
t 

I Prepared for 
DEPA RTM&NT OF ENERGY 

D -  <a Division .of Geothermal Energy 

. .  

, I  , . -2- 

P 



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. 
 



D .  

B 

D 

TOPICAL REPORT 

Deta i led  Gravi ty  and Aeromagnetic Surveys 
i n  the Black Rock Desert Area, Utah 

by 

Laura F. Serpa and Kenneth L. Cook 

Contract No. DE-AC07-78ET28392 

Department o f  Geology and Geophysics 
Univers i ty  o f  Utah 

S a l t  Lake City, Utah  84112 

January 1980 

Prepared f o r  

Department o f  Energy 

Divis ion o f  Geothermal Energy 



NOTICE 

This repor t  was prepared t o  document work sponsored by the United 

S t a t e s  Government. Neither t he  United S t a t e s  nor i t s  agent ,  t h e  

United S t a t e s  Department of Energy, nor any Federal employees, nor any 

of t h e i r  con t r ac to r s ,  subcontractors  o r  t h e i r  employees, makes any 

warranty,  express o r  implied, o r  assumes any legal  l i a b i l i t y  o r  

r e s p o n s i b i l i t y  f o r  t he  accuracy, completeness, o r  usefulness  of any 

information, apparatus ,  product or process d isc losed ,  o r  represents  

t h a t  i t s  use would not i n f r inge  p r iva t e ly  owned r i g h t s .  

NOTICE 

Reference t o  a company o r  product name does not imply approval or 

recommendation of t h e  product by the  Univers i ty  of Utah or t h e  U.S. 

Department of Energy t o  the  exclusion o f  others  t h a t  may be s u i t a b l e .  

D 



\ 

The attached report 

ful f i  1 lment of the requ 

PREFACE 

was submitted by Laura F. Serpa in partial 

rements for the clegree of Master of Science 

i n  Geophysics, Department of Geology and Geophysics a t  the Univ- 

ersity of Utah. The work was performed under the direction of 

\ Dr. Kenneth L. Cook. 

I 

P 

I 



I 

D 

D 

0 

B 

0 

e 

ABSTRACT 

Aeromag'netic and g r a v i t y  surveys were conducted d u r i n g  1978 i n  
4 

the Black Rock Desert, Utah over an a rea  of  about 2400 km2 between the 

north- t rending Pavant and Cricket Mountains. 
I 

The surveys a s s i s t e d  i n  
J 
I 

eval ua t i  ng the geothermal resources  i n  the Meadow-Hatton Known 
1 

Geothermal Resource Area (KGRA) and v i c in i ty  by del  i n e a t i n g  

geophysical ' c h a r a c t e r i s t i c s  of the subsurface.  

The g r a v i t y  measurements from approximately 700 new s t a t i o n s  were 
I 

reduced t o  complete Bouguer g rav i ty  anomaly values  w i t h  the a i d  of  a 

computerized t e r r a i  n-correct ion program and contoured a t  an in t e rva l  

of 1 m i l l i g a l  . The aeromagnetic survey was drape flown a t  an a l t i t u d e  

of 305 m (1000 f t )  and a t o t a l  in tens i ty  res idua l  aeromagnetic map 

w i t h  a contour  i n t e r v a l  o f  20 gammas was produced. 

aeromagnetic east-west p r o f i l e s  and one north-south p r o f i l e  were 

modeled us ing  a simultaneous 2 l/Z-dimensi onal model i ng techni que t o  

provide a si!ngle model s a t i s f y i n g  both types of geophysical da ta .  

Two g r a v i t y  and 
I 

I 

The cen t r a l  survey area  i s  dominated by a north t rending-zone of 

young volcanics ,  l e s s  than 1 m.y. o ld ,  c o n s i s t i n g  predominately of 

b a s a l t ,  wh ich  a r e  c l e a r l y  ou t l ined  by the aeromagnetic contours.  The 

volcanics  a r e  highly f r a c t u r e d  and f a u l t e d  w i t h  the general  sense of  

d i  sp l  acement down t o  the west a1 ong interpreted 1 i s t r ic  normal f a u l t s .  
1 

A gravicty high occurs over the e a s t e r n  side of  the map, 

decreasing t o  the south. The Cenozoic rocks and sediments i n  th i s  
I 



region a r e  assumed t o  be shal low,  approximately 1 km deep i n  Pavant 

Valley. 

low where Neogene rocks a r e  i n t e r p r e t e d  as a t t a i n i n g  a th i ckness  of 

about 4 km. 

To t he  west of the  vo lcan ic -zone  i s  a nor th- t rending  g r a v i t y  
I 

An approx'irnately 2 mgal g r a v i t y  h i g h  i s  located over  much o f  the 

area  o f  geothermal i n t e r e s t .  

t r a v e r t i n e  d e p o s i t s  assoc ia ted  w i t h  the hot springs i n  this a rea .  

small (20 g a m a )  magnetic low n o r t h  of t he  hot springs i s  a l s o  

in t e rp re t ed  a s  a r e s u l t  of t he  t r a v e r t i n e  deposi t ion and poss ib ly  some 

hydrothermal a l t e r a t i o n .  

the Roosevelt and Monroe KGRA's i n d i c a t e s  t h a t  the  Meadow-Hatton 

geothermal system may bear a c l o s e r  resemblance t o  t h e  Monroe 

geothermal system where hot water  i s  produced by c i r c u l a t i o n  along 

T h i s  g r a v i t y  h i g h  i s  a t t r i b u t e d  t o  

A 
I 

I _  

A comparison o f  the  Meadow-Hatton KGRA w i t h  

deep f a u l t s .  

geothermal po ten t i a l  o f  the  Meadow-Hatton KGRA, 

Additional studies a r e  needed t o  f u l l y  a s s e s s  the  

I 

I1 
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e low where Neogene rocks are i n te rp re ted  as a t t a i n i n g  a th ickness of 

about 4 km. 
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An approximately 2 mgal g r a v i t y  h igh  i s  loca ted  over much of the  

area o f  geothermal i n te res t .  Th is  g r a v i t y  h igh  i s  a t t r i b u t e d  t o  

t r a v e r t i n e  deposi ts associated w i t h  t h e  hot  spr ings i n  t h i s  area. 

small (20 gamma) magnetic low no r th  o f  t he  hot  spr ings i s  a lso  

A 
1 

i n te rp re ted  as a r e s u l t  o f  t he  t r a v e r t i n e  depos i t ion  and poss ib ly  some 

hydrothermal ' a l t e r a t i o n .  A comparison o f  t h e  Meadow-Hatton KGRA w i t h  

the  Roosevel t and Monroe KGRA's ind ica tes  t h a t  t he  Meadow-Hatton 

geothermal system may bear a c loser  resemblance t o  t h e  Monroe 

geothermal system where hot water i s  produced by c i r c u l a t i o n  along 

deep fau l t s .  Addi t ional  s tud ies are needed t o  f u l l y  assess the  

geothermal po ten t i a l  o f  the  Meadow-Hatton KGRA. 

...,_ i v  -_. 
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INTRODUCTION 

Purpose 

The Meadow-Hatton Known Geothermal Resource Area (KGRA) i s  
I 

located i n  t h e  Black Rock Desert o f  Utah. The presence o f  hot spr ings 

and poss ib ly  some o f  t he  youngest basal ts  and r h y o l i t e s  i n  Utah 
~' 

(Luedke e t  a1 ., 1978; Lipman e t  a1 , 1978) make t h i s  area i n t e r e s t i n g  

as a geothermal prospect. The KGRA i s  located l ess  than 65 km from 

two proven geothermal s i t es ,  present ly  under devel opment , Roosevel t 

Hot Springs and Monroe, Utah. 

I 

Detai 1 ed g r a v i t y  and aeromagnetic surveys were conducted i n  t h e  

KGRA and v i c i n i t y  t o  a i d  i n  t h e  determinat ion o f  t h e  geothermal 

p o t e n t i a l .  

s t ruc tu res  i n  the KGRA which may c o n t r o l  f l u i d  migrat ion,  2) 

prev ious ly  undetected igneous bodies which may be r e l a t e d  t o  a heat, 

source, and; 3 )  t h e  presence o f  cemented a l luv ium r e l a t e d  t o  hot  f l u i d  

migrat ion.  

p rev ious l y  lundetected igneous bodies and areas o f  hydrothermal 

a l t e r a t i o n  r e s u l t i n g  from hot f l u i d  migrat ion.  By combining t h e  '1 

g r a v i t y  and aeromagnetic data, an increased understanding o f  the ; 
Meadow-Hatton KGRA should be gained. The data i n t e r p r e t a t i o n  may a c t  

as a guide ' f o r  f u r t h e r  study and resource development. 

The g r a v i t y  data can g i ve  in format ion about 1 )  geologic 

I 

I 

The aeromagnetic data can a l so  g i ve  in format ion about 

I 

I 

I n  a d d i t i o n  t o  the study o f  the geothermaJ area, t h e  data w i l l ;  be 

i ncorporated w i t h  o the r  geological  and geophysical data avai 1 ab1 e i n, 
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the v i c i n i t y  of the KGRA t o  provide a more comprehensive study of  the 

Black Rock Desert area.  A d i scuss ion  of  the effect  of the g r e a t e r  

d e t a i l  provided by this g r a v i t y  survey and the add i t iona l  geological  

and geophysical d a t a  a v a i l a b l e  f o r  th is  s tudy  on the i n t e r p r e t a t i o n  of 

the subsurface geology will be presented. The discussion will a s s i s t  

i n  the design of future surveys and i n  the eva lua t ion  o f  s i m i l a r  

i n t e r p r e t a t i o n s .  

Geology of the Survey Area 

The survey a rea  (Fig.  1) l i e s  along the e a s t e r n  margin of the 

Sev ie r  orogenic  b e l t  (Armstrong, 1972) i n  the t r a n s i t i o n  zone between 

the Great Basin and the Colorado Plateau.  The region i s  bounded on 

the east by the Pavant  Range and on the west by the Cricket Mountains, 

b o t h  of  w h i c h  t r end  approximately north-south. Along the southern 

boundary l i e s  the Black Rock o f f s e t  w h i c h  Crosby (1973) i n t e r p r e t e d  a s  

a poss ib l e  zone of r i g h t  l a t e r a l  f a u l t i n g .  

A genera l ized  geologic  map of the s tudy a rea  i s  shown i n  f i g u r e  

2. T h e  geology i s  dominated by a zone of vo lcanic  f lows ,  craters,  and 

cinder cones w h i c h  trend north-south through the center o f  the survey 

area .  The exposed volcanics  range i n  age from approximately 900,000 

t o  less t h a n  10,000 y e a r s  o l d  (Luedke et a1 , 1978; Hoover, 1974) . 
Condie and Barsky (1972) def ined six b a s a l t i c  volcanic  f i e l d s  i n  

the survey area. These inc lude  (Fig.  3 ) ,  from north t o  south,  the :: 

Deseret, Pavant,  I ce  Spr ings ,  Tabernacle,  Kanosh, and Black Rock ' ' 

f i e l d s .  Well and seismic d a t a  (McDonald, 1976; Dennis e t  a l . ,  1946; 

Livingston and Maxey, 1944) suggest  t h a t  the a r e a  may be underlain by 
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Figure 1. Map showing location o f  survey area (gravity survey - solid 
1 ines, aeromagnetic survey - dashed 1 ines). 
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G E N E R A L I Z E D  GEOLOGIC MAP OF THE BLACK ROCK DESERT AREA, UTAH. 
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over 2.5 km o f  interbedded Neogene basal ts,  vo lcanic  and 

. f l u v i o - l a c u s t r i n e  sediments. T y p i c a l l y  t h e  i n d i v i d u a l  basa l t  flows 

appear t o  be r e l a t i v e l y  small i n  areal extent.  The volcanics were not 

d i s t i ngu ishab le  i n  t h e  seismic data o f  McDonald (1976) bu t  t h e i r  

presence i s  noted i n  several w e l l s  located near t h e  seismic l i n e s  

(McDonald, 1976; Dennis e t  a1 . , 1946; L i v ings ton  and Maxey, 1944) . 
The White Mountain r h y o l i t e  dome i s  t h e  on ly  exposure o f  s i l i c i c  

volcanic mater ia l .  

50 m i n  height. 

al., 1978) makes i t  the  youngest dated r h y o l i t e  dome i n  Utah. 

and others (1971) have suggested t h a t  young r h y o l i t e  domes may be 

The dome i s  approximately 500 m i n  diameter and 

A potassium-argon age o f  0.4 m i l l i o n  years (Lipman e t  

White 

r e l a t e d  t o  t h e  h igh heat f l o w  observed i n  some geothermal 

p a r t i c u l a r l y  Roosevelt Hot Springs l y i n g  approximately 65 

t h e  Meadow-Hatton KGRA. Therefore, t h e  v i c i n i t y  o f  White 
I 

of primary i n t e r e s t  as a geothermal prospect. 

areas , 
km south of 

Mountain i s  

Hatton Hot Springs are located approximately 6 km south o f  t h e  

White Mountain r h y o l i t e  dome, where water temperatures o f  up t o  41OC 

have been recorded (Cleary, 1978). Hatton Hot Springs i s  surrounded 

by t r a v e r t i n e  deposits, which are quarr ied f o r  decorat ive b u i l d i n g  
- _  

ma te r ia l .  No water i s  c u r r e n t l y  f l o w i n g  from t h e  springs, bu t  duri,ng 

t h e  g r a v i t y  survey steam was observed i s s u i n g  from a number o f  shal low 

holes nearby. I 

I 

Pavant Val ley has received sediments from several lakes and I 

streams throughout much o f  t he  T e r t i a r y  (McDonald, 1976) . Most 

r e c e n t l y  Lake Bonnevil l e  occupied t h i s  va l ley.  

p r i m a r i l y  inc lude gravel , sand, s i l t ,  and c l a y  which become more 

The sediments 
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consol idated w i t h  depth (McDonald, 1976; Dennis e t  a1 ., 1946). From 

seismic data, McDonald (1976) i n t e r p r e t s  t h e  Cenozoic rock as 

s t r u c t u r a l l y  ove r l y ing  pre-Ter t iary  sedimentary rocks. 

Pre-Ter t iary  rocks i n  t h e  study area crop ou t  on l y  i n  the  Pavant 

Range and are composed p r i m a r i l y  o f  l imestone, sandstone, and shale 

(Hintze,  1973). The p re -Te r t i a ry  rocks a l s o  occur as i nc lus ions  i n  

t h e  volcanics i n  Pavant Val l e y  (Hoover, 1974). 

Numerous high-angle f a u l t s  and f i s s u r e s  c u t  t h e  volcanic f lows. 

I n  p a r t i c u l a r ,  a major 

Ki tchen f a u l t ,  extends 

the  Pavant and I c e  Spr 

t h e  f a u l t s  as l i s t r i c ,  

plane separating T e r t i  

I 

i 

north-northwest t rend ing  f a u l t ,  t h e  D e v i l ' s  

from about 2 km south o f  Pavant Bu t te  across 

ngs basa l t  f i e l d s .  McDonald (1976) i n t e r p r e t e d  

curv ing i n t o  and te rm ina t ing  along a low-angle 

ry rocks from p re -Te r t i a ry  rocks. 

While some f a u l t i n g  i s  observed near t h e  base o f  t he  Pavant 

Range, there i s  l i t t l e  evidence f o r  steeply-dipping normal f a u l t s  i n  

t h i s  area. The Pavant Thrust, which placed Cambrian rocks over the.  

Jurassic Navajo Sandstone, i s  c l e a r l y  exposed i n  t h e  Pavant Mountains 

where Hickcox (1971) has a t t r i b u t e d  i t s  eastward d i p  t o  subsequent ' 

t i l t i n g  o f  t he  e n t i r e  range. 

I 

I 

I 
I 

Scope 

Contoured aeromagnetic and g r a v i t y  maps o f  t he  study area are 
I 

I 

presented and discussed. One north-south p r o f i l e  and two east-west11 

p r o f  i 1 es were modeled u s i  ng a simultaneous g r a v i t y  and aeromagnetic i 

i nversi  on program t o  provide a geol og i  c i n t e r p r e t a t  i on o f  t h e  

subsurface. A comparison o f  t h e  models presented i n  t h i s  study w i t h  



(I 

previous geophysical i n t e r p r e t a t i o n s  i n  the v i c i n i t y  o f  t he  survey 

B 

P 

area provides a guide t o  t h e  r e s o l u t i o n  and accuracy o f  t h e  models. 

The Meadow-Hatton KGRA i s '  compared w i t h  the  Roosevelt Hot Springs and 

Monroe KGRA"s as a guide t o  t h e  geothermal evaluat ion of t h e  KGRA and 

t o  a s s i s t  i n  the  design o f  f u t u r e  experiments. 
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DATA ACQUISITION AND PREPARATION 
I 

Gravi ty  Data 

A g r a v i t y  survey was conducted i n  the s tudy  a rea  during the i 
summer of 1978 using LaCoste and Romberg g r a v i t y  meter no. G 461. The 

survey resulted i n  685 new g r a v i t y  values ,  approximately 24 percent of 

which  were the result of reading the instrument more than once. The 

precision of the repea t  readings was gene ra l ly  b e t t e r  than 0.1 mgal. 

The techniques used i n  acqui r ing  and reducing the g r a v i t y  da ta  t o  

simple Bouguer g r a v i t y  anomaly values  a r e  s tandard and the reader  i s  

referred t o  Carter and Cook (1978) for a d e t a i l e d  d e s c r i p t i o n  of theh. 

Ter ra in  c o r r e c t i o n s  ou t  t o  a r ad ius  of 166.7 km were made using a 

computer program provided by the U .  S. Geological Survey and modified 
I I 

f o r  use on the Universi ty  of Utah UNIVAC 1108. A complete l i s t i n g  and 

program desc r ip t ion  a r e  provided i n  Appendix C ,  P a r t s  I and 11. 
H , 

t 

Lit t le  kopographic relief i s  found i n  t h e  s tudy  a r e a ,  so 
I 

e l e v a t i o n s  a r e  gene ra l ly  accu ra t e  t o  w i t h i n  1 m (0.2 mgal). 

terrain co r rec t ions  were smal l ,  u sua l ly  less than 1 rllgal , over  most of 

the a rea ,  so t h a t  any e r r o r  contr ibuted from this source i s  probably1 
I 
i 

T h e  j 
I I1 

, 
I 

i n s i g n i f i c a n t  except i n  the Pavant Mountains where the t e r r a i n  

correction errors may be a s  l a r g e  a s  0.2 mgal . The  d a t a  acquired from 

this survey a r e  assumed t o  be accurate t o  w i t h i n  0.3 mgal i n  the 

va l l ey  f loor  and t o  0.5 mgal i n  the mountainous regions.  

I 

'I 

I 

In add i t ion  t o  the 685 new s t a t i o n s  taken i n  th is  survey, 63 
* 



B s ta t i ons  taken dur ing 1977 by the U n i v e r s i t y  o f  Utah GG521 g r a v i t y  j 

c lass and 93 s ta t i ons  taken by Isherwood (1967) were included i n  t h i s  

study. Because the add i t i ona l  g r a v i t y  data were acquired using 

d i f f e r e n t  instruments and were t i e d  t o  d i f f e r e n t  bases, up t o  50 D 

D 

B 

D 

b 

percent o f  the s ta t i ons  recorded by other  sources were reread dur ing 

t h e  present survey. Because o f  an apparent d i f f e r e n c e  i n  the  values 

used f o r  t he  base s tat ions,  it was necessary t o  subtract  3.54 mgal 

from t h e  readings taken by Isherwood t o  make them compatible w i t h  the  

new data. The accuracy o f  t h e  measurements from other  sources, though 

not necessar i ly  as good as t h a t  obtained w i t h  the  new survey, i s  

s u f f i c i e n t l y  c lose f o r  the data t o  be included i n  t h i s  study. 

Four s ta t i ons  were omit ted from the  complete Bouguer g r a v i t y  

anomaly map because they would have resu l ted  i n  s i n g l e  p o i n t  

anomalies. There was i n s u f f i c i e n t  t ime t o  recheck these values i n  the  

f i e l d .  They are noted i n  the l i s t i n g  i n  Appendix A. 

Aeromagnetic Data 

The aeromagnetic survey was conducted by Aer ia l  Surveys during ~ 

,I 

1978 under con t rac t  t o  the  Department o f  Geology and Geophysics, t he  

U n i v e r s i t y  o f  Utah. The con t rac to r  provided the  U n i v e r s i t y  w i t h  a ! 

t o t a l  magnetic f i e l d  i n t e n s i t y  res idual  anomaly map (contour interva, l  

o f  20 gammas). The In te rna t i ona l  Geophysical Reference F i e l d  (IGRF)i, 

I 

I I 

updated t o  1975, had been removed f r o m  the  data. ~ 

The survey was drape-flown a t  an a l t i t u d e  o f  304.8 5 15 m above' 
I 

t h e  ground surface. F l i g h t  l i n e s  were spaced a t  an i n t e r v a l  o f  0.5 :km 

on a Universal Transverse Mercator (UTM) g r i d  and f lown i n  a 
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11 
I 

north-south d i r e c t i o n .  

As was noted f o r  the g r a v i t y  data, t he re  i s  l i t t l e  topographic 

r e l i e f  i n  the  survey area; t he re fo re  f l i g h t  a l t i t u d e s  are bel ieved t o  

be genera l ly  accurate. There appears t o  be l i t t l e ,  i f  any, 

herringbone e f f e c t  r e s u l t i n g  from rnis locat ion o f  t h e  f l i g h t  l i n e s .  

The p rec i s ion  o f  aeromagnetic data has not  been studied i n  d e t a i l  but, 

based on the  s p e c i f i c a t i o n s  given the  con t rac to r  and previous 

estimates (Car ter  and Cook, 1978) , the  accuracy i s  assumed t o  be a t  

l e a s t  h a l f  o f  a contour i n t e r v a l  (10 gammas). 

Other Data 

1 

Two r e f l e c t i o n  seismic sections located i n  the  survey area 
, 

(McDonald, 1976) and a t h i r d  sect ion located near Del ta,  Utah were 

converted t o  depth sect ions (Fig.  3 and 4)  using an average v e l o c i t y  

o f  4 km/sec f o r  t he  i n t e r p r e t e d  Cenozoic sediments. Because o f  i t s  

prox imi ty  to, an approximately 2 1/2 km deep we1 1 (McDonald , 1976), t h e  

l i n e  near Del ta  was a lso converted t o  a depth sect ion using v e l o c i t i e s  

based on the assumption t h a t  t he  highest r e f l e c t o r  was f r o m  a t h i c k ,  

sequence o f  sand a t  a depth o f  

---he1 p determine the accuracy o f  

and aeromagnetic modeling. 

Most o f  the depths t o  t h e  

accurate t o  w i t h i n  20 percent. 

1.5 km. This  sect ion i s  intended t o j  

the depths used i n  subsequent g r a v i t d  
I 
I 

I 

I 

I various r e f l e c t o r s  appear t o  be 

C a r r i e r  (1979) created a depth sect ion 
~ 

o f  the southern seismic p r o f i l e  using a s l i g h t l y  more d e t a i l e d  I 

i n t e r p r e t a t i o n  than t h a t  o f  McDonald (1976) and a more complex I 

v e l o c i t y  model , but again the depths genera l ly  agree t o  w i t h i n  20 

percent. 
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Figure 3. Map showing locat ion o f  basa l t  f i e l d s  and pro f i les  
(seismic p r o f i l e s  - broken l i n e s ,  g r a v i t y  and aeromag- 
n e t i c  p r o f i l e s  - so l id  l i n e s ) .  

'I 

i 
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Figure 4. Seismlc depth sections frm seismic reflection lines 1, 2, 3, 

and 20 (McDonald, 1976) using an average velocity of 4 km/sec 
for all. layers. An alternate velocity model is shown (top) ' 
for line 1 using,a varying velocity as indicated. 4indicates 
approximate location o f  Gulf Oil Company well Gronning no. 1. 
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G r a v i t y  I n t e r p r e t a t i o n  

The complete Bouguer g r a v i t y  anomaly map (contour i n t e r v a l  o f  1 ; 

mgal) i s  shown i n  f i g u r e  5 superimposed on t h e  geologic map. I 

t o t a l  r e l i e f  o f  the g r a v i t y  data i s  52 mgal, w i t h  t h e  g r a v i t y  values! 

ranging from, a h igh o f  -150 mgal i n  t h e  northeast t o  a low of -202 

The 
I 
I 

mgal i n  the  southwest. The main features o f  t h i s  map are a 

nor th- t rending g r a v i t y  h igh i n  the  east and a nor th- t rending g r a v i t y  

low i n  the  west separated by a steep gradient o f  about 2 mgal/km. 

A north-trending g r a v i t y  h igh extends t h e  e n t i r e  l eng th  along the  

eastern s ide o f  t he  survey area f r o m  a maximum g r a v i t y  value o f  -150 

mgal i n  t h e  no r th  t o  -180 mgal a t  the Pavant Range i n  t h e  south. This 

g r a v i t y  high, designated by Isherwood (1967) as the  Oak City g r a v i t y  

high, i s  a t t r i b u t e d  t o  a shal low (between 0.2 and 2.4 km deep) l a y e r  

o f  e a r l y  T e r t i a r y  sedimentary rocks. 

crop out  i n  po r t i ons  o f  t h i s  area no r th  o f  t he  town o f  Fi l lmore. 

I 

Neogene rocks are observed t o  

i The , 

g r a v i t y  h igh i s  terminated on the  south and east a t  t he  Pavant 

and t o  t h e  west by a steep g r a v i t y  gradient. The northern extent  of; 

the Oak City g r a v i t y  h igh i s  not included i n  t h i s  survey, but I 

Isherwood (1967) shows t h a t  t he  h igh closes about 10 km no r th  of the/  

survey area w i t h  a maximum g r a v i t y  value o f  about -145 mgal . I 
I 

The Oak City g r a v i t y  h igh i s  i n t e r r u p t e d  west o f  t he  town of 

Holden by a ,narrow east-west t rending g r a v i t y  low. Because t h i s  
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igure 5. Complete Bouguer gravity anomaly map (contour interval = 
2 mgal). 
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anomaly i s  sharp, i t s  source i s  probably shallow. The g r a v i t y  low i s  

a t t r i b u t e d  t o  a l l u v i a l  f i l l  i n  a bur ied stream channel. S m a l l  ( 1  t o  2 

mgal) g r a v i t y  highs occur over Bald Mountain, Cedar Mountain, and West 

Mountain where Neogene sediments form h i l l s  above the  a l l u v i u m - f i l l e d  

v a l l e y  f l o o r .  A northeast- t rending g r a v i t y  high, w i t h  a c losure o f  ' 

approximately 2 mgal, occurs i n  t h e  v i c i n i t y  o f  t h e  t r a v e r t i n e  mound 

B 

B 

D 

D 

associated w i t h  t h e  Hatton Hot Springs. This g r a v i t y  h igh i s  

rectangular  shaped, about 8 km long and 3 km wide, and extends east of 

the hot springs. The g r a v i t y  h igh i s  i n t e r p r e t e d  as represent ing t h e  

main area o f  t r a v e r t i n e  deposit ion. Addi t ional  v a r i a t i o n s  i n  the  Oak 

City g r a v i t y  h igh are poss ib ly  the r e s u l t  o f  erosional  features i n  the  

under ly ing Cenozoic sediments except along t h e  extreme southern and 

eastern edges where pre-Ter t iary  rocks are shal low and may be 

i n f  1 uenci ng the  g r a v i t y  data . 
A major, nor th- t rendi  ng g r a v i t y  low extending a1 ong the  western - 

p o r t i o n  o f  t he  survey area has been designated by Isherwood (1967) as 

the Del ta  g r a v i t y  low. He in te rp re ted  t h i s  g r a v i t y  low as a graben 

w i t h  a maximum depth t o  basement o f  approximately 2.6 km bounded by11 

D high-angle normal f a u l t s .  The seismic data o f  McDonald (1976) and I 

improved densi ty  measurements (Car r i e r ,  1979) now avai.1 ab1 e g i ve  

evidence f o r  a somewhat d i f f e r e n t  i n t e r p r e t a t i o n  from Isherwood's. [In 
(I 

D t h i s  study the  low i s  i n t e r p r e t e d  as r e s u l t i n g  from t h e  i n te rsec t i on i  

D 

o f  a shal low wedge o f  pre-Ter t iary  rocks on t h e  west w i t h  a I 

west-dipping detachment plane a t  a depth o f  about 4 km. 

i n t e r p r e t a t i o n  i s  cons is tent  w i t h  the  i n t e r p r e t a t i o n  o f  the seismic 

This 

r e f l e c t i o n  p r o f i l e s  by McDonald (1976) . 
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The genera l y  smooth g r a v i t y  contours are d isrupted n the south' 

o f  t he  De l ta  g r a v i t y  low. This area was the  subject  o f  a g r a v i t y  and 

heat f l o w  study by C a r r i e r  (1979). He i n t e r p r e t e d  t h e  v a r i a t i o n s  as 

t h e  product 'of t he  superposi t ion o f  g r a v i t y  lows r e s u l t i n g  from the  

I presence o f  igneous mater ia l  , p a r t i c u l a r l y  r h y o l i t e s ,  upon the  - 
smoother g r a v i t y  contours observed t o  t h e  north. 

A steep,l g r a v i t y  gradient o f  about 2 mgal/km separates the  Oak 

City g r a v i t y  h igh and t h e  Del ta  g r a v i t y  low. I n  the  southern h a l f  o f  

the map, the  contours t rend north-south t o  northeast-southwest and i n  

t h e  nor thern h a l f  o f  t he  map, t h e  contours t rend  northwest-southeast. 

The t rend  o f  the g r a v i t y  contours p a r a l l e l s  a zone o f  f a u l t i n g  and 

volcanics through t h e  center o f  the survey area. The contours are 

smooth over t h e  f a u l t e d  zone o f  volcanics, though f o u r  c l o s e l y  spaced 

(about 0.32 km between g r a v i t y  s t a t i o n s )  east-west g r a v i t y  prof i 1 es 

were taken along the gradient.  

I 

East-west o f f s e t s  i n  the  contours near Pavant Bu t te  and West 

Mountain may be caused by v a r i a t i o n s  i n  the  th ickness o f  t h e  basal t .  

Near White Mountain, the o f f s e t  o f  t he  contours may r e f l e c t  t he  

cementation o f  t he  a l luv ium by hot spr ing deposits. I n  t h e  southern1 

p o r t i o n  o f  t he  area, more complex s t ruc tu res  associated w i t h  the Blabk 

Rock o f f s e t  and the  Pavant Range may invo lve  east-west f a u l t i n g  as '1 

I 
I 

I 

I 

i n te rp re ted  by Crosby (1973). The abrupt change i n  d i r e c t i o n  of t h e ;  

mapped f a u l t s  i n  the  area o f  some o f  t he  o f f s e t s  i n  t h e  g r a v i t y  

gradient suggests t h a t  t he re  i s  some poss ib le  east-west s t r u c t u r a l  

I 

' 

con t ro l  on these o f f se ts .  - 

The area o f  geothermal - i n t e r e s t  includes t h e  White Mountain 



20 

e 

r h y o l i t e  dome and extends south t o  t h e  t r a v e r t i n e  mound. A s t r i k i n g  

north-south!l a1 i gnment o f  t he  rhyol  i t e  dome, t h e  Hatton Hot Springs 
I 

(associated w i t h  the  t r a v e r t i n e  mound), and a se r ies  o f  c inde r  cones 

i n  the  Kanosh volcanic f i e l d  suggests a s t r u c t u r a l  re la t i onsh ip .  From 

the g r a v i t y ' d a t a ,  t he re  i s  a tenuous suggestion o f  a g r a v i t y  h igh east 

o f  these features which terminates about 1 km southeast o f  the 

I 

southernmost c inder  cone o f  the Kanosh f i e l d  and which may extend 

westward t o  about 2 km no r th  o f  White Mountain. 

area are d isrupted by the  g r a v i t y  h igh over the t r a v e r t i n e  and the  

The contours i n  t h i s  

h i g h l y  f a u l t e d  edge o f  t he  Pavant Range so t h a t  care must be taken i n  

t h i s  i n t e r p r e t i o n .  

nor th- t rending ho rs t  block wi th  the  thermal a c t i v i t y  occurr ing along a 

f a u l t  on the western edge o f  t he  horst .  

However, t h i s  d i s r u p t i o n  may be t h e  r e s u l t ' o f  a 

Aeromagnetic I n t e r p r e t a t i o n  

The t o t a l  i n t e n s i t y  res idual  aeroma'gnetic map' (contour i n t e r v a l  

o f  20 gammas) i s  shown i n  f i g u r e  6 superimposed on t h e  geologic map. 

There i s  a strong c o r r e l a t i o n  o f  magnetic highs w i t h  t h e  mapped basa l t  

f i e l d s .  I n  general, the -300 gamma contour appears t o  c l o s e l y  o u t l i n e  

the i n d i v i d u a l  f i e l d s .  

I 

I 

I 

I 

Sinal 1 i n d i v i d u a l  magnetic highs o f  70 t o  200 gammas occur over 

t h e  i n d i v i d u a l  cones o f  t he  Kanosh f i e l d  i n  t h e  south. The two 

southernmost magnetic highs are superimposed upon a broader 

approximately 100 gamma high which extends f o r  about 3 km southwestlof 

the f i e l d  and trends northwest i n t o  the  southeastern extent o f  t he  

Beaver Ridge f i e l d  and northeast t o  Tabernacle H i l l .  

I 
~ 

The continuous 
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Figure 6. Total intensity residual aeromagnetic map (contour 
interval = 20 gammas) with International Geophysical 
Reference Field (IGRF), updated to 1975, removed from 
total magnetic field. Survey was drape flown at an 
altitude of 305 m (1000 ft) along north-south flight 
lines spaced every .5 km. 
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nature o f  t h i s  broad high suggests t h a t  a l a r g e  area nay be a f fec ted  

by bu r ied  volcanics. The t rend  o f  t h e  broad magnetic h igh roughly 

p a r a l l e l s  the  t rend  o f  the g r a v i t y  contours (Fig.  5 )  i n  the  same 

B reg ion . 
Hoover (1974) repor ts  t h a t  some basal ts  o f  t h e  Beaver Ridge f i e  

are reverse ly  polarized. Though small (approximately 20 gamlnas) 

magnetic lows are observed over the f i e l d ,  on l y  one pronounced # 
magnetic low ( o f  about -160 gammas) i s  associated w i t h  the  Beaver 

0 

Ridge f i e ld ' .  This magnetic low occurs about 2 km south o f  the 

Tabernacle H i l l  f i e l d  and may be caused by i nve rse l y  po lar ized remnant 

d 

magnetism i n  the under ly ing basalts. Generally, t he  Beaver Ridge 

f i e l d  does not appear t o  have any strong magnetic cha rac te r i s t i cs ,  

e i t h e r  normal o r  reversed. 

The magnetic h igh over the  Tabernacle H i l l  f i e l d  has a maximum 

r e l i e f  of 162 gammas i n  the  southern p o r t i o n  o f  t h e  f i e l d  bu t  i s  

n genera l ly  on l y  about 100 gamas. The magnetic h igh extends 
I approximately 2 km south o f  t h e  Tabernacle H i l l  f i e l d  which may 

i n d i c a t e  b u r i  ed vol cani c mater i  a1 . \ 

The magnetic h igh over t h e  I c e  Springs f i e l d  i s  separated from 

the  Tabernacle H i l l  magnetic h igh by a magnetic low o f  about -70 

gammas located over t h e  northern edge o f  t he  Tabernacle H i l l  f i e l d . ,  

The I c e  Springs magnetic h igh has a maximum r e l i e f  o f  about 400 gammas 

but i s  genera l ly  l ess  than 100 gammas. The -300 gamma contour 

corresponds approximately w i t h  the  margin o f  t he  outcrop o f  basa l t  i n  

t h e  southern h a l f  o f  t he  f i e l d  w i t h  one notable exception, where t h e  

-300 gama contour extends out over the  Pavant f i e l d  west o f  t he  

0 

0 
i 
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c e n t r a l  p a r t  o f  t he  I c e  Springs f i e l d .  This westward extension o f  t he  

magnetic anomaly may i n d i c a t e  e i t h e r  a p rev ious l y  unmapped extension 

of t he  I c e  Springs basa l t  o r  soze v a r i a t i o n s  i n  t h e  th ickness and/or 

t h e  magnetic p roper t i es  o f  t he  Pavant b a s a l t  i n  t h i s  area, o r  a 

combination o f  both o f  these. A magnetic low o f  about -100 gamqas 

occurs over t h e  nor thern edge o f  t he  I c e  Springs f i e l d  and. i s  assurned 

t o  be r e l a t e d  t o  the magnetic h igh t o  the  south. 

The Pavant f i e l d  has a va r ied  p a t t e r n  o f  magnetic anomalies. 

Numerous small magnetic highs, ranging up t o  200 ganmas o f  r e l i e f ,  

occur over an outcrop o f  Pavant Ridge b a s a l t  which i s  younger and 

t h i c k e r  than the  surrounding Pavant basa l t  (Nash and Crecraf t ,  1979) . 
The area o f  t h e  nagnet ic highs i s  c u t  by t h e  D e v i l ' s  K i tchen f a u l t  'and 

the g r a v i t y  contours a re  a l so  somewhat perturbed i n  t h i s  area. These 

v a r i a t i o n s  i n  t h e  g r a v i t y  and aerovagnetic data may be due t o  an 

uneven d i s t r i b u t i o n  of b a s a l t  r e s u l t i n g  from depos i t i on  upon an 

o r i g i n a l l y  uneven surface created by eros ion and/or f a u l t i n g .  

The Deseret f i e l d  i s  c l e a r l y  def ined by an approximately 100 , 

gariMla magnetic high. L i k e  t h e  Pavant f i e l d ,  t h e  magnetic h igh 

cons is t s  o f  numerous magnetic centers over t h i s  h i g h l y  f a u l t e d  basa l t  

f i e l d  and may represent uneven deposi t ion o f  basal t .  
__ 

Outside t h e  area o f  mapped volcanics, t h e r e  i s  l i t t l e  v a r i a t i o n ,  

i n  t h e  magnetics. A 40 gama h igh occurs over t h e  GIhite Mountain 
I r h y o l i t e  dome and a 20 gama low i s  observed n o r t h  o f  t h e  t r a v e r t i n e  I 

mound . 
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1 es 
1 

< A s  a p re l im ina ry  step i n  the  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  and 

aeromagnetic data,, two east-west p r o f  i 1 es and one north-south p r o f i l e  

were selected f o r  i n t e r p r e t a t i  ve geol og ic  model i ng . These p r o f i  1 es 

a re  shown i n  f i g u r e  3 along w i t h  t h e  l o c a t i o n  o f  t h e  seismic - .  l i n e s .  

The i n i t i a l  models were based on a geologic i n t e r p r e t a t i o n  o f  t he  

subsurface created from t h e  mapped surface geology (Nash and C r e c r a f t  , 
. 

1979) and the  seismic depth sect ions i n t e r p r e t e d  from iIcDona1 d (1976) . 
I n i t i a l  dens i t y  con t ras ts  were based on t h e  dens i t y  measurenents made 

i n  t h i s  study (Appendix B )  and the  dens i t y  measurenents o f  C a r r i e r  

(1979). I n i t i a l  magnetic s u s c e p t i b i l i t y  con t ras ts  were based on 

measurements made i n  t h i s  study (Appendix B) .  

aeromagnetic p r o f i l e s  were then modeled simultaneously us ing a 2 

The g r a v i t y  and 

l /Z-dimensional i n v e r s i o n  program which i s  descr ibed i n  Appendix 111. 

This  program has t h e  advantage o f  f i n d i n g  one model which s a t i s f i e s  

both the  g r a v i t y  and aeromagnetic data. 

P r o f i l e  A-A'  -- P r o f i l e  A-A' (Fig.  7 )  i s  46 km long extending from 

approximately 1 km south o f  t h e  Kanosh f i e l d ,  n o r t h  across t h e  Kanosh 
It 

f i e l d ,  t h e  Meadow-Hatton KGRA, t h e  I c e  Springs f i e l d ,  and t h e  Pavantl 
II 
II 

f i e l d .  Along the  p r o f i l e ,  t h e  t o t a l  r e l i e f  o f  t h e  aeromagnetic 'I 

anomaly i s  .412 gavmas, most of which occurs over t h e  Kanosh c inde r  I 

cones, and t h e  t o t a l  r e l i e f  o f  t h e  g r a v i t y  anomaly i s  13 mgal. 

Seismic l i n e  2 (McDonald, 1976) i n t e r s e c t s  t h i s  p r o f i l e  a t  a p o i n t  :' 

approximately 36 km from the  southern end o f  t h e  p r o f i l e .  The 

est imated depths f r o v  t h e  seismic l i n e  were used t o  c o n s t r a i n  t h e  
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Figure 7. 
' 

Interpretative model for gravity and aeromagnetic 
profile A - A t .  The geophysical parameters modeled 
for polygons 1 through 9 are listed below: 

Polygon 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I' Density 
Contrast 

, (glee) 

0.00 

, -0.20 

-0.40 

-0.40 

-0.40 

-0.40 

-0.25 

-0.28 

-0.28 

Magnetic 
'Susceptibility 

(cgs 1 
0.0 

. 0.0007 

0.0007 

0.0038 

0.0037 

0.0032 

- .0004 
0.0032 

0.0035 

Half 
Strike length 

(km) 

100.0 

, 100.0 

1.0 

1.0 

0.5 

4.0 I 

5.0 

8.0 i 
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model a t  t he  p o i n t  o f  i n te rsec t i on .  

28 

The model f o r  p r o f i l e  A-A' cons is ts  o f  a bottom i n t e r f a c e  a t  a 

depth varying between 2.5 and 3.8 km beneath t h e  surface. This 

i n t e r f a c e  i s  i n t e r p r e t e d  as separating p re -Te r t i a ry  basement rocks 

( l a y e r  1) w i t h  an average densi ty  o f  2.75 t o  2.80 g/cc and an average 

magnetic s u s c e p t i b i l i t y  o f  0.0 t o  0.0008 cgs i n  the  deepest layer,  

from the ove r l y ing  sedimentary rocks. 

(1976) would place Eocene and Ol ig iocene rocks ( l a y e r  2 )  over 

The i n t e r p r e t a t i o n  o f  McDonald 

pre-Ter t iary  rocks a1 ong a detachment plane represented by t h i s  

i n te r face .  

Over ly ing t h i s  deep i n t e r f a c e  i s  a l a y e r  o f  rocks ( l a y e r  2) w i t h  

an i n t e r p r e t e d  dens i t y  o f  2.55 t o  2.60 g/cc and magnetic 

s u s c e p t i b i l i t y  o f  0.0007 t o  0.0015 cgs. The upper boundary o f  t h i s  

l a y e r  i s  i n t e r p r e t e d  as varying between depths o f  0.2 t o  2.2 km. 

Var ia t ions i n  the upper boundary o f  t h i s  l a y e r  may represent both 

erosional  and s t r u c t u r a l  features. Although McDonald i n t e r p r e t s  thi ls 

l a y e r  as cons is t i ng  o f  e a r l y  T e r t i a r y  rocks, i t  should be noted t h a t  

t h e  dens i t i es  used i n  t h i s  l a y e r  are a l so  compatible w i t h  those 

measured by C a r r i e r  (1979) f o r  several p re -Te r t i a ry  rocks, 

p a r t i c u l a r l y  t he  Jurass ic  Navajo sandstone which crops out  i n  an 

I 

I 

I 

approximately 1 km t h i c k  sect ion i n  t h e  nearby Pavant Range. 

deeping o f  t he  lower boundary o f  t h i s  l a y e r  i n  t h e  south i s  

The , 
I 

i n te rp re ted  as a r e s u l t  o f  a southward th ickening o f  lower densi ty  

pre-Ter t iary  rocks from t h e  Pavant Range located t o  t h e  south o f  the 
I 

P 

p r o f  i 1 e . 
- 

The lowest two boundaries i n  t h e  model a f f e c t  p r i m a r i l y  t he  
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g r a v i t y  data whereas t h e  uppermost bodies are modeled t o  s a t i s f y  both 

t h e  g r a v i t y  and aeromagnetic data. 

I 

Layer 3 i s  i n t e r p r e t e d  as 

e 

5, 

D 

e 

i ) ,  

0 

i 

represent ing Neogene f l u v i o - l a c u s t r i n e  sediments, interbedded 

volcanics, and Quaternary alluvium. This l a y e r  has an assumed densi ty  

o f  2.35 t o  2.40 g/cc and a magnetic s u s c e p t i b i l i t y  o f  0.0007 t o  0.0015 

cgs. 

magnetic s u s c e p t i b i l i t i e s  based upon the  rocks which crop out  along 

the  p r o f i l e .  

Wi th in  Layer 3 are a number o f  bodies o f  vary ing dens i t i es  and 

I 

\ 

I n  the  south, t he  c inder  cones o f  t he  Kanosh f i e l d  are modeled as 

Separate, trapazoidal-shaped bodies ( l a y e r s  4, 5, and 6)  w i t h  broad 

bases a t  depths o f  about 0.75 km narrowing t o  the surface. 

dens i t i es  o f  these bodies i s  assumed t o  be t h e  same as t h a t  of t he  8 

The 

surrounding rocks, but  t he  magnetic s u s c e p t i b i l i t i e s  a re  assumed t o l b e  

h igh (approximately 0.0045 cgs). 

The t r a v e r t i n e  mound associated w i t h  Hatton Hot Springs i s  

modeled as a higher densi ty  (about 2.5 g/cc) and lower magnetic 

, 

(0.0 cgs) body ( l a y e r  7) reaching depths o f  up t o  0.9 

i s  i n t e r p r e t e d  as represent ing an area where t h e  

suscepti  b i  1 i t y  

km. This  body 

t r a v e r t  i ne has 

hydrothermal a 

f 1 u ids . 

cemented t h e  lower densi ty  sediments accompanied by ! 

t e r a t i o n  of t h e  magneti te due t o  t h e  a c t i o n  o f  hot  ' 

The I c e  Springs basa l t  f i e l d  i s  modeled as a 0.001 t o  0.2 km I 

t h i c k  body ( l a y e r  8) w i t h  a densi ty  o f  approximately 2.52 g/cc and 

magnetic s u s c e p t i b i l i t y  o f  about 0.004 cgs. This body deepens t o  t h e  

south and may represent, i n  par t ,  t h e  higher magnetite content i n  the 

a l l uv ium associated with both the I c e  Springs and Tabernacle f i e lds .  

I 
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I 

The Pavant lava f lows are modeled as a body ( l a y e r  9), 
1 .  

approximately 0.15 km th i ck .  

magnetic s u s c e p t i b i l i t y  o f  about 0.004 cgs were used f o r  t h i s  body. 

A densi ty  o f  about 2.52 g/cc and a 
I 

I 

I 

, 
P r o f i l e  B-B14 -- East-west p r o f i l e  B-B', shown i n  f i g u r e  8, extends 45 @ 

km across the  cen t ra l  p o r t i o n  

24 mgal f o r  t h e  g r a v i t y  anoma 

anomaly. Most o f  the  r e l i e f  

volcanics i n l  both the  g r a v i t y  

I P 

D 

t 

o f  the  survey area. The t o t a l  r e l i e f  i s  

y and 70 gammas f o r  t h e  aeromagnetic 

occurs over the  cen t ra l  zone o f  

and aeromagnetic p r o f i l e s .  Two peaks 

are observed! on the  aeromagnetic p r o f i l e  over the  a l l uv ium between t h e  

Tabernacle f i e l d  and t h e  I c e  Springs f i e l d .  

separated by a magnetic low over a small mapped h o r s t  (Nash and 

Crecraf t ,  1979) i n  t h e  volcanic mater ia l .  

These magnetic highs are 
I 

I 

The model f o r  p r o f i l e  B-B' consis ts  o f  a deep (2-4 krll) s lop ing 

i n t e r f a c e  which d ips between 3" and 4" W. The westward s lop ing 

i n t e r f a c e  i s  based upon the  depth sect ions i n t e r p r e t e d  from seismic 

l i n e s  3 and '20 (McDonald, 1976) which p a r a l l e l  t h e  western end of the 

'I 
p r o f i l e  t o  the no r th  and south, respect ive ly .  

intended t o  represent the  detachment plane i n t e r p r e t e d  by McDonald I 

(1976) as separating pre-Ter t iary  rocks from the ove r l y ing  e a r l y  , 
T e r t i a r y  sedimentary rocks. The lower rocks ( l a y e r  1) are assumed t o  

have a densi ty  o f  2.75 t o  2.80 g/cc and a magnetic s u s c e p t i b i l i t y  of ;  

0.0 t o  0.0008 cgs. 

The i n t e r f a c e  i s  

I 

I 

, 
The i n te rp re ted  detachment plane i s  o v e r l a i n  i n  the  west by a 1 

wedge o f  rocks ( l a y e r  2 )  with an assumed dens i t y  of 2.65 t o  2.70 g/cc 

and a magnetic s u s c e p t i b i l i t y  o f  0.0003 t o  0.0010 cgs. This wedge i s  

\ 
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I 

Figure 8. Interpretative model for gravity and aeromagnetic 
profile B-B'. The geophysical parameters modeled for 
pojygons 1 through 5 are listed below: 

Polygon Density Magnetic H a l f  
no. Contrast Susceptibility Strike Length 

(gl(cc1 (cgs 1 (km 1 
1 0.00 0.0 - 
2 -0.20 0.0007 100.0 

3 -0.11 0.0003 100.0 

4 -0.40 0.0007 100.0 

5 -0.28 0.0032 6.0 
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i n t e r p r e t e d  by McDonald as p re -Te r t i a ry  rocks also. 

