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Notes on the  Process ing  and Presen ta t ion  

of U.S. Geological  Survey Alaskan Gravi ty d a t a  

by David F ,  Barnes 

In t roduc t ion  

The au tho r ' s  techniques f o r  handling Alaskan g r a v i t y  da t a  r ep re sen t  

a s e r i e s  of  pre l iminary  at tempts  t o  adapt t h e  p e c u l i a r i t i e s  of Alaskan 

d a t a  t o  o the r  formats designed p r imar i ly  f o r  g r a v i t y  da t a  c o l l e c t e d  by 

t h e  Geological  Survey i n  o the r  p a r t s  of the  United S t a t e s .  The Alaskan 

g r a v i t y  surveys d i f f e r  i n  important ways from most of the  surveys i n  

more southern  l a t i t u d e s ,  Each d i f f e rence  l eads  t o  s e v e r a l  d e s i r a b l e  

changes i n  t h e  methods of processing and p re sen t ing  the  da t a ,  but  t he  

expanding use of d i g i t a l  computers f o r  reducing, s t o r i n g  and ana lys ing  

t h e  d a t a  has a l s o  made compa t ib i l i t y  of formats between Alaskan and other  

U . S .  d a t a  very  des i r ab l e .  The present  card inpu t  formats f o r  Alaskan 

g r a v i t y  d a t a  grew out  of those used by the  Geological  Survey's f i r s t  

d i g i t a l  g r a v i t y  reduct ion  progran i n  t he  e a r l y  19601s,  and t h e  present  

card output  format c l o s e l y  resembles a  format adapted i n  conferences 

between Alaskan and Ca l i fo rn i an  i n v e s t i g a t o r s  i n  1967. The printed 

outputs  and d a t a  p re sen ta t ions  a r e  now very d i f f e r e n t ,  but  many of t h e  

computation procedures and programming techniques a r e  s imi l a r .  Fur ther -  

more, the  Alaskan techniques have gene ra l ly  been delayed u n t i l  a f t e r  the  

systems f o r  handl ing o the r  U.S. da t a  were w e l l  e s t ab l i shed .  These b r i e f  

notes  can thus re ference  previously wel l -es tab l i shed  techniques,  and 

concent ra te  on s p e c i a l  f e a t u r e s ,  which a r e  considered d e s i r a b l e  f o r  t h e  

Alaskan da t a .  The present  procedures were i n i t i a t e d  e a r l y  i n  the  1960s, 



and have been or probably w i l l  be used f o r  a l l  f i e l d  d a t a  co l l ec t ed  between 

1958 and 1971, and perhaps f o r  sane e a r l i e r  da t a  c o l l e c t e d  by t h e  Navy 

i n  the  1940s. A s l i g h t l y  improved input  format and some changes i n  

documentation may be adopted f o r  the  1972 f i e l d  d a t a ,  but  the present  

no te s  a r e  designed t o  cover a l a r g e  amount of e a r l i e r  data. Before 

d i scuss ing  s p e c i f i c  procedures and formats ,  t he  t h ree  fundamental 

d i f f e r e n c e s  between the  Alaskan surveys and most of those i n  more 

southern  l a t i t u d e s  should be b r i e f l y  mentioned. 

F i r s t ,  t h e  primary Alaskan ob jec t ive  i s  no t  a d e t a i l e d  s tudy of 

s p e c i f i c  geologic  f e a t u r e s  bu t  a reconnaissance survey of t he  whole s t a t e  

designed t o  s t imu la t e  and t o  provide a framework f o r  f u t u r e  more-detailed 

surveys (Barnes, 1965 and 1969). Thus the  Alaskan reconnaissance i s  

designed t o  inc lude  a reasonable number of reoccupiable  s t a t i o n s  p lus  

a b a s i s  for f u t u r e  upgrading of t h e  da ta .  Furthermore, t he  breadth of 

coverage and the  neces s i ty  f o r  us ing  a v a r i e t y  of t r a n s p o r t a t i o n  techniques 

have prevented a sys temat ic  area-by-area approach and caused each a r e a  t o  

be a t tacked  f i r s t  with low-cost t r a n s p o r t a t i o n  techniques and then  wi th  

inc reas ing ly  c o s t l y  t r a n s p o r t a t i o n  systems u n t i l  adequate coverage i s  

obtained.  Thus a simple chronological  l i s t i n g  of s t a t i o n  numbers would 

fo l low a bewildering geographical  p a t t e r n .  

Second, Alaskan geodet ic  c o n t r o l  i s  s t i l l  s o  l imi ted  t h a t  good 

e l eva t ions  a r e  d i f f i c u l t  t o  ob ta in  e i t h e r  by l eve l ing  o r  by photogrammetry 

between widely spaced c o n t r o l  po in t s .  The topographic maps completed 

s i n c e  World War I1 provide reasonable h o r i z o n t a l  c o n t r o l ,  but  t h e i r  

contour i n t e r v a l s  a r e  e i t h e r  100 o r  200 f e e t ,  Spot e l eva t ions  are 



scarce  and probably have accurac ies  of about ha l f  a  contour i n t e r v a l .  

This  s c a r c i t y  of p r e c i s e  e l eva t ions  has caused ex tens ive  use of a l t i m e t r y ,  

which has g r e a t l y  complicated the da t a  reduct ion and the  d e t e c t i o n  of 

survey e r r o r s .  Some method f o r  i n d i c a t i n g  the  source and est imated 

accuracy of t h e  e l eva t ions  was thus considered e s s e n t i a l  f o r  the d a t a  

presenta t ion .  Furthermore, t h e  a l t i m e t r y  probably provides e l eva t ions  

c o n s i s t e n t  with the  requirements of r eg iona l  surveys, but  i n  l o c a l  a r e a s ,  

some u s e r s  may cons ider  photogrammetric e l eva t ions  more prec ise .  Thus 

much of the Alaskan g r a v i t y  d a t a  p re sen ta t ion  shows both the  e l e v a t i o n  

and any a v a i l a b l e  photogrammetry e l eva t ions ,  t h e i r  r e s u l t i n g  simple 

Bouguer anomalies,  and a prel iminary judgment of which e l eva t ions  and 

which anomalies a r e  considered p re fe rab le  f o r  t h e  reconnaissance object ives .  

