980214909 
40, 23,430 111, 48,180 4622,OO 979728e06 980215*21 
40, 23,450 111, 47,390 4674800 97972ti494 9#215,24 
40, 23,510 111, 46,350 4754900 979724e23 980215.33 
40. 23,520 111, 45,190 4733tOO 97972?+36 980215e35 
40, 23,530 111, 44,670 4756,OO 979727.00 980215e36 
40, 24,380 111, 44,950 494OeOO 97971'1t09 980216a62 
40, 22,970 111, 44,340 4666,OO 979731610 980214t53 
401 238400 111, 501920 4558,OO 9797213468 980215,17 
40, 23,460 111, 51t970 4536,OO 979733B99 980215t26 
40, 23,230 111, 52,570 4521,OO 979737449 980214.92 
40,,23t230 111, 53,550 4500,OO 979743e98 980214t92 
40, 23,240 111, 54,920 4546,OO 979750,lO 980214493 
40, 23,210 111, 56,080 4679,OO 979746.32 980214089 
4 0 6  234080 1 1 1 6  56,930 4807s00 979741.77 980214e69 
40, 25,900 111. 50,940 4809,OO 979720s53 980218400 
40, 25,890 111, 49,270 4825,OO 979718e31 980218e86 
406 25,900 111, 48,650 4838,OO 979717976 900218.00 
40, 25,900 111. 48,080 4858,OO 979716*79 980218,08 
40, 26,130 111, 47,040 4909e00 979715e32 900219.22 
40, 26,130 1 1 1 6  46,360 4946t00 979715004 980219e22 
40, 24,600 1 1 1 1  46,340 4840600 979721t67 980216e95 
40, 24,820 111, 454210 4979,OO 979714886 980217e27 
40, 24,390 1 1 1 4  45,210 4861tOO 979722415 980216a64 
40, 22,900 111, 45,500 4632,OO 979731154 980214*54 
40, 22,540 111, 459500 4578,OO 979732B71 980213+89 
40, 22.980 111, 46,350 4629,OO 979729483 980214654 
40, 24,390 111, 47,360 4798,OO 9797ilt73 980216.64 
40, 24,380 111, 48,120 4777.00 9797;!1,23 98021be62 
40, 244370 111, 490210 4767,OO 979739t91 980216t61 
40, 24,030 111, 50,560 4596,OO 9797;!7*95 980216e10 
40, 29,240 111, 55,200 4151,OO 97374Ve01 900223a84 
40, 29,360 111, 56,360 4439tOO 979746652 980224,Ol 
40, 29,370 1 1 1 0  5be870 4488800 979743t50 900224t03 
40, 28,720 111, 56,860 4579.00 979739424 980223606 
40, 29,370 111, 58t550 4662400 9797:12+73 980224.03 

FREE S I W L E  T * C ,  COWLETE 
AIR BOWER BOUWER 

-46.930 -2100450 1 e 8 2  -2084630 
-44t520 -201,230 2 e 2 2  -207,010 
-42,690 -208,430 2t53 -205,900 
-38,140 -204,970 3*66 -201,310 
-4Ot820 -217,250 21*82 -195,430 
-40,650 -220t590 27,s -1934040 
-36,270 -221,050 28660 -192,450 
-24,240 -220,260 26t28 -193,980 
-18,020 -21 9 , 760 24 L 57 -195 6 190 
-28,540 -221t290 27*49 -193.800 
-43.230 -211,520 4t36 -207,160 
-27,310 -209,940 3,OO -206,940 
-58,060 -213,310 1137 -211,940 
-58,220 -213,160 1t47 -211.690 
-52 a 400  -209 * 830 1 79 -208 4 040 
-48 t 660 -207 860 2 12 -205 * 740 
-43,940 -205*860 2689 -202,970 
-42,000 -204t010 4*b0 -199,330 
-41tOlO -203tOOO 6*42 -1966580 
-34,070 -202,330 6e77 -195*560 
-44,550 -203,470 6*29 -197,100 
-57t760 -213t010 le14 -211,870 
-54,610 -209~10 1004 -208,070 
-52,180 -206,170 e97 -205t200 
-47,670 -200,940 e 9 5  -1991990 
-37,230 -192t070 097 -191a100 
-20,460 -187,830 ltOl -186,820 
-20,770 -184,500 1800 -183t500 
-46,020 -209,810 le74 -208,070 
-46,710 -211+050 2e04 -209tOlO 
-46,060 -2104840 2,26 -2084580 
-4s*iso -210,610 -m+im 
-42,160 -209,360 3*34 -206.020 
-38,960 -2076420 4415 -203,270 
-40,030 -204,880 3t40 -201*400 
-34,090 -2034670 6407 -197,600 
-37,260 -202,030 5 6 8 2  -197,010 
-47,310 -205t080 3,62 -201,460 
-5OeS70 -206,500 3*30 -203,200 
-491310 -206,970 2.70 -204,270 
-43,610 -207,030 2e38 -204,650 
-46t070 -208,770 2*02 -206,750 
-48,320 - 2 1 0 ~ ~ 0  i,80 -2oamo 
-55e850 -212,390 le29 -211*100 
-56b17 -207,770 la51 -206,260 
-59,960 -211,150 1.37 -209,780 
-58,390 -2110250 le31 -2091940 
-53,120 -209,080 1t36 -207,720 
-526790 -211t580 1132 -210,260 



Q 
102 

3 

3 

3 

STAT. 

U0262 
bJ0302 
U0303 
UO304 
bl0305 
W0306 
L60307 
U0308 
U0310 
PO411 
PO4 12 
PO413 
PO4 14 
PO415 
PG416 
PO417 
PO501 
PO502 
PO503 
PO504 
PO505 
PO506 
PO507 
PO508 
PO509 
PO610 
PO611 
PO612 
PO613 
PO614 
PO615 
YG616 
PO617 
PO618 
PO619 
PO707 
PG7O8 
PO709 
PO7 10 
PO71 I 
PO712 
PO812 
PO81 1 
PO810 
PO809 
PO808 
PO807 
PO806 
PO505 

LATITUDE LDHGITUDE ELEV, OBSERVED THEOR 6 

GRAV I'TY GRAVITY 

40, 29,800 111. 59,130 4664,OO 979732a20 980224667 
401 27,340 111, 46.640 4956.00 979711e99 980221e02 
40, 27,470 111, 45,520 5052100 97970ri084 980221e21 

40, 27,930 111, 46,710 5055,OO 979701L29 980221,89 

40. 27.650 111, 48,010 5156.00 9796913192 980221048 

40. 27,910 111, 45,730 5121*00 97970'2618 980221.86 

40. 27.320 111, 47,090 4963800 979710466 980220.99 

401 29,760 111, 50,080 5004,OO 979716t96 980224.61 
40, 27,600 1116 48,450 5134+00 979700e04 980221e40 
40, 29,930 111, 51,066 4591.76 97973B120 980224.86 
40, 29,775 111, 51,768 4689t84 979733t05 900224.62 
40, 29,639 111, 51,649 4772.21 979729e09 980224e42 
46, 29,475 111, 51.579 4961824 979721488 980224*17 
40, 29,346 111, 51,468 5081.90 979709.88 980223.98 
40, 29,190 111, 51,369 5306.10 97969L26 980223.75 
40, 29,064 1111 51.307 5397t96 979689181 980223*56 
40, 28.791 111. 514774 5583,96 979678e41 980223a16 
40, 28,907 111, 51,815 5227.31 979701a15 980223.33 
40, 29,185 111. 52,055 5123.05 979707867 980223075 
40, 29,052 111, 51,954 4977.07 979716a94 98V223.55 
40, 29,335 111, 52,170 4885*11 979722.50 980223097 
40, 29,471 111, 52.251 4759.81 979729t35 980224.17 
40, 29,608 111, 52,382 4654623 979734460 980224.38 
40, 29,752 111, 52,484 4560v18 979740.09 980224.59 
40, 29,902 111, 52.615 4494603 979743.73 980224e82 
401 29,847 111. 53.376 4442t44 979746,94 980224.73 
40, 29,706 111. 534278 4461e01 979746t50 980224.52 
40, 29,545 111. 53,150 4504.75 979744.39 980224.28 
40, 29,404 111, 53,036 45W.18 979739.14 980224.07 
40, 29,285 111, 52,935 4735.56 979712.48 980223e90 
40, 29,135 111, 52,842 4833a93 979717t07 980223966 
40, 29,006 111, 52.717 4993e83 979737.16 986223,48 
40. 28,849 1 1 1 4  52.609 5118040 9797419.37 980223.24 
40, 28,530 111, 52,375 5987u15 9796fi2a25 980222.77 
40. 28.453 111, 52,300 5908084 979659.32 980222*66 
40. 29,040 111, 53,496 4608.98 979738,15 980223.53 
40, 28,895 111, 53,379 4756828 974734,97 980223.31 
40. 28,757 111. 53,269 4826e68 9797;!9*?5 980223111 
40, 28.617 111, 53,151 5119.28 979711e38 980222e91 
40. 28,371 111. 52,913 6115s53 979642,OO 980222.55 
40, ?8,272 111, 52,800 5926958 9797M,73 980222.40 
40, 27,980 111, 53,419 5782664 9796119.69 980221s96 
40, 28,159 111, 53,543 5622.24 9796I10,SO 980222.22 
40, 28,339 111. 53,636 5125e43 9797113.06 980222.48 
40, 28,554 111, 53,776 4782,07 979735.48 980222e80 
40, 28,682 111, 53,893 4737,99 9797J8.36 980222.99 
40. 28,814 111, 54,013 4650*68 979743.58 980223*20 
40, 29,016 111, 54,759 4430e43 979749e97 980224969 
40, 29,954 111. 54,071 4425,54 9797!i0.12 900224,09 

