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LAND DATA FORMAT
RECORD DESCRIPTION
126 characters
Col. 1-8 B.G.I source number (8 char.)
$-16  Latitude (unit : 0.00001 degree) (8 char.)
17-25  Longirude (umit : 0.00001 degree) 9 char.)
26-27  Accouracy of positon ) (2 char.)

The site of the gravity measurements is defined I 2 circle of radius R

0 =no information

1 - R <=5 Meters

2=5<R <= 20 M (approximately 0'01)

3=20<R<=100M

4 =100 <R <= 200 M (zpproximately 0'1)

5=200<R<=500M

6=500<R <= 1000M

7= 1000 < R <= 2000 M (approximately 1

8=2000 <R <=5000 M

9=5000M <R

10...

28-2%  System of positioning (2 char.)

0 = no information

1 = topographical map

2 = trigonometric positoning

3 = sateliite

30 Type of observation (1 char.)

1 = current observation of detail or other observarions of 2 3rd or 4th order network
2 = observation of a 2nd order national network

3 = observation of z 1st order national nerwork

4 = observation being part of a nation calibration line

5 = coastal ordinary observation (Harbour, Bay, Sea-side...)

6 == harbour base station

31.38 Elevation of the station (unit : centimeter) (8 char.)
3940  Elevarion type (2 char.)
1=1Land
2 = Subsurface

3 = Lake surface (above sea level)
4 = Lake botiom (above sea level)
5 = Lake bottom (below sea Jevel)
6 = Lake surface (above sea Jevel with lake bottom below sea level)
7 = Lake surface (below sea level)
8 = Lake bottom (surface below sez level)
9 =Ice cap (botom below sez level)
10 =Ice cap (bouom zbove sea level)
11 = Ice cap (no information about ice thickness)
4142 Accuracy of elevation (2 char.)
0 = no information
1=E<=002M
2=02<E<=01M
3=1<E<=1
4=1<E<=2
S5=2<E<=5
6=5<E<=10
7=10<E<=20
8=20<E<=50
9=50<E <=100
10 =E superior 1o 100 M
43-44  Determination of the elevation (2 char.)
0 =no informadon
1 = geometrical levelling (bench mark)
2 = barometwical levelling
3 = migonometric levelling
4 = data obtained from topographical map
S = data directly appreciated from the mean sez Jevel
6 = data measured by the depression of the horizon

7 =sazellite
45-52  Supplemental elevation (unit : centimeter) (8 char.}
53-61 Observed gravity (umit : microgal) (9 char.)



$2-67  Freeair anomaly (.01 mgal) {6 char.)

£8-73  Bouguer anomaly (0.01 mgal) {6 char.}
Simple Bouguer anomaly with 2 mean density of 2.67. No terrain correction
74-76  Estimation standard deviation free-air anomaly (0.1 mgal) (3 chaz.)
7779 Estmation standard deviation bouguer anomaly (0.3 mgal) (3 chazy
8G-85  Terrain corvection (G081 mgal) {6 char.)
T compuied according to the next menzioned radivs & densicy
86-87 Information about terrain comection (2 ¢har)

$ = no wpographic comection
1 =1 compured for 2 radivs of 5 k. {zone H)
2:mwmpmedfsra:aéias953€’km{zcnei}
3 =1 computed for 2 radius of 100 kom (zome N)
4 = 1 computed for 2 radius of 167 km (zone 02)
11 = computed from 1 km o 167 km
12 =% computed from 2.5 ken 0 167 km
13 = tc compused from 5.2 km to 167 km
14 =ic (unknown radius)
15=zccompu£edzczoneM(22}sm)
16 = 1c computed 1 zone G
17 = ic compwied 10 zone K (188 im)
25 = 1c computed to 48.6 km on 2 curved Earih
26 = 1= computed 1o 64. km on 2 curved Earth

88-91 Density used for terrain correction (4 char.)
9293 Accuracy of gravity (2 cher.)

0 =no information
1=E <=0.01 mgal
2= 01 <E<=0.05 mgal
3=05<E<=0.1mgal
4=0.1 <E<=05mgal
5=05<E<=1.mgal
§=1.<E <=3.mgal
7=3.<E<=5.mgal
8=5. <E<=10mgal
9=10. <E=<=15.mgal
10=15 < E <=20.mgal
11=20. <Emgal
84-9% Correction of observed gravity {unit : microgal) {6 char.)
100-105 Reference station (6 char.)
This station is the base station {BGI number) to whick the concerned stazion is referred



106-108  Apperarus used for the measurement of G

109-111
112

113

114-120
121-126

{.. no information
1.. pendulum apparatus before 1960
2.. lawest pendnlum apparatus (after 1960)
3.. gravimeters for ground meastrements in which the vadations of G xre equilibrated of
detected using the following methods :
30 = torsion balance (Thyssen...)
31 =¢lasdered
32 = bifiler system
34 = Boliden (Sweden)
4.. Metal spring gravimeters for ground mezsirements
41 = Frost
42 = Askania (38-4-9-11-12), Graf
43 = Gulf, Hoyt (helical spring)
44 = North American
45 = Western
47 = Lacoste-Romberg
48 = Lacoste-Romberg, Model D (microgravimeter)
5.. Quarz spring gravimeter for ground measwrements
51 = Norgaard
52=GAE.3
33 = Worden ordinary
54 = Worden (additional thermostat
55 = Worden worldwide
56=Cak
57 = Canadian gravity meter, sharpe
58 =GAG-2
59 = SCINTREX CG2
6.. Gravimeters for under water measurements (at the botiom of the sea or of 2 lake)
60 =Guilf
62 = Western
63 = North American
64 = Lacoste-Romberg
Country code (BGD
Confidentiality
0 = without restriction
..... 1 = with authorization
2 = classified
Validity
G =no validation
1= good
2 = doubtful
3 =1lapsed
Numbering of the station (original)
Seguence number
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3 char.)

(3 char.)
{1 char.)

(1 char.)

(7 char.}
(6 char.)



Col. 1-8
9-16
17-25
26-27

28-29

3138
3946

41-42

43-44

4552
53-61
62-67
68-73

74-76

ECS
SEA DATAFORMAT
RECORD DESCRIPTION
146 characiers

B.GJ. source number {8 char.}
Latitude (unit: 0.00001 degree). {8 char.)
Lopgitade (umit: 0.00001 degres) (% char.)
Accuracy of position {2 char.)

The site of the gravity measurernents is defined in a circle of radivs R
$ =no nformation
1-R<=35 Meters
2=5 <R <=20 M (zpproximately 0'01)
3=20<R<=100M
4= 100 <R <= 200 M (approximarely 0'1)
5=200<R<=500M
6=300<R<=1000M
7= 1000 <R <= 2600 M (approximately 1)
8=2000<R<=500M
9=5600 M <R
10...
Systern of positioning {2 char.)
0 =no nformation
1= Decca
2 = visual observation
3 =rader
4 =loram A
S=loranC
& =omegaor VLF
7 = satellite
8 = solar/stelier (with sextant)
Type of observation (1 char.)
1 = individual observation ar sea
2 = mezn observation at sea obizined from 2 conzinuous recording
Elevation of the station (unit: centimeter) (8 char.)
Elevation type (2 char.)
1 = ocean surfzce
2 = ocean submerged
3 = ocean bottom
Accuracy of elevation {2 chax)
0 = no information
1=E<=0.02 Meter
2=02<E<=01M
3=.1<E<=1
4=1<E<=2
5=2<E<=35
6=5<E<=10
7=10<E<=20
8=20<E<=50
G=50<E<= 100
10 = E seperior to 100 Meters
Determination of the elevarion ’ {2 char.)
€ = no Information
1 = depth obizained with 2 cable {meters)
2 =manomeser depth
3 =corrected acoustic depth {corrected from Mathew's tables, 1939
4 = acoustic depth without correction obtained with sound speed 1500 M/sec. (or 820
fathom/fsec)
5 = acoustic depth obtained with sound speed 1463 M/sec {800 fathom/sec)
§ = depth interpolated on 2 magnetic record
7 = depth interpolated on a chan

Supplemental elevation (8 char))

Observed gravity (unit: microgal) {5 char.}

Free air anomaly (0.01 mgal) (6 char.)

Bouguer anomaly (0.01 mgal) {6 char.)
Simpile Bouguer anomaly with 2 mean density of 2.67. No terrain correction

Estmation standard deviation free-air anomaly (0.1 mgal) (3 cher.)
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7779 Estimation standard deviation bouguer anomaly (0.1 mgal) (3 char.)

80-85  Terrain correction (0.01 mgal) (6 char.)
compuzed according o the next mentioned radius & density
86-87  Information about terrain correction (2 char.)

0 =no wpographic correction
1 = t¢ computed for a radivs of S km (zone H)
2 =tc computed for a radivs of 30 kan (zone L)
3 =tc computed for 2 radivs of 100 km (zone N)
4 = tc computed for 2 radivs of 167 km (zone 02)
11 =1c compuied from 1 km 0 167 kn
12 =tc computed from 2.5 km 1© 167 km
13 =1c computed Fom S.2km 10 167 km
14 =i¢ (unknown radius)
15 = ¢ computed to zone M (22 km)
16 = 1c computed o zone G
17 = 1c computed 1o 2zone X (18.8 km)
25 =1c computed 10 48.6 km on 2 curved Earth
26 =1c computed to 64. km on 2 curved Barth

88-91 Density used for terrain correction {4 char.)
9293 Mathew's zone (2 char.)
when the depth is not corrected depth, this information is necessary. For example : zone 50

Jor the Eastern Mediterrancan Sea
9495 Accwacy of gravity (2 char.)

0 = no information
1=E <= 001 mgal
2=01<E<=005mgal
3=05<E<=0.1mgal
4=0.1<E<=05mga
5=05<E<=1l.mgal
6=1.<E<=3.mgal
7=3.<E<=5.mgal
8=5.<E<=10.mgal
9=10.<E<=15. mgal
10 =15 <E <=20.mgal

11=20.<Emgal
96-101  Correction of observed gravity (xmit : microgal) (6 char.)
102-110 Date of observation {9 char.)
in Juliar. day - 2 400 000 (unit : 1/110 000 of day)
111-113  Velocity of the ship (0.1 knot) 3 char.)
114-118 E&tvss correction {0.1 mgal) (5 char.)
119-121 Country code (BGI) (3 chaz.)
122 Confidentiality (1 char.)

0 = without restriction
1 = with awthorization

2 = classified
123 Validity (1 char.}

0 = no validarion

1= good

2 = doubtful

3 = lapsed
124-130  Numnbexing of the station {criginal) {7 char.)
131-136 Sequence number {6 char.)
137-13% Leg number (3 char.)
140-145 Reference station {6 char.)

Whenever given, the theoretical gravity (7,), free-air anomaly (FA), Bouguer anomaly (BO) are computed in
the 1967 geodetic reference system.

The approximation of the closed form of the 1967 gravity formula is used for theoretical gravity at sea level :
Yo = 978031.85x [ 1+ 0.005278895 * sin? (¢) + 0.000023462 * sin? (¢) ] , mgals
where & is the geographic latitude.

The formulas used in computing FA and BO are summarized below.



Formulas used in computing free-air and Bouguer anomalies

Symbois used :
g : observed value of grovity
¥ : theoretical value of gravity (on the ellipsoid)
r : versical gradient of gravity (approximared by 0.3086 mgalimeter)
H : elevation of the physical surface of the land, lake o7 glacier (H = o ot sea suiface}, positive upward
Dy : depth of water, or ice, positive downward
D2 : depth of a gravimeter measuring in a mine, in a loke, or in an ocean, counted Jfrom the surfoce |, positive
downward
G : gravitetional constant (6672 1013 3 kel 52y =22 G
Pc : mean density of the Earth's crust (taken as 2670 kg m3)
,o;,i : density of fresh water (1000 kg w3 J
o5, : density of salted water (1027 kg m™3)
pi : density of ice (917 kg m™3)
FA : free-air anomaly
BO : Bouguer anomaly
Formulas :

Y FA :The principle is to compare the gravity of the Earth at its surface with the normal gravity, which first requires

*BO :

in some cases io derive the surface value from the measured value. Then, and uniil now, FA is the difference
berween this Earth’s gravity value reduced to the geoid and the normal gravity Yp computed on the reference
ellipsoid {classical concept). The more modern concept *+ in which the gravity anomaly is the difference
benween the gravity at the surface point and the normal ( ellipsoidal) gravity on the telluroid corresponding
point may be adopied in the future depending on other major changes in the BGI data base and data
management system.

