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The co t of gravity field mea urements can be con iderably reduced if the drift-control reading at ba e 
ta tion are extended to a full day. A high accuracy i achieved by a computerized adju tment of di crepan

cie at profile inter ection . 

Applying thi method , an area having difficult acce wa covered with 12.500 profile kilometre during 
a period of approximately one year. The paper de cribe the e p rience obtained during tm urvey. 

1. I TRODUCTIO 

The adju tment of airborne magnetometric mea urement i relati ely imple. Field 
urvey are planned in uch a way that th data ar ofhigh accuracy and con quently 

I the mi tie of the loop are generall 0 mall that the choice of the adju ting method 
i of minor importance. 

The abo e con ideration do not, howe er appl to mo t marine magnetic mea ure
ment . The e urvey are exclu i el prograrnmed for th be t ei mic re ult whil t 
the magnetometric data are a mere b -product of the ei mic urve and u ually a 
magnetometric map i not con tructed until the area prove promi ing for oil or ga 
production. In the meantime, a con iderable number of urve ha been carried out 
by different companie and a the preparation of contour map wa not planned the 
accurac of the data i inferior to that of airborne data. The method u ed b the 
different geophy ical companie in 01 ed were aried. Diurnal ariation wa generall 
not cotrected , normal field were partly ubtracted etc. The fir t requirement i to make 
a common datum for all data the econd tep i the elimination of linear drift, and 
then the adju tment with higher term polynomial i con id red. 

For the execution ofthe e tep a computer program ha been written which differ 
from the common adju tment m thod . In tead of determining mi tie of loop the 
di crepancie of inter ecting profile (fig. 1) are u ed a the main input value for the 
prograrn. The different term are adju ted indi idually by an iteration procedure 
(Lin er 1974) which gradually dimini he mo t di crepancie . the remaining incon-
i tencie being removed by interpolation. 

Re ult from area where the program ha been applied ha e pro ed that thi method 
i mo t efficient. It al 0 ha been applied to marine gravimetric mea urement which 
are confronted with ba ically imilar problem and accordingl it wa not far-fetched 
to apply the ame principle to gra im tric field mea urement on land. Careful plan
ning of the gra ity urveyallow the difference in reading time between inter ction 
point to be much horter than the time elap ed b tween reading at the two ba e ta
tion . It can be expected that the adju tm nt ba ed on di crepanci only i. e. without 
ba etation re ult in the ame accuracy as the con entional method. 
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Fig. 1 Di crepancie at in ter ection point 

Thi type of adju tment program can onl be applied after completion of the urve . 
Howe er if the gravity meter i read in the morning and the e ening at the ba e 
tation ,th drift of the meter can be linearIy adju ted and preliminar Bouguer map 

can be prepared. The re ulting preliminary alue are accurate enough for electing 
intere ting area that hould be co ered by a more detailed urvey. The final adju t
ment of the di crepancie at inter ection point i done after completion of the urv 
in order to increa e the accuracy of th Bouguer map. In thi ca the con tant and 
linear term of the ad ju ting function ha e to be deleted. The applied higher term 
have to equal zero at both end of the profile in order to maintain the alue at the 
ba etation then the following adju tment can be carried out in tep for each 
indi idual t rm if the adju ting function are orthogonal. A et of function which 
fulfil the e requirement ha been de eloped b Lin er (1976). 

Be ide elaboration of the computer program, the new field procedure require 
pecial crew training. Paki tani Texa gulf Inc. mployed a PRAKL - EISMOS 

gra it party during 1975/76 which applied the abo e de cribed method under the 
upervi ion of the author. High produ tion combined with ufficient accuracy howed 

that thi method i uperior to the conventional field procedure. Thi paper de cribe 
the ecution of the field work of thi urvey. 
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2. TH FIELD CO DITIO 

Th conce ion of Texa gulf In . compri e an ar a of about 25 000 quare kilo
metre the tructural condition of which had to b aluat d within a relati ely hort 
period. It wa planned to initiat exploration combining gra imetric and magn to
m tri urvey. The dient expected that within a fI w month ufficient promi ing 
anomalie could be found to guide a ei mic program in elected area . 