Furthermore, t h e  Alaskan geodet ic  and topographic c o n t r o l  i s  improving, 

a d  f u t u r e  maps may provide a b a s i s  f o r  upgrading these  reconnaissance 

g r a v i t y  d a t a  a t  any p laces  where the  g r a v i t y  da t a  a r e  referenced t o  

su r f aces  which can be i d e n t i f i e d  and given more accura te  e l eva t ions  on 

f u t u r e  topographic maps and surveys. The reconnaissance g r a v i t y  survey 

has thus  emphasized the  use of t r a n s p o r t a t i o n  r o u t e s ,  water bodies ,  and 

a i r c r a f t  landing s i t e s  where b e t t e r  e l eva t ions  may l a t e r  be a v a i l a b l e ,  

and the  da t a  p re sen ta t ion  shows how the  s t a t i o n  e l eva t ions  d i f f e r  from 

these  re ference  sur faces .  

Third,  t r a v e l  d i f f i c u l t i e s  and the  neces s i ty  f o r  making many long 

water  t r a v e r s e s  has often prevented t h e  looping procedures which a r e  

u sua l ly  used t o  con t ro l  and d e t e c t  the  d r i f t  of gravimeters .  LaCoste 

meters ,  which have low d r i f t ,  have been used f o r  most long t r a v e r s e s  



s ince  1961, and a i r c r a f t  have been used t o  e s t a b l i s h  c a n t r o l  po in t s  a long 

these  long t r a v e r s e s .  However, o l d e r ,  non-thermostated meters had t o  be 

used on a f e w  of the  e a r l i e r  t r a v e r s e s ,  and i n t e r - t r a v e r s e  c o n t r o l  po in t s  

have no t  always been recovered, The da t a  p re sen ta t ion  i s  thus  designed 

t o  r evea l  t he  progress  of the f i e l d  work and any f a c t o r s  which might 

a f f e c t  the accuracy of t he  gravimetry, Unusual meter d r i f t ,  t a r e s ,  

questionable measurements o r  poor meter  performance are s p e c i f i c a l l y  

i d e n t i f i e d  wi th in  the  d a t a  which a r e  made a v a i l a b l e  t o  t h e  publ ic ,  

Data Process ing  Procedures 

The process ing  of USGS Alaska g r a v i t y  d a t a  involves about six bas i c  

s t e p s  and f o u r  frequent ly-used computer programs. I n  some ways the i n i t i a l  

processing begins i n  the  f i e l d  where a l l  observa t ions  a r e  recorded on da t a  

shee t s  which can l a t e r  be used f o r  punching of cards  f o r  computer input .  

~ o s t  f i e l d  l oca t ions  a r e  a l s o  recorded m 1:63,360 f i e l d  maps o r  1:250,000 

maps i f  the former a r e  no t  a v a i l a b l e ,  Each evening f i e l d  compilat ion maps on 

a s c a l e  of 1:250,000 a r e  a l s o  prepared s o  t h a t  t he  progress  of the 

coverage i s  apparent and so  t h a t  a s epa ra t e  record of l oca t ions  i s  a v a i l a b l e ,  

Some prel iminary l a t i t u d e  measurements are a l s o  made, and these  meter 

readings and e l e v a t i o n s  can be used with a s p e c i a l l y  designed c i r c u l a r  

s l i d e  r u l e  t o  immediately c a l c u l a t e  prel iminary simple-Bouguer anomalies. 

Soon a f t e r  the  r e t u r n  from the  f i e l d ,  a l l  base s t a t i o n  observat ions 

are run through a base s t a t i o n  reduct ion  program which converts  the  meter 

readings t o  m i l l i g a l  d i f f e r ences  according t o  the  manufacturer 's  c a l i b r a t i o n  

curves and t h e i r  USGS co r rec t ions  (Barnes, 1969). This program a l s o  performs 

co r rec t ions  f o r  e a r t h  t i d e  f l u c t u a t i o n s  according to s l i g h t l y  modified 



vers ions  of ~ o n ~ m a n ! s  (1959) formulas,  c a l c u l a t e s  new observed g r a v i t i e s ,  

c a l c u l a t e s  m i l l i g a l  d i f f e r ences  between each s t a t i o n  and s e l e c t e d  base 

s t a t i o n s  p lus  ad jacent  s t a t i o n s ,  and compares the  new observed g r a v i t i e s  

with any previous ly  e s t a b l i s h e d  observed g r a v i t i e s .  Even when few 

repeated readings o r  c losed  loops a r e  included i n  a  da t a  s e t ,  t h e  l a t t e r  

f a c i l i t y  permits  t he  computer t o  p l o t  a prel iminary d r i f t  curve for each 

one- t o  four-day period,  so  t h a t  t he  i n t e r p r e t e r  has a prel iminary 

i n d i c a t i o n  of meter performance. Then f o r  each base s t a t i o n  a  l i s t  i s  

prepared showing the  d a t e s  of occupat ions,  t he  du ra t ions  of t i e s  and the  

m i l l i g a l  d i f f e r ences  t o  nearby s t a t i o n s ,  Base-stat ion values are then 

e s t a b l i s h e d  from these  shee t s  and from t h e  prel iminary d r i f t  curves.  

F i n a l l y ,  all new base - s t a t i on  values a r e  punched onto  the  computer cards ,  

and the  data a r e  run through t h e  same computer program t o  ob ta in  f i n a l  

d r i f t  curves for each me te r ' s  performance. This  p l o t  a l s o  provides a 

good i n d i c a t i o n  of any badly ad jus ted  base - s t a t i on  va lues .  

I n  t h e  o f f i c e ,  t he  o r i g i n a l  f i e l d  shee t s  a r e  a l s o  a t tached  t o  sup- 

plementary shee t s  on which l a t i t u d e s ,  longi tudes ,  re ference  e l e v a t i o n s ,  

b a s e - s t a t i o n  r e fe rences ,  source codes and weather d a t a  f o r  reducing the  

a l t i m e t e r  observa t ions  a r e  also recorded. Transparent templates  a r e  

u sua l ly  used f o r  measuring l a t i t u d e s  and longi tudes .  Reference e l eva t ions  

a r e  obtained e i t h e r  from maps, geodet ic  con t ro l  summaries, s p e c i a l  surveys,  

c a l c u l a t i o n  of ocean t i d a l  e l eva t ions ,  o r  p l o t t i n g  of r i v e r  g rad ien t s .  

The curves of ocean-t ide e l eva t ions  a r e  p l o t t e d  according t o  the methods, 

da t a  and predic ted  v a l ~ e s  given i n  annual e d i t i o n s  of the  West Coast Tide 

Tables (U.S. Dept. of Commerce), and the  re ference  datum used i s  mean- o r  h a l f -  

t i d e  l e v e l  r a t h e r  than mean sea l e v e l ,  which i s  used for geodet ic  da t a  on land. 