FREE SIWLE 
A I R  BWGUER 

-53 6 770 -212 8 630 
-42,870 -211,670 
-39,180 -211,250 
-38,000 -212 420 
-41 * 130 -213,300 
-43,510 -212.550 
-37,590 -213.200 
-36 970 -207.410 
-38.460 -213.320 
-54,758 -21 1 . 195 
-50.449 -210.227 
-46,458 -209,042 
-41 0 281 -208 e 262 
-36 101 -209,236 
-29.398 -210.172 
-26 020 -209 923 
-19 a 519 -209,759 
-30 * 497 -208,587 
-34 206 -208 743 
-38,464 -208.027 
-41,975 -208,406 
-47,114 -209,276 
-52,006 -210.571 
-55e5b5 -210,926 
-58,382 -211,489 
-59,931 -211,280 
-58 + 421 -21 0 403 
-56,174 -209.647 
-52,331 -209,021 
-45,992 -207 , 327 
-414915 -206.602 
-36.597 -266.732 
-32,435 -206,814 

-7,372 -211.348 
-70551 -2086859 

-44.336 -204.085 
-40,967 -203t009 
-39,162 -203,602 
-30,007 -204,416 
-5,320 -213,670 
99,786 -102,127 
-8 a 356 -205 365 

-1 2,091 -204 435 
-27,326 -201,945 
-37,523 -2004444 
-38 , 977 -200 395 
-42.172 -200.616 
-57 w i -208 , 932 
-50,504 -209,270 

1 e 3 2  -211,310 
5 e 02 -206,650 
8 e20 -203 050 
7.66 -204.760 
5.80 -207 ,500 
4*37 -208,180 
3655 -209,650 
7, 77 -1W. 640 
3.34 -209,980 
3 61 -207 585 
3, 17 -206 757 
3.63 -205,412 
3.88 -204 t 382 
3 + 55 -205 686 
3.42 -206.752 
3.72 -206 ,203 
3.20 -206,479 
4 e98 -203.607 
3.29 -245,453 
4.53 -203.497 
3,19 -2050216 
3e53 -205,746 
3.04 -207,531 
3e05 -207,076 
2,?0 -208,509 
2.42 -200.060 
2,bO -207,803 
2,76 -206.887 
2.85 -206,171 
2.70 -204,627 
 LO^ -203,582 
3.67 -203 e062 
3.87 -202.944 
6.89 -204.458 
4.68 -204,179 
2,47 -201.615 
3.21 -199,799 
3,58 -200,022 
2.79 -201.626 

10 e 86 -202,810 
6.35 -95 777 
6,68 -198,685 
5 6 0 3  -198e605 
2+40 -199.545 
2.55 -197,894 
2. 18 -198,215 
2*14 -198.476 
1.57 -207,362 
1 * 52 -2071 ?58 

Q 
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STAT 6 LATITUDE LONGITUDE ELEU, OBSERVED THEOR, FREE S I M E  
GRAUIrY GRAVITY AIR BWGLER 

PO912 
PO91 1 
PO910 
PO909 
PO900 
PO907 
PO906 
PO905 
PO904 
P1003 
P1004 
P1005 
PI006 
P1007 
P1000 
P1009 
f l O l O  
PlOll  
P1012 
P1013 
P1014 
121015 
Pi016 
P1017 
P1018 
P1019 
P1020 
P1021 
P1022 
P1023 
P1024 
P1025 
P1026 
P1027 
P1020 
P1029 
P1030 
P1031 
P1032 
PllOl 
P1102 
P1103 
F1104 
P1105 
Pll0b 
PllO? 
PllOtr 
P1109 
P l l l 0  

-19,537 -201,654 
-20,451 -201,020 
-34,960 - 1 V V a 7 3 3  
-37,209 -197,417 
-41,975 -1391232 
-45.468 -200.376 
-60 135 -200 720 
-40*511 -209 4 215 
-60,024 -209,633 
-60,213 -211.264 
-60,953 -210,598 
-60 e 8 0 0  -2100240 
-60 566 -209,588 
-59 e 064 -209 030 
-57,309 -209,343 
-53,407 -2ObabOV 
-52 e 400 -205*!iQ7 
-51 6 130 -204 404 
-49.070 -2039 106 
-46,155 -202,662 
-43,227 -200,533 
-39,367 -201,273 
- 3 5 m  -201,300 

-27,315 -202,540 

-29 + 557 -2024 339 
-27.627 -202,293 

-33eV50 -199,167 
-34,354 -138*046 
-34,452 -190,450 
-34 e755 -198,309 
-34,137 -1984450 
-33,223 -199,101 
-33,360 -198 , 9 13 
-34 200 -198 0 785 
-35,975 -199,123 
-37,141 -199.498 

-41,w -201,376 
-38,709 -200,242 

-43,276 -202 16 1 
-59 , 71 6 -21 1 010 
-59,261 -210,752 
-57 070 -210 207 
-56,439 -209,646 
-55,074 -209,062 
-53,332 -208 ,636 
-51 ,639 -200.012 
-49 752 -207 102 
-40,339 -206,155 
-47,431 -205,222 

T,C, COHPLETE 
BOUGUER 

3,49 -197.544 
2*61 -1981 410 
1 e 9 1  -197 023 
2 e 0 4  -195,377 
1 , 91 -197.322 
1 06 -1 98 51 6 
1.65 -207ma 
i,sa -207,635 
1'53 -208.109 
1 e31 -209 * 954 
lt42 -2099,178 
1 47 -200,770 
1 55 -200s 030 
1.50 -207,450 
1 6 45 -207 833 
1 49 -205,119 
1.55 -203,957 
1.62 -202,704 
1 72 -201,384 
1 4 5  -201.012 
1 67 -198.863 
le66 -199.613 
1*72 -194,580 
2*47 -199,049 
2.62 -199,673 
2.96 -1 W e500 
1 e 5 8  -197,507 
1 e 67 -197 176 
1,70 -196,750 
1 e76 -196,629 
1.70 -194,750 
1 e71 -197 e 391 
1 63 -197,283 
1.61 -197t175 
1.55 -197.573 
le51 -197,900 
1 a51 -190,752 
1046 -199,916 
1 4 1 -200 M1 
1 4 3 4  -209 670 
1 e 3b -209 6 392 
1 e 3 4  -208,947 
1 8 3 4  -200 e 206 
1037 -207,692 
1 37 -207 266 
1 41 -204,602 
1 , 42 -205 762 
1 e40 -204,675 
1 60 -203 * 622 
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STAT. LATITUDE LONGITUDE ELEV, OBSERVED THEOR, 
GRAV I 'IY GRAU I TY 

Pllll 40, 27,917 111, 561609 4632670 979740a21 980221,86 
f'1112 40, 27,755 111, 56,543 4634.96 979741.35 980221.62 
P1113 40, 27,616 111, 561478 4638e01 97974?,41 980221e42 
P1114 40, 27.451 111, 56,396 4660.60 979741.82 980221.17 
P1115 40, 27.311 111, 56,337 4684,46 979741.06 980220497 
P1116 40, 27,142 111, 56,255 4702.86 979740.25 980220.70 
P1117 40, 27,002 111, 56,184 4721060 97973V.41 980220650 
P1118 40, 26,832 111, 56,104 4741t42 97973Be78 980220626 
Pl119 40, 26,690 111, 56,037 4758a79 979737b74 980220404 
P1120 40, 26,529 111, 55,968 4768196 979736.10 980219.80 
P1121 40, 26,360 111, 55,893 4772.55 97973h48 980219,5? 
Pll?? 40, 26.211 111, 55,812 4786915 979733976 980219.34 
P1123 40. 25,908 111, 55,680 4837.15 979729a23 980218,90 
P1124 40, 25,743 111, 55,632 4829,26 97?729,16 980218,65 
P1125 40, 25,575 111, 55,581 4751,26 979734a61 980218a41 
P!201 40, 29,003 111, 55,424 4453,1? 979749410 980223648 
P1202 40, 28,852 111, 55,515 4451489 979748+80 980223e26 
P1203 40, 28,704 111, 55.611 4448,29 979748e85 980223804 
P1204 40, 28,555 111, 55,700 4445e59 979749t65 980222t80 
P1205 40, 28,404 111, 55,789 4434,lS 979750429 980222.59 
P1206 40, 28,250 111, 55.877 4446e55 979750.65 980222e35 
P1207 40, 28,084 111, 55,899 4445658 979750e91 980222,ll 
P1208 40. 27,919 111, 55,931 4444486 979751e37 980221t87 
P1209 40, 27,756 111. 55,952 4447.59 979752e42 980221962 
P1210 40, 27,596 111, 554908 4451.10 979753t57 980221,39 
P1211 40, 27,446 111, 55,822 4455e16 979754.71 980221e16 
P1212 40, 27,333 111, 55,666 4461.24 979754t72 980221e00 
P1213 40, 27,211 111, 55,516 4468.37 9?97%+28 980220t81 
P1214 40, 27,098 111, 55,388 4473845 9797$13*52 960220e65 
P1215 40, 26.934 111, 55,291 4480m07 979732e81 980220,40 

P1217 40. 26,602 111. 55,302 4492.41 979751.31 980219.91 
Ff216 40, 261781 111, 55,290 4482,09 979752449 980220,18 

P121fl 40, 26,494 111, 55,159 4499t42 979750.79 980219.74 
P1219 40. 26,477 ill, 54.948 4501.76 979750e17 980219.73 
F'1220 40, 26,439 111, 54,745 4506,58 979749876 980219.69 
P 1 2 1  40, 26,320 111, 54.590 4512.53 979748e85 980219e51 
P1222 40. 26,186 111, 54,455 4518144 979740,44 980219630 
P1223 40, 26,062 111, 54,326 4528.31 979748.31 980219.12 
P1224 40, ?5,933 111, 54.165 4534a05 979748410 980218.93 
P1225 40, 25,801 111. 54,032 4539.34 979747.69 980210.74 
P1226 40, 25,681 111, 53,909 4546.25 979746e83 980218,55 
P1227 40, 25.554 111, 53,776 4549.54 979745,98 980218.36 
P1228 40, 25,422 111. 53.643 4551426 979745e37 980218.17 
P1229 40, 25t302 111, 531494 4549e45 979744.69 980217.99 
P1230 40. 25,178 111, 530349 4549a58 979743a98 980217+80 
P1231 40, 25,031 111, 53,212 1548.51 979713937 980217.59 
P1301 40, 25,634 111, 56,453 5060,OQ 979719417 980218'49 
P1302 40, 25,737 ill, 56,275 4943.39 979727.08 980218464 
P1303 40. 25,813 111, 56,139 4842.75 979731.78 980218,75 