From approximately 12 km east of t h e  western end o f  t h e  p r o f i l e  

t o  the  eastern end, t he  detachment plane i s  o v e r l a i n  by rocks 

i n t e r p r e t e d  as Eocene and 01 ig iocene ( l a y e r  3 ) .  Based on the  seismic 

i n t e r p r e t a t i o n  (McDonald, 1976), f a u l t s  t h a t  were mapped a t  t he  

surface by Nash and Crec ra f t  (1979) were pro jected as l i s t r i c  normal 

f a u l t s  which curve i n t o  and terminate along t h e  detachment plane. 

These pro jected f a u l t s  were modeled t o  vary the  upper surface of l a y e r  

3 t o  provide a b e t t e r  f it t o  the g r a v i t y ' d a t a .  Other v a r i a t i o n s  i n  

the  upper surface o f  t h i s  l a y e r  may represent e i t h e r  f a u l t i n g  o r  an 

o l  der erosional  surface. 

Layer 4 i s  i n t e r p r e t e d  as Neogene sediments w i t h  a densi ty  o f  

approximately 2.35 t o  2.40 g/cc and a magnetic s u s c e p t i b i l i t y  of 

0.0007 t o  0.0015 cgs. 

beneath the  surface i n  the  area between t h e  I c e  Springs and Tabernacle 

basa l t  f i e lds .  The in te rp re ted  basa l t  has an assumed dens i t y  o f  about 

A small body o f  basa l t  i s  modeled ( l a y e r  5) 

I 

2.50 g/cc and an assumed magnetic s u s c e p t i b i l i t y  o f  0.0032 cgs. 

Var ia t ions i n  the  bottom o f  the i n t e r p r e t e d  basa l t  a re  intended t o  

represent v a r i a t i o n s  of th ickness r e s u l t i n g  from f l ow ing  onto an 

i r r e g u l a r ,  f a u l t e d  surface. The cen t ra l  magnetic low i s  modeled as '1 

t h e  r e s u l t  o f  a t h i n n e r  l a y e r  o f  basa l t  ove r l y ing  a ho rs t  block. 

P r o f i l e  C-C' -- East-west p r o f i l e  C-C' (Fig.  9)  extends approximately 

40 km across the  southern p o r t i o n  o f  the study area. The t o t a l  r e l i e f  

i s  26 mgal f o r  the g r a v i t y  anomaly and 220 gammas f o r  t he  aeromagnetic 

anomaly. The p r o f i l e  i s  approximately p a r a l l e l  to, and about 5 km 
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B 

Figure 9.; Interpretative model for gravity and aeromagnetic 
j profile C-C'. The geophysical parameters modeled 

for polygons 1 through 7 are listed below: 
B 

Polygon Density Magnetic Hal f 
Strike Length no. I Contrast Suscepti bi 1 i ty 

(g/cc) (cgs 1 (km) 
I 

0.0 - 1 0.00 

2 1 0.09 0.0003 100.0 

, -0.20 0.0007 100.0 3 

4 -0.40 0.0007 100.0 

5 -0.25 -0.0005 4.0 

6 -0.28 0.0032 0.5 

7 -0.50 0.0032 4.0 
I 

I) 
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D nor th  of, t he  Black Rock o f f s e t  and t h e  southern p o r t i o n  o f  t he  Pavant 

B 

I, 

D 

B 

Range. 

The model f o r  p r o f i l e  C-C '  has a deep l a y e r  (1) o f  i n t e r p r e t e d  

pre-Ter t iary  rocks w i t h  an assumed densi ty  o f  2.75 to '  2.80 g/cc and 

magnetic s u s c e p t i b i l i t y  o f  0.0 t o  0.008 cgs. 

o f  t h i s  l a y e r  i s  i n te rp re ted  as a detachment plane separating 

pre-Ter t iary  basement rocks from T e r t i a r y  rocks. This l a y e r  deepens 

eastward beneath the Pavant Range t o  inc lude a t h i c k e r  sequence o f  

low-density pre-Ter t iary  rocks. 

g ives a poor f i t  t o  the  observed g r a v i t y  and aeromagnetic data, and it 

i s  reasonable t o  assume t h a t  s t ructures i n  t h e  p re -Te r t i a ry  rocks, 

I n  t h e  west, t he  surface 

The eastern p o r t i o n  o f  t h e  model 

p a r t i c u l a r l y  near the  mountains, are more complex than t h e  model would 

suggest 

Layer 2 shows a wedge o f  pre-Ter t iary  rocks i n t e r p r e t e d  by 

McDonald (1976) from the  seismic data. 

t o  2.89 g/cc, which i s  inconsis tent  w i t h  t h e  dens i t y  modeled f o r  

The densi ty  i s  modeled as 2.84 

p r o f i l e  B-B'  f o r  t he  same layer.  The modeled densi ty  ( p r o f i l e  B-B' ,  

l a y e r  2)  o f  2.65 t o  2.70 g/cc i s  more representat ive o f  p re -Te r t i a ry  

sedimentary rocks observed near the  study area. 

s u s c e p t a b i l i t y  o f  0.0003 t o  0.0010 cgs i s  cons is tent  w i t h  p r o f i l e  

The magnetic 

B-B' . 
Overly ing the  i n te rp re ted  pre-Ter t iary  rocks i n  the  east i s  a , 

l a y e r  ( 3 )  o f  rocks w i t h  an assumed densi ty  o f  2.55 t o  2.60 g/cc and I 

rnagnetic s u s c e p t i b i l i t y  o f  0.0007 t o  0.0015 cgs. Because o f  t he  

p rox im i t y  of the Pavant Range, l a y e r  3 may inc lude a s i g n i f i c a n t  

quan t i t y  o f  pre-Ter t iary  as wel l  as e a r l y  T e r t i a r y  rocks. 

D 

@ The upper 
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boundary o f  t h i s  l a y e r  i s  extremely var ied i n  an e f f o r t  t o  produce a 

f i t  t o  t h e  g r a v i t y  data. 

t he  higher frequency component o f  the g r a v i t y  data p a r t i c u l a r l y  a t  

The v a r i a t i o n s  do not adequately account for  

about 22 km east. The small ho rs t  block modeled i n  t h i s  area i s  

probably i n  e r r o r  and t h e  g r a v i t y  e f f e c t  i s  more l i k e l y  due t o  a very 

near surface va r ia t i on .  

D 

Layer 4, i n te rp re ted  as Neogene rocks, i s  modeled w i t h  a densi ty  B 
o f  2.35 t o  2.40 g/cc and a magnetic s u s c e p t i b i l i t y  o f  0.0007 t o  0.0015 

cgs. This l a y e r  contains th ree  smal ler  bodies w i t h  varying dens i t i es  

and magnetic suscept i b i  1 i t  i es . B 
Layer 5 i s  i n te rp re ted  as a1 1 uvium cemented by t ' r ave r t i  ne 

accompanied by hydrothermal a1 te ra t i on .  An assumed dens i t y  o f  about 

2.53 g/cc and magnetic s u s c e p t i b i l i t y  o f  0.0 are i n t e r p r e t e d  f o r  t h i s  

body. 

B 

Layer 6 i s  modeled w i t h  an assumed densi ty  o f  about 2.50 g/cc and 

magnetic s u s c e p t i b i l i t y  o f  about 0.0032. 

basa l t  , re1 ated t o - t h e  Kanosh c inder  cones . 
This body i s  i n t e r p r e t e d  as 

Layer 7, which was modeled t o  f i t  the  magnetic h igh i n  the  centkr  

o f  t h e  p r o f i l e ,  has an assumed densi ty  o f  2.25 t o  2.30 g/cc and 

magnetic s u s c e p t i b i l i t y  o f  0.0032 cgs. This body was i n i t i a l l y  I 

i n te rp re ted  as a low-density volcanic mater ia l .  

probably not  as t h i c k  (up t o  1 km) as modeled and the re  i s  no evidence 

However, t he  body i s  
'I 

from the aeromagnetic data t h a t  volcanic mater ia l  extends any distance 

t o  the  west, as modeled i n  t h i s  area. 
I 

This body gives a good f i t  t o '  

t he  magnetic data but a smal ler  body would probably f i t as we l l .  
- 

I n  summary, p r o f i l e  C-C' gives a good f i t t o  t h e  g r a v i t y  and 
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aeromagnetic d a t a  b u t  probab ly  does n o t  r e p r e s e n t  a reasonable  

g e o l o g i c  i n t e r p r e t a t i o n  i n  some areas.  

low-dens i ty  body ( l a y e r  7 )  cannot be j u s t i f i e d  from t h e  a v a i l a b l e  

d a t a .  

The presence o f  a l a r g e ,  

B 

D 
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DISCUSS ION 

Resolut ion and Geologic I n t e r p r e t a t i o n  

Because o f  t he  v a r i e t y  o f  d e t a i l e d  geological  and geophysical 

data a v a i l a b l e  f o r  t h i s  study, an e f f o r t  has been made t o  present a 

d e t a i l e d  i n t e r p r e t a t i o n  o f  the subsurface geology. There are, 

however, l i m i t a t i o n s  i n  the  in format ion t h a t  can be der ived from the 

data, and an understanding o f  these l i m i t a t i o n s  i s  important before 

apply ing t h e  geologic i n t e r p r e t a t i o n  t o  f u t u r e  work. A comparison of 

' east-west p r o f i l e  B-B' w i t h  two prev ious ly  i n t e r p r e t e d  p r o f i l e s  from 

nearby areas (Isherwood, 1967 and Carr ier ,  1979) provides some 

guide l ines t o  the  va r ia t i ons  possible i n  the  geologic i n t e r p r e t a t i o n .  

I n  1967 Isherwood conducted a regional  ' g r a v i t y  survey over an 

area which included the  present study area. His  east-west p r o f i l e  

A-A'  (designated I A - A '  i n  t h i s  discussion t o  avoid confusion w i t h  

north-south p r o f  i 1 e A-A'  presented i n  t h i s  study) para1 1 e l  s p r o f  i 1 e '1 

B-B' , approximately 50 km no r th  o f  p r o f i l e  B-B' (Fig.  8) . The western /I 
I 
I p a r t  o f  p r o f i l e  I A - A '  which corresponds roughly w i t h  t h e  western sid,e 

o f  p r o f i l e  B-B' i s  shown i n  f i g u r e  10. I 

The g r a v i t y  anomal i es observed over p r o f  i 1 e B-B'  and I A - A '  have' 

s i m i l a r  shapes, and t h e  lowest g r a v i t y  values are approximately the  ~ 

same (-194 mgal ) . The t o t a l  g r a v i t y  re1 i e f  over p r o f i l e  I A - A '  I 

(approximately 45 mgal) i s  near ly  tw ice  t h a t  over p r o f i l e  B-B' (24 

mgal). The d i f f e r e n c e  i n  amplitudes o f  the anomalies i s  caused by a 
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Figure IO. Comparison of profile LA-A' (Isherwood, 1967, solid lines) 
and profile B-B' (this paper, dashed lines). Distances are 
relative to profile B-B' .  
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r northward increase i n  t h e  Oak City g r a v i t y  h igh and should not a f f e c t  

t h e  i n t e r p r e t a t i o n  o f  t he  g r a v i t y  low on the western end o f  t he  

p r o f  i 1 es . 
Isherwood (1969) d i d  not have t h e  seismic data (McDonald, 1976), 

t he  extensive densi ty  measurements made by C a r r i e r  (1979) , the  

d e t a i l e d  geologic map (Nash and Crecraf t ,  1979; Hoover, 1974) o r  t he  

aeromagnetic data used i n  t h i s  study so i t  i s  not s u r p r i s i n g  t h a t  h i s  

i n t e r p r e t a t i o n  i s  somewhat l ess  deta i led.  The major d i f f e r e n c e  

between the  ' i n te rp re ta t i ons  l i e s  i n  t h e  estimated depth t o  basement 

beneath the  g r a v i t y  low ( 4  km f o r  p r o f i l e  B-B' and 2.6 km f o r  p r o f i l e  

IA-A'). The model f o r  p r o f i l e  B-B' i s  not  s i g n i f i c a n t l y  more complex 

than the model f o r  p r o f i l e  I A - A '  i n  t h i s  p a r t i c u l a r  area. The assumed 

dens i t y  contrast  between the  rocks t h a t  are i n t e r p r e t e d  as Neogene 

sediments and the under ly ing pre-Ter t iary  rocks i s  assumed t o  be -0.5 

g/cc f o r  p r o f i l e  I A - A '  and -0.4 g/cc f o r  p r o f i l e  B-B' . The densi ty  

contrast  used by Isherwood was not based on densi ty  measurements taken 

i n  h i s  area whereas t h e  densi ty  con t ras t  used i n  t h i s  study was based 

upon the  densi ty  measurements o f  C a r r i e r  (1979) i n  and near the  study 

area f o r  l a c u s t r i n e  sediments (average densi ty  o f  about 2.35 g/cc) and 

pre-Ter t iary  rocks (average densi ty  o f  2.75 g/cc). 

includes a great depth o f  unconsolidated a l luv ium o r  i f  t h e  

I f  the  v a l l e y  f i l l  

. i n t e r p r e t a t i o n  o f  t he  rock types i s  i n  e r r o r ,  t he  assumed densi ty  

con t ras t  o f  -0.4 g/cc could be i n  e r r o r  by 0.1 g/cc. This uncer ta in ty  

i n  the densi ty  con t ras t  f o r  p r o f i l e  B-B' could r e s u l t  i n  an e r r o r  i n  

t h e  depth t o  basement beneath t h e  g r a v i t y  low o f  1 km. However, t h i s  

does not f u l l y  account f o r  t he  1.4 km d i f f e rence  i n  the  depth 

4 
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i 

0 
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estimates between p r o f  i 1 e I A - A '  and B-6' . 
The depth o f  4 km used f o r  p r o f i l e  B-B'  was based on the  depth 

sect ion i n t e r p r e t a t e d  from seismic l i n e  3 (McDonald, 1976) located 

about 7 km no r th  o f  t h i s  p r o f i l e .  An average v e l o c i t y  o f  4 km/sec 

(Gertson and Smith, 1979) was used t o  estimate t h e  depth. Again, t he  

presence o f  s i g n i f i c a n t  amounts o f  low-veloc i ty  a l luv ium could 

decrease t h i s  v e l o c i t y  estimate. The v e l o c i t y  i s  probably not i n  

e r r o r  by more than 1 km/sec, w i t h  4 km/sec represent ing a maximum 

value, which would r e s u l t  i n  an e r r o r  o f  -1 km i n  t h e  depth estimate. 

. .  

I n  summary, Isherwood's i n t e r p r e t a t i o n  o f  t he  depth t o  basement 
I 

provides a minimum depth estimate, whereas the i n t e r p r e t a t i o n  

presented i n  t h i s  study probably provides a maximum depth estimate. A 

near ly  2.5 km deep wel l  (McDonald, 1976), d r i l l e d  i n  the area o f  the 

g r a v i t y  low near p r o f i l e  I A - A '  , f a i l e d  t o  penetrate p re -Te r t i a ry  

basement which again makes Isherwood's estimate a minimum depth. 

I n  a g r a v i t y  and heat f l o w  study, C a r r i e r  (1979) used g r a v i t y  

data, taken dur ing t h i s  study along the  western 24 km o f  p r o f i l e  B-B' , 

t o  model a regional  g r a v i t y  p r o f i l e .  The model which C a r r i e r  

presented, designated CB-B', i s  shown i n  f i g u r e  11. 

CB-B' i s  d i f f e r e n t  from p r o f i l e  model B-B' i n  several ways, despi te 

the f a c t  t h a t  C a r r i e r  had access t o  a l l  o f  t he  data used i n  t h i s  

study. The major d i f ferences l i e  i n  t h e  i n t e r p r e t a t i o n  o f  t he  seismic 

data and the  regional  geology. C a r r i e r  (1979) computed a depth 

sect ion from seismic l i n e  20 (McDonald, 1976) using a more complex 

i n t e r p r e t a t i o n  than t h a t  o f  McDonald. C a r r i e r  i n t e r p r e t e d  a t h i c k  

sequence o f  1 ow-densi t y  , 1 ow-vel oc i  t y  Quaternary sediments , extendi ng 

P r o f i l e  model 

b \ 

- 

@ 

D 
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Figure 1 1 .  Comparison of profile CB-B' (Carrier, 1979, solid lines) 

are relative t o  profile B-B'. 
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B 1 km beneath the  surface. Beneath t h i s  l a y e r  he i n t e r p r e t e d  

f l u v i o - l a c u s t r i n e  sediments which were i n t e r p r e t e d  by McDonald as 

extending from the  surface t o  the top o f  a detachment plane. The 

1 ow-vel o c i  ty  1 ayer resu l ted  i n  a s h a l l  ower depth sec t i on  i n C a r r i e r  ' s 

i n t e r p r e t a t i o n .  C a r r i e r  estimated a maximum depth t o  basement o f  3.4 

20.4 km whereas t h i s  study places i t  between 3.0 and 4.0 km. 

B 

# C a r r i e r ' s  model using a correspondingly t h i c k  low-density l a y e r  

resu l ted  i n  an i n t e r p r e t e d  maximum depth t o  basement o f  3.0 km. There 

B 

9 

i s  no d i r e c t  evidence f o r  a t h i c k  sequence o f  low dens i t y  mater ia l  

along the  p r o f t l e ,  but  i t  i s  not an unreasonable i n t e r p r e t a t i o n  f o r  

v a l l e y  f i l l  . 
steeper d i p  along the i n t e r p r e t e d  detachment plane (8' W i n  p r o f i l e  

CB-B' versus 3 . 3 O  W i n  p r o f i l e  B-B'). The steeper dip,  i f  continued 

f o r  5 km east o f  p r o f i l e  CB-B', would b r i n g  the  basement rocks t o  the  

surface i n  an area where no outcrops are found and would requ i re  the  

i n t e r p r e t a t i o n  o f  h igher densi ty  rocks w i t h i n  the  basement t o  account 

f o r  t he  g r a v i t y  h igh east o f  t h i s  area. Again, t he re  i s  no evidence 

f o r  a change i n  the  densi ty  o f  t h e  basement rocks, but  i t  i s  not 

The low v e l o c i t y  o f  the upper l a y e r  resu l ted  i n  a 

7 

P 

I, inconcei vabl e. 

P r o f i l e  CB-B' suggests a greater knowledge o f  t he  subsurface 

geology than might be warranted from the  a v a i l a b l e  data but  i s  not 

inconsis tent  w i t h  the  general geology o f  the area. C a r r i e r  (1979) 

i n t e r p r e t e d  a s l i g h t l y  lower densi ty  (2.71 g/cc) f o r  t h e  basement 

rocks than was assumed i n  t h i s  study (2.75 t o  2.80 g/cc) which 

resu l ted  i n  smal l e r  densi ty  contrasts  f o r  p r o f i l e  CB-B' . The 

placement o f  an intermediate densi ty  (2.55 t o  2.60 g/cc) l a y e r  i n  

I) 

D 

Q 
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p r o f i l e  B-B'  probably, i n  part ,  conpensated f o r  t he  smal ler  densi ty  

contrast  model ed i n  p r o f  i 1 e CB-B ' . * 
As was s tated i n  the  previous discussion o f  Isherwood's p r o f i l e  

B I A - A ' ,  t he  model f o r  p r o f i l e  B-8' probably gives a maximum estimate 

f o r  basement depths. C a r r i e r ' s  model does g ive reasonable depth 

estimates except poss ib ly  i n  t h e  eastern p a r t  o f  h i s  p r o f i l e  where 

water we l l s  (Dennis e t  al., 1946; L i v ings ton  and Maxey, 1944) d i d  not 

penetrate s h a l l  ow basement rocks. 

I n  sumary, even w i t h  a v a r i e t y  o f  geologic and geophysical data, 

t he re  can be wide v a r i a t i o n s  i n  the  i n te rp re ta t i ons .  The add i t i ona l  

data have c e r t a i n l y  improved the i n t e r p r e t a t i o n s  and helped t o  l i m i t  

t he  range o f  poss ib le  i n te rp re ta t i ons ,  but  there s t i l l  remain- 

unavoidable uncer ta in t ies.  The densi t ies,  magnetic s u s c e p t i b i l i t i e s ,  

and seismic v e l o c i t i e s  f o r  a given geologic fea tu re  may vary widely 

over short  distances. It i s  h i g h l y  doubtful t h a t  geologic boundaries 

are as simple o r  abrupt as the  models ind icate;  but, i f  the  

unce r ta in t i es  are c l e a r l y  understood, the rllodel can provide a guide t o  

a geologic i n t e r p r e t a t i o n  t h a t  i s  as reasonable as any geologic cross 

I, sect ion based on surface measurements. 

From the  models presented i n  t h i s  study, a geologic 

i n t e r p r e t a t i o n  i s  shown i n  the  i n t e r p r e t a t i v e  geologic cross sect 

i n  f i g u r e  12. The volcanic flows, which were modeled as one s ing 

D 

ons 

e 

body i n  several places, may represent numerous t h i n  f lows interbedded 

w i t h  the  al luvium. Generally, an e f f o r t  was made t o  choose the  

simplest model which s a t i s f i e d  the data and was g e o l o g i c a l l y  

reasonable. For t h i s  reason, the  t rapazoidal  bodies modeled beneath 

I 

J 

D 
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FIQURE 12. INTERPRETATIVE GEOLOGIC CROSS SECTIONS 
FOR PROFILES A - A '  AND 8-8'  

LEGEND 

SEDIMENTARY DEPOSITS AND R O C K S  ~ - 

Neogene sediments, composed predominantly of sand, 
silt, c lay ,  and gravel .  _. . - 

Neogene sed iments  cemented by t r a v e r t i n e .  

Tert iary (Neogene ? ) s a n d  and g rave l  

E a r l y  T e r t i a r y  s e d i m e n t a r y  r o c k .  . -  

Mesozoic sedimentary r o c k  composed predominantly 
o f  sandstone, 

Paleozoic and 
predomi na n t I y 

Pre -Ter'tiasy: 

shale, I lmestone,  and d o l o m i t e - -  - 

Precambrian sedimentary rock  c o m p o s e d  
of li m e s t  o ne ,  d o l o m i t e , a n d  q u a r t z i t e .  

_ _  .. 
r o c k  o f  unknown composi t lon. .  

. .  

I G N E O U S  . [z] ::&a:" Quaternary  basa l t  

czj P r e c a m b r i a n  c rys ta l l ine  rocks . 

SYMBOLS 

--- I n t e r p r e t e d  geo log ic  c o n t a c t  

. .  

- .  

--- I n t e r p r e t e d  f a u l t .  

'I 
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t he  Kanosh c inder  cones are bel ieved t o  represent a more complex 
0 

i 

sequence of,: basal ts  which are probably continuous a t  depth. Likewise, 

the modeled body o f  t r a v e r t i n e  may represent a l a r g e r  area o f  a l luv ium 

cementation with gradat ional  boundaries. The throw and d i p  shown on 

any i n d i v i d u a l  f a u l t  w i t h i n  the  f a u l t  zone i s  on l y  poo r l y  constrained, 

and t h e  f a u l t  zone could probably have been modeled as a s i n g l e  

s lop ing i n te r face .  The presence o f  surface f a u l t s  and t h e  evidence 

f o r  l i s t r i c  f a u l t i n g  i n  the  seismic data (McDonald, 1976) made t h e  

modeling o f '  i n d i v i d u a l  f a u l t s ,  curv ing a t  depth, preferable.  Too few 

magnetic s u s c e p t i b i l i t y  measurements were made i n  t h e  vo lcanic  rocks 

t o  provide a reasonably good estimate o f  t he  t r u e  v a r i a t i o n s  o f  the ,. 

I, 

magnetic propert ies.  This  may r e s u l t  i n  l a r g e  v a r i a t i o n s  i n  the  t r u e  

thickness o f  the volcanic bodies. The boundary between the  e a r l y  and 

l a t e  T e r t i a r y  sediments i s  probably not d i s t i n c t  but  ra the r ,  i n  par t ,  

a gradat ional  boundary r e s u l t i n g  from compaction o f  t h e  sediments. 

There i s ,  however, a seismic r e f l e c t o r  which corresponds w i t h  t h i s  e 
boundary and may represent a s i g n i f i c a n t  change i n  l i t h o l o g y .  

None o f  t h e  data provided any i n t e r p r e t a b l e  in format ion about the 
I 

rocks beneath the  i n t e r p r e t e d  detachment plane. Therefore, f o r  t he  ' 

purposes o f  geophysical modeling, these rocks have been assumed , 

homogeneous w i t h  respect t o  t h e i r  geophysical proper t ies.  Major 

l a t e r a l  v a r i a t i o n s  i n  t h e  under ly ing rocks would appear as long 

wave-length e f f e c t s  i n  the  data. The i n t e r p r e t a t i o n  presented i n  t h i s  

study assumed t h a t  t he  longest wavelength observed i n  the  g r a v i t y  da'ta 

was due t o  the  detachment plane. This i n t e r p r e t a t i o n  appears 

reasonable f r o m  the seismic data (McDonald, 1976), but  t h e  presence o f  
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deeper v a r i  a t ,  on shou A be considered a p o s s i b i l i t y .  

I n  general , t h e  geologic i n t e r p r e t a t i o n  presented here should be 

considered as a s i m p l i f i e d  representat ion o f  the subsurface geology. 

Addi t ional  data should make fu r the r  improvevents on t h i s  

i n t e r p r e t a t i o n  possible. P a r t i c u l a r l y ,  deep we l l  logs would make i t  

poss ib le  t o  f i x  t he  models i n  t h e i r  v i c i n i t y  and g i ve  add i t i ona l  

in format ion 'on the  geophysical parameters o f  i n d i v i d u a l  geologic 

features.  

I 

/ 

Geot hermal S i  gni f i cance . 
The Meadow-Hatton KGRA i s  located i n  the  area between, and 

inc lud ing,  t he  White Mountain r h y o l i t e  dome and the  Hatton Hot 

Springs. Table 1 i s  a comparison o f  the Meadow-Hatton KGRA w i t h  the 

Roosevelt and Monroe KGRA's. There are a nurnber o f  s i m i l a r i t i e s ,  

p a r t i c u l a r l y  i n  the  young ages of the r h y o l i t e s ,  between t h e  

Meadow-Hatton and Roosevelt KGRA's, but  t he re  i s  no evidence f o r  a I 

l a r g e  volume,of s i l i c i c  igneous a c t i v i t y  a t  Meadow-Hatton. The I 

absence o f  any large gravity or aeromagnetic anomalies associated with 
~ 

b 
the White Mountain r h y o l i t e  dome suggests t h a t  e i t h e r  t h e r e  i s  on l y  a 

small body o f  r h y o l i t e  o r  t h a t  any l a r g e r  body i s  being masked by ' 

poss ib ly  the volcanics o r  t he  t r a v e r t i n e  deposits. The measured 1 

I 
dens i ty  o f  r h y o l i t e  (Appendix €3; Ca r r i e r ,  1979) var ied.  between 2.20 '1 

I, I 
and 2.40 g/cc, which i s  approximately the same as the  dens i t i es  o f  t ee  

i 

shallow sediments. '1 
detectable i n  the  g r a v i t y  data. The measured magnetic s u s c e p t i b i l i t y  

Therefore, t h e  presence o f  r h y o l i t e  may not be 

o f  rhyol  i t e  (Appendix B ; Carter  and Cook , 1978) , i s i ntermedi ate, 



I 

Table 1. . A  Comparison of Roosevelt, Monroe, and Meadow-Hatton KGW's 

21 I Meadow-Hatton - 31 Monroe - 11 Character is t ic  Roosevel t - 
41 Earthquake a c t i v i t y  - 

Volcanism 

Minor Si gni f i can t M i  nor 

51 Quarternary - 51 Basal t ic  o r  Basal t ic  Andesite Mid-Tertiary Tert iary 
S i l i c i c  >0.5 m.y. old ' Ter t i a ry  0.4 m.y. o l d  - 

Grani t ic  P1 uton >10 m.y. old No No 

Hydrothermal A1 t e ra t ion  , Yes Yes Probable 

Hot Springs 

I 

S i  1 iceous deposits 
Travertine deposi ts  

Yes 
No 

NO- 
Yes 

No 61 Yes - 

Fracture system . Yes ? ? 

Faulting 

North-south 
Eas t-west 

- 
Yes 
Yes 

Yes 
? 

61 Yes - 
? 

Heat flow 1-9 w m-2 .55-3. w m-2 ? 

51 Luedke and Smith, 1978 
61 Nash and Crec ra f t ,  1979 

1 - 31 T h i s  paper 
41 Olson and Smith, 1976 

- 11 Ward et a1 . , 1978 - 
- 21 Mase e t  a1 . 1978 - - 
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over lapping w i t h  the  measured magnetic s u s c e p t i b i l i t y  o f  basa l t  but  

somewhat higher than a l luv ium and sediments. The small magnetic , 

anomaly over White Mountain probably o u t l i n e s  t h e  rllaximum extent  o f  \ 

t h e  r h y o l i t e  i n  t h i s  area. The presence o f  hot spr ings and the 

alignment o f  these hot spr ings w i t h  the  c inder  cones t o  t h e  south and 

White Mountain t o  t h e  north, suggests t h e  presence o f  a north-south 

I 

f a u l t  zone which may a c t  as a condui t  f o r  hot water c i r c u l a t i n g  t o  

depths s u f f i c i e n t  t o  heat t he  water i n  a manner s i m i l a r  t o  the  Monroe 

Hot Springs. Again the  presence o f  t he  t r a v e r t i n e  deposi ts over t h i s  

f a u l t  may be masking the  expression o f  such a deep f a u l t  i n  the 

g r a v i t y  data. A normal Basin and Range geothermal gradient  o f  50°Cl/km 

would be s u f f i c i e n t  t o  heat water a t  a depth o f  4 km t o  200OC. This 

geothermal gradient was measured by C a r r i e r  (1979) f o r  t h e  area l y i n g  

t o  the  southwest o f  t h i s  study area, and t h e  i n t e r p r e t e d  detachment 

plane i s  modeled a t  depths o f  up t o  4 km, p rov id ing  both a heat source 

and condui t  f o r  t h e  c i r c u l a t i o n  o f  hot  water. Geochemical studies, 

heat f l o w  o r  an e l e c t r i c a l  survey rllay prove useful  i n  evaluat ing t h i s  

hypothesis . 
I n  general , the study area bears a c lose r  resemblance t o  the  

Monroe KGRA than t o  t h e  Roosevelt KGRA and may have p o t e n t i a l  as a 

l o c a l  source o f  heat r a t h e r  than a large-scale power source. Further 

studies w i l l  be requi red t o  assess the  t r u e  geothermal p o t e n t i a l  o f  1 

I 

I 

the Meadow-Hatton KGRA. I 
I 

A number o f  i n t e r e s t i n g  and poss ib ly  important questions remain 

unanswered i n  t h e  area o f  t he  Meadow-Hatton KGRA. 

anomaly which extends beneath the  Kanosh c inder  cones, across the  

The magnetic 
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a l luvium, t o  the  Tabernacle f i e l d  may be re la ted  t o  the  White Mountain 

r h y o l i t e  dome. 

t o  have a s i g n i f i c a n t  e f f e c t  on the g r a v i t y  data, which suggests a 

The body causing the  magnetic anomaly does not  appear 
I 

dens i ty  s i m i l a r  t o  the  dens i ty  o f  t h e  al luvium. This  low-density 

vo lcanic  body would be appropr ia te f o r  r h y o l i t e .  A knowledge o f  t he  

extent  of t he  t r a v e r t i n e  i n  the  area o f  t h e  Meadow-Hatton KGRA would 

I) he lp  i n  separat ing i t s  e f f e c t  from under ly ing va r ia t i ons  such as those 

associated w i t h  f a u l t i n g .  
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CONCLUSIONS 

The d e t a i l e d  g r a v i t y  and aeromagnetic study o f  t h e  Black Rock 

Desert area has provided a reasonable geologic i n t e r p r e t a t i o n  o f  t he  

subsurface o f  t he  study area, p a r t i c u l a r l y  by r e l a t i n g  a number of 

d i f f e r e n t  types o f  data t o  f o r m  a cohesive i n t e r p r e t a t i o n .  The 
I 

i n t e r p r e t a t i o n  o f  seismic r e f l e c t i o n  data by McDonald (1976), used as 

the basis f o r  g r a v i t y  modeling, was shown t o  be a reasonable geologic 

i n t e r p r e t a t i o n .  

I 

Pre-Ter t iary  baserllent rocks are i n t e r p r e t e d  as 

varying i n  depth across a cen t ra l ,  nor th- t rending f a u l t  zone f r o m  a 

depth of approximately 4 km i n  the  west t o  a depth o f  approximately 1 

kq i n  the east -  

I 

The top o f  t he  pre-Ter t iary  basernent rocks i s  

i n t e r p r e t e d  as a gen t l y  d ipp ing (about 3" W )  detachment plane above 

which sediments are displaced along l i s t r i c  normal f a u l t s .  The 

i n t e r p r e t a t i o n  shows t h a t  t h e  l i s t r i c  f a u l t s  are i n d i s t i n g u i s h a b l e  i n  

the g r a v i t y  data from Basin and Range type f a u l t i n g  and should r e s u l t  

i n  s i m i l a r  depth t o  basement estimates. I 

. 

The surface geologic mapping (Nash and Crecraf t ,  1979) was used! 

t o  l o c a t e  f a u l t s  f o r  t h e  g r a v i t y  model and t o  determine the  surface 

extent o f  basa l t  f i e l d s  f o r  aeromagnetic modeling. 

tops o f  t he  'bodies represent ing t h e  basa l t  t o  t h e i r  surface 

By r e s t r i c t i n g  the 

expression, an estimate o f  the thickness o f  t he  basa l t  was obtained I 

from aeromagnetic modeling. It vas genera l ly  assumed t h a t  v a r i a t i o n s  

i n  the  th ickness o f  t he  basa l t  were the r e s u l t  o f  f l o w  upon an 
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i r r e g u l a r  surface created by f a u l t i n g  and/or erosion. 

t ha t ,  whereas thicknesses var ied considerably w i t h i n  a s i n g l e  f i e l d ,  

t he  modeled' basal ts  were genera l ly  l ess  than 0.2 km th i ck .  

It was found 

. The g r a v i t y  and aeromagnetic data were modeled simultaneously t o  

determine the  e f fec t  o f  t he  h igh densi ty  basal ts  on the  g r a v i t y  data 

and t h e  e f f e c t  on the  magnetic data o f  volcanic q a t e r i a l  w i t h i n  t h e '  

v a l l e y  f i l l  . None o f  the ava i l ab le  data 

in format ion about t h e  pre-Ter t iary  rocks 

detachment plane. This may suggest t h a t  

v a r i a t i o n s  i n  the  geophysical proper t ies 

or, more l i k e l y ,  t h a t  the va r ia t i ons  are 

techniques used . 

I 

gave i nte rp re tab l  e 
11 

under ly ing the  i n f e r r e d  I 

t he re  are no l a t e r a l  I 

I 

w i t h i n  t h i s  sequence o f  rocks 

not resolvable w i t h  the  
I 

A comparison of the Meadow-Hatton KGRA w i t h  the  Roosevelt and [ 

Monroe KGRA's (Table 1) shows t h a t  t h e  Meadow-Hatton geothermal system 

may bear a c lose r  resemblance t o  Monroe than t o  Roosevelt KGRA. The 

lack o f  evidence f o r  a l a rge  body o f  s i l i c i c  igneous ma te r ia l  o r  

, 

I 

near-surface heat source suggests t h a t  the hot spr ings a t  

Meadow-Hatton are produced by water c i r c u l a t i o n  along deep f a u l t s .  I 

The north-south alignment o f  t he  Kanosh c inder  cones w i t h  the  hot 

spr ings and White Mountain i nd i ca tes  the  presence o f  a f a u l t  zone i n  

I 

I 

i 
the KGRA. This f a u l t  zone appears t o  be masked i n  the  g r a v i t y  and i I 

I 
' 

Fur ther  studies i n  the KGRA w i l l  be required t o  

aeromagnetic data by t h e  t r a v e r t i n e  deposi ts associated w i t h  the  

Hatton Hot Springs. 

assess i t s  geothermal p o t e n t i a l  but  p re l im ina ry  r e s u l t s  would i n d i c a t e  

t h a t  Meadow-Hatton has po ten t i a l  as a l o c a l  heat source. It i s  

suggested t h a t  geochemical, heat f low, and e l e c t r i c a l  studies may a i d  



i n  the determinat ion o f  a heat source and m ig ra t i on  path f o r  f l u i d  ' 

c i r c u l a t i o n .  D r i l l  ho le  data would be useful  i n  determining the  

extent of t he  t r a v e r t i n e  i n  the  KGRA so t h a t  t he  e f f e c t  of the 

t r a v e r t i n e  could be removed from t h e  g r a v i t y  and aeromagnetic data. B 

1 

\ 
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The g r a v i t y  data taken i n  t h i s  study were computed w i t h  reference 

t o  a base s t a t i o n  designated LYOO2, f o r  which t h e  observed g r a v i t y  was 

taken as 979571 -84 mgal . This value was obtained from t i e s  between 

LY002 and the  f o l l o w i n g  base s ta t i ons  i n  the  Utah g r a v i t y  base stati 'on 

network (Cook e t  a1 ., 1971): 1) Delta,  Utah; 2) Beaver, Utah; 3 ) '  

Mi l fo rd ,  Utah; and 4)  t h e  Un ive rs i t y  o f  Utah base s t a t i o n  a t  S a l t  ' 

Lake City, Utah. A complete desc r ip t i on  of t he  g r a v i t y  base s t a t i o n  

I 

B 

LY002 i s  given below. Add i t iona l l y ,  LY002 was t i e d  t o  LYOO1, which 

was the  base s t a t i o n  used by Isherwood (1967) and the  Un ive rs i t y  o f  

Utah g r a v i t y  c lass  o f  1977. A complete desc r ip t i on  o f  the  g r a v i t y  

base s t a t i o n  LYOOl i s  given by Isherwood (1967, p.  28). 

Descr ip t ion  o f  g r a v i t y  base s t a t i o n  LYOO2 

Grav i ty  base s t a t i o n  LYOO2 i s  located i n  f r o n t  o f  t h e  M i l l a r d  

County cour t  house i n  F i l lmore  a t  a benchmark located beneath the  f l a g  

pole. The bench mark i s  designated "U.S.G.S. H138" and i s  on the  

sidewalk about 1 meter nor th  o f  t he  f l agpo le  and about 10 meters east 

o f  the  county cour t  house bu i ld ing .  I 

I 
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Table 2. Grav i ty  Data 
( 

Explanat ion o f  L i s t i n g  o f  P r inc ipa l  Facts of Grav i t y  Stat ions 

Un i t s  

L a t i  tude degrees, minutes j 
1 

Longitude degrees, minutes 1 
L 

I I 

E l eva t i on  , 

Observed g r a v i t y  

Theoret ical  g r a v i t y  l/ 
Free-ai r g r a v i t y  anomaly V a l  ues 

Simp1 e Bouguer g r a v i t y  anomaly Val ues 

Terra i  n Correct ion (T.C . ) - 3/ 

meters 

mga 1 

mgal 

mga 1 

mgal - 2/ 

mgal z/ 
I 

Compl e te  Bouguer g r a v i t y  anomaly V a l  ues rngal z/ I 

Stat ions taken dur ing t h i s  study are p re f i xed  by 'LY'. Stat ions 

taken by t h e  U n i v e r s i t y  o f  Utah g r a v i t y  c lass o f  1977 are p re f i xed  by 

' 7 7 ' .  Stat ions taken by Isherwood (1967) are p re f i xed  by 'WI'. 
I 
I I 

The f o l l o w i n g  s t a t i o n s  were not used t o  produce t h e  f i n a l  I 
I 

complete Bouguer g r a v i t y  anomaly map because they r e s u l t  i n  s i n g l e  I 
p o i n t  anomal i es . 

LY071 

LY 203 , 

I 
I 
I 
I 

j 

LY 287 
I 
i 
i 

- 1/ Theoret ical  g r a v i t y  a t  mean sea l e v e l ,  using the In te rna t i ona l  1 

- 2/ A densi ty  of 2.67 g/cc was assumed f o r  a l l  ca l cu la t i ons .  
- 3/ Ter ra in  co r rec t i on  out t o  a r a d i a l  d istance of 166.7 km from each 

LY458 

Grav i t y  Formula. 

s ta t i on .  
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STAT, LATiTODE LONGITUDE ELEVe 

LYU34 
LY(ia5 
LY0.26 
LY037 
LY036 
LYO39 
LYU40 
LY04l 
LY042 
L Y  043 
LYti44 
LY045 
LY 046 
LY047 
LY046 
LY049 
LYOSO 
L Y U S l  
LYUS2 
LY053 
LY054 
LYbS5 
LY056 
LYlr57 
LYU58 
LY059 
L Y  U60 
LY061. 
LY b62  
LY Uta3 
LYU64 
LYUb5 
LYU66 

.. . .__ . .. . 

OBSERVED THEOR, FREE SIMPLE COMPLETE 
GRAVITY GRAVITY A I R  BOUGUER T m C a  BOUGUER 

979594 77 
979597.36 
979588.91 
979602.11 
979600r01 
979597.63 
979597.30 
979596.81 
979596.62 
979595.40 
979594 54 
979594 52 
979593.98 
979593 r 6 1  
979593 66 
979593.58 
979593 45 
979593.23 
979592.47 
979592 20 
979590.91 
979584 80 
979573.61 
979552.73 
979540 38 
979531.19 
97950LOO 
979511.87 
979481.20 
979534 36 
979559.81 
979533.. 30- 
979557 55 

980051r97 -10.23 
980052.37 -13.31 
980050*89 -10.69 
980054.84 -14.88 
980054.84 -16.23 
980053.37 -16.10 
980053.38 -16.45 
980053.41 -16.70 
980053.38 -16.47 
980053r31 -16.87 
980053.44 -17.57 
980053.48 -18.30 
980053.55 -18.93 
980053.59 -19.97 
980053.62 -20.41 
980053.62 -20.60 
980053.63 -21.59 
980053.63 -21.83 
980053.63 -22067 
980053.63 -23.12 
980053.67 -23.96 
980051a16 -5.94 
980051 16 54 
980051.28 5.13 
980051e28 12.44 
980050.95 16.01 
980050*55 29.09 
980050*80 20.72 
980050r23 31.71 
980051.78 14.11 
980052e51 5.16 

980053 9 50 4 17 
9 8 0 0 5 2 , ~ ~  --i6,82- 
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STAT 

LYOOl 
LYUU2 
LY003 
LY(104 
LYUUS 
LYU06 
LYU07 

LYU09 
CY010 
L Y O l l  
LYu12 
LY013 
LYUl4 
LYU15 
LYUl6 
LYU17 
LYU18 
LYU19 
LY 020 
LYO21 
LY u22 
LYtJ23 
LY 024 
LY (125 
LYclic6 
LY uii7 
LYU28 
LY029 
LY 030 
LY031 
LY032 

Lyooa 

LATITUDE LONGITUDE 

38r50.28 112021.12 
38058.07 112.19040 
38.57.00 112020063 
38.56.15 112.21070 
30.56012 112022.38 
38056.13 112.23018 
3t)r56.13 112024.04 
38056.14 112024060 
38056.15 112.25017 
36056.15 112.25.75 
38.56016 112026.30 
38056.17 112026r86 
30056.18 112.27046 
38.56.19 l l i r r 2 7 r 9 1  
38.56.18 112028.53 
38056.20 112029r10 
38a56.34 112029.91 
38.37054 112.29.67 
38058.75 112022028 
36058.75 112r23r98 
38.58075 112024.82 
38158.75 112025.67 
38.58075 l l i i r26.24 
30.58.78 112.26080 
38058.80  112027.37 
38057.80 112026.80 
38057.88  112025.66 
30057.08 112024.25 
38.57088 112023.13 
38057.05 112.24015 
38.57.00 112023.13 
380S4.81 112.24.08 

ELEV 

1521 

1535. 
1512. 
1492 
1472 
1458. 
1449. 
1443 
1437. 
1433. 
1429. 
1426. 
1425. 
1424. 
1423. 
1423. 
1426. 
1490 
1456. 
1446. 
1433. 
1427 
1423. 
1418. 
1424. 
1434. 
1455. 
1476. 
1456. 
1474 
1472 

1565. 

OBSERVED THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979583069 
979571 a84 
979577 . 35 
979580 51 
979584 80 
979590.77 
979594.84 
979596 r 08 
979598.23 
979599 . 37 

979599.95 
979599.67 
979599. 04 
979598r41 
979598 00 
979597 89 
979598.45 
979593.00 
979600.16 
979601.87 
979603.56 
979604.23 
979604.05 
979604.03 
979602.93 
979602.20 
979599 76 
979595 25 
979597067 
979592 073 
979590 30 

979599.7a 

980055.19 -2.24 
980055.02 0.18 
980054.07 -3.04 
980053.32 -6.38 
980053.30 08-13 
980053.31 -8.24 
980053.31 -8.41 
980053031 -9.36 
980053.32 -9.96 
980053032 -10.66 
980053032 -11.46 
980053.34 -12.53 
980053a35 -13.49 
900053.35 -14.50 
980053r35 -15.41 
980053.37 -16.21 
980053.48 -16.62 
980054.55 -16.13 
980055.61 -2.76 
980055.61 -5.56 

980055.61 -9.70 
960055.61 -11.08 
980055.64 -12.44 
980055.66 -13.97 
980054084 -12.55 
980054.84 -10.18 
980054.84 -6.14 
980054.84 04.05 
980054.11 -7.21' 
980054.07 -6.37 
980052.14 -7.45 

980055.61 -7.62 

SIMPLE 
BOUGUER 

-172.17 
-175008 
-174 57 
-175.28 
-174 86 
-172.75 
L171.38 
-171.25 
-171 12 
-171 18 
-171 54 
-172.17 
-172.89 
-173 76 
0174.57 
-175.24 
-175.58 
-175.48 
-169.20 
0168.47 
0169.17 
-169.93 
-170 52 
-171.46 
-172 45 
-171.65 
-170.40 
-168.71 
-169001 
-169 89 
-171 12 
-171.99 

COMPLETE 
T I C .  BOUGUER 

1.15 
1.67 
1.68 
1.67 
1.46 
1.23 
1.02 

89 
a78 
068 . 59 
52 

a45 
040 . 34 
30 

025 
020 
0 86 
063 . 54 
045 . 39 . 34 
e30 
0 4 0  
0 5 1  
069 
0 8 5  
083 

1.02 
1.27 

-171 02 
0173.42 
-172 89 
-173.61 
-173.40 
-171 52 
-170 36 
-170 36 
-170.34 
-170 50 
-170.95 
-171.65 
-172 44 
-173.36 
-174.23 
a174094 
-175.53 
-175 28 
-168 42 
0167.85 
-168 63 
a169.49 
-170 13 
-171 12 
-172.15 
-171.25 
-169 89 
-168 02 
0168.16 
-169. 06 
-170 1 0  
-170.72 
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STAT. LATITUDE LONGITUUE ELEVo 

LY067 
LY Ob8 
LYU69 
LY070 
LY071 
LY072 
LY073 
LY074- 
LY075 
LYc176 
LY077 
LY078 
CY079 
LYb80 
LYU81 
LY062 
LYut33 
LYb3A 
LYlr04 
LYU85 
LY(r66 
LY(rb7 
LYU68 
LYLlt39 
LY lr90 
LYU41 
LY u92 
LY093 
LYu94 
LY U Y 5  
LYU96 
LY c19a 
LY 098 

38056.54 l l i i033.69  
38.56052 112033.92 
38.56050 112.34014 
38056.49 112034038 
38056.53 112034059 
38056.64 112034077 
38057.30 L12036013 
38056.56 l l i r036.51  
38.56048 112035096 
38056.46 112035042 
38056.48 112035.20 
38r56j.40 l l i r034.98 
38.56048 112039074 
380S6.50 112.34056 
38056.58 112036.94 
38057.00 112018.35 
38056.15 112.18000 
38057.06 112017038 
38057.26 112016.70 
38057.70 112015.83 
38058.07 112016.42 
38058.75 112.16068 
38058.75 112015028 
39. 6.86 112016.90 
390 7.24 112.20005 
38055.96 112.37024 
38054.99 112r37.88 
38054.46 112038.10 
38053.03 112038.04 
38052.65 112038.32 
38058.20 112034.93 

38.59036 112034.71 
-3 8 0.5 8 59-1 1 2 0-3 5 0-2 3=- 

14220 
1424 
1424, 
1428, 
1433, 
1440. 
1423. 
1426 
1428, 
1430 
1431. 
1430 
1430 
1429. 
1431. 
1630, 
16960 
1688, 
1641 
1737. 
1742. 
1707, 
1833, 
1532. 
1468, 
1441 
1449. 
1458, 
1490. 
1484. 
1410. 
-1-2 6 5 e- 

1422, 

‘ d  

OBSERVED THEOR. FREE SIMPLE COMPLETE 
G R A V I T Y  GRAVITY A I R  BOUGUER T o C o  BOUGUER 

979590.47 
979589.49 
979588.01 
979587 . 52 
979586.61 
979584 05 
979584023 
97958 1 2 1 
979583.24 
979584 . 35 
979584.61 
979585.42 
979585.92 
979586.91 
979580.05 
979558.41 
979542.90 
979546.79 
979556084 
979538077 
979538.27 
979546.61 
979518.86 
979626 01 
979642 35 
979577020 
979574 15 
979572.01 
979565 09 
979564098 
979586.91 

979586 68 
- -97-96-16.63 - 

980053066 -24.40 
980053064 -24.71 
980053.63 025.38 
980053062 -25.48 
980053066 -24.98 
980053075 -24.66 
980054033 -31.12 
980053.67 -32.37 
980053062 -29.61 
980053059 -28.10 
980053062 -27.51 
980053062 -26.76 
980053062 -26.27 
980053063 -25.68 
980053070 -32.07 
980054o07 7.36 
980053032 12.07 
980054012 13.51 
980054 e 30 9 08 
960054.68 20022 
980055.02 20.94 
980055.61 17.63 
960055061 28.97 
980097.99 075 
980098033 -3.08 
980053.15 -31.15 
980052.30 130.90 
980051.84 -29.77 
980050.57 -25.63 
980050.23 -27.19 
980055013 -30.57 
-98 0 055 9-4-7----3 1 5 1 
980056015 -30.77 



W 

1 
! i  

! 