The basic principle is to remove from the surface gravity the gravitational attraction of one (or several) infinite
plate (s) with density depending on where the plaze is with Tespect to the geoid. The conventional computation of
BO assumes that parts below the geoid are to be filled with crustal material of density p and that the parts
above the geoid have the density of the existing material (which is removed).

¥ ¢f. "On the definition and numerical computation of free air gravity anomalies”, by H.G. Wengel, Bulletin dInformation, BGL n°
64, pp. 23-40, June 1989.



Eor example. if a measurement gy is taken at the botom of a lake, with the bottom being below sea level, we have :

i.ake surface

gs=gM+2e’cp£Dz -I'Dy

=FA=ge+ TH-7
Removing the (acuual or virtual) topographic masses as said above, we find :
8g,=g,—kpl D, +kp (D, ~H)
=g, ~kp[[H+(D,~W)]+kp, (D, -H)
=g, —kpl H+k(p,~pi XD, ~H)
= BO=6g +T H-v,
The rable below covers most frequent cases. It is an update of the list of formulas published before.

It may be noted that, although some formulas look different, they give the same results. For instance BO C)
and BO (D) are identical since :

~k pH+k(p.~pXD, —~H)=—k p,(H-D,+ D))~ k(p,— p,)H - D,)
=—kp, D —kp (H-D,)

Similarly, BO (6}, BO (7) and BO (8} are identical.



§§ev. Situation Formulas
iype
i Land Observation-surface FA=g+ITH-y,
- BO=FA- kp H
2 Land Observation-subsurface FA=g+2kpcDy+(H-D2)-y
BO=FA- kp.H
3 Ocean Surface Fh=g-y
BO=FA +k{pe- 0’ )D;
4 Ccean submerged FA=g+(2k D, -N)Dy-7,
BO=FA+k(ps pS)D;
s Ocean bottom FA=g+(2kp,,-T)Dj -7
BO=FA+k(pe~p )D;
6 Lake surface above sea level FA=g+TH-vy,
with bottom above sea level BO=FA-k pIDy-kp, (H-Dp)
7 Lake bottom, sbove sea level FA=g+2k plDr+I(H-Dy)-y,
BO=FA-k piDj-kp.(H-Dp)
8 Lake bottom, below sea level FA=g+2kplD;+I(H-Dyj-y,
BO=FA-kplH+k(pc. ply;-1)
9 Lake surface above sea Jevel FA=g+TH-y
with bottom below sea level BO=FA-k pLH+Z(pc. pl)D;-5)
A Lake surface, below sea level (here H < o} FA=g+TH-y,
BO=FA-k pcH +k(p.. pljD;
B Lake bottom, with surface below sealevel (H <o)~ FA=g+(2kpl -1)D; +TH - 4,
BO=FA-k peH+k(p,. pl Dy
C Ice cap surface, with bottom below sea level FA=g+TH-y,
BO=FA-kpiH+k(pc. pi)(D1-H)
D Ice cap surface, with botiom above sea level FA=g+ITH-y,

BO:FA-%Q;D;-;%;)C (H-Dj)

15



2.6 Satellite Altimetry Data

BGI has access to the Geos 3, Seasat and Geosat data bases which are managed by the Groupe de
Recherches de Géodésie Spatiale (GRGS). These data are now in the public domain. ERSI and TOPEX-POSEIDON
data are not.

Since Jaruary 1, 1987, the following procedure has been applied :

(@) Requests for satellite altimetry derived geoid heights (N}, that is : ime (julian date}, longitude, latitude, N,
are processed by BGI. for small areas (smaller than 20°x 20° ), and forwarded to GRGS for larger areas.

(b} Requests for the full altimeter measurements records are forwarded 10 GRGS, or NASA in the case of
massive request.

In all cases, the geographical area (polygon) and beginning and end of epoch (if necessary) should be
given.

All requests for data must be sent 1o :

Mr. Gilles BALMA
Bureau Gravimérrique International
18, Avenue E. Belin - 31055 Toulouse Cedex - France

In case of a request made by telephone, it should be followed by a confirmation letter, or telex.
Except in particular case (massive data retrieval, holidays...) requests are satisfied within one month following
the reception of the written confirmation, or information are given concerning the problems encountered.

If not specified, the data will be written, formatted (EBCDIC) on labeled 9-track tape (s} with a fixed block
size, for large amounts of data, or on diskette in the case of smail files. The exact physical format will be indicated in
each case.



3. USUAL SERVICES BGI CAN PROVIDE

The Iist below is not restrictive and other services {massive retrieval, special evaluation and producs...) may
be provided upon reques:.

The costs of the services listed below are o Tevision of the charging policy established in ] 981 (and revised in
1989} in view of the caregories of users : {1} contribuiors of measurements and scientists, (2} other individuals and
private companies.

The prices given below are in JFrench francs. They have been gffective on January 1, 1992 and mazy be revised
periodically.
3.1 Crarging Policy for Data Contributors and Scientists

For these users and until further notice, - and within the limitation of our in house budget, we shall only

¢

charge the incremenial cost of the services provided. Ir all other cases, a different charging policy might be applied.

However, and at the discretion of the Director of B.G.I., some of the services listed below may be provided free
of charge upon request, ro major data contributors, individugis working in universities, especially studenss ...

3.1.1. Digitel Dara Retrieval

- on one of the following media :

* Printowl e 2 F/I00 lines

* diskette.nnnnnnnnn...... 25 F per diskette (minimum charge : 50 F-
* magnetic tape ..., 2 F per 100 records

+ I00 F per tape - 1600 BPT
(# the tape is not 10 be returned)

. minimum charge - 100 F

- maximum manber of points : 100 000 ; massive data retrieval (in one or several batches) will be processed
and charged on a case by case basis.

3.1.2. Data Coverage Plots - in Black and White, with Detailed Indices
- 20%20° blocks, as shown on the next pages (maps 1 and 2) : 400 F each ser.

- For any specified area ( reciangular configurations delimited by meridians and parallelsy : 1. F per degree
square : 100 F minimum charge (at any scales, within a maximum plot size of 190 cmx 180 cm).

- For area inside polygon : same prices as above, counting the area of the minimum reciangle comprising the
poiygon.

3.1.3. Daia Screening

{Selection of one point per specified unit area, in decimal degrees of latitude and longitude, i.e. selection of
first data point encountered in each mesh area).

- SFI100 poinis to be screened.
. 100 F minimum charge.
3.1.4. Gridding
{interpolation at reguiar intervals A in longitude and A" in latinude - in decimal degrees) :
-I0FHAL' } per degree square
. minimum charge : IS0 F

. maximum area : 40°x 40°



3.1.5. Contour Maps of Bouguer or Free-Air Anomalies
At a specified contour interval A(1,2,5,... mgal), on a given projection :
10 F| A per degree square, plus the cost of gridding (see 3.4) after agreement on grid stepsizes. (at any scale,
within a maximum map size for : 90 cm x 180 cm).
L250F m;mmum charge
. medmum area : 40° x 40°
3.1.6. Compuwzation of Mean Gravity Anomalz‘e;s
(Free-air, Bouguer, isostatic} over AxA" area : I0FIAA per degree square.
. minimum charge : 150 F
. maximum area : 40°x40°
3.2. Charging Policy for Other Individuals or Private Companies
3.2.1. Digital Data Retrieval
..1 F per measurement
. minimum charge : 150 F
3.2.2. Data Coverage Plots, in Black and White, with Detailed Indices
.2 F per degree square ; 100 F minimum charge. (maximum plot size = 90 cm x 180 cm)

- For area inside polygon : same price as above, counting the area of the smallest rectangle comprising ihe
polygon.

3.2.3. Daza Screening
. I F per screened point
. 250 F minimum charge
3.2.4. Gridding
Same as 31 4.
3.2.5. Contour Maps of Bouguer or Free-Air Anomalies
Same as3.1.5.
3.2.6. Computation of Mean Gravity Anomalies
Same as3.1.6.

3.3. Gravity Maps

The pricing policy is the same for all categories of users
3.3.1. Catalogue of all Graviry Maps
Printous : 200 F

Tape 100 F (+ rape price, if not to be returned)
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3.2.2. Maps

. Gravity anomaly maps (excluding those listed below) : 100 F eack

. Special maps :
Mean Aldude Maps
FRANCE {1:600000) 1548 6 sheets 65 FF the ser
WESTERN EURCPE  (1:2 600 008) 1948 I sheet SSFF
NORTH AFRICA {1:2 6006 000} 1950 2 sheeis GO FF the ser
MADAGASCAR {1:1 600 660) 1955 3 sheets 55 FF the set
MADAGASCAR {1:2 600 600) 1956 I sheer E0FF
Maps of Gravity Anomalies
NORTHERN FRANCE Isostatic anomalies {1:1 000 000; 1954 55 FF

SOUTHERN FRANCE Isostatic anomaiies Airy 50 (1:1 000 000) i954 35 FF
EUROPE-NORTH AFRICA Mean Free air anomalies {1:1 000 000) 1973 S0 FF

World Maps of Anomalies (with text)

PARIS-AMSTERDAM Bouguer anomalies (1:1 000 000; 1959-60
BERLIN-VIENNA Bouguer anomalies (2:1 000 000} 1962-63
BUDAPEST-OSLO Bouguer anomalies {1:1 000 000; 1964-65
LAGHOUAT-RABAT Bouguer anomalies {1:1 000 000) 1970
EURGPE-AFRICA Bouguer Anomalies {1:10 000 000) 1875
EUROPE-AFRICA Bouguer anomalies-Airy 30 (1:10 000 000 ) 1962

Chars of Recent Sea Gravity Tracks and Surveys (1:36 000 000}

CRUISES prior 1o 1970 65 FF
CRUJSES 1870-1975 65 FF
CRUISES 1975-1977 65 FF

Miscellaneous
CATALOGUE OF ALL GRAVITY MAPS
listing 200 FF
tape 300FF
THE UNIFICATION OF THE GRAVITY NETS OF AFRICA
Vol 1and2) 1979 I50FF
- Black and white copy of maps : IS0 F per copy

. Colour copy : price according to specifications of request.

65 FF

S5FF

65 FF

65 FF

180 FF with text
120 FF without wext
63 FF

Mailing charges will be added for air-meail parcels when "Air-Mail” is requested)
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4. PROVIDING DATATO B.G.L

4.1. Essential Quantities and Information for Gravity Data Submission
1. Position of the site -
- latitude, longitude (1o the best possible accuracy),
- elevation or depth :
.jor land data : elevation of the site (on the physical surface of the Earth) *
. for water stations : water depth.

2. Measured (observed) gravity, corrected to eliminate the periodic gravitational effects of the Sun and Moon, and the
Instrumerz drift = :

3. Reference (base) station (s) used. For each reference station (a site occupied in the survey where a previously
determined gravity value is available and used to help establish dawm and scale for the survey), give name,

reference station number (if known), brief description of location of site, and the reference gravity value used for that
station. Give the datum of the reference value ; example : IGSN 71.

4.2. Optional Information
The information listed below would be useful, if available. However, none of this information is mandatory.
. Instrumental accuracy :

- identify gravimeter (s) used in the survey. Give manufacturer, model, and serial number, caiibration factor {(s)
used, and method of determining the calibration factor (s).