FREE SIWLE 
A I R  BWGUER 

-45 e 898 -203 729 
-44 311 -202.219 
-42,761 -200,773 
-40,976 -1990758 
-39 , 288 -198 ,883 
-30 0 102 -198,324 
-36.976 -197.836 
-35,500 -197,035 
-34,687 -196,814 
-34,836 -197t310 
-35 e 184 -197,780 
-35,391 - 1 9 8 1  450 
-34,686 -199,483 
-35.248 -199.776 
-56,093 -198, 763 
-55, 510 -207, 225 
-55,713 -207,384 

-55.22~ - 2 0 6 m  

-55 b 78f -207 t 332 
-!EL002 -206 459 

-53,459 -204,949 
-53,040 -204.505 
-52.421 -203,853 
-50,865 -2026390 
-49,150 -200,795 
-47,394 -1We177 
-46,656 -198,646 
-46 e 238 -198 47 1 
-46,356 -198,762 
46,193 -198,825 
-46, 104 -198,805 
-46.040 -139.092 
-45,737 -199,027 
-46,121 -199,491 
-46, 039 -1 99 e 573 
-46,209 -199.947 
-45,860 -199, 799 
-44 ,874 -199 t 149 
-44,357 -190,827 
-44,082 -198,733 
-44,097 -198,983 
-44,450 -199,448 
-44,710 -199,767 
-45,581 -200,376 
-45 891 -200 891 
-46,383 -201,346 
-23 379 -195, 768 
-26,585 -195,002 
-31 ,461 -196,449 

1 a78 -201,949 
1.90 -200,319 
1 e96 -198,813 
2 10 -197 659 
2.15 -196,733 
2 03 -196,294 
1 e96 -195.876 
1.90 -195.055 
la86 -194,954 
le65 -195,660 
1 e 5 8  -196 200 
1045 -197 b o 0 0  
le30 -198,183 
1430 -198.476 
1.37 -197.393 
3,s -2054725 
le51 -205,074 
1.54 -205,792 
1.57 -204,889 
1 6 65 -204 4 637 
~ 6 8  -203,269 
1 e 77 -202,735 
1 ,92 -201 933 
2.14 -200.250 
2 16 -198 ,635 
2 29 -196 887 
2, 19 -196,456 
2.05 -196.421 
1 t96 -196,802 
1 * 95 -196 875 
1 4 99 -196,815 
1b97 -197.122 
la94 -197,087 
1 e 71 -197 * 78 1 
1 e 65 -197 9 923 
1.57 -198,377 
le52 -1981279 
1.46 -197.689 
le44 -197,387 
1 39 -197 , 343 
1-36 -197,623 
1 132 -198 128 
1 *32 -198,447 
1 e30 -199,076 
le26 -199,631 
1 a22 -200 , 126 
1849 -194,270 
1 e60 -1934 402 
1.84 -194.609 

Q 
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STAT I LATITUDE LONGITUDE ELEUo OBSERVED T H E M 1 0  
GRAUI' IY GRAVITY 

P 1304 
P1305 
P1306 
Pi307 
P1308 
P1309 
P1310 
P1311 
P1312 
P1313 
P1314 
P1315 
P1316 
P1317 
PG002 
PG006 
?GO60 
PG064 
PGO68 
PG072 
PG077 
PG148 
PG152 
PGlSb 
PGl60 
PG164 
PG236 
PG240 
PG244 
PG248 

PG277 
PG280 
PG284 
PG288 
66008 
64009 
66010 
67001 
67002 
67003 
67004 
67005 
67006 
67007 
67008 
67009 
67010 
6701 1 

~ ~ 2 5 2  

400 250951 111. 55.942 4810e27 
40, 26,051 111, 550788 4780*47 
400 260149 1110 550623 4693061 
400 26,263 111. 55,448 4685.96 
400 260382 1 1 1 0  55,253 4634e65 
400 260613 1 1 1 0  54,906 4650098 
40, 260730 111. 54,751 4742*09 
40, 260864 1110 54,613 4766eCb 
400 26.968 1 1 1 0  54*451 4791072 
40, 270072 111. 54,281 4844e24 
400 270181 1110 54,154 4896004 
400 270238 111. 54,053 4990.44 
400 27,406 1110 53,035 SO64018 
40, 270472 111, 53.654 5132e63 
400 29.51 1110 55024 4371.28 
400 29*75 1110 54.72 4431.01 
40, 29.309 1 1 1 0  55.079 4443e71 
40. 29*428 111, 541812 4446a42 
40, 29,550 1 1 1 s  54.563 4438t45 
40. 29,670 111, 541304 4434,bO 
40. 29,814 111. 53,981 4425t98 
40, 29,111 111, 54,912 4463131 
400 29,231 111i 54.656 4457.16 
40, 290348 111, 54.401 4463.45 
40, 298441 1110 54,119 4462874 
400 29,584 111, 53,872 4449e18 
400 280911 111, 540767 4404t01 
40, 294031 111, 54,497 4481e08 
400 29.149 111, 54,245 4497e72 
40, 29,266 111, 530980 4488043 
40, 29,386 111. 53.739 4498404 
400 29,459 111, 530431 4513.22 
400 280754 1 1 1 0  540645 4504e99 
40, 29,003 111, 54,132 4574tb0 
400 29,241 111, 53,414 4582049 
40, 29,720 111, 590800 4784,OO 
40, 290740 1110 59,650 4759,OO 
40, 29,790 111, 590410 4700000 
40, 22,830 1110 58.560 4928.06 
40, 230090 1110 58.610 4906,OO 
400 23,500 1 1 1 0  58.530 5164tOO 
40, 23.920 1 1 1 0  58,950 5112tOO 
400 24,040 1110 580970 5250tOO 
408 24,270 1 1 1 0  59.380 5463.00 
400 24,010 111, 591360 5858boo 
400 24,840 1110 58.890 4445600 
400 25,110 111, 59,220 6200000 
400 250530 1 1 1 0  59,640 6328eOO 
400 25.930 1110 59,650 5961tOO 

97973:!,96 
97973,3159 
9797311 0 38 
9797313075 
97974:2,27 
97974 1 10 
979735.34 
97973 3 65 
97973 2 097 
97973 D e00 
979726e29 
979720 t 81 
979714q24 
979711 092 
979753 0 52 
979749 e08 
979?49,79 
979748,94 
979749020 
979749J9 
979749a31 
979750 10 
97975 0 e 87 
97974 9 A 4  
979748*34 
9797418e81 
979E1Oe93 
97975 1 85 
979749,39 
97??47093 
979746, 43 
979744s67 
979751 e51 
979747 e30 
9797'12 73 
9797:!7 e90 
9797:!80 42 
9797:1Oo39 
979736.09 
979732 9 1 
979723 ,85 
9797:26*09 
9797'17042 
979704 , 12 
9796'17 *sa 
9796 34 0 23 
9794154,59 
9796 6b96 
9796159 0 26 

980218096 
9802190 10 
980219025 
980219 42 
980219, 60 
980219 092 
980220 09 
980220 e30 
980220 t 46 
980220 e 60 
980220 e77 
980220 e 0 5  
980221 e 10 
980221 020 
980224 0 23 
980224 59 
980223e93 
980224 0 10 
980224 b 29 
980224 47 
900224 69 
980223e63 
980223 01 
980223*98 
980224 4 13 
900224 e34 
980223 * 34 
980223 52 
980223t70 
980223987 
980224io5 
980224016 
980223,ll 
980223 48 
980223 83 
980224 6 5 0  

380224 I58 
980224 , 65 
980214 + 32 
980214 70 
980215031 
980215,94 
980216.12 
98021 b 045 
980217.26 
980217e30 
980217 0 70 
9802 18 33 
980218 92 

FREE 
AIR 

-33,547 
-35,861 
-39,389 
-39,910 
-41,396 
-41,351 
-38,713 
-38 295 
-36 t 782 
-34 e 952 
-33 * 954 
-30, 641 
-28,525 
-26,508 
-59.55 
-57 * 93 
-56.164 
-56,931 
-57 e 608 
-57,960 
-59 ,070 
-53,714 
-53 702 
-54.712 
-56,027 
-57 036 
-50 a 648 
-50,183 
-51 250 
-53,755 
-54.531 
-54 981 
-47 a 060 
-45,890 
-Sot069 
-46,600 
-48 530 
-52 180 
-14.700 
-120810 
-5 740 
-9 020 
- 4 e 0 8 0  
1 ,510 

11,330 
23,140 
20 0 060 
22.850 
11,020 

S I M E  
BOUGUER 

-197,428 
-198 0 726 
-199,296 
-199,554 
-199,294 
-199.805 
-200,271 
-200 690 
-200 031 
-199,991 
-200,757 
-200 * 660 
-201.056 
-20 1 372 
-208 48 
-208 e 09 
-207,557 
-208 + 4 16 
-208 6 822 
-209,043 
-209 059 
-205 774 
-205.553 
-206 * 778 
-208 4 Ob9 
-208,615 
-203 * 4 14 
-202 849 
-204 483 
-206 672 
-207,775 
-208,741 
-201*341 
-201 ,742 
-2Wo190 
-209 * 000 
-210,660 
-212 t 300 
-182,590 
-182 0 b80 
-181 t 670 
-183 180 
-183.740 
-184 e b10 
-188.2Y 
-19be4'~ 
-1916170 
-1921740 
-192 4 060 