STAT . 
LYOL9 
LYlOO 
LYAOl 
LYl02 
LYlU3 
LYA04 
LYA05 
LY106 
LYAO7 
LYAOB 
LYAO9 
LY 110 
L Y l l l  
LY112 
LYiA3 
LY114 
LY115 
LYA16 
LY117 
LYA18 
LYA19 
LY 120 
LYA21 
LY122 
LY 123 
LY lP4  
LYi25 
L Y  Ak6 
LY127 
L Y  A28 
L Y  A29 
LY130 
L Y l 3 l  

LATITUDE LONGITUOE 

38.59089 112.34005 
38.56096 112034006 
38057.84 112034072 
38057.24 112034021 
36r58.06 112.33096 
380$8.54 112.33013 
38058063 11kr32.06 
36e511.91 112031.12 
38054.51 112029.25 
38055.32 112029.67 
36rS402O 112029071 
38054.19 112030.52 
38.53.75 112.31004 
38053.56 112031.38 
38053.41 112031.61 

38e52.97 l l i r r 3 2 0 3 1  
38053.28 1 1 ~ 0 3 2 0 4 9  
38053.48 112033006 
38053.56 112.33062 
38.53.50 112034r01 
30053o08 112034.39 
38054o04 l l i r0330O4 
38054.43 112034003 
380SSo31 11Z033098 
39. 026 112.21.15 
39. 028 112022028 
390 m89 112022.29 
390 1.83 112a22029 
39. 2.25 112022.24 
390 2.26 l l;L.21072 
390 g,2,g&-Tl-=- 2.26 l.12*21-.25- 

do21072 

3a.53.21 1iz.31.96 

Of3SERVED 
ELEV G R A V I T Y  

1420, 
14220 
14180 
1421 
1420, 
1418, 
1422, 
1429, 
1428. 
1427, 
1429. 
1428, 
1429, 
1437, 
1438, 
1434. 
14320 
1444, 
14400 
1447, 
14460 
1451, 
1443. 
1433, 
14340 
1498, 
14860 
1501. 
1472. 
14590 
14640 

9795880 17 
979588.27 . 
979587068 
979588.96 
979588 76 
979591.33 
979594.43 
979596 03 
979597.11 
979597.16 
979596.78 
979597 081 
979597 08 
979594 . 97 
979593.90 
979593.88 
979593. 03  
979591 14 
979590.63 
979587.30 
979586 52 
979583.55 
979587 e 42 
979588.40 
979586.73 
979629.22 
979632.81 
979631e37 
979638 16 
979641 30 
979640066 

THEOR, FREE 
GRAVITY A I R  

980056062 -30.31 
980055079 028.82 
980054.81 -29.57 
980054029 -26.73 
98OO55oOO -28.12 
900055o42 -26.62 
980055049 -22.29 
980055.74 -18.77 
980051o88 -14.07 
980052.59 -15.05 
980051e60 -13.87 
980051059 -13.11 
980051.21 -13.19 
980051004 -12.68 
980050091 -13.23 
980050.73 -14.30 
980050o52 -15.51 
980050.79 013.99 
9130050o98 -15.91 
980051o04 -17.25 
980050.99 -18.35 
980050061 -19.45 
980051046 -18.67 
980051o80 -21.34 
980052058 -23.29 
980092.20 -059 
980092.20 0.94 
980092073 1.97 
980093.56 -1.28 
980093093 -2m45 
980093095 -1.61 

980094059 -3.44 
_9€?0093o95_ _ _  012- 

SIMPLE COMPLETE 
BOUGUER T o C o  BOUGUER 



v 

1 

. . . .  . . 

STAT 

LYA32 
LY133 
LYA34 
LYI55 
LY136 
LY137 
LY138 
LY 139 
LY140 
LYA41 
L Y  142 
LY 143 
LY A44 
LY 145 
LYA46 
L Y  147 
LYA48 
LY149 
LY150 
LY1S1  
LY1S2 
LY153 
LY 154 
L Y  155 
LY 156 
LY157 
CY158 
LYA59 
LY fbO 
LYAbl 
LYIb2 
LY163 
CY164 

LATITUDE LONGITUDE €LEV 0 

1454. 
1459, 
1455. 
14530 
1455, 
1440 
1440. 
15700 
15580 
14360 
14480 
14690 
14810 
1489. 
1524 
1494. 
1435. 
1528. 
16190 
1599. 
15330 
15100 
1484 0 

1499 
15200 
54680 
1461 0 

1470, 
1521. 
1492 
1429. 
1428 

-WE67 

OBSERVED 
G R A V I T Y  

979642030 
9796420 12 
979641095 
979640 80 
97964 1 84 
979643.10 
979646020 
979617046 
979619093 
979584 50 
979577 38 
979576040 
979574020 
9795680 13 
979558.47 
979563 53 
979587 63 
979566 95 
979599.60 
9796070 53 
979625.98 
979630 087 
979637 73 
979635073 
979631.24 
979641077 
979642 41 
979640043 
979631 054 
979632 52 
979599.81 
979599.80 
979599034 

THEOR, FREE 
G R A V I T Y  A I R  

980095023 -4.31 
980095o84 -3.55 
980096024 -5.25 
980096023 -7.14 
980097010 -6.43 
980097002 -9.68 
980097080 -7.10 
900097079 4.17 
980096081 3.85 
980053006 -25.46 
980052051 -28.11 
980052019 022.53 
980050095 -19.62 
980049049 -21.85 
900050015 -21.29 
980047061 -23.10 
980047055 -17.19 
980046001 -7055 
980092012 7.12 
980096020 4.76 
980097 12 1 88 
980097012 -028 
980097o02 -1.23 
980096024 2.08 
980095050 4.91 
980097o03 -2.27 
980097002 -3.78 
980095047 -1.35 
980094069 6.23 
980093001 -003 
980053035 -12.50 
980053035 -12.99 
980053%35 -13.82 

SIMPLE 
BOUGUER 

-166 79 
-166056 
-167086 
-169047 
-168096 
-170054 

-171.28 
-170.23 
-185091 
-190.01 
-186.66 
=185015 
-188027 
-191 063 
-190 03 
-177051 
-178.29 
w173080 
-173.92 
-169 41 
-169.02 
-167010 
-165.43 

0 99 
-166 31  
-167003 
-165067 
-163 0 75 

-172.21 
-172 52 

-168.06 

-166.80 

-173;-22- - 

T o C o  

. 54 
54 
52 

040 
0 46 
36 
33 

1.14 
1046 

005 
05 . 02 
07 
14 

015 

52 
1065 
1082 
1052 
1.13 

95 
0 77 
080 . 85 
0 66 
0 57 
063 . 92 
083 
0 48 
46 

---.4'2 -- 

. l 8  

COMPLETE 
BOUGUER 



STAT LATITUDE LOIUGITUDE ELEVo 

LYA65 
L Y  166 
LY A67 
LY160 
L Y  169 
CY170 
LY171 
LY172 
LY173 
LYA74 
LY175 
LY176 
LY177 
LYA7S 
LY A79 
L Y  180 
L Y l b l  
LY162 
L Y  163 
LY164 
LY 185 
LYlC'j6 
LY187 
LYlf38 
LY169 
LY190 
LY191 
LY A92 
LY 193 
LY194 
LY195 
LYA96 
LY 197 

38056.18 112028019 
38056.19 112.28075 
38056.20 112029030 
30056.20 112029078 
38056.21 1120300OO 
38055.53 112031061 
38054.77 l l k .31082 
36048.92 lli2.31.95 
38.48046 112.31095 
38047.79 112.31095 
30047.79 112.32.50 
38047.36 112032.55 
38.47091 112.33007 
36048.47 112032.50 
38.50025 112.33060 
38049.89 112.32086 
38048.25 112.36092 
38047.36 112036097 
38046.73 112.37000 
38045.56 112036014 
38046.05 112034075 
38046.73 112035.94 
38047.26 112035060 
38048.02 112034.37 
38048.09 112035062 
38050.23 112036069 
38050.72 112037rOO 
38052.09 112037.08 
38051.60 112034.53 
38050.90 112035.66 
38045.53 112.33049 
38045o36:1120.32053; 
38046.51 112031041 

OBSERVED THEOR. FREE SIMPLE 
G R A V I T Y  G R A V I T Y  AIR BOUGUER 

979598r77 
979598 o 11 
9795980 08 
979597079 
979597075 
979588005 
979585 o 74 
979565.26 
979503040 
979561077 
979581 057 
979579.95 
979581 15 
979583.20 
979586061 
979587 78 
979556095 
979554.08 
979550 57 
979551024 
979567 18 
9795590 13 
979563 56 
9795790 05 
979563 15 
979564062 
979564.70 
979560 093 
979578 32 
979572026 
979564.96 

980053.35 -14068 
980053.35 -15.71 
980053037 -16.32 
980053.37 -16.70 
980053.37 -16.55 
980052.77 -16.06 
980052010 -16.71 
980046.97 -17066 
980046.59 -18.02 
980045.98 -17.06 

980045.60 -17.74 

980046.58 -19.33 
980048.15 -18.85 
980047.83 -17.60 

980045.98 -18.77 

980046.08 -19.47 

980046.38 -22.05 
980045.60 -18.60 
98OO45oO5 -16.37 
980044.02 -17.41 
980044.45 -19.48 
980045.05 -16.09 
980095.52 -15.19 
980046.18 -21.07 
ga0046.24 -14.96 
980048.12 -22.61 
980048.55 -22.88 
980049.75 -22.57 
980049.31 -18.95 
980048.72 -18.96 
98OO44oOO -11.29 

COMPLETE 
T o C o  BOUGUER 

-027 ~ 

e 2 5  
14 . 19 

0 64 
e71 
0 87 
e 8 0  
0 89 
0 69 
0 65 
0 36 
043 
024 
32 
36 
57 

085 
.49 
*45 
55 

.39 
013 
14 

0 12 
17 

0 15 
1.18 



STAT 

LY19t3 
LY 199 
LY200 
LYZOl 
LY202 
LYZU3 
LY204 
LYP05 
LY206 
LY207 

LY209 
LY210 
LYir l l  
LY212 
LYZ13 
LY214 
LYz15 
LY216 
LY217 
LY210 
CY219 
LY220 
LYz21 
LYZ22 
LY223 
LY224 
CY225 
LY226 
LYt27 
LYiC28 
LY229 
LYZ30 

u z o a  

LATITUDE LONGITUDE ELEV. 

38.46067 112030a65 1533, 
38046.83 112029.14 15410 
30046.98 112r28.03 1531. 
38r47.14 112026.95 1527, 
38047.74 112027033 1514, 
36047.69 112.25059 15470 
38048.21 112026055 1521. 
38046.82 112026.65 1557. 
30a45r60 112.26035 1680. 
38045.12 112028.17 1663. 
38047.31 112*25*19 1563. 
38.46092 112025051 1579. 
38045.61 112025.32 1737, 
38049.11 112025021 1511, 
38r49.11 112024.28 1534. 
38049.89 112.23076 1547, 
38049.84 112023.07 1600, 
38050.64 112023.68 1553. 
38051.36 112.22.93 1561. 
38a52.17 112023.38 1519. 
48052.38 112024.82 1468, 
38.52042 112025.80 1455, 
38.52.42 112026.36 1454, 
38052.43 112027r20 1455, 
38.52012 112r29rO2 1457, 
36a51.90 112028.37 1458. 
38a51.10 112.28035 1459, 
30.50.42 112025055 1480. 
38049.77 112*26*35 1486. 
38049ol2 112027.75 1489, 
38049015 112.28031 1483, 
38049.78 _ _ _  l l 2 0 2 8 r 3 2  - - _  1475, ~8-~.l-l-o-~-l-- - - ----1-464-- 

0 .  2.26.39 . 

OBSERVED THEOR. FREE 
GRAVITY GRAVITY A I R  

979564 e 49 
979561 084 
979563. 15 
979564.91 
979568.45 
979569.94 
979569 027 
979557.87 
979528.45 
979530 62 
979557.79 
979552.98 
979514.45 
979574 a 14 
979567 36 
979565.93 
979553.81 
979567.19 
979565.48 
9795770 09 
979586.73 
979589 43 
979591 a37 
979592.01 
979590.40 
979590 087 
979590 07 

979579 26 
979578 78 
979581.23 
979585.24 
979% 16 

~ 9 5 a 2 . 2 5  

980045.00 -7.59 
980045r13 -7.59 
980045027 -9.56 
980045a41 -12.55 
980045a94 -10.40 
980045089 1.49 
980046.34 -7.74 
980045a13 -6.91 
980044a05 2.76 
980043e63 28 
980045.55 -5.53 
980045.22 -4.91 
980044.07 6.52 
980047.14 -6.75 
980047.14 -6.48 
980047.83 -4.46 
980047.79 0.17 
980048.46 -2.17 
980049.14 -1.80 
980049r81 -3.85 
980050aOO -10.37 
980050a05 -11.48 
980050a05 -10.11 
980050o05 -9.10 
980049.77 -9.67 
980049.58 -8.92 
980048.89 -8.66 
980048.30 09.29 
980047.73 09.85 

980047a17 -8.26 
980047073 -7.34 

980047.14 -8.88 

9 8 - 0 r n i 8 9  -1 1.05 

SIMPLE 
BOUGUER TeCo 

-178.83 
-179.88 
-180.68 
-179 90 
-179 54 
-171 040 
-177 a 74 
-180.85 
-184096 
w185e60 
-180 a 15 
-181r38 
-187.62 
-175 59 
-177.87 
-177.35 
-178 a 98 
-175 67 
-176.29 
-173r64 
-174 37 
-174 12 
-172 a 54 
a171a67 
-172.51 
-171.79 
-171.67 
-174 69 
-175.92 
-175.27 
-173.99 
-172. 15 
-174 61  

1.29 
1 0 4 1  
1064 
2.09 
1.50 
2.00 
1.54 
2.72 
3.59 
4.08 
2.34 
2.38 
3.59 
1.93 
2057 
2.84 
3.67 
2.65 
3.27 
2.46 
1.56 
1.17 
1.00 

.e2 . 55 
65 . 73 

1.57 
l o35  
1.09 . 99 

89 
1.17 

W 

COMPLETE 
B 0 U G U E R 

-177 . 54 
-178.47 
-179.05 
-177.82 
-178 04 
-169.40 
-176.20 
-178. 13 
-181.37 
-181 52 
-177.81 
-179.00 
-184.03 
1173.66 
-175.30 
0174r51 
-175.31 
-173.03 
-173.02 
-171.18 
-172 82 
0172.95 
1171.54 
-170.86 
-171.96 
-171 14 
-170.94 
-173.12 
-174.57 
-174.18 
-173r00 

-173.44 
-17!rT6 . 

I 



STAT. LATITUDE LONGITUDE ELEV. 

LY231 
LY232 
LY233 
LYk34 
LY235 
LYZ36 
LYr37 
LY238 
LY239 
LYZ40 
L Y Z 4 l  
LY242 
LY243 
LY244 
LYZ45 
LY246 
LYi47 
LY248 
LY249 
LY250 
L Y k S 1  
LY252 
LYZ53 
LY254 
LY255 
LYZfi6 
LYZ57 
LY258 
CY259 
LY260 
LY261 
LYzb2 

38.51.31 112025020 
38r51.31 112.24041 
38.50065 112029.16 
38050o85 112.29.85 
38.50090 112.29035 
38.51.48 112.29018 
38.51.61 112029.09 
38.51.70 112.29.26 
30.51097 112.28.98 
38.51.51 112.29.60 
38.51.30 112.29.36 
38.48.22 112.23.54 
38.48034 112.22.91 
38.40.23 112.24.10 
36148.23 112.24.65 
38.48023 112.25049 
38.48.71 112.26.18 
38.48.70 112.26.39 
38.48.70 112.26063 
38,48070 112026.92 
38r48.69 112.27021 
38.48.68 112.27035 
38.46.68 112.27.74 
30.48092 112027.75 
38.48.90 112028.31 
38.48.90 112028.01 
38.48090 112.29.43 
38.48.90 112029.14 
38.40.90 llz.28.87 
38.48.90 112028.66 
38.49.35 112.29.15 
38048.22 112.26093 

1471 
1490 
1461 
1459, 
1462. 
1467. 
1465 . 
1461 
1459. 
1460, 
1491 
1611. 
1662. 
1569. 
1547, 
1534. 
1514. 
1510. 
1507. 
1505. 
1501. 
1501, 
1496. 
1493. 
1487 
1490 
1479. 
1476. 
1477. 
1480. 
1471 0 

.OBSERVED THEOR. FREE SIMPLE 
GRAVITY GRAVITY A I R  BOUGUER ToC,  

9795134 88 
979581 e98 
979589 30 
979580.82 
979588.61 
979589 25 
979589.72 
979590 28 
979590 46 
979589.95 
979583 24 
979549048 
979538.24 
979557.75 
979562.88 
979566.73 
979571 r99 
979571.97 
979572 09 
979572 06 
979572.66 
979573.31 

979577 22 
979579.23 
979578 0 1  
979580 07 
979500 . 56 
979580 a27 
979500 03 
(179583.98 

1979575.45 

980049.09 -10.28 
980049.09 -7.25 
980048.50 -8.38 
980048.67 -9.59 
980048.72 -8.91 
980049.23 -7.29 
980049.33 -7.38 
980049.41 -8.32 
980049.63 09.02 
980049026 a8.68 
980049e07 -5.59 
980046.36 . 12 
980046 . 46 4 78 
980046.37 -4.41 
980046.37 -6.21) 
980046.37 -6.26 
980046.80 -7.67 
980046.78 -8.85 
980046.78 -9.68 
980046.78 -10.35 
980046.77 -10.78 
980046.77 -10.40 
980046.77 -9.68 
980046.97 -9.06 
980046.95 08.95 
980046.95 -9.08 
980046.95 -10.51 
980046.95 -10.87 
980046.95 010.76 
980046.95 -10.18 
980047.35 -9.54 

-174.65 1.60 
-173.78 2.03 
L171r63 066 
-172.64 e59 
-172.30 e62 
-171.21 e59 
-171.14 059 
..171.55 a56 
C172r02 .58 
-171r86 e54 
0172.25 a 8 1  
-179.85 3.42 
-180.99 4.48 
=179r75 2.88 
-179.06 2.46 
-177.67 1.91 
-176.79 1.56 
-177.58 1.50 
-178.07 1.43 
-178.50 1.35 
0178.56 1.28 
m178e08 1.28 
-176.85 1.17 
-175r88 1.13 
-175.11 1.03 
-175.61 1.08 
-175.77 089 
-175.82 096 
-175.07 099 
-175.57 1.00 
0173.88 a85 

COMPLETE 
BOUGUER 

-173.05 
-171.75 
-170.97 
-172.06 
-171.68 
-170.62 
0170.55 
-170.99 
-171.45 
-171.32 
-171.44 
~176 .Q3  
-176.52 
0176.87 
-176.60 
-175.76 
-175.23 
-176 r 08 
-176.64 
9177.15 
-177.28 
-176.80 
-175.68 
-174.75 
-174 08 
-174.53 
-174.m 
-174.86 
-174.88 
-174.57 



STAT 

LYL64 
LYZb5 
LY266 
LYd67 
LY 268 
LY269 
LYL70 
LY271 
LY272 
LY273 

I LY274 
LYi275 
LY276 
LYir77 
CY270 

I LY279 
LY2BO 

I LY261 
LY2&2 
LYir83 
LY264 
LY265 
LYkb6 
LY287 
LY260 
LYZ89 
LYLSO 
LYL91 
LY292 
LYZ43 
LYZY4 
LY295 
LYZ56 

I 

~- 

LATITUDE LONGITUDE ELEV. 

38048.23 112027e54 1504. 
38e48.23 112027083 1500, 
38e48.23 112028oO3 1498. 
38.48024 112020e32 1497. 
38048.23 112028e60 1500, 
38048051 112.28086 1502. 
36.49.76 112025*78 1491. 
38.50087 112.24070 1488. 
38o50o98 112.29015 1464. 
38050066 112e29.78 14580 
38151.99 112029r87 1455, 
38051.53 112030e82 1449, 
38051o80 112031e19 14440 
38.49034 112.29e98 1462, 
38.47.79 112e29e13 15180 
38.47.13 112029eI4 1532, 
38047.13 112.29074 1518, 
38147.54 112028e75 1518, 
38048.90 112029.70 1475, 
38.48.90 112029e98 14620 
38048.90 112.30*25 1465, 
38.48.90 112030053 1462. 
38048.90 112030.81 1449, 
38048.91 112031008 1446. 
38048o91 112031.38 1444, 
36048.91 112031.66 1441, 
90048.92 112032.22 1437, 
3t5e48.92 112032.49 1437, 
38048.91 11ii.32070 1436, 
38048.91 112033.09 1437, 
38048o91 112033.36 1437, 
38048091 112.33061 1437, 
38 ~-1)ar90-i-i-2~3-3r93--~r)36. - 

OBSERVED THEOR. FREE SIMPLE 
G R A V I T Y  G R A V I T Y  A I R  BOUGUER 

979571.13 
979572.67 
979573.70 
979574 . 78 
979574e14 
979572 e97 
979570.75 
979582 30 
979580 34 
979589, 16 
979589.77 
979589.02 
979591 56 
979585e56 
979567.67 
979564.21 
979566 59 
979567.81 
979580 030 
979582 35 
979502.64 
979583e97 
979505 17 
979582 19 
979585.05 
979585.12 
979505 26 
979584.93 
979584.61 
979584 11 
979503.67 
979583.39 
97 9 58372 4 

980046037 -10.97 0179e09 
980046e37 -10.92 -178.51 
980046e37 -10.47 '177.04 
980046037 -9.78 -177.00 
980046e37 -9.46 -177e04 
980096062 -10.04 -177.92 
980047o71 -8.83 -175.45 
980048069 -7.10 -173.42 
980048079 -8.77 '172.33 
980048050 -9.56 -172.43 
980049.66 -11.06 -173.59 
980049e27 -12.26 -174e22 
980049049 -12020 -173.60 
980047035 -10.60 -173e98 
980045e98 -9.89 -179.51 

980045040 -10.39 -180001 
980045076 -9043 -179.09 
980046.95 -11.51 0176.32 
980046095 -13.31 =176r73 
980046095 -12.17 -175.90 
980046.95 -11.70 -175.11 
980046.95 -14.53 -176.49 
980046097 -18.67 -180.21 
980046.97 -16.36 -177.71 
980046e97 -17.09 -178.17 
980046097 -18.32 -178.88 
980046.97 -18.61 -179.21 
980046.97 -19.21 -179.71 
980046.97 -19.56 -180.09 
980046097 -19.80 -180.40 
980046097 -20.01 0180.63 
980046-i95 -19.94 -180.64 

9e0045.40 oe.49 -179~69 

COMPLETE 
T e C e  BOUGUER 

l e 3 1  
1.28 
1.22 
-1 e 17 
1.18 
1.27 
1058 
1.94 

e63 . 59 . 47 
e42 . 38 . 75 

1.12 
l e28  
1.24 
1.37 

09 
089 
081 . 77 
76 

e73 
e 69 
e 68 
0 6 0  
58 . 55 . 53 

0 5 0  
e48 
i 4 6 -  



m e- 
- -., w 

I 

i 

STAT 

LYd97 
LY298 
LY299 
L Y Y O O  
LY301 
LY302 
LY303 
LY504 
LY305 
LY306 
LY307 
LY308 
LY309 
LY310 
L Y 3 I l  
LY312 
LY313 
LY314 
LY315 
LY316 
LY317 
LY318 
LYS19 
LY320 
LY321 
LY322 
LY323 
LY524 
LY325 
LY326 
LY3i7 
LY328 
LY329 

LATITUDE LONGITUOE €LEV* 

1443. 
14570 
1457, 
1467, 
1482, 
1489, 
14920 
1497, 

1498, 
1491, 
1491, 
14820 
14660 
1464 
1462, 
1461, 
1458, 
1457, 
1456, 
1458, 
1458, 
1460 
1469, 
1466, 
1455, 
1455, 
14540 
1456, 
1455, 
1458, 
1456, 

1500, 

-1'456; . 

OBSERVED THEOR, FREE SIMPLE 
G R A V I T Y  G R A V I T Y ,  A I R  BOUGUER T o C o  

979582 52 
979579 87 
979578.68 
979576 27 
979571 09 
979568098 
979566.19 
979562 037 
979560 51 
979559 52 
979558 54 
979558029 
979557 . 74 
979562 72 
979562 02 
979561.41 
979561 36 
979561046 
979561 17 
979560 e97 
979561.24 
979562 23 
979564 16 
979567.24 
979569.08 
979568.02 
979566 37 
979564 30 
979564041 
979564 56 
979564 17 
979567 52 
9 7 9 5 6 6-0-73- 

980046.95 -19.07 0180035 044 
980046097 -17.40 0180r24 040 
980046097 -18.59 -181.43 037 
980046097 017.99 '1.161093 e35 
980046097 -17.66 -183031 2.40 
980046097 -18.43 -184.83 027 
980046.97 -20.46 -187.15 n25 
980046.97 -22.68 -189.95 021 
960046.97 -23.69 -191.27 019 
980046097 -25.24 -192.62 018 
980046.97 -28.35 -194.98 016 
980046097 -28.64 -195023 017 
980046097 -31.84 "197.46 013 
980047058 -32.44 -196027 0 0 8  
980047064 -33.85 -197.45 e06 
980047.66 -35.24 -198056 0 0 5  
980047067 035.57 -198.80 e04 
980047.67 -36.41 -199030 003 
980047070 -36.82 0199067 e02 
980047.84 -37.47 -200.20 0 0 0  
980047099 -36.96 -199084 0.02 
980047.99 -35.70 -198.67 -003 
980047099 -33.19 -196038 -003 
980048e87 -28.45 0192.55 018 
980049.56 -28.17 -191.95 009 
980049.70 -32.79 -195.37 -001 
980049056 -34.35 -196089 -003 
980049029 -36.19 -198073 - a 0 5  
980048.89 -35.25 -197.93 0.03 
980048,50 -35.00 -197.57 000 
980048020 -34.24 -197.11 003 
980048073 -31.89 -194.60 003 
980049093 033.98 -1-96x65- -003- 

COMPLETE 
BOUGUER 

-179091 
-179.84 
-181.06 
-181.58 
L180091 
-184056 
-186.90 
-189.74 
-191 0 08 
-192.44 
-194 82 
-195.06 
-197 33 
-196.19 
-197.39 
1198.51 
-198 76 
-199 27 
-199 e 65 
-200020 
-199086 
-198.70 
a196041 
-192 37 
-191086 
-195.38 
-196092 
-198.78 
-197.96 
-197.57 
-197 00 
-194 57 
-196,68----% 



G V 

STAT 

LY 330 
LY.531 
LY 532 
LY333 
LY534 
LY335 
LY336 
LY337 
LY338 
LY339 
LY340 
LY341 
LY 342 
LY543 
LY 344 
LY345 
LY346 
LY347 
LY348 
LYS49 
LY 350 
LY351 
LY as2 
LY353 
LY 354 
LY355 
LY 356 
LY3S7 
LY 358 
LY 359 
LY 560 
LY361 
LY 362 

LATITUDE L O h G I T U O E  

38.50.67 112.43.23 
38.50.15 112*41*83 
38.51006 112*40*b8 
JS14ao27 112O39.90 
360'+7.80 112*43*32 
38.47.25 112.42.76 
38.46.54 112*43*08 
38.46.29 112.43.69 
30.45.89 112.44.68 
38.46.60 112.44.84 
38045.42 112.43.44 
38.46.85 112*42*02 
38.49.61 1 1 2 r 3 8 e D 8  
38.47093 112139.88 
38.46067 112.39.73 
38.45.73 112a40.08 
36e46.48 112r40.83 
38.45.25 112a38.65 
38145.82 112.38.78 
38.45.96 112.37r78 
38.45.61 112r36.99 
30.46.17 112.38.12 
38.47.30 112e38.13 
30r48.22 112.37.98 
38.49.35 112.28032 
38.50.00 1lZa28r33 
36.46.08 112030r52 
30.48.23 112.25.88 
38.54.79 L12.29078 
39. 2.30 112e20.71 
39. 2.12 112.20.20 
39. 2.09 112.19.78 
3 9 r--2-.-1=7~-1--1;2-.-1-9-.-5 3- 

€LEV 

1457. 
1459. 
1454 
1499. 
1505. 

1519. 
1530. 
1541. 
1574. 
1567. 
1504 
1475. 
1509. 
1540. 
1571. 
1578. 
1583. 
1564. 
1579. 
1570 
1568. 
1533. 
15100 
1480. 
1476. 
1580. 
1529. 
1472. 
15070 
1571. 
1671. 

1508, 

-1 7-1 6 

OtjSERVEO THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979562.26 
979562 82 
979566 36 
979551 r76 
979554 97 
979549045 
979544096 
979543 09 
979539.68 
979539.86 
979533.68 
979546.63 
979562 53 
979548.91 
979541.26 
979533092 
979532 e45 
979531 03 
979538 86 
979539. 16 
979542 *49 
979541 15 
979547.71 
979554.84 
979582 69 
979505 72 
979554 62 
979568 39 
979588 10 
979631 e65 
979619.60 
979598.20 
979508 e73 

980048052 -36.75 
980048*06 -35.03 
980048.85 -33.69 
980046*40 -32.11 
980045.99 -26.66 
980045.52 -30.67 
980044*88 -31.13 
980044.66 -29.41 
980044030 -29.15 
980044.93 -19.35 
980043089 -26.75 

980047.58 -29.80 
980046oll -31.41 
980045aOO -28.55 
980044.17 -25.38 
980044.83 -25.43 
980043*75 -24.37 
980044.24 -22.67 
980044.37 -17.89 
980044007 -17.08 
980044.55 -19.56 
980045.62 -24.78 
980046036 -25.65 
980047035 -7.92 
980047.91 -6.58 
9ROO44e48 -2.16 
980046.37 -5.98 

980045.15 -34.52 

980052.12 -9.82 
980093.97 2.80 
980093.83 10.47 
980093e80 20.12 
900093e87 24.32 

SIMPLE C O M P L E T E  
BOUGUER T.Co BOUGUER 

0199.53 -e04 
a198009 e01 
0196e24 a00 
-199.63 e 1 5  
-194r81 r32 
-199.20 e27 
0200e89 e23 
-200039 e22 
-201.33 e25 
'"195024 e32 
-201e82 e39 
-202r54 *22 
-194065 *13 
-200*08 e25 
-200.63 027 
-200.96 e29 
-201.76 .32 
=201*21 .38 
-197e47 m34 
-194.36 e37 
-192.53 r48 
-194r77 034 
-196rll *25 
-194r35 8.23 
-173r31 a96 
-171.57 e86 
-178.76 1.75 
-176.91 1.75 
-174.29 1.03 
-165.63 e98 
-165005 1.39 
-166.63 2.25 
-167e41 3.21 

-199.57 
-198 08 
-196 24 
-199 48 
-194 49 

-200.66 
-200.17 
-201 08 
-194.92 
-201.43 
-202 a 33 
-194 52 
-199.83 
-200.36 
-200.67 
-201.45 
-200.83 
1.197013 
0193.99 
-192.05 
0194e43 
-195.86 
-186. 12 
-172.35 
-170.71 
-177r01 
-175.16 
0173.26 
-164 66 
-163.66 
-164 038 

-198i93 

OI -164-.20 Q 



STAT. LATITUOE LOhGITUDE €LEV. 

LY363 
LY364 
LY365 
LY 366 
LYSb7 
LY368 
LY3b9 
CY370 
CY 37 1 
LY372 
L Y  373 
LY374 
LYs75 
LYs76 
LY377 
LY378 
LY379 
LY380 
LYdal 
LY 382 
LY3b3 
LY564 
LY385 
LY 366 
LYai37 
LY368 
LY389 
LYa9O 
LYi341 
LYS92 
LY 393 
LY394 
LY545 

39. 1.82 112017018 1597. 
39. 1.80 112016.64 16300 
390 1.73 112.16004 1668. 
390 2.27 112015.52 16720 
390 2.26 112015014 1694. 
390 1.81 112017088 1576. 
39. 1.01 112015053 1741. 
390 3.56 112.17014 1562. 
390 3.56 112016.64 1577. 
390 3.55 112016.37 1584. 
390 3.56 112.15080 1611. 
390 3.12 112015053 1646. 
390 3.13 112.18087 15510 
390 3.56 112018.321 1537. 
39. 3.56 112.17.75', 1548. 
39. 3057 112017.49 1554. 
590 4.05 112*17.80 1539. 
39. 1.40 112024.56 1426. 
39. 1.40 112025.13 1419. 
390 1.40 l l 2 0 2 5 * 7 0  1417. 
390 1 - 4 1  112026.52 1413. 
390 1.40 112027.10 14120 
390 1.40 112127.69 1411. 
390 043 112*27010 1416. 
39. 086 112027009 14140 
39. 073 112026023. 1419. 
$9. 043 112026.27 1422. 

390 3.13 112022028 1451. 
390 4.00 112.22028 1450. 
390 4.00 112022086 14510 
59 390 --4-o.-o-lFl-d 4.00 112.23041 23- - --_- 1450. - 

0 .  090 1 - Q O - o  

390 . O 6  112.26015 1425, 

.A- 

OBSERVED THEOR. FREE SIMPLE COMPLETE 
G R A V I T Y  GRAVITY A I R  

979609021 
979601.48 
979592 095 
979593 00 
9795870 16 
979615052 
979575.41 
979616.75 
979614.50 
979613.22 
979606.89 
979599 84 
979624 35 
979626 50 
9796220 1 0  
979619.89 
979624.70 
979645.81 
9796Q5 09 
979642 86 
979640088 
979640 37 
979641.73 
979641 00 
979640.65 
979640 73 
979640.56 
979640070 
979642 04 
979642 02 
979641080 
979642.62 
-9 7 9 6 4-6T9 8- 

980093.55 8.62 
980093053 11.08 
980093.48 14.35 
980093095 14.87 
980093095 15.90 
980093.55 8.34 
980092084 19.92 
980095.08 3.82 
980095008 5.98 
980095006 7.07 
980095008 9.09 
980094069 13.12 

980095008 5.84 
980095008 4083 
980095.08 4.42 
980095050 4.00 
980093019 -7.36 
980093019 -10.14 
980093019 -13.15 
980093020 -16.13 
980093019 -17.13 
980093.19 -16.07 

980092072 -15.83 
980092oS9 -14.01 
980092.32 -12.97 
980092r00 -11.49 
980094.70 -4.76 
980095.46 -6.00 
980095046 -6.02 
980095.46 -5.31 

980094.70 8.41 

980092.32 -14.23 

9800-9SX6- -7 . 05 

BOUGUER 

-169.89 
C 1 7 1 r l l  
-172010 
-171092 
-173.38 
-167078 
-174 66 
-170.78 
-170.21 
-169.97 
-170.97 
-170.85 
0164096 
-165095 
-168r l8  
-169.25 
-167 0 93 
-166.70 
-168 74 
0171046 
-174.10 
-174.90 
-173.73 
-172.51 
-173080 
-172 56 
-171 86 
-170 072 
-166.95 
-168 03 
-168. 13 
-167 0 36 
-166090 

T o C o  BOUGUER 

1.61 
1.82 
2.14 
2.25 
2.43 
lo33 
2.72 
1.31 
1 0 5 0  
1.70 
1.89 
2.07 . 98 
1.00 
1.13 
1.37 
1.05 

0 44 . 35 
030 
024 
0 20 . 10 
0 24 
,22 
29 
29 
32 

o S O  . 44 
0 4 1  
040 

- 0  31  U 
0 



W 

STAT 

LY396 
LY397 

LY399 
LY400 
L Y 4 U 1  
LY402 
LY403 
LY404 
LY405 
LY4U6 
LY407 
LY408 
LY4cJ9 
LY4lO 
LY411 
LY412 
CY413 
LY414 
LY415 
LY416 
LY417 
LY418 
LY419 
LY420 
LY421 
LY422 
LY423 
LY424 
LY425 
LY426 
LYW7 

- -  - LY428 

L u g 8  

LATlTUDE LONGITUDE ELEV 0 

1420 0 

1412. 
14230 
14150 
1415. 
14220 
14390 
1450 0 

I 4140  
14160 
14190 
1 4 1 9 0  
14170 
1417. 
14360 
1436 
1426 0 

14280 
14150 
14120 
14160 
1424 0 

1455. 
1454 0 

1437 
1433. 
1428 
1421 0 

14150 
1419, 
1421 
1420. 

-142-1 6 

OBSERVED THEOR, FREE 
GRAVITY GRAVITY A I R  

979648 02 
979645 47 
979645041 
973642 70 
979642 59 
979644 77 
979643040 
979642 5 1  
979638079 
979637.97 
979636 95 
979647055 
979652 05 
9796480 02 
979646 49 
979643083 
979645082 
979649010 
979643090 
979644067 
979642 36 
979639 09 
979630 24 
979629 25 
979630 56 
979633 86 
979636 e 07 
979639000 
979642 43 
979638 98 
979635 04 
9796350 15 
9-79633 091  

98OO95o46 -9.31 
980095.47 -14.32 
98OO94o7O -10.14 
980094070 -15.38 
980093093 -14.62 
980093095 -10.30 
980093.95 -6.49 
980093095 -4.01 
980093020 -17.98 
980093o20 -18.12 

980097003 -11.74 
980097082 -8.49 
980096024 -10.93 
980096024 -6.64 
98OO96o7O -9.85 
980097003 -10.97 
980097082 -8.06 
980095053 -14090 
980095084 -15.40 
980095085 016.60 
980095.89 -17.37 
980095075 -16.66 
980095037 -17.56 
980094.71 -20.66 
980094059 -18.47 
980094037 -17.74 
980094041 -17.00 
980095o09 -15.95 
980093.95 -17.07 
980093019 -18.75 
980093019 -19.74 

980093.19 -18.21 

980093.20 -20.84 

COMPLETE SIMPLE 
BOUGUER T o C o  BOUGUER 



W W W 

STAT 

LY429 
LY430 
LY431 
LY432 
LY433 
LY434 
LY435 
LY436 
LY437 
LY438 
LY439 
LY440 
LY441 
LY442 
LY443 
LY444 
LY445 
LY446 
LY447 
LY448 
LY449 
LY450 
LY451 
LY4S2 
LY453 
LY454 
LY4SS 
LY456 
LY457 
LY458 
LY4S9 
LY460 
LY46I 

L A T l T U D E  LONGITUOE 
OBSERVED THEOR. FREE SIMPLE 

GRAVITY GRAVITY A I R  BOUGUER 

979632.91 
979634.20 
9796340 15 
979633 59 
979632 87 
979631 55 
979630.42 
979627.90 
979627.16 
979625073 
979625 08 
979624 a 69 
979625.00 
979625.27 
979624 95 
979624 75 
979624 043 
979623.51 
Y79622 08 
979621 35 
979621 03 
979620 069 
979620 08 
979619.75 
979620 07 
979638.74 
979644.41 
979620 07 
979622 068 
979598 12 
979655042 
979656 e 32 
979657~91 

980093.19 -21.80 -180.57 
980093029 -24.06 -181059 
980093033 -24.90 -182.17 
980093.39 -25.17 -182r55 
980093043 -25.73 -183019 
980093049 -26.18 -183097 
980093053 -25.91 -184.24 
980093.62 -26.28 -185041 

980093078 -26.92 -186065 
980093095 -27.37 -187.24 
980093093 -28.58 -188015 
980093073 -28.91 -188018 
980093059 030.02 -188074 
980093045 -30.47 -189009 
980093030 -30.87 -189037 
980093012 -31.14 -189.58 
980093o04 -31.70 -190024 
980092.95 -31.90 -190086 
980092r86 -32.43 -191.43 
980092097 -33.71 -192040 
980092098 -34.22 -192088 
980092075 -34.55 -193020 
980092.48 -35.19 -193.62 
980092031 -35.62 0193.73 
980093073 -18.37 -176.48 
980093.19 -5.37 -165.94 
980093.17 6.73 -167005 
9e0092.55 5.40 -166070 
980056.38 -5.84 0169.67 
980098.84 -5.00 -163076 
980100o23 -3.14 -162.76 

gaoo93.70 -27.01 -186.16 

9801-00 r13 - -5.r0---16-377-7- 

T.C. 

07 . 08 
07 
06 

.05 
04 . 02 

0 . 0 1  
-002 
aoo3 
- 0  OS 
- 0  05 
00  05 
0. 05 
- 0  06 
0.06 
0. 06 
0 .  06 
-008 
-010 
- 0 1 1  
- 0  12 
- 0  12 
- 0 1 1  
01 13 

14 
52 

1.25 
090 . 55 
16 
15 

-- - T l - O  - 

COMPLETE 
6 0 U G U E R 

0180r51 
0181.51 
-182010 
-182.49 
-1830 14 
0183.93 
-184.22 
0185.42 

-186 68 
-187r29 
-188.20 
0188.23 
-180079 
-189.15 
-189.43 
-189.64 
-190.30 
-190.94 
-191.53 
-192.51 
-193.00 
-193.32 
-193.73 
-193.86 
-176.34 
-165.42 
-165.81 
-165.80 
-16% 12 
-163.60 
-162 6 1 

-186.18 

--1-6-3.67 ---- U - 
Iu 



STAT. LATITUDE LOlvGITUDE ELEV. 

LY462 
LY463 
LY464 
LY465 
LY466 
LY4b7 
LY468 
LY469 
LY470 
LY471 
LY472 
LY473 
LY474 
LY475 
LY476 
LY477 
LY478 
LYr79 
L Y W O  
LY4t i l  
LY4b2 
LY4453 
LY4B4 
LY465 
LY466 
LY4b7 
LY468 
LY4b9 
L Y 4 Y O  
LY491 
LY492 
LY493 
LY494 

390 8086 112.25060 1412. 
390 (3.54 112027.14 1405. 
390 9.32 132026.48 1408. 
390 9035 112027.92 1405. 
390 8.27 112028.36 1407. 
390 7.62 112.28063 1405. 
390 6.99 112028031 1405. 
390 6.69 112026.77 1406. 
390 5.75 112027093 1407. 
390 6.65 112021014 1455. 
390 5.50 11Z.28042 1409. 
39. 5.36 112026.94 1406. 
390 4.76 112026.22 1409. 
39. 3.51 112030072 1494. 
390 3.15 112.30017 1449. 
390 2.77 112029078 1439. 
390 2.52 112029.59 1433. 
390 5059 112.31072 1461. 
39. 5.88 112030r55 1438. 
390 6.12 112029.22 1416. 
390 7.97-112029029 1406. 
39. 7.56 112030083 1443. 
39. 7.23 112.31092 14510 
39. 7.16 l l 2 0 3 4 r 4 4  1445. 
390 7.01 112034088 1437. 
31irS2.28 112027.90 1455. 
38.52.20 112*2804? 1455. 
38052.11 112029.58 1457. 
Jb.51.81 112.30039 1453. 
38052.73 112.27052 1447, 
38.52.82 112.28037 1445. 
38052.89 112028.93 1444. 38 52- g6-l-l-2--- -- - 14-~3- 

0 .  729 4 4 0 

OBSERVED THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979657.95 980099076 -6.13 
979652.47 980099048 -13.49 
979656.56 980100016 -9.05 
979652.66 980100.20 -14.11 
979650024 980099.23 -15.13 
979650.66 980098.66 -14.36 
979651.10 980098.11 -13.36 
979654.80 980097.84 -9.16 
979648.03 980097002 -14.86 
979643059 980097e80 -So37 
979645.76 980096078 -16.19 
979648062 980096066 -14.24 
979646056 980096014 -14.84 

979627081 980094.71 -19.75 
979630.59 980094039 -19.84 
979631.77 980094017 -20.06 
979629.17 980096087 -16.79 
979636.20 980097.12 -17.17 
979644.24 980097034 -16.10 

979638.06 980098.60 -15.19 
979634.96 980098.31 -15.73 
979628.16 980098026 -24.07 
979627085 980098.12 -26.89 
979591.95 980049091 -9.03 
979591053 980049e84 -9.29 
979509.80 980049.77 010.47 
979589.63 960049.51 -11.51 
979593.78 980050.30 -9.84 
979593.37 980050039 010.99 
979593.09 980050.45 -11.63 

979620.16 9ao095.03 -13.98 

979649.84 98009a.97 -15.32 

979593~03- -9-aoo50~51- -E. 13 

S I M P L E  C O M P L E T E  
BOUGUER T o C o  BOUGUER J . 10 

e 02 
Os 

-001 
-002 
- 0  02 . 00 

06 
003 
043 . 02 . OR 

14 
18 
04 

0 02 
04 

- e 0 5  
0.04 
-001 
0.04 
-006 

-007 
-010  

0 69 
061 

SO . 43 
72 
58 
50 
;44- 

000 

0163080 
-170 45 
-166.42 
-171 07 
-172.12 
-171.44 
-170.42 
-166.22 
-172 06 
-167.49 
-173.63 
-171025 
0172.13 
-180.69 
0181.63 
-180 59 
-180.19 
-180 . 12 
-177.89 
-174.35 
-172.45 
-176.50 
-177.82 
-185.65 
-187.54 
-170.90 
-171.27 
-172.74 
-173.43 
-170.87 
-171 092 
.- -172.53 
-172.95 2 



W 

STAT 

LY495 
LY496 
LY497 
LY4Y8 
LY499 
L Y S O O  
LYSOl 
LYS02 
LYSU3 
LYSU4 
LYSOS 
LYS06 
LY507 
LYS08 
LYS09 
LYSLO 
LY511 
LYS12 
CY513 
LYS14 
LY515 
LY516 
LYS17 
LY51t3 
LYE219 
LY320 
LY521 
LYS22 
LYS23 
LYS24 
LYS25  
LYSk6 
LYS27 

LATITUDE LOKGITUOE 

38053.61 112.28080 
38.54021 112029.38 
38053.76 112.29070 
38.53033 112.29069 
38054.63 112030.13 

38055o59.112.30.38 
38.55090 112.30080 
38058.17 112030.44 
38057.23 112027.91 
38156.83 112027.91 
38056.52 112037.49 
38.56.50 112038.06 
38056.49 112.39018 
38056.71 112.40006 
39. 1.33 112031.13 
39. a83 112.31.75 
390 010 119031.33 
98059.25 112030.61 
390 045 112033051 
390 1.59 112.32049 
39. 3.03 112034.49 
390 5.81 112034*35, 
39. 6.40 112034.22 
39. 6.46 112033096’ 
39. 6.54 112.33069 
39. 6.56 132033.43 
39. 6.59 112.33016 
39. 6.71 112032.91 
39. 6.03 112032.65 
39. 6.97 112.32.40 
39. 7.09 l12.32022 
39 0 .  7 39- 1 12 3-1.. 67- 

3a.55.78 112.29.6s 

ELEV 

1433. 1 

1430 
1431 
1435. 
1428. 
1425. 
1430 
1431 e 

1439 
1420 
1422 
1432 
1430 
1427 o 
1426. 
1409. 
1409. 
1412. 
1425. 
1418. 
1423. 
1429. 
1430 
1439. 
1442, 
1443. 
1444. 
1453, 
1458. 
1465, 
1461 

1 44-9 e 

1455. 