Th P rmit con i ted of three ar a each with different field condition . The b d of 
the Indu Ri er which follow the main part of the on e ion i about 15 to 20 
kilom tre wide during the high water ea on. Thi area i bordered b d ke . It can b 
urveyed on]y in the dry ea on during which time th ri er then relati el mall 

generall ramifie forming e eral partiall dead arm . Th cour ofthe emaIl ri r 
bed change e ery ear aft r th flood and were therefor unknown prior to the 
urvey. The a t area remaining b twe n the d ke i partl co ered band dun 

den e crub and in place during low water ea on b culti ated land. The u e of 
ehid i impo ible in mo t part; car can de cend from the main dyke at onl 

a few place and dead ri er arm cannot be tra er ed by car at all. Therefore th 
tran portation of the ur ey per onnel wa re tricted to the ri er u ing rubber boat 
with outboard motor . All 0 her mo e ould onl be done on foot. 

The permit area were bord red by a wide belt of de ert in which the and dun 
ha e a er gentle gradient to the outh aare ult of the con tant wind blowing 
from th outh. The flank ha e an irregular co er of bu he and mall tr e whil t 
the northern flank of the dune i ry teep and con i t of 100 and. Wherea 
vehide can cro the gently indined outhern flank in an - W direction the te p 
north rn flank cannot be generally cro ed b car . Here tran portation by ehicle 
wa widel re tricted . Although car could bring the urvey p r onnel part of the wa 
from a fly camp to the b ginning of the day working ar a and pick them up in the 

ening mo t of the 10 omotion ho r had to be don on foot or by riding camel . 
amel al 0 carried water food picket for marking tation tc. 
Th area between the main dyke and the de ert i int n i ely culti ated and i 

cro d by numerou canal with a h field being irrigat d b dit he . Although th 
can be cro ed by ehid th repre ent a con iderabl ob tade and therefor it wa 
much more con enient to cro the fi Id by walking than with the aid of car . 

3. THE LAYOUT OF PROFIL 

The detailed de cription of the terrain ha been given to how the difficultie which 
had to be fac d by the crew. Th main ob tade ob tructing the required high pro
duction rate wa the difficulty in e tabli hing a ufficiently controlled net of ba e 
tation . The fl camp to which the Ul ey per onn I had to r turn e er e ening 

could onl be mo ed into area with rea onable acce and con quentl the di tan 
between tbe fly camp and the work area would become larger during the pro ding 
urve. e eral hour wer 10 t due to unprodu ti e move and in addition th 

ob erver con tant tran portation to and from the work area wa ery time-con uming. 
The u e ofhelicopter wa not fea ible. 



After carefull tudying the field condition prior to the ur e it wa decided to 
appl the abo e de cribed inter ection point method. The required accuracy can be 
achieved only if a uitable layout of the profiles guarantee e tabli hing a high number 
of inter ection point . The be t po ible production can be expected only if the ratio 
of productive to unproducti e move i kept a high a po ible. 
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Fig.2 Execution ofmea urement with a ntinimum ofunproductive move 

The measurement were to be made according to fig. 2 here the urvey crew make 
mea urement whene er it cro e an area where gra ity tation can be e tabli hed. 
The layout of proftle tied to one ba etation i hown chematically in fig. 3. The 
area co ered u ing four ba etations i di played in fig. 4. An acutal example of 
profile di tribution that wa carried out during the urvey i depicted in fig. 5, in which 

82 

••••••••••••••••••••••••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••• 
• 0 • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••••• • • • • • • • • • • • • • • 
• • 0 • • • • · . 0" . . . ••••••••••••• • ••••••••••••• • •• ••• 
• • 0 • • • • o 0 0 • • • 0 
000 • • • 0 ••••••••••••••••••••••••••••••• 
• 0 0 0 • • • 
• • • • • • 0 
• • 0 • • • • • • • • • • • ••••••••••••••••••••••••••••••• o • • • • • 0 