1 052 -I?!? 0908 
1 44 -197,286 
1 a 5 8  -197 a716 
1 47 -1980086 
1042 -197,874 
1 39 -198.415 
le82 -1980451 
le69 -199*000 
1*53 -198,501 
1,51 -198,481 
1 t53 -199,227 
1*86 -198.860 
1 e97 -1 99, 086 
2*18 -1W.lv2 
1 66 -206 e82 
i s 9  -207~30 

i ~ o  -207,122 

1 b% -206,007 
1 * 62 -206 4 796 

1.81 -207,233 
la99 -207,869 
1 e 6 3  -204 , 144 
1 674 -203,813 
1 e 8 3  -204 * 948 
1 e 9 9  -206,079 
2 ~ 3  -206,485 
1 e77 -201,644 
1 e 8 8  -200 969 
le96 -202,523 
2 ~ 9  -204.482 
2.35 -205.425 
2*55 -206,191 
1.00 -199,461 
1.96 -199,782 
2e28 -203,910 
1.00 -208,300 
1 26 -209 t 400  
1 e30 -211 0 000 
*e6 -101,730 
4 93 -181 750 
0 98 -180 s 690 

1 +39 -181 ,790 
1,115 -382,290 
1 6 29 -183 320 
2.25 -106*OOo 

10129 -186,140 
3 889 -187 a 280 
3 682 -188. 920 
2 0 7 3  -189 330 
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STAT, LATITUDE LONGITUDE L E U ,  OBSERVED THEOR, 
GRAVITY GRAVITY 

67012 40, 26,080 111, 59,130 5786,00 979679,37 980219a14 
67013 40, 26,580 111, 58,960 5755aOO 97967fi*41 980219a88 
67014 40, 26,970 111, 59,340 5400,00 979701a55 980220646 
67015 40, 27,270 111, 59,320 5300,OO 97970Elb37 980220491 
67016 40, 27,580 111, 59,280 5477600 9796961,74 980221t37 
67017 40, 27,730 111, 59,030 S320,OO 979705643 98021*59 
67018 40, 27.920 111, 58,990 5107tOO 979711 410 980221t87 
67019 40, 27,980 111, 58,630 5037,OO 979711ke31 980221e96 
67020 40, 28,130 111, 58,690 5050tOO 97971;'*45 980222e19 
67021 40, 28,380 111, 58t640 4923e00 97972;1*21 980222e55 
67022 40, 28,350 111, 58,360 4858*00 979727'409 980222e52 
67023 40. 28,490 111, 58,010 4734,OO 979733,*91 980222.72 
67024 40, 28.710 111, 58,010 4691100 97973;1*63 980223,OS 
67025 40, 28,920 111. 58t010 4647,Qo 979731h28 980223*36 
67026 40, 29,130 111, 58,010 4614tOO 97973ib.07 980223e67 
67027 40, 29,360 111, 58,000 4587eOO 97973he91 980224e02 
67028 40, 29,360 lllt 58,270 4621,OO 979731L17 980224,02 
67030 40, 29,570 111, 58,550 4643100 979733,64 980224e33 
67031 40, 29,800 111, 58,550 4617*00 979734e78 980224e66 
DDOOl 40, 19,020 111. 53,740 4591,OO 97975Le77 980208*66 
DI1002 40, 18,510 111, 55*050 5135tOO 97971Vt97 980207*91 
OD003 40, 16,960 111, 56,160 7641tOO 979550478 980205t61 
1111004 40, 16,390 111, 55*450 7550tOO 979555e99 980204876 
DD005 40, 16*000 111, 55,760 7598tOO 979553*05 980204*18 
DD006 40, 15,670 111, 55,750 7590tOO 979560.27 980203t69 
DD007 40, 15,090 1 1 1 4  56,290 6735tOO 979619t07 980202,82 
D D O O ~  40, 14,470 111, ~ 6 ~ 3 1 0  6 m o o  979641~3 9 8 0 ~ 1 ~ 1  
DB009 40, 13,600 111, 56,710 5936,OO 979669e38 980200o62 
DDOlO 40, 129970 111, 57,740 5460eOO 979700a92 980199t69 
DDO11 40, 12,270 111, 58.720 5122+00 979714e77 980198066 
DD012 40, 12,680 1 1 1 6  59,770 4905,OO 979726452 980199t27 
OD013 40. 12,200 111. 57,470 5397e00 979702e63 980198e55 
DW14 40, 10,250 111, %*OS0 4649000 979742B18 980195.66 
DD015 40, 26,770 1110 48.090 4909.00 979712eM 980220.15 
DM16 40, 29,130 111, 49,360 5855*00 979662.59 980223666 
DD017 40, 29.590 111, 48,740 5780eOO 979668e96 9802?4+35 
DD018 40, 18,920 111, 39,220 4828000 979725,OS 980208*51 
~ ~ 0 1 9  40, 19,650 111, 37,870 4950~00 979714~01 9a0209.60 
DD020 404 18,550 111, 37,930 6233,OO 979636+92 980207e97 
DD021 40, 18,280 111, 37,100 6710tOO 979605e79 980207*56 
DD022 40, 17,510 1 1 1 1  36,220 7530*00 9795510,31 980206a42 
DD023 40, 16,690 111, 35,820 7?90+00 979545.89 980205,20 
1111025 40, 15a600 111, 34,590 7420aOO 979553e22 980203a58 
DD026 40, 15,020 111, 34.660 7950+00 97?5:!2*17 980202e73 
DD027 40, 14,540 111, 34,620 8340tOO 97945'5180 980202,Ol 
~0028 40, 13,580 111, ZAO 8280,oo 9 7 9 4 ~ 0 5  9 a o a o a  
DD029 40. 12,740 111, 34,260 854OtO0 97947'6e31 980199,35 
DD030 40, 11,130 1 1 1 1  33,980 7800tOO 97951.5*50 980196e96 
DD031 40, 11,500 111, 32,760 7118,OO 9795111*31 980197+52 

FREE SIWLE 
AIR BOUGUER 

4 1460 -192,660 
-4160 -196,230 

-11 t OOO -194 ,970 
-14,020 -1944590 
-9 460 -1 96,060 
-15 6 760 -197,010 
-24 410 -1981400 
-28,870 -2OOe480 
-29 730 -201 4 780 
-36,290 -204,010 
-38,470 -203,980 
-45,530 -206 t 810 
-48, 180 -208,000 
-50,980 -209 300 
-53,610 -210,800 
-55 ,660 -21 1 0930 
-54 * 190 -211,620 
-53,970 -212 e 150 
-55, 610 -212 8 910 
-25,060 -181,430 
-4 t 950 -179 850 
63 ,880 -196 + 370 
62,390 -194,770 
69,540 -189,250 

. 70,500 -1880010 
49,740 -179 0 650 
39,340 -177t900 
27 100 -175 0080 
14,800 -171 170 
-2 4 110 -176,560 
-11,390 -1789450 
11,720 -172 100 
-16,200 -174 ,540 
-45,810 -213e010 
-10 350 -209,770 
-1 1 e 720 -208, 590 
-29 6 340 -193.780 
-30,000 -1 98 590 
15,230 -197 to70 
29,370 -199,170 
52 , 160 -204 e310 
46.350 -201 t ?SO 
47 4 570 -205 a 160 
67,220 -203, 550 
78, 250 -205t810 
66. 280 -215 t 740 
80 e 230 -210,640 
52,210 -2136 460 
334 310 -209,130 

T,C, COWLETE 
BWGUER 

2115 -190*510 
le66 -194,570 
3 44 -191 530 
3, 13 -191 460 
it64 - 1 9 ~ 4 ~  
1t58 -1951430 
1696 -196,440 
1*82 -198,660 
le51 -200,270 
1 73 -202 ,280 
la67 -202,310 
1 61 -205,200 
1*50 -206.500 
1 0 45 -207.850 
1 +39 -209 e 410 
1*34 -210*590 
1*34 -210,280 
le26 -210,890 
1022 -211,690 
1 47 -179 e 960 
2 t78 -177 * 070 
17e42 -178+%0 
18141 -176,360 
14.32 -1748930 
14 e62 -173,390 
6+88 -372,770 
4 89 -173, 010 
3d4 -371,240 
1 68 -169 490 
t76 -175,800 
t73 -177 ,720 
le59 -170*510 
t73 -173.810 

3 02 -209 e 930 
3661 -2061160 
7*49 -201*100 
6t74 -187 ,040 

i 1 90 -186 690 
9 * 47 -187,600 
9t86 -189.510 
12+34 -191 ,970 
10.16 -191 790 
11t22 -1936940 
10072 -192,830 
31843 -194,380 
14 e 5 6  -201 180 
13t 18 -197 0 460 
15 t 43 -1 98 4 030 
7*08 -202,050 
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STAT, LATITUDE LONGITUDE ELEV, OBSERVED THEOR, 
GRAVI'TY GRAVITY 