- give estimate of the accuracy of measured (observed) gravity. Explain how accuracy value was determined.
. Positioning accuracy :

- identify method used 10 determine the position of each gravity measurement site.

- estimate accuracy of gravity station positions. Explain how estimate was obiained.

- identify the method used to determine the elevation of each gravity measurement site.

- estimate accuracy of elevation. Explain how estimate was obtained. Provide supplemeniary information, for
elevation with respect to the Earth's surface or for water depth, when appropriaze.

. Miscellaneous information :
- general description of the swrvey.
date of survey : organization andlor party conducting survey.
- if appropriate : name of ship, identification of cruise.
- if possible, E6tvds correction for marine data.
. Terrain correction

Please provide brief description of method used, specify : radius of area included in compuiation, rock density
factor used and whether or not Bullard’s term (curvature correction } has beern applied.

* Give supplementary elevation data for measurements made on towers, on upper floor of buildings, inside of mines or
tunnels, atop glacial ice. When applicable, specify whether gravity value applied to actual measurement site or it has
been reduced to the Earth's physical surface (surface topography or water surface)

Also give depth of actual measurement site below the water surface for underwater MNEasurements.

** For marine gravity stations, gravity value should be corrected to eliminate effects of ship motion, or this effect
should be provided and clearly explained.
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Isostazic gravity

Please specify type of isostatic anomaly compuzed.
Exgmple : Airy-Heiskanen, T = 30 km.

. Description of geological setting of each size

4.3. Formais

Actually, any format is acceptable as soon as the essential quantities listed in 4.1. are present, and provided that the
contributor gives satisfactory explanations in order o interpret his daia properiy.

The contributor may use the EOL andlor EOS formazs as described above, or if he wishes so, the BGI Official Data
Exchange Format established by BRGM in 1976 : "Progress Report for the Creation of @ Worldwide Gravimetric Data
Bank”, published in BGI Bull. Info, n° 39, and recalled in Bulletin n°50 (pages 112-113).

If magnetifc tapes are used, contribuiors are kindly asked to use 1600 bpi, unlabelled tapes (if possible), with no
password, and formatted records of possibly fixed length and a fixed blocksize, too. Tapes are returned whenever
specified, as soon as they are copied



PARTII
CONTRIBUTING PAPERS
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Nouveau réseau de bases de référence pour le Noxd de TAlgérie

Mouloud IDRES*, Amar BOURMATTE ef Tahar AEA®

*USTHB, Institut des Sciences de Ia Terre, Dévarternent de Géophysique, BP32, Beb-Bzzouar El-Ala, Alger (Algérie),

°Géosciences-Rennes, Université de Rennes 7, Laboratoire de Géophisique Interne, Campus de Beaulien, 35042 Rennes
cadex (France)

Résumé - Le premier réseau de bases de référence de T'Algérie a2 €€ réalisé par Lagrula (1951;
1959). La précision de celui-ci est de T'ordre de 0,2 3 0.3 mgal alors que celle de la base de
Bouzaréa est de I'ordre du mgal (Lagrula, 1951; 1959). Limpossibilité de retrouver sur le terrain
Pemplacement des stations Ge ce premier réseau nous 2 obligés, dans un premier temps, & le
ré€tablir pour la partie nord. Ce nouveau résean est compos€ de 74 bases et de 5 stations de
remplacement. Sa compensation a &€ effectuée par la méthode des coefficients auxilaires. La
précision des mesures est de 0,06 mgal. Les valenrs de 1a pesanteur aux stations sont calculées dans
le systeme "IGSN71". La différence entre les valeurs de ce systeme et celles du systéme "LAGRULA",
calcuiées 2 la méme station est de +15,2 mgals.

New gravity base-station network in Northern Algeria

Abstract - A first gravity network has been made in the 50's in Northern Algeria by Lagrula (1951;
19593. The accuracy of this network is in the range of 0.2-0.3 mgal while that of the Bouzaréa base
is in the range of 1 mgal (Lagrula, 1951; 1959). In the Seld, the precise location of this base-station
network can hardly be recognized now because of the topographic changes. We have therefore
realized a new gravity base-station network in that area, thar consists of 74 basis and 5 replacement
stations. Its compensation has been made using the auxiliary coefficients method. Measuremenis
are given within 0.06 mgals error in the "IGSN71" reference frame. The difference between the
values calculated in this system and those using "LAGRULA" system at the same station is +15.2
mgals.

Abridged English version - "LAGRULA" gravity network basis has been determined after direct
and indirect connexions with the Bouzaréa base-station {Algiers), which is one of the international
basis network (Lagrula, 1951; 1959). This network was realized more than 30 years ago and it is
impossible to localize the base stations in the field. This is why we decided to perform a new
gravity network. The use of new gravity-meters makes it possible to achieve a better accuracy.

The Bouzaréa base is located in the CRAAG center (Astronomy Observatory of Algiers). Its
gravity value is 979912 mgals in the "LAGRULA" reference frame. Its accuracy is about 1 mgal
(Lagrula, 1951; 1959). A new value has been calculated from the International Gravity Office, in
the "IGSN71" reference frame. It vields 979896.83 mgals (BGI, 1977, 1973).

The new gravity nerwork in Northern Algeria consists of 74 main basis and 5 replacement
stations. The choice of these sites has been made to have 2 regular ring and to be easily recognized.
The distance between two basis is almost seventy kilometers in the North of the region and one
hundred kilometers in the south (fig.1). The sites are often located next 1o new and official
buildings.

Each base is connected three times to its adjacents. Corrections for the drift and the sun-
moon variations have been taken linear. The final gravity measurements in all stations have been
determined successively from the Bouzaréa base-station. Twenty-two first connexions have been
realized with two gravity-meters, the Wordens 774 and 1112. The second one is new and its
standard coefficient is known. Thus, we have determined the standard coefficient of the Worden
774 and we continued working using it. We then calculated all connexion values and ring-squares
which are different from zero. These ring-squares are the result of error measurements and their
study is a good indicator of accuracy. We made the repartiticn of the squares on all connexions of
each ring with the auxiliary coefficients method before calculating the gravity value in each base-
station. This method does not improve the measurements but give more homogeneity to the
nerwork.

The accuracy of the result is calculated using the ring-squares by dividing it by the connexion
number of each ring. An arithmetic mean is then applied which provides an accuracy of 0.06 mgals.
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This new gravity base-station network is essential to realize any gravity survey in the North of
Algeria. The accuracy resuit is good for a second order network. The choice of the base-station sites
gives 1o the network a long-time duration to realize any gravity survey. The gravity values and
descriptions of the base-stations are given in annex 1 and 2.

I - INTRODUCTION - Les bases de réference du réseau "LAGRULA" ont été déterminées par des
liaisons directes ou indirectes (en passant par d'autres stations du réseau) avec la base de Rouzaréa
(Alger), qui, elle méme, fait partie du réseau mondial (Lagrula, 1951; 1959). Ce résean ayant été
réalis€ il y a plus d'une trentaine d'années, a vu disparaitre I'emplacement de ses stations & cause des
transformations routitres et immobiléres. Nous avons pensé qu'il serait plus facile de réaliser un
nouveau réseau que d'essayer de retrouver I'emplacement des stations constituant ce premier. De
méme, I'utlisation de gravimetres plus récents nous a permis d'obtenir une meilleure précision.

H. LA BASE DE BOUZAREA - Elle est située au centre de recherches en Astronomie, Astrophysique
et G€ophysique (CRAAG, ancien observatoire astronomique d'Alger). Dans le systéme "LAGRULA",
la valeur de la pesanteur a cette base est de 979912 mgals. Sa précision est de I'ordre du mgal
(Lagrula, 1951; 1959). Une nouvelle valeur a été calculée par le Bureau Gravimétrique
International (BGI) pour cette base, dans le systéme "IGSN71", elle est de 979896,83 mgals (BGI,
1977; 1978).

II. CHOIX DES STATIONS DU RESEAU - Le nouveau réseau de bases du Noxd de I'Algérie est
compos¢ de 74 stations principales et de 5 stations de remplacement. L'emplacement de celles-cia
€t¢ choisi de fagon telle que I'on obtienne le maillage le plus régulier possible, d'accés commode et
facile & retrouver. Il est souvent situé 3 proximit€ d'édifices neufs, de batiments officiels,
d’intersection de nouvelles et grandes routes ainsi que de monuments car ceux-ci ne sont pas
susceptibles de disparaitre dans un proche avenir. La distance moyenne entre les bases est d'environ
soixante-dix kilometres au Nord et cent kilométres lorsqu'on se dirige vers le Sud (fig.1). Dans les
cas ot nous avons douté€ du bon choix de cet emplacement, nous avons installé une auwre base 3
proximité que nous avons appelé station de remplacement.

IV. CORRECTION DE DERIVE ET DE VARIATION LUNI-SOLAIRE - Chaque base a é:é relide 2 ses
voisines par un aller-retour-aller, ce qui nous a permis de déterminer deux valeurs de la Haison
entre les deux bases considérées dont nous avons fait Ia moyenne arithmétique pour déterminer la
liaison finale. Pour corriger la dérive (la variation luni-solaire ayant €t€ incluse dans celle-ci), nous
avons proc€dé€ de la facon suivante:

Soient: Deux bases A et B et

Las, la lecture faite en A au temps ty;

Lp2, la lecture faite en B au temps tp, en partant de A;
Las, La lecture faite en A au temps t3, en revenant de B;
Lpy, la lecture faite en B au temps t, en repartant de A.

Pour corriger l'influence de la dérive, nous I'avons supposée lin€aire car le temps de fermeture sur
Ia méme base n'a jamais dépassé wois heures. Ce qui nous a permis de calculer la dérive en A, qui
est (Las-Laz1) pour un temps (t3-t;), ensuite nous avons déterminé la lecture en A an temps o (Laz)
gréce 2 la relation suivante: Lap =La;+ (La3-Lai) (to - t1)/(t3 - 1),

Nous avons ensuite déterminé la premiére laison (Ip2-La2) et de la méme facon (Lps-Las) dont
nous avons fait la moyenne pour déterminer Ia liaison finale entre les bases A et B {Lz-La). Sinous
supposons connue la pesanteur en A (ga), alors la pesanteur en B (gg) est donnée par la relation:

g8 = ga + k(Lp-La),

ou k représente le coefficient d'étalonnage du gravimetre utilisé,

V. ACQUISITION DES DONNEES - Les vingt deux premieres laisons ont été effectuées avec deux
gravimetres ensemble, les Worden 774 et 1112 dont le dernier était nenf. L'utilisation de ces deux
appareils ensemble nous a permis d'éralonner le premier grace au second (dont la constante était
connue) et de contourner le probléme de l'inexistance de bases d'¢étalonnage (leur emplacement
ayant disparu). Le reste des liaisons a été établi avec le Worden 774. La détermination du
coefficient d'étalonnage de celui-ci s'est faite grice 4 la relation: kypg = Kz a2 YL ),
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ob Liiip et Lyys sont les Haisons effectuées entre deux mémes bases avec les denx gravimétres
respectivement. Nous avons choisi comme coefficient d'étalonnage du gravimétre Worden 774 Ia
moyenne des vingt deux valeurs de celui-ci ainsi obtenue.

V1. COMPENSATION DU RESEAU - Aprds avoir déterminé les valeurs des différentes Haisons entre
les bases, nous avons obtenu un réseau de mailles formées par ces liaisons. Nous avons alors
calculé I'écart de fermenure de chaque maille. Celui-ci serait nul si les valeurs des liaisons, donc des
mesures, €taient rigoureusement précises, ce qui n'est pas le cas. Nous pouvons dire que cet écart
est un bon indicateur de la précision des mesures. Afin de donner aux résuitats une certaine
homogénéite, nous avons compensé le tésean obtenn, avant de déterminer la pesanteur en chague
station. La méthode utilisée est celle des coefficients auxiliaires. Elle présente, sur la méthode de
Kirchoff, I'avantage de réduire de moitié le nombre d'équations 2 résoudre. Avant de Tutliser, il est
nécessaire de prendre certaines précautions:

- L'orientation de la liaison se fait de la base o Ia lecrure est 1a plus faible 2 celle o elle est la plus
€levee, ainsi toutes les Haisons seront positives.