River-gradient  graphs a r e  prepared us ing  mid-channel d i s t ances ,  a l l  

a v a i l a b l e  spot  e l eva t ions ,  a l l  contour c ross ings ,  and a l l  bench marks 

recovered along the  r i v e r  t r ave r se .  These var ious  sources of r i v e r  

e l e v a t i o n  d a t a  a r e  not  always c o n s i s t e n t ,  and a l t ime t ry  may suggest 

a d d i t i o n a l  v a r i a t i o n s  i n  r i v e r  g rad ien t ,  s o  t h e  g rad ien t  p l o t s  involve 

human judgment and seve ra l  p o s s i b i l i t i e s  f o r  e r r o r s .  The height-from- 

re ference  column of the  g rav i ty  d a t a  shee t  may thus  be e s p e c i a l l y  u se fu l  

when including t he  r i v e r - t r a v e r s e  da t a  i n  f u t u r e  surveys,  Data f o r  

reducing the a l t i m e t e r  f i e l d  observa t ions  include e i t h e r  readings of 

record ing  base s t a t i o n s  o r  d a t a  f o r  l i n e a r  i n t e r p o l a t i o n  of barometr ic  

changes between readings a t  known e l eva t ions ,  plus  a i r  temperatures ,  

wet-bulb depressions obtained with a s l i n g  psychrometer, and var ious  

s p e c i a l  co r r ec t ions ,  The techniques f o r  handl ing the  a l t i m e t r y  a r e  

s t i l l  being per fec ted  and a r e  s u f f i c i e n t l y  complicated t o  be discussed 

i n  a  s epa ra t e  paper a t  a l a t e r  da te .  

These combined shee t s  of f i e l d  and o f f i c e  d a t a  a r e  then used f o r  

punching the  g rav i ty -a l t ime t ry  inpu t  cards  which a r e  processed by a 

second For t r an  computer program which provides a l i s t i n g  of a l l  input  

d a t a  and prel iminary c a l c u l a t i o n s  of simple Bouguer anomalies u s i n g  both 

the  map (o r  r e f e rence )  e l eva t ions  and the  a l t i m e t r y  e l eva t ions .  The 

s h e e t s  used t o  prepare t he  card inpu t  and the  shee t s  g iv ing  the output  

of t h i s  computer program a r e  bound oppos i te  each o t h e r  i n  loose-leaf 

notebooks and provide a  good system f o r  proof-reading and l o c a t i n g  e r r o r s .  

Furthermore, a l l  d a t a  a r e  p l o t t e d  on maps from these  notebooks and t h i s  



process provides another opportunity for error detection. Finally, this 

program provides an easy method of comparing the altimetry data with 

other elevation data, for evaluating its accuracy, and for deciding 

whether the altimetry or reference elevation is the more precise. As 

a result,additional punches can be made in the input cards to specify the 

better elevation source, the estimated altimeter accuracy, and the 

estimated anomaly accuracy. These cards are then resubmitted for a 

final canputer processing, which prepares a simplified output sheet 

that sumnarizes the data for public release. 

Latitudes and longitudes are also checked by a transverse-mercator 

plotting program using the formulas of Plouff (1968), which reads all 

the reduction card decks, skips the lead cards, sorts the station data 

into arrays organized for efficient plotting, and then plots as many 

maps as desired showing: station locations, station identifications 

and anomaly values for each specified latitude and longitude range. 

Most Alaskan gravity data sets cover two to ten 1x2 or 1x3 degree 1:250,000 

maps, and this scale is usually used for checking the latitudes and 

longitudes and will now be used for most preliminary data releases. The 

most common location errors occur when data on 1:63,380 field maps are 

transferred to the 1:250,000 maps, so Xerox reduction techniques are 

being increasingly used to reduce this type of error. 

The computer programs are still being revised and are not yet ready 

for publication, but the basic formula for the gravity reduction are 

those involving 1931 International Ellipsoid and the second-order latitude 

and elevation terms in the free-air correction. These gravity formulas 

are identical to those used for other releases of Geological Survey 



g r a v i t y  d a t a  and have a l s o  been summarized by Sheibe & Howard (1964). 

The s tandard reduct ion  dens i ty  of 2.67 g l cc  i s  always used and a supple- 

mentary reduct ion  dens i ty  i s  u sua l ly  e i t h e r  2.85 g/cc near  c o a s t l i n e s  o r  

mafia rocks,  o r  2.20 g / cc  f o r  sedimentary bas ins .  Most of the  Alaskan 

e l e v a t i o n  con t ro l  does not j u s t i f y  t e r r a i n  co r r ec t ions ,bu t  t hese  have 

been made on a few s t a t i o n s ,  which were used f o r  model s tud ie s  and 

q u a n t i t a t i v e  i n t e r p r e t a t i o n s .  Therefore Alaskan t e r r a i n  co r r ec t ions  

a r e  u sua l ly  considered p a r t  of the  i n t e r p r e t a t i o n  process and are not  

involved i n  da t a  r e l ea ses .  Formulas f o r  the c o r r e c t i o n  and reduct ion 

of t h e  altimetry da ta  a r e  e i t h e r  taken d i r e c t l y  from o r  s imp l i f i ed  

from those of the  Smithsonian I n s t i t u t i o n  (1939) .  

Descr ip t ion  of d a t a  t a b u l a t i o n  shee t s  

The f i r s t  two l i n e s  of the da t a  t a b u l a t i o n s  (Figure 1 )  give the  f a c t s  

that apply t o  each shee t  o r  da t a  s e t  p lus  some a d d i t i o n a l  words which 

are added f o r  explana t ion  and reading c l a r i t y .  These two l i n e s  a r e  

used t o  summarize the  most important f a c t s  from d a t a  o r i g i n a l l y  punched 

on t h e  primary lead  card p lus  a s  many a s  twenty supplementary gravi ty-base 

o r  a l t imet ry-base  lead  cards .  The lengths  of some of t he  phrases  a r e  

thus l imi t ed  by a v a i l a b l e  columns on the  ca rds ,  s o  t h a t  abbrevia t ions  

o r  shortened s p e l l i n g s  appear i n  some p laces .  Such column l i m i t a t i o n s  

a r e  e s p e c i a l l y  no t i cab le  on t h e  t r a v e r s e  names which f o l l o w  the convention 

of t h e  o r i g i n a l  1959 USGS g r a v i t y  reduct ion  program which r e s t r i c t e d  p ro j ec t  

and t r a v e r s e  names t o  t e n  cha rac t e r s .  The Alaska pro jec t  names (Southeast ,  