OBSERVED THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979595 . 59 
979596.80 
979595 62 
979593 . 99 
979597.74 
979597 27 
979596 83 
979595.78 
979595 0 35 
979600 092 
979600 05 
979579. 02 
979578 64 
979578 66 
979579 . 55 
979632 11 
979630.91 
979632 074 
979597.69 
979625 14 
979626.03 
979621 090 
979629 51  
979629 05 
979629055 
979630 18 
979630 162 
979629 14 
979629.23 
979628 62 
979630 56 
979633 05 
979636 06 

980051.08 -13.12 
980051.62 -13.61 
980051.21 -13.89 
980050.83 -13.92 
980051.98 -13.45 
980052099 -16.00 
980052r83 -14.77 
980053.10 -15.62 
980055.10 -15.81 
980054.27 -15.04 
980053192 -15.09 
980053.64 032.75 
980053063 -33.77 
980053.62 -34.67 
980053.82 -34.37 
980093.12 -26.07 
980092.67 -26.98 
980092.03 -23.62 
980056.05 -18.54 
980092.34 -29.53 
980093031, -28.34 
980094062 -31.80 
980097.06 -26.22 
980097.59 -24.40 
980097064 n23.07 
980097.70 -22.24 
980097.73 -22.45 
980097074 -20.12 
980097086 -18.73 
980097r96 -17.39 
980098.08 -16.59 
980098.20 -16.19 
980098.41 -15.20 

W 

SIMPLE 
BOUGUER 

-173 32 
-173.37 
-173.83 
-174 30 
-173. 09 
-175 23 
-174. 55 
-175 57 
-176.56 
-173.76 
-173.90 
0192.75 
-193 54 
-194 1 0  
0193.66 
-183.58 
-184 o 45 
-181.38 
-177.81 
-188 02 
-187.30 
-191.46 
-186.04 
-185023 
-184.23 
-183.49 
-1 82 84 
-182 53 
-181.65 
-181.05 
-179 89 
-178.77 
-177s 12 

COMPLETE 
T o C o  ROUGUER 

48 
38 
38 

0 4 0  
32 

029 
30 . 22 
19 . 34 

. 036 
0.07 
-007 
-008 
- 0 1 1  

05 
03 . 07 . 08 

- 0  04 
- 0  03 
-010 
- 0 1 1  
-010 
-e08 
- 0  05 
0.03 
-002 . 02 

04 . 08 
06 

0.02 

-172 84 
-172.99 
-173.45 
-173.90 
-172.77 
-174 94 
-174.25 
-175 35 
-176 37 
-173.42 
-173 62 
0192.82 
-193.61 
-194.18 

193 1 77 
-183 53 
-104.42 
-181.31 
-177.73 
-188 06 
-107.33 
-191 056 
-186.15 
-185.33 
-184.31 
-183.54 
-182.87 
-182.55 
-181.63 
-181.01 
0179.81 
-178.71 
-1779 14 



STAT 

LYbLa 
LY529 
LYS30 
LYS31 
LY532 
LYS33 
LY534 
LYS35 
LY536 
LY537 
LY538 
L Y  539 
LY540 
L Y S 4 1  
LY542 
LYS43 
LYS44 
LY545 
LY546 
LY547 
LY548 
LY549 
LY550 
LY551 
~ Y 5 5 2  
L Y  553 
LY554 
LY5S5 
LYS56 
LY557 
LYSS8 
LYSE49 
LYS60 

LATITUDE L O N G I T U D E  ELEV. 

39r 7.38 l lZm31r41 1447. 
39, 7.46 112.31015 1447, 
39. 7059 112034.03 1446, 
39. 8.27 112033052 1445. 
390 8.69 112032062 1438, 
3gr 9.05 112~31.95 1414. 
39, 8.23 112031094 14400 
39. 9.65 112031017 1412, 
39r10.11 112030043 1412. 
39r10.29 112028.96 1406. 
39r10.30 112026.08 1413, 
39. 9.29 l l ; i *23014 1444, 
39r 8055 112022.73 14450 
39r 7.96 112021.63 1453, 
39e12.25 112029095 1398, 
39013.00 112030r46 1394, 
39r13.67 112031018 1393, 
39r14.28 112031r99 1393. 
39.12.87 112.28049 14020 
39012083 112*24,94 14390 
39013.70 112.24025 1450, 
39r12.82 112.23099 14501 

39.12081 ~12019.57 1572. 
39.14022 112020rUO 1580, 
39014.56 1lk.22028 1520, 
39014.59 112022084 1503, 
39010.39 l l Z 0 2 5 0 4 9  14230 
39. 7.52 112.200O3 14690 
39. 8.41 112020r03 1476, 
390 9 i28  1120200O3 14760 
39. 9.28 112.18.91 1497, 
59 e-- 9 28 

39.12.83 112r22ea6 1474. 

11 2 180 3 5.. 15 12 e_ 

OBSERVED THEOR@ FREE 
G R A V I T Y  G R A V I T Y  A I R  

979636 93 
979637.20 
979630 044 
979633.43 
979637.09 
979644 a 67 
979637.39 
979648.73 
979652 087 
979657071 
979660 15 
979652 r 76 
979649 56 
979646000 
979662 81 
979664 44 
979663.95 
979664 02 
979667 097 
979664 30 
979664 066 
979662 60 
9796570 19 
979633.92 
979637.47 
979653.05 
979657 16 
979660 03 
9796b2.23 
979642 20 
979641 070 
979637.26 
9 7-9-6 3 43 1 6 

980098r45 -15.10 
980098e52 -14.74 
980098r63 -22.08 
980099e23 119.73 

980099093 -19.02 
980099.20 -17.30 
980100a45 -16.05 
980100o87 -12.22 
980101o02 -9.52 
980101r02 -4.73 
9801OOo13 -1.91 
980099.48 -4.08 
980098097 04.60 
980102.74 -8.50 

980104o02 -10.13 
980104055 -10.78 
980103o30 -2.57 
980103.27 5.18 
980104.04 8.16 
980103.26 6.69 
980103o27 8.69 
980103026 15.64 
980104.49 20.67 
980104.81 17.32 
980104r83 16.04 
980101.11 -2.12 
980098e58 -3.13 
980099036 -1.62 
980100.13 -2.90 
980100.13 -095 
9801OOo13 -055 

9 8 0 0 9 9 ~ 6 1  -1a.75 

9 a o i 0 3 ~ 4 i  -8.65 

COMPLETE SIMPLE 
BOUGUER T o C .  BOUGUER 

-176.76 
-176 e 44 
-183.62 
-181029 
-179044 
-176 e 99 
-178 26 
-173e81 
-170 02 
-166.60 
-162 66 
-163 22 
-165 e 52 
-166.96 
-164 a 73 
-164 48 
-165r81 
-166 40 
-159 28 
-155065 
-153 90 
-155r30 
-155.99 
-1 59 98 
-155093 
-152 r 54 
-151r88 
-1610 07 
-167 a 28 
-166 58 
-167.86 
-168r22 
2168 39 - 

- 0  04 
0.05 . 54 

043 
- 0  01 
00  04 . 02 
=.09 
-009 
0.04 
1.86 . 22 . 39 

033 
-.08 
- e 1 0  
- 0  12 
0 0  13 
-003 

e 1 4  
025 . 22 
r 33 
075 
84 . 54 

e 46 . 1 0  
050 
50 . 48 

0 6 2  
6 7- - 

-176.80 
0176.49 

-180086 
-179.45 
-177.03 
-178.24 

-170011 . 

-1a3.08 

-166.63 
-164eR1 
-164 58 
-165.93 
-164.53 
-159 e 3 1 
-155.51 
0153.65 
-155.08 
-155.66 
..159.23 
-155.09 
-152.00 
-151.42 
-160.97 
-166.78 
-166.08 
-167 38 
a167.60 

-3167.. 72-- -- 2 - - 



STAl  . 
LY561 
LY 562 
LYbb3 
LY564 
LYS66 
LYS65 
LYbb7 
L Y  568 
L Y  569 
LY570 
LYS71 
LY572 
LYS73 
LY574 
CY575 
LYS76 
LY577 
LY578 
LYS79 
LY560 
LYSB1 
LYS82 
LY 583 
LY 584 
LYStiS 
LYSb6 
LYSt37 
LY 588 
LYSB9 
LYSSO 
LYS91 
LYS52 
LYs93 

LATITUDE LONGITUDE 

390 12 083 
39012.70 
39012053 
39 . 13.45 
39013.88 
39.14021 
39011.06 
390 10 016 
39 1 0  33 
39 1 0  064 
390 6.25 
39. 6.40 
390 6.24 
39. 6.47 
890 5.87 
39. 5.62 
3 9-*.-5-._5_6, 

112 16 90 
1120 16 023 
1120 150 18 
1120160 1 0  
112 15 e 88 
112.15.30 
112 18 17 
1121 17 55 
112022.18 
112.24 00 
112 36 062 
112.37 13 
1120 38.18 
112.39 031 
112038.74 
112o39r58 
- 112 - 39 - e 9 7 - _ =  .. 

ELEV. 

1557, 
1599, 
1614, 
1656, 
1548. 
1546, 
15460 
1571, 
1570s 
1527, 
1420, 
1415, 
14620 
1473, 
14970 
1566, 
16580 
1693, 
1730, 
17210 
1767, 
18200 
1568, 
1559, 
1462, 
1447, 
I Q O l o  
1400, 
1400o 
1397, 
1396, 
1399, 
1-39 8 . 

OBSERVED THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979625.00 
979617.51 
979615.32 
979608052 
979624 02 
979625 e47 
979623.09 
979616.72 
979617098 
979628 08 
979670 093 
979670073 
979655 34 
979652.92 
979647067 
979632 16 
979614 54 
979605095 
979595 16 
979598 36 
979588 87 
979578 02 
979628.14 
979626 95 
979648 79 
979655.88 
979628 99 
979628029 
979627.17 
979627 84 
979627.86 
979628 55 
979629 27 

980100o13 5.41 
980100o13 10.72 
980100.87 12.60 
980101.73 17.81 
980099035 2.30 
980099074 2.89 
980098056 1.58 
980098056 3.03 
980099.16 3.27 
980098077 . 54 
980104087 4.19 
980104o24 3.04 
980102048 3.87 
980102r47 5.13 
980102.47 7.22 
980102048 12.95 
980103027 22.96 
980103o16 25.29 

98O103o80 25.62 
980104o19 29.95 
980104048 35.13 
980101e70 10.38 
980100091 7.24 
980101o05 -1.16 
980101r33 1.04 
980097045 -36.07 
980097059 -37.28 
980097044 -38.25 
980097064 -38.75 
980097012 -37.73 

980-0-96-0 84-036 32 

9eoio3,oi 26.03 

9aoo96.90 -36.72 

SIMPLE COMPLETE 
BOUGUER T o C o  BOUGUER 

-168.60 e 8 9  
0167.93 l o l l  

-167079 1.09 
-167.24 1.28 
-170.66 088 
-169090 093 
-171.17 1002 
-172055 1.16 
-172.18 1.10 
-170.10 081 
-154047 003 
-155.06 -rOl 
-159045 028 
-159.51 '034 
-160.08 045 
-162005 095 
-162033 1.24 
-163.91 1.19 
-167.30 1.18 
-166069 1055 
-167.50 1.90 
-168.26 2.35 
-164.86 098 
-167.01 084 
-164051 030 
-160.64 016 
-192.65 -017 
-193.72 0.18 
-194069 0.20 
-194.83 -021 
-193099 0.20 
-193002 0.20 
-192.49 -021  

-167.71 
-166.82 
-166.70 
-165 96 
-169. 02 
-169.73 
-170 15 
-171.39 
-171.08 
-169.29 
-154.44 
-155 07 
-159, 17 
-159.18 
-159.63 
-161 10 
-161 09 
-162.73 
-166.12 
-1650 14 
-165.60 
-165.91 
-163.88 
0166r17 
-164r21 
-160.48 
-192 82 
-193.90 
-194 89 
-195.04 
-194.19 
-193.22 
0192.70 



W 

, 

STAT . 
LYS94 
L Y t i Y S  
LYb96 
LYS97 
LYS98 
LYS99 
L Y 6 1 i O  
L Y b O l  
LY6Cr2 
LY603 
LY604 
LY605 
LYrsii6 
LYbo7 
LY608 
LYbtJ9 
LY610 
LY611 
LY612 
LYb13 
LY614 
LY615 
LYb16 
LYbl7 
LYb18 
LY619 
LYbko 
LYt521 
LYb22 
LYbZ3 
LYb24 
LYb25 
LYb26 

LATITUDE L O N G I T U D E  

69. 5.80 112041000 
390 6.14 112042003 
390 6.63 112043.O3 
39. 7.19 112.44025 
390 6.37 112043.68 
39. 5.85 112042.53 
390 5.46 112041086 
390 4.90 112041.61 
39, 4.00 l l Z 0 4 1 0 0 0  
390 4.83 1120410I2  
39. 4.58 i i ~ . 4 0 . 4 8  
390 7.88 112036.58 
39. 8.25 112.37020 
39. 5.86 112037010 
390 8.46 112036.92 
390 9.34 112036093 
39010o11 112037003 
39011.09 112038006 
390 4.07 112041r90 
39. 3098 112.42067 
390 3.88 112.43050 
39. 3078 I l2.44040 
390 5053 112044.99 
390 6.39 112044066 
39. 3.29 112041063 
390 2.59 112042024 
390 1088 112042085 
390 1.45 L12044.82 
39. 1.46 112043070 
390 e42 112044.14 
390 058 112.43013 
390 lo45 l lZ.42057 
390 io44--112741%Q6 

O B S E R V E D  THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979631 8 1  
979634 52 
9796370 06 
979640 43 
979638062 
979635.79 
979634 65 
979634023 
979631.55 
979632.62 
979630 68 
979632.23 
979631.62 
979628041 
979632.89 
979635080 
979638.25 
979639.71 
979634 0 1  
979635.12 
979637.39 
979639.96 
979642 a 85 
979641 50 
979631.70 
979632. 07 
979631.79 
979635.62 
979633.21 
979631 e83 
979629 48 
979630 09 
979627 e 48 

980097.06 -34.75 
980097.35 -31.19 
980097079 -29.48 
980098.28 -27.15 
980097e55 -27.30 
980097e10 -29.30 
980096.76 -30.21 
980096.26 -29.85 
98009S.46 -31.02 
980096.20 -31.75 
980095.98 -33.93 
980098.90 -35.60 
980099.22 -36.91 
980097olO -36.69 
980099.41 -35.92 
980100rl8 -34.24 
980100.87 -32.67 
980101073 -32.44 
980095.53 -28.96 
980095045 -27.45 
980095035 -25.57 
980095027 -23.11 
980096.81 -22.23 
980097057 -24.72 
980094083 -28.58 
980094.23 -27.04 
980093061 -26.42 
980093023 -21.08 
980093024 -24.50 
980092.32 -23.78 

980093023 -27.27 
980092.45 -26.37 

980093.21 -30.24 

SIMPLE COMPLETE 
BOUGUER T o C o  BOUGUER 

-190 64 
-187.50 
-185.64 
-183.12 
0183.60 
-185.74 
-186.60 
-186.34 
-187080 
-188. 14 
-190r15 
-191 070 
-192 87 
-193.12 
-191 084 
-190.00 
-188.36 
-188000 
-185.59 
-184 e 21 
-1820 15 
e179r61 
-178.57 
0180r92 
-185 93 
.e184r61 
-184 09 
-1790 15 
-182.24 
-181 e92 
-184r46 
-185. 10  
-187 94 

I 

N 
v 



W 

STAT e 

LY627 
LY628 
LY029 
LY630 
LY631 
LYo32 

LYb34 
LY635 
LY636 
LYb37 
LY630 
LY639 
LYb40 
LY641 
LY642 
LY643 
LYb44 
LY645 
LYa46 
LYa47 
LYb48 
LY649 
CY650 
LY651 
LY652 
LY653 
LY6S4 
LY655 
LYb56 
LYb57 
LYb58 
LY659 

LYba3 

LATiTUDL L O N G I T U D E  

39. 1.43 112.40.32 
39. 2.03 112*40*89 
39. 2.67 112*40*12 
59. 3.33 112.39.32 
39. 3.10 112.38.65 
39, 2.22 112138.43 
39, 3.60 112e39.85 
390 3.66 112.39.02 
39. 4.15 112.38.38 
39, 4.93 132*38*04 
39. 4.70 112.36.66 
39, 8.25 112.37.74 
39, 8.99 l l i re37a76 
39. 8.90 112*38*60 
39010e61 112.38.73 
39r11.38 112939.12 
39*11,96 112.38.61 
39.13048 112.38.58 
39.13e50 112e39r20 
39.13.02 112*39*4O 
39e12a85 112.39.86 
39.13.47 l l ; i *40*09 
39r13,OB 112*40*58 
39. 8037 112.43.49 
390 0.88 112.42.96 
390 9.92 112.42052 
39.11o51 lliL141.54 
39.14.68 ll2.39.56 
39ri4.60 112038.02 
39r14.70 112.39.16 
39r l4e60 112040r28 
39.14.60 112*41*40 
39r14.60 -1-1&42-*53- 

E L E V  

14120 
1411. 
1407. 
1405. 
1406e 
1407, 
1402r 
1403. 
1405, 
1400* 
1401. 
1396. 
1395. 
1394, 
1394. 
1392, 
1393, 
1394. 
1395. 
1394. 
1394. 
1393. 
1392. 
1394. 
1406. 
1391. 
1393. 
1395. 
1394. 
1397, 
13950 
1394, 

-1392, 

O B S E R V E D  THEOR, FREE 
G R A V I T Y  G R A V I T Y  A I R  

979624 e 59 
979627 a 39 
979626 e67 
979625 54 
979623.95 
979622 03 
979627.50 
979626 03 
979626 46 
979627.89 
979620.64 
979630 59 
979632.71 
979631.34 
979636.98 
979638.06 
979641.25 
979645 70 
979644 37 
979642 98 
979642 e44 
979644 37 
979643.23 
979639.45 
979637.08 
979640.45 
979639.19 
979646 81  
979649.46 
979646.94 
979646.30 
979646.75 
979648 53 

980093r21 -32.81 
980093.73 -30.95 
980094.30 -33.44 
980094.87 -35.81 
980094.67 -36.84 
980093*91 -37.80 
980095a11 -34.85 
980095e16 -36.09 
980095.60 -35.72 
980096.29 -36.30 
980096009 -35.15 
980099.22 -37.94 
980099.87 -36.75 
980099.79 -38.23 
980101m30 -34.29 
980101r98 -33.55 
980102e50 -31.40 
980103e84 -27.92 
980103m85 -28.97 
980103.43 -30.32 
980103.28 -30.71 
980103e84 -29.73 
980103.48 -30.69 
980099.32 -29.64 
980099.77 -28.89 
980100r69 -30.96 
980102*10 -33.07 
980104e90 -27.57 
980104r83 -25.14 
980104e91 -26.81 
980104e83 -28.11 
980104m83 -27.95 
980104.83 -26.63 

SIMPLE C O M P L E T E  
BOUGUER TmCe BOUGUER 

0190r83 
-188r80 
-190.87 
-192.99 
-194 14 
-195. 15 
-191r75 
-193.09 
-192.85 
-192.96 
-191.85 
-194.10 
-192 82 
-194.24 
-190.24 
-189.33 
-187.29 
-183.93 
-185.11 
-186.31 
-186.70 
-185.58 
-186.48 
-185.68 
-186.17 
-186 66 
0188.96 
-183.72 
-181 16 
0183.18 
-184.22 
-183r96 
- 1 8 2 ~ 4 7  



W m W w 
! 

STAT 

LYb60 
LY661 
LY6b2 
LYbb3 
LY664 
LY665 
LY666 
LY667 
LY6b8 
LYb69 
LYb70 
LYb71 
LYb72 
LY673 
LY674 
LY675 
LY676 
LY677 
LY678 
LY679 
LY700 
LY701 
LY702 
LY703 
LY704 
bIOOl 
Vi1016 
UuI0;IO 
wIo21 
WILJ22 
W 1023 
WIU26 

- hrI631 

LATlTUDE LOLLGITUOE ELEV, 

39.14.59 112143.65 
d9*14*60 112.44*67 
39.13.82 112.43.33 
39.13.35 112.42.47 
39.12.32 112.42.67 
39.11.24 112142.76 
39.11a64 112.44.02 
39.12.31 112.44.58 
39.10.56 1 1 2 * 4 4 ~ 0 8  
39.10.27 112.43.28 
39. 9.50 l l2 .43r41  
39*10*88 112142.08 
39.13.73 1 1 Z * 4 1 * 4 1  
39. 7.59 112.45.90 
39. 7.60 112r47rO1 
58.45.25 112r21.91 
38rSO.46 112.22.19 
38.50.35 112*21.53 
38.50.25 l l 2 * 2 0 * 4 9  
313.50m24 112.19.98 
30.58.92 112.47.64 
38.57.90 112.45.43 
30.57.31 112.44.68 
38.56.88 112.43.83 
38.56.68 112.42.66 
38.58a28 112.21.12 
38.58.75 112*23*21 
38.59.63 112.23.72 
38.59.85 112m22.30 
38*59*02 112r21r17 
38 a49 11 112 26 01' 
38.46.48 112.24.68 
38 49 55--112 28 32.- 

1391. 
1393. 
1392, 
1393. 
1404, 
1412. 
1430, 
14510 
1400, 
1394. 
13940 
1407. 
1392. 
1394 e 

1394. 
1684. 
1700. 
1789. 
1928, 
2008. 
1438, 
1422. 
1423. 
1424. 
1424. 
1521. 
1469. 
1465. 
1483. 
1502, 
1504, 
1646. 
-1 4-77 

OBSERVED THEOR, FREE 
G R A V I T Y  G R A V I T Y  A I R  

979649.42 
979650 e76 
979647 a 94 
979646 53 
979642 56 
979639 e27 
979638.20 
979635.68 
979642 e59 
979642.61 
979641 a67 
979637 25 
979645.75 
979646 37 
979651 e 4 1  
979517 80 
979535 52 
979515.45 
979482.03 
979462.35 
979598 32 
979594.87 
979591 34 
979588.20 
979585.10 
979583.66 
979597.99 
979600.22 
979597.12 
979592 66 
979574 79 
979537.87 
97-9584.61- 

980104r83 -26.02 
980104r83 -24.13 
980104rl4 -26.64 
980103r72 -27.22 
980102r82 -26.90 
980101r85 -26.72 
980102.22 -22.69 
980102r80 -19.27 
980101r26 -26.57 
980101*01 -28.38 
980100r33 -28.64 
980101e55 -30.22 
980104*05 -28.65 
980098.63 021.93 
980098.65 -17.11 
980043.75 -6.23 
980048.33 11.85 
980048.23 19.28 
980048.15 28.76 
980048.13 -33.95 
980055.76 -13.58 
980054.85 -21.16 
980054.34 -23.72 
980053.97 -26.19 
980053.79 -29.30 
980055e19 -2.22 
980055a61 -4.39 
980056a38 -3.98 
980056.57 -1.62 
980056.55 0.32 
980047.14 -8.32 
980044e83 92 
980047e52 -7.16 

COMPLETE SIMPLE 
BOUGUER T e C e  BOUGUER 

-181r51 9.25 
-179.82 e07 
-182.19 0.11 
-182.93 -e23 
0183.85 ,118 
-184.55 -e23 
"182.50 -a21 
-181.127 a 0 3  
-183rO4 - e 1 0  
-184.09 0.24 
-184r35 0.25 
-187r40 - r l l  

-184.23 -a25 
-177.76 1.23 
-172.86 or24 
-194e46 8.10 
-178.13 4.63 
-180.66 7.43 
-186.68 11.45 
-190.45 13.03 
-174.31 0.14 
-180r09 0.14 
-182.82 0.14 
-185r40 -e12 
-188r43 -e10 
-172r20 1.15 
-168r54 a73 
-167.75 a 5 7  
-167.44 e73 
-168.21 e92 
0176.38 1.57 
0183r02 2.90 
-172.22 e94-  



STAT. L A f l T U D E  LONGITUDE ELEV. 

WITr37 
k Iu38 
Vu1039 
WI040 
wI041 
WIlr42 
kILI43 
WI045 
WIU47 
WIU49 
rrfusl 
bIO55 
WI056 
WIU59 
w1065 
hrIOB7 
W1069 
WI076 
WI079 
MI063 

WIUt39 
MI094 
WIU99 
hi1102 
WIlcl3 
WIllr4 
W1105 
W I A O t 3  
w1112 
hi113 
NvI116 

m~ 

k11177 

1663, 
1699 
1539, 
15880 
1540, 
1530, 
1456, 
1457, 
14290 
1423, 
14350 
1482, 
1508, 
1455. 
16060 
1562. 
1496. 
1508, 
14290 
1429, 
14230 
14430 
1433. 
1455, 
1465, 
1458, 
1465, 
1460 
1547. 
1493. 
1554. 
1549. 

- 1 4  47-0 

OBSERVED THEORo FREE 
G R A V I T Y  G R A V I T Y  AIR 

979535.84 
979517.60 
979562 29 
979550 034 
979562.78 
979565 36 
979590.23 
979589 36 
979596087 
979597.93 
979587073 
979573 98 
979567.66 
979579.47 
979532064 
979533 1 0  
979551.95 
979561.73 
979595.35 
979595.24 
979586.23 
979576.86 
979591 39 
979565.05 
979571.23 
979571.33 
979576.91 
979579.43 
979562.54 
979582 48 
9795670 92 
979573.33 
979593000 

980045.55 3.59 
980043.75 -1.71 
980045.60 -8.45 
980044.64 -4.29 
980045019 -7.17 
980045.02 -7053 
980049046 -9.86 
980049078 -9.68 
980051062 -13.76 
980053.48 -16.53 
980047054 -17.03 
980044.90 -13.64 
980044048 011.36 
980046097 -18.61 
980043069 -15.41 
980043091 -28.80 
980046.26 032.72 
980048072 -21.45 
980053.31 -16.88 
980055067 019.34 
980056028 -30085 
980053.08 -30089 
980050027 -16.75 

980051026 -27.93 
980051.72 -30.28 
980048091 -20.00 
980049066 -19.74 
980046037 -6.53 
980050o19 -6.87 
980049041 -1.93 
9aoo52 . 16 32 
980051.06 -11.62 

9aoo49.49 -35.55 

SIMPLE 
BOUGUER 

-182 30 
-191.65 
0180r44 
=181.76 
a179029 
-178 0 53 
-172.62 
-173.57 
..173048 
n175r54 
0177040 
-179 0 26 
0179r94 
-181 . 19 
-194 092 
-203 37 - 199 . 90 
-190 06 
-176.63 
-179 10 
-189.92 
-192 0'18 

-198. 13. 
-191.67 
-193.30 
-183.71 
c182090 
a179e40 
-173.77 
-175.62 
-172 86 
-173.31 

-176. at3 

a . 

3.60 
7.20 
1.96 
2.34 
1.50 
1.40 . 94 . 59 

040 
031  
053 

1.11 
1.35 

040 
050 . 37 
27 

021 . 27 
06 

-006 
0.05 . 24 
- 0  04 . 09 
-001  

18 
15 

2.47 
2.00 
3.01 
2.23 

095 

COMPLETE 
BOUGUER 

-178.70 
-184.45 
-178.48 
9179.42 
-177.79 
-177.13 
-171.68 
-172.98 
-173.08 
-175 23 
9176.87 
-178015 
0178.59 
0180.79 
-194.42 ' 

-203.00 
0199.63 
-189.85 
-176.36 
-179 04 
-189.98 
0192.23 
-176.64 
-198.17 
-191 058 
-193.31 
-183.53 

-176.93 
-182.75 

-171.77 
-172.61 
-170.63 m 
-172.36 0 

\ 



STAT 

WIi18 
wI121 
WI123 
k i I i k7  
WI129 
M 1132 
Id1133 
W1135 
wI139 
wI140 
WI141 
dI157 
WI165 
k I166 
w I lb7  
WIlb8 
W1170 
W1172 
kI173 
kiI175 
WIi76 
WI178 
W1179 
WIl80 
W I U l  
~ 1 1 8 3  
MI1135 
vi1193 
W1i94 
w 12.02 
NIL13 
wIZ15 
vu1216 

LATITUDE LONGITUDE €LEV * 

1442. 
1445. 
1440, 
14920 
1499. 
1424. 
1419. 
1526. 
1025. 
1964. 

2902. 
1572. 
1548. 
1618. 
1726. 
1661, 
1568. 
15710 
1553, 
15158, 
1514, 
1488. 
1477, 
1454. 
1435. 
1421. 
14480 
1415, 
1526. 

1600. 
1625. 

1596, 

1686. 

OBSERVED 
G R A V I T Y  

979595 0 27 
979596044 
979599 08 
979585 05 
979587 48 
979603 00 
979601 70 
979577 52 
979515 62 
979486.41 
979566 07 
979260 076 
979569 62 
979579 50 
979563.41 
979503.75 
979554 11 
979612 07 
979614.81 
979619.17 
979619.50 
979630 29 
979638 00 
979640 14 
979641 98 
979654 045 
979655 95 
979641 47 
979639 98 
979624.98 
979509.61 
979610 a 37 
979605 02 

THEOR, FREE 
G R A V I T Y  A I R  

980051078 -11.39 
980052.54 -10.12 
980053035 -9.99 
980053030 -7.87 
980054.36 -4.25 
980054.84 012.44 
980054.84 -15.25 
980053.28 -4.85 
980052055 26.45 
980052r51 40.17 
980054a73 3.79 
980046.36 110a03 
980054059 m23 
980056.38 99 
980056.38 6.25 
980056.57 -20.11 
980055.49 11.20 
980092021 3.74 
980093093 6072 
980095.60 2.84 
980096.23 3.96 
980097e99 0.47 
980098020 0.85 
980098020 -2.29 
980098e09 -4.49 
980099.86 -2.64 
980099036 -4.77 
980092038 -3.99 
980092.59 -15.75 
980092.99 3.08 
980093,62 16.38 
980094e45 9.68 
980094070 11.70 

SIMPLE COMPLETE 
BOUGUER T.C. BOUGUER 

0172.60 086 
0171.65 093 
-170.90 072 
-174.61 1.48 
-171081 1.17 
a171058 e40 
-173085 e32 
-175.40 1.88 
-177r60 5.69 
-179.41 4.98 
-174.57 2.29 
-214035 15.32 
-175.50 1.83 
0172.09 1042 
-174e56 1.90 
-213.05 3.02 
-174045 2.26 
-171r51 1.39 
-169e89 1.31 
-170r74 1.33 
-170014 1.49 
-169.69 e84 
-167.22 e65 
-167.36 059 
-169.98 0 4 1  
-163r00 e19 
-163064 e15 
-165.06 e45 
-173.97 e 1 9  
-167.54 1.05 
-172r10 2.35 
-169015 1.57 
0169.89 1.87 



STAT 

k1218 
MI222 
vi1225 
W I 226  
IriI227 
&NIL29 
WI230 
h I231  
WI232 
W I233 
k1234 
hIk58 
h1260 
W1421 
W1425 
w I 426  

I vu1427 
I CI42.8 
1 MI528 
I WI43Q 

WI431 
W 1432 
h1433 
IN1434 
vi1435 
~ 1 4 3 6  
h1437 
bv14S8 
hI439 
h.1440 
hI44l 
C1443 

~ k I 4 5 1  

t 

LATITUDE LONGITUDE 

39. 8.40 112015052 
390 9.28 112.17*78 
39. 9.28 112.21015 
390 9.32 11;i.21.92 
390 8.16 112.19074 
39.12081 112017.78 
39.12.60 112.15.71 
39.13.18 112016026 
39011.93 112020003 
39.11.04 112.2OeO3 
39010.17 112020.02 
39011.94 112.24054 
3901Oo47 112024056 
39014.51 112021012 
39014.60 112024.26 
39012.82 112.24043 
39.12081 112023043 
39014.63 112026.06 
39012.82 112018091 
39014.38 112018.50 
39013.69 11d*20.02 
39.13069 112.21015 
39012.82 112.22.29 
39012.82 112021.17 
39012.82 112020005 
39.10059 112.22083 
39. 9.02 112026009 
39010.57 112.26.82 
39011.34 112*27.99 
39,11099 11k.29003 
39010.77 112.29.09 
390 6.19 llZ03606t) 
39-0-9 3-7--1-1-;L-.28 89- 

ELEV 

1574. 
1526, 
1463, 
1455. 
14740 - 
16180 
1713, 
1707, 
1527, 
1505. 
1487 
1440o 
14470 
1568. 
1465, 
1445. 
1'163 
1430 
1588, 
1681. 
1580. 
15360 
1487, 
1512. 
1547. 
1458, 
1410, 
1411, 
1405, 
1402 
1404, 
1402. 
-1405. 

OBSERVED THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979618.21 
979631 .08 
979646 62 
979648 57 
979640.72 
979624 59 
979600.16 
979601.38 
979641 14 
979641 39 
979642.02 
979660 64 
979657 59 
979642 e47 
979665 36 
979663 55 
979659 62 
979670 095 
979631.45 
979614.27 
979636.81 
979647 00 
979654.83 
979649 25 
979639.64 
979651 12 
979657.30 
979660 096 
979662 76 
979663 023 
979660 09 
979629 03 
9 796 5-1-5 0- 

980099035 4.62 
980100o13 1.76 
980100o13 -1.97 
980100.16 -2.42 
980099.14 -3.51 
980103026 20.83 
980103o06 25.86 
980103.58 24.59 
980102047 9.56 
980101.68 4.31 
980100o91 . 18 
980102.48 2.64 
980101r19 2.94 
980104.76 21.69 
980104.83 12.63 
960103.26 6.27 
980103026 7.98 
980104086 7.28 
980103026 18.20 
980104r64 28.43 
980104o02 20.35 
980104.02 17.00 
980103.26 10.62 
980103.26 12.76 
980103026 13.78 
980101.29 0.06 
980099.91 -7.54 
980101e27 -5.04 
980101.95 -5.62 
980102o52 -6557 
980101.45 -7.98 
980097.40 -35.74 
980-1-00 6-21 -15.24- 

SIMPLE 
BOUGUER 

-171.31 
-168076 
0165e51 
-165r10 

--168.27- 
-160 08 
-165 65 
-166.20 
-160.79 
-163.96 
-166. 09 
-158 35 
-158.79 
-153.60 
0 1 5 1 r l l  
"155.25 
-155 e 59 
-152.51 
-159.27 
-159.47 
-156.24 
-154.69 
-155.64 
a156r29 
-159.12 
-163.08 
- 1 6 5 r l l  

-162.65 
-163.29 
-164094 
-192.43 

- i 62  . 64 

- -17-2724 

COMPLETE 
T o C e  BOUGUER 

1.09 
76 

0 66 
e30 
e52 

1.17 
1.20 
1.33 

58 . 53 
e51 
015 
013 
76 

028 . 19 
27 
15 
89 

1054 
082 
62 . 39 

051 
69 
24 
07 

003 
-002 
0.05 
0.06 
0.17 
0.05 

-170 22 
-168.00 
-164.85 
-164.80 

-158.92 
-164.45 
-164 87 
-160.21 
-163.43 
-165.58 
-158r20 
0158.66 
-152.84 
-150.83 
-155.07 
-155.32 
-152 36 
-158.38 
-157.93 
-155.42 
0154.07 
-155.25 
-155.78 
-158.44 
0162.84 
-165rO4 
0162.61 
-162 67 
-163.34 
-165.00 
-192.60 

~ -167.75- ~ 

~ 

-172-.29 



m e e * I  

STAT 

LI453 
WI454 
77101 
77102 
77119 = 

77120 
77121 
77122 
77125 
77127 
77129 
77130 
77132 
77L33 
77134 
77135 
77139 
77140 
77202 
77205 
77230 
77233 
77234 
77235 
77236 
77237 
77k39 
77240 
77241 
7 7 ~ 4 2  
77243 
7 7 2 w  
77245 

L A T I T U D E  LOLLGITUDE € L E V *  

39. 6.85 112.27063 1406. 
39. 5099 112.27056 1405, 
38.50.12 112021.69 1511, 
38.56012 112022.37 1492, 
38.56.37 112.32086 1423, 
38e56.48 112038.19 1429, 
38.56.46 112035.96 1427, 
38.54.45 112.35043 1429. 
38155.32 l l 2 0 3 0 e 2 3  1430, 
38.53015 112026e33 1447, 
38.55.81 112.20.38 1584, 
38056.08 l l i i ~ . 2 0 * I ' +  1588. 
38052.64 112024070 14700 
38,53030 112.27019 14430 
38.53078 ll;L.28.03 1437, 
30e54.21 112028076 1430, 
38.52052 112033.10 1430, 
38,51091 112034eO2 1454, 
38e48.10 112026.20 1529, 
38.48.25 112028070 1501, 
38e46.80 112r24rO8 1602. 
38r50.40 112026035 1474, 
38e50.38 l l i i .26090 14720 
38.50037 112.27084 1466, 
38e50.23 112028.33 14680 
38e50.23 112029.15 14620 
38.50.91 1lko30.24 1453. 
38r50.91 112.30.71 1453, 
3cJe50o91 112r31.39 1443, 
38.50.91 Alir.31090 1442r 
38.50.91 l l 2 . 3 2 0 4 9  14310 
38050.90 112.33008 1431, 
3 0 e 5 Or9 3=-1-12-o 3 3-0-6 az--l4 3 6 e- 

OBSERVED THEOR. FREE 
G R A V I T Y  G R A V I T Y  A I R  

979652.70 
979649.76 
979582 e29 
979504.98 
979592.41 
979578 59 
979583.23 
979584 027 
979597.05 
979593.31 
979565 e 34 
979564.30 
979506.95 
979594.73 
979595.96 
979596 88 
979590.88 
979501 35 
979568 00  
979573 63 
979547 02 
979582 95 
979503.91 
979586.93 
979587 06 
979588.98 
979509.12 
979588 56 
979590 03 
979509.28 
979591.28 
479589 86 
979507r20- 

980097.98 -11.44 
980097.22 -13.71 
980055.05 -6.43 
980053.30 -8.00 
980053.52 -21.95 
980053.62 -34.01 
980053.59 -29.87 
980053059 -28.37 
980052059 -14.23 
980050.69 -10.88 
980053e02 1 16 
980053125 1.09 
980050.23 09.65 
980050.82 -10.93 
980051.24 -11.79 
980051.62 -13.31 
980050.13 -17.92 

980046026 -6.55 
980046.38 -9.70 
980045e10 -3.80 
9800'46.28 -10.36 
980048.25 -10.14 
980048025 -8.92 
980048e12 -7.28 
980048.12 -7.85 
980048e72 -11.21 
980048e72 -12.36 
980048.72 -13.31 
980046.72 -14.36 
900048.72 -15.73 
980048072 -17.35 

980049.59 -19.59 

--98004-8,75 -18.45 

SIMPLE 
BOUGUER 

-168.57 
-170.01 
-175.29 
-174 68 
v180e98 
-193 70 
-189 e 38 
0188e05 
-174.03 
-172.57 
-175.86 
-176.36 
-173.92 
-1720 12 
-172.39 
-1730 16 
-177.712 
-182r05 
-177036 
-177.30 
-102 r 79 
-175.11 
v174e62 
-172073 
-171.31 
-171.27 
-173r58 
-174.08 
-174r60 
-175.53 
-175r60 
0177.23 
-178e90 
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STAT( LATlTUOE LONGITUDE ELEV. 

77252 
77253 
77L54 
77301 
77303 
773u4 
773u5 
77306 
77307 
773U8 
77309 
77310 
77311 
77312 
77313 
77314 
77316 
773,20 
77324 
77527 
77328 
77330 
77335 
77336 
77237 
77338 
77339 
77340 
77341 
77342 
77343 
77344 
773k5 

38.50o01 112034.20 
38oSOoOO 112034.74 
38e50.38 112035.66 
30e58.76 112e21r17 
38.58076 112023.42 
38059.41 112.24062 
38e59.55 112025.14 
38.59063 112025067 
38059.64 112026023 

3tlr59.64 112.27040 
39. e51 112027.79 
390 072 112028.29 
390 a91 112028.72 
390 1.10 112.29016 
390 1.40 112029.68 
390 1059 112030e45 
390 2.03 112.32016 
39e 1.14 112034053 
50058.75 112020.30 
38e58.75 112018092 
30aSt1.75 11;L*17*81 
39e 4.66 112.30.47 
390 5.16 112031032 
59e 5.87 1120320OO 
39. 4094 112032.57 
390 3.97 112e31egO 
39. 2.713 132.31067 
390 2.17 112030e65 
39e 2.83 112.33014 
39. 3.72 112033.50 
39e 4035 112034.00 

38.~9.64 112.26.81 

39r4~85--1-1-2T34~58 

1448, 
1453e 
1478, 
1514, 
1469, 
1451 
1441 
1434, 
1426, 
1421 
1416, 
1419, 
1415. 
1415, 
14170 
14150 
1408, 
1425, 
1423, 
15300 
1563. 
1625, 
14790 
1478, 
1452, 
14610 
14660 
1468. 
1411. 
1437, 
1440, 
1437, 
1422, 

OBSERVED THEOR. FREE 
GRAVITY GRAVITY A I R  

979582 59 
979579.51 
979572 39 
979586 53 
979597.81 
979602 38 
979605.07 
979606e47 
979606.70 
979606.85 
979605.66 
979639 a 77 
979638083 
979637.94 
979635e90 
979633.87 
979634e14 
979626.62 
979622 16 
979582 06 
979573.70 
979561 038 
979624.02 
979623 82 
979631.91 
979625.41 
979624 08 
979621e90 
979633e77 
979623001 
979623 78 
979624.92 
979628.45 

980047.93 -18.56 
980047e91 020.13 
980048025 019.67 
980055e61 01.99 
980055.61 -4.62 
980056.20 -6.11 
980056.31 -6.44 
980056e38 -7.46 
980056e38 -9e67 
980056038 -10.94 
980056.38 -13.64 
980092e40 014.59 
980092059 -17.04 
980092e75 -18.28 
980092e92 -19.84 
980093e19 -22.51 
980093e34 -24.65 
980093e73 -27.30 
980092.95 -31.82 
980055e61 -1.27 
980055o61 . 33 
980055.61 7.09 
980096.04 -15.63 
980096e49 -16.58 
980097.12 -17.01 
980096029 -20.15 
980095045 -19.03 
980094.41 -19.53 
980093.07 -24.71 
980094045 -28.05 
980095023 -27.01 
980095078 -27.28 
980096022 -29.08 

I 

SIMPLE 
BOUGUER ToCe 

-180.34 
-182e46 
-184.86 
-171 13 
-168e72 
-168 e 22 
-167e51 
0167e68 
-169e01 
-169e76 
-171 092 
-173e22 
-175 e 18 
-176e36 
-178.15 
0180e68 
-182e01 
-186e57 
-190 e 78 
-172 a 29 
-174 e 29 
-174 43 
-180e90 
-181.74 
-179e31 
-183e36 
-182.83 
-183 56 
-182.37 
-188.61 
-187.95 
-187091 
-187093 

32 
28 
18 

lo06 
e 69 
051 
e 46 
38 . 34 

e 29 
26 

e 19 
16 

e 1 3  
010 
07 
07 

-003 
-008 
1.26 
1.74 
2.08 
e10 
003 

0.06 
-e03 
-002 
003 
.07 

- 0 0 7  
-008 
-010 
0.11 

COMPLETE 
BOUGUER 

-180 02 
-182. 18 
-184 68 
-170 07 

-167.71 ' 

-167 05 
-167 30 
-168 68 
-169 47 
-171.66 
-173 03 
-175.02 
-176.23 
-178.05 
-180.61 
-181.94 
-186.60 
-190086 
0171eO3 
-172.55 
0172.35 
-180.80 
-181.71 
-179.37 
-183e39 
-182.85 
-183.53 
-182.30 
-188.67 
-188 03 
-188.01 

-168 . 03' 

-188;-04 
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OBSERVED THEOR. FREE SIMPLE COMPLETE 
STAT. LATITUDE LONGITUDE €LEV. G R A V I T Y  GRAVITY A I R  BOUGUER T.C. BOUGUER 

77348 39. 5.30 112.35.20 1418. 979628.66 980096.61 -30.30 -188.78 c.13 -188.91 
7 7 ~ 5 0  39. 6.64 112035.79 1423. 97’3627.78 980097.79 -30.94 w189r93 0.14 *190,07 
77351 390 7.23 llirr34.16 1447. 979629.33 980098.31 -22.58 ‘184.23 e02 -184.22 
77355 390 036 112.31.79 1410. 979631.37 980092.27 -25.07 -183.40 004 -183.36 
773bl 390 086 112.33.08 1415; 979626.31 980092.70 -29.77 -187.80 -002 0187.90 

- -  , . .  
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L I S T  OF PHYSICAL PROPERTY MEASUREMENTS 
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Table 3. DENSITY MEASUREMENTS 

The technique used t o  measure the  dens i t i es  i s  described by 

L a t i  tude 
'(North) 

Type 

Rhyo l i t e  38O54.79' 

Rhyol i t e  38'54 . 79 ' 

R h y o l i t e  38O54.79' 

Obs i d i  an 38' 54.79 ' 

T rave r t i ne  38"50.66' 

Traver t  i ne 38O51.99 ' 

\ C a r r i e r  (1979). 

Rock Sampl e Locat ion 

Arkose 39"02.09' 

Limestone 39'02.09' 

Sandstone 39"02.09' 

Basal t  38O53.21 ' 

Basal t  39'06 . 71 ' 

Limestone 39O04.05 ' 

Sandstone 39"02.09' 

Limestone 39'02 -09 ' 

Longitude 
(West ) 

112"29 . 78 ' 
112 "29.78 ' 

112"29.78' 

112'29.78' 

112"29.78' 

112"29.87' 

112" 19.78 ' 

112"19.78' 

112" 19.78' 

112O31.96' 

112"32.91' 

112O18.89' 

112"19 . 78' 

112 "19.78 ' 

Saturated Dry Percent 

Densi ty 
(g/cc 1 

2.50 

2 -46 

2.64 

2.42 

2.68 

2.62 

2.69 

2.85 

2.78 

2.61 

2.57 

2.72 

2 -67 

2.73 

Densi ty P o r o s i t y  
(g/cc) Percent 

2.38 

2.20 

13 

33 

2.37 29 

2.32 13 

2.55. 13 

2.28 38 

2.61 8 

2.82 3 

2.60 16 

2 022 44 

2.52 5 

2.72 <0.5 

2.61 6 

2.71 1 



B 

D 

- 

88 
\ 

Table  4 .  MAGNETIC SUSCEPTIBILITY MEASUREMENTS 

The techn ique  used t o  measure t h e  magnetic s u s c e p t i b i l i t i e s  i s  

descr ibed  

Rock 

Type 

B a s a l t  

B a s a l t  

B a s a l t  

B a s a l t  

B a s a l t  

Sandstone 

Sandstone 

Arkose 

Arkose 

Limestone 

by C a r t e r  and Cook (1978). 

Sample L o c a t i o n  

T r a v e r t i n e  38"51.30' 

Rhyol i t e  38O54.79 ' 

Q u a r t z i t e  38O45.36' 

L a t i  t u d e  
'(NorthJ 

38'56.50' 

38" 53.21 ' 

5 39O08.88' 

39O01.68' 

39"OZ. 03 ' 

38O53.29' 

39"02.09' 

39'02.09 ' 

38O52 -65' 

39'02.17 ' 

L meg:; y d e 

112"33.15' 

112'31.96 ' 

llZ"42.96 ' 

112"30.88' 

112"27 -68' 

112O19.25 ' 

112" 19 . 78' 
112'19 . 78 ' 
112"18 -22 ' 

112'19.53' 

11 2'29 . 36 ' 
112'29 . 78 ' 
112O32.53' 

63.2 

333.9 ' 

370.8 

65.2 

63 .O 

8.5 

5.4 

9.0 

9 .o 
11.2 

9 .o 
155.1 

8 .O 

I 
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I .  Descr ip t ion and Guide t o  Terra in  Correct ion Program (CHUCHU) 

For the  g r a v i t y  survey, t e r r a i n  correct ions f o r  a r a d i a l  d istance 

o f  between 0.895 and 166.7 km f r o m  each s t a t i o n  were ca l cu la ted  using 

a computer program w r i t t e n  i n i t i a l l y  by P l o u f f  (1966, 1977) and 

modif ied by Godson (1978, w r i t t e n  comun ica t i on )  f o r  t h e  U. S. 

Geological Survey. The program was modif ied 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 and i s  a v a i l a b l e  as a prograv 

f i l e ,  CHUCHU. A comparison o f  t he  r e s u l t s  from over 1000 s ta t i ons  

from t h i s  survey and a g r a v i t y  survey by Gabbert (1980) has shown t h a t  

CHUCHU gives r e s u l t s  which agree w i t h  the  U. S. Geological Survey 

program t o  w i t h i n  a round-off e r r o r  o f  0.02 mgal . 
For t h i s  study, the inner-zone t e r r a i n  co r rec t i ons  t o  a r a d i a l  

d istance o f  0.895 km were ca lcu lated by hand using t h e  Hammer (1939) 

zone charts. Gabbert (1980) i s  c u r r e n t l y  completing a p re l im ina ry  ~ 

study o f  the accuracy o f  CHUCHU which w i l l  provide some guide l ines on 

the t e r r a i n  condi t ions f o r  which hand t e r r a i n  co r rec t i ons  are 

necessary f o r  the i nne r  zones. A t  present, CHUCHU o f f e r s  the  op t i dn  

o f  c a l c u l a t i n g  t e r a i n  correct ions f o r  r a d i a l  distances o f  0.0, 0.8d5, 

1.53, o r  2.615 km from - the  s t a t i o n  t o  a r a d i a l  d istance o f  166.7 km. 
I 
'I 

_ _  
1 

CHUCHU accesses t e r r a i n  data stored on a magnetic tape t o  crealte 
I 

I 
t e r r a i n  maps d i g i t i z e d  a t  30 sec, 1 min, and 3 min o f  arc intervals1 of 

t he  area t o  be used f o r  t he  t e r r a i n  correct ions.  The 30 sec d i g i t i k e d  
$ 1  

t e r r a i n  data are used t o  c a l c u l a t e  the  t e r r a i n  co r rec t i ons  f o r  r a d i a l  

distances o f  between 0.0 and 5.0 km from the s ta t i on .  Addi t ional ly ' ,  

the inner-zone t e r r a i n  correct ions are ca lcu lated assuming a ground 

surface which i s  s lop ing between the s t a t i o n  and t h e  compartment; and 
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a complete c i r c u l a r  j o i n  ( f o r  use, w i t h  hand t e r r a i n  co r rec t i ons )  i s  

c a l  c u l  ated (P1 ouf f ,  1977) . 
The 1 min d i g i t i z e d  topography i s  used f o r  r a d i a l  distances o f  

between 5.0 and 21.0 km from the  s t a t i o n  and the 3 min topography 

beyond 21.0 km. 

ca l cu la tes  the  t e r r a i n  c o r r e c t i o n  using f la t - topped compartments. 