- On définit un sens conventionnel de rotation pour I'ensemble des mailles et I'on compiera en
posidf toutes les Haisons orientées dans ce sens et en négatif celles orientées dans le sens contraire.
Ainsi les €carts de fermeture prendront un signe.

Soit la maille i, Fy; est son écart de fermeture et Pxu le nombre de Haisons gui la composent. N, 1%y
est le nombre de cOtés communs aux mailles A et i et Ly est son coefficient auxilisire.
ry

L'application de Ia relation (1) 2 I'ensemble des mailles nous permet d'obtenir un systdme linéaire
A.X=B de dimension le nombre de liaisons (dans notre cas quarante sept) ot X représente
I'ensemble des coefficients auxiliaires. Nous avons résolu ce systeme avec la méthode de Gauss,
Pour déterminer la correction, Ey, 2 apporter & chague liaison k nous avons utilisé la relation
suivante:

Ex=-2 Exlg avec

o

Exo = +1 si Ia Haison k est parcourue dans le sens pOSitif,

-1 si elie est parcourue dans le sens négatif,
0 si elle n'appartient pas  la maille ¢

On détermine alors les valeurs compensées des différentes Haisons en ntilisant 12 relation suivante:
Mi=N;+E; 1E[1L4T]

ol M; est la liaison corrigée et N, la liaison non corrigée.

Nous avons vérifié que tous les carts de fermeture calculés 3 partir des Haisons corrigées sont nuls.

VII. PRECISION DES RESULTATS - Pour déterminer Iz précision des résuitats obtenus, nous nous
Sornmes appuy€s sur le fait que I'écart de fermerure d'une maille du résean est le résultat des erreurs
commuses sur les différentes liaisons qui la composent, donc des différentes mesures effectuées.
Nous avons alors calculé le rapport de 'écart de fermeture de chague maille au nombre de Haisons
de celle—ci dont nous avons déterminé une moyenne arithmétique de 0,06 mgal qui est considérée
comnme la précision du réseau.

VII. CONCLUSION - Le nouveau résean de bases de référence gque nous avons €tabli est
indispensable 2 la réalisation de la couverture gravimérique du Nord de 'Algérie. 11 est 2
remarquer que les stations de ce réseau sont éloignées les unes des aumes et D¢ permettent pas le
tracé d'une carte d'anomalies (d'ol I'inutilité de donner les coordonnées x,v,z des différentes
stations). Nous pensons que la précision des résultats obtenue est acceptable pour un réseau du
second ordre. Le choix de I'emplacement des bases du réseau 3 proximit€ d'édifices récents Ini
confere une durée de vie suffisante pour la réalisation de la couverture gravimétrique. La valeur de
la pesanteur aux différentes stations, ainsi que la description de leur emplacement exact sur le
terrain sont données en annexes 1 et 2.
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Amnnexe 1: Pesanteur aux différentes stations du nouveau réseau dans le systeme "IGSN71"
Annex 1: Gravity data of the new network in the "IGSN71” frame

Ne LOCALITE gig71lmgalsy N° LOCALITE g1971(mgals}
01 Bouzaréa ~ 979896.8 40 El-Khroub 979663.0
1R Dar-El-Beida 9798894 40R  Constantine 979659.0
02 Cherchell 979926.8 41 Oued-Zenati 979686.5
03 Khemis-Miliana 9797694 . 42 El-Hadaick 979921.7
04 Meédéa 979633.2 43 El-Milia 979902.8
05 Bir-Ghbalou 9796915 44 Tlemcen 9795102
06 Dra&-Ben-Khedda 979923.8 45 Ras-El-Ma 979376.4
07 Téngs 979915.0 46 El-Aricha 979316.7
08 Chlef 9798124 47 Bougtob 979358.8
6y Tissemsilt 979517.0 48 Méchria 9792804
10 Hassi-Feddoul 979527.1 49 Ain-Sefra-1 979211.3
11 Bougzoul 979578.1 49R  Ain-Sefra-2 9792134
12 Ain-El-Hdjel 979597.2 50 El-Bayadh 979239.6
13 Msila 979580.2 51 Afiou 979261.2
14 Bordj-Bou-Arreridj = 9795828 52 Laghouat 979395.3
15 M'Chedallah 979746.8 33 Ghardaja-1 97935%.5
16 El-Kseur 979870.7 54 Messaad 979370.7
17 Khadra 979856.2 55 Berriane 979386.8
18 Relizane 979777.1 56 Guerrara 9794254
19 Tiaret 979473.0 57 Ghardaia-2 9793219
20 Hassi-Bahbah 979479.0 58 El-Alia 979471.8
21 Bou-Saada 979566.8 59 Cuargla 979385.8
22 Magra 979559.8 60 Hassi-Messaoud-1 979370.7
23 Sétif 979562.4 60R  Hassi-Messaoud-2 9793750
24 Souk-El-Tnine 979899.9 61 Touggourt-1 979467.8
25 Mostaganem 979798.7 62 Touggourt-2 979511.0
26 Oran 979808.3 63 Biskra-2 9795922
27 Sidi-Bel-Abbes 979616.0 64 El-Gued 979530.2
28 Mascara 979620.1 65 Khangat-Sidi-Nadj = 979586.7
29 Saida 9794725 66 Négrine 979531.3
30 Ain-Kermes 979431.1 67 Khenchela-1 979478.1
31 El-Idrissia 979360.8 67R  Khenchela-2 979479.7
32 Dielfa 979374.8 68 Tebessa 9795294
33 Ain-Fl-Melh 979453.1 69 Ain-Beida 9795425
34 Culed-Dielial 979597.1 70 El-Aouinet 97962%9.0
35 Biskra-1 979618.6 71 Guelma §79790.1
36 Ain-Touta 979478.1 72 Souk-Ahras 9796779
37 Batna 9794772 73 Annaba 979925.7
38 Ain-Mtila 979596.9 74 Ei-Kala2 979911.8
39 Cued-Athmania 979655.2
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Amnmexe 2: Description de I'emplacement des stations de référence
Annex 2: Description of the location of the reference stations

(1-Bouzaréa (CRAAG): Ancien burean du t€lescope Foucault. A lintérienr, devant la porie d'entrée
¢t sur la plague de marbre.

01R-Aéroport international d'Alger (station de remplacement): Pavillon des lignes internadonales,
du b€ le plus proche de la tour de conwrdle, dans la salle 1a plus 2 gauche et devant le pilier central
le plus procke de la porte donnant sur la piste datterrissage.

02-Cherchell: Au musée de la ville, sur la partie droite de 1a marche d'escalier.

03-Khemis-Miliana: A I'intersection des routes N4, N14 et N18. En venant de Médéa et & droite du
pont se trouvant avant cette intersection.

04-Médéa: A Tintersection des routes N1 et N18, au milieu de la marche supérieure de la stelle
€rigée sur le terre-plein de la route d'Alger.

05-Bir-Ghbalou: A lintersection des routes N8 et N18, au milien du terre-plein circulaire central.

06-Drag-Ben-Khedda (Tizi-Ouzou): En venant d'Alger, 2 environ 500 métres de l'entrée da village
et sur la partie droite du trottoir de l'entrée du pont de Oued Sebaou et qui méne vers Sidi-Nadmane.

{07-Ténes: Monument du centre ville, sur ia partie droite de la marche supérieure.

08-Chlef (ex El-Asnam): A l'intersection des routes N4 et N19, sur la marche supérieure de la stelle
€rigée 2 Y'occasion du lancement des ravaux de reconstruction de cette ville aprés le séisme du
10/10/1980.

09-Tissermsilt: Au monument du centre ville, sur la partie droite de la marche supéricure.

10-Hassi-Feddoul: Intersection des routes N4Q et W77, en aliant vers le village, & gauche et sous la
plague indicatrice de direction.

11-Bougzoul: Intersection des routes N40 et N1, sur le terre-plein triangulaire central se trouvant
sur la route menant vers Dielfa.

12-Ain-El-Hdjel: Intersection des routes N8 et N40, en venant de Misila et sur le terre-plein le plus
a droite.

13-Msila: En venant de Bordj-Bou-Arreridi, on tourme 2 gauche au rond point central, la station se
rouve sur la partie droite de l'entrée du pont de Oued M'sila, qui Iui méme se trouve sur la route de
Barika.

14-Bordj-Bou-Arreridj: A la sortie de 1a ville, en allant vers Misila, sous le pont du chemin de fer, &
T'entrée et 2 gauche de celui-ci.

15-M'Chedallah: En allant vers Sédf et Alger, sur la partie droite de l'entrée du pont de Oued Sahel.

16-El-Kseur: En Allant vers Béjaiz, 3 environ 500 métres du village, sur la partie droite de l'entrée
du pont.

17-Khadra: Monument du centre du village, sur la partie droite de la marche supérieure.

18-Relizane: Intersection des routes N4 et N23, devant le transformateur de la Sonelgaz et sur la
partie droite de la marche d'escalier.

19-Tiaret: Au sidge de la Wilaya (Préfecture) de Tiaret, devant la porte d'entrée et sur la parte
droite.



20-Hassi-Bahbah: Devant la porte d'entrée de I'agence postale, sur la partie gauche de la marche
inférieure de l'escalier.

21-Bou-Saida: Intersection des routes N8 et N46, sur le terre-plein triangulaire central et devant le
panneau indicateur de direction.

22-Magra: Apres l'intersection des routes N40 et N28, en allant vers Batna et Barika et sur la partie
droite de I'entrée de Oued Nakhal.

23-Senf: Ain-Fouara, source se trouvant au centre ville, devant le robinet qui se trouve sous la
statue vue de face.

24-Souk-El-Tnine: Intersection des routes N9 et N43, 2 I'extérieur du colldge mixte de ce village et
contre le pilier droit du portail d'entrée.

235-Mostaganem: Intersection des routes N11 et N23 se trouvant 2 environ 1500 métres du centre
ville. En venant de Relizane, sur la dalle consolidant les panneaux "sens interdit et obligatoire”.

26-Oran: Intersection des routes N4 et N11 se trouvant 2 environ 2000 meétres du centre ville, sur le
terre-plein se trouvant du c6té de la ville, sur le trottoir et devant les panneaux "sens interdit et
obligatoire”.

27-Sidi-Bel-Abbés: Monument se trouvant au centre ville, sur la premigre marche d'escalier du
flambean se trouvant devant celui-ci.

28-Mascara: Devant la poste qui se trouve au centre ville, sur la marche supérieure et contre le
pilier de droite.

29-Saida: Siege de la Wilaya (Préfecture), contre Ie pilier droit du portail dentrée et sur le bord du
trottoir.

30-Ain Kermes: Monument se trouvant hors du village, contre le pilier gauche du portail d'entrée.

31-El-Idrissia: Monument se trouvant 4 la sortie de la village et sur la route de Dijelfa, sur la
plateforme supérieure et contre celui-ci.

32-Djelfa: Pont de Oued El Mellah qui se trouve 2 la sortie de la ville, sur 1z route d'Alger, sur le
bord droit de I'entrée de celui-ci.

33-Ain-El-Melh: Pont qui se trouve 2 la sortie du village et sur la route d'Ain-Rich, sur le bord
gauche de l'entrée de celui-ci.

34-Ouled-Djellal: A l'intersection des routes N46 et W60 qui se trouve entre Bou-Sadda et Biskra et
a 61 kms de cette dernidre, sous le panneau indicateur de direction de Ouled-Dijellal.

35-Biskra-1: Lycée du Docteur Safdane qui se trouve 3 l'entrée de la ville en venant de Bou-Saida,
a l'extérieur du portail d'entrée et contre le pilier droit.