OD032 40, 11,740 111. 30,150 5 5 0 0 , O O  979650s79 980197e87 
DD033 40, 7,870 111, 32,370 5200,OO 979663.34 980192612 
DD034 40, 8,210 111. 31,130 5612aOO 979631818 980192.64 
DUO35 40. 8,050 111, 33.530 4848.00 979691,02 980192.40 
DD036 40, 1,840 111, 33,360 5295,OO 979655,49 980183.20 
DD037 40, 2.570 111. 32,760 4897000 979677.84 980184,27 
DDO38 39, 58,920 111, 50,416 4628900 979711,27 980178.88 
DO039 39, 52,740 111, 54,160 5048,00 979675.50 980169.73 
DD040 39, 53,430 111, 51,500 4923.00 979685.66 980170475 
DItO41 39, 53,690 111, 49,660 5021.00 979673.57 980171.14 
10042 39, 54,380 111, 50,510 5078,OO 979676e99 980172.16 
DB043 39, 55,560 111, 49,940 5220,OO 979672.48 980173.91 
DD044 39, 56,640 111, 49.780 5180,OO 979474.99 980175'49 
DD045 39. 56,640 111. 48,310 5111400 979678.30 980175.49 
DD046 390 56,230 111, 46,960 5680,OO 979641967 980174.90 
DD047 39, 54,900 111. 44,790 6280.00 9795E16.38 980172a93 
10048 39. 54,120 111, 43,620 7035.00 979551491 980171477 
DD049 39, 55.040 111, 43,080 7768.00 979530t09 980173.14 
DD050 390 54,550 111, 42.040 8330,OO 979473i00 980172,41 
DD051 39. 54,060 111, 40,840 8450,OO 9794614.95 980171868 
DD052 390 53,890 111, 39,350 8444.00 979463t04 980171.43 
DD053 39. 55.500 111, 37,940 8042.00 9794E16,93 980173183 
DD054 39, 54,680 111, 38,340 8355400 9794616,91 980172659 
DDO'iS 39. 58.110 111, 45,990 5178.00 979672,lO 980177669 
DDO56 40, 10.590 111, 48,040 4499,OO 97971M852 980196.16 
DD057 40, 8,310 111, 49,520 4511,OO 979735,22 980192.78 
DW59 40, 5,350 111, 49.380 6813,OO 9795;'5,67 980188,40 
DDO6O 40, 7,480 111, 48,850 5132.00 9796'65173 980191e55 
NO772 39, 52,920 111, 52,670 4871800 97961j8t35 980169.38 
U0773 39, 53,540 111, 53.380 4840,OO 9796'?2,31 980170.91 
W0890 40. 26,330 111. 37,290 7687.00 97951j7.51 980219,Sl 
NO891 40. 25.870 111, 36,780 8060.00 979551.98 980218.84 
MOB92 40, 25,670 111, 36.590 7911tOO 979540e98 980218.54 
U0893 40, 25.450 ill. 36,280 7799,OO 979508,OO 980218.21 
WQ894 40, 25,170 111. 36,000 7454.00 97951$9,98 980217879 
W0896 40, 24.240 111. 36.170 6850,OO 979601442 980216.41 
WOW7 4 0 s  23,940 111, 35.440 6608.00 979618t23 980215997 
woma 40, n o 1 0  111. 35,670 7042.00 979593.35 980220.~2 
Wb899 40, 27,180 111, 341690 7364,OO 979573.53 980220a77 
WOO00 40. 26,490 111, 33.580 6210eOO 979639b45 980219,74 
Id0901 40, 27,600 111, 32,950 4264.24 979635,-03 '980221.39 
Id0902 40. 28,860 ill. 31.820 7119.00 979582.24 980223.26 
U0903 40, 29,400 111, 31,590 7501,OO 979555.81 980224t05 
c10774 39, 54,880 111. 54,500 4678.00 979700.47 980172.90 
U0782 39, 54,340 111, 50,000 4947.00 979683427 980172tlO 
U0783 39, 53,420 111, 50,040 4952.00 979673.78 980170.73 
~0837 39, 54,710 112. 4.630 m , o o  97fia3,io 980172.64 
YO918 40, 22.820 111. 34,160 5713400 979663e45 980214.30 
U0919 40, 23.480 111, 34.580 6087.00 979645,59 980215.28 

FREE S I m E  T,C+ C O W E T E  
A I R  B O W E R  BOUGUER 

-29,760 -217,090 7.61 -209,400 
-39.680, -216.790 15.54 -201,250 
-25.600 -216,740 12,34 -204,400 
-45,370 -210,500 6.30 -204.200 
-29,660 -210,000 9,81 -200*190 
-45,810 -212,600 10.12 -202.480 
-32,300 -189,930 1.35 -188,580 
-19,410 -191.350 1.61 -189.740 
-224030 -189,710 2.54 -187,170 
-25.300 -196,310 3,69 -192.620 
-17,540 -190,490 2.62 -187.870 
-10,430 -188,220 2.12 -186.100 
-13.270 -189,700 1.71 -187,990 
-16,450 -190.540 2.86 -187,680 
1,030 -192,430 4.29 -188,140 
4,150 -209.750 21.00 -188.7% 
41,860 -197.750 9.92 -187.830 
67.600 -196,970 5.88 -191,090 
84,110 -199,610 6.30 -193.310 
88.080 -199.730 5.80 -193.930 
85,850 -201.750 6.12 -1958630 
69.530 -204.380 4.98 -1w~oo 
80,180 -204,390 6 ~ 1  -197.980 
-18,540 -194.910 5.01 -189e90 
-38,460 -191,700 e 5 0  -191,200 
-33,260 -186.900 e 8 3  -186.070 
28,100 -203,950 18.70 -185,250 
-13.110 -187,910 2.68 -185.230 
-23,48 -189,430 1,7S -387,680 
-23.350 -188.240 1.79 -186.450 
61t040 -2008850 5.22 -195.630 
71.260 -203,340 5,45 -197.890 
66,550 -202,970 5.46 -197,510 
63.370 -202,340 5.56 -196.780 
53,310 -200,640 6.89 -193.750 
29 320 -204 050 14 , 03 -190,020 
23,810 -201.320 7.83 -193,490 
35,210 -204.710 6.47 -198.240 
45,430 -205,460 4.49 -200,970 
3,820 -207,750 5 8 0 0  -202.750 
1.970 -211,430 6.00 -205,430 
28.600 -213.940 6.07 -207,870 
37,290 -218,260 8.91 -209.350 
-32,230 -191.610 2.48 -189,130 
--23.530 -192,070 3,12 -188,950 
-31,180 -199,890 3.40 -196,490 
36,340 -190,360 2a03 -188.330 
-13,500 -208,140 11.86 -196,280 
2,850 -204,530 9.03 -195,500 
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STAT + LATITUDE LONGITUDE ELEVi OBSERVED THEOR, FREE SIHPLE T t C i  C O W L E T E  
GRAVITY GRAVITY AIR BOUGUER WWGUER 

YO746 39, 52.660 112, ,570 4998.00 97966'1602 900169.61 
UO747 39, 53,640 111, 59,500 4801,OO 97968:!,67 980171,07 
NO749 39, 52,940 111, 58,100 4777.00 979681L56 980170.03 
U0905 40, 23,430 111, 32,550 5303,OO 979690.02 980215.21 
YO907 40, 24,680 111, 30,610 5537,OO 97967'1b93 980217,06 
U0909 40, 25,470 111, 32,890 5664,OO 9796713*06 980218.24 
U0910 40, 26,380 111, 33,290 5959s00 97965:2+02 980219,bO 
UOl l l  40, 24,090 111, 31,960 5332.00 97968Be17 980216.19 
W0912 40, 22,580 111, 33,290 5234.00 97969D.71 980213*95 
W0838 39, 54,130 112, 5,770 6372.00 979599.31 980171,78 
W0839 39, 52.880 112, 6,800 6079,OO 979613t52 980169,93 
YO833 39, 57,550 112, 6,110 6583,OO 979595*84 980176887 
WO694 40, ,920 112, 5,340 5675,OO 979664,13 980181684 
W0695 40, 2,150 112, 6,240 5662,OO 979467a16 980183,66 
U0590 40, 2.550 112t 4,880 5292100 979687869 980184424 
W0696 400 3,280 112, 5,560 5176+00 979693eO5 980185e34 
U0697 40, 4,520 112, 5,860 5036,OO 979705t17 980187e17 
110698 40, 5,340 112. 6,470 5016,OO 979714,76 980188,38 
NO679 40, 6,100 112, 5,690 4940,OO 979720t01 980189,SO 
YO680 40, 6,340 1129 4,620 4929,OO 979719,02 980189e87 
U068l 40, 6,700 112, 3,270 4944600 979721e54 980190,41 
worn 40, 6.37 112, 6,520 4981~00 9797n.09 980189,m 

-29,680 -199, 960 
-36,820 -200 8 390 
-35,150 -197,900 
-26,390 -207,060 
-21,330 -209,970 
-15,430 -208 400 
-7 4 9 0  -2101 110 

-26 , 490 -208 e 150 
-30 940 -209 a 260 

26,880 -190 * 210 
15,390 -191,720 
38 * 166 -186,110 
16, 082 -1 77 , 260 
16 , 069 -1 7 6,830 
1,213 -179,080 

-5,429 -1819770 
-8,319 -179,890 
-1,820 -172,710 
-4,829 -173 130 
-7 6 224 -175,150 
-3,833 -1 72,270 

708 -168 990 

2.56 -197t400 
1,53 -198.860 
1 ,58 -196.320 
9.59 -197,470 
4949 -205,980 
7.46 -200,940 
6.06 -204,050 
8.21 -199,940 

14 e32 -194,940 
1.80 -188,410 
1 a 25 -190,470 
1 e89 -184,220 
2*18 -175,080 
2,33 . -174,5OO 
1 * 25 -177 ,830 
le23 -180+540 

6 89 -179,000 
e 7 5  -171.960 
* 48 -172.650 
e39 -174 760 
,36 -171,910 
*48 -168,510 

a 
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FIELD AND DATA F:EDUCTION TECHNIQUES 
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Standard l o o p i n g  f i e l d  techniques were employe0 i n  a l l  surveys; 

namely, loops were c losed a t  least .  t w i c e  a day i n  order  t o  check f o r  

ins t rument  t a r e s  and determine ins t rument  and t i d a l  d r i f t .  I n  t h e  

r e d u c t i o n  o f  t h e  data, a l l  surveys u t i l i z e d  t h e  I n t e r n a t i o n a l  Grav i t y  

Formula o f  1930 (Swick, 1942) t o  o b t a i n  t h e o r e t i c a l  g r a v i t y  values a t  

mean sea l e v e l .  