For the 1 min and 3 min d i g i t i z e d  data, t h e  program 

A 

c o r r e c t i o n  f o r  t he  ea r th ' s  curvature i s  ca lcu lated beyond 14 km. A l l  

t e r r a i n  l oca t i ons  and distances are ca l cu la ted  i n  a l a t i t ude - long i tude  

reference system. 

The program appears t o  g ive reasonably accurate and repeatable 

r e s u l t s  and i s  t he re fo re  an improvement over hand t e r r a i n  correct ions.  

For the  approximately 900 s ta t i ons  i n  t h i s  survey, t h e  computer costs 

were approximately $30. The cost  f o r  hand-computed i nner-zone t e r r a i n  

co r rec t i ons  are estimated a t  about $300 (based on 900 s t a t i o n s  (3 6 min 

per s t a t i o n  times $3.00 per hour). Th is  represents a s i g n i f i c a n t  cost  

savings over complete hand t e r a i n  correct ions,  assumed t o  be about 

$4000 (@ 1.5 hours per s ta t i on ) .  

P l o u f f  (1977) has shown t h a t  t h e  program incorporates 

improvements over the  t e r r a i n  c o r r e c t i o n  program o f  Kane (1962) which 

has been used i n  the  past a t  t he  U n i v e r s i t y  o f  Utah. 

t o  be a s i g n i f i c a n t  improvement i n  the c a l c u l a t i o n  o f  t e r r a i n  

CHUCHU appears 
\ 

cor rect ions f o r  g r a v i t y  data a t  t he  U n i v e r s i t y  o f  Utah. Addi t ional  

study o f  t h i s  technique by Gabbert (1980) and du r ing  f u t u r e  g r a v i t y  

studies should r e s u l t  i n  a more prec ise understanding o f  t he  accuracy 

o f  t h i  s program. 
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Execution o f  CHUCHU--CHUCHU i s  simple t o  use but  may requ i re  h a l f  an 

hour o r  more t ime t o  execute on the  computer. 
I 

Because a l l  o f  t h e  f i l e  

manipulat ion! i s  done i n s i d e  t h e  program, t h e  user needs on ly  a minimal 

understanding o f  t he  computer. Before executing t h e  program, a data 

f i l e  must e x i s t  conta in ing t h e  g r a v i t y  in format ion f o r  each s tat ion.  

The format used f o r  t he  data i s  t h e  same as the  format o f  t h e  output 

from t h e  reduct ion program; but  repeat s ta t i ons  and headings must be 

deleted. The format i s  as fo l lows:  

STAT. NO., LAT (deg, min), LONG (deg, min) , ELEV 

(A6, 14, lX, F6.2, 14, lX, F6.2, 2X, F6.0) 

***Note, no f i l e  used i n  t h i s  program 

characters . 
The f o l l o w i n g  i s  a sample o f  t he  

can have a name longer than 5 

execution o f  t he  program. 
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>@XQT, U CHUCHU .ABS 

ENTER INPUT GRAVITY F I L E  NAME 

>BLRKl . 
ENTER SECOND BOUGUER DENSITY 

>2.5 

ENTER F I L E  TO STORE TERRAIN CORRECTIONS I N  

>FILT.  

ENTER 1 FOR REPEAT RUN OF SAME AREA; OTHERWISE A 0 

>O 

ENTER LOWER RIGHT LAT & LONG BOUNDARY OF DATA, DEG & NEAREST 15 MIN 

>38,30,112,0 

ENTER UPPER LEFT LAT & LONG BOUNDARY OF DATA 

>39,30,113,0 

ENTER 0 I F  STATION ELEVATIONS ARE ABOVE SEA LEVEL & ON LAND ENTER 1 I F  STATIONS ARE 01 LAND & SC !E 

ARE BELOW SEA LEVEL ENTER -1 I F  STATION ELEVATIONS ARE DEPTHS BELOW SEA LEVEL. ENTER -2 I F  STATION 

ELEVATIONS ARE DEPTHS OF BOTTOM BELOW STATIONS 

ENTER INNER-TERRAIN DATA-SPACING-( 15 OR 30) 

'i 

a 
w 



w m e 

> 30 

ENTER DISTANCE I N  KM (0. , .895 , 1.53 ,OR 2.61 5 )  WHERE COMPUTER CORRECTIONS START 

> .895 

@ASG ¶A 

STATUS 

@USE 

STATUS 

BASG ¶UP 

STATUS 

@ASG , UP 

STATUS 

@USE 

STATUS 

~ ~ 

, BLRK1. 

0 - - 

9. ,BLRKl. 

0 

FILT. 

FILE3. 

- - 

0 

0 

8. ,FILE3. 

0 - - 

ENTER NUMBER OF TAPE CONTAINING ELEVATIONS 

>1674 

@ASG TR 1 .  ,8C9,1674 

@ASG UP TERRl . 
STATUS 0 

P 



@USE 10. ,TERRl . 
STATUS = 

@ASG , UP TERR2. 

STATUS = 0 

@USE l l . , T E R R 2 .  

STATUS = 0 

BASG , UP TERR3. 

STATUS = 

@USE 12. ,TERR3. 

STATUS = 

@FREE,A 9. STATUS I S  

@FREE,A 10. STATUS I S  

@FREE,A 1 1 .  STATUS I S  

@FREE,A 12. STATUS I S  

@FREE,A 14. STATUS I S  

TERRAIN CORRECTIONS COMPLETED 

0 ;  

NORMAL E X I T .  

0 

0 

TIME: 231 5 3 2  MILLISECONDS. 
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CHUCHU uses two densi t ies,  t he  f i r s t  densi ty  w i l l  always be 2.67 

g/cc. The program automat ica l ly  assumes t h i s  value f o r  t he  f i r s t  

densi ty,  but  w i l l  a lso c a l c u l a t e  t e r r a i n  correct ions f o r  t he  second 

dens i t y  specified. CHUCHU creates two new f i l e s  i n  t h e  use r ' s  space. 

The f i r s t  f i l e  w i l l  contain a l i s t i n g  o f  the t e r r a i n  co r rec t i ons  

wi thout  headings f o r  subsequent use. The narlle o f  t h i s  f i l e  must be 

spec i f i ed  as a f i v e  ( o r  l e s s )  character name, which i s  not c u r r e n t l y  

catalogued. The second f i l e ,  named FILE3, w i l l  conta in  headings and 

an explanat ion o f  the output, as wel l  as any e r r o r  messages. No 

previous f i l e  w i t h  t h i s  name should e x i s t  i n  the user 's  space o r  i t  

w i l l  be erased and w r i t t e n  over. 

During the  execution, t h ree  t e r r a i n  f i l e s  are created i n  the 

use r ' s  space. T E R R l  contains 30 ,set d i g i t i z e d  topography, TERR2 

contains 1 min d i g i t i z e d  topogrpahy, and TERR3 contains 3 min 

d i g i t i z e d  topography. These f i l e s  are l a rge  and should be deleted 

a f t e r  a l l  the t e r r a i n  correct ions are complete. However, c r e a t i n g  

these f i l e s  i s  one o f  t h e  more expensive pa r t s  o f  t h i s  program. I f  a 

second run i s  ant ic ipated,  the computer costs can be reduced by 

r e t a i n i n g  the  t e r r a i n  f i l e s  and en te r ing  a '1' t o  s i g n i f y  a repeat run 

dur ing the execution. 

To create the  t e r r a i n  f i l e s ,  t he  boundaries o f  t he  survey area 

must be i npu t  t o  the nearest 15 min o f  l a t i t i u d e  and longi tude outs ide 

the survey area. Within Utah, a l l  s ta t i ons  are assumed t o  be on land 
I 

and above sea leve l .  No other  opt ions have been tested f o r  CHUCHU. 

The inne r  t e r r a i n  data spacing f o r  Utah i s  c u r r e n t l y  30 sec. CHUCHU 

may be modif ied a t  a l a t e r  date t o  accept 15 sec data. 



a 

The t e r r a i n  correct ions can be s t a r t e d  a t  r a d i a l  distances o f  

B 

0.0, 0.895, 1.53, o r  2.615 km from t h e  s tat ion.  These distances 

correspond t o  the  s t a t i o n  locat ion,  o r  zones F, G, and H, 

respect ive ly ,  of the Hammer zone charts. I f  the  t e r r a i n  c o r r e c t i o n  i s  

s t a r t e d  a t  0.0 km, the user has the  op t i on  o f  c a l c u l a t i n g  an i nne r  

t e r r a i n  c o r r e c t i o n  t o  any o f  t h e  above Hammer zones, except zone F 

which requi res 15 sec d i g i t i z e d  t e r r a i n  data. 

The t e r r a i n  data f o r  Utah are c u r r e n t l y  stored on tape number 

1674. Because t h i s  number may change i n  the  future, t he  user should 

check f o r  t h e  cu r ren t  tape number. 
I 

Figure 13 i s  a f l o w  diagram o f  CHUCHU and a program l i s t i n g  

1) f o l  1 ows . 

\ 
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D R I V E R  T C P R M  T C P R C  
I f  requlred -creotrr  mops 

converslon from geogrophlc to  - 
rectongulor coordlnotrs 

Colculoter TC for second -~ 
density Llsts flnol TC on * 

M A P S  ___-------- 
4 Reodr grovlty f l l e  Colculoter 

Initiollzes mop Infa ,  reods 
Roods output f I Io  noma rodii for Inner corrections. 

Assigns gravity f i l e ,  output 
f i l e ,ond  FILE3 . Determlne outer boundory 

needed for each type map 
C O N T R L  ASC 

___-_- - - - -  Seo PRGLIB - - - - - - - - - - 
Reodr tope number _ ond ~~ 

c__-_-_- 
7 C V T N Z  Arslgns TERRI , TERRP., filer Freer f i le  device 

R E A D T  
Reodr tope ond writes to mop 
f i les.  

C r r o t r s  orroy Converts integer decimal TERR3 for top0 mops 
degrees and mlnutes degrees to  Integer - - - - - - - - - 

t I to decimal degrees. degrees  8 mlnutea I n l t i o l l r e r  Of mop 
dota. _ - _ - - - - -  

I 
to free f i le 

F i r e s  lope 

I 

CR M A P A R  
Determine T C. for comport- 
ment. Curvature corrected 

Forms circulor Inner bound- 
T R I A N C  

ory 

LRRNC 
G e t s  mop porometerr. .t- 

Sets  up radi i  and mop coor- 
dinates. Converts s tot lon lo -  
cations to rectongulor coordlnote 
wlth mop frome of reference 
Reods mops one 01 0 time ond 
overoges lo form block rlevo- 
tions 

- - - - - - - - -- 

_ _ - - - -  ----. 
Writes to f i ler .  

C P R I S M  G I N N E R  C E N T D  
Coiculoter % of ore0 outside 

lion of  rquoro comportment. circle 

I 
. 

Figure 13. Flow char t  o f  CHUCHU. 



Listing o f  Terra in  Correc t ion  Program 

The program l i s t i n g  (pages 99-159) i s  not included i n  this 

report. 

the reade r  may contact: 

To obta in  a l i s t i n g  o r  magnetic t a p e  o f  t h i s  program, 

I 

T. Killpack 

Earth Science Laboratory 

420 C h i  peta  Way 

S a l t  Lake C i ty ,  Utah 84108 

I 
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I11 Descr ip t ion and Guide t o  Simultaneous Modeling Program (JOINT) 

A number o f  computer programs are a v a i l a b l e  (Snow, 1978) which 

use inve rs ion  techniques t o  model e i t h e r  g r a v i t y  o r  aeromagnetic data. 

JOINT was i n i t i a l l y  a combination o f  two o f  t he  programs w r i t t e n  by 

Snow (1978), MAGINV and GZHINV, and s t i l l  bears a number o f  

s i m i l a r i t i e s  t o  these programs. 

a Marquardt step d i d  not  s i g n i f i c a n t l y  improve t h e  s t a b i l i t y  of t h e  

j o i n t  inversion; and the re fo re  a Guass method (Beck and Arnold, 1977) 

However, i t  was found t h a t  t h e  use o f  

was used f o r  t he  i nve rs ion  scheme i n  JOINT. 

JOINT uses a Talwani 2 l/Z-dimensional modeling technique 

(Talwani e t  a1 ., 1959) which incorporates end co r rec t i ons  f o r  polygons 

o f  f i n i t e  s t r i k e  length (Cady, 1977; Shuey and Pasquale, 1973). The 

forward problem i s  given as: 
rn 

0 
where g j  i s  t he  t h e o r e t i c a l  value o f  g r a v i t y  o r  magnetics t h a t  would 

be observed a t  t h e  j ' t h  p o i n t  on, o r  above, t he  surface. K is a I 

constant which depends on t h e  type o f  data ( g r a v i t y  o r  tllagnetic) being 
4 I 

- calculated. Api i s  t he  densi ty  contrast ,  f o r  t h e  g r a v i t y  data, and I 

! the magnetic s u s c e p t i b i l i t y  cont rast ,  f o r  t h e  magnetic data, o f  t he  

* i ' t h  polygon. 

measured from the  j ' t h  s ta t ion.  

x, y, and z are t h e  v e r t i c e s  o f  t h e  i ' t h  polygon 

To combine t h e  two data sets  i t  i s  necessary t o  standardize t h e  

data. It i s  assumed t h a t  some knowledge o f  t h e  e r r o r  i n  each data set  

i s  avai lab le;  and the re fo re  an ob jec t i ve  f u n c t i o n  was chosen t o  
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u t i l i z e  t h i s  in format ion and standardize t h e  data i n  a manner 

suggested by Jackson (1973). JOINT i s  designed t o  f i n d  those 

parameters which minimize a chi-squared o b j e c t i v e  funct ion:  

where gg i s  t he  observed value and g j  i s  t he  predic ted value a t  the 

j l t h  s t a t i o n  and aj i s  t he  estimated variance f o r  e i t h e r  the  g r a v i t y  

o r  aeromagnetic data represented by 99. 

m a t r i x  n o t a t i o n  gives: 

Rewr i t ing equation (2 )  i n  

f o r  i = j 

e l  sewhere 

To minimize s, the ma t r i x  d e r i v a t i v e  o f  s i s  set  equal t o  zero. 

-T  
(4) vps = si (0,f cg" - S'(p^)] = 0 

T 
where A(6) = vp{(p^) and vp =[& . 

Because a;) i s  genera l ly  non- l inear w i t h  respect t o  t h e  parameters b ,  
a t runcated Taylor expansion about some 6 '  i s  used t o  f i n d  the  

estimated 6. This gives (Beck and Arnold, 1977): 

T 
i (fil)w= [io - s'($) - i ( $ ) A 3  = 0 ( 5 4  

A 6  = 6 - 6' 

D o r  



0 

D 

Solving equation (5b) i t e r a t i  

t h e  k ' t h  i t e r a t i o n  gives: 

162 

(5b) 

re ly  t o  f i n d  t h e  best est imate o f  p f o r  

JOINT i s  an i n t e r a c t i v e  program, bu t  i t  i s  recommended t h a t  t he  

g r a v i t y  and aeromagnetic data, as wel l  as t h e  model parameters, bet 

stored i n  a da'ta f i l e  t o  be added du r ing  t h e  execution of JOINT. 

f o l l o w i n g  i s  a l i s t i n g  o f  t he  program output and the  data f i l e  used t o  

ob ta in  t h i s  output. 

The 

0 

I' 



@XQT ,U JOINT. ABS 
THROUGHOUT THIS PROGRAM 1 =NO, O=Y ES 
INPUT PROFILE IDENTIFICATION 
@ADD BB1. 
INPUT NO. OF POLYGONS I N  MODEL 
INPUT THE UNITS OF DISTANCE TO BE USED. KM=O,MI=l,KF=Z 
STATION AT WHICH THE COMPUTED & OBSERVED VALUES AGREE 
INPUT AMBIENT FIELD,TNCLINATION,AZIMUTH, TYPE OF MAGNETIC FIELD DATA 

TOTAL = 1,VERTICAL = 2 
TOTAL NO. OF STATIONS I N  PROFILE 
INPUT GRAVITY ,MAGNETIC VALUE ,DISTANCE , ALTITUDE 
INPUT NO. OF SIDES,DENSITY,SUSCEPTTBILITY CONTRAST,STRIKE LENGTH 
INPUT X,Z COORDINATE FOR EACH VERTEX 
INPUT NO. OF SIDES,DENSITY ,SUSCEPTIBILITY CONTRAST ,STRTKE LENGTH 
INPUT X,Z COORDINATE FOR EACH VERTEX 
INPUT NO. OF SIDES ,DENSITY SUSCEPTIBILITY CONTRAST ,STRIKE LENGTH 

INPUT X.2 COORDINATE FOR EACH VERTEX 
INPUT NO. OF SIDES ,DENSITY ,SUSCEPTIBILITY CONT IsTPr Kf L E w m  

IIlWf I&! ~~~~~~~ ~ ~ ~ ? ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~  wwwr mwwu cc%lww 

INPUT x i z  CQQRQWK FQP EACH YEfiTEJ 
POLYGON NO. 1 DENSITY 

STRIKE LENGTH 100.00000 
X VERTICES 2 VERTICES 
-1 000.000 ,000 . 000 

45.000 1.940 
-24  .400L 2.840 

10.175 '4;OOO - . 000 4.400 
-1 000,000 4.400 
-1000.000 . 000 

1 000 000 

-, 20000 SUSCEPTIBILITY ,00070 

REF 
1 1  
1 2  
1 3  
1 4  
1 5- 
1 6  
1 7  
1 8  



-1 000.000 
1000.000 

45.000 
34,200 
33.400 
26.790 
26.550 
24.400 
23.400 
23.300 
22.100 
22.000 
21.300 
21.200 
20.250 . 000 

-1000.000 

POLYGON NO. 2 DENSITY 
STRIKE LENGTH 100.00000 
X VERTICES Z VERTICES . 000 . 000 

1.890 
2.165 

.930 
1.000 
1.440 
1.420 
1.440 
1.200 
1.200 
1 .ooo 
1.200 
1.350 
1.305 
1.500 . 000 

-. 20000 SUSCEPTIBILITY 

REF 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
2 10 
2 11 
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 

POLYGON NO. 3 
STRIKE LENGTH 
X VERTICES . 000 

20.250 
20.100 
19,800 
19.600 
17.500 
15.200 
14.400 
13.600 
10.175 
8*500_. - . 000 

DENSITY -, 20000 SUSCEPTIBILITY 
100.00000 

Z VERTICES REF 
1.500 . 3 1 
1.305 3 2 
1.810 3 3 
1.635 3 4 
2.000 3 5 
2.000 3 6 
2.300 3 7 
3.200 3 8 
3.750 3 9 
4.000 3 10 
3.ml-3 11 
1.500 3 12 

. 00000 
- 

,00000 



W W 

POLYGON NO. 4 DENSITY .09000 SUSCEPTIBILITY -.00040 
STRIKE LENGTH 100.00000 
X VERTICES Z VERTICES REF - 1000.000 . 000 

10.175 . 000 
-1 000,000 
-1 000.000 

.ooo 4 1- 
1.500 4 2 
4.000 4 3 
4.400 4 4 
4.400 4 5 

.OOO 4 6 

POLYGON NO. 5 DENSITY ,12000 SUSCEPTIBILITY ,00250 
STR I KE LENGTH 6.00000 
X VERTICES Z VERTICES REF 

15.000 .072 5 1 
23.575 .080 5 2 
24,000 .095 5 3 
29.825 .060 5 4 
24,000 ,245 5 5 
23.500 .227 5 6 
23.200 .310 5 7 
21.800 .220 5 8 
21,200 .220 5 9 
20.700 .290 5 10 
20,000 .280 5 1 1  
18.800 .320 5 12 
15.000 .072 5 13 

DO YOU WISH TO INVERT THIS MODEL? YES=O,NO=l 
0 
HOW MANY ITERATIONS? 
1 
TO WHAT DEVICE DO YOU WISH TO WRITE? 
6 
INPUT THE ESTIMATED VARIANCE FOR GRAVITY,MAGNETICS 
.5,10. 
INPUT NO. OF DENSITY ,SUSCEPTIBILITY ,VERTEX PARAMETERS TO BE ADJUSTED 

- __  



m 0 0 4'e "'. i 

O S O J  

TOTAL NO OF VERTICAL VERTEX ADJUSTMENTS 
1 
INPUT THE REF NO.S (I,J) OF THE VERTICES & ORDER NO, 
5,791 
TOTAL NO OF HORIZONTAL VERTEX ADJUSTMENTS 
0 
A TOTAL OF 1 PARAMETERS TO BE ADJUSTED 
THE NEW PARAMETERS ARE: 

POLYGON NO. 1 DENSITY - 20000 SUSCEPTIBILITY . 00070 
STRIKE LENGTH 1 00.000 
X VERTICES Z VERTICES REF 

1 000.000 , 000 1 2  
45.000 1.940 1 3  
24,400 2,840 1 4  
10.175 4.000 1 5  

,000 4.400 1 6  
-1 000.000 4.400 1 7  
-1 000,000 . 000 1 8  

-1 000.000 . 000 1 1  4 

POLYGON NO. 2 
STRIKE LENGTH 
X VERTICES 
-1 000.000 

1 000.000 
45.000 
34.200 
33.400 
26.790 
26.550 
24 400 
23.400 
23.._300,--- 

DENSITY - *  20000 SUSCEPTIBILITY ,00000 
1 00,000 

Z VERTICES REF . 000 2 1  . 000 2 2  
1.890 2 3  
2.165 2 4  

.930 2 5  
1 .ooo 2 6  
1,440 2 7  
1.420 2 8  
1.440 2 9  

---1.200-_ 2 10 . . .. 



e e 0 

8 

22.100 1.200 2 11 
22.000 1.000 2 12 
21.300 1.200 2 13 
21.200 1.350 2 14 
20.250 1.305 2 15 

.ooo 1.500 2 16 
-1000.000 .OOO 2 17 

POLYGON NO. 3 DENSITY -. 20000 SUSCEPTIBILITY ,00000 
STRI KE LENGTH 1 00.000 
X VERTICES z VERTICES REF . 000 

20,250 
20.100 
19.800 
19,600 
17.500 
15,200 
14.400 
13.600 
10.175 
8.500 

,000 

1.500 
1.305 
1.810 
1.635 
2.000 
2.000 
2,300 
3.200 
3.750 
4.000 
3.650 
1.500 

3 1' 
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
3 10 
3 11 
3 12 

POLYGON NO, 4 DENSITY .09000 SUSCEPTIBILITY -,00040 
STRIKE LENGTH 100.000 
X VERTICES Z VERTICES REF 
-1 000.000 ,000 4 1  

000 1.500 4 2  
10,175 4.000 4 3  

,000 4,400 4 4  
-1 000.000 4,400 4 5  
-1000.000 ,000 4 6  



m 0 a 1 0 m i  
I 
I 
I 
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POLYGON NO. 5 
STRIKE LENGTH 
X VERTICES 

15.000 
23.575 
24.000 
29.825 
24.000 
23.500 
23.200 
21.800 
21.200 
20.700 
20.000 
18.800 
15.000 

STAT 
NO 
1 
2 

‘ 3  
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 

DISTANCE 

. 00 
1.55 
3.03 
4.80 
8.59 
9.95 
11.59 
12.39 
13.20 
13.78 
14.58 
15.38 
15.71 
16.03 
16.38 
16.64L 

DENSITY .12000 SUSCEPTIBILITY ,00250 
6.000 

Z VERTICES REF 
.072 5 1  
.080 5 2  
.095 5 3  
.060 5 4  
.245 5 5  
,227 5 6  
,310 5 7  
.220 5 8  
.220 5 9  
.290 5 10 
.280 5 11 
.320 5 12 
.072 5 13 

OBSERVED 
GRAVITY 
-180.23 
-182.96 
-185.52 
-188.53 
-193.77 
-194.18 
-193.61 
-1 92.82 
-192.02 
-1 91 .77 
-189.25 
-1 87.86 
-187.39 
-186.63 
-186.12 -- 1 85.,_38. - 

COMPUTED 
GRAV lTY 
-1 80.40 
-182.96 
-185.75 
-188.91 
-1 93.67 
-1 94.26 
-1 93.91 
-1 93.29 
-192.36 
-1 91.51 
-190.10 
-1 88.44 
-187.72 
-1 87.01 
-186.24 
-185.69. 

, 

OBSERVED 
MAGNETIC 
-370. 
-360. 
-350. 
-349 . 
-349. 
-350, 
-350. 
-360. 
-360. 
-361. 
-360. 
-360. 
-357. 
-353. 
-349. 
-345. 

COMPUTED 
MAGNETIC 
-364. 
-360. 
-355. 
-350. 
-341 . - 340, 
-341 . 
-343. 
-346 . 
-350, 
-361. 
-363. 
-357. 
-351. 
-345 . 
-341. 

D I F F  
GRAV 
.17 . 00 . 23 
.38 

-.lo . 08 . 30 
.47 
.34 

-.26 
.85 
.58 
* 33 
.38 
.12 
.31 

D I  FF 
MAG 
-6.2 

.o 
5.1 
.8 

-7.8 
-10.0 
-8.9 
-16.9 
-13.5 
-10.6 

1 .o 
3.0 
-,4 
-2.3 
-4.2 
-4.2 



17 16.90 
18 17.25 
19 17.57 
20 17.90 
21 18.22 
22 18.70 
23 19.09 
24 19.47 
25 19.63 
26 19.92 
27 20.09 
28 20.41 
29 20.73 
30 21.08 
31 21.39 
32 21.81 
33 22.29 
34 22.52 
35 22.84 
36 23.16 
37 23.45 
38 23.77 
39 24.45 
40 24.74 
41 25.25 
42 25.57 
43 26.06 
44 26.47 
45 26.81 
46 27.13 
47 27.36 
48 27.68 
49 28.00 
50 28.81 
51 29.61 52 30--01- - 

* 

-185.05 -185.15 
-184.48 -184.44 
-183.80 -183.80 
-183.24 -183.17 
-182.81 -182.55 
-181 .73 -1 81.64 
-181.37 -180.94 
-180.53 -180.24 
-180.31 -1 79.94 
-179.63 -179.39 
-179.43 -179.07 
-179.17 -178.44 
-178.35 -177.85 
-177.72 -177.30 
-177.23 -176.85 
-176.38 -176.26 
-175.62 -175.67 
-175.78 -175.45 
-175.43 -175.20 
-175.06 -175.04 
-175.29 -175.00 
-175.36 -174.94 
-174.99 -174.67 
-174.94 -174.52 
-174.55 -174.20 
-174.23 -173.96 
-173.60 -173.52 
-173.36 -173.04 
-172.80 -172.63 
-172.44 -172.25 
-172.06 -172.01 
-171.73 -171.71 
-171.65 -171.47 
-1 70.95 -1 71.03 
-170,50 -170.75 

-170,18---2 1 70 ;64--- 

-342. 
-337. 
-331. 
-324. 
-312. - 300. 
-302. 
-305. 
-305. 
-305. 
-310. 
-315. 
-314. 
-320, 
-325, 
-340. 
-325. 
-321. 
-318, 
-305. 
-31 0. 
-321. 
-324. 
-326. 
-328. 
-330. 
-332, 
-334. 
-336, 
-338. 
-339, 
-340. 
-341. 
-345 
-348. 
-349. 

-337. .10 -5.3 
-331. -.04 -6.0 
-325. -.OO -5.6 
-31 9. -.07 -4.9 
-312. -.26 .1 
-302. -.09 2.4 

' -302. -.43 -.3 
-307. -.29 1.8 
-309 . 
-31 3. 
-31 4. 
-31 3. 
-31 7. 
-331. 
-343. 
-346. 
-333. 
-324. 
-31 2. - 308. 
-317. 
-328. . 
-334. 
-334 * 
-336. 
-338. 
-339. 
-341. 
-342. 
-344, 
-345. 
-346 . 
-348. 
-352 * 
-360. 
-362 . 

-.37 4.3 
-.24 7.9 
-.36 3.6 
-.73 -1.7 
-.50 2.6 
-.42 11.1 
-.38 17.9 
-.12 5.6 
.05 7.9 

-.33 3.4 
-.23 -5.5 
-.02 2.9 
-.29 6.6 
-,42 7.2 
-,35 9.7 
-.42 8.5 
c.35 8.3 
-.27 7.6 
c.08 7.4 
-.32 7.1 
-,17 6.4 
-.19 5.7 
-.05 5.7 
-.02 6.1 
-.18 6.6 

,08 7.2 
,25 11.9 
.46 13.4 



m b w w 

53 30.46 
54 31.29 
55 32.09 
56 33.35 
57 34.50 
58 35.50 
59 36.15 
60 37.76 
61 39.11 
62 40.94 
63 42.36 
64 43.45 
65 44.97 

-1 70.34 
-170.36 
-170.36 
-1 71.52 
-1 73.40 
-173.61 
-173.52 
-174.03 
-1 74.40 
-1 72.24 
-175.12 
-170,25 
-170.19 

-1 70.52 
-1 70.43 
-1 70.60 
-1 71.85 
-1 73.62 
-1 74.37 
-1 74.53 
-1 74.37 
-1 73.95 
-1 73,24 
-1 72.66 
-1 72,23 
-1 71 . 73 

-346. 
-342. 
-360. 
-355. 
-338. 
-330. 
-336. 
-336. 
-337. 
-338, 
-338. 
-339. - 340, 

-361. 
-358. 
-357 
-356, 
-356. 
-356. 
-356, 
-356 . 
-357 
-357. 
-358. 
-359. 
-360. 

.18 14.7 

.07 16,2 

.24 -3.1 

.33 1.0 

.22 17.7 

.76 25.7 
1.01 19.7 
.34 20.1 
-.45 19.5 
1.00 19.4 I 

-2.46 20.4 
1,98 20.2 
1.54 20.3 

THE TOTAL SUM OF THE SQUARES FOR GRAVITY IS 20.862 
MAGNETICS I S  7057. 

THE VARIANCE FOR GRAVITY I S  

THE STANDARD DEVIATION FOR GRAVITY I S  .571 MAGNETTCS I S  11. 

THE PARAMETER VECTORS ARE ORDERED AS 

, 326 . MAGNETlCS 1 1  0. 

THE CHI SQ OBJECTIVE FUNCTION IS 747.408 COMBINED VARIANCE I S  5,79 

1 
LAMBDA 1 = 46.966546 
P =  1 
DEL= -.0144 
THE NEW PARAMETERS ARE: 

POLYGON NO. 1 DENSITY -.20000 SUSCEPTIBILITY ,00070 
STRIKE LENGTH 100,000 
X VERTICES Z VERTICES REF 
-1 000.000 . 000 1 1  
1 000.000 . 000 1 2  
45.00.0-_ - - _ _  -.1.940-. -. 1-. -3 - - -  



W’ W t a 

24.400 2.840 1 4 
10.175 4.000 1 5 . 000 4.400 1 6 

-1 000.000 4.400 1 7 
-1000.000 .OOO 1 8 

POLYGON NO. 2 DENSITY -.20000 SUSCEPTIBILITY 
STRIKE LENGTH 100.000 
X VERTICES Z VERTICES REF 
-1 000.000 .ooo 2 1 
1000.000 ,000 2 2 
45.000 ’ 1.890 2 3 
34.200 2.165 2 4 
33,400 ,930 2 5 
26.790 1.000 2 6 
26.550 1.440 2 7 
24.400 1.420 2 8 
23.400 1.440 2 9 
23.300 1.200 2 10 
22.100 1.200 2 11 
22,000 1,000 2 12 
21.300 1.200 2 13 
21.200 1.350 2 14 
20.250 1.305 2 15 
,000 1.500 2 16 

-1000.000 ,000 2 17 

POLYGON NO. 3 
STRIKE LENGTH 
X VERTICES 

,000 
20.250 
20.100 
19.800 
19.600. _-_= - 

DENSITY -.20000 SUSCEPTIBILITY 
100.000 
Z VERTICES REF 
1.500 3 1 
1.305 3 2 
1.810 3 3 
1.635 3 4 

-.2.000---:.3 5 - 

,00000 _ -  

\ 

,00000 

i 



17.500 
15.200 
14.400 
13.600 
10.175 
8.500 . 000 

2.000 3 6  
2.300 3 7  
3.200 3 8  
3.750 3 9  
4.000 3 10 
3.650 3 1 1  
1.500 3 12 

POLYGON NO. 4 DENSITY 
STRIKE LENGTH 100.000 
X VERTICES Z VERTICES 
-1 000,000 . 000 

.ooo 1.500 
10.175 4.000 . 000 4.400 

-1 000.000 4.400 
-1 000,000 ,000 

POLYGON NO. 5 DENSITY 
STRIKE LENGTH 6.000 
X VERTICES Z VERTICES 

15.000 ,072 
23.575 .080 
24.000 ,095 
29.825 .060 
24.000 ,245 
23.500 .227 
23.200 .296 
21.800 .220 
21.200 .220 
20.700 .290 
20.000 .280 
18.800 .320 
15.000 .072 

.09000 SUSCEPTIBILITY -.00040 

REF 
4 1  
4 2  
4 3  
4 4 -  
4 5  
4 6  

.12000 SUSCEPTIBILITY .00250 

REF 
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
5 10 
5 1 1  
5 12 
5 13 

1 
1 



0 0 

STAT DISTANCE 

1 00 
2 1.55 
3 3.03 
4 4.80 
5 8.59 
6 9.95 
7 11.59 
8 12.39 
9 13.20 
10 13.78 
1 1  14.58 
12 15.38 
13 15.71 
14 16.03 
15 16.38 
16 16.64 
17 16.90 
18 17.25 
19 17.57 
20 17.90 
21 18.22 
22 18.70 
23 19.09 
24 19.47 
25 19.63 
26 19.92 
27 20.09 
28 20.41 
29 20.73 
30 21.08 
31 21.39 
32 21.81 
33 22.29 

NO 

- - - . 

OBSERVED 
GRAVITY 
-180.23 
-182.96 
-1 85.52 
-188.53 
-193.77 
-194.,18 
-193.61 
-1 92.82 
-192.02 
-191.77 
-1 89.25 
-187.86 
-187.39 
-186.63 
-186.12 
-185.38 
-185.05 
-1 84.48 
-1 83.80 
-1 83.24 
-182.81 
-181.73 
-181.37 
-180.53 
-180.31 
-179.63 
-179.43 
-179.17 
-1 78.35 
-177.72 
-177.23 
-176.38 
-1 75.62 

COMPUTED 
GRAVITY 
-180.40 
-182.96 
-185.75 
-1 88.91 
-1 93.67 
-1 94.26 
-1 93.91 
-193.29 
-192.36 
-1 91.51 
-190.10 
-1 88.44 
-187.72 
-1 87.01 
-186.24 
-185.69 
-185.15 
-184.44 
-183.80 
-183.17 
-1 82.55 
-181.64 
-180.94 
-180.24 
-1 79.94 
-1 79.39 
-1 79.07 
-1 78.44 
-177.85 
-1 77.30 
-176.86 
-1 76.26 
-175.69 . _ _ _  . - 

OBSERVED COMPUTED D I F F  
MAGNETIC MAGNETIC GRAV 
-370. -364. .17 
-360. -360. . 00 
-350. -355. .23 
-349. -350. .38 
-349. -341. . -.lo 
-350. -340. . 08 
-350, -341. .30 
-360. -343. .47 
-360. -346. .34 
-361. -350. -.26 
-360. -361. . 85 
-360. -363. . 58 
-357. -357. .33 
-353. -351. .38 
-349. -345, e 1 2  
-345. -341. . 31 
-342. -337 .10 
-337. -331. -.04 
-331. -325. -,oo 
-324. -31 9. -.07 
-312. -312. -.26 
-300, -302. -.09 
-302, -302, -.43 
-305. -307. -.29 
-305. -309 . -.37 
-305. -31 3. -.24 
-310. -31 3. -.36 
-31 5. -31 3. -. 73 
-314. -316. -.50 
-320, -330, -.42 
-325 -342. -e37 
-340. -345. c.12 . 07 - - -325, .. .- . - - - -334. 

D I F F  
MAG 
-6.2 

.o 
5.1 
.8 

-7.8 
-10.0 
-8.9 
-16.9 
-13.6 
-10.6 

1 .o 
3.0 
-.5 
-2.4 
-4.2 
-4.3 
-5.3 
-6.0 
-5.7 
-5.0 
-.O 
2.3 
-.5 
1.6 
4.1 
7.5 
3.3 
-2.2 
2.0 
10.3 
16.9 
4.7 
8.9 



34 
35 
36 
37 
38 
39 

- 40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

V 

22.52 
22.84 
23.16 
23.45 
23.77 
24.45 
24.74 
25.25 
25.57 
26.06 
26.47 
26.81 
27.13 
27.36 
27.68 
28.00 
28.81 
29.61 
30.01 
30.46 
31.29 
32.09 
33.35 
34.50 
35.50 
36.15 
37.76 
39.11 
40.94 
42.36 
43.45 
44.97 

w 

-175.78 
-1 75.43 
-175.06 
-175.29 
-175.36 
-1 74.99 
-1 74.94 
-1 74.55 
-1 74.23 
-1 73.60 
-1 73.36 
-1 72.80 
-1 72.44 
-1 72.06 
-171,73 
-171 -65 
-170.95 
-1 70.50 
-1 70.18 
-1 70.34 
-1 70.36 
-170.36 
-1 71.52 
-173.40 
-173.61 
-173.52 
-174.03 
-1 74.40 
-1 72.24 
-1 75.12 
-170.25 
-170.19 

-175.48 
-175.23 
-1 75.07 
-175.02 
-1 74.95 
-1 74.67 
-1 74.52 
-1 74.20 
-1 73.96 
-1 73.52 
-1 73.04 
-172.63 
-172.25 
-172.01 
-1 71.71 
-171 -47 
-1 71 . 03 
-1 70.75 
-1 70.64 
-1 70.52 
-1 70.43 
-170.60 
-171 -85 
-1 73.62 
-1 74.37 
-1 74.53 
-1 74.37 
-1 73.95 
-1 73.24 
-172.66 
-1 72.23 
-1 71.73 

-321. 
-31 8; 
-305. 
-310. 
-321. 
-324. 
-326. 
-328. 
-330. 
-332. 
-334. 
-336. 
-338. 
-339. 
-340. 
-341. 
-345. 
-348. 
-349. 
-346. 
-342. 
-360. 
-355. 
-338. 
-330. 
-336. 
-336. 
-337. 
-338. 
-338. 
-339, 
-340. 

w 

-327. 
-316. 
-31 2. 
-31 9. 
-328. 
-333. 
-334. 
-336. 
-337, 
-339. 
-341. 
-342. 
-344, 
-345. 
-346. 
-347. 
-352, 
-360. 
-362. 
-361. 
-358. 
-357. 
-356. 
-356. 
-356. 
-356. 
-356. 
-357. 
-357 . - 358 . 
-359. 
-360. 

w 

I 

I 
I 
i . .  

. .  

-.30 5.6 
-.20 -1.7 
.01 7.0 
-.27 8.9 
-.41 7.5 
-.32 9.2 
-.42 8.0 ~ 

- .  

-.35 8.0 
-.27 7.3 
0.08 7.3 
-.32 6.9 . 

-.17 6.3 
-.19 5.6 
-.05 5.6 
-.02 6.0 
0.18 6.5 
-08 7.2 
.25 11.9 
.46 13.4 
.18 14.7 
.07 16.2 
.24 -3.1 
.33 1.0 
,22 17.7 
.76 25.7 
1.01 19.7 
.34 20.1 

-.45 19.5 
1-00 19.4 
-2.46 20.4 
1.98 20.2 
1-54 20.3 

c1 w -  
P 

20,797 
_ .  - 



THE 

THE 
THE 

W 

VARIANCE FOR GRAVITY I S  .325 MAGNETICS 110. 

STANDARD DEVIATION FOR GRAVITY I S  .570 MAGNETICS I S  10. 
C H I  SQ OBJECTIVE FUNCTION I S  745.314 COMBINED VARIANCE I S  5.78 

STANDARD DEVIATION I S  2.40 
DO YOU WISH A PLOT? YES=O,NO=l 
1 

NORMAL E X I T .  TIME: 1 9 9 2 0  MILLISECONDS. 

e 

. .  

. 
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I) 

D 

B 

PROFILE 6-6' EAST WEST 
5 
0 
2 
.55,65. ,254. ,1 
65 
-1 80.23 , -370. ,. 0 , . 3048 
-182.96,-360.,1.545,.3048 
-185.52 ,-350. ,3.026 , . 3048 
-188.53,-349.,4.796,.3048 
-193.77,-349.,8.594,.3048 
-194.18,-350.,9.946,.3048 
-193.61 ,-350. ,11.587,.3048 
-192.82,-360.,12.392,.3048 
-1 92.02 ,-360. , 13.197 , . 3048 
-191.77,-361. ,13.776,.3048 
-1 89.25 , -360. , 14.581 , . 3048 
-187.86,-360. J5.385 ,. 3048 
-187.39,-357. ,15.707, .3048 
-1 86.63, -353. , 16.029,. 3048 
-1 86.12 , -349. , 16.383 9.3048 
-1 85.38 , -345. 16.641 3048 
-185.05,-342.,16.898,.3048 
-184.48,-337.,17.252,.3048 
-1 83.80 ,-331. 17.574 ,. 3048 
-1 83.24,-324., 17.896 9.3048 
-182.81 ,-312. ,18.218,.3048 
-181.73,-300. ,18.701,.3048 
-1 81 .37, -302. , 19.087 ,. 3048 
-180.31 ,-305. , 19.473,. 3048 
-1 79.63, -305.9 19.634 9.3048 
-1 79.43,-310. ,19.924 ,. 3048 - 1 79.1 7 , -31 5. 20.085 3048 
-178.35,-314. ,20.406,.3048 
-177.72,-320. ,21.082,.3048 
-1 77.23 ,-325 ,21.082 , . 3048 
-176.38,-340. ,21.388,.3048 
-175.62,-325. ,22.289,.3048 
-175.78,-321.,22.5159.3048 
-1 75.43,-318. ,22.837 , . 3048 
-175.06,-305, ,23.158,.3048 
-175.29,-310. ,23.448,.3048 - 1 75.36 , -321 . , 23.770 , .3048 

176 

. 

, 

. 
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Execution o f  JOINT 

During the  execution o f  JOINT, the user s i g n i f i e s  a 'yes' answer 

The by t y p i n g  a zero (0) and a 'no'  answer by t y p i n g  a one (1). 

maximum number o f  polygons t h a t  t he  program can accept i s  12. The 

maximum number of s ta t i ons  i s  75. 

and a magnetic value a t  each s tat ion.  An e leva t i on  above the surface 

i s  requ i red  f o r  the magnetic data. 

i npu t  for  any s i n g l e  polygon. 

The program requi res both a g r a v i t y  
1 

A maximum o f  20 ve r t i ces  can be b 

A number o f  opt ions are ava i l ab le  i n  JOINT which a f f e c t  t he  cost, 
c 

a 

D 

D 

D 

B 

execution time, and resul ts .  A d iscussion o f  these opt ions fo l lows. 

1. DO YOU WISH TO INVERT THIS MODEL? 

An answer o f  1 (no) t o  t h i s  question r e s u l t s  i n  a s o l u t i o n  of 

the forward problem on ly  and the  program skips opt ions 2, 5, 

and 6. 

modeling t o  ob ta in  an approximate fit t o  t h e  data. 

I f  you answer 0 (yes) t o  the above, t h e  number o f  i t e r a t i o n s  

This i s  recommended dur ing t h e  e a r l y  stages o f  

2. 

must be speci f ied.  The program w i l l  do any number o f  i t e r -  ~ 

a t i ons  but  s i g n i f i c a n t  improvements i n  t h e  model 

occur a f t e r  2 i t e r a t i o n s .  The cost  of executing 

i s  e s s e n t i a l l y  increased by the  number o f  i t e r a t  

the cost  o f  the forward problem (about $0.70). 

seldom 

the  program1 

ons times 

3. The user can have t h e  output w r i t t e n  t o  any device number (6 

i s  standard). There i s  some reduct ion i n  execution t ime and 

cost  i f  a data f i l e  i s  used. 

4. The estimated variances o f  t he  g r a v i t y  and the  magnetic data 

i 
'I 
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I 

depend upon the  user 's  knowledge o f  t he  data. These are 

used t o  con t ro l  t he  weight ing o f  t he  two data sets. 

Any number o f  d i f f e r e n t  parameters can, i n  theory, be 5. 

i nve r ted  on a t  once. Dur ing the  pre l im inary  tes ts ,  i t  was I 

found t h a t  up t o  f i v e  v e r t i c a l  ver tex adjustments worked 

wel l ,  bu t  t he  hor izon ta l  adjustments were l e s s  stable. 

was there fore  eas ie r  t o  i n v e r t  f o r  no more than one ho r i -  

zontal  ver tex a t  a time. The magnetic s u s c e p t i b i l i t y  and 

,I 
I 

I 

I 

It i # 
'I 

,I I 

B 

8 

D 

densi ty  parameter invers ions were h i g h l y  unpredictable. 1 
I 

6. To i d e n t i f y  t h e  parameters t o  be adjusted, e i t h e r  the  
~ 

polygon number ( f o r  dens i ty  o r  magnetic suscept i b i  1 i t y  

invers ions)  o r  t h e  reference numbers l i s t e d  next t o  the  

ve r t i ces  must be speci f ied.  I n  add i t ion ,  t he  order o f  

occurrence - i n  the  parameter vector  must be specified. 

two o r  more parameters are given the  same order number, they 

w i l l  be combined and adjusted by t h e  same amount. 

If 

~ 

Figure 14 i s  a f low diagram o f  JOINT. A program l i s t i n g  fol lows,.  



c 

5 and magnetics for  each side 

Deter m i n e s end co r rec t  io  n s. 

data and model parameters. L * Calculates forward problem 
Calls INVER. and 'A' matr ix. o f  model at each s tat ion.  

Calls PLOT. Uses Gauss Inversion t o  d e - .  

I 

---------- - ----------- 
termine new model parameters.- - S V D  

* 

Figure 14; Flow chart o f  JOINT. I 

Plo ts  d a t a  a t  e q u a l l y  
spaced  in te rva l s ,  

. . _ _  ....- ~ _ _  . ,. . .~ . .- . . . . . , . . . . . 
. .  

-1 

'v 
CD 
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8l L i s t i n g  o f  Simultaneous Modeling Program 

The program l i s t i n g  (pages 180-207) i s  not included i n  th i s  

report. To obta in  a l i s t i n g  o r  magnetic t a p e  o f  th i s  program, 

the reade r  may contact: 

T. Ki l lpack 

Earth Science Laboratory 

420 Chipeta Way 

S a l t  Lake City, Utah 84108 

\ 

I 

e 
a 
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Addenda and Errata  (dated June 12 ,  1980) f o r  Topical Report 
e n t i t l e d  "Detailed Gravity, and Aeromangetic Surveys in  the Black 
Rock Desert Area, Utah", by Laura F. Serpa and Kenneth L. Cook, 
dated Januaryrl980. (ID0/78-1701.a .5 .3 ,  DOE/ET28392-39, Contract  
NO. DE-AC07-78ET28392). 

I n  the  at tached Addenda and Errata  of this Topical Report, 

i t  should be noted t h a t  i n  the  l i s t i n g  of the  pr inc ipa l  f a c t s  of 

the g rav i ty  s t a t i o n s ,  only the two columns g i v i n g  t he  "observed 

g rav i ty"  and " theo re t i ca l '  g r av i ty"  values were i n  e r r o r ;  and 

these  a r e  corrected i n  the revised l is t ing.  The e r r o r  i n  these  

values was caused by an e r r o r  i n  the computer program f o r  the 

p r i n t o u t  of t i e  l i s t i n g  of these  two columns only,  and the re fo re  

d i d  - no t  involve the accuracy of t he  l i s t i n g  of the  o the r  columns i 

i n  Table 2.  

way the g rav i ty  maps, p r o f i l e s  , and/or i n t e r p r e t a t i o n  of the g rav i ty  

data  i n  this Topical Report. 

Floreover, neither of these  e r r o r s  a f f e c t s i n  any 
I 

t 
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ADD EN DA 

The p r inc ipa l  f a c t s  of the g rav i ty  s t a t i o n s  l i s t e d  i n  Appendix 

A inc lude  t e r r a i n  co r rec t ions  and add i t iona l  g r a v i t y  s t a t i o n s  not 

listed i n  the or ' iginal  r e p o r t  e n t i t l e d  "Pr inc ipa l  Facts  of Gravity 

Data f o r  the Black Rock Desert Region and Vic in i ty ,  Mil lard County, 

Utah," by Laura S. Yurich and Kenneth L .  Cook (DOE Contract  No. 

EY-76-S-07-1601) , open f i l e d  January 31, 1979 by the Department 

of Geology and Geophysics, Universi ty  of Utah, S a l t  Lake C i ty ,  Utah 

84112. Addi t iona l ly ,  f o r  a few of these s t a t i o n s  ( a l l  of w h i c h  were 

designated w i t h  an "LY" prefix) , cor rec t ions  have been made t o  

these o r i g i n a l  da t a  open f i l e d  i n  1979, and the cor rec ted  values 

a r e  included i n  the l i s t i n g  i n  Appendix A.  