36-Ain-Touta: Pont de Oued Tilaton qui se trouve & 500 métres environ du village. En venant de
Barika, sur la partie droite de I'entrée du pont.

37-Bama: A I'entrée du lycée Salah-Eddine-El-Ayoubi, devant le pilier droit et sur Ia premiere
marche d'escalier.

38-Ain-MTlila: Monument ayant la forme d'un arc qui se trouve au centre ville, contre le pilier
central.

39-Ouved-Athmania: Intersection des routes N5 et W17, sur le bord droit de J'entrée du pont de
Oued-Seguine qui se trouve & proximité de celle-ci.
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40-El-Khroub: Sidge de I'aPC (Mairie) dEl-Khroub, sur Iz premigre marche de escalier de droite
et contre le pilier droit

40R-Constantine (Aéroport Ain-El-Bey, station de remplacement): Devant le pilier droit de I'entrée
au salon dhonneur de celui-ci.

41-Ouved-Zenati: En venant de ce village, sur la partie gauche de 'entée du pont portant le méme
nom.

42-El-Hadaick: Stelle qui se trouve an centre du village et devant l'intersection des routes N3 et
N43, sur la plateforme supérieure et contre le pilier cental, du b€ qui fait face 3 Ia route.

43-El-Milia: En venant de Jijel, sur le bord droit de T'entrée dn pont de Oued-El-Kebir qui se rouve
avant l'intersection des routes N43 et N27.

44-Tlemcen: Entrée du lycée Malika Hamidou, sur la partie droite de 1z quatriéme marche d'escalier
et contre la rampe.

45-Ras-El-Ma: Monument qui se trouve au centre du village, av milien de la marche et du coi
nord-est.

46-El-Aricha: Intersection des routes N22 et N 13, contre l'aréte centrale du mur nord qui supporte
les panneaux indicateurs de direction de Sidi-Beliabes et Tiemcen.

47-Bougtob: Monument qui se trouve au centre du village, au milieu de la marche supérieure.

48-Mechria: Intersection des routes N6 et N22, devant le montant droit du panneau indicateur de
direction de Tlemcen, El-Aricha et Mekmen-Ben-Amar.

49-Ain-Sefra-1: En venant de Mechria, intersection des routes N6 et celle menant an centre ville et
qui se trouve 2 environ 1300 meétres de celui-ci, au milieu du terre-plein et devant le poteau
d'éclairage public.

49R-Ain-Sefra-2 (station de remplacement): Monument qui se trouve au centre ville, au milien de
la dalle et conwre la partie centrale de celui-ci.

50-El-Bayadh: Atlas-Hdtel, contre ie pilier droit du portail d'entrée et sur le trottoir.

51-Aflou: Mosquée du centre ville, portant le chiffre "1902" au dessus de la porte d'entrée, contre Ie
pilier droit de cette derniére.

52-Laghouat: Sur la partie droite de T'entrée du pont de Oued-Mzi qui se trouve 2 la sortie de 1a ville
et sur la route d'Alger.

53-Ghardaiz-1: Intersection des routes N1 et celle menant 2 Hassi-R'mel, sur le terre plein central et
devant les panneaux indicateurs des "sens interdit et obligatoire™.

54-Messadd: Sur la partie droite de I'entrée du pont de Oued Messadd qui se trouve 2 Ia sortie du
village et sur la route de Bousadda.

55-Berriane: Mosquée du village, sur Ia premi®re marche d'escalier, tout 2 fait & droite et contre le
mur,

56-Guerrara: Contre le pilier droit de I'entrée au monument du village.
57-Ghardaia-2-: En venant de Ouargla, 2 lintersection des routes N1 et N49 qui se trouve 3 environ

24 ks de Ghardata, sur la dalle en ciment consolidant le panneau indicateur de direction de cette
demiére et d'Alger.
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58-El-Alia: Siege de I'APC (Mairie), sur la partie droite de la premiére marche d'escalier.

59-Ouargla: En allant vers Touggourt, intersection des routes N49 et N56 qui se trouve 2 14 kms de
Ouargla, contre le panneau indicateur de direction de la N49.

60-Hassi-Messadud-1: Intersection des routes N3 et N36 qui se trouve & 20 ks de cette ville, au
milieu du terre plein central et devant le pannean "STOP".

60R-Hassi-Messaoud-2 (station de remplacement): Institut Algérien du Pétrole, devant le premier
lampadaire de droite de I'ali€e menant 3 I'entrée de celui-ci et contre la bordure du trottoir.

61-Touggoust-1: En allant de Touggourt vers Ouargla, 2 l'intersection des routes N3 et W33, devant
ie panneau indicateur de direction.

62-Touggourt-2: Agence touristique qui se trouve sur la place de la liberté, devant la porte d'entrée.

63-Biskra-2: En allant de Biskra vers El-Oued et Touggourt, 2 I'intersection des routes N3 et N48,
devant le panneau indicateur de direction.

64-El-Oued: Si¢ge de I'APC (Mairie), contre le pilier droit du portail d'entrée et sur le trottoir.
65-Khangat-Sidi-Nadji: Agence postale,  droite de l'entrée principale et sous la boite aux lettres.

66-Négrine: Poste de la police des frontitres, en face de la station d'essence, préau de droite (coté
garage) et 2 gauche du pilier droit {contre Ie mur).

67-Khenchela-1: Monument ayant la forme d'une pyramide, devant le pilier droit du portilion
d'entrée et sur le trottoir.

67R-Khenchela-2 (station de remplacement): Monumen: gui se trouve en face du sidge de I'APC
(Mairie), devant le pilier droit de I'entrée.

68-Tébessa: Cimetiere des martyrs qui se trouve 2 la sortie de la ville, en allant vers Souk-Ahras,
devant le pilier droit du portail d'entrée.

69-Ain-Beida: Devant l'entrée principale du souk-el-fellah (grande surface), sur I'extrémité droite
de la premi¢re marche d'escalier.

70-El-Aouinet: Monument qui se trouve 2 1000 métres du village et sur la route de Tébessa, au
milieu de la dernire marche d'escalier.

71-Guelma: En allant vers Annaba, sur le c6té droit de I'entrée du pont de Oued-Seybouse.

72-Souk-Ahras: A la coupole qui se trouve dans le jardin du centre ville, au milieu de la premicre
marche d'escalier et en face de la statue du Lon.

73-Annaba: En allant vers Skikda, 2 500 metres de l'intersection des routes N44 et N21, sous
'autopont, 2 droite et contre le milieu du mur.

74-El-Kalad: Monument qui se trouve devant le port de péche et en face de I'ancienne église, au
milieu de la marche supérieure.
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On the Reference Gravity Networks of Romania

Lucian Besutiv®, Viad Rosca®, Nicolae Gulie™

Infroduction

The earliest known gravity observations were carried out on the Romanian territory by the
turn of the century. Pendulum measurements were reported for 13 stations in nerthern
Transylvania, by the Military Geographic Institute of Vienna in 1892, for 10 stations in central
Transylvania in 1903 - 1913 by the Hungarian Geodetic Institate and for Bucharest and Galad by
Boras, in 1900 (Tanni, 1942).

The first gravity reference network of Romania was established between 1941-1948
(Socolescu, 1950) as a 50 pendulum stations configuration uniformly spaced over the territory. This
net allowed the drawing of the first national gravity map at the scale 1:1.500.000, in 1957, by L
Vencov and R. Botezam.

In 1956 was started the construction of a first order gravimetric network, with 2 central point
configuration, by using a Norgaard gravimeter. The whole description of the operation and the
definite values of the 13 stations of the network are published in a comprehensive report (Botezany,
1961). The accuracy of this network was well within the specification of the instrument, the
greatest observed triangle closure error was 0,19 mgals.

‘The evolution of the instruments on one hand and the destruction by various human
activities of almost half the stations of the first order triangulation on the other hand, determined in
1976 the designing and thereafier the realisation of 2 new Srst order network together with 2 second
order reference gravity net.

By designing the reference gravity networks, the following basic requirements have been
taken into account :

a. the including of Botezatu's first order triangulation stations within the frame of the new
network ;

b. an uniform geographical distribution of the network Stations ;

¢. sites and ties between the stations allowing for gravity differences less than 100 mgalsie.
within the dial range of the gravimeters.

Besides, the designing had o decide on some other problerms as for instance -

1. the covering range corresponding 1o each network ;
2. the type of the net ;
3. the measuring technique, ie. :
- the minimal number of measurements on each fie required to assure the requested
accuracy of the network
- the type and number of utilised gravimeters
- transportation and measuring programme.

The experience of the first gravimetric network of Romania, the theoretical works done by
Sobakar (1962, 1970) and by the authors of the design, led 1o the establishing of the main features
of the project which are pointed out in the following.

* Institute of Geology and Geophysics, str. Caransebes, nr. 1., 78344 Bucuresti
** Military Topographic Department, bd. 1 Mai 124-126, Bucaress



1. A second order reference gravity network comprising 222 stations. This figure
corresponds to a mean coverage of 1 sy/1065 sqkm, fulfilling the requirements of further high
resolution mapping developments.

IL. A first order control gravity network of 19 stations assures the accuracy of the second
order reference network and also permits an uniform transmission of an absolute gravity value
throughout the reference nets.

1. Both networks are triangle networks.

IV. At least 6 independent measurements have been carried out on each side of these
triangles, in order to tend to a + 0.02 mgals accuracy for gravity value assigned to the side.
Simultaneous measurements with three gravimeters have been performed at least twice, in different
days, on each tie.

V. Helicopter transportation meeting the best the accuracy and metrological safety
requirements of the networks setting up, has been used in as much as possibie.

V1. To avoid the fate of Botezatu's network, airport has been sited far from buildings and
runways. Besides, each 1st order station situated on an airport, has been doubled by a 2nd order
station in the nearest locality.

The construction of the networks

The configuration and the sites. According to the designing principles already mentioned, a
1st order and a 2nd order triangulation have been set as it is shown in the plate.

The 1st order network comprises 19 stations linked by 42 sides building up 24 triangles. On
S sides gravity differences are greater than 100 mgals.

The 2nd order network is represented by 222 stations, linked by 608 sides into 387 triangles.

Gravity differences on 2 sides are between 90 and 100 mgals and greater than 100 mgals on
9 sides.

Most of the Ist order stations are situated on airports and the pillars are represented by
granite blocks with the dimensions 80/80/30 ¢m. The 2nd order triangulation stations are situated in
churches, schools, other public buildings where special bronze stakes have beer planted. For each
site a location sheet has been completed as illustrated in fig. 1.

The instruments. Measurements on both networks have been carried out with 3 gravimeters
simultaneously : Worden-Master 1003, Scintrex no. 240, Scintrex no. 356 {geodetic). On the 2nd
order network on several sides the meter Scintrex 356 has been replaced by the Scintrex 340
gravimeter.

Checking and calibration of the gravimeters have been performed every year on a vertical
calibration line (350 m altitude difference and 13 km highway distance of approx. 78 mgals, located
near Brasov). The calibration gravity interval for the line was determined as an average of the
values obtained with 3 different gravimeters calibrated by tlting in 1972 in Czechoslovakia and
1978 in Moscow in the calibrating laboratory of the Earth Physics Institute of the Sciences
Academy of the Soviet Union. The adopted gravity difference turned out 1o be in a very good
agreement with a La Coste - Romberg gravimeter occasional measurement.