2.67 gm/cc f o r  t h e  Bouguer and t e r r a i n  co r rec t i ons .  

c o r r e c t i o n  used f o r  t h e  surveys v a r i e d  s l i g h t l y  -- though n o t  s i g n i -  

f i c a n t l y  -- from survey t o  survey,, as w i l l  be noteo below. 

Also, a l l  surveys u t i l i z e d  a mean rock  d e n s i t y  o f  

The f r e e - a i r  

The g r a v i t y  survey by Cook and Berg (1961), which was a reconnais-  

sance survey, i nc luded  t h e  e n t i r e  area o f  t h i s  r e p o r t ,  and cons is ted  o f  

357 s t a t i o n s  i n  t h e  present  s tudy area. 

grav imeter .  E s s e n t i a l l y  a l l  t h e  g r a v i t y  s t a t i o n s  were taken a t  bench 

marks or  spot  e l e v a t i o n s  on U. S. Geo log ica l  Survey topographic  quad- 

r a n g l e  maps. 

base s t a t i o n  was used o r i g i n a l l y  l’or t h e  re fe rence o f  absolute g r a v i t y ,  

t h i s  base s t a t i o n  was l a t e r  t i e d  t o  t h e  U n i v e r s i t y  o f  Utah base s t a t i o n  

and t h e  values o f  a l l  g r a v i t y  s t a t i o n s  f o r  t h i s  survey were recompute0 

by L. F. Serpa (K. L. Cook, o r a l  commun., 1982) us ing  t h e  pub l isheo 

abso lu te  g r a v i t y  va lue o f  979,786.13 mgal (Cook and o thers ,  1971) f o r  

The survey u t i l i z e 0  a F r o s t  

Although t h e  L i b e r t y  Park ( i n  S a l t  Lake C i t y )  g r a v i t y  
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t h e  U n i v e r s i t y  of Utah base s t a t i o n .  

ins t rument  d r i f t .  

o r i g i n a l l y  ob ta ined by us ing  a combined e l e v a t i o n  c o r r e c t i o n  ( f r e e - a i r  

and Bouguer e f f e c t s )  o f  0.06000 m g ; U f t  (0.19685 mgal/m). 

c o r r e c t i o n s  f o r  these g r a v i t y  da ta  were made by L. F. Serpa i n  1980 

A l l  da ta  were a r i f t - c o r r e c t e d  for  

The s imple BougiJer g r a v i t y  anomaly values were 

T e r r a i n  

(K. L. Cook, o r a l  commun., 19821, us ing  U. S. Geolog ica l  Survey 

d i g i t i z e d  topography prov ided by R .  H. Godson o f  t h e  U. S. Geo log ica l  

Survey and a computer program prov.ided a l s o  by R. H. Godson ana 

mod i f i ed  f o r  use on t h e  U n i v e r s i t y  o f  Utah UNIVAC 1108 d i g i t a l  computer 

by Serpa (1980). 

The App l ied  Geophysics I n c .  g r a v i t y  survey cons is ted  o f  173 

s t a t i o n s  i n  t h e  C r y s t a l  Hot Spr ing l j  area and u t i l i z e a  a LaCoste ano 

Romberg Model G grav imeter .  

0.1 f t  (0.03 m)  and g r a v i t y  values were aeterrnined t o  t h e  nearest  

E leva, t ions were surveyea t o  t h e  neares t  

0.01 mgal. 

The g r a v i t y  survey by M e i i j i  Resource Consul tants  cons is teo  o f  511 

s t a t i o n s  and used a LaCoste and Romberg Model G gravimeter. 

survey was made p r i n c i p a l l y  i n  t h e  Goshen Va l l ey  area and t h e  southern 

Th is  

p a r t  o f  Utah Va l ley .  One p r o f i l e  was taken i n  t h e  Saratoga Hot Spr ings 

area. 

main base s t a t i o n  f o r  t h e  survey, Iias a pub l i shed absolute g r a v i t y  

va lue o f  979,606.34 mgal (Cook and o thers ,  1971): 

The Eureka, Utah g r a v i t y  base s t a t i o n ,  which was used as t h e  

The survey i nc luoed  

5 o the r  minor base s t a t i o n s  which vere t i e d  t o  t h i s  main base s t a t i o n .  

T i d a l  c o r r e c t i o n s  were computed and a p p l i e d  t o  t h e  o r i g i n a l  g r a v i t y  

data. E leva t i ons  were surveyed t o  t h e  neares t  1 ft (0.3 rn) ana bench 
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marks were used as re fe rence p o i n t s  when poss ib le .  The l i s t e a  free- 

a i r  anomaly was computed us ing  0.0'3406 m g a l / f t  (0.30860 mgal/m), and 

t h e  va lue used f o r  t h e  combined f r e e - a i r  and Bouguer c o r r e c t i o n  was 

0.059991 m g a l / f t  (0.19682 mgal/m). 

The Davis g r a v i t y  survey cons is ted  o f  58 s t a t i o n s  which were taken 

genera l l y  a long roads i n  mountainoiJs areas se lec ted  j u d i c i o u s l y  t o  

f a c i l i t a t e  t h e  contour ing  o f  t h e  Cimiplete Bouguer g r a v i t y  anomaly map 

( P l a t e  1). 

No. 461 with a s e n s i t i v i t y  o f  1.06354 mga l /d ia l  d i v i s i o n .  Readings 

were obta ined with an accuracy o f  0.001 mgal. H o r i z o n t a l  c o n t r o l  was 

es tab l i shed  by us ing  U. S. Geo log ica l  Survey 7 1/2 minute topographic  

quadrangle maps wi th  a sca le  o f  1:24,000. The l a t i t u d e  and l o n g i t u a e  

o f  each s t a t i o n  were determined within 0.01 minute o f  a r c  g i v i n g  a 

l o c a t i o n  accuracy o f  approximately 15 m (49.2 ft). 

The survey u t i l i z e d  LaCoste and Romberg grav imeter  mooel G 

V e r t i c a l  c o n t r o l  

was obta ined from bench marks, spot  e leva t i ons ,  two Wallace and T iernan 

a l t i m e t e r s ,  and by i n t e r p o l a t i o n  between topographic  contours. 

A l t i m e t e r s  were read t o  t h e  nearest  f o o t ;  however, because o f  t h e  l a r g e  

changes i n  e l e v a t i o n  from s t a t i o n  t o  s t a t i o n ,  i t  was found t h a t  

e l e v a t i o n s  determined from t h e  a l t i m e t e r s  were genera l l y  n o t  s u f f i -  

c i e n t l y  r e l i a b l e .  Consequently, topographic  maps were used f o r  

e l e v a t i o n  de terminat ions  when bench marks or  spot  e leva t i ons  were n o t  

ava i l ab le .  

by bench .marks and spot  e leva t i ons .  

s t a t i o n s  a re  as fo l l ows :  1) bench marks -- 1 f t  (0.3 m);  2) spot  

e l e v a t i o n s  -- 4 f t  (1.2 m ) ;  and 3) i n t e r p o l a t i o n  between contours on 

topographic  maps -- 0-10 f t  (0-3 rn) (Pe, 1980). 

About 33 percent  o f  t h e  s t a t i o n  e leva t i ons  were c o n t r o l l e a  

The accuracy for e l e v a t i o n s  o f  t h e  
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The U n i v e r s i t y  o f  Utah g r a v i t y  base s t a t i o n ,  which was used as the  

main base f o r  t h e  Davis survey, has a publ ished absolute g r a v i t y  value 

of 979,786.13 mgal (Cook and others,  1971). A l l  Davis s t a t i o n s  were 

t i e d  d i r e c t l y  t o  t h i s  base s t a t i o n .  

The o r i g i n a l  inst rument  readings f o r  t he  Davis s t a t i o n s  were 

cor rec ted  f o r  d r i f t ,  which inc luded inst rument  d r i f t  and t h e  e f f e c t s  o f  

t he  ea r th  t i d e s .  

were reduced t o  s imple Bouguer g r a v i t y  anomaly values by us ing  t h e  

U n i v e r s i t y  o f  Utah UNIVAC 1108 d i g i t a l  computer. 

t h e  g r a v i t y  data, t h e  t o t a l  e l e v a t i o n  c o r r e c t i o n  f a c t o r  was taken as 

0.05999 mga l / f t  (0.19682 mgal/m), which inc ludes  a f ree -a i r  c o r r e c t i o n  

o f  0.09406 mga l / f t  (0.30860 mgal/m) and a Bouguer c o r r e c t i o n  o f  0,03407 

Separate t i d a l  co r rec t i ons  were no t  made. The oata 

For t he  reduc t i on  of  

mga l / f t  (0.11178 mgal/m). 

r a d i a l  d is tance o f  166.7 km (100 r r l i )  from each s t a t i o n  by us ing  a 

computer program prov ided by R. H. Godson o f  t h e  U.S. Geologica l  Survey 

and mod i f ied  f o r  use on t h e  U n i v e r s i t y  o f  Utah UNIVAC 1108 a i g i t a l  

computer by Serpa (1980). 

graphy data, which was a l so  provicled by R. H. Godson o f  t h e  U. S. 