• • • • • • • 
• • 0 • • • • • • • • • • • ••••••••••••••••••••••••••••••• 

lIJ FlY CAMP AT BASE STATION 

• INTERSECTION POINT 
••• • PROFilE OF FIELD STATIONS 

Fig. 3 Layout of profile belonging to one fly camp 



one ee that u ually onl thr e to fi e gr it tation v r I 
tion point . It i ob iou that thi di tribution of profil 

aura 

4. EXE UTIO OF THE FIELD UR E 

ted betw n two inter
guarantee a high data 

Th main modifi ation of th routine field work ith re p t to u ual pr dur 
wa th imultaneou ution of the gra ity mea ur m nt and topographi urv 
Th normal pro edure eparate th two ba ic a ti iti be u th gravit ob rv r 
ha to r peatedI return to a ba tation during th da . Th topographi party n 
th other hand can ork con i tentl . This joint op ration whi h i po ible becau 
the gra ity m ter operator n ed approximateI the ame tim a the urv or if b th 
ar walking ha an important ad antag in that of th gra 'ty tation marked b th 
topograph r i ea il re 0 r d by the operator. In an rah r fire-wood i Id 
by the pound mo t of th peg di appear , ithin 24 hour. h r r po ibl th 
gra it tation i mark d not onl b a picket but al 0 with pra paint. 

tation m 
map. 

In ord r to reach profil ituat d far awa from th fly camp con id r-
abI tim i r quired b for th m a ur m nt an tart in th m ming and b for th 
Ioop for th linear drift can be 10 ed in the e ening. The fmal adju tment re ult 
be impro ed if th met r op rator r ad the in trument t inter ting point 1 
long hi route in the morning and th e ening . 

..................................... · . . . . . . . . . . . . · . . . . . . . . . . . . ..................................... · . . . . . . . . . . . . · . . . . . . . . . . . . .................. -.................. . · . . . . . . . . . . . . 
• • OJalO ••• • ~ •• ........ Ii!7............... . ...... . 
: : : .1: : : : :. :: .................. ' .................. . · . . . . . . . . . . . . · . . . . . . . . . . . . ..................................... · . . . . . . . . . . . . · . . . . . . . . . . . . ..................................... 
• • 0 0 • • • • • • • • • · . . . . . . . . . . . . ..................................... · . . . . . . . . . . . . 
• • 0 • 0 • • • • • • • • ..................................... 
• • 0 • • 0 • • • • • • • 

• • • Im.. • • • • ..II!Il. • • ••••••• 01&7"..! •••••••••••••• 'ISit •••••••• 
: : : .~: : : : : • 4: : : ..................................... · . . . . . . . . . . . . · . . . . . . . . . . . . ..................................... · . . . . . . . . . . . . · . . . . . . . . . . . . ..................................... 

(I] FLY CAMP AT BASE STATION 
• INTERSECTION POINT 

(TOTAL-169) 

• • • • PROFILE OF FIELD STATIONS 

Fig. 4 ompo ition of four bIo k belonging to Cour 11 amp nter tion point method) 



e BASE STATION 
• INTERSECTION POINT 
o FIELD STATION 
o 10 KM 

, : t , , t , C , , 

Fig. 5 Actual example of profile di tribution 

5. DJ U TME TOFTHEDATA 

The con entional method determine the ab olute gra ity for each gravit tation 
that i to ay the mea ured gra it corrected for the drift only and tied to the ba e 
net. Di crepancie at inter ection point can be adju ted in the ame way ifthe e point 
can be completel reco ered. Howe er a mall horizontal hift of the gra ity tation 
can re ult in a con iderable eIe ation difference. The ab olute gravity therefore can 
differ by e eral milligal whenever the picket cannot be found. Since the Bouguer 
anomaly i generally much moother than the topography, ami location of the gravity 
tation affect the Bouguer anomaly much le than the ab oIute gravity and there

fore the Bouguer anomaly at the inter ection point ha been adju ted in tead of the 
ab olute gravity. At one time a profile cro ed a former line which wa not then 
recognized by the urvey party and it wa not until after plotting the gra ity tation 
on a map that the inter ection of the profile wa identified. In uch ca e the mapping 
pro ided o-called " fictitiou inter ection point ' . For the e point the fictitiou 
Bouguer alue and reading time are obtained by interpolation and in erted in 
chronological order into the input data for the lat r adju tment. 