Dial constants resulting from calibrating on the line during the networks measurements
period, are plotted on the graphics shown in fig. 2. This plot shows 2 decrease tendency of this

parameter with time of approx. 2 x10™ mgals/div/year for the gravimeters Worden 1003, Scintrex
356, Scintrex 340 and constancy for Scintrex 240 (with a stochastic fluctuation for this latter one).
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As an evidence for the calibration agreement between the gravimeters used for the networks
measurements, the plots of fig. 3-3 have been prepared, showing the relationship of measured
gravity differences deviations versus the gravity differences themselves. Since the deviations are
randomly distributed for the whole group of instraments and for the instruments compared two by
two, 2 good calibration agreement has been inferred for the Worden 1003 and Scintrex 240 meters
at least. Fig. 5 séerns 1o indicate a slight disagreement between the Worden 1003 and Scintrex 356
gravimeters. As it will be shown, in the following steps taken into the construction of the networks,
provisions for possible calibration disagreements have been made in analysing the miangles
misclosures 100. ,

As far as the problem of the validity of the used dial constants is concerned, the jack of
absolute gravity measurements in Romania leaves open the problem of the reference networks
gravity scale.

The measurements technigue and the external influences. All the measurements were
carried out as independent links, according to the scheme A-B-A. With each gravimeter at least two
independent links, in different days, on every side, have been performed. High scattering of
measured values determined addirional measuring.

On the 1st order network helicopter ransportation has been nsed exclusively, allowing short
link durations. A graphic of these durations (fig. 6) indicates that 60 % of the links were performed
within 3 hours.

On the 2nd order network, on 448 sides helicopter transportation has been used and on 292
sides the links have been made by car. A duration lay-out is shown in fig. 7.

A concern about the influence of the external factors on the measurements executed, existed
too during the construction of the nerworks. Unfortunately conditions for practical inference of such
influences have been very modest.

The literature on the subject comprises studies on temperature effect {Simon, 1979, Altman,
1670), on air pressure effect Kiviniemi, 1964, Kubackova et al., 1979) on magnetic field variation
effects (Divis, Tobyas, 1979).

Following the results of these studies, several observations have been made during the
measuring operations.

The 1003 Worden gravimeter provided with a thermostat, has been the only temperature
controiled instrument. Graphics showing gravity vaiues deviations and corresponding r.m.s. are
reproduced in fig. 8.

The optimal working temperature indicated by the manufacturer was 80°F. As it might be
seen from the graphics, climatic conditions were such that emperatures inside the instrument went
down to 76° F without a significant difference in the deviations.

Although the reference gravity network statons are generally situated at comparable
altitudes (ranging between 1 m and 875 m) and air pressure differences on the measuring points
might be considered as negligible, the problem of pressure hysteresis effects due to the crossing
flights over the Carpathian Mountains has been examined. Divis et al. (1971), Csapo (1979)
reported 0.25 mgals/1000 m pressure hysteresis effects for the Scintrex gravimeters. In order to
have a qualitative information about such a pressure effect on the networks measurements, triangle
closures plots against flight altitudes have been prepared (fig. 9).

The regression straight lines drawn for each gravimeter show a dependence of triangles
closures on the flight altitudes reached by measuring the triangle links. For the gravimeters Worden
1003 and Sharpe 356 a decreasing tendency of the triangle closures is observed for higher flight
altitudes. The regression line for gravimeter Scintrex 240 shows an opposite tendency. As a general
remark one might point out the fact that misclosures are around the valve of 0.10 mgals which
corresponds 1o already quoted published data.
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In order to obtain an information about the effect of a magnetic field upon the used

gravimeters, azimuthal checking in a horizontal 107 At/m field has been carried out. An extreme
value of 0.08 mgals for the Scintrex 240 has been observed. Since the geomagnetic field horizontal

component within the Romanian territory does not exceed 0.25 x 10~ Aym, an eventual care for a
constant instrument orientation and avoidance of massive steel constructions has been inferred.

The accuracy of the measurements. The following indicators have been taken into

consideration by estimating the accuracy of the measurements performed on both reference
networks : )

- the measurements amplitude (defined as the difference between extreme values obtained
among a row of observations) ;

- the oot mean square error of an individual measurement and of the average of the
measurements performed on one side ;

- the triangle misclosures.

Given the measuring technique we described, the first two indicators should define the
internal accuracy and the third one the external accuracy.

For the 1st order network, internal accuracy statistics is illustrated by fig. 10-12.
External accuracy is revealed by schemes 13-16 and the graphics of fig. 17, 18.

For the 2nd order network accuracy statistics are illustrated by fig. 19 - 21.
rk i n

As a result of field measurements and preliminary data processing, the observed gravity
intervals along the network ties are more or less close to their real values, the errors affecting them
being mainly of random nature. Thus, the national gravity reference network (ngrn) behaves as a
high entropy system that must be balanced.

The inherent presence of the errors is usually reflected within greater or smaller misclosures.
The next step in the ngrn achievement is a misclosures adjustment. A short analysis of this
procedure clearly shows that it is not able to eliminate the above mentioned errors. Still, an
improvement of the measurements quality stands in the mastering of the errors level, meaning that,
after the adjustment, there will be no errors greater than a determined/computable value.

As stated by Gibson (1941), any adjustment where
i. the misclosures along any loop is zero and
il. the sum of corrections around any junction is zero is a least squares adjustment.

To use the least squares method, three conditions must be fulfilled -
(1) randommess of errors ;

(i1} small value errors only ;

(i) the revealing of the errors within the functional model.

By examining some national gravity reference networks, the first remark regards the
obvious changing in their authors’ attitude, during the time, face to the problem of the network
adjustment. Generally, the more accurate the gravimeter used, the less complicated was the

functional-stochastic model for the misclosures adjusmment (Woolard, 1958 ; Afshar, Zomorrodian,
1970).

Stll, special care was paid to the instrumental drift (Kiviniemi, 1964), scale factor (T Tager,
1975), or weighting coefficients. Intricate stochastic functional models were recommended for the

adjustment of a comumon gravity control network of the East European countries by the Geodetical
Service of East Germany.
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Within the former I-st order gravity network of Romania, two functional-stochastic models
were used for the adjustment (Botezatu, 1961 ; Botezat, Panoin, 1976). The main difference
between them standed in the weighting systems {equal adjustability on all ties and various
adjustabilities, related 1o the siandard deviation of the results on each tie), but in the second case,
some supplementary ties within the network design were also taken into consideration.

Unlike other ngrn, performed by measuring with a single gravimeter, the number of the
Instruments used, as well as the repeated determinations along each network te, allowed an easier
statstical processing for the Romanian ngm. Under these circumstances, the arithmetic means of all
the observed values on each tie, gathered with all the gravimeters, represent the most appropriate
values for a least sguares weatment.

A comprehensive study concerned with the adjustment of the I-st order gravity network led
the authors from the Military Topographic Department 10 the following functional stochastic
model :

- simple arithmetic means of the measured gravity intervals on each tie as values to be

adjusted : values that did not correspond to a normal scattering, as stated by statistical
criteria, were not considered ;

- scale factors as deduced from the measurements on the national calibration Hne Brasov-
Poiana Brasov for the dial constant : for the geodetic dial, values provided by
manufacturer were taken into consideration ;

- independent measurements on all the ties {diagonal covariance matrix) ;

- the adopted weight on each tie was inverse to the average of time intervals of the
measuring cycles.

Two other functional stochastic models were performed at the Instiwte of Geology and
Geophysics.

Variant (2) had the following characteristic features :

- simple weighted arithmetic means of the observed gravity intervals on each e, as values
10 be adjusted (Worden measurements were considered twice more reliable than Scintrex
gravity meter results) ;

- scale factors were those one established by tilting calibration ;

- tidal corrections were separately applied ;

- diagonal covariance matrix ;

- equal adjustability on all ties.

‘The second variant (b) consisted of a different stochastic model. To set tes adjustabilides,
gravity intervals measured within I-st and Il-nd order ngrn were compared. The difference between
the results obtained on both ways grouped into 5 statistical classes, determining various confidence
levels of measurements.

According to the concordance of the results, the adjustability on each tie belonged to one of

the above mentioned 5 categories, as revealed within the following table.



Table 1

Difference range Standard deviation Weighting

coefficient (a)

{mgals) {mgals) (mgals)
0.00--0.03 +0.02 +5k
0.04-0.07 : +0.05 +2k
0.12--0.11 +0.10 + k
0.12--0.15 +0.15 +2/3k
0.22--0.29 +0.25 +2/5k

k = factor deduced under the condition z p=1.
Therefore, each tie was weighted according to the formula :

_0O*a
0}

[

:

where 0; = standard deviation for a specified difference range ;

0, = global standard deviation for the whole network ;
a = weighting coefficient.

The results quality for various adjustment models are shown in the table 2.

Adjustment Corrections range Standard deviation
model of the weighting unit
{mgals) {mgals)
DTM -0.12--0.14 +0.07
IGG-a -0.22--0.24 +0.13
IGG-b -0.22--0.22 +0.02

The adjustment of the II-nd order gravity network followed a similar procedure.

The functional stochastic model created by the team of the Military Topographic
Department (MID), started from the classical working equation of the gravimeter :

A g=A n¥k+A N*K

where £ and K are dial constants as provided by measurermnents made on the national calibration line
Brasov, n and N are small and geodetic dial readings.

The II-nd order ngrn was adjusted as a free network, without any constraint, as resulted
within the frame of the I-st order ngrn. Simple arithmetic means of the resuits on each tie were the

values to be adjusted. Diagonal covariance matrix was used. The weights on ties were inverse to the
length of the measuring time interval.

The accuracy of the adjusted gravity values range between +0.035 and +0.061 mgals.

40



Acknowledgements

The gravity reference networks of Romania have been realised by a large team comprising
specialists and assistants from IGG and MTD. Marius Visarion (IGG) and Vasile Dragomir, (MTID)
have initiated the project and concluded the agreement by which the contribution of each institution
has been established. Mircea Mihailescu (MTD) contributed the designing study. Nicolas Puiu
(MTD) planted the marks and topographically documented all the network stations. Most of the
gravily measurements have been carried out by Constantin Placinta and Gheorghe Grigore 0GG).
Gravity measurements have been made also by Adrian Nicolescu who contributed statistical plots
too. Felicia Alexandru (MTD) and Ruxandra Stefanescu (IGG) contibuted the adjustment
computations.

Dorel Zugravescu (Institute of Geodynamics) kindly offered Earth tidal data.
The pilots Miron Rinditean and Szikiody Gabor have fiown most of the helicopter tes.

The authors wish to point out the merits of all these co-workers for the realisation of the
reference gravity networks of Romania and express them by this means too, their whole gratitude.

Thanks are extended also to Prof. Yuri Boulanger and 10 Roald Rukavishnikov, from the

Institute of Earth Physics from Moskow, without whose help the gravimeters tilting calibration
would not have been possible.

41



REFERENCES

AFSHAR, H.K., ZOMORRODIAN, N., 1970, The measurements and adjustment of the first order gravity
network in Iran : Inst. of Geophys., Teheran University.

ALTMAN, W_, 1979, On the influence of air temperature variations on the results of gravity measurements
with Sharpe - gravimeters Monographic publication VUCTK (Geod., Topogr., Cartogr., Inst.). Prague.

BESUTIU, L., BESUTIU, G, 1987, The magnetic control network of Romania : St. Cerc. Geol. Geofiz.
Geogr., GEOFIZICA, 253, p. 28-33,

BOTEZATU, R., 1961, The Romanian gravity network. The I-st order gravimetric triangulation (in
Romanian) : Probl. de geofiz,, 1, p. 7-96.

BOTEZATU, R, PANOIU, E., 1976, The Romanian gravity network. Considerations on the accuracy of the
1-st order gravity network of Romania (in Romanian) : St. Cerc. Geol. Geofiz. Geogr., GEOFIZICA, 14,
1,p.7-13.

CSAPO, G., 1979, The effect of barometric changes on readings of Sharpe and Worden gravimeters.

=

Monographic publication VUGTK (Geodet., Topogr., Cartogr., Inst.). Prague.

DIVIS, K., TOBYAS, V., 1969, The influence of the magnetic field on the Worden and Sharpe gravimeters.
Monographic publication VUGTK (Geodet., Topogr., Cartogr. Inst.). Prague.