Geologica l  Survey. 

were - n o t  done by hand f o r  t he  i nne r  zones (ou t  t o  a r a d i a l  o is tance o f  

0.895 km from each s t a t i o n )  o f  the Hammer (1939) zone c h a r t  because the  

e r r o r  associated with doing i t  by hand would be about 0.05 mgal 

(Gabbert, 1980) as compared t o  the computer-computea inner-zone 

cor rec t ions ;  and the  t ime associated with per forming t h i s  task  woula be 

Ter ra in  co r rec t i ons  were c a r r i e d  ou t  t o  a 

The corriputkr program uses d i g i t i z e d  topo- 

It should be emphasized t h a t  t e r r a i n  co r rec t i ons  

0 unreasonable. 
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Errors associated w i t h  the compilation and reduction of gravity 

data are as  follows: 1) instrument e r ror ;  2) ins t rument  d r i f t  ana 

t i d a l  variation; 3) elevation determination; 4) horizontal control; 

5) assumed mean rock density; and 6) 

te r ra in  correction program. 

which was checked i n  a l l  surveys by looping techniques. 

errors  inherent i n  u s i n g  t h e  

Instrument e r ror  involves instrument t a r e ,  

I t  was founa 

tha t  i n  a l l  surveys no gravimeter sustained instrument ta re .  

due t o  ins t rumen t  d r i f t  and t i d a l  variation for  t h e  survey are  hara t o  

quantify a s  four different data sciurces were involved. 

most gravity reduction programs, the correction for  instrument ana 

t i d a l  d r i f t  is  assumed t o  be lineEr . Gabbert (1980) estimates a 

maximum error  o f  0.15 mgal for  instrument and t i d a l  d r i f t  dur ing  new 

and f u l l  moon phaszs. 

determination would be one obtained from interpolation between contours 

on a 7 1 / 2  minute topographic quadrangle which u t i l i ze s  a contour 

interval  of 40 f t  (12 m ) .  

estimated t o  be accurate w i t h i n  IO percent o f  the contour interval ;  

t h u s  an error o f  4 f t  (1.3 m )  o r  0.24 mgal could resul t .  

Errors 

However, i n  

1 

The maximum er ror  associatea w i t h  elevation 

Elevations obtained i n  t h i s  way are  

Errors 

lI t  should be noted tha t  t i d a l  corrections were macle f o r  the Meiiji 
Resource Consultants survey only, 
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associated w i t h  horizontal control woula involve oaometer readings 

which may have an accuracy of 0.05 mi (260 f t  o r  80 m ) .  T h i s  would 

correspond t o  an error  o f  about 0.06 mgai. 

The error involved i n  assuming ;3 mean rock density of 2.67 gm/cc 

for a l l  data reductions i s  d i f f i cu l t  t o  estimate quantitatively,  b u t  i s  

assumed t o  be negligible. 

s ta t ions  which l i e  i n  valley areas i s  believed t o  be w i t h i n  0.05 mgal 

(Gabbert, 1980). 

s ta t ions  involved i n  t h i s  s t u d y .  For s ta t ions  i n  ruggea r e l i e f ,  the 

maximum er ror  i n  t e r ra in  correct iors  is postulatea t o  be as  large as  

0.2 mgal (Gabbert, 1980). 

The accuracy of the te r ra in  corrections for  

T h i s  would consti tute about 85 percent of the 

I n  summary, then the estimated maximum error  i f  a l l  the above 

sources of error  were t o  accumulate would be about 0.65 mgal t o  

1.0 mgal. However, i t  should be noted tha t  the accumulation of these 

errors  a t  one s ta t ion  is  unlikely. 

3 
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APPENDIX D 

DENSITY ME,RSUREMENTS 

Dens i ty  was de termined  by first weighing t h e  dry  rock sample i n  a i r  

u s i n g  a Welch S c i e n t i f i c  Company ba:Lance and r e c o r d i n g  t h i s  measure- 

ment. The sample was t h e n  immersed i n  water and weighed a g a i n .  The 

weight  o f  t h e  sample i n  a i r  ove r  t h e  d i f f e r e n c e  between t h e  weight  o f  

t h e  sample i n  a i r  and the weight  i n  wa te r  y i e lded  t h e  d e n s i t y  of  t h e  

rock. 

r o c k s  i n  t he  s t u d y  area. 

Table 4 g i v e s  the r e s u l t s  o f  t h e  d e n s i t y  measurements of  t h e  

Q 

Q 

. 

Q 
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Table 4. -- Densi ty  measurements o f  rocks i n  stuay are2 . l  

Sample No. Type Lat i t iJde Longi tude Densi ty  
(Nor t IT)  (West 1 (gm/cc 1 

Degrees Minutes Degrees Minutes 

Q 

Q 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Q u a r t z i t e  40 

Sandstone 40 

Limestone 40 

Limestone 40 

Limestone 40 

Limestone 40 

Limestone 40 

Sandst one 40 

Limest  one 40 

Limestone 40 

Limestone 30 

Packard Qyartz 39 
L a t i t e  

2 Do 
2 Do 

2 Do 

Do 

Do 

DO1 

17.12 

16.31 

14.82 

13.30 

16.52 

14.53 

11.52 

05.35 

07.48 

05.98 

56 27 

57.49 

111 

111 

111 

111 

111 

111 

111 

111 

111 

111 

111 

112 

Do 

Do 

Do 

56.39 

56.26 

56.46 

56.87 

35.90 

34.49 

34.12 

49.27 

48.05 

49.40 

49.86 

02.12 

2.70 

2.31 

2.65 

2.67 

2.64 

2.53 

2.59 

2.53 

2.64 

2.60 

2.58 

2.47 

2.47 

2.49 

2.47 

lExcept  f o r  t h e  Packard Quartz La t . i te  ( T e r t i a r y  i n  age), a l l  rock  
samples a r e  Paleozoic or  o lder .  

0 *A11 Packard Quar tz  L a t i t e  sample:; were taken within a few meters of  
each o ther .  

.-. . 



Q 

-~ - - . .. . . . . . -. .. . - .. . - . . . _ . . .. 

117 

APPENDIX E 

WELL LOGS 

Q 

Q 

Q 

Q 

8 

Table 5. -- Log o f  w e l l  1. Locat ion:  sec. 25, T. 4 S., R. 1 E. 
(D-4-1--25ddd) 

Depth L i t h o l o g y  

(ft) 

0- 5 S o i l  

6-22 Gravel, cobbles, and boulders 

22-58 Clay, sand, and g rave l  

58-181 Gravel  and cobbles 

181-244 Sandy c l a y  

244-265 Cemented g rave l  

265- 355 Clay and g rave l  

355-385 Cemented g rave l  

385-398 Conglomerate 

398-624 

624-664 

664-715 Clay and g rave l  

715-1077 

Al ternai- ing l a y e r s  o f  c l a y  ana g rave l  

Clay, with t races  o f  g rave l  

Limestone l a y e r s  wi th c lay  zones 
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Table 6. -- Log o f  well 2. Locatj-on: sec. 14, T .  5 S., R. 1 E. 
(D-5-1--14bdc) 

Depth Lithology 
( f t )  

0- 3 S o i l  

3-12 Clay and gravel 

12-29 Sandy clay 

29-182 Clay and gravel 

182-190 Blue clay 

190-230 Clay ai7d gravel 

230-232 Brown clay 

232-241 Clay and gravel 

241-254 Clay 

254-265 

265-271 

271-409 

409-423 

423-461 

Clay and gravel 

Clay 

Clay and gravel, w i t h  t race o f  sand 

Blue clay and gravel 

Brown clay and gravel, w i t h  t race o f  sana 

461-467 Conglclmerat e 

467-724 Brown clay and gravel 

724-736 Blue clay 

736-910 Clay and gravel 



Q 

8 

Q 

Q- 

Q 

0 

Table 7. -- Log of well 3. Location: sec. 8, 1. 6 S . ,  R. 2 E. 
(D-6-2--8acb-l) 

Depth Lithology 
( f t )  

0-40 C l a y  and gravel f i l l  

40-80 Sandy b l u e  clay 

80-116 Blue clay 

116-226 Sand and gravel 

226-298 Blue c l a y  

298-475 Sand ancl gravel, w i t h  t races  o f  clay 

475-492 Clay w i t h  t races  of gravel 

492-682 Alternatiing layers  of sand, gravel,  and 
b lue  clay 

682-758 T i g h t  gravel and sand 

7 58- 7 84 Brown c:Lay 

784-904 Sand and gravel 

904-936 Brown si2ndy clay 

936-964 Blue Cli3y 

964-1018 Sand and gravel, w i t h  traces of clay 

1018-1028 Blue c l a y  

1028-1054 

1054-1085 Blue clay 

10 85- 1160 

1160- 117 2 Brown clay 

1172- 1192 Sand arid gravel 

Sand and gravel, w i t h  clay streaks 

T i g h t  p a v e l ,  w i t h  traces o f  clay 
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Table 8. -- Log o f  well 4. 

(D-6-2--8bca-6) 
Location: sec. 8, T. 6 S., R. 2 E. 

Depth Lithology 
( f t )  

0- 3 

3-9 

9-112 

112-430 

Soil  

Clay 

Alternating layers of sand and clay 

Alternating layers o f  clay, gravel, and sand 

430-436 Brown cl.ay 

436-452 

452-532 

Coarse gravel 

A1ternat:ing layers o f  blue clay, sand, and 
grave!. 