The crew determined pro i ional Bouguer alu and prepared provi ional contour 
map , and they al 0 'prepared a li t of the data required for adju tment. Thi li t 
compri ed all mea urement e cept tho e needed for the e tabli hement of the ba e 
tation, and contained the profile number tation number, time of mea urement and 

pro i ional Bouguer anomal . Whenever a gra it tation wa reoccupied, the pre iou 
profile and tation number were noted. Thi li ting wa the input for the computer 
program. 

The fir t tep of the computer program i the completion of information. When a 
tation ha been reoccupied the topographer note in the field heet the profile num

ber and tation number of one previou reading at thi point. Thi annotation doe 
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not give information about sub equent readings at the ame tation. Whenever an 
interseetion point i repea ted more than once, each adj ustment ha to compare the 
reading to be adju ted with the mean value of all other reading . Therefore, the li st 
of computer input value ha to contain the profile and tation number of a ll inter
secting profiles for each interseetion point. Thi updating of the data i included in the 
computer program. Th progra m doe not require that each repetition identifies the 
profile and station number of the fir t reading. ny other imple identification 
enables the computer to complete the li ting. Only the following combination has to be 
avoided: a multiple interseetion point consists of the readings A, B, C und D. If the 
topographer indicates that A is identical to B and C is identical to D , the computer 
doe not identify the pair A- B with the pair C- D. Thus, if different survey part ies 
opera te in the ame area, the field notes have to be checked carefully to avoid the 
plitting of one intersection point into two different unit . 
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Fig. 6 Adju tment of measurements with extremel y irregular di tribution of inter ection points 
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When the crew i returning to th fly camp gra ity reading of the ame loop can 
be repeated. The e point can then be proce ed like inter ection point . 

After updating the li t of input data it i recommend d to define a fIle containing 
only the inter ection point . The e alue are corrected iteratively by polynomial . 
Th coefficient for each profile and for each polynomial term are accumulated and 
after fini hing the adju tment the e accumulated coefficient are applied to the 
original compiete field data file. The la t tep i the final interpolation of re idual 
di crepancie . 

Gravity and magnetic were mea ured imultaneou ly and it wa intended to adju t 
both et of alue likewi e. Howe er th combined adju tment wa not po ible 
becau e a few inter ection point were mi ing in the et of magnetometric data. 

The drift of the gra ity m ter i a function of time. Therefore the time i the x
coordinate for the adju tment not the horizontal di tance. If due to delay during th 
mea urement the time interval between inter ection point are very irregular (fig. 6) 
it i recommended to di ide the int rval between reading at inter ection point into 
equidi tant portion . 

6. PRODUCTIO DACC URACY 

The crew op rated in 2 to 4 partie with one gra ity ob erver and one topographer 
each. A total number of 25 000 gra ity tation wa mea ured at 500 m pacing . The 
tim required wa 12.5 month inc1uding time for e tabli hing the ba etation . The 
production of 1 000 profIle kilometer per month in thi area of generally difficult 
acc i at lea t twice the production which could ha e been achie ed for the ame 
co t by the conventional method. 

In the de ert area the 100 e and impaired the le elling and con equently the ac
curacy of the mea ured alue. In all other part of the p rmits ery mooth contour 
line at 0.2 mgal pacing indicate that the accurac i at lea ta high a the re ult of 
m a urement with the conventional trict drift control. 

The computer co ts for the adju tment are minimal compared to the co t of the 
field work. A minicomputer with 32 k, 16 bit word and with di k i ufficient for the 
e ecution of the program. If uch a minicomputer i a ailable in the urvey area the 
Bouguer map can be continuall updated du ring the urvey. 
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