GIBSON, M.O., 1941, Network adjustment of least squares. Alternative formulation and solution by
iteration : Geophysics, 6, 2, p. 168.

KIVINIEMI, A., 1964, The first order gravity net of Finland. Suomen Geodecttisen Laitoksen Julkaisuja, 59,
p. 5-48, Helsinki.

KUBACKOVA, L., JAKUBCOVA, I, PICK, M., GARGALOVIC, L., BRACH, S., 1969, Influence of
atmospheric pressure variations on measurements made with Sharpe, Worden and Sodin gravimeters.
Monographic publication VUGTK (Geodet., Topogr., Cartogr. Inst). Prague.

SIMON, Z., 1979, The effect of outer temperature on non - thermostatized gravimeters. Monographic
publication VUGTK (Geodet., Topogr., Cariogr. Inst.). Prague.

SOBAKAR, G., T., 1962, The development of gravimetric control station networks by the triangular
polygons method (in Russian). Gheofiziczeski Sbornik, 1 (3), p. 37-43.

SOBAKAR, G., T., 1970, Choosing of optimal number of gravimeters for simulianeous observations (in
Russian). Gheofiziczeski, Sbornik, 34, p. 48-50.

SOCOLESCU, M., 1950, Mesures gravimétriques au pendule. Com. geol., Swd. tehn. ec. Ser. D, 2, p. 31-
35.

TRAGER, L., 1968, Ausgieichung des Tschechoslowakischen Gravimeter netzes : Stud. Geoph. Geod,, 12,
D. 246-258.

TANNI, L., 1942, On the isostatic structure of the Earth's crust in the Carpathian Countries and the related
phenomena. Public. Inst. d'Isost., Helsinki.

VISARION, M., BESUTIU, L., ROSCA, V., NICOLESCU, A., PLACINTA, C., GULIE, N,
ALEXANDRU, F., 1988, Preliminary informations about the realization of the state gravity networks of
Romania. The 3rd National Conference on Geodesy Bucharest (in Romanian).

WOOLARD, G.P., 1958, Results for a gravity control network at airports in the United States : Geophysics,
23, 3, p. 520-535.

42



LIST OF ILLUSTRATIONS

Plate. Lay-out of the 1st and 2nd order reference gravity networks of Romania.
o

Fg. 1. Location sheet of a gravity reference network station.
ig. 2. Dial constants determined on calibration line during the network measurements period.

Fig. 3. Deviations of mean values measured with the whole group of three gravimeters, in different
years, on the 2nd order network sides, plotted against these mean values.

Fig. 4. Measured values deviations observed for gravimeters Worden 1003 and Scintrex 240,
plotted against the gravity differences measured on the 2nd order network.

Fig. 5. Measured values deviations observed for gravimeters Worden 2003 and Scinmex 356,
plotted against the gravity differences measured on the 2nd order network.

Fig. 6. Link durations for the 1st order network.
Fig. 7. Link durations for the 2nd order network.

Fig. 8. Gravity difference deviations as measured with the Worden 1003 gravimeter at various
temperatures.

Fig. 9. Dependence of triangle closures on flight heights.

Fig. 10. Measurements amplitude kistograms and corresponding mean values. 1. Moscow tilting
calibration dial constant. I Dial constants determined by yearly calibration line checking.

Fig. 11. R.m.s. errors of an individual measurement on the tiangle sides of the Ist order network,
Fig. 12. R.m.s. errors of the mean values measured on 2 triangle side.

Fig. 13. Misclosures scheme of the 1st order network measurements performed with the Worden
1003 gravimeter.

Fig. 14. Misclosures scheme of the 1st order network measurements performed with the Scintrex
240 gravimeter.

Fig. 15. Misclosures scheme of the Ist order network measurements performed with the Scintrex
356 gravimeter.

Fig. 16. Misclosures scheme corresponding to the mean side values obtained with the 3 gravimeters
on the Ist order network.

Fig. 17. Triangle misclosures histograms for each gravirmeter, corresponding to the measurements
made on the Ist order network.

Fig. 18. Triangle misclosures histograms for mean values obtained with the whole group of
gravimeters on the 1st order network. I. Moscow dial constant. IL Yearly Brasov constant.
L Means obtained after discarding values according to a mathematical criterium.

Fig. 19. Deviations of measurements carried out on the 2nd order network. A. Without tidal
corrections. B. With tidal corrections.

Fig. 20. R.m.s. errors of measurements carried out on the 2nd order network with the whole group
of gravimeters.

Fig. 21. Triangle misclosures histogram for the 2nd order network. The whole group of
gravimeters.

43






REPUBLICA SOCIALISTA BOMANK

/?ff/:ﬂ_/%? Gﬂﬁ//f%[/ﬂ/Eﬂ JE OROINUE 07

(7;5774 BRANMET ﬂ/&.@:ﬁ‘?@gﬁ/ FEST . S 182 T, 70’/ .'f“’:i SLY/ .
TRAPFZUL GAUSS: [-35-55-B-2
Loordonsle geografice: ¥ = A=
Coordonsie Geuss:  X-= Y=

Al fz/d’ Ines /.>/<f8m.// o cole M BalfeS): 228, 758

0/'/*' Va /‘5/[//— P//;{/ 7
Grovies aése/"ya/é:

Grovitoles normals [ﬁ%&’ﬁ:’u@ 7930)
Heduceres [zye:

P = 2205/

o
Reducerss Bouguer: % s

F

P =2220g/cm?
Kediceres de fa//ef 22675 o

Sthems fegsiurior sl cu
SIS Inveciol o refs

Rommam oWz 2eitesls

45



e A .S’Zé{}é’ mplesariv g/

BISIRICA ORTODOYA .CUVICASA |
PARASCHIVA ™ DRAGOMIRESTT |

PG.nn 182
025, ST
PRt

m,

4 . T2 ¥ e
{ {} ~Dragomiregti ~ ; E"T'ojae_ 282m,
= e . % !

[ologralE amplasii gl

- g

Sy

fzﬁjﬂ’é esh marcals cv un reper dir fonlt, o fip A (pe syprafele arizonife)

e mpseryghis PO 0 sers 192, .5/ ore in sorapire o plieuls oo

dascriphie: Poncl gravimelic ord

DRAA o7M ‘
Sk Coransebes 1 sechoré Bl | Mar 124 sechor f
' BUCUREST
Fig. 1b

46




Q05560

L2540

ZIG5520

L4967

0. 85650

LI

Y27k 74

Y 2

A(g /i) SELHTREN 240

» ®

g mE . s ma | wm | aw | G Ber ok Jear
5 (mpged foon )

RO 7003

@ ? e @

BT mE B S oE | B2 B m s e

K (mgal/asi) SEHTREX 256

-

A A N D S R R VYA vy 7976 obs pear

Fig.2
Jag
(723
a2 = °
a4 - . .
. . .e _ . Lo ] L - : ° é_y/”ﬁ/)
200 2 "" ey — % J °
(24 - ) 47 e SDe . . fq z & 4 4
- Q- b * ., N M ¢
22 N
Fig.3

47



. oo g 265.(mp/)
L. w ww 2 B 4y

i dYs
‘./pgggf/
430 - - L - -

420 4-

g

48 285 mps/)

400 >

I & W A s e g

gl

- 430 -




7S

&7
P

‘v-
V7

Fo—
VOO 50 60 259 X IV W w5 e Z(/??:;»;y

4
)
()

Vs
(k)
&
£2%
559
S50
500
“%
w2
27 -
L
P4
200 - .
Vo a
e Vs z

T A BT 2T I S A 00 Iimiv)

Fig.7

49



o ;
w2 i;e&bwyy/ o
] 204 T=aazrmp9/
70 Ll IR N -
- - s SN ‘
el P 2& qos daylmg) @ od i)
2 —
21 v sqw%,/ 3
P2 ] 4
& s e Ead
= Es Foaow s/ 1 Cmqaremp/
@ . & s
S 221 KR
P-4 L& X
4 R 2
0P R QIO G2GImR)  am  Ges GR GR W0z qx Zwdagorgi]
Fig.8
LW
4 SLIIREY 240
) .
Q2R .
s . — .
- . . ~s  LSUm)
ey o M B s mr S o
SEHTRLEX 58
i ° . .
V2 . LT "
L ] - < 25077)
e My G 0 S0 S W deop o0
i
SEIHTHEX 7003
G204 .
27, e - -
1 R .

O M WU 00 S 0 00 oaw
Fig.S

50



BOEa 28z SEUBAL 249 SHEGE IS8
O B . Fesmga F=405 mpef
&4
|
gjn 7 [T o
{ B
i i B

205 a5 gm mges

Loz ) @ o,f.é G

a6 o s/

7 —-—
B 7 SRR 250 SHAFAE 255
Vi xiﬁéngyg/ - /?:4&5475,\;/ P24 55 ;;;5;/
20 P %.._3
Ea el - %—‘ .
N Iss
-

g0 @65 ow wpI

L= eas’ag?g/

aos o0& gz e/

Fig. 10

P

o

&

220 ¢of o e

=803 75/

Figt

i ]
287 Q9 ¢ g wﬁ»jv,y

51

- 409 A eppady



(48

o

i

AN
; VSRR
Lo Move

/ )
Qg
M

H Moscow tilting cémbmﬂon‘

Yearly Bragov line cali-
bration

I Y/ i

GRS

e SS9

i 12




138

er!y Brasov line

call brcmon

T —"Y Jm,yor

@»

bl

e

&5

Fig.14



12

!J‘o

@)

leed

Ly tpoee |

@@ \

/ JM/Z/C

@ _
‘
R rovide
[os]

@

29°

Moscow tilting cali-
bration

Yearly Brasov line
callbration’

Fig. 15




y
DIV MJ

tm
“&Y\WMW 1\6
Lot ore Vol

CHy

i)

‘)J.a

t 45"

@

lwr]
%

o W/]/\Dﬂ

Ly Amy

.Moscéw titting ccﬂlbmﬂom

G

I

Yearly Bragov ine eall -
bration

@)

(Dt \ /
e — [
M\ Drosov @/_j

e

M
@ W

le ]

a
A2
L\"""“M !
« / /W\W T (:}:‘
Consionsy N
/’“‘w/ A ad, \ Jj\ l »QZ\J pm—
X r/.' ‘V.M.

Fig.16




HOLZEY 700 SHARPE 258 SHRRAF 240
i HetBmesl 4. & =armest wi =4

L T ey
|

903 005 ex¥impw) @ ear 65 GG eay qoy ars K gl

& = g0 meat
E 73-30,052:3;7/ L 70 4

2
il

i

2% 4op COERR % B gty

e ety 4oy

Fig17 -
|
B A55w240
%:é’ifayy/
-
H
£
i1
a3 qos OxWZMﬁ/j
L+ 258 #2507
Rg.=¢ﬁmy/
24
i
Py
k:ln
[t
ax aoy o Wimgas)
;}
B r 358 #2480
B =0 P
TP
meooL
s |
|




R % » 7
a7 4 7 4 400 4
ol WORDEN 1005 200, SLMNTREY 240 i SLAIREX 255
V4 ‘4’&7413,7?;7/ /?:éé’é.img&/ A= @fﬁ/?{&;’
208 2 a0
"';W .
s % L7 —_g 7 -
r}_ e ]
i
in I >
7 L 12 LBEsgimzs) S gm 4R Sagmps/) O 4K LR 8 Faglmss)
i 3
i
7
£ B B
a R =f 2570 g/ P= 408z P= G258 rags/
2 P - -
"] ﬁhjm N Ah"- ‘ N
7 2z 92 9B fagimps)) 7 gE 27 28 Egimes) 7406 2 LBSnglngs)
Fig:19
b
Vz4 i 47 7
_ Wf‘ =3 406’&9)7{9@/
27 4 =4 a5y
- 700
20
LT
SO0 ] Er
o]
g v
7 20 27 mmgar) 9 2 7 Hlnges

Fig.20 57 Fg. 2



THE FIRST RESULTS OF
ABSOLUTE GRAVITY MEASUREMENT

AT TAGBN STATIONS BEIJING AND NANNING

by

Qiu Qi-xian

Research Institute of Surveying and Mapping
Beijing 100039, China

58



Abstract

A general description of the locations and environmental condi-
tions at two IAGBN stations in China, Beijing and Nanning., is giv-
en. Also presented are the first results of absolute gravity measure-
ment at these stations and the instruments used. These results indi-
cate that good agreement gxists among the results obtained by differ-
ent gravimeters at Beijing station. The gravity values at China Grav-
ity Basic Net—85 (CGBN—85) stations obtained by transforming
the observation values in 1990 at JAGBN station in the same city
have been compared with the results determined by Italian gravime-
ter IMGC in 1981 and the adjusted values of CGBN — 85 respective-

ly.