North I n t e r i o r ,  Peninsula ,  e t c . )  are a r b i t r a r i l y  assigned t o  l a rge  a reas  

of t he  s t a t e  which have convenient boundaries f o r  d iv id ing  the  g r a v i t y  
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d a t a  and these  boundaries were ou t l i ned  i n  Figure 1 of the  i n i t i a l  base 

s t a t i o n  r e p o r t  (Barnes, 1968). Although the  p ro j ec t  names should be 

e a s i l y  recognized, f a m i l i a r i t y  wi th  l o c a l  geography may be needed t o  

understand such abbreviated t r a v e r s e  names a s  "KEND-HESSA," "PETB-RD-AL," 

o r  "N BEHM ENT," which r ep resen t  "Kendrick Bay t o  Hessa I n l e t , "  

' pe t e r sbu rg  road a l t ime t ry , "  and "North en t rance  of Behrn Canal1' 

r e spec t ive ly .  The pro jec t -ch ief  name i s  f a i r l y  obvious and i s  recorded 

only s o  t h a t  a proper con tac t  can be made a t  t he  Geological  Survey t o  

l o c a t e  t h e  man, who s t o r e s  the  o r i g i n a l  f i e l d  and computation s h e e t s ,  

and who can b e s t  answer ques t ions  about the  da ta .  The datum statement  

re ferences  a  r epo r t  which descr ibes  the g rav i ty  base network and which 

l i s t s  t h e  base s t a t i o n  names, t h e i r  desc r ip t ions  and p r i n c i p a l  f a c t s .  

The datum da te s  may, however, be a  l i t t l e  confusing,  because some may 

suggest an e a r l i e r  r e l e a s e  da te  f o r  t he  base s t a t i o n  r epor t  than a c t u a l l y  

took place. For example, when the sautheast Alaska gravity cards  were 

punched, a 1971 r e l e a s e  da te  was planned f o r  t he  base - s t a t i on  r e p o r t ,  

bu t  t he  a c t u a l  r e l ea se  w i l l  no t  occur u n t i l  1972. 

The f i n a l  i tem of the  f i r s t  l i n e  i s  a da t a - se t  code name, which i s  

punched on a l l  output  ca rds ,  and which enables  the  card use r  t o  i d e n t i f y  

t h e  da t a  s e t  from which the  card o r ig ina t ed .  It can thus  be used t o  

determine the  d a t e  of the measurement, the  meter used, the observers ,  

t he  bases occupied, t he  d e n s i t i e s  used i n  reduct ion  and a v a r i e t y  of 

supplementary information wh ich  may be des i r ed  i f  the da t a  appear 

quest ionable.  I f  any use r  of Alaskan g r a v i t y  d a t a  has s p e c i f i c  ques t ions  

about any of the  d a t a ,  he should con tac t  the  p r o j e c t  chief  and as a minimum 



spec i fy  the s t a t i o n  number and da t a - se t  code. Desirable  supplementary 

information might inc lude :  the  p r o j e c t  name, the t r a v e r s e  name, 

observa t ion  d a t e ,  observa t ion  time, and meter name. A l l  the  USGS 

Alaskan data-set code names begin with the  l e t t e r  "A", but  the  l e t t e r  

"U" i s  being used a s  t h e  f i r s t  l e t t e r  i n  code names f o r  g r a v i t y  d a t a  

c o l l e c t e d  by the Navy and United Geophysical Corp. i n  t he  Naval Petroleum 

Reserve, The second l e t t e r  i s  u sua l ly  an i n d i c a t i o n  of the  year and/or 

a r e a  where the  work was performed. Thus the p re f ixes  "AM" and "AP" 

s p e c i f y  most of t he  data from small-boat t r a v e r s e s  i n  southeas t  Alaska 

i n  1968 and 1969 r e spec t ive ly ,  bu t  "AN" and "AQ" r e f e r  t o  o ther  1968 

and 1969 t r a v e r s e s  which fiay have p a r t l y  included southeas t  Alaskan da ta .  

The l a s t  two d i g i t s  a r e  b a s i c l y  a chronological  s e r i e s  with each number 

represent ing  one day's work with one meter. The da t a  r e l e a s e s  may not  

inc lude  a continuous s e r i e s  of d a t a  s e t  codes because t r a v e r s e s  i n  o the r  

a r eas  o r  which do not involve new s t a t i o n s  a r e  omitted from the  r e l e a s e s ;  

thus the data r e l e a s e s  do not  l i s t  all base - s t a t i on  observa t ions  a r  

f ie ld-checking  t r a v e r s e s .  

The second l i n e  should a l s o  be understandable t o  the r eade r ,  bu t  a 

few notes  may c l a r i f y  s p e c i a l  condi t ions  and conventions. The da t e  i s  

t h e  d a t e  of the f i e l d  work o r  more exac t ly  the da te  on which t h e  f i e l d  

work began; a f e w  da ta  s e t s  include more than one day ' s  work and may be 

i d e n t i f i e d  by observa t ion  times which exceed 2400 i n  the  t abu la t ions .  

Meter names should a l s o  be  e a s i l y  recognized and fo l low the convention 

t h a t  the  l e t t e r s  L ,  G ,  W, and WW i n d i c a t e  o ld  LaCoste meters, LaCoste 

Geodetic meters ,  Worden meters and World Wide meters r e spec t ive ly .  



%serve r s '  names, l i k e  t r a v e r s e  names, must be l imi ted  t o  a 

s p e c i f i e d  number of l e t t e r s  and thus  inc lude  abbreviated spe l l i ngs .  

Most f i e l d  p a r t i e s  begin the  day with one man reading the  meter 

and the second man recording and/or  naviga t ing ,  but t h e  r o l e s  

a r e  u sua l ly  reversed one t o  t h r e e  times each day. 