ERRATA 

In the top ica l  r e p o r t  e n t i t l e d  "Detai led Gravity and Aeromagnetic 

Surveys i n  the Black Rock Desert Area, Utah" by Laura F. Serpa and 

Kenneth L. Cook, ID0/78 - 1701.a.5.3, DOE/ET/28392-34, Contract  

No. DE-AC07-78ET28392, January 1980, by the Department of Geology 

and Geophysics, Universi ty  of Utah, S a l t  Lake C i ty ,  Utah 84172, e r r o r s  

were found i n  the l i s t i n g  of the pr inc ipa l  f a c t s  of the g r a v i t y  

s t a t i o n s  (Appendix A ,  Table 2 ,  pages 58 t o  85,  i n c l u s i v e ) ;  and a 

rev ised  l i s t i n g  of Table 2 i s  a t tached  hereto. 

only the two columns giving the "observed g rav i ty"  and " t h e o r e t i c a l  

g rav i ty"  values  were i n  e r r o r ;  and these a r e  cor rec ted  i n  the a t tached  

In the top ica l  r e p o r t ,  

revised l i s t i n g .  The e r r o r  i n  these values  was caused by an e r r o r  

i n  the computer program for the p r i n t o u t  of the l i s t i n g  o f  these two 

columns only,  and the re fo re  d i d  not involve the accuracy of the 

the o the r  columns in  Table 2 .  l i s t i n g  for 

In add 

(Appendix B 

t i o n ,  e r r o r s  were found i n  the l i s t i n g  of dens i ty  values  

Table 3 ,  page 87);  and a revised l i s t i n g  o f  Table 3 i s  , 

a t tached  hereto.  

None o f  the above-mentioned e r r o r s  a f f e c t s  i n  any way the g r a v i t y  

maps, p r o f i l e s ,  and/or the i n t e r p r e t a t i o n  of the g r a v i t y  da ta  given , 

i n  this r epor t .  
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The g r a v i t y  data taken i n  t h i s  study were cornputed w i t h  reference 

t o  a base s t a t i o n  designated LY002, f o r  which t h e  observed g r a v i t y  was 

taken as 979571.84 mgal. This value was obtained from t i e s  between 

LY002 and t h e  f o l l o w i n g  base s t a t i o n s  i n  the Utah g r a v i t y  base s t a t i o n  

network (Cook e t  al., 1971): 1) Delta,  Utah; 2)  Beaver, Utah; 3 )  

M i l f o r d ,  Utah; and 4) t h e  U n i v e r s i t y  o f  Utah base s t a t i o n  a t  S a l t  

Lake City, Utah. 

LY002 i s  given below. Add i t i ona l l y ,  LY002 was t i e d  t o  LY001, which 

was t h e  base s t a t i o n  used by Isherwood (1967) and t h e  U n i v e r s i t y  o f  

A complete d e s c r i p t i o n  o f  the g r a v i t y  base s t a t i o n  

Utah g r a v i t y  c lass  o f  1977. A complete d e s c r i p t i o n  o f  t h e  g r a v i t y  

base s t a t i o n  LYOOl i s  given by Isherwood (1967, p. 28). 

Descr ip t i on  o f  g r a v i t y  base s t a t i o n  LY002 

G r a v i t y  base s t a t i o n  LY002 i s  l oca ted  i n  f r o n t  o f  t h e  M i l l a r d  

County c o u r t  house i n  F i l l m o r e  a t  a benchmark located beneath t h e  f l a g  

pole. The bench mark i s  designated "U.S.G.S. H138" and i s  on t h e  

sidewalk about 1 meter n o r t h  o f  t he  f l a g p o l e  and about 10 meters east 

o f  t h e  county cou r t  house b u i l d i n g .  
b 

. .  
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I Table 2. Gravi ty  Data -- Revised 

Explanat ion o f ,  L i s t i n g  of P r inc ipa l  Fac ts  of Grav'ity S t a t i o n s  e 
Lat i  tude  

Longitude 

Eleva t ion  

Units 

Degrees. ,  minutes 

Degrees., minutes 

meters  

Observed g r a v i t y  mgal 

Theore t i ca l  g r a v i t y  - 1/  mga 1 

F ree -a i r  g r a v i t y  anomaly va lues  mga 1 

Simple Bouguer g r a v i t y  anomaly va lues  mgal - 2/ 

T e r r a i n  Correc t ion  (T.C.) - 3/ mgal - 2/ 

I 

I 

t 

Complete Bouguer g r a v i t y  anomaly va lues  mgal g/ 
S t a t i o n s  taken dur ing  this s tudy  a r e  pref ixed  by ' L Y ' .  S t a t i o n s  

taken by the University of Utah g r a v i t y  c l a s s  of 1977 a r e  pref ixed  by 

' 77 ' .  S t a t i o n s  taken by Isherwood (1967) a r e  pref ixed  by 'WI'. 

The following s t a t i o n s  were not  used t o  produce the f i n a l  
1 

compl ete Bougu 

p o i n t  anomal i e  

LY071 

LY203 

LY287 

LY458 

r g r a v i t y  anomaly map because they  r e s u l t  i n  s i n g l e  

I 

- 1/  

- 3/ 

Theore t i ca l  g r a v i t y  a t  mean sea l e v e l ,  using the In t e rna t iona l  , 

T e r r a i n  c o r r e c t i o n  o u t  t o  a r a d i a l  d i s t a n c e  o f  166.7 km from each! 

Grav i ty  Formula. 

s t a t i o n :  

I - 2/ A d e n s i t y  of 2.67 g/cc was assumed for a l l  c a l c u l a t i o n s .  I 



STAT.  

LYB0l 
LYB03 
LY 003 
LY 004 
LY8d5 
LY066 
LY007 
LY008 
LYP;o19 
LY010 
L Y 0 1 1  
LY012 
LYC313 

LY015 
LY 816 
L Y  01 7 
LY016 
LY019 
LY02@ 
Lye21 
LY m22 
LY023 
LY024 
LY025 
LY826 
LY027 
LY 028 
Lye29 
LY 030 
LY0Zl 
LY032 
LY023 

LY014 

_. 

LATITUDE LONGITUDE ELEV. 

38 . 
38 . 
36 . 
30. 
38 . 
38 . 
38 . 
3e . 
38 . 
?e . 
38 . 
38 . 
36 . 
38. 
38 . 
38 . 
33. 
38. 
38 . 
3e. 
38. 
38. 
3e. 
2e . 
38 . 
78. 
38 . 
38 . 
38. 
38 . 
35. 
c?e. 

38 . 

58.28 112. 21.12 
58.07 112. 19.40 
57.00 112. 20.63 
56.15 112. 21.791 
56.12 112. 22.39 
56.13 112. 23.18 
56.13 112. 24.914 
56.14 112. 24.60 
56.15 112. 25.17 
56.15 132. 25.75 
56.16 112. 25.30 
56.17 112.  26.86 
56.18 112. 27.46 
56.19 112. 27.91 
56.18 112. 28.53 
56.20 112. 23.10 
56.34 112. 29.91 
57.54 112. 23.67 
58.75 112. 22.28 
58.75 112. 23.98 
5E.?5 112. 24.82 
58.75 112. 25.67 
58.75 112. 26.24 
58.78 112. 25.80 
58.A0 112. 2'7.3'7 
57.88 112. 25.80 
57.E8 112. 25.66 
57.58 112. 2 4 . 2 5  
57.W 112. 23.13 
57.05 112. 24.15 
57.00 112. 23.12 
54.81 112. 24 .08  
53.95 112. 25.22 _ _  - ___1__- 

1521. 
1565. 
1535. 
1512. 
1492. 
14'72 . 
1458. 
1449. 
1443. 
1437 . 
1433. 
1429 . 
1426. 
1425. 
1424 . 
1423. 
1423. 

149(a. 
1458.  
1446. 
1433.  
1427. 
1423.  
1418.  
1424. 
1434. 
1455. 
1476. 
1456. 
1474. 
1432. 
1456 . 

142.6 

_ -  

OB SERVED THEOR. FREE 
GRAV ITY GRAVITY AIR 

979617 . 87 
973606.00 
979610.84 
973613.4e 
979 6 17 . '72 
973623 -79 
97362'7 . 91 
973623.81 
973631.14 
973632.25 
973632.70 
973632 .E8 
973632.76 
973632 . 11 
9'79631.48 
973631 . 04 
973630.91 
973632 . 18 
973627.57 
973634 . 67 
973636 - 3 4  
973638 . 14 
973638 -73 
979638 . G l  
373633.64 
979636 -91 
9'73636.19 
979633 074 
973623.31 
973631.14 
973626 . 30 
973622 . 59 
9736-23 . 56 

380084.41 -2.16 

980087.53 -3 .O@ 
398086.27 -6.28 
980086.23 -8 -09 
980386.25 -0.22 
980086.25 -8.41 
980086.26 -9.29 
988086.27 -9.83 
380886.2'7 -18.56 
980086.29 -11.37 
9f30386.30 -12.44 
980886.32 -13 .50 
980086.34 -14.48 
980086 -32 -15.40 
980086.35 -16.18 
3R0086.57 -16.52 
980088.33 -16.09 
390590.11 -2.74 
980090.11 -5.591 
980090.1 1 -7.54 
980096.11 -9 . 76 
3e0090.11 -11.@2 
380090.15 -12.40 
380390.18 -13.95 
960088.83 -12.4E 
980388.833 -141.12 
980088.93 -6.08 
9802188.83 -4.rF3 
986087.60 -7.15 
98038'7.52 -6.36 
980084.30 -7.46 
980083.B4 -10.17 

980089.10 - e 1 5  

SIMPLE 
EOUGUER 

-172 . 17 
-1'75 .08 
-174.57 
-175.28 
-174.85 
-172 075 
-171.38 
-171 -25 
-171.12 
-171 018 
-171.54 
-172 . 17 
-172.89 
-173.76 
-174.5'7 
-175 -24 
-175 -50 
-175.40 
-169.28 
-168 -47 
-169.17 
-169.93 
-1'70.52 
-171.46 
-172.45 
-1?1.55 
-170.40 

-169.01 
-169 .e9 
-171.12 
-1 71 . 99 

-.-172.91- 

-15a.71 

COYPLETE 
T.C. BOUGUER 

1.15 
1.67 
1.68 
1.67 
1.46 
1.23 
1.02 . 89 . 78 

68 . 59 . 52 
. 40 
034: . 30 . 25 . 28 . 86 

' .63 . 54 . 45 . 39 
034 . 30 

. 51 . 63 . 85 . 83 
1.02 
1.27 
1.12- 

b 45 

.4a 

-171. e2 
-173.42 
-172.89 
-173.61 
-173.40 
-171 -52 
-170.36 
-170 . 36 
-170.34 
-170.50 
-170.95 - 
-171.65 
-172.44 
-173.36 
-174.23 
-174.94 
-175.33 
-175.28 * 

-168.42 
-167.85 
-168.63 
-169.49 
-170.13 
-171.12 
-172.15 
-171.25 
-169.89 
-168.02 
-168.16 
-169.06 
-170.10 
-170.72 
-171.79 

UI 
u3 



STAT. 

77252 
77253 
77254 
77301 
77303 

_ _  7.7304 
77305 
77306 
77307 
77308 
77309 
773116 
77,111 
77512 
77313 
77214 
77316 
77320 
77524 
77327 
77328 
77330 
77335 
77336 
77237 
77338 
77339 
77340 
77341 
77342 
77343 
77344 
77345 

~- 

LATITUDE LONGITUDE ELEV. 

38. 
7*8 
38. 
38. 
30 . 
38 . 
39 . 
38. 
3*6 . 
38 . 
38 . 
29 . 
33 . 
39 . 
39. 
39 . 
39 . 
39 . 
39 . 
38. 
38. 
38. 
39 . 
39. 
39 . 
39 . 
39. 
39. 
39. 
39 . 
29 . 
39. 
39. 

50.01 112. 34.20 
5@.C30 112. 34.74 
50.38 112. 35.66 
58.76 112. 21.17 
58.76 112. 23.42 
59.41 112. 24.62 
59.55 112. 25.14 
59.63 112. 25.6'7 
59.64 112. 26.23 
59.64 112. 25.81 
59.64 112. 27.48 

.51 112. 27.79 

.72 112. 29.29 
091 112. 20.72 

1.10 112. 59.16 
1.40 112. 29.69 
1.59 112. 30.45 
2.03 112. 32.16 
1.14 112. 34.53 

58.75 112. 20.3@ 
5P.75 112. lF.92 
58.75 112. 17.81 

4.66 112. 38-47 
5.16 112. 31.32 
5.87 112. 32.00 
4.94 112. 32.57 
3.97 119. 31.90 
2.78 112. 31.67 
2.17 112. 30.E5 
2.133 112. 33.14 
3.72 112. 33.50 
4.35 112. 34.IFO 
4.e5 112. _ _  3&.5€4 - - _ _  

_-___I_---- 

1448. 
1453. 
1476. 
1514. 
1469. 
1451 . 
1441. 
1434. 
1426. 
1421. 
1416. 
1419. 
1415. 
1415. 
1417. 
1415. 
14168. 
1425. 
1423. 
1530. 
1563. 
162 5. 
1479 . 
1478 . 
1452. 
1461. 
1466. 
146s. 
1411 . 
1437. 
1440 . 
14.77. 
1422. 

OBSFPVED THROB. FPEE 
G R A V I T Y  GRAVITY A I R  

973611.93 
973609 .E2 
973602 .&I 
933521.01 
973632 . 28 
973637.2P 
973640 16 
973641.49 
979641.75 
973641 . 9* 
9'7364Gl .80 
97964pl 19 
973633 . 33 
973638 . 43 
972636.52 
973624 . 82 
973635 . 15 
973627 -88 
973622 -75 
9'72616.6P 
9736G19 . 13 

9'72626 . Ea 
379626 .e€! 
973635.49 
973628.29 
979626.46 
979622.53 
973635 . 84 
973624.65 
973626 . e4 
973627 053 
973631 .EI 

973 595 .a5 

980877.27 -18.49 
980@?'?*26 -20.P5 
98@@77.80 -13.66 
99B09fl.12 -1.90 
9€?30090 . 12 -4 052 
9efl091.09 -E.@4 
388091.29 -6.44 
980351.41 -7.39 
9Eiplfl91.42 -9.62 
980'691.42 -10.93 
3@@@91.42 -13.65 
9806192;70 -14.61 
390G393.31 -17.@2 
5flefl93.39 -18.20 
98fl093.56 -19.77 
980094.50 -23.53 
380fl94.39 -24.53 
980G394.92 -27.29 
99aQ93.52 -31.73 
98QlP90 . l  1 -1.27 
98OQ9P, . 11 041 
9841fi98.11 7.20 
X?@Q9@.PB -15.59 
98c3P99.53 -15.5% 
99elf4f3.57 -17.81 
380099.20 -20.06 
98809'7.77 -18.97 
98OflQ6.82 -13.47 
98M8 95 .13 - 2 4 . 66 
380096.195 -27.99 
981i1897.41 -26.99 
988V98.33 -27.29 
WkM99.@7 -26 -99- 

STPPLP COYPLFTF: 
BOUGUER T . C .  POUGUPR I 

-190.34 .22 
-1Q32.46 .28 
-1BQ.E6 .18 
-171.17 1.86 
-160.72 e 6 9  
-168.22 .51 
-167.51 . 45  
-16'7.68 .38 
-169.911 .34 
-169.76 .23 
-171.92 .26 
-173.22 . 19 
-175.18 -16  
-176.36 .lZ 
-1'7P.15 .191 
-353Pr.63 .07 
-1R2 .cI1 07 
-196.57 -.83 
-198.7E -.@8 
-1?2.29 1.26 
-174.29 1.74 
-174.4: 2 . @ 6  
- l € ? B . 9 @  .1c! 
-191.74 .@?I 
-179.31 -.06 
-193.36 -.63 
-1t32.m - .e2 
-192.56 .GI3 
-162 .Z? .e7 
-198.61 -.07 
-187.95 -.@9 
-1e7.91 -.10 
-1 87 .9-3_ - . 3  1 

-180.02 
-182.18 
-1€?4.E@ 
-170.07 

-1F7.71 
-167.Pr5 
-167 .ZpI 
-16R.GF 
-169.47 
-171.66 
-173.@3 
-175.E.2 - 176.23 
-178.05 
-183.51 
-1e1.94 
-186.667 
-19E.96 
--171.03 
-172.55 
-172.F5 
-1RCI.90 
-le1 .71 
-179 .?? 
-183.39 
-182.95 
-167.53 
-1P2.3P 
-1N? .67 
-199. B3 
-1RR.B l  
-1PP .84. 

-16a.m 

m 
0 

- 



STAT. LATITUDE LONGITUDE ELPV. 

LY067 38. 
LY068 38. 
LY069 98. 
LY873 28. 
LY071 38. 
LY0'72 38. 
LY073 33. 
LY074 38. 
LY075 38. 

LY077 38. 
LY07R 38. 
LY079 38. 
L Y 0 R Q  38. 
L Y 0 8 1  36. 
LY082 38. 
L y e 8 3  38. 
LY83A 3 R .  

LY91F35 38. 
LY086 36. 
LY067 38. 
LY088i 38. 
LYm89 39. 
LY09PI 79. 

, L Y 0 3 1  38. 
LY092 3e. 
LY093 38. 
LY094 2*8. 
LY095 3 E .  
LY096 38. 
LY097 38. 
LY09R 38. 

~ ~ 0 7 6  38. 

L Y ~ Q  ?a. 

- 

56.54 112. 35.69 
56.52 112. 33.92 
56.50 112. 94.14 
56.49 112. 34.38 
56.53 112. 34.59 
56.64 11%. 34.77 
57.30'112. 35.13 
56.56 112. 36.51 
56.48 112. 35.96 
56.46 112. 35.42 
56.48 112. 35.28 
56.48 112. 34.98 
56.48 112. 34.74 
56.50 112. 34.56 

57.00 112. 18.35 
56.15 112. 18.00 
57.06 112. 17.38 
57.26 112. 16.70 
57.70 112. 15.83 
58.07 112. 16.42 
58.75 112. 15.68 
58.75 112. 15.28 
6.86 11%. 16.9cil 
7.24 112. 20.05 

55.96 112. 37.24 
54.99 119. 37.88 
54.46 112. 99.10 
53.03 112. 38.04 
52.65 112. 38.32 
58.28 112. Z4.93 
58.59 112. 35.23 
59.36 112. 24.71 

56.58 112. 36.94 

_ _  .- . ._ _.- __ -- - -  

1422. 
1424. 
1424. 
1428. 
1433. 
1448. 
1423. 
1426 . 
1428. 
1438 . 
1431. 
1430 
143fi. 
1429. 
1431. 
1630 . 
1696. 
1688. 
1641 . 
1737. 
1742 . 
1707. 
1833. 
1532. 
1468. 
1441. 
1449 . 
1458. 
1490, 
1484. 
1418. 
1265. 
1422 . _- 

OBSERVED THEOR. FREE 
GRAVITY GRAVITY AIR 

979623.69 
973622.72 
979622 -01 
973620.67 
9'79619.75 
973619.85 
973617.81 
973614.49 
979616.49 
973617 . 45 
979617 .?4 
973618.781 
979619.20 
973620 . 15 
979613 -30 
979591.92 
973575.82 
979580 . 26 
973 530.55 
979572 .?6 
973572 -45 
973581.07 
979553.42 
979630 . 67 
9'73646 . 59 
9736191.16 
973686.52 
973604.09 
973596.29 
979595 099 
973621.15 
979651 . 00 
973621.48 r. 

980086.86 -24.35 
380086.83 -24.67 
980086 . e0 -25 . 34 
380886.79 -25.44 
980086.84 -24.88 
980087.pl1 -24.57 
980087.97 -31 .e2 
980086.89 -32.34 
980086.77 -29.51 
960386.74 -28 .OO 
980086.77 -27.43 
9e0086.77 -26.78 
980086.77 -26.29 
980986.8PI -25.66 
380086.91 -32.431 
980887.53 7.40 
980086.27 12.92 
988087.62 13.56 
980587.92 9 .@5 
980d88.56 20.23 
980089.10 28.92 
9880991.11 17.73 
98fl090.11 28.96 
980102.Gl3 08 1 
990102 . 60 -2.99 
980086.00 -31 . I 5  
960584 . 57 -30 -90 
980583.80 -23.77 
980881.70 -25.61 
9841081 -13 -27.19 
380089.29 -30.55 
980069.87 -4R.51 
980091 .e0 -3pI .70 

SIMPLE 
EOUGUER 

-193.29 
-103.84 
-184 .51 
-185.06 
-185 e05 
-185.53 
-190.08 
-191 -73 
-189 022 
-187.04 
-187.38 
-186 .e2 
-196.12 
-185.39 
-191.96 
-174 -79 
-176.65 
-175.12 
-174 . 37 
-173.92 
-173 .79 
-173 .@7 
-175 -92 
-170.43 
-167.08 
-192.22 
-192.86 
-192.14 
-192.15 
-193 -06 
-169 -05 
-189.90 
-189 -64 

COMPLETE 
T.C. BOUGUER 

. 05 . 04 
e 03 . 01 . 81 . 04 

-.05 -. 04 
-.03 
0.02 
- 0  01 
-001 . 0a . el  -. 06 
2 . 5 5  
3.53 
2.68 
4.12 
3.73 
2.04 
2.63 
3.65 . 93 

.51 -. 05 
-.04 
-002 . 06 . 31 
-.04 
1.75 - . 06. 

-183.24 
-183.80 
-184.48 
-185.05 
-1 85 . 04 
-18 5 . 49 
-190.13 
-191 077 
-189.25 
-187.96 
-1 87 . 39 
-186 -63  
-106.12 
-185.38 
-192.02 
-172.24 
-173.12 
-172.24 
-170.25 
-170 . 19 
-170.95 
-170.44 
-172.27 
-169.50 
-166 . 57 
-192.27 
-192.90 
-192.76 
-192 . 09 
-192.75 
-199 -09 
-188.15 
-189 -70 



STAT. 

LY034 
LY03.5 
LY 036 
LY 037 
LY03R 
LY039 
LY 04B 
LY e41 
LY042 
LY 043 
LY044 

LY a46 
LY04'7 
LY 048 
LY 043 
LY050 
LY 051 
LY052 
LY053 
LY054 
LY E155 
LY 056 
L Y  0 57 
LY 058 
LYfl59 
LY 060 
LY061 
LY e62 
LY063 
LY 064 
LY Q65 
LY 066 

r , ~  04 5 

ORSERVED 
L A T I T U D E  LONGITUDE ELEV. GRAVITY 

38. 
38 . 
38. 
38 . 
3e . 
38 . 
38 . 
38 . 
3e. 
36 . 
38 . 
38 . 
33. 
39 . 
313. 
38 . 
38. 
38 . 
38 . 
38. 
33. 
38 b 
39. 
28 . 
38 . 
38 . 
39 
3& . 
39 . 
3E . 
38. 

3a . 
3'8 . 

54.61 112. 25.291 1448. 
55.08 112. 27.17 1431. 
53.39 112. 25.12 1462. 
57.07 112. 27.92 1419. 
57.87 112. 29.914 1421. 
56.21 112. 38.38 1425. 
56.22 112. 30.43 1425. 
56.25 112. 30.65 1426. 
56.22 112. 30.79 1427. 
56.13 112. 31.11 1429. 
56.28 112. 31.33 14343. 
56.33 112. 21.53 1428. 
56.42 112. 31.75 1428. 
56.46 112. 31.99 1426. 
5E.49 112. 32.21 1424. 
56.49 112. 32.32 1424. 
56.50 112. 22.53 1421. 
56.50 112. 32.64 1421. 
56.50 112. 32.90 1421. 
56.50 112. 33.15 1428. 
56.55 112. 33.47 1422. 
53.71 112. 23.83 1492. 
53.70 112. 22.64 1549. 
53.83 112, 21.31 1632. 
53.83 112. 20,QR 1696. 
53.46 112. 20.p18 1736. 
53.00 112.  20.18 1875. 
52.29 112. 19.25 1814. 
52.65 112. 18.22 194'7. 
54.40 112.  19.63 1722. 
55.22 112. 25.15 1513. 
55.15 112. 18.83 1'737. 
56.35- ._ _ _  112 .  19.z.9 -1e21. __ 

973626.94 
979 629 .79 
973620 -36 
979636.09 
973634.87 
973630.59 
973630.26 
973629 .?? 
973629.60 
97362'8.41 
973627.63 
97962'7.62 
973627 . 14 
9'73626 .?R 
973626 -94  
973626 -73 
973626 . 69 
973626.47 
973625.66 
979625.47 
973624.13 
973616.35 
9796fl5 -22 
973584 -40 
9'79571.99 
973562.65 
979532 . 18 
973543 . 11 
973512 . 16 
973566 - 4 2  
973592.33 
973565.65 
979-59_0-. 6B 

THEOR. FREE 
GRAVITY A I R  

380304.02 -10.23 
980084.70 -13.31 
380082.23 -10.70 
980088.81 -14.82 
380888.81 -16.23 
980fl86.36 -16 .@2 
390886.97 -16.37 
9800186.42 -16.60 
980086.37 -16.41 
380086.25 -16.95 
980886.48 -17.55 
380086.55 -18.26 
380086.69 -18.87 
980086.74 -19.91 
980086.7'9 -20.41 
960086.79 -20.55 
980886.80 -21.59 
980086.88 -21 .el  
980086.80 -22.62 
988806.80 -23.12 
980086.87 -23.93 
980082.69 -5.30 
9800P2.68 . 56 

380082.87 12.50 
988082.33 16.c34 
9e0081.66 29.14 
3891082.08 20.82 
9RG?081.13 31.81 
980883.71 14.11 
980094.32 5.17 
981F084.80 16.88 
380886 . 59 4.26 

38@082.87 5.16 

SIMPLE 
BOUGUER T.C. 

-172.08 1.04 
-1'73.26 .58 

-173.43 .31 
-1'75 . 06 ~ e. 23 
-1j5.30 .24 
-175.65 .22 
-1'75.99 .21 
-1'75.91 .29 
-176.58 .29 
-17'7.39 .16 
-177.87 .15 

-179.30 .13 
-179.58 .15 
-179.73 . I0  
-180.42 .11 
-180.64 .11 
-181.45 .08 
-181.84 -11 
-182.8'7 .06 
-172.67 1.62 
-172.58 2 .18  
-177.26 3.10 
-177.07 4.13 
-178.00 5.70 
-180.44 4.90 
-181.94 8.32 
-185.E2 15.59 
-176.3'7 4.e3 
-175.12 3.12 
-17'7.27 4.56 
-176.93 2r53 

-1'74.11 1.22 

-17a.49 .14 

COMPLETE 
EOUCUER 

-171.04 
-1'72.68 
-172.89 
-173.12 

J_ -174.83 
-175.06 
-175.43 
-1 75 . 78 
-175.62 

-177 . 23 
-177.72 
-178 . 35 
-1'79.17 
-179 -43  
-179 . 6 3  
-180.31 
-180.53 
-181 037 
-181.73 
-1.82 . 9 1 
-171 . 05 
-170.40 
-174.16 
-172.94 
-172 . 30 
-175.54 
-173.63 
-170.23 
-173.54 
-172.00 
-172.71 
-1 74;-40 

-176.38 

m 
N 



S T A T .  

LY099 
LY100 
LYl0l 
LY 102 
LYl03 
LYlG4 
LY105 
L Y  106 
LY107 
C Y  106 
LY 189 
L Y l l P l  
C Y 1 1 1  
LY112 
L Y 1 1 3  
LYll4 
L Y l l 5  
L Y l 1 6  
L Y 1 1 7  
L Y 1 1 8  
L Y 1 1 9  

. , -. LY120 
LY121 
LYlS2 
LY 123 
LY124 
LY 125 
LY126 
LY127 
LY128 
LY 129 
L Y  l3pI 
T8Y 131 

. _- _ _ _  - 

LATITUDE LONGITUDE ECEV. 

38 . 
38 . 
38. 
39 . 
38. 
38. 
38 . 
38 . 
3E . 
38. 
38 . . 
38 
38. 
38 . 
39. 
38. 
38. 
38 . 
38. 
38 . 
38. 
38 . 
38 . 
38. 
39. 
39 . 
39 . 
39. 
39 . 
39. 
7.9. 
39. - -  .- 

59.89 112. 34.05 
58.96 112. 34.@6 
57.84 112. 31.72 
57.24 112.  34.21 
58.06 112. 33.96 
58.54 112. 33.13 
58.63 112. 32.06 
58.91 112. 31.12 
54.51 112. 29.25 
55.32 112. 29.67 
54.20 112. 29.71 
54.19 112. 30.52 
53.75 112 .  31.84 
53.56 112. 31.38 
53.41 112. 31.61 
53.21 112. 31.96 
52.97 112. 32.31 
53.28 112. 32.49 . 
53.48 112. 33.06 
53.56 112.  33.61 
53.58 112.  34.01 
53.08 112. 34.39 
54.04 112.  33.04 
54.43 112. 34.83 
55.31 112. 33.98 

.28 112, 21.15 
0213 112. 22.28 
.89 112. 52.29 

1.63 112. 22.29 
2.25 112. 22.24 
2.26 112. 21.72 
2.26 112. 21.15 
2.98 __ - 112. -_ --- - -  21.72- 
I .I_ 

1420. 
1422. 
1418. 
1421. 
1428. 
1418. 
1422. 
1429. 
1428. 
1427. 
1429. 
1428. 
1429. 
1437 . 
1438. 
1434. 
1432. 
1444. 
1440. 
1447. 
1446. 
1451. 
1443. 
1433. 
1434. 
1498 . 
1486. 
1501. 
1472 . 
1454. 
14-64. 
1482 . 
1_453 _. 

OBSERVED 
GRAVITY 

973623.33 
979622 . 84 
973621.65 
9'73622.63 
973622.83 
973625.67 
973629.89 
979630.65 
9'73629 -13 
973629.69 
973628 . 61 
979629.67 
973625.63 
979626 . 40 
973625.29 
W3625.17 
973624.20 
973622.4'7 
9'73622 . 89 
973618 -74 
973617.89 
373614 -65 
979619.21 
9'73620.30 
979619.26 
CG"7623.48 
973632.93 
973632.02 
979639.19 
973642.67 
9'79641.93 
973638.05 
9?36&4-.5 1- 

THEOR. FREE 
GRAVITY A I R  

380691.78 -30.25 
9W090.41 -28.75 
9e0g 88 . 77 -29.52 
980'687.87 -26.73 
380389.89 -28.05 
9800P9.80 -26.54 
380389.94 -22.23 
9f30090.34 -19.71 
980883.87 -14.417 
980085.06 -15.02 
980083.42 -13.82 
9800R3.41 -13.07 

980882.47 -12.62 
91)110)€32.25 -13.20 
398091.96 -14.26 
980081.61 -15.50 
980082.06 -19.98 

380a82.75 -13.13 

980082 -35 -15.89 
98~a82 .47  -17.19 
9 8 0 a e ~ 3 8  -1e.27 
398381.77 -19.25 
980083.17 -18.66 
380083.76 -21.24 
388085.05 -23.27 
380092.35 -.59 
980092 -35 - .95 
980a93.26 1.96 
980094.64 -1.2@ 
980095.24 -2.33 
38fi095.25 -1.53 
9800% . 25 . 14 

-3 . 42 . - 96-0-Q-9-6.32 

SI MPLE 
BOUGUER 

-188.97 
-197.69 
-188.02 
-195.56 
-186.77 
-195.04 
-181 -17 
-178 044 
-173.68 
-174 . 52 
-173.55 
-172.68 
-172.86 
-173.24 
-173 . 93 
-174 055 
-175.56 
-175.38 
-176.95 
-178.93 
-179 -90 
-191.53 
-179.95 
-181 -41 
-183.55 
-168.03 
-156.95 
-165.81 
-165.73 
-165.41 
-165 . 17 
-165 2-11 
=16 5-. 83 

COMPLETE 
T . C .  EOUGUER 

-.05 
0.04 
-002 

. O 1  . 00 

.03 
05 . 29 
38 . 36 
.36 
.32 . 32 
.28 
.27 
28 
.26 
0 22 
019 . 13 
.14 
.16 . 16 
.16 . 08 
.88 
.70 . 73 . 63 . 57 
.67 . 80 . E2 

-189.02 
-187.73 
-188 -04 
-185.56 
-186.77 
-185.01 
-181 . 1 2  
-178.16 
-173.30 
-174.22 
-173.19 
-172.36 
-172 -54 
-172.96 
-173.67 
-174.27 
-175 . 30 
-175.16 
-176.66 
-178.130 
-179. 76 
-181.37 
-179.79 
-181.25 
-183.47 
-167.15 
-166.25 
-165 . 08 
-165.10 
-164.84 
-164.50 
-164.71 
-165.-2-1-- - 

a, 
w 



STAT. 

LY132 
LY 133 
LY 134 
LY 135 
LY 136 
LY 137 
LY 138 
LY139 
t Y  190 
LY 141 
LY 142. 
LY 143 
LY 144 
LY 145 
LY 146 
LY 147 
LY 14R 
LY 149 
LY153 

LY15S 
LY 15Z 
LY 154 
LY155 
LY156 
LY157 
LY15R 
LY159 
LY 1SD 
LY161 
LY 162 
LY 163 
CY164 

L Y  151 

LATITUDE LONGITUDE .ELEV. 

39. 
39. 
39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
38 . 
38 . 
38 . 
38 . 
313 . 
36 . 
38 . 
38. 
38 . 
29.  
39. 
39 . 
39 . 
39. 
39 . 
99. 
33. 
39 . 
23. 
39. 
39 . 
38. 
38 . 
3 E  e 

3.73 112. 21.71 
4.42 112. 21.19 
4.88 112. 21.15 
4.86 112. 22.28 
5.85 112. 21.15 
5.75 112. 22.27 
6.65 112. 22.28 
6.64 112. 16.0PI 
5.52 112. 16.26 

55.85 112. 34.72 
55.22 112. 35.14 
54.86 112. 35.75 
59.45 112. 35.73 
51.80 112. 35.85 
52.54 112.  37.41 
49.64 112. 35.34 
49.57 112. 32.21 
47.e2 112. 26.55 

.20 112. 1'7.49 
4.84 112. 15.Rfl 
5.87 112. 16.76 
5.57 112. 17.57 
5.75 112. 18.89 
4.68 112. 18.88 
4.05 112. 18.89 
5.70 112.  19.75 
5.76 112. 20.39 
4.05 112. 20.87 
3.12 112. 20.21 
1.21 112. 21.15 

56.18 112. 27.09 
56.18 112. 27.30 
5E.19 112. 27.68 

- 

1454. 
1459. 
1455. 
1453. 
1455. 
1440. 
1448. 
15'70. 
1558. 
1436. 
1448. 
1469. 
1481. 
1489. 
1524. 
1494. 
1435. 
1528. 
1619. 
1599. 
1533. 
1510. 
1484. 
1499. 
1520. 
1468. 
1461 . 
1470. 
1521. 
1492. 
1429. 
1428. 

_ -  1426.- - . - 

OBSERVED 
GRAVITY 

973644.45 
973644 .?2 
9'79644.88 
973643.64 
979645.21 
973646.44 

' 979650.24 
973621.42 
979623 . 19 
973617.29 
979609.92 
979608 . 59 
973605.67 
973598.54 
979 589 . 39 
979592 -65 
973616.69 
973595 . 01 
973593 .?9 
978610 . 42 
973629 - 4 3  
978634.35 
9'73641.22 
979638.65 
973633 .73 
479645.20 
973645 .t3 
979642.83 
9'79633 . 41 
979633 . 27 
973632 . 85 
973632 -74 
979632.45- - -___ 

THEOR. FREE 
G R A V I T Y  A I R  

980097 . 42 -4.27 
988098.45 -3.48 

980899.09 -7.06 
980100.55 -6.33 
980100.40 -9.58 
980101.73 -7.10 

980180.06 3.91 
980085.84 -25.40 
30k30R4.92 -28.16 
980084.38 -22.46 

9RCW79.87 -21.84 
980080.97 -21.29 
9800'76.75 -23.@4 
9800'76 . 62 -17 . 11 
9t309174.915 -7.50 
380092.22 7.16 
980099.05 4.81 
9E0100.57 1.94 
9881Q0.57 - .24 
980100.40 -1.23 
980899.12 2.12 
3801197.89 4.91 
980100.45 -2.22 
980180.41 -3.73 
380097.93 -1.36 
980696.52 6.26 
380093.73 - .ti3 
980086.32 -12.48 
380flP6.32 -12.90 
980886.34 --13.83 

980099 012 -5 023 

380101.71 4.21 

3!30082.31 -19.51 

S I MPLE C3MPLETE 
BOUCUER T . C .  BOUGUER 

-166.79 - 5 4  
-166.56 .54 
-16'7.86 -52 

-168.96 .46 
-170.54 .36 
-168.06 .33 
-171.28 1.14 
-170.23 1.46 
-185.91 .05 
-190.01 .85 
-186.66 .02 
-185.15 -07 
-188.27 .14 
-191.63 .15 
-190.03 .18 
-177.51 .52 
-178.29 1.65 
-173.80 1.82 
-173.92 1.52 
-169.41 1.13 
-169.02 095 
-167.10 -7'7 
-165.43 .80 
-164.99 .85 
-166.31 .66 
-167.433 .57 
-165.57 .63 
-163.75 -92 
-156.E0 .83 
-172.21 .40 
-172.52 .46 
-1?3.22 - .42- 

-169.47 e40 

-166.25 
-1 66 . 02 
-1 67.34 
-169.07 
-168.50 
-170.18 
-167.73 
-170.14 
-1 68 . 77 
-185.96 
-189.96 
-186.64 
-185.08 
-188.13 
-191.48 
-199.95 
-176 . 99 
-176.64 
-171 -98 
-172 . 40 
-168 -28 
-168 . 07 
-166.33 
-164.63 
-164.14 
-165.65 
-166.46 
-165.04 
-162.83 
-165.97 
-171 0'73 
-172.06 
4 7 2 . 8 0  - -  

cn 
P 



STAT. 

LY165 
LY 166 
LY167 
LY 168 
LY169 
LY 170 
LY 171 
LY172 
LY173 
LY 174 
LY 175 
LY 176 
LY 177 
LY178 
LY179 
LY 180 
LY 181 
LY 1 R 2  
LY 183 
LY184 
LY l e 5  
LY186 
LY 187 
L Y l P 8  
LY 189 
LY190 
LY191 
LY 192 
LY 193 
LY 194 
LY 195 
LY196 
LYlS? 

LATITUDE LONGITUDE ELEV. 

38. 56.18 112. 28.19 
30. 56.19 112. 28.75 
38. 56.20 112. 29.30 
38. 56.20 112. 29.78 

38. 55.53 112. 31.61 
29. 54.77 112. 31.92 

38. 56.21 112. 30.00 

38. 48.92 1120 31.95 
38. 4~1.40 112. 31.95 
28. 47.79 112. 31.95 
38. 47.79 112. 32.58 
38. 47.36 112 .  32.55 
38. 47.91 112. 33.07 
38. 48.47 112. 32.50 
36. 50.25 112. 33.60 
30. 49.e9 112. 32.86 
38. 48.25 112. 35.92 
38. 47.36 112. 36.97 
38. 46.73 112. 37.00 
38. 45.56 112. 36.14 
33. 46.05 112. 24.75 
38. 46.73 112. 35.94 
38. 47.26 112. 35.68 
38. 48.912 112. 34.37 
38. 48.09 112. 05.62 
c78. 50.23 112. 36.69 
38. 50.72 112. 37.00 
38. 52.09 112.  37.89 
38. 51.60 112. 34.53 

28. 45.53 112. 33.49 
38. 45.35 112. 32.53 
38. 46.51 112. 31.41 

38. w . 9 0  112. 35.66 

- _  - - ._ --__- 

1426. 
1424. 
1423. 
1422. 
1423. 
1454. 
145'7. 
1439. 
1443. 
1449. 
1444. 
1451 
1444. 
1439. 
1434. 
1434. 
151 5. 
1533. 
1549. 
1549, . 
1483.  
1522. 
1512. 
1445. 
151 7. 
1494. 
1494. 
1511. 
1465. 
1483. 
1516. 
1586. 
1517. 

OBSERVED TEEOR. FREE 
G R A V I T Y  G R A V I T Y  AIR 

973631.69 
979631 . 19 
9'73631.00 
973630.84 
973630 .74 
979620 -67 
973617.91 
9'79613.98 
973611 .'79 
9796919.83 
9736fl9.65 
9'73607.85 
97360% 19 
9'79611 .e6 
9'79616 . 20 
9'73617.83 
9'79 585 . 19 
973581 .R@ 
973578.0'7 
973578 . 43'7 
9'79 594 . 32 
973585 065 
979591.40 
97368'7.31 
973591.38 
9'73594 . 04 
9'79594.46 
9735% .51 
979608.60 
9'73602 . BE 
973591.63 
973576 .?5 
913 594 __ . 57 - 

__._ - 

990886.32 -14.58 

980086.35 -16.22 
980086.35 -16.59 
980086.36 -16.48 
980085.37 -16.81 
350384.25 -16.71 
980075.66 -1'7.62 
980075.82 -17.93 
980074.Bl -17.02 
91300'74.81 -18.74 
900fl73.3'7 -17.76 
988074.18 -19.38 
380675.31 -19.28 
980073.62 -18.89 
390077.89 -17.54 
3e00'74.67 -21.96 
9808'73.37 -18.50 
980072.45 -16.36 
980070.73 -1'7.42 
9880?1.45 -19.49 
380072.45 -16.10 
980673.23 -15.24 
980074.34 -21 .ll 
380074.45 -14.92 
98087'7.59 -22.51 
980078.32 -22.8% 
980880.21 -22.52 
980879.59 -19.69 
980878.58 -18.87 
3800'70.68 -11.22 
980870.44 -4.25 
980079,12 - ~ 9 ! 4 2  

9a0086.34 -15.70 

SIMPLE C OM PLET E 
BOUGUER T . C . BOUGUER 

-173.97 .37 
-174.87 .32 
-175.20 .29 
-175.63 .27 
-175.54 .25 
-178.53 .14 
-179.57 .19 
-178.46 .64 
-179.22 .71 
-179.99 .87 
-180.14 .80 
-179.94 .89 
-190.79 .63 
-160.12 -65  
-179.18 035 
-177.82 043 
-191.30 .24 

-199.50 .36 
-189.55 057 
-185.25 .85 
-186.22 .49 
-184.24 .45 
-182.62 .55 
-134.49 .39 
-189.50 .13 
-199.81 .14 
-191.41 .12 
-182.64 .1? 
-1834.63 .15 
-198.67 1.18 
-181.53 1.52 
-178.98 1.56 

-1a9.85 .32 

-1'73.60 
-174.55 
-174.99 
-1'75.36 
-175.29 
-1'78.39 
-179.38 
-177.82 
-178.51 
-178.11 
-179.34 
-179.05 
-190.09 
-179.47 
-178.92 
-117.39 
-191.06 
-189 . 53 
-189.15 
-188.98 
-184.40 
-185.73 
-183.80 
-1e2.07 
-184.09 
-189.37 
-1 89 . 67 
-191.29 
-182.47 
-184.48 
-179.49 
-180.01 
-17'7.42 



8 

STAT. 

LY198  
LY199 
LY 200 
LY2@l 
LY202 
LY203 
LY 204 
LY2Or5 
LY 206 
LY207 
LY208 
LY209 
LY215 
LY211 
LY212 
L Y 2 1 3  
LY214 
L Y 2 1 5  
LY216 
LY217 
L Y 2 1 8  
LY219 
LY220 
L Y 2 2 1  
LY 222 
LY 223 
LY 224 
LY225 
LY226 
LY227 
LY228 
LY229 
LY230 

LATITUDE LONGITUDE ELEV. 

38. 
38 . 
R e  . 
38 . 
38 . 
39 . 
98 . 
38. 
38 . 
38.. 
3P . 
38 . 
3R . 
30. 
38 
38. 
28 . 
38 . 
36 . 
38. 
38. 

38 . 
38 
38 
38. 
3e : 
38 . 
38. 
3e . 
36 . 

,338 . 

38 . 
38 . 

46.67 112. 30.65 
46.83 112. 29.14 
46.98 112. 28.b33 
47.14 112. 26.95 
47.74 112. 27.33 
47.69 112. 25.59 
48.21 112. 26.55 
46.82 112. 26.65 
45.60 112. 26.35 
45.12 112. 29.1'7 
47.31 112. 25.19 
46.92 112. 25.51 
45.61 112. 25.32 
49.11 112. 25.21 
49.11 112. 24.26 
49.89 112. 23 .76  
49.84 112. 23.07 
50.64 112. 23.68 
51.28 112. 22.93 
52.17 112. 23.38 
52.38 112. 24.82 

52.42 112. 26.36 
52.43 112. 27.20 
52.12 112. 29.02 
51.98 112. 28.37 
51.18 112. 2e.35 
50.42 112. 25.55 
49.77 112. 26.35 
49.12 112. 27.75  
49.15 112. 28.31 
49.78 112. 28.32 
51.10 112. - - 25.39 - - __ 

52.42 1121. 25.80 

._ - _ _ _ ~ -  

1533 . 
1541. 
1531 
1527. 
151 4. 
1547 . 
1521 . 
1557. 
1680. 
1663 . 
1563. 
1579. 
1'737 . 
1511. 
1534 . 
154'7. 
1608 . 
1553 . 
1561. 
151 9. 
1468 . 
1455. 
1454 . 
1455. 
1457. 
1458. 
1459 . 
1480. 
1486. 
1489. 
1483. 
1475 . 
__ 1464. - -- -- 

OPSERVED THEOR. FREE 
GRAVITY GRAVITY AIR 

973591.80 
973589.41 
979590.80 
973592.61 
973 596 . 40 
973 597 . 98 
973597 . 51 
973585.2R 
973555 16 
9'73557 e17 
9795135 . 52 
979580 . 56 
979 541 . 30 
973602 . 96 
973 596 . 15 
979595.26 
973583.13 
979596 .85 
973595 074 
9'79607 . 82 
9'73617.43 
979620.30 
973622.09 
973652 .77 
973621 .@El 
979621.28 
W 3 6 2 0  . 04 
973611.85 
979609.53 
9?3€07 -62 
973610 -12  
979614.49 
9'79616,12 

9800'72 . 36 -7 . 48 
380072.59 -7.63 
980072.81 -9.55 
9800'73.35 -9.22 
980073.93 -10.31 
980073.86 1.52 
9800?4 . 62 -7 .73 
9808 72 . 58 -6 . 82 
980070.78 2.82 
980070.09 .28 
3800'73.30 -5.45 
980072.72 -4.89 
380578.90 6.53 
980075.95 -6.70 
360075.95 -6.41 
380077.09 -4.43 
9803'7'7.82 0.14 
980078.19 -2.08 
a ~ 0 a 7 9 . 2 7  -1.81 

gam80 .e0 -11.43 

9800130.43 -3.85 
980080.73 -10.28 

980080,821 -10.02 
9€?0080.81 -9.04 
380O88.36 -9.65 
980080.04 -8.82 
980078r87 -8.59 
380Cl77.87 -9.26 
980676.92 -9.82 
380075.96 -8.84 
9800'76.00 -8.23 
980076.94 -7.28 
080078.87 -10.97 

SIMPLE 
BOUGUER 

-179 -89 
-179 -88 
-1e0.68 
-179 -90 
-179 . 54 
-171.40 
-177 074 
-180.85 
-184.96 
-185.60 
-1e0.15 
-181 038 
-1 67 . 62 
-175.59 
-177.87 
-177.35 
-178.98 
-175.6'7 
-176 . 29 
-173.64 
-174.37 
-174 012 
-172 -54 
-171 .e7 
-172.51 
-171 079 
-171.67 
-174.69 

-175.27 
-173.99 
-1'72.15 
-174.61 - 

-175 092 

COMPLETE 
T . C .  BOUGUER 

1.29 -177.54 
1.41 -178.47 
1.64 -179.05 
2.09 -177.92 

2.00 -169.40 
1.54 -176.20 
2.72 -178.13 
3.59 -181.37 
4.08 -181.52 

1.50 -178.04 

2.34 -1w.ai 
2.38 -1'79.00 
3.59 -184.03 
1.93 -173.66 
2.57 -175.30 
2.84 -174.51 
3.6'7 -1'75.31 
2.65 -173.03 
3.2'7 -1'73.02 
2.46 -1'71.18 
1.56 -1?2.@2 
1.17 -172.95 
1.00 -171.54 

.55 -1'71.96 

.65 -171.14 
-73 -170.94 

1.57 -173.12 
1.35 -174.57 
1.09 -174.18 
.93 -173.00 
.89 -171.26 

081 -170.86 

1.17 -173.44 



STAT.  

LY264 
LY265 
LY 266 
LY267 
LY268 
LY269 
LY 270 
LY271 
LY 272 
LY273 
LY274 
LY 275 
LY 276 

LY 276 
LY279 
LY280 
L Y 2 8 1  
LY282 
LY 283 
LY 284 
LY285 
LY286 
LY 287 
LY 288 
L Y  2 89 
LY290 
LY291 
LY292 
LYP93 
LY 294 
LY295 
LYS96 

~r 277 

_. 

Q 

LATITUDE LONGITUDE ELEV. 