532-556 Green clay 

556-564 Gravel 

564-570 Sand and gravel 

570-576 

576-590 

Sandy clay 

Gravel #and s i l t  

590-603 Clay 

603-644 

644-676 

676-732 

732-744 Clay 

744-806 

Alternating layers of gravel, sano, and clay 

Blue and white clay,  w i t h  some gravel 

Gravel and sand, w i t h  traces of clay 

Gravel, w i t h  t races  of clay and sana 

806-856 Blue clay 

856-952 

952-1066 

Alternating layers of clay and sand 

Alternating layers o f  sano, gravel, ana clay 

Q 
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Table 9. -- Log o f  well 5. Location: sec. 8 ,  T.  6 S . ,  R. 2 E. 
( D-6-2--8cac-5) 

Depth Li thology 
(ft) 

0-18 Alternating layers o f  clay and gravel 
18-60 Blue clay and silt 

60-296 

296- 34 6 

346-380 

Alternating layers o f  sand, clay,  and gravel 

Sand grading t o  gravel 

Alternating layers  o f  gravel, sand, ana clay 

380-426 

426-524 

524- 5 31 

531-576 

576-596 

596-638 

638-658 

658-710 

7 10-80 5 

805-880 

880-906 

906-952 

952-958 

958-1054 

S i l t ,  s a n d ,  and gravel 

Clay, w i t h  layers o f  sand and gravel 

S i l t ,  sand, and gravel 

Clay, wj.th t races  o f  gravel 

S i l t ,  sand, and gravel 

Blue clay,  w i t h  t races  o f  gravel 

S i l t ,  w i t h  sand and gravel 

Clay, with t races  o f  grave l  

Alternating layers  o f  clay, silt ,  sand, ana 

Clay, w i t h  t races  o f  gravel 

T i g h t  gravel 

gravel 

Clay 

S i l t ,  w i t h  sand and gravel 

Alternating layers o f  sand, gravel, ana clay 
0 

i 
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Table 9. -- (cont - 

Depth * Lithology 
f t  

1054- 1060 S i l t ,  w i t h  sand and gravel 

1060-1082 Clay, w i t h  a layer of sand 

1082-1093 

1093- 119 0 

S i l t ,  w i t h  sand and gravel 

Alternatjmg layers o f  clay, gravel, and sano 

Q 
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Table 10. -- Log of well 6. Locaticin: sec. 8, T.  6 S.,  R. 2 E. 
(D-6-2--8cda-1) 

3 Depth 
( f t )  

Lithology 

3 

3 

3 

3 

a 

3 

0-4 

4- 8 

8-15 

15-39 

39-110 

110-228 

228-264 

264-286 

286-300 

300-504 

504-542 

542-582 

582-610 

610-624 

624-665 

665-700 

S o i l  

Clay 

Sand 

Sand and gravel 

B l u e  c l a y  and si l t  

Sand ancl gravel 

B l u e  clay 

F ine  sand 

B l u e  clay 

Sand and gravel 

B l u e  C l i a y  

Sand ani3 gravel ,  w i t h  some clay 

Gray clay 

Gravel 

B l u e  c lay ,  w i t h  some gravel 

Sand and gravel 

700-704 Blue  clay 

704-736 

736- 94 2 

Alternating l aye r s  of  brown clay, 
sand, and gravel 

Al t e rna t ing  layers of blue clay, 
s a n d ,  and gravel 
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Table 10. -- (cont.)  

Depth 
(ft) 

L i t h o l o g y  

942-954 Clay, wi th g r a v e l  s t reaks  

954- 109 0 Al te rna t . i ng  l a y e r s  o f  g rave l ,  sana, 
and b lue  c l a y  

Q 

0 
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Table 11. -- Log of w e l l  7. Locatj.on: see. 19, T. 8 S., R. 3 E. 
(D-8-3--19bbb) 

Depth 
( f t )  

L i t h o l o g y  

0-15 Sand, g:cavel, and boulders 

15-157 Gray c l a y  and b l u e  c l a y  

157-220 Clay, w.ith t races  o f  sand 

220-225 Gravel  ;and water 

225-281 Clay anlJ g rave l  

281-331 

331-359 

359-630 

630-720 

720-77 1 

771-811 

811-820 

820-911 

911-920 

920-955 

955-1000 

Clay 

Conglomerate 

A l t e r n a t i n g  l a y e r s  o f  sand and g rave l  

A l t e r n a t i n g  l a y e r s  o f  sand, gravel ,  and c l a y  

Clay 

Sand and g rave l  

Brown c l a y  

Sand and grave l ,  with t races  o f  c l a y  

Gravel  

Clay, with t races  o f  g rave l  ana sand 

Brown and b l u e  c l a y  

I 

3 

i . 

Q 
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Table 12. -- Log of well 8. 
( D-8-2--32dda) 

Locathn: sec. 32, T .  8 S., R. 2 E. 

Depth Lithology 
( f t )  

0-73 Clay anci sand, w i t h  t race of gravel 

73-83 Gravel and water 

83-92 

92-160 Clay and conglomerate 

Brown clay,  w i t h  t race of gravel 

160-183 

183- 2 6 1 

261-266 

266-273 

273-448 

44 8-450 

450-474 

474-830 

Clay and gravel 

Clay, sand, and gravel 

Clay 

Clay ani3 sand 

Clay and gravel 

Sand and gravel 

Alternating layers o f  clay and sand 

Clay, w i t h  t race of sand 
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Table 13. -- Log o f  well 9. 
(D-9-2--23abb) 

Location: sec. 23 ,  T. 4 S., R. 2 E. 

3 

a 

3 

3 

Depth 
( f t )  

Lithology 

0-2 Soi l  

2-38 C l a y  and sand 

38-50 Gravel, cobbles, and boulders  

50-74 Clay 

74-81 Gravel and cobbles 

81-142 Clay an(] gravel 

142-212 

212-330 C l a y ,  g:cavel, and boulders 

Sand, g:cavel , cobbles, and boulders 

330-345 Clay 

345- 518 

518-552 

552-611 

611-782 

782-797 

797-812 

812-972 

Clay, g rave l ,  and boulders  

Sandstone, w i t h  clay streaks 

Hard-packed gravel and boulders 

Clay, w i t h  gravel and cobbles 

Hard-packed gravel ana boulders 

? 

Alternating layers of clay,  gravel,  
and bou lde r s  

972-982 Clay 



Table 14. -- Log o f  w e l l  10. Locat ion:  sec. 5, T. 9 S., R. 1 k .  
(C-9-1--5ddb) 

Depth 
(ft) 

L i tho logy  

0-1 S o i l  

1-37 

37-71 

71-83 

83-170 

17 0- 28 9 

289-307 

307-394 

3 94- 5 20 

520-544 

544-547 

547-662 

Clay and g rave l  

Sand and g rave l  

Clay and g rave l  

Clay, silnd, and g rave l  

Clay, sand, g rave l ,  ana s i l t  

Sand and g rave l  

Clay, sand, and g rave l  

Clay and sand 

Clay and g rave l  

Sand and g rave l  

A l t e r n a t i n g  l a y e r s  of  c lay ,  sand, and 
g rave l  

662-668 Sand and g rave l  

668-744 A l t e r n a t i n g  l a y e r s  o f  c lay ,  sand, and 
g rave l  

744-772 Clay, s i l t ,  and g rave l  

772-823 Clay 
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Table 15. -- Log o f  well 11 . Loc3t ion:  sec. 4, T. 9 S., R. 1 W .  
(C-9-1--4CCC) 

Depth 
( f t )  

L i t h o l o g y  

0-14 

14-108 

108-186 

186-330 

330-407 

407-563 

563-597 

597-698 

698-776 

776-800 

S o i l  and c l a y  

Clay, sand, and g rave l  

Sand and g rave l  

Clay and sand 

Sand and g rave l  

Clay and hardpan 

Clay, sand, and g rave l  

Sand and g rave l  

A l t e r n a t i n g  l a y e r s  o f  c l a y ,  sand, and g rave l  

Clay 

3 

3 
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Table 16. -- Log o f  w e l l  12. 
( C-10-1--28dad) 

Locat ion:  sec. 28, 1. 10 S. ,  R. 1 Pi .  

Depth 
(ft) 

L i t h o l o g y  

0-68 

68-112 

112-168 

168-186 

186-218 

218-221 

221-230 

230-283 

283-344 

344-377 

377-398 

398-416 

4 16- 4 17 

417-709 

709-785 

Clay, s i l t ,  and sand 

Blue c l a y  

Sand arld c l a y  

Red and t a n  c l a y  

Sand, viith some c l a y  

Coarse sand 

Clay arid g rave l  

Gravel, w i th  some sand and c l a y  

Coarse sand, wi th  some c l a y  

A l te rnE t ing  l a y e r s  o f  hara l a v a  ana brown 
c lay  

Conglomerate 

Clay 

Hard l a v a  

A l t e r n a t i n g  l a y e r s  o f  brown c lay  and sand 

A l t e r n a t i n g  l a y e r s  o f  hard l a v a  and c l a y  

785-805 Brown c:lay and sand 

0 

63 
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Simplified Density and Lithology Log 
of the Gulf Energy and Minerals Co Bank R 1 Well 

Local~oo S6r 13 T 8 S R 2 E S L C  A But Metiom 

DLNSlTl Igmicrl LITHOLOSI 

SURFACE ELNATION 4600 R 

GRAVEL wiTn MINOR AMOUNTS 
Of CLAY 

TRAVERTINE 

CRAW INTERBEMLO wiTn SAND 
AN0 UAV LAYERS 

ALTERNATING LAYERS OF CLAY AN0 
U N O  TO 4,100 F l  

SANOSTONE AT 0.100 R WITH 
MINOR AMOUNTS OF CONGLOMERATL 
TUFF AN0 C U I  

ALTIRNATING LAVERS Of GRAVEL. 
U N O  AND CLAY 

CUISTONE BRAOINI INTO SHALE 

SANOSTONE WITH MINOR AMOUNTS 
(Y SHALL 

SHALE 

SANDSTONE WITH MINOR AMOUNTS 
OF SHALE AN0 CUVSTONL 

SHAU WITH UltRNATING SAWSTONE 

SANOSTONf 

SILTSTONE WITH MINOR AMOUNTS 
OF SHALf 

s n u  ALTERNATING WITH SILT?TONE 

F i g u r e  11. S i m p l i f i e d  d e n s i t y  and l i t h o l o g y  l o g  o f  Gulf  Energy and 
Mine ra l s  Compny f l  Bank well. 
1977. 

Well d r i l l e d  d u r i n g  J u l y  
(Data f u r n i s h e d  by Gulf Energy and Minerals 2ompsnj. 
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Plate 1 
TOPOGRAPHIC MAP OF SURVEY AREA SHOWING WELL LOCATIONS 

By Deborah A. Davis and Kenneth L. Cook 
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Plate 2 

Complete Bouger Gravity Anomaly and Generalized Geologic Map 
of Utah and Goshen Valleys and Adjacent Areas, Utah 

To Accompany Report of Investigations No. 179 
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SEDIMENTARY AND IGNEOUS ROCKS 
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COMPLETE BOUGUER GRAVITY ANOMALY AND GENERALIZED GEOLOGIC MAP 
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