The "Main Base" s p e c i f i e s  a  f o u r - l e t t e r  name of a  base s t a t i o n ,  

which i s  descr ibed i n  t he  g rav i ty  base - s t a t i on  r e p o r t  referenced 

by the  datum statement .  The "main base1' i s  t h a t  one of t he  bases 

occupied during the day, f o r  which the base s t a t i o n  da t a  a r e  

given on the f i r s t  of up t o  9 base s t a t i o n  cards.  Each base 

s t a t i o n  card g ives  one o r  two meter readings a t  t h a t  s t a t i o n ,  

t he  t imes of these  readings ,  the  ad jus ted  observed g rav i ty  a t  

t h e  station, and t h e  l o c a t i o n  d a t a  necessary f o r  c a l c u l a t i n g  

t i d a l  co r r ec t ions .  The base s e l e c t e d  f o r  t he  f i r s t  card i s  

u s u a l l y  t he  f i r s t  s t a t i o n  occupied during the  day, bu t  i t  may 

a l s o  be another  base occupied during the  day which was l i s t e d  

f i r s t  because i t  may have been the  b e s t  e s t ab l i shed  s t a t i o n ,  

the b e s t  reading t o  use f o r  t h a t  d a y ' s  d a t a ,  o r  included readings 

r evea l ing  d r i f t  o r  t a r e s  which were considered important i n  t h a t  

day ' s  da t a .  I f  two readings were made a t  t h a t  s t a t i o n  o r  i f  a 

second reading was computed on the  b a s i s  of a l a t e r  reading 

a t  another  base s t a t i o n ,  t h i s  main-base d r i f t  i s  l i s t e d  



following the  s t a t i o n ' s  fValue" o r  observed gravi ty ,  I f  the  main-base 

card does not include a second reading, the  recorded "d r i f t "  w i l l  be 

zero even i f  d r i f t  o r  t a r e s  were revealed by readings a t  o ther  base 

s t a t ions .  menever ,  the  da ta  reveal  d r i f t  o r  t a r e s  exceeding 0.10 

mgal, an e f f o r t  was made t o  show i t  e i t h e r  as d r i f t  o r  by a statement 

a t  the  bottom of the data s e t .  The present  format provides for pr in t ing  

a t  the end of the  second l i n e  the  names of two other  base s t a t i o n s  which 

were occupied during tha t  day. Other base o r  cont ro l  s t a t i o n s  occupied 

may appear i n  the  l i s t i n g  but  only three s t a t i o n s  a r e  l i s t e d  i n  the 

second header l ine .  Many Alaskan g rav i ty  t raverses  occupied severa l  

base or  cont ro l  s t a t i o n s  each day, and a l a t e r  version of the  program 

may l i s t  a l l  these  occupations as header information and then l i s t  only 

newly read or es tabl i shed s t a t ions  i n  the main l i s t i n g .  Users who would 

p re fe r  t h i s  format should contac t  the author. 

The s t a t i o n  l i s t i n g  includes the  names and da ta  fo r  a l l  s t a t i o n s  

occupied during a day's  f i e l d  work unless the  observation was discarded 

because it included an inaccurate measurement, Thus, base-s ta t ion  

measurements may appear severa l  times i n  the  l i s t i n g ,  bu t  only one output 

card i s  supplied f o r  each s t a t i o n ,  The base and con t ro l  s t a t i o n s  a r e  

included i n  the  l i s t i n g  primari ly because severa l  p o t e n t i a l  users  have 

s t a t e d  t h a t  they would p re fe r  a t o t a l  l i s t i n g  of a day's  da ta  t o  an 

ed i t ed  l i s t i n g  showing only new measurements. 

The t abu la t ion  provides for two s t a t i o n  numbers: a main number 

and an a u x i l i a r y  number. The aux i l i a ry  number i n  some cases i s  an o l d  

number gsed f o r  the  s t a t i o n ,  and i n  o ther  cases merely provides add i t iona l  



information about the station. Typical additional information includes 

identification of the station as a base, an indication of the type of 

field mark, or available reoccupation information. Thus typical ~hrases 

in the auxiliary number column may be "BASE" (for base stations), ' W K A R K "  

(for USGS gravity marker), TIN1 (for tidal bench mark number I ) ,  TBll (for 

tidal bench mark number ll), FOTO (to indicate a photograph was taken), 

DESC (to indicate a description suitable for reoccupation i s  available), 

or a "/'' followed by letters or numbers indicating the name of a vertical 

angle bench mark or triangulation station. A more complete list of station 

naming and description conventions is given in table 1 at the end of these 

notes. Latitudes and longitudes are given in degrees plus minutes and 

hundredths of minutes. The location-type column gives a letter indicating 

the kind of map used for the field work and for the measurements of latitude 

and longitudes (see table 2). The most common location type is a letter 

1 1  A I 1  indicating measurements from a modern inch-to-the-mile map, but users 

should be careful about letters "B" indicating doubtful locations on such 

maps. If such maps were used for latitude and longitude measurements of 

stations located in the field on smaller scale maps, the same letter "DM 

will be used if the transfer justifies the improved precision, but the 

letter "K" for 4-in-per-mile maps would be used if these were the original 

field map and if this scale map seemed to control the precision of the 

location. Letters early in the alphabet usually indicate the use of 

better maps than later letters in the alphabet. 

The next three columns give elevation data which are recorded in 

feet. No decimal or fractional parts of a foot have been listed because 



very few e l e v a t i o n s  a r e  t h a t  wel l  known i n  Alaska, where most bench 

marks on even f i r s t - o r d e r  l e v e l  l i n e s  have been inf luenced by f r o s t  

ac t ion .  The f i r s t  column 'TIT-REF" i s  the  a l t i t u d e  of the  s t a t i o n  above 

any nearby re ference  sur face  such as  a lake ,  r i v e r ,  stream, roadway, bench 

mark o r  h i l l - t o p .  This  information i s  given even i f  the  e l eva t ion  of the 

su r f ace  i s  no t  known and an a l t i m e t r y  measurement i s  given i n  the next  

column. However, a zero does no t  n e c e s s a r i l y  mean t h a t  t he  s t a t i o n  was 

right: a t  the wate r l i ne ,  although a f e w  measurements of t h i s  type a r e  made 

on calm days. Most zeros i n  t h i s  column mean t h a t  no height-from-reference 

was measured, t h a t  the  s t a t i o n  e l e v a t i o n  could not  be referenced t o  a su r -  

face ,  o r  t h a t  the e l eva t ion  was determined from o the r  types of da t a  o r  

during previous occupations of t he  same s t a t i o n .  The height-from-reference 

i s  gene ra l ly  est imated i f  the s t a t i o n  i s  l e s s  than about 4 f e e t  v e r t i c a l l y  

and/or  20 f e e t  h o r i z o n t a l l y  away from the  re ference  su r f ace ;  hand l e v e l s  a r e  

used when t he  s t a t i o n  i s  f a r t h e r  away from the  re ference  sur face .  The 