38. 

38 . 
30 . 
3e . 
38 
3R . 
36 . 
38 . 
28 . 
30 . 
38 . 
38 . 
38 . 
33 . 
38 . 
3R . 
38 . 
36. 
28. 
39 . 
38 . 
38 . 
28 . 
38. 
3e . 
39 . 
38 . 
36 . 
38- 
38 . 
38 . 

38. 

38. 

48.23 112. 27.54 
40.23 112. 27.83 
48.23 112. 28.03 
48.24 112. 20.32 
48.23 112. 28.&0 
48.51 112. 28.86 
49.76 112. 25.78 
50.07 112. 24.70 
58.98 112. 29.15 
50.66 112. 29.78 
51.99 112. 29.87 
51.53 112. 30,82 
51.80 112. 31.19 
49.34 112. 29.98 
47.79 112. 25.13 
47.13 112. 29.14 
47.13 112. 29.74 
47.54 112. 20.75 
48.991 112. 29.70 
48.90 112. 29.98 
46.90 112. 30.25 
48.90 112. 38.53 
48.9P 112. 30.81 
48.51 112. 31.68 
40.91 112. 31.38 
4-8.91 112. 31.66 
48.92 112. 32.22 
48.92 112. 32.49 
48.91 112. 32-78 
48.91 112. 33.fl9 
46.91 112. 33.36 
48.91 112. 33.61 
48.9fl 112. . 33.92, -__ 

1504. 
1500. 
1498. 

1500. 
1502 . 
1491 . 
1488. 
1464. 
1458 . 
1455. 
1449 . 
1444. 
1462. 
1518 . 
1532 . 
1518. 
1518. 
1475. 
1462 . 
1465, 
1462. 
1449 . 
1446. 
1444. 
1441. 
1437, 
1437. 
1436. 
143'7, 
1437. 
1437. 

1497. 

1438 

OBSERVED THEOR. FREE SIMPLE COMPLETE 
GR AV I TY GRAVITY A I R  BOUGUER T.C. EOUGUER 

973 599 . 54 
973600.91 
979601.97 
973603.02 
979602 . 378 
9'73601.53 
973609.80 
973612.25 
973618.22 
973618.82 
973620.21 
979620.07 
973622.07 
973614.55 
973595 072 
979591.82 
973594 025 
973 595 0 78 
9'73609 -00 
9'73611.15 
973611.39 
973612.77 
973613.95 
973610 .e4 
973613.73 
973613.86 
973613.95 
973613.62 
97361 3 . 38 
973612 .73 
973612 :42 
973612.13 
9736-1 1.9-6 

980074.65 -10.39 

980074.65 -10.48 
980874.66 -9.67 
980074.65 -9.38 
988875.07 -10.03 
380W6.91 -3 .79 
980078.54 -7.10 
980078.70 -e .69 
980878.22 -9.46 
3800R0.17 -10.36 
98@079.48 -12.26 
980079.87 -12.20 
980076.28 -10.57 
380074.01 -9.E4 
980073.04 -8.45 
980873.84 -10.34 
985079.64 -9.42 
980075.53 -11.45 
980075.63 -13.32 
980075.63 -12.15 
980075.63 -11 .70 
98fl575.63 -14.53 
9e0075.65 -18.58 
9802)75.65 -16.31 
980075.65 -17.10 
980075.66 -18.26 
380075.66 -19.59 
980075.65 -19.20 
980fl75.65 -19.47 
9801675.65 -19.78 
980075.65 -28.01 
980875.63 -19.91. 

980374.65 -10.85 
-179.03 1.31 
-178.51 1.28 
-177.84 1.22 

-171.04 1.10 
-177.92 1.27 
-175.45 1.58 
-173.42 1.94 
-172.33 .63 
-172.43 -59 
-173.59 .47 
-174.22 .42 
-173.60 .38 
-173.98 .75 
-119.51 1.12 
-1'79.69 1.28 
-180.01 1.24 
-179.09 1.37 

-17'7.00 1.17 

-i?6.32 
-176.73 
-175.90 
-175.11 
-176 -49 
-180 021 
-177.71 
-178.17 
-178.88 
-179 . 21 
-179.71 
-1e0.09 
-180.40 
-1 80 . 63 
-1E0.64 

89 . 89 . 81 . 77 . 76 . 73 
69 . 68 . 60 
58 . 55 . 53 . 50 . 48 

.46 

-177.70 
-177.23 
-176.62 
-175.93 
-175.86 
-176.65 
-173.88 
-171.48 
-171.70 
-171.94 
-173.12 
-1'73.80 
-173.22 
-173.23 
-178 . 39 
-170.41 
-170.77 
-1'77.72 
-175.43 
-175 . 84 
-175.09 
-174.34 
-175.73 
-1 79 . 48 
-177 . 02 
-177.49 
-178.20 
-178.63 
-179 . 16 
-179 . 56 
-1 79 . 90 
-1 80 . 1 5  
-180.18- - 

m 
v 



Q 

STAT. 

L Y 2 3 1  
LY 232 

LY234 
LY235 
LY236 
LY 237 
L Y 2 3 8  
LY239 
LY 240 
L Y 2 4 1  
LY242 
LY243 
LY244 
LY245 
LY 246 
LY247 
LY 248 
LY 249 
LY250 
LY 251 
LY252 
LY253 
LY254 
LY255 
LY256 
LY257 
LY258 
LY259 
LY 260 
LY261 
LY262 
LY 263 

LY233 

OBSERVED THEOR. FREE 
LATITUDE LONGITUDE ELEV. 'GRAV I TY G R A P  ITY A I R  

38. 51.31 112. 25.20 
38. 51.31 112. 24.91 
38. 50.65 112. 29.16 
38. 58.85 112. 29.85 
38. 50.98 112. 29.35 
38. 51.48 112. 29.18 
38. 51.61 112. 29.89 
38. 51.70 112. 29.26 
38. 51.97 112. 28.98 
38. 51.51 112. 29.60 
38. 51.30 112. 29.36 
38. 413.22 112. 23.54 
30. 48.24 112. 22.91 
38. 48.23 112. 24.10 
3 E .  48.23 112. 24.65 
38. 48.23 112. 25.49 
3P. 40.71 112. 26.18 
38. 48.70 112. 26.39 
39. 48.70 112. 26.63 
38. 48.70 112. 26.92 
38. 48.69 112. 27.21 
38. 46.63 112. 27.35 
38. 48.68 112. 2'7.'74 
3E. 48.92 112. 27.75 
38. 48.90 112. 28.31 
38. 48.90 112. 28.01 
26. 48.90 112. 29.43 
38. 48.90 112. 29.14 
38. 48.90 112. 28.87 
3 6 .  48.90 112. 28.66 
38. 49.35 112. 29.15 
38. 48.22 112. 25.93 
38. 48.53 _-  112. 27.21- _ _ _ _  -- 

1471. 
1490 . 
1461 . 
1459. 
1462. 
1467. 
1465. 
- 1461. 
1459. 
1460. 
1491 . 
1611. 
1662. 
1569. 
1547 
1534. 
1514. 
1510. 
1%?. 
1505. 
1501. 

1496. 
1493. 
1 40'7. 

1479. 
14'76. 
1477. 
148R. 
1471. 
1515. 
1509. 

1501 0 

1490 

973614.93 
9'79612.12 
973619.02 
973618 .?I 
9'73618.53 
979619.4'7 
973620.12 

9'73620 -96 
9'73620.23 
973613.44 
9'73 577.70 

973586.09 
9'79591 -11 
373595.05 
973600.58 
973600.56 
979600.66 
973600.63 
9'796911.34 
973601.83 
9736914 . 82 
973605.93 
97960'7.85 
973606 .'76 

9'73609.31 
973609.86 
973608.77 
9'73612.89 
973597 . 64 
9?3298,19 

973620 063 

979566.71 

9'73608 0'76 

380879.16 -10.23 
980079.16 -7.24 
980078.20 -8.33 
380078.51 -9.55 
980078.58 -8.88 
980079 041 -7 024 
9808'79.60 -7.39 
9800'79.73 -8.25 
980080.14 -8.94 
980079.45 -8.67 
9800'79 . 1 5  -5.59 
980074.63 0 22 
980074.82 4 .'78 
3868'74.65 -4.38 
980074.65 -6.14 
380074.65 -6.21 
980075 . 36 -7 . 56 
980075.34 -8.80 
980075.24 -9.62 

9800'75.33 -10.79 
9800'75.31 -18.31 
380375.31 -9.63 
980975.66 -9 . 00 
3800'75.63 -9.90 
980075.63 -9.07 
9800'75.63 -10.46 
388@'75.63 -10.84 
980875.63 -10 .78 
980075.63 -18.14 
3800'76.29 -9.46 
980074 . 63  -9 . 4'7 
9800T4.65 -10.79 

380875.34 -10 .?8 

SIMPLE COMPLETE 
BOUGUER T . C . BOUGUER 

-174.65 1.60 
-173.78 2.@3 
-171.63 -66 
-172.64 059 
-1'72.30 .62 
-171.22 059 
-171.14 059 
-171.55 .56 
-172.02 .58 

-172.25 .81 
-179.85 3.42 
-188.99 4.48 

-179.06 2.46 
-177.67 1.91 
-176.79 1.56 
-177.58 1.50 
-178.07 1.43 
-178.50 1.35 
-178.56 1.28 
-1'78.08 1.28 
-1'76.85 1.17 
-175.88 1.13 
-175.11 1.03 
-175.61 1.08 
-175.77 .89 
-1'75.82 .96 

-175.57 1.00 
-1'73.88 .85 
-1'78.81 1.44 
-179.46 1.39 

-171.86 054 

-1?9.?5 2 -80  

-175.87 099 

-173.05 
-171.75 
-170.97 
-172.06 
-171 068 
-170.62 
-1'70.55 
-170.99 
-171.45 
-171.32 
-171.44 
-176 . 43 
-176.52 
-176.87 
-176.60 
-175.76 
-175 . 23. 
-176.08 
-176.64 
-177.15 
-177.28 
-176.80 
-175.68 
-174.75 
-174.08 
-174.53 
-174.08 
-174.96 
-174.88 
-174.57 
-173.03 
-177. 37 
-1'78. 07 



S T A T .  

LY297 
LY298 
LY299 
LYZQQ 
LY301 
LY 302 
LY 303 
LY384 
LY 305 
LY 336 
LY 3137 
LY 30e 
LY309 
LY310 
LY311 
LY312 
LY313 
LY314 
LY 315 
LY 31 6 
LY317 
LYZlR 
LY319 
LY 320 
LY221 
LY 322 
LY 323 
LY324 
LY-325 
LY326 
LY 327 
LY326 
LY329 

LATITUDE LONGITUDE ELEV. 

30. 48.90 112. 34.19 
38. 48.91 112. 34.50 
38. 48.91 112. 34.70 
38. 40.91 112. 35.05 
38. 48.91 112. 35.31 
3P. 48.91 112. 35.60 
30. 48.91 112. 35.94 
38. 48.91 112. 36.40 
3 3 .  48.91 112. 36.95 
29. 48.91 112. 37.43 
38. 48.92 112. 38.04 
30. 46.92 112. 38.61 
38. 49.92 112. 39.29 

38. 49.68 112. 40.48 
38. 49.70 112. 41.08 
38. 49.71 112. 41.62 
3 R .  49.71 112. 42.19 
36. 49.74 112. 42.78 
38. 49.91 112. 43.22 
38. 50.88 112. 43.70 
38. 50.08 112. 44.5pI 
38. 50.@8 112. 44.81 
38. fil.QI'7 112. 39.13 

38. 52.83 112. 39.53 
38. 51.eR 112. 40.59 
36. 51.56 112. 42.51 
3R. 51.11 112. 41.82 
38. 58.66 112. 41.14 
38. 50.20 112. 40.52 
38, 50.92 112. 39.62 
38. 52.3Gil ____- 112. 40.20 

38. 49.61 112. 39.91 

38. 5i.aa 112. 38.22 

1443. 
1457. 
1457. 
1467. 
1482. 
1489. 
1492 . 
1497. 
1500. 
1498 . 
1491 . 
1491. 
1402. 
1466. 
1464. 
1462 . 
1461 
1458. 
1457. 
1456. 
1458. 
1458. 
1460. 
1469. 
1466 . 
1455. 
1455, 
1454. 
1456. 
1455, 
1458. 
1456. 
1456.- 

OBSERVED 
GRAVITY 

973611.27 
9'796618 -64 
97360'7.45 
9'73604.99 
973600.65 
979597 075 
973594 -84  
973591.06 
973 589 . 15 
973583.13 
979587 . 22 
973 586.97 
979586 . 52 
979591.88 
979591 . 19 
973590.51 
979590 -4'7 
9'73590.55 
979590.44 
973590.35 
979590.56 
9 ? X m  .?1, 
979593.63 
9'73 597 . 15 
979599 . 52 
973599 048 
873 596 .14 
973594 . 62 
973594 . 39 
979594 . 27 
973593 062 
979591.44 
913 597- . 40 

TREOR. FREE 
G R A Y  ITY AIR 

380075.63 -19.06 
9800'75.65 -17.38 
98021'75.65 -18.57 
380075.65 -17.96 

9800'75.65 -18.40 
9800'75,65 -20.38 
980075.65 -22.62 
980875.65 -23.61 
380075.65 -25.18 
980075.66 -28.32 
980075.66 -28.57 
980075.66 -31.81 
980876 . 69 -32 . 41 
980876.82 -35.14 
980076.83 -35.50 
980076,G3 -36.33 

980077 , 12 -37.46 
980077.37 -36.87 
980377.37 -35.78 
988077.37 -33.19 
980078.83 -28.35 
980080.81 -29.09 
980880.23 -32.74 
390080.81 -34.26 
980079.53 -36.21 
980078.88 -35.19 
9e0078.22 -34.94 
380077.75 -34.14 
980Cl78.61 -31 -86 
980Be0.62 -33 -91 

980075.65 -17.66 

980076.79 -39.81 

380076o87 -36 091 

SIMPLE 
BOUGUER 

-180.35 
-180.24 
-181 a43 
-191 093 
-183.31 
-184 .83 
-167.15 
-1 89 . 95 
-191 027 
-192.62 
-194.98 
-195.23 
-197.46 
-196.27 
-197 045 
-198.56 
-198.80 
-199.30 
-199.67 
-200.20 
-199 084 
-198.6'7 
-196.38 
-192 055 
-191 095 
-195.37 
-1 96 . 89 
-198 .73 
-197.93 
-197 057 
-197.11 
-134.60 
-196.65 

C OM PL ET E 
T.C. BOUGUER 

. 44 

.40 . 37 . 35 
2.40 . 27 . 25 . 21 
019 . 18 
.16 
17 
.13 . 08 . 06 
.05 
.04 
.03 . 02 
0 00 

-002 
-.03 
-.03 
.18 . 09 

- 0  01 
-.03 
-.05 -. 03 

0 00 . 03 . e3 
-.03 

-179.91 
-179.04 
-181.06 
-181.58 
-180.91 
-184 . 56 
-186.90 
-189 . 74 
-191.08 
-192 . 44 
-194,82 
-195.06 
-1 97 . 33 
-1 96 . 19 
-19'7.39 
-198.51 
-198.76 
-199.27 
-1 99 . 65 
-280 028 
-1 99.86 
-198.70 
-196.41 
-192.37 
-191.86 
-195.38 
-196.92 
-198.78 
-197.96 
-197 -57 
-197.08 
-1 94.57 
-196.68 

a, 
(D 



8 

STAT.  

LY330 
L Y 3 3 1  
LY332 
LY 333 
LY334 
LY 335 
LY 326 
L Y 3 3 7  
L Y 3 3 8  
L Y 3 3 9  
LY340 
LY341 
LY342 
LY343 
LY344 
LY345 
LY 346 
CY347 
LY 348 
CY348 
L Y 3 5 0  
LY 351 
LY352 
L Y 3 5 3  
LY 354 
LY355 
LY356 
LY35'7 
L Y 3 5 8  
LY359 
LY360 
LY 361 
LY3F2 

LATITUDE L O N G I T U D E  ELEV. 

38. 50.67 112. 43.23 
38. 50.15 112. 41.83 
38. 51.06 112. 40.48 
38. 40.27 112. 39.90 
38. 47.80 112. 43.32 
30. 47.25 112. 42.76 
38. 46.54 112. 43.08 
38. 4E.29 112. 43.69 
38. 45.e9 112. 44.60 
38. 46.691 112. 44.84 
3R.  45.42 112. 43.44  
38. 46.85 112. 42.02 
38. 49.61 112. 39.88 
38. 4'7.93 112. 39.88 
38. 46.6'7 112. 39.73 
38. 45.73 112. 40.08 
3R. 46.48 112. 40.83 
38. 45.25 112. 38.65 
38. 45.82 112. 38.78 
38. 45.96 112.  37.7e 
3@. 45.61 112. 36.99 
59. 46.17 112. 33.12 
38. 47.38 112. 38.13 
3 E .  48.22 112. 37.98 
Z8.  49.215 1.12. 29.32 
38. 50.00 112. 28.Z3 
3P. 46.08 112. 30.52 
38. 48.23 112. 25.88 

39. 2.30 112. 20.71 

39. 2.09 112. 19.78 
39. 2.17 _ _  112. 1-9.53 

38. 54.79 112. 29.78 

29. 2.12 112. 28.20 

_ _ _  _ _  __  - - - -  - -  

1457. 
1459. 
1454. 
1499. 
1505. 
1508 . 
1519. 
1530. 
1541 .  
1574. 
1567. 
1504. 
1475. 
1509.  
1540. 
1571 . 
1578 . 
1583. 
1564. 
1579. 
15791. 
1568. 
1533. 
1510. 
1480. 
1476. 
158D . 
1529 . 
1472 . 
1507. 
1571. 
1671 . 
1716. 

OBSERVED TEEOR. FREE 
G R A V I T Y  G R A V I T Y  AIR 

9'73 591 . 94 
973 592 . 22 
9'73 596 . 39 
973580.04 
979582.99 
979577 .si 
9735'72 . 30 
9'73570.28 
979 566.59 
973567 . 22 
979568.29 
979574 . 06 
973591 .?3 
979577.13 

973560.81 
973553 073 
979 557 . 50 
973565.8!3 
979566 . 18 
973 569 . 26 
973569.24 
973575 . 57 
979583 . c38 
973611.69 
979615 . 10 
979581 .'76 
973596 -80 
973620 . 27 
973633.07' 
973620.79 
973593 049 
9 73 58B .-97 

97356~1.63 

3800'78.23 -36.67 
9800'7'7.48 -35.01 
980078 . R 1  -33.72 
980074.70 -32.08 
980874.02 -26.59 
980073.22 -3e.64 
9800'72.16 -31.10 
9130071 . 80 -29 -3'7 
380071.22 -23.09 
980072.26 -19.31 
9800'716.52 -26.67 
98@@72.62 -34.43 
380076.59 -29.78 
980874.21 -31.41 
988072.36 -28.50 
9t300'7p1.98 -25.36 
980072.38 -25.38 
980070.2'7 -24.27 
980871.10 -22.65 
980071.32 -17.87 
9880'7O.80 -17.04 

9808 73 . 41 -24 -76 
980074.63 -25.5'7 
980076.29 -7.88 
98007'7.26 -6.59 

900071 062 -19 051 

980@ '71 5QJ -2 16 
380674.65 -6.01 
980084.28 -9.76 

9841095.05 10.55 
3841095.01 20.15 
980095.12 24.40 

980095031 2 081 

SIMPLE 
BOUGUER 

-199 053 
-198.09 
-1 96 . 24 
-199.63 
-194.81 
-199 020 
-2910 -89 
-200 039 
-201 033 
-195.24 
-201.82 
-202 054 
-194.65 
-200.08 
-200.63 
-200.96 
-2Pll.76 
-201 021 
-197.4'7 
-194.36 
-192 -53 
-194 .'77 
-196 -11 
-194.35 
-173 -31 
-171.5'7 
-178 .?G 
-1 76 . 91 
-174.29 
-165.63 
-165 -05 
-166 -63 
-le? 041 

Q 

COMPLETE 
T.C. EOUGUER 

-.04 . 01 . 00 
015 . 32 . 27 
23  . 22 

.25 . 32 . 39 
021 
13 
.25 . 27 
.29 . 31 
38 . 34 . 37 

.48 
e 34 
025 

8.23 . 96 . 86 
1.75 

1 .83 . 90 

1.75 

1.39 
2.25 
3 . 2.1 

-1 99 . 5'7 
-198.08 
-196.24 
-199.48 
-194.49 
-198.93 
-200.66 
-200 . l7 
-281 -08 
-194.32 
-201 - 4 3  
-202.33 
-1 94 . 52 
-199.83 
-200.36 
-200 . 67 
-201 -45 
-200 -83 
-197.13 
-193.99 
-192.05 
-194.43 
-195.86 
-186.12 
-172.25 
-170.71 
-17'7.01 
-175.16 
-1'73.26 
-164.65 
-1 63.66 
-164.38 
-164.20 

u 
0 



STAT . LATITUDE LONGITUDE ELEV. 

LY363 39. 1.82 112. 17.18 1597. 
LY364 39. 1.80 112. 16.64 1638. 
LY365 39. 1.7'3 112. 16.c34 1668. 
LY366 39. 2.2'7 112. 15.52 16'72. 
LY36'7 39. 2.26 112. 15.14 1694. 
LY36R 39. 1.81 112. 17.88 1576. 
LY369 35. 1.01 112. 17.1u4 1741. 
LY37B 89. 3.56 112. 1'7.14 1562. 
LP371 39. 3.56 112. 15.64 1577. 

LY373 39. 3.56 112. 15.80 1611. 
LY374 39. 3.12 112. 15.53 1646. 

LYWZ 39. 3.55 112. i6.w 1584. 

LY375 39. 5.13 112. 18.87 1551. 
LY376 39. 3.56 112. 18.32 153'7. 
LY377 39. 3.56 112. 

LY373 39. 4.05 112. 
LY3P0 39. 1.48 112. 
LY381 39. 1.40 112. 
LY382 I 39. 1.40 112. 
LY3831 39. 1.41 112. 
LY384 39. 1.40 112. 
LY385 33. 1.48 112. 
LY3R6 39. .43 132. 
LY397 39. .88 112. 
LY398 39. 073 112. 
LY389 39. 049 112. 
LY39pI 39. -06 112. 
LY391 33. 3.13 112? 
LY332 39. 4.00 112. 
LY393 39. 4.0@ 112. 
LY394 Z9. 4.00 112. 
LY395 F9. 4.00 112. 

L Y ~  39. 3.5'7 112. 

- ._ __- 

17.75 
17.49 
1'7.e0 
24.56 
25.13 
25.57 
26 52 
27.10 
27.69 
27.18 
2'7.09 
25.23 
26.4R 
25.15 
22.28 
22 .P8 
22.86 
23.41 
23 . 90 __ - - __ - - 

1548. 
1554. 
1539. 
1426. 
1419. 
141'7. 
1413. 
1412. 
141 1. 
141E. 
1414. 
1419. 
1422. 
1425. 
1451. 
145c1 . 
1451. 
1459. 
I43e _. 

0 RS ERV ED THEOR. F P E E  
GRAVITY ' GRAVITY AIR 

973610.41 
979602.67 
9'79594.09 
973 594.26 
9'73588 . 46 
979616.64 
973576.10 
973618 -9'7 
979616.5R 
w3615.43 
W96fl9.13 
973601.71 
973626 . 31 
9'73629 -7'2 
9'73624 . 32 
973622 .&I 
97962'7 . a5 
973646.63 
973645.97 
973643.64 
9'79641 .el 
973641 . 19 
979642.55 
9'73641.3@ 
973641.14 
973641.1'7 
973640 .e5 
979645 . 84 
973644 . @PI 
979G44 .4@ 
973644.10 
973645. @7 
9736-49.47 

980894.62 8.62 
3e8094.59 11.08 
980094.49 14.34 
980095.2'7 14.97 
980095.25 15.9'7 
980094 -61 8.38 
988093.43 19.94 
980097 . 18 3 .Eel 
980897.18 6.06 
988097.16 '7.08 
980097.18 9.10 
98U096.52 13.13 
980096.54 8 . 40 
980097.18 5 . 85 
988097.18 4.85 
38009'7.20 4.45 
98009'7.89 4.89 
980094.PI0 -7.31 
980894.00 -10.13 
9@09194.00 -13.08 
38@@94 -02 -16.16 
980094.00 -1'7.07 
980894.00 -16.02 
980092.59 -14.24 
380093.24 -15.75 
988093.02 -13.95 
380W2.59 -12.92 
98'69192.83 -11.44 
980096.54 -4 -76 
98009'7.82 -5.96 
988897.82 -5.94 
98009'7.82 -5.29 
980897_.82 -7.@6 

S I M P L E  COMPLETE 
POUGUER T .  C . BOUGUER 

-169.89 1.61 
-171.11 1.82 
-1'72.10 2.14 
-171.92 2.25 
-1'73.38 2.43 
-167.78 1.33 
-174.66 2.72 
-170.78 1.31 
-170.21 1.50 
-169.97 1.70 
-1'70.9'7 1.89 
-1'70.85 2.07 
-164.96 .98 
-165.95 1.00 

-169.25 1.37 
-167.93 1.05 
-166.70 .44 
-159.74 .35 
-1'71.46 .30 
-1'74.10 .24 
-1'74.90 .20 
-1'73 .'7Z .18 
-1'72.51 .%4 
-1'73.80 .22 
-172.56 -23 
-171.86 .29 
-170.72 -32 
-166.95 .50 
-168.03 .44 
-168.13 .41 
-167.36 .40 
-166.90 .31 

-16e.18 1.13 

-168.28 
-169.29 
-169.96 
-1 69 . 67 
-1'70.95 
-166.45 
-171.94 
-169.47 
-168.71 

-169.08 
-168.78 
-163.98 
-164.95 
-167.05 
-16'7.88 
-1 66 . 88 
-166.26 
-168.39 
-1'71.16 
-1'73.86 
-174.70 
-1'73.55 
-1'72 02'7 
-173.58 
-172.27 
-171.57 
-170.40 
-166.45 
-16'7.59 
-167.72 
-166.96 
-166.59 

-168.2'7, 



STAT. 

LY396 
LY397 
LY398 
LY 399 
L8400 
LY401 
LY 402 
LY403 
LY404 
LY 405 
LY406 
LY 487 
LY408 
LY409 
LY410 
LY411 
LY412 
LY413 
LY414 
LY415 
LY416 
LY417 
LY418 
LY413 
LY420 

. LY421 
lay422 
LY423 
LY424 
LY42.5 
LY 426 
LY427 
LY428 

- 

LATITUDE LONGITUDE ELEV. I 

39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
39. 
3s . 
39 . 
39. 
39. 
39 . 
29 . 
39 . 
39. 
33 . 
39. 
39. 
39. 
39. 
29 . 
39. 
39 
?9. 
39 . 
39. 
39 . 
39. 
39 . 

4.00 112. 24.55 
4.01 112. 25.72 
3.13 112. 24.55 
3.13 112. 25.99 
2.25 112. 35.69 
2.26 112. 24.55 
2.26 112. 23.42 
2.26 112. 23.R3 
1.41 112. 27.95 
1.41 112. 29.25 
1.40 112. 28.53 
5.77 112. 24.56 
6.67 112. 24.53 
4.88 112. 24.55 
4.86 112. 23.40 
5.39 112. 22.83 
5.77 112. 23.491 
6.66 112. 23.40 
4.08 112. 26.37 
4.42 112. 26.91 
4.43 112. 28.05 
4.40 112. 28.80 
4.33 112. 29.75 
3.9fl 112. 30.@5 
3.15 112. 29.65 
2.99 112. 39.97 
2.75 112. 2'8.67 
2.78 112. 27.14 
3.58 112. 26.54 
2.26 112. 26.81 
1.40 112. 29.A0 
1.40 112. 29.09 
1.41 112. 29.38- - ___ _- 

1420. 
1412. 
1423. 
1415. 
1415. 
1422. 
1439. 
1450 . 
1414. 
1416. 
1419. 
1419. 
1417. 
1417. 
1436. 
1436. 
1426. 
1428. 
1415. 
1412. 
1416. 
1424. 
1455. 
1454. 
1437. 
1433. 
1428. 
1421 . 
1415. 
1419. 
1421. 
1420. 
1421 _- . 

OBSERVED TREOR. FREE 
G R A V  I TY GRAVITY AIR 

973650 . 36 
9'73647.83 
973647.3PI 
373644.55 
973643.99 
973646.14 
973644.73 
979648 . 83 
973639.70 
973638..90 
973637.88 
9'73650 .El9 
973655.01 
973650.94 
973643.39 
973 646 . 96 
373643 . 34 
979653 . 05 
373645 . 39 
979647 . 34 
979644.96 
979641.77 
979632 . 72 
979631.58 
973632 -49 
973685.67 
979627.65 
973640.59 
979644.61 
973640 -23 
919636.74 
973836 0 %  

979634 $69 

380097.82 -9.25 
980397.84 -14.26 
980096.54 -1p1.10 
980096.54 -15.33 
980fl95.24 -14.60 
9€?B095.25 -18.29 
380095.25 -6.45 
9130895.25 -3.96 
980094.02 -17.96 
900094.02 -18.15 
980094.00 -18.22 
980100.43 -11.64 
9901911.75 -8.46 
980899.12 -10.89 
380899.12 -6.59 
380099.87 -9 -77 
980100.43 -11.03 
980101.74 -9 .Ol 
980397.94 -14.90 
980c398.45 -15.36 
980898.46 -16.53 
380098.53 -17 -32 
980098.30 -16.57 
9809197.67 -17.47 
980096.56 -20.63 
980096.33 -1P.44 
980695.9€! -17.65 
380896.32 -16.32 
98pI09'7.20, -15.93 
980095.25 -17.86 
980894.00 -18.75 
980394.80 -19.73 
988094 .S;i -20.81 

SIMPLE 
'EOUGUER 

-16'7.97 
-172.09 
-169.16 
-133 049 
-172.76 
-169.23 
-167.25 
-166.03 
-176.01 
-176.42 
-1 76 . 83 
-179) -25 
-166 -84 
-169.28 
-167.10 
-170.29 
-170.42 
-167.63 
-173.06 
-173 019 
-174.8@ 
-176.49 
-119.20 
-179.99 
-191.25 
-178.61 
-177.27 
-175.75 
-174.03 
-175.67 
-177 -58 
-17R -45 
-179.64 

COMPLETE 
T . C .  BOUGUER 

. 26 . 19 . 29 . 19 . 26 . 34 . 45 

.51 
0 15 . 13 
11 . 19 . 18 . 23 . 35 . 34 . 27 . 24 
-14 ' 
10 
.05 . 04 . e3 . 14 . 04 
o m 5  . 07 . 13 . 14 . 17 . 10 . 89 
.08 

-167.71 
-171.90 
-1 68 . 87 
-173.30 
-172.50 
-168.89 
-166.84 
-1 65 . 52 
-175 . 86 
-176 . 29 
-176.72 
-170.06 
-166.66 
-169.05 
-166.75 
-169.94 
-170.15 
-167.39 
-172 -32 
-173.09 
-174.75 
-176.45 
-179.11 
-179.85 
-191.21 
-1 78 . 56 
-177 - 2 0  
-175.62 
-173.95 
-175 . 50 
-177.48 
-178.36 
-1 79.56 

I 



STAT. 

LY 429 
LY430 
LY431 
L Y 4 Z 2  
LY 433 
LY434 
LY 435 
LY436 
LY437 
LY 438 
LY 439 
LY.140 
LY 441 
LY442 
LY443 
LY 444 
LY445 
LY446 
LY 447 
LY448 
LY449 
LY450 
LY451 
LY452 
LY453 
LY 4 54 
LY455 
LY456 
LY457 
LY458 
LY459 
LY466 

- LY461 

LATITUDE LONGITUDE ELEV. 

39. 1.40 112. 29.75 
39. 1.52 112. 30.10 
39. 1.57 11%. 38.12 
39. 1.63 112. 30.63 
39. 1.68 112. 30.88 
39. 1.74 112. 31.15 
39. 1.80 112. 31.41 
39. 1.89 112. 31.78 
39. 1.96 112. 32.84 
39. 2.08 112. 32.2'7 
33. 2.26 112. 32.58 
39. 2.24 112. 32.€!4 
39. 2.03 112. 32.92 
39. 1.86 112. 33.12 
39. 1.7n 112. 33.31 
39. 1.53 112. 23.47 
39. 1.33 112. 33.64 
79. 1.24 112. 34.06 
39. 1.14 112. 34.80 
39. 1.04 112. 35.01 
39. 1.16 112. 35.51 
39. 1.17 112. 35.83 
39. 0591 112. 36.11 
39 . .61 112. 36.45 
39 . .41 112. 36.R6 
39. 2.03 112. 27.6.P 
39. 1.40 112. 24.00 
39. 1.39 112. 22.87 
39. .70 112. 23.15 
38. 59.63 112. 21.16 
39. ?.E2 112. 24.50 
3. 9.41 112. 24.53 
33. 9 . 2R_. 112..-25..-44 - -  

1421. 
1410. 
1407. 
1408. 
1409. 
1412. 
1417. 
1424. 
1424 . 
1430. 
1431 . 
1428. 
1425. 
1420. 
1419. 
1418. 
1418. 
1419 . 
1123. 
1423. 
1428. 
1419. 
1420. 
1418. 
1415. 
1415. 
1437 . 
1555. 
154pI . 
1466 . 
1421 . 
1428. 
-1 41-5 . 

OBSERVED THEOR. FREE 
G R A V I T Y  GRAVITY AIR 

973633.75 
979635 . 08 
973635.17 
973634.69 
979639 . 91 
973632.63 
979631 . 45 
9?9623,.03 
979628 . 41 
973625.89 
973626 . 36 
973626.02 
979626 . 27 
973626 -45 
979626.07 
973625.74 
973625.23 
973624 -24 
973622.69 
973621.97 
979621 -75 
973621 53 
973620.59 
9'79620 . 14 
973620 .?l 
979639 . 94 
973645.23 
979620.85 
973623 -17 
979633.20 
973660.0a 
973661 -97 
95'3663.33 

980094.80 -21.74 
980094 . 19 -23.99 
980094.2'7 -24.90 
380094.35 -25.17 
980094.42 -25.78 
988094.51 -26.14 
980094.59 -25.86 
980094.71 -26.24 
980094.84 -26.99 
990094.99 -26.81 
9889195.25 -27.29 
9t38095.23 -28.54 
980094.92 -29.30 
980094.6'7 -30.02 
980094.45 -30.40 
980094.20 -30.97 
980893.90 -31 .a8 
98(34193.?'7 -31.63 
980093.62 -31.30 
9e5093.48 -32.37 
980093 -65 -33.68 
980093.66 -34.27 
980093.27 -34.48 
980092.85 -35.12 
388092.54 -35.57 
98fi094.92 -18.32 
980094.00 -5.32 
980093.98 6.76 
380992.98 5 . 43 
9RP1091.41 -5.81 
38(11103.45 -4.93 
988105.79 -3.15 
980105.60 -5.61 

SIMPLE 
BOUGUER 

-180 -5'7 
-181 059 
-182 . 17 
-192.55 
-183.19 

-184.24 
-1 95 . 41 
-186 -16 
-186.65 
-197.24 
-188.15 

-18P.74 
-189.09 
7189.37 
-189.58 
-190.24 
-190 -85 
-191 043 
-192.40 
-192.88 
-193 -20 
-193.62 
-193.73 
-176.48 
-165 . 94 
-167 -05  
-166.70 
-169.67 
-163.76 
-162 -76 
-163.7'7 

-1 83 . 97 

-198 .le 

C 33 PL ET E 
T.C. EOUGUER 

. 0'7 

.08 . 0'7 . 06 

.05 . 04 . 02 
-001 
-002 
0.03 
-.05 
-.05 
0.05 -. 05 
0.06 
-.06 
-.e6 
-.06 
-.08 
- 0  10 
-011 
- 0  12 -. 12 
-011 -. 13 
.14 . 52 

1.25 . 90 . 55 
-16 
-15 . 10 

-190.50 
-181.51 
-182 . 10 
-182.49 
-183.14 
-183.93 
-194.22 
-185.42 
-186.18 
-186 . 68 
-1 87 . 29 
-188.20 
-108.23 
-188.79 
-189.15 
-189.43 
-189.64 
-190.30 
-190.94 
-191.53 
-192.51 
-193.00 
-1 93.32 
-193.73 
-193.86 
-176.34 
-165.42 
-165.90 
-165.80 
-169.12 
-163.60 
-162.61 
-163.67 

v 
w 



I 

STAT. 

LY462 
LY463 
LY464 
LY 465 
LY466 
LY467 
LY468 
CY469 
LY470 _ j  

LY471 
LY472 
LY473 

LY475 
LY476 
LY 477 
LY47R 
LY479 
LY 480 
LY4Rl 
LY482 
LY 463 
LY484 
LY485 
LY486 
LY487 
LY488 
LY 489 
LY490 
LY 4 91 
LY 492 
LY493 
LY494 

LY474 

LATITUDE LONGITUDE ELEV. 

39 . 
39 . 
39 . 
39 . 
39 . 
39 . 
35 . 
39. 
3s. 

'39. 
39. 
39. 
39. 
39 . 
39. 
2 3  . 
39. 
39 . 
39 . 
39. 
39 . 
39. 
39 . 
39. 
z9. 
38. 
38 . 
36. 
38. 
38. 
38 . 
38. 
38. __ 

8.86 112. 25.60 
8.54 112. 27.14 
9.32 112. 26.48 
9.35 112. 27.92 
8.27 112. 28.36 
'7.62 112. 28.63 
6.99 112. 28.31 
6.69 112. 25.77 
5.75 11s. 27.93 
6.65 112. 21.14 
5.50 113. 28.42 
5.96 112. 26.94 
4.76 112. 26.22 
3.51 112. 30.72 
3.15 112. 3p1.17 
2.77 112. 29.78 
2.52 112. 29.59 
5.59 112. 31.72 

6.12 112. 29.22 
7.9'7 112. 29.29 
7.56 112, 30.83 
7.23 11%. 31.92 
7-16 112. 34.44 
7.01 112. 74.88 

53.28 112. 27.9e 
52.2fl 112. 28.4'7 
52.11 112. 29.58 
51.81 112. 20.39 
52.73 112. 27.52 
52.82 112. 29.37 
52.89 112. 28.93 
52.96 112. 29.44 

5.8a 112. 3~3.55 

- --Ap- 

1412. 
1405. 
140@. 
1405. 
1407. 
1405. 
1405. 

1407. 
1455. 
1409. 
1406. 
1409. 
1494. 
1449. 
1439. 
1433. 
1461. 
1438. 
1416. 
1406. 
1443. 

1445. 
1437. 
1455. 
1455. 
1457. 
1459. 
1447. 
1445. 
1444. 

i 4 a ~  

1451 

___I_ 1443. 

OBSERVED THEOR. FREE 
GRAO I TY G R A V I T Y  A I R  

979663.1'7 
973657.50 
973662.06 
973658 . 11 
973655 .fl9 
979655 . 20 
973655.27 
979658.77 
973651.38 
979647 . 44 
973643 .OS 
973651 .77 
973649.35 
979622 . 18 
973629 .78 
973632 . 1'7 
973633 . 3'7 
979632 . 54 
979639 -71 
97964'7.90 
979654.52 
973642.60 
979639 . 16 
979632 -49 
979691 . 9'7 
979622.63 
979622 . 22 
973620.34 
979620.85 
973624 .e5 
979624.47 
973624.25 
979a24.18 . 

380104.98 -6.0'7 
980104.51 -13.43 
980105.66 -9.09 
980105.70 -14.02 
380104.12 -14.83 
98@1@3.16 -14.38 
99Gll02.22 -13.39 
9E0101.78 -9 . 12 
380180.40 -14.82 
980101 . 7 3  -5  -29 
980108.2J3 -16.16 
980099.83 -14.17 
39341898.94 -14.78 
980897.10 -13.88 
981il096.56 -19.71 
388096.01 -19.77 
988095.65 -20.06 
980100.16 -16.77 
980100.59 -17.12 
980100.94 -16.67 
980183.66 -15.25 
380102.86 -15.16 
9801fl2.57 -15.63 
9 m 0 2 . 4 7  -24.0'7 
980102.25 -26.83 
380880.59 -8.36 
980080.48 -9.25 
980880.34 -10.38 
98e079.89 -11.45 
94?8081.25 -9.85 
980081.3'7 -10.39 
980081.48 -11.63 

-9eQQ81.59 -12.1m 

SIMPLE COMPLETE 
EOUGUER T . C . BOUGUER 

-163.90 .10 
-170.47 002 
-166.47 .05 
-171.06 0.01 
-1'72.18 m.02 
-171.42 0.82 
-170.42 .00 
-166.28 .86 
-172.09 .03 
-157.91 .43 
-1'73.65 .02 
-171.33 .139 
-1'72.27 .14 
-180.87 .18 
-181.6'7 .04 
-190.61 .02 
-180.23 .04 
-180.07 0.05 
-177.85 0.04 
-174.34 -.01 
-172.41 0.04 
-176.45 -.06 
-177.82 -00 
-185.58 -.@? 
-197.45 -.10 
-171.59 .69 
-171.88 .61 
-173.24 .50 
-173.86 -43 
-171.59 .72 
-172.50 .53 
-173.03 .50 
-173.39 - 4 4  

-163.80 
-170.45 
-166.42 
-1'71 . 07 
-172.12 
-1'71 -44 
-170.42 
-1 66 . 22 
-172. B6 
-167.48 
-173.63 
-171 .S5 
-172.13 
-1 80 . 69 

-180.59 
-180.19 
-180*12 - 
-177 099 
-174.35 
-172.45 
-176.51 
-17'7.92 
-185.65 
-197.55 
-1'70.90 
-171.27 
-172 .'74 
-173.43 
-170 -87 
-171.92 
-172 . 53 
-172.95 

-181 063 

v 
P 



STAT.  LATITUDE LONGITUDE ELEV. 

LY528 
LY529 
LY5.70 
LY 531 
LY 532 
LY 533 
LY534 
LY535 
LY 536 
LY537 
LY536 
LY 539 
LY 54QJ 
L Y  541 
LY542 
LY 543 
LY544 
LY 54 5 
LY 546 
I , Y  547 
LY548 
LY 549 
LY550 
LY551 
LY 552 
LY553 
LY 554 
LY 555 
LY556 
LY 557 
LY 550 
LY 559 
LY 560 

39. 
39. 
25 . 
33 . 
39 . 
39 . 
39. 
39. 
29. 
39 . 
39 . 
39. 
z9 . 
39 . 
E9 . 
39 0. 

39. 
39. 
39. 
39 . 
39. 
39 . 
39 . 
39 . 
39 . 
39. 
29 . 
39 . 
39. 
39 . 
39 . 
39 . 
39 . 

7.38 112. 31.41 
7.46 112. 31.15 
7.59 112. 36.58 
8.27 112. 32.52 
8.69 112. 32.62 
9.05 112. 30.67 
8.23 112. 31.94 
9.65 112. 31.17 

10.11 112. 30.43 
10.29 112. 29.96 
10.395 112. 26.08 
9.29 112. 23.14 
8.55 112. 22.73 
'7.96 112. 21.63 

12.25 112. 29.95 
12.00 112. 30.46 
13.67 112. 31.18 
14.20 112. 31.99 
12.87 112. 29.49 
12.83 112. 24.94 

12.82 112. 23.99 
12.83 112. 22.86 
12.81 112. 19.57 
14.22 112. 2E.40 
14.5R 112. 22.28 
14.59 112. 22.84 
10.79 112. 25.49 
7.52 112. 2P.i?3 
8.41 112. 2004r3 
9-28 112. 20.83 
9.2R 112. 1e.91 
9.28 112. 18.35 

13.79 112. 24.25 

. _ _  - - .-___ 

1447. 
1447. 
1446. 
1445. 
1438. 
1414. 
1440. 
1412. 
1412. 
1496. 
1413. 
1444. 
1445. 
1453. 
1398 . 
1394. 
1393. 
1393 . 
1439. 
145pI. 
1450. 
14?4. 
15'72 . 
1580. 
15241. 
1503. 
1423. 
1469. 
1476. 
1476. 
1437. 
1512. 

14a2. 

_ _  _ -  

OBSFRVED THEOR. FREE SIMPLE 
0 RAV I TY G R A V I T Y  A I R  EOUCUER 

973641 -24 
979641 . 68 
973634 .e9 
979633 . 42 
979642 -26 
979649 . 96 
9'73642 -37 
979654.42 
973659.98 
973663.76 
973666.33 
979658 . 19 
973654.69 
973650.71 
973670.09 
9?36?2.21 
973672 . 07 
973672.37 
973675 . 65 
973671.95 
973672.81 
973670.11 
973664 -72 
973641.41 
973645.95 
973661.63 
973665 -71 
973665 . 09 
9796346 . 6@ 
973647.23 
97964'7 . 23 
9'73642.74 
9 796 39,62. 

980 
380 
980 
980 
980 
980 
9R@ 
988 
980 
980 
980 
960 
380 
980 
980 
980 
980 
9ep 
98Q 
980 
980 
988 
980 
980 
980 
9817 
980 
990 
980 
380 
990 
38m 
8&0 

1 
3 
1 
1 
I 
1 
1 
3 
3 
3 
1 
1 
1 
1 
3 
3 
1 
3 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 

102.80 -15.02 
1432.92 -14.79) 
~913.11 -21.99 
104.12 -19.78 
!04.73 -19.71 
105.25 -18.94 

1446.14 -15.38 
.@6.83 -12.19 
107.09 -9.44 
,07.10 -4.72 
105.62 -1.82 
.04.52 -4.00 
183.65 -4.55 
.09.98 -8.47 
111.06 -9.67 
.12.05 -10.11 
.12.95 -10.70 
.10.87 -2.57 
110.82 5.19 
.12.10 8.17 
.141.90 5.77 
.10.02 8.77 
.10.?9 15.73 
12.86 20.67 
13.40 17.36 
13.41 16.12 
fl'7.23 -2.01 
.03.01 -3.08 
04.32 -1.60 
85.60 -2.99 
05.60 -.89 
,05.60- - .61 

.a4.a5 -17.30 

-176 .?6 
-176.44 
-183.62 
-191 -29 
-179 044 
-176 -99 
-118.26 
-173.81 
-170.02 
-165.60 
-162.66 
-163.22 
-165.52 
-166.96 
-164 -73 
-154.48 
-165.81 
-166.40 
-159.28 
-155.65 
-153.90 
-155 -25 
-155.99 
-159.98 
-155.93 
-1 52.54 
-151 .E38 
-161.07 
-167.28 
-166.50 
-15'7 -96 
-160.22 
-165.39 

COMPLETE 
T.C. EOUGUER 

-.04 
0.05 . 54 . 43 
0.01 -. 04 . 02 
-.09 
0.09 
-.04 
1.86 . 22 . 39 . 33 
0.08 
- 0  10 
-012 -. 13 
-.03 . 14 . 25 . 22 . 33 . 75 

.84 . 54 
045 
0 10 . 58 . 50 . 48 . 62 . 67 

-176.80 
-176.49 
-18 3 . 08 
-180.96 
-179.45 
-177 . 03 
-178.24 
-173.90 
-170.1 1 
-1 66 . 64 
-160.80 
-163.00 
-165.13 
-1 66 . 63 
-164.81 
-164.58 
-165.93 
-166.53 
-159.31 
-155.51 
-1 53.6 5 
-1 55.08 
-1 55.66 
-159.23 
-155.09 
-1 52 . 00 
-151.42 
-160.97 
-1 66.78 
-166.08 
-167.28 
-16'7.60 
-167.72 



STAT.  

LY455 
LY 496 
LY497 
L Y  4 98 
LY499 
LY 500 
LY 501 
LY 502 
LY 5113 
LY 504 
LY5c15 
LY 586 
LY507 
LY50B 
LY 509 

LY511 

LY 513 
LY514 
LY 51 5 
LY516 
LY517 
LY516 
LY519 
LY 520 
LY521 
LY 522 
LY523 
LY524 
LY 525 
LY526 
LY 527 

C Y  510 

LY512 

LATITUDE LONGITIJDE ELEV. 

36 . 
38. 
38 . 
,38. 
1\78. 
30 . 
38 . 
38. 
38 . 
38. 
38 . 
38 . 
30 . 
38 . 
38 . 
39 . 
33. 
39. 
38 . 
39 . 
?9 . 
39 . 
39 . 
39. 
39 . 
3s. 
99. 
39. 
39. 
39. 
39. 
33. 
39. 

53.61 112. 29.90 
54.21 112. 29.38 
53.76 112. 29.70 
53.33 112. 29.69 
54.63 112. 3B.13 
55.78 112. 29.65 
55.59 112. 30.38 
55.90 112. 20.80 
58.17 112. 30.44 
57.23 132. 27.91 
56.83 112. 27.91 
56.52 112. 37.49 
56.58 112. 28.06 
56.49 112. 39.18 
56.71 112. 40.06 

1.33 112. 31.13 
.83 112. 31.75 
. l o  112. 31.33 

59.25 112. 30.61 
.45 112. 33.51 

1.59 112. 32.49 
3.03 112. 34.49 
5.61 112. 34.35 
6.441 112. 34.22 
6.46 112. 33.96 
6.54 112. 33.69 
6.56 112. 33.43 
6.59 112. 33.16 
6.71 112. 32.91 
6.83 112. 32.65 
6.97 112. 32.491 
'7.09 112. 32.22 
7.34 112. 21.67 

1433. 
1430. 
1431. 
1435. 
1428. 
1425. 
1430. 
1431 -. 
1439. 
1420. 
1422. 
1432 . 
1430. 
1427. 
1426. 
1409. 
1409. 
1412. 
1425. 
141e. 
1423. 
1429. 
1430. 
1439. 
1442. 
1443. 
1444. 
1453. 
1458. 
1465. 
1461. 
1455. 
1449. 