"e leva t ion  type" column g ives  a l e t t e r  which i n d i c a t e s  t h e  source of the  

e l e v a t i o n  ( see  t a b l e  4) .  The Alaskan l e t t e r  code f o r  t h i s  column has 

been used s ince  1963 and was thus  developed e a r l i e r  than a s i m i l a r  code 

used i n  g r a v i t y  surveys i n  Ca l i fo rn i a  (Oliver  and o the r s ,  w r i t t e n  

communication, 1969, p. 40). The Alaskan code i s  no t  completely 

s a t i s f a c t o r y ,  but  has  and w i l l  serve i t s  s p e c i a l  needs u n t i l  a more 

use fu l  and genera l  code i s  e s t ab l i shed .  For easy use the  code i s  broken 

i n t o  four  groups of l e t t e r s  i n  successive po r t ions  of t he  a l p h a b e t ,  

and some of the  l e t t e r s  have a l s o  been chosen f a r  mnemonic purposes. A 

few c lues  can thus  e l imina te  a l o t  of memorization and/or  page tu rn ing  



f o r  the user .  The l e t t e r s  A through E i n d i c a t e  a  decreasing q u a l i t y  of 

surveyed o r  l i s t e d  e l eva t ions ,  with A represent ing  the  b e s t  t i d a l  o r  

surveyed e l e v a t i o n s ,  C mnemonically r ep re sen t ing  sea  l e v e l ,  and E 

r ep re sen t ing  a v a r i e t y  of repor ted  elevations some of which tu rn  out 

t o  be estimated. The next  fou r  l e t t e r s  (F through I )  a r e  f o r  e l eva t ions  

p r i n t e d  on USGS topographic maps. The F i s  used f o r  f ie ld-checked 

e l eva t ions  which were p r in t ed  i n  black on a l l  t he  pre-1970 maps, but 

which has less meaning on the  newer maps. The meaning of the  l e t t e r s  

G, H, and I should be f a i r l y  easy i f  t he  u se r  remembers they s tand  f o r  

"ground (brown) spo t  e l eva t ions"  "hydro (blue lake  and r i v e r )  e l eva t ions , "  

and " in te r im o r  unpublished maps showing e x t r a  photogrammetric e l eva t ions , "  

The t h i r d  group of l e t t e r s  from J t o  Q inc lude  a  v a r i e t y  of river grad ien t  

and contour  i n t e r p o l a t i o n  processes  which b a s i c l y  depend on the  contour 

i n t e r v a l  of t he  map, and perhaps "P" f o r  poor i n t e r p o l a t i o n  i s  the b e s t  

and most common. The f i n a l  group of l e t t e r s  are v a r i a t i o n s  i n  a l t i a ~ e t r y  

techniques and d i s t ances  which begin with "R" f o r  repeated readings c lose  

t o  the  base s t a t i o n .  The complete l i s t  of symbols i s  p r in t ed  a t  t he  end 

of t hese  notes .  The e l e v a t i o n  and the  type code p r in t ed  i n  these  columns 

may be e l t h e r  an a l t i m e t r y  e l e v a t i o n  o r  a map o r  surveyed e l e v a t i o n ,  but  

i t  i s  always the e l e v a t i o n  which the  authorsconsider  the  b e s t  a v a i l a b l e  

f o r  the  ob jec t ives  of a r eg iona l  survey. Data cons is tency  sometimes 

makes the  use of a l t i m e t r y  p re fe rab le  even when some of the  s t a t i o n s  

may be loca ted  a t  photogrammetric e l eva t ions .  



The t h i r d  group of t h ree  columns g ives  t he  observed g r a v i t y  and two 

i n d i c a t o r s  of f a c t o r s  a f f e c t i n g  i t s  accuracy. The observa t ion  time 

usua l ly  has l i t t l e  importance, bu t  i t  has been included pr imar i ly  because 

long i n t e r r u p t i o n s  i n  t h e  d a t a  c o l l e c t i o n  can a f f e c t  the accuracy of 

d r i f t  co r r ec t ions .  I n  t he  e a r l y  r i v e r  t r a v e r s e s  which used non-thermo- 

s t a t e d  meters ,  t hese  i n t e r r u p t i o n s  were frequent  and usua l ly  r e su l t ed  

from f a c t o r s  which prevented befbre-  and a f t e r - r ead ings  of the meter. 

The observed g r a v i t y  i s  given t o  the  nea re s t  0.01 mgal, bu t  perhaps 

0.05 mgal i s  a b e t t e r  es t imate  of i t s  p rec is ion .  The computer program 

inc ludes  the  c a l i b r a t i o n  t a b l e s  f o r  LaCoste meters ,  a provis ion  for 

co r rec t ing  these  t a b l e s  by f a c t o r s  determined on the  USGS c a l i b r a t i o n  

loops,  and a t i d e  c o r r e c t i o n  subrout ine.  D r i f t  co r r ec t ions  are a l s o  

appl ied  whenever t he  da ta  suggest a  d r i f t  of more than 0.10 mgal, The 

l e t t e r  code f o r  grav i ty- type  ( t a b l e  3 )  i n d i c a t e s  t he  type of meter,  

t h e  number of t i e s ,  and the  du ra t ion  of time between base s t a t i o n  readings.  

The four  columns f o r  anomalies g ive  the values f o r  the  f r e e - a i r  

anomalies, a simple-Bouguer anomaly computed with an a l t e r n a t e  s p e c i f i c  

g r a v i t y  p r in t ed  a t  the t o p  of the  column, a numerical code i n d i c a t i n g  the  

accuracy of the anomaly, and the  s tandard simple-Bouguer anomaly based on 

a spec i f i c -g rav i ty  of 2.67. The numerical anomaly accuracy code i s  the 

same a s  one developed f o r  the  Ca l i fo rn i a  g rav i ty  code and r ep resen t s  

s t e p s  of approximately h a l f  an order  of magnitude each. N o  USGS Alaskan 

g rav i ty  anomalies are bel ieved t o  have a n  abso lu t e  p rec i s ion  b e t t e r  than 

*0.1 mgal o r  accuracy code 4 which r ep resen t s  an e l eva t ion  unce r t a in ty  

of about 1 b  f e e t .  In  most of the Alaska da t a  t he  e l eva t ion  unce r t a in ty  



is significantly larger than possible location or gravity-measurement 

errors and thus controls the anomaly accuracy code. If the code is 

larger than 6,indicating an uncertainty of kO.5 mgal, the anomalies are 

automatically rounded to the nearest milligal. The authors tend to be 

optimistic about their data, and some assigned accuracy codes may be 

one unit too low. 

The main station number is repeated after the standard simple-Bouguer 

anomaly and the three columns on the extreme right edge of the tabulation 

are filled only &\en altimetry and supplementary elevation data are 

available or when terrain correction data are included. The latter 

facility has not yet been used in Alaskan data and will not be discussed 

in these notes. When altimetry data are involved, a supplementary elevation, 

a letter indicating its type, and a supplementary simple-Bouguer anomaly 

based on the standard 2.67 specific gravity are printed. The elevation 

type-code is the same as the one used in the previous elevation-type 

colum. The supplementary elevation shows how the altimetry elevations 

may differ from surveyed map or spot elevations. In general, no supple- 

mentary elevations are printed for elevations based on bench marks, highway 

surveys or sea-level unless an altimetry elevation is printed as a sup- 

plementary indication of the altimetry control and precision for altimetry 

used at other stations in the data set. Altimetry elevations are easily 

spotted by letters R through Z in the type column. 

At the bottom of each data set is a summary indicating the number 

of stations and the ranges of latitudes, longitudes, elevations, observed 

gravities and anomalies. The data used in these summaries include the 

base- and control-station readings. 



The program a l s o  has a f a c i l i t y  f o r  p r i n t i n g  notes  and comments 

about i nd iv idua l  s t a t i o n s  o r  s i g n i f i c a n t  po r t ions  of t he  da t a  set .  

Each l i n e  r ep re sen t s  seventy-f ive cha rac t e r s  p r in t ed  on a s i n g l e  IBM 

card.  The notes  a r e  used t o  f l a g  t a r e s  o r  unusual ope ra t ing  condi t ions ;  

they  should a l l  be se l f -explana tory ,  

Card output  formats 

The computer program a l s o  provides two types of ou tput  card  which 

w i l l  be made ava i l ab l e  t o  t h e  pub l i c  i f  t h e r e  i s  s u f f i c i e n t  demand. The 

f i r s t  card type i s  a  da t a - se t  lead card,  which g ives  information about 

t he  d a t a  s e t  such a s  da t e ,  p r o j e c t ,  t r a v e r s e ,  meter,  e tc .  It i s  a 

d u p l i c a t e  of t he  lead card used i n  the  primary reduct ion  program and 

may o r  may no t  be u se fu l  t o  i nd iv idua l  users .  It conta ins  a  l a rge  number 

of alphanumeric cha rac t e r s  and may be recognized by s l a s h e s  i n  columns 

30 and 33 of the  da t e  s ta tements .  These cards  can be e a s i l y  discarded 

i f  they  a r e  n o t  needed. The format i s  l i s t e d  below: 

Columns 
1-10 P r o j e c t  name 

Contents 

Traverse name 
S t a t e  abbrevia t ion  
Format con t ro l  number 
Month 
/ 
Day of the  month 
1 
Year 
Meter name 
Punch con t ro l  number 
Meter type i n d i c a t o r  (0  f o r  uncorrected LaCoste c a l i b r a t i o n s ,  

1 f o r  Worden type meters ,  2 f o r  LaCoste c a l i b r a t i o n s  r e -  
q u i r i n g  a co r r ec t ion )  

Meter c a l i b r a t i o n  o r  c o r r e c t i o n  f a c t o r  (F 6.5) 
Constant t o  ob ta in  Greenwich mean t ine  f o r  t i d e  co r r ec t ion  
The supplementary dens i ty .  A reduct ion  dens i ty  of 2.67 

i s  always used.  
P r o j e c t  Chief name. 
Observers names which are o f t e n  abbreviated.  
Data S e t  code (usua l ly  two l e t t e r s  and a number) 
Blank 



The s t a t i o n  output  cards  a r e  very nea r ly  the  same format as t h e  

' P l o u f f '  output  cards  used by the Geological Survey ' s  Ca l i fo rn i a  g rav i ty  

program and were designed t o  be read by the  same programs, although some 

minor d i f f e r ences  developed a f t e r  the  i n i t i a l  format w a s  chosen. Most 

u se r s  w i l l  f i n d  t h a t  t he  same format s ta tements  can be used t o  e x t r a c t  

the da ta .  The format l i s t i n g  shows all s i g n i f i c a n t  d i f f e r ences .  Although 

t h e  t abu la t ed  da t a  show a l l  s t a t i o n  occupat ions inc luding  repea ted  readings  

a t  base and c o n t r o l  s t a t i o n s ,  t h e r e  i s  probably only one output  card per 

s t a t i o n .  Base s t a t i o n s  cards  appear e i t h e r  when f i r s t  used s s  a base 

o r  when f i r s t  occupied. 

Co 1utru-t~ Contents 
1-4 Main base number of i d e n t i f i c a t i o n .  

Auxi l ia ry  base s t a t i o n  name o r  information.  
La t i t ude ,  degrees,  negat ive i f  south of the equator .  
La t i t ude  minutes and hundredths of minutes (F 4.2). 
Longitude degrees,  negat ive i f  east  of Greenwich, 
Longitude minutes and hundredths of minutes (F 4.2). 
Elevat ion  i n  f e e t .  
Observed gravity i n  hundredths of m i l l i g a l s  minus 

90,000,000 ( F  7.2 f o r  m i l l i g a l s )  
A l e t t e r  f o r  p o s i t i o n  type,  
A l e t t e r  f o r  g rav i ty  type. 
A l e t t e r  for e l e v a t i o n  type. 
A number represent ing  the est imated anomaly accuracy. 
F ree -a i r  anomaly i n  m i l l i g a l s  and t en ths  (F 5.1). 
Simple Bouguer anomaly i n  rn i l l i ga l s  and t en ths  (F 5.1) 

f o r  a reduct ion  dens i ty  of 2.67 g/cc.  
Simple Bouguer anomaly i n  m i l l i g a l s  and t en ths  (I? 5.1) 

f o r  a second reduct ion dens i ty .  
Data s e t  code name usua l ly  two l e t t e r s  and two numbers. 



Table 1 

Preliminary L i s t  

Naming Conventions 

Alaska Gravity S ta t ions  

Symbol e t c .  
B--- A t  bench mark (such as  F31) 

A t  o r  near  a bench mark locat ion  which may o r  may 
not have been found (such as  F31) 

Ver t i ca l  angle o r  t r i angu la t ion  s t a t i o n  followed 
by f i r s t  th ree  l e t g e r s  of name o r  i n i t i a l s  i n  
name (such as  s t a t i o n s  '"Loon" o r  "Glen East Base) 

TBll 
TBM2 

TB-- 
TBM- 

Tidal  bench marks (such as  numbers 11 o r  2)  

U.S.G.S. g rav i ty  base s t a t i o n  (probably marked with 
hexagonal t a b l e t  ) 

Marked with USGS hexagonal g rav i ty  marker 

BASE 

MARK 

LITE 

F u r 0  

BIM- 

DESC 

T- - - 
MP-- 

M- - - 
TM- - 

rn base of l ighthouse o r  navigat ion l i g h t  

S t a t i o n  photographed 

A t  a Bureau of Land Management marker 

S t a t i o n  described 

On railway t r ack  opposi te  (such a s  RM ~ 3 1 )  