OBSERVED 
GRAVITY 

973627.18 
973628 -61 
973627.28 
973625.33 
973629 . 90 
973630.03 
973629.46 
973629.69 
973 629 . 46 
973634 -62 
979633 . 42 
973612.23 
973611.80 
973611.83 
913612 .'78 
973683 . @0 
973631 . 4'41 
973632 .816 
979632 . 55 
973625.51 
979626.91 
9'73623.67 
973632.99 
9'73632.90 
973633.40 
919634 . 46 
973634.54 
973632,. 12 
973633.20 
979632.59 
973634.74 
979637.22 
973640.43 
- 

TBEOR. FREE SIMPLE 
G R A V I T Y  A I R  BOUGUER 

980082.55 -13.15 -173.32 
980083.44 -13.53 -173.37 
988082.77 -13.88 -173.83 
980082.13 -13.90 -1'74.30 
980084.05 -13.48 -173.09 
9808135.73 -15.95 -175.23 

38C1085.91 -15.62 -175.57 
9838889.25 -15.72 -116.56 
360887.87 -15.914 -173.76 
98B087.28 -15.04 -173.98 
3R0B86.83 -32.69 -192.75 
980886.80 -33.70 -133.54 
380086.79 -34.60 -194.10 
988087.11 -34.27 -193.66 
998893.90 -26.09 -183.58 
980093.17 -26.96 -184.45 
980892.09 -23.55 -181.38 
3841090.94 -19.53 -17'7.81 
3RGM92.62 -29.52 -188.02 
380094 .P9 -2R .E4 -187.30 
980096.39 -31.73 -191.45 
3801P0.48 -26.20 -186.04 
980101 -36 -24.39 -185.23 
990101.45 -23.05 -184.23 
9801pll.56 -22.20 -183.49 
980101.59 -21.44 -192 -84 
380101.63 -20.12 -192.53 
9t3@101.€!1 -18.68 -181.65 
91301B1.98 -17.30 -191 -05 
980102.19 -16.59 -179.89 
980182.37 -16.14 -178.7'7 

980085.46 -14.71 -174.55 

988102.74 -15.16 -1'77.12 

T.C. 

-48 
38 . 30 

a 40 . 32 . 29 . 30 . 22 . 19 . 34 . 35 
-.07 
-.07 
- 0  08 
-011 . 05 . 03 

.07 
- 0 8  

-.04 
-.03 
-010 
- 0  11 
-010 
-,08 -. 05 
-.03 
-002 

002 
.04 . 08 . 06 

0.02 

COYPLETE 
BOUGUER 

-172 094 
-172.99 
-173.45 
-173.90 
-172.77 
-174.94 
-1 74.25. 
-175.35 
-176.37 
-173.42 
-173.62 
-192.82 
-193.61 
-194.18 
-193.77 
-183.53 
-184.42 
-181.31 
-177.73 
-188 -06 
-1 87 . 33 
-191 -56 
-186.15 
-185 . 33 
-184.71 
-183.54 
-182.87 
-182.55 

-181.01 
-179.81 
-170.71 
-171 . 14 

-lei -63  

u 
fn 



STAT . 
LY 561 
IiY 562 
LY 563 
LY 564 
L Y  565 
LY 566 
LY 567 
LY568 
LY 569 
LY 578 
LY571 
LY 572 
LY 573 
LY574 
LY575 
LY 576 
LY 5'77 
LY 578 
LY 579 
LY5Rt3 
LY 581 
LY 582 
LY 569 
LY 584 
LY 585 
LY586 
LY 587 
LY 588 
LY 589 
CY590 
LY 591 
LY592 
LY593 

_ .  

LATITUDE LONGITUDE ELEV. 

29. 9.28 112. 15.67 
39. 9.28 112. 15.73 
39. 10.12 112. 15.83 
39. 11.08 112. 15.82 
39. 8.85 112. 16.68 
39. 8.40 112. 16.38 
39. 7.51 112. 15.35 
39. 7.51 112. 15.53 
39. 8.18 112. 15.52 

39. 14.65 112. 27.23 
39. 13.98 112. 27.88 
39. 11.94 112. 22-97 
39. 11.93 112. 22.30 
29. 11.93 112. 21.17 
39. 11.94 112. 19.90 
35. 12.83 112. 1E.W 
29. 12.741 112. 15.23 
39. 12.53 112. 15.18 
39. 13.45 113. 15.10 
390 13.88 112. 15.88 
39. 14.21 112. 15.30 
39. 11.416 113. 1P.17 
39. 10.16 112. 17.55 
39. 10.93 112. 22.18 
39. 10.64 112. 24.@8 
39. 6 .25  1 1 2 .  36.62 
39. 6.48 112. 37.13 
39. 6.24 112. 28.1€? 
39. 6.47 112. 39.31 
Z9. 5.87 112. 39.74 
39. 5.62 112. 39.58 
39. 5.56 112. 39.97 

75. 7.73 112. 17.21 

. A _ _ _ _  --_ 

155'7. 
1599. 
1614. 
1656. 
1546 . 
1548. 
1546 . 
1571 . 
15?@ 0 

1527 . 
1420. 
1415. 
1462 . 
1473. 
1497 . 
1566. 
1658. 
1693. 
1730. 
1721. 
1767. 

1568. 
1559. 
1462. 
1447. 
1401. 
1430. 
1400. 
1397. 
1398. 
1399. 
139! . 

1 ~ 2 a .  

- - -  

-OBSERVED THEOE. F P E E  S I M P L E  C3YPLETE 
GRAV ITY GRAVITY A I R  EOUGUER T . C .  BOUGUER 

973630 . 55 
979622.95 
973621.38 
973615.07 
973638 . 78 
973628.97 
979627 . 54 
973621.24 
9'79622.80 
973632 -67 
979679 . 54 
973679.83 
973662 . 32 
973660 . @9 
979654 -79 
973633.25 
9'79622 . 16 
973613 . 51 
973602 . 55 
973606.30 
979 597 . e9 
979586 . 37 
973634 -75 
979633 . PQ 
973654.99 
9'79662 . 15 
973632 073 
973632 . c39 
973630.87 
979631.67 
9'73631.42 
973631.84 
973632 ._ _. .47 

980105.60 5.43 
380105.60 10.80 
988106.84 12.62 
380188.25 17.86 
980104.96 2.90 
3B0104.30 2.3'7 

980102.99 3.05 
9e0102.99 1.63 

980103.98 3.31 
3801@3.3 1 0 58 
980113.50 4.25 
980112.44 3.10 
980189.52 3.37 
9F0109.51 5.13 
980109.51 '7.25 
980109.52 12  -99 
980110.82 22.39 
980110.64 25.33 
390110.38 26.07 
9f30111.72 25.67 
380112.36 30.01 
9881 12.84 35 . 17 
980188.23 10.40 
980106.90 7.25 
380157.15 -1.99 
980187.59 1.10 
980101.12 -36.05 
980101.36 -37.24 
980101.11 -38.20 

3801P1kL 57 -37.73 
980100,.21 -36.65 
98810@,_12 -36.23 

9 ~ 0 1 ~ 1 . 4 6  -38 . ~ E J  * 

-168.60 .89 
-167.93 1.11 
-167.79 1.09 
-167.24 1.28 
-169.90 .88 
-170.66 .93 
-171.17 1.02 
-1'72.55 1.16 
-172.18 1.18 
-1'70.10 -81 
-154.47 .03 
-155.06 -.01 
-159.45 .28 
-159.51 .34 
-160.88 .45 
-162.05 .95 
-162.33 1.24 
-163.91 1.19 

-166.69 1.55 
-167.58 1.90 
-168.26 2.35 
-164.86 .98 
-167.01 .84 
-164.51 .30 
-160.64 .16 
-192.65 -.17 
-193.72 -.19 
-194.69 -.20 
-194.83 0.21 
-192.99 -020 
-193.02 -.28 
-192.49 -.21 

-167.39 1.18 

-167.71 
-166.82 
-166 .70 
-165.96 
-169.02 
-169 .73 
-170.15 
-171.39 
-171.08 
-169.29 
-154.44 
-1 55 . 07 
-159.17 
-159 . 17 
-159.63 
-161.10 
-161.P9 
-162.72 
-166.12 
-165.14 
-165.60 
-165.31 
-163.88 
-166.17 
-164.21 
-160.48 
-192.82 
-193.90 
-1 9 4.89 
-1 95 . 04 
-194 . 19 
-193.22 - 

-192.7c3 



8 

STAT . 
LY594 
L Y 5 9 5  
LY 596 
LY 597 
LY 598 
LY 599 
LY6a0 
L Y m l  
LY 602 
LY603 
LY 604 
LY6d5 
LY 6B6 
LY607 
LYGli?R 
LY 609 
LY610 
LY611 
LY 612 
L Y 6 1 3  
LY614 
LY 61 5 
LY616 
LY 617 
L Y E 1 8  
L Y E 1 9  
LY620 
LY 621 
LY622 
LY 623 
LY 624 
LY625 
LY6Z6 

- 

L A T I T U D E  LONGITUDE ELEV. 

39. 5.80 112. 41.00 1395. 
39. 6.14 112. 42.03 1399. 
39. 6.63 112. 43.03 139Q. 

39. 6.37 112. 43.62 1399. 
39. 5.85 112. 42.53 140e. 
39. 5.46 112. 4 1 - 1 8  14Q0. 
39. 4.90 112. 41.61 1491. 
39. 4.08 112. 41.B0 1403. 
219. 4.83 112.  41.12 1399. 
39. 4.58 112. 40.4f3 1398. 
39. 7.88 112. 36.58 1397. 
39. 8.25 112. 5'7.07 1336. 

39. 7.19 112. 44.25 1396. 

39. 5.66 112. 37.10 1400. 
39. 8.46 112. 36.92 1395. 
39. 9.34 112. 36.93 1394. 
39. 10.11 112. 37.03 1393. 
33. ll.Pr9 112. W.06 1392. 
39. 4.0'7 112. 41.90 14P)2. 
39. 3.98 112. 42.67 1403. 
39. 3.NI 112. 43.50 1401. 
39. 3.78 112. 44.441 1401. 
39. -5.53 112. 44.99 1399. 
39. e.39 112. 44.66 1398. 
33. 3.29 112. 41.67 1488. 
39. 2.59 112. 42.24 141CI. 
39. l.eR 11%. 42.85 1411. 
39. 1.45 112. 44.82 1415. 
29. 1.46 112. 43.70 1411. 
39 . - 4 2  112. 44.14 1415. 
39. .58 115. 43.13 1415. 
39. 1.45 112. 43.57 1412. 
39. 1.44 112.  41.46 1411. 

OBSFRVED THEOR. FREE 
G R A V  I TY G R A V I T Y  A I R  

979635.25 
979638.12 
9736463 090 
9'79644 . 63 
979642.36 
979639 . 25 
973637 .!33 
9'7363'7 . Qi5 
979633 .Re 
973635 . 55 
9'73633.37 
97'9636.87 
973635.45 
9'79631.89 
9'79637 . 99 
973641 -32 
979644.30 
9'79646 -29 
9'73636.39 
9'73637'7.44 
9'73639 . 74 
9'79642 . 14 
9'79646 . 16 
973645.27 
9'79633 -71 
9'73633 -62 
9'79632.90 
979636 . 43 
9'73634.15 
973632 . 13 
973629 .h4 
979631 .07 
979628 __  _- -42 ' 

380108.47 -34.71 
980100.97 -31.13 
980101.70 -29.38 
980102.51 -27.08 
980101.31 -27.23 
5801@0.55 -29 -26 
390999.98 -30.12 
980e99.14 -29.74 
980919'7.82 -30.98 
980999.04 -31.77 
988398.68 -33.89 
9ef3103.53 -35.55 
98U104.89 -36.83 
980100 . 55  -36.54 
980104.39 -35.91 
380105.69 -34.19 
980106.83 -32.66 
9801fl8 -27 -32.41 
985097.92 -28.88 
380097 -79 -27.39 
980097.64 -25.55 
980097.50 -23.01 
980104r.08 -22.20 
9e0101.34 -24.66 
980096.77 -28 -55 
380395.75 -27.01 
980fl94.70 -26.38 
388094.89 -20.99 
9809194 . 10 -24.53 
980fl182.55 -23.76 
980092.80 -26 -30 
980394.89 -27.2'7 
380O94,07'7 _ _  _ -  -391.23 

SIMPLE 
BOUGUER 

-190.64 
-187.50 
-185.64 
-193.12 
-183.68 
-105.74 
-186 -60 
-186.34 
-187 .e0 
-198.14 
-190 .I5 

-192 -87 
-193.12 
-191 084 
-190.00 
-188.36 
-188 000 
-185.59 
-184.21 
-182.15 
-179.61 
-170 057 
-180 092 
-195 -93 
-1 84 . 61 
-184.09 
-179.15 
-182.24 
-181 092 
-194.46 
-185.10 
-187.94 

-191 0'70 

COMPLETE 
T.C. BOUCUER 

O b  22 
-.23 
0.23 
-024 
-.24 
- 0  23 
-022 
0.21 

-021 
-021 
-.17 
-019 
-018 
- 0  19 
- 0  19 
-021 
-022 
-021 
- 0  21 
-021 
- 0  21 
-029 
-.24 
-.23 
-020 
-020 
-019 -. 19 
-.18 
-010 
- 0  19 
-.le 

Ob21 

-190.86 
-107.73 
-105.87 
-193.36 
-103.84 
-185.97 
-186.82 
-186.55 
-188 -01 
-180.35 
-190.36 
-1 91 . 87 
-193 . 06 
-193.30 
-192.433 
-190.19 
-188.5'7 
-188.22 
-195.90 
-184.42 
-182 -36 
-1'79.82 
-1'78 . 80 
-181.16 
-186.13 
-184.8 1 
-184.29 
-179 . 34 
-1E2.43 
-182.191 
-184.64 
-185.29 
-188.12 



S T A T .  

LY62'7 
LY628 
LY629 
LY638 
LYE31 
LY 63% 
LY633 
LY634 
LY635 
LY 636 
LY637 
LYE36 
LY6Z9 
LY64i3 
LY641 
LY 542 
LY64R 
LY644 
LY645 
LYE46 
LYE47 
LY648 
LY 649 
LY650 
LY 651 
LY652 
LY653 
LY654 
LY655 
LYE56 
LY657 
LY658 
LYE59 

_ .  

LATITUDE LONGITUDE ' ELEV. 

39. 1.43 112. 
39. 2.03 112. 
59. 2.67 112. 
39. 3.33 112. 
39. 3.10 112. 
39. 2.23 112. 
33. 3.60 112. 
39. 3.66 112. 
29. 4.15 112. 
39. 4.93 112. 
39. 4.70 112. 
39. €3.25 112. 

39. 8.90 112. 
39. 10.61 112. 
29. 11.36 112. 
39. 11.96 112. 
39. 13.48 11%. 
39. 13.50 112. 
39. 13.@2 112. 
39. 12.85 112. 
39. 13.47 112. 
39. 13.08 112. 
39. €3.37 112. 
39. 6.88 112. 
39. 9.92 112. 
39. 11.51 112. 
39. 14.68 112. 
39. 14.691 112. 
39. 14.70 112. 
S9. 14.60 112. 
39. 14.6pI 112. 
39. 14.6pI 112. 

39. a.99 112. 

. - - 

40.32 
40.89 
40.12 
39 . 32 
38 065 
38 043 
39.85 
39.02 
3P.18 
38.04 
36.66 
37 074 
37 . 76 
38 . €4 
38.73 
29.12 
38.61 
3e 058 
39 . 20 
5.9 040 
39.86 

40 . 58 
43.49 
43.21 
42 . 52 
41.54 
39 . 56 
38.412 
39.16 
40.29 
41 - 4 8  
42 . 5.7 

40.m 

- 

1412. 
1411. 
1407. 
1405. 

140'7. 
1402. 
14913. 
1405. 
14@@ . 
1401. 
1396 . 
1394. 
1394 . 
1392. 
1393 . 
1394 . 
1395. 
1394. 
1394. 
1393. 
1392 . 
1394. 
1406. 
1391. 
1393 . 
1395. 
1394. 
1397. 

1394. 
1392. 

i4m. 

1,795, 

1395 

- .  - 

OBSERVED 
G R A V I T Y  

973625 . 49 
973628.60 
973628 . 26 
973627.43 
973625 . 80 
973623.29 
973629.72 
979628.29 
9'73628 -84 
973630.87 
973631.42 
973635.42 
979637 099 
9'73636.64 
979643.17 
973645.69 
973648.32 
979653 070 
973 652.36 
979650.65 
973650 .a1 
973652.24 
973650.95 
979644.46 
973642.23 
979646 - 3 4  
973645.99 
973655.51 
973659.13 
979655.67 
973654.83 
979655.35 
973657.24 _ _  
. - - 

T H E O R .  FREE 
G R A V I T Y  A I R  

980094.05 -32.82 
380094.92 -30.90 
9804195.87 -33.41 
9802196.83 -35.76 
988096.49 -36.80 
3e0fl95.20 -97.72 
980097.23 -34.95 
380397.32 -36.88 
980fi98.04 -35.63 
380399.19 -36.20 
98Qlli398.85 -35.03 
9801c34.919 -37.86 
980185.16 -36.59 
9€!@105.33 -38.21 
9130107.55 -34 .P1 
9881618.69 -32.52 
980109.55 -31.36 
980111.77 -27.89 
330111.90 -29.34 
980111.09 -38.27 

980111.75 -29 -64 
980111.1@ -378.66 
9801 04.26 -29 -62 
3€?0105.30 -28.82 
38e106.53 -34, .33 
W0188.88 -33 -02 
960113.55 -27.54 
980119.43 -25.12 
98f3113.57 -26.79 
980113.43 -28+.04 
98@113.43 -27.30 
980113.43 - -26.63 

3aoii0.84 - 3 ~ 6 6  

SIMPLE 
BOUGUER 

-190 065 
-1 88 . 61 
-190.68 
-192.80 
-193 -95 
-194 -99 
-131.56 
-192.90 
-192.6'7 
-192 .?7 
-191.69 
-193.90 
-132.61 
-194.02 
-190 002 
-189 .ll 
-18'7.06 
-183 -70 
-184.87 
-le6 .OR 
-186.47 
-195 -34 
-186.25 
-185 -43 
-195.98 
-186.41 
-168 .?2 
-133.47 
-180 -93 
-182.94 
-183.97 
-183 -71 
-182.22 

C3MPLETE 
T . C .  BOUGUER 

0.18 
- 0  19 
-019 
-.I9 
-018 
-.16 -. 13 
- 0  19 
-.18 
-019 
-.16 
-020 
-021 
-022 
-022 
-022 
-023 
-023 
-.24 
-.23 
-.23 
- .24 -. 24 
0.25 
-019 -. 25 
-.24 
-.25 
-.23 
-024 
-.25 
-.25 
--.25 - 

-190.93 
-188.80 
-1 90 . 87 
-192.99 
-194.14 
-195.15 
-191 .75 
-193.09 
-192.85 
-192.96 
-1 91 . 85 
-194 . 18 
-192.82 
-194.24 
-1 90 . 24 
-199.33 
-1 07.29 
-183.93 
-185.11 
-186.31 
-186.70 
-185.58 
-1136.49 
-1 85 . 68 
-186 . 1'7 
-186.66 
-188.96 
-183.72 
-181 . 16 
-1E3.18 
-194.22 
-183.96 
-182 .4? 



I 
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~ 1 
0 

. I  

I 
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OBSERVED THEOR. FREE SIMPLE COMPLETE 
STAT. LATITUDE LONGITUDE ELEV. G R A V  r TY GRAVITY AIR FOUGUER T.C. BOUGUER 

LY660 
L Y 6 6 1  
LY662 
L Y 6 6 3  
LY 664 
L Y E 6 5  
LY 666 
LY667 
LY 666 
LY669 
LY670 
LYE71 
LY 672 
LY673 
LY 674 
LY 675 
LY676 
LY 67? 
LY 676 
L Y 6 7 3  
LY 700 
LY701 
LY7B2 
LY703 
LY704 
YJ0Bl 
WI016 

WI021 
w I022 
Y I023 
161026 
i I031  

~ 1 8 2 0  

.. 
~ 

39. 14.59 112. 43.65 
39. 14.60 112. 44.67 
39. 13.82 112. 43.33 
39. 13.35 112. 42.4'7 
39. 12.32 112. 42.6'7 
39. 11.24 112. 42.76 
39. 11.64 112. 42.03 
39. 12.31 112. 44.58  
39, 18.56 112. 44.08 
39. 10.27 112. 43.28 
39. 9.5@ 112. 43.41 
39. 10.88 112. 42.0R 
39. 13.'73 112. 41.41 
39. 7.59 112. 45.90 
39. '7.60 112. 47.01 
28. 45.25 112. 21.91 
38. 50.46 112. 22.19 
36. 50.35 112. 21.53 
30, 50,25 112. 20.49 
38. 50.24 112. 19.98 
38. 58.92 112. 47.64 
38. 57.90 112. 45.43 
X?. 57.31 112. 44.68 
38. 56.88 11%. 43.83 
38. 56.68 112. 42.66 
38. 50.28 112. 21.12 
38. 58.75 112. 23.21 

36, 59.85 112. 22.30 
78. 59.82 112. 21.17 
38. 49.11 112. 26,fl l  
38. 46.48 112. 24.68 
38. 49.55 112. 28.32 

38. 59.63 112. 230'72 

_ .  - . - . .. 

1392. 

1404, 
1412. 
1430. 
1451. 
1400 . 
1394. 
1394. 
140'7. 
1392. 
1394 . 
1394. 

1788. 
1789. 
1928. 
2008 . 
1422. 
1423. 
1424. 
1424.  
1521.  
1469. 
1465. 
1483. 
1502. 
1554. 
1646. 
1477 . 

139:. 

ir3a4. 

1438, 

- 

973653.13 
979659.44 
979656 .ll 
979654 . 49 
973649 089 
979646.02 
973645.12 
979643 -01 
973648'.90 
979643.60 
973647 . 20 
973643.62 
973653 . 94 
979650.98 
973655.90 
973544 . 27 
9'73 565 2@ 
973544.93 
979511.47 
973491.94 
979633.02 
973623.83 
973625.89 
973821.63 
9'73618 -36 
973617.84 
979632.44 
W3635.31 
973632.40 
973627.84 
973603.55 
973565.09 
979613.68 - _ _ _ _ _ _ _ -  

380113.41 -26.03 
98B113 . 43 -24.12 
980112.27 -26.68 
980111.58 -27.23 
980118.38 -26.92 
9R0108.48 -26.72 
980109.'67 -22.66 
988110.66 -19.29 
98@1@'7.48 -26.56 
98010'7.05 -28.29 
980105.92 -28.54 
980107.95 -30.13 
98fil112.15 -28.64 
980103.11 -21.35 
988103.12 -1'7.05 
380870.27 -5.23 
9880'7'7.92 11.89 
96fl077.77 19.31 
980077.62 28.92 
98PlB77.60 33.99 
980O90.36 -13.58 
380388.55 -21.15 
9RB087.9Q -23.76 
38fl887.35 -26.23 
980087.06 -23.26 
980089.41 -2.19 
98017198.1 1 -4.34 
980091.41 -4.00 
98QVZ91.73 -1.68 
988G?91.6e -.32 
380075.35 -9.2'7 
9880'72.08 . 96 
38@0?6.-6-0- -7-. 13 - 

-181.51 -.25 
-179.82 .0'7 
-182.19 -.11 
-192.93 -.23 
-183.85 .48 
-184 .5-5 -.23 
-182.58 -.21 
-191.47 .83 
-183.04 -010 
-134.09 -.24 
-184.35 -.25 
-18'7.40 -.ll 
-184.23 -.25 
-1??.'76 -.23 
-172.86 -.24 

-178.13 4.63 
-188.66 7.43 
-186.69 11.45 
-190.45 13.03 
-174.31 -.14 
-180.09 -.14 
-182.82 -.14 

-153.43 -. la 
-172.28 1.15 
-168.54 -73  
-167.75 .57 
-16'7.44 .73 
-168.21 -92 
-176.39 1.57 
-183.02 2.98 
-172.22.- - 9 4  

-194.46 8.18 

-185.40 -012 

-181.76 
-179.75 
-182.30 
-183.16 
-183.37 
-184.78 
-182.71 
-1 80.64 
-183 . 14 
-184.33 
-184.60 
-187.51 
-1 94.49 
-177.99 
-1?3.10 
-1 86 . 36 
-1'73.58 
-1'73.23 
-175.24 
-1'77.42 
-174.45 
-180.23 
-182.96 
-185.52 
-188.53 
-171.05 
-167.81 
-167.18 
-166.71 
-167 -29 
-1'74.8 1 
-180.13 
-171 . 28 

03 
0 



S T A T .  

W I027 
W I038 
W1039 

' dI043 
VI041 
w I842 
WI043 
W I045 
WI04'7 
WI049 
w I051 
W1055 
W I056 
WI059 
W I@65 
WJ 061 
WI069 
W 1076 
'llI079 
WT0R3 
Y I086 
'UlI083 
W I1194 
w I m99 
ul I182 
WIld3 
# I104 
'ulI105 
WIl@A 
UT112 
VI113 
WI116 
V I  11'7 

- 

LATITUDE LONGITUDE ELEV. 

38. 47.31 112. 23.59 
38, 45.26 112. 22.05 
3 3 .  47.35 112. 25.21 
38. 46.27 112. 27.02 
38. 46.90 112. 28.58 
38. 46.70 112. 29.99 
38. 51.76 112. 25.9Z 
38. 52.13 112. 29.01 
38. 54.21 112. 29.17 
33. 56.34 112. 29.91 
38. 49.56 112. 32.12 
38. 46.5€ 112. 32.52 
38. 46.08 112. 32.53 

1663, 
1699. 
1539. 
1588 . 
1540. 
1530. 
1456. 
1457 . 
1429. 
1423. 
1435. 
14@2. 
1508.. 

38. 4 ~ ~ 9 1  112. 34.65 i455. 
38. 45.18 112. ~7.60 160~;. 
38. 45.44 112. 44.57 1562. 
38. 46.10 112. 40.30 1496. 
38. 50.91 112. 37.pI0 1598. 

38. 58.82 112. 31.38 1429. 

38. 55.8'7 112. 77.27 1443. 

38. 51.88 112. 41.45 1455. 
38. 53.81 112. 37.76 1465. 
38. 54.34 112. 28.191 1458. 
38. 51.32 112. 34.75 1465. 

33. 48.23 112. 24.66 154'7. 
38. 52.60 112. 23.82 1493. 
38. 51.71 112. 22.99 1554. 
38. 53.78 112. 22.64 1549. 
38. 53.59 11%. 25.$5 1447. 

zra. 56.13 112. 31.11 1429. 

38. 59.51 112. 34.55 1423. 

38. 52.67 112. 33.07 1433. 

38. 51.99 112. 34.491 MPI. 

- - -- - 

OBSERVED THEOR. FREE 
GRAVITY G R A V I T Y  A I R  

973563 069 
973544.24 
979590 -01 
973577 045 
9'79590 . 30 
973593 0'73 
973620.63 
973620.04 
9'73628 .?0 
5'73630.95 
979616 .?? 
9736911.25 
973594.75 
9736919 . 0.8 
973553.16 
973559.74 
973580 . 11 
9'79591 . 73 
97362% . 35 
973629 . 85 
973621.24 
973609 . 6'7 
9'73622.23 
979595.37 
973602.92 
9'79603 . 36 
9'73606 -85 
9'73689 . 91 
973 59QI 077 
979613.43 
9'73599 -27 
979604.94 
9'73624.41 .- . 

980073 . 30 3 . 58 
3R80?@ .29 -1.74 
98918'73.36 -8.42 
390071.7'7 -4.26 
9800'72.7'0 -7.16 
980872.40 -7.51 
980079.82 -9.88 
9 8 0 0 m  -37 -10 .?1 
9RBQR3.44 -1 3.75 
980886.57 -16.48 
980076.61 -17.00 
980072.20 -13.61 
380071.50 -11 .Z8 
9Rflr3 75 . 65 -18 . 56 
960070.17 -15.41 
98016 70.55 -262.78 
380074.45 -32.68 
9BB0'78.59 -21 . 50 
398886.25 -16.90 
98pI890.31 -19 -37 
980P91.23 -30.86 
980085 . 87 -30.99 
980681.16 -16.71 
9880'79.87 -35.50 
360282.84 -27.92 
980583.62 -34, .33 
38fl078.90 -19.96 
380B68.17 -19.71 
9801@74.65 -6.48 
9RQ@g1.1?5 -6 -89 
9803'79.75 -1.92 
9806782.68 . 28 
980@82*52 -11 057 

SIMPLE 
BOUGUER 

-182 030 
-191 -65 
-180.44 
-181 076 
-179 -29 
-178.53 
-1 72 . 62 
-1 73 . 57 
-173.40 
-1'75 . 54 
-177.40 
-1'79.26 
-119 094 
-181 019 
-194.92 
-283 037 
-159.90 
-190.06 
-176.63 
-1'79 . 10 
-1F9.92 
-132.19 
-176.88 
-198.13 
-191 -67 
-193.30 
-183.71 
-192.90 

-173 .'77 
-175.62 
-172.86 
-1'73.31 

-179.40- 

C3YPLBTE 
T.C. B O U G U E R  

3.60 
7.20 
1.96 
2.34 
1.50 
1.40 . 94 . 59 
.40 
.31 . 53 

1.11 
1.35 . 40 . 53 . 37 . 27' . 21 . 27 
.e6 

0.06 
-.05 

-24  
-00% . 09 
-001 

0 15 
2.47 
2.00 
3.01 
2.23 . 95 

. i a  

-178.70 
-184.45 
-170.48 
-179 . 42 
-177.79 
-177.13 
-171.68 
-172.98 
-173.08 
-175.23 
-176.87 
-1'78 . 15 
-178.59 
-180.79 
-194.42 
-203.00 
-199.63 
-189.85 
-176.36 
-179.04 
-1e9.98 
-192.23 
-1?6 . 64 
-198.17 
-191.58 
-193.31 
-183.53 
-182.7'5 
-1'76.93 
-171 077 
-1'72 -61 
-170.63 
-1'72 -36 

a3 
4 



STAT. L A T I T U D E  LONGITUDE ELEV. 

WIllS 
WI121 
W 1123 
VI127 
81129 
WI132 
WI133 
W I135 
w I139 
W I140 
W1141 
WI157 
W S  165 
YT166 
W1167 
id1168 
W I  170 
CI172 

38. 54.40 112. 26.04 
38. 55.26 112. 25.19 
,118. 56.19 112. 25.48 
39. 56.12 112. 22.38 
38. 57.33 112. 22.04 

38. 57.88 112. 27.93 

38. 55.27 112. 17.21 
38. 55.22 112. 16.78 
38. 51.74 112. 19.36 
3 R .  48.22 112. 16.69 
28. 57.68 112. 19.39 
38. 59.63 112.  19.18 
38. 59.63 112. 17.79 
38. 59.84 112. 16.67 
30. 58.63 112. 17.44 
39. 029 112.  18.69 

38. 57.88 112. 25.80 

98. 56.11 112. 21.26 

1442. 
1445 . 
144fl. 
1492 . 
1499. 
1424. 
1419. 
1526. 
1825. 
1964. 
1596. 
29@2 * 
1572. 
1548. 
1618. 
1726. 
1661 . 
1568 . 

! i l l73 39. 2.24 112. 17.76 1571, 
U1175 39. 4.16 112. 1 f i . R G  1553, 

dI178 39. 6.86 112. 1'7.48 1514. 
VI179 39. 7.10 112. 18.90 1488. 
WI180 39. 7.18 112. 19.47 1477. 
WIl91 39. 6.98 112. 21.14 1454. 
WIlR3 39. 8.97 112. 23.65 1435. 
WI185 39. 8.42 112. 24.55  1421. 
W1133- 33. .49 112.  24.55 144Q. 
W1194 39. .72'112. 27.67 1415. 
'412'62 39. l . l E  112 .  28.41 1526. 

'WrT2lfi 59. 2.84 112. 16.58 16QPI. 
VI216 99. 3.13 112. 15.8P 1625. 

WI176 39. 4.F7 112. 16.66 1558. 

YI213 39. 1.90 112. 15.63 1686. 

~ - _ _ _  - -  - - - -  __- 

OBSERVED THEOR. FREE SIMPLE COMPLETE 
GRAVITY G R A V I T Y  A I R  BOUGUER T . C . !  BOUGUER 

973627 .Z0  
979628 . 92 
973632.01 
973617 . 97 
973621 . 18 
9'79636.98 
973635 -69 
979610.47 
973549 . 19 
979 519 . 96 
973599 093 
973289 . 11 
973603.52 
979614.64 
973 598.39 
973539 095 
979588 . 57 
973612.24 
979616.13 
9'73621.65 
979622 . 31 
9736ZiQ 035 
979642 . 29 
973644.32 
979646 . a5 
973659.63 
979661 . p l l  
973641 .E32 - 
973690 -54 
973625 .?9 
973598.19 
979612 . 85 
9796@6 - I  .!32 

._____ I- 

990083.71 -11.42 
980084.98 -10.13 
38c3a86.34 -9.94 
980086.23 -7.94 
3eeOf28.32 -4.26 
980888.83 -12.41 
388088.83 -15.24 
98WI86.22 -4.83 
98tM84.99 26.39 
38fl084.32 40.12 
980888 . 62 3.82 
980074.63,110.02 
98O088.42 021 
3q0qJ91.41 .94 
9t3fl891.41 6.29 
988891.71 -28 -13 
9RplQR9.94 11.21 . 
986892.37 3 .?5 

9904198.05 2 .€I5 
980099.18 4.00 
398102 . 83 -.46 
9801632.38 -.90 
380102 . 38 -2 . 27 
988102.20 -7.46 
980105.13 -2.60 
980104.34 -4.81 
980092.6'7 -4.G1 
3P0093.01 -15.81 
SP0m93.68 3.03 

988896.11 9.69 
- 988896.54 11.74 

38O895.221 5.71 

aam94.7~.  15.35 

-1'72.60 .86 
-171.65 .93 
-1'70.90 .72 
-174.61 1.48 
-171.E1 1.17 
-171.5E .40 
-173.85 .32 
-1'75.40 1.88 
-177.60 5.69 
-179.41 4.98 
-174.57 2.29 
-214.35 15.32 
-1'75.50 1.83 
-172.09 1.42 
-174.56 1.90 
-213.05 3.02 
-174.45 2.26 
-171.51 1.39 
-169.89 1.31 
-170.74 1.33 
-170.14 1.49 
-169.69 .84 
-167.22 .65 
-16'7.36 .59 
-159.99 .41 
-163.00 .19 
-163.64 - 1 5  
-165.86 .45- 
-173.97 .19 
-167.54 1.05 
-172.10 2.55 
-169.15 1.57 
-159.89 1.67 

-171.74 
-170.72 
-170.18 
-173.13 
-170.64 
-171 -18 
-1'73.53 
-173.52 
-171.31 
-174.43 
-172.28 
-199.03 
-173.67 
-170.67 
-172 -66 
-210.03 
-172.19 
-170.12 
-168.58 
-169.41 
-168.65 
-168.85 
-1 66.58 
-166.77 
-169.57 
-1 62.8 1 
-1 63.49 
-165.41 
-173.78 
-166.49 
-169.75 
-167.58 
.-16e.@P 

m 
N 



OBSERVED THEOR. FREE SIMPLE COMPLETE 
STAT. LATITUDE LONGITUDE ELEV. GRAVITY GRAVITY A I R  EOUGUER T . C .  FOUGUER 

WI453 
VI454 
77101 
77182 
'77119 
77120 
77121 
77122 
77125 
7'7127 
77129 
77130 

' '77132 
77133 
77134 
77135 
77135 
77149, 
77202 
77205 
'77230 
77233 
77234 
77235 
7'7236 
77237 
77239 
'77240 
77241 
77242 
77243 
'77244 
77.245 

__. 

39. 
39 . 
38 . 
39 . 
38. 
38. 
38 . 
38. 
38 . 
38. 
38 . 
38 . 
38. 
38 . 
38 . 
38. 
38 . 
38. 
38 . 
38. 
38. 
38. 
38. 
3@. 
30. 
30 . 
38 . 
38 . 
38. 
38 . 
38. 
38. 
38. 
- . .  

6.85 112. 27.63 
5.99 112. 27.56 
58.12 112. 21.69 
56.12 112. 22.37 
56.3'7 112. 32.86 
56.48 11%. 30.19 
56.463 112. 35-98 
56.45 112. 35.43 
55.32 112. 30.23 
53.15 112. 26.33 
55.81 112. 20.38 
56.08 112. 20.14 
52.64 112. 24.70 
53.343 112. 27.19 
53.78 112. 28-03 
54.21 112. 29.76 
52.52 112. 33.10 
51.91 112. 34.GJ2 
48.10 112. 25.20 
48.25 112. 25.70 
46.80 112. 24.@@ 
58.40 112. 26.35 
50.38 112. 25.90 
50.37 112. 27-84 

50.23 112. 29.15 
50.91 112. 30.24 
50-.91 112. 30.71 
50.91 112. 31.39 
50.91 112. 31.9P 
50.91 112. 32.49 
50.90 112. 33.88 
50.93 132. 33.68 

50.22 112. 2E.33 

. _ _ _ _ _ ~  

1406. 
1485. 
1511. 
1492. 
1423. 
1429. 
1427 . 
1429. 
1430. 
1447. 
1584 . 
158E!. 
1470 . 
1403. 
1437 . 
14391. 
1438. 
1454. 
1529. 
1501. 
1602. 
1474. 
1473 . 
1466. 
1468. 
1462 . 
1453. 
1452. 
1443. 
1442. 
1431. 
1431 . 
14%. - - 

973655.72 
979653 . 41 
973616.49 
979617.90 
973625.55 
979611.82 ~ 

973616 . 53 
973617.42 
973629.59 
973624.51 
979599.16 
979 59'7 . 26 
973617.8'7 
9'73625 -95 
97'9627 . 57 
9'73629 -92 
9'73621 .?5 
973611.93 
979596 . 15 
9'73601 .A5 
979574 045 
9?m2.61 
979613.97 
973615.53 
973617.34 
9'73619.56 
979619 .v13 
S'i3619.53 
979619 .9!3 
9?3619 -25 
973621.23 
979619 .'70 
. 97361'7 . -. .W? _ _  

380102.82 -11.41 
9RP1100.75 -13.77 
9800e9.18 -6 . 40 
980e86.23 -7.31 
980386.61 -21.92 
388086.7'7 -33.37 
9802186.74 -29.88 
98k3886.73 -28.32 
980085.06 -14.19 
380@81.8? -10.93 
98@085.78 1.19 
980086.1'7 1.14 
980881.12 -9.61 
980082.99 -18 -83 
9FGJ082.79 -11.77 
390893.44 -23.32 
980080.95 -1'7.941 
3803t3@.35 -19.53. 
39@0'74.45 -6.46 
9P91374.67 -9.61 
980072 . 55 -3.73 
38plfl77.84 -1c3.35 
980877.891 -10.08 
Xl0@'77 . 80 -8.87 
9RQU77.59 -7.22 
9&3P?7.59 -7.86 
98s34178.59 -ll.l? 
9883?8.59 -11.67 
968@78.59 -13.31 
9R8917t3.59 -14.35 
39910'79.59 -15.73 
9R8878.5e -17.28 
_____-__ 3@B978 -62 -18 .,19 

-168.57 .03 
-170.81 .El5 
-175.29 1.05 
-174.59 1.49 
-180.98 .12 
-193.70 -.07 
-189.38 -.@2 
-188.05 -.01 
-174.p13 .30 
-172.57 .93 
-175.66 2.41 
-176.36 2.33 
-173.92 1.55 
-172.12 .?3 
-3.72.39 .57 
-173.16 .44 
-177.74 .25 
-1e2.e5 .21 
-177.35 1.71 
-177.38 1.14 
-le2 079 3.67 
-1.75 .ll 1.27 
-174.61 1 . 13 
-1'72.73 .91 
-171.31 . 8 4  
-171.27 1.83 
-173.58 . u ~  

-174.08 .49 
-174.60 .42 
-175.53 .39 
-1'15.69 .37 
-17'7.23 .33 
-17P.90 -31 

6- 

-168 -54 
-170.76 
-174 . 24 
-173.19 
-180.86 
-193.77 
-189.40 
-188.06 
-173.73 
-I71 -64 
-173.45 
-174.03 
-172.37 
-171.39 
-171 . R P  
-172.72 
-177.49 
-181 084 
-175.55 
-176.24 
-175.12 - 
-173.94 
-17'3.46 
-171 . R 2  
-1 70.48 
-169.45 
-173.@6 
-173.59 
-174.18 
-175.15 
-1 7 5 ?+ 1 
-176.991 
-178.59 - 

- 

03 
G, 



, 

S T A T .  

W I218 
w I222 
M I225 
WI226 
WI23.7 
W 1229 
w 123a 
WI231 
liI232 
WI233 
W 1254 
WI25R 

WI42t 
*W I425 
W I426 
W I427 
W142R 
'A! 1528 
W I430 
4 1431' 
rd I432 
W I433 
W I434 
WI435 
WI436 
J 1437 
VI439 
MI439 
W I440 
VI 441 
W 1443 
WI451 

u l m a  

~- . - 

LATITUDE LONGITUDE ELEV. 

39. 8.40 112. 1 ~ 5 2  15'74. 
39. 9.38 112. 1'7.78 1526. 
33. 9.28 112. 21.15 1463. 
39. 9.32 112. 21.92 1455. 

35. 12.81 112. 17.7e 1618. 
3.9. 8.16 112. 19.74 14'74. 

39. 12.60 1120 15.71 1713, 
29. 13.18 112. 16.26 170'7. 
39. 11.93 112. 20.03 
39. 11.04 11%. 20.03 
39. 10.17 112. 20.02 
39. 11.94 112. 24.54 
39. 10.47 112. 24.56 

39. 14.613 112. 24.36 
39. 12.82 112. 24.43 
33. 12.81 112. 23.43 
39. 14.63 112. 25.06 
39. 12.82 112. 18.91 
39. 14.38 112.  18.50 
39. 13.69 112. 20.02  
39. 13.69 112. 21.15 
39. 12.82 112. 22.29 
29. 15.82 1 1 2 .  21.17 
39. 12.82 112. %41.@5 
39. 10.59 112. 22.83 
29. 9.412 11%. 26.919 
39. 10.57 112. 26.82 
39. 11.34 11%. 27.99 
39. 11.99 112. 29.913 
39. 18.7'7 112. 23.09 
39. 6.19 112. 36.68 
39. 9.37 112 .  28.89 

S9. 14.51 112. 21.12 

. - --. - . -  - - 

1527. 
1505. 
1 487 . 
1440. 
1 447 . 
1568. 
1465. 
1445 . 
1463. 
1430. 
1588. 
1681. 
158n . 
1536. 
1487 . 
1512. 
1547. 
1458. 
l4lB . 
1411. 
1405. 
1102. 
1464. 
1403. 
1405. _ _ -  

OBSERVED THEOR. FREE 
GRAVITY GRAVITY A I R  

979629.20 
973635 -43 
979652 . 14 
973654 . 13 
9'79645 . 55 
9'73632.25 
9'7360'7.68 
973609 . 15 
973648 . 17 
9'73543.82 
9'79648 .15 
973667.75 
973 663 . 75 
973651 . 08 
979673.99 
973671 . 15 
9'73667.25 
979 6'79 . 50 
973639.93 
973622 . 77 
9'73644.8'7 
973655 .e9 
9'73662.63 
9'73656 -92 
9'73647.28 
973657.48 
9K1662.59 
97366'7 . 14 
973669.45 
973678.36 
9736636 . 51 
9'73632 . 6-7 
9,73656 .96 

980104.3f8 4.62 
980105.60- 1 . R 1  
980105.68 -1.98 
390105.66 -2.4'7 
980103.94 -9.51 
980110.79 20.7'7 
980110.48 25.92 
980111.33 24.60 
980109 3 1  9.89 
380108,2@ 4.26 
9841106.91 012 
980109.52 2.61 
380107.35 2.95 
988113.30 21.66 
980113.43 12.54 
980110.80 6.26 
3801191.79 '7.94 
980113.47 7.33 
380110.90 19.23 
980113.09 28.42 
3AC1112.09 2p1.36 
98QJ112.09 1'7.00 
380110.80 10.5'7 
988110.80 12.71 
390110.82l 13.80 
3R0107.52 -.11 
98!3105.21 -7.51 
9e0107.49 -4.33 
980108.63 -5.61 
91301119.59 -6.58 
980107.79 -8.91 
380181 .@4 -35.72 
96UE5.79 -1 5 2 0  

SIPPLE C3MPLETE 
BOUGUER T.C. EOUGUER 

-171.31 
-168.76 
-165.51 
-165.10 
-158 -27 
-160.08 

-166.20 
-160 .79 
-163.96 
-165.09 
-158.35 
-1 58 .'79 

-151.11 
-155.25 
-1 55 . 59 
-152.51 
-1 59.2'7 
-159.47 
-1 55 . 24 
-154 -69 
-155.64 
-156 -23 
-159 . 12 
-163 .e8 
-165.11 
-152.64 
-162.65 
-163.29 
-164.94 
-192 -43 
-172-. 24 

-155 a 6 5  

-153*60 

1.03 . '76 
66 . 30 . 52 

1.17- 
1.23 . 
1.33 . 58 . 53 . 51 

015 
013 

' .76 . 20 
013 . 27 
15 
89 

1.54 . e2 . 62 . 39 . 51 

. 24 . 07 . 03 
-002 
-.e5 
-.E6 
- 0  1'7 
-.05 

. 069 

-170.22 
-168 . 00 
-164.85 
-164.90 
-1 67 .?5 
-158.92 
-164.45 
-164.8'7 
-160.21 
-163.43 
-165.58 
-158.20 
-158.66 
-152.84 
-1 50 .e3 
-155.3'7 
-1 55.32 
-1 52 . 36 
-1 58 . 38 
-1 57.93 
-1 55 . 42 
-154.0'7 
-1 55 . 25 
-1 55. '78 
-1 58.44 
-1 62 . 84 
-165 . @4 
-162.61 
-162.67 
-163.34 
-165.@@ 
-192.60 
-172 . 29 

03 
P 



I 

OSSERVED THEOR. FRES SIMPLE COMPLETE: 
STAT . LATITUDE L O N G I T U D E  ELEV. GRAVITY G R A V I T Y  AIR BOUGUEH T.C. P O U G U E R  

77340 39. 5.30 112. 35.20 1418. 
77350 39. 6.64 112. 35.79 1423. 
77351 39. 7.23 112. 34.16 144'7. 

77361 39. -86 112. 33.08, 1415. 
77355 39. 036 112. 31.79 1418. 

973691.85 
979631 .?O 
972633.54 
973631 . 55 
973626. @3 

380899.73 -30.28 -188.78 -.15 -188.91 
980101 -71 -30.87 -189.93 -.14 -190.G17 

980092.47 -25.80 -133.49 .04 -183.36 
980093.21 -29.72 -187.88 -.02 -187.90 

380102.57 -22 .49  -184.23 .@S -184.22 

-~ 

~ . -  . .. . . . . . . - . . . -  
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APPENDIX B 

L I S T  OF PHYSICAL PROPERTY MEASUREMENTS 



Table 3. DENSITY MEASUREMENTS -- REVISED 

The technique used t o  measure the densities is described by 

Carrier (1  979). 

Rock Sampl e Location 

La ti tude 
 north) 

TYPe 

Rhyol i t e  38'54.79 ' 

Rhyol i t e  38'54.79 ' 
I .  

Rhyol i t e  

Obsidian 

Travertine 

Travert'l'ne 

Arkose 

Limestone 

Sands tone 

Basalt 

Basalt 

Limes tone 

Sandstone 

Limestone 

38'54.79' 

38'54.79 ' 

38'50.66' 

38'51 .99' 

39'02.09' 

39'02.09 ' 

39'02.09' 

38'53.21 ' 
39'06.71 ' 

39'04.05' 

39'02.09 ' 

39'02.09 ' 

Sa t u  r a  ted 

Longitude 
(West) 

1 1 2'29.78 ' 

112'29.78' 

11 2'29.78 ' 

112'29.78' 

112'29.78' 

112'29.87' 

1 1 2O19.78 ' 

1 1 2'1 9.78 ' 

1 12'19.78 ' 
112'31.96' 

112'32.91 ' 

112'18.89' 

11 2'1 9.78' 

1 12'1 9.78 ' 

2.38 

2.20 

2.37 

2.32 

2.55 

2.28 

2.61 

2.82 

2.60 

, 2.22 

2.52 

2.72 

2.61 

2.71 

Dry 

DW 
2.31 

2.02 

2.20 

2.25 

2.47 

2.07 

2.56 

2.80 

2.50 

1.98 

2.49 

2.72 

2.58 

2.70 

Percent 

6 

18 

17 

7 

8 

21 

5 

2 

10 

24 

3 

0.2 

4 

1 
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