Milepost (such as  milepost 12) 

Milepost (such a s  a t  milepost 292) 

On t r a c k  o r  highway opposi te  a milepost (such as 
opposite milepost 69) 

S ta t ions  i n  Arc t i c  Alaska o r  near Anchorage 

S ta t ions  obtained on f l o a t  o r  ski-plane f l i g h t s  
(such as  Minto Flat ski-plane s t a t i o n  65) 

Sta t ions  obtained on he l i cop te r  t r ave r ses  (such 
a s  Takahula he l i cop te r  s t a t i o n  15) 

Sta t ion  a t  Post  Office (such a s  Ketchikan Post Office) KETP 

WRNA 

PETH 

HAND 

MCGF 

S t a t i o n  a t  a i r p o r t  (such a s  Wrangell a i r p o r t )  

A t  harbor entrance (such a s  Petersburg harbor) 

A t  dock entrance (such a s  Haines small boat dock) 

A t  Federal av ia t ion  building (such as  McGrath FAA 
headquarters) 

A t  r a i l r o a d  s t a t i o n  (such as  Anchorage) ANCR 

TB5 ? A t  a  questionably i d e n t i f i e d  o r  hard-to-read mark 
(such as Tidal  bench mark 5) 



Naming Conventions for Southeast Alaska 

SA--,SB--,SC--,SO--, Stations first read with Worden meter 226 in 
southeast Alaska in 1968 

SZ--.SY--,SX--,SV--,ST--, Stations first read with LaCoste meter G-08 in 
SP--, SN--, southeast Alaska in 1968 

SW--,SU--,SQ--,SP--,SM--, Stations first read with LaCoste meter G-17 in 
SL--, SK--, southeast Alaska in 1968 

Stations first read with Worden meter 226 in 
southeast Alaska in 1969 

QZ--~QY--~QX--8QW--7Qv~V~ Stations f i r s t  read with LaCoste meter G-58 in 
QU--,QT--,QR--,QP--,QM--, southeast Alaska in 1969 
QS--,QQ--,QN--,QL--, 



Source o r  Type of Measurement 

Codes f o r  USGS Alaskan Gravi ty  Data 

Table 2 

P o s i t i o n  Codes 

Map used f o r  f i e l d  work Transfer  from 
o r  f o r  reading l a t i t u d e s  & longi tudes good poor t r a n s f e r  s m a l l e r s c a l e  
o r  which con t ro l l ed  l o c a t i o n  p r e c i s i o n  loca t ion  loca t ion  from photo f i e l d  map 
Modern publ i shed  maps, s c a l e  2 1:63,360 A B C D 
Old o r  unpublished " It 2 1:63,360 F G H I 
Modern 1:250,000 maps K L M N 
Reconnaissance 1:250,000 maps P Q R S 
Coast Survey o r  s p e c i a l  maps U V W X 

Data from o the r  agency - Y 
P o s i t i o n  from s p e c i a l  survey - 2 
No l o c a t i o n  - ?  
Estimated o r  assumed loca t ion-  # 
Near a bench mark - @ 

Table 3 

Gravity Codes 

3 t i e s  o ther  
w i th in  mul t ip le  

t i e s  o r  d r i f t  loops l a s t i n g  

Type of meter 0.1 mgal t i e s  <6 hours 6 -24  hours 1-4 days >4 d a ~  -. 
LaCoste Geodetic meters A B C D E F 
Worden o r  (loop d r i f t  c o n t r o l )  G H I J K L 
World-Wide (o ther  d r i f t  " ) M N 0 P (2 R 

meters  (no d r i f t  c o n t r o l  ) S T U 
Old LaCoste o r  o t h e r  tbermo- 

s t a t e d  meters  v W X 

Data from o t h e r  agencies  - Y 
Reasons t o  expect e r r o r s  - Z 



T a b l e  4 

E l e v a t i o n  Control Code 

Surveys e t c .  

Topo Map Elevations 

Highway & 
:{ai lwqy 

US WB 
Special FAA 

Bench marks Surveys Sea Level Surveys Wisc 
A B C D E 

black brown b Zue unpublished maps 

I F G H I 

Contour intervals 
250 ft. 100 f t .  200 f t .  

R iver  gradient i n t e r p o l a t i o n  J K L 1 
- 

good contour I I M N 
poor It 

I t  P 

Base Distance 
A ! . t i m e t r y  

<?5 miles 15-70 mi les  >70 miles  
Good-repeated readings R S - 
Alticorder o r  o t h e r  good base con t ro l  ! T U - 

Poor control I 

I v W X 

A l t i m e t r y  involving special  adjustments - Y 
No data - ?  
Elevation from nearby bench marks - @ 



Tablc  5 
L, 

Anomaly Accurady Code 

(similar t o  C a l i f o r n i a  USGS observed g rav i ty  code) 

Gravi ty 
Anomaly 

Accuracy 
Code m i l l i g a l s  Typical  Gravi ty o r  Eleva t ion  Types 

1 +0.01 Local surveys w i t h  s p e c i a l  meters and l e v e l i n g  

2 k0.02 Mul t ip le  readings with LaCoste meters on hard, surveyed su r f aces  

3 k0.05 Average Lacoste da t a  a t  s t a b l e  bench marks 

4 + O ,  10 Average LaCoste o r  Worden da t a  a t  sea l e v e l  o r  f r o s t - a f f e c t e d  
bench marks 

5 k0.2 Worden o r  LaCoste da t a  with poor d r i f t  o r  c lo su re  e r r o r s ,  o r  
average d a t a  a t  v e r t i c a l  angle bench marks 

6 i0.5 Data from loops with c lo su re  e r r o r s  this l a rge ,  o r  good d a t a  
us ing  r i v e r  g rad ien t s ,  good photogrammetric e l eva t ions  o r  
well c o n t r o l l e d  a l t i m e t r y  

7 i l . 0  Most surveys based on reasonable a l t i m e t r y  

8 *2.0 Data u s ing  moderate-distance a l t i m e t r y  i n  va r i ab l e  weather o r  
spo t  e l e v a t i o n s  on 100-foot contour i n t e r v a l  maps 

9 +5.0 Data us ing  long-range a l t i m e t r y  i n  bad weather o r  contour  
i n t e r p o l a t i o n  on 200-foot contour  i n t e r v a l  maps 

10 >5 .O Data from surveys us ing  long-dis tance a l t i m e t r y  o r  a l t i m e t r y  
with c o n t r o l  f a i l u r e s  o r  e r r o r s  o r  some 500-foot-contour- 
i n t e r v a l  reconnaissance maps 
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