1. Introduction

At the workshop of TAG SSG 3. 87 held in July 2—4, 1985 at Paris, Beijin and Nan-
ning had been recommended as candidated stations of IJAGBN(A), and Nanning was
finally accepted (Boedecker et al. , 1986) . In August 5, 1989 at the Special Meeting
of IGC at Edinburgh, Beijing was also accepted as an JAGBN (A) station (Boedeck-
er, 1889). Then the sites of these stations were carefully selected and observation
rooms equipped with necessary facilities were set up. Up to the end of 1990, the ab-
solute gravity measurements at Beijing JAGBN (A) station (abbreviated to " Beijing
station” thereafter) had been accomplished usiﬁg four sets of gravimeter, i.e. JILA
G—35, JILA G—3 , NIM—II and NIM—3. But only one gravimeter, JILA G—35,
had been used for the measurements at Nanning TJAGBN(A) station (abbreviated to

” Nanning station” thereafter).

2. Location and environment

Beijing station (see appendix 1) is located in the absoclute gravity observation room,
which is in a cave excavated in 2 hillside and about 20m away from the entrance. It is
one of the facilities of the Beijiatan Seismological Observatory affiliated to the Insti-
tute of Geophysics, State Seismological Bureau of China. It lies about 15 km north—
west of Beijing. Two concrete pillars for absolute gravity observation are erected in
the room, their tops are carefully polished and leveled with the floor. A brass mark-
er is set to each pillar. On the marker of the longer pillar the symbols TAGBN and
1204 ( the identification number of TAGBN) are carved. Observation conditions are

good: low air humidity, stable temperature and very low microseimic noise level.
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Nanning station (see appendix 2) is located in the Liuli Branch, Gaofeng Forestry.
It is in the north of Nanning, about 20 km away. This is a specially built Gravity
Observatory. Two concrete observation pillars were constructed on bedrock in the

observation reom. A brass marker is set 0 each pillar. On the marker of the north-

ern piller the symbols TAGBN and 1103 are carved. The microseismic noise level is

low (in the day ) or very low ( at the night). During observation period, 2ir condi-
e

3. Absolute gravity measurements

In May and June, 1990 the absolute gravity observations at Beijing station were ac-
complished using Finnish gravimeter JILA G—5 (Makinen et al. , 1993) and German
gravimeter JILA G—3 (Torge et al. , 1990). Before the setting up of Beijing JAGBN
station, absolute gravity observations were made using two Chinese gravimeters. In
March 1986, observations were made at an excentre station 2.2 m apart using NIM
—II, and in 1990 it was transformed to Beijing TAGBN station by relative observa-
tion (Guo Youguang, 1991 2,b). In June and November 1988, gravimeter NIM —3
was used for observation at the site of Beijing IAGBN station (Gao Jinglong, 1993) .
The absolute gravity observations at Nanning station were accomplished using
gravimeter JILA G—35 (Makinen et al. , 1893). All of these results and some rela-

Table 1. The results of absolute gravity measurements at JAGBN

stations in China.

| stztion Number] Instru— | | Number vertical Result Resule Result
{ name JAGBN| ment . Epoch theff]  of gradient at hef at Omm at 8C0mm  Source
i H g i . ” - Iy { -

i i (i drops | pmsTi/m | pmsT? st ] pmsTt

 Beifing | 1204 |JILAG—35| 5/1990 841; 3750 | —2.386 9801103. 7359805105, 742{9801103. 833 (1)
Beifing | 1204 [JLAG—5| 6/1590 [840) 2850 | —2.386 |9801103. 773/98011035. 7779801103, 8651 (1)

me2n 9801105, 760{9801103. 85
Beifing | 1264 |JILAG—3| 5/1950 1821 1564 | —2.241 |9801103. 885 9801105. 72 (9801103. 832] (2)
Beifing | 1204 | NIM— I | 3/1986 2237 $801105. 64 (®
Beifing | 1204 | NIM—3 /6,11/1988/500] 508 ‘—2.386" 9801108.73 | $801105. 88 | 9801103.97 | (4)
Nenning| 1103 [JILAG—5] 5/1990 1840| 3200 & —3.020 19787457 340/9787450. 877|9787457. 461 (1

Note: (1) Makinen et at. ,1993.
(2> Torge et al. , 1990.
(3> Guo Youguang, 1991b.
(4> Gao Jinglong, 1993.
* ) The gradient used for gravimeter JILA G—5.
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tive information are given in Table 1. The NIM type gravimetre’s results listed in
Table 1 haven’t applied the correction for polar motion, which would not excess 0.

2

07 zms™", and correction for air pressure. It is indicated that good agreement was

reached among the results obtained by different gravimeters at Beijing station.

4. The determination of gravity gradients and relative connection

During the Sino — Finnish absolute gravity campaign in 1990, two LaCoste and
Romberg (LCR) gravimeters without feedback system, number G — 920 and G —
822, were used for relative observation . For the determination of vertical gradient
the gravity differences between (nominally) the pillar level and three different levels
above it, i.e. 0.4 m, 0.8 m and 1.1 m, were measured. Four sets of observation,
which consists of one two—way measurement (A—B—A), with each gravimeter
were made at each relative height. It can be seen in Table 2 that the vertical gravity
gradient at Beijing station changes slightly with height. For determining the vertical
gravity gradient used by JILA G—3 in Table 1, only the difference between ground
level and 1. Om height above ground have been measured ten times with each of the
three LCR gravimeters with feedback system (Torge et al. , 1930).

Table2. The vertical gravity gradients.

Name of station: Beijing Nanning
Relative Gravity difference Vertical Cravity difference Vertical
height above ums™? gradient pms™? gradient
the pillar wms ™ /m pros” /m
m .G—920¢ G~322 mean G~ 820 G822 mean

0.434 1.018220.00211.0650. 017]1. 042} —2. 400 1. 2550, 006} 1. 275=0. 005 1. 265 2. 615
C. 800 1.815C. 012,1.90320. 024 11. 909 —2. 386 | 2. 398+0. 010} 2. 435+0. 0051 2. 418 —3. 0620
1.100 2. 465:20.02112.485:20. 017 (2. 475} —2. 250 |3.183:0. 021 3. 310==0. 005 ' 3. 252 —2.856

% . .

§ « =040 . .. -0.23 .~ 0.13 Pt
K |

s
3

5 0.00

Lo 008 7 L weTm .
{D-——14GBN station {O~—-excentre station
unit:wns‘z
Fig. 1
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In June 1989, a relative measurements were carried out at nine points, including the
IAGBN station and excentre station, on two pillars at Beijing station. The results
1. It’s of interest to note that horizontal gravity gradient in west—

east direction’is larger than that in north—south direction.

During the Sino—Finnish absolute gravity campaign, relative gravity measurements
between the TAGBN station and CGBN—85 stations, i. . Gravity Standard Station
(GSS) and Gravity Basic Station (GBS),in the same city were made., The gravity
differences between each two stations were determined using the aforemetioned WO
LCR gravimeters, each gravimeter gave two results. When the absolute measure-
ments at the Beijing station were made using JILA G~ 3, relative connection was
made only with Beijing GBS at Capital airport ( Torge et al. , 1990). The gravity
values of CGBN—85 stations in 1990, which were obtained from the JAGBN stations
using the results of relative Ineasurements, are shown in Table 3.

Table 3. The gravity value of CGRN — &5 stations in 1890.

i IAGBN station (A) CGBN—85 station (B)

: Dgae

; ; . Used | Observation Transformed

| Name No. absolute | gravity value ums™F Name No. gravity value

‘ . gravimeter xms™? j pms™? :
Beijing 52204 JILAG—5 | 9801105.76 80.77 | Beijing GSS | 810 9801196. 53
Beijing 51204 JILAG—3 | 9801105.7¢ ! 211.29 | Beijing GBS i 800 ; 9801317. 05

| Beifing |120¢) JILA G—3 | 9801105.72 | 211,56 Beifing GBS | 800 | 9801317. 28 §
[Nanning 1103] JILA G—5 | 9787459.88 42.80 | Nanning GSS 2510, $787502. 68
'Nenning| 1103} JILA G—5  787459.88 | —78. 63 Nanning GBS |2500 $787381.20

5. Comparisons

The transformed gravity values of CGBRN —85 stations were compared with the ob-
servation values using IMGC gravimeter in 1981 (Xu Shan et al. , 1986) and the ad-
justed values of CGBN — 85 (Jiang Zhi-heng et al., 1988) respectively (Table 4).
The discrepancies between transformed absolute gravity values based on the results
of gravimeter JILA G—35 in 1990 and those determined using gravimeter IMGC in
1981 at Beijing GSS and Nanning GSS are -+0. 07 and 0. 25 pms™F respectively.
The polar motion reduction which hadn’t been included in the results obtained using
IMGC gravimeter wouldn’t exceed 0. 05 pms™. It seems that the gravity values of
Beijing and Nanning have inconsiderably changed during 1981 —90 and that the re-
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sults obtained using gravimeters JILA G—5 and IMGC at these two stations are con-
sistent to a large degree. The differences between the 1990 transformed result and
adjusted value of CGBN — 85 range from —0. 15 to 0. 08 ums™%. Smaller differ-
ences imply that the results of CGBN—85 at Beijing and Nanning are reasonable.

Table 4. 1380 absolute gravity value as compared to IMGC and CGBN—
results at CGBN—83 stations.

CGBN 85 station 1590 Absolute used 1981 Absolute Adjusted
: gravity value zbsolute gravity value value of LHgl= ; Dg2=
! wransformed 0 gravi— determined CCBN=—83 (3> (5> (3)— (8>
name number | CGBN— 85 station meter with IMGC
wms™? wms™? pms™? pms™? ums™F
w @ © “ (s (6 @ &
Beijing GSS 81¢C 89801196. 33 JILAG—3 S801166. 46 9801186. 45 ; —0.07 | -+~0.04
Beijing GBS 1 80C 9801317. 08 JLAG—3 $801317. 20 —0.15-
Beijing GBS 800 8801317.28 JOLAG—3 9801317.20 --0. 08
Nanning GSS 2510 8787502. 68 JOLAG—S 9787502 43 §787302.70 , -+0.25 —~0.02
Nenning GBS | 2500 $787381.20 | JILAG—3 | $787381. 24 —0.04 |

8. Conclusion

The station site of IAGBN (A) stations in China, Beijing and Nanning, are excel-
lent. The observation conditions are favorable. The first results of absolute gravity
measurements at these stations manifest with high accuracy. These results provide a

sound basis for future research on gravimetry and geodynamics.
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Appendix 1.
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The station is located in the absolute gravity room of the observation |
cave at the Beijiatan Seismographic Observatory of the Institute of
Geophysics, State Seismological Bureau. It is about 15 km from Beijing.
Two concrete piers were constructed on bedrock. The measurements were
performed on the southern end of the longer pier. The station mark is

a brass disk with $0-mm diametrer.
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International Absolute Gravity Basestation Network (JAGBN)

CStation Loczuon Nanning Couniny: People’'s Republic of China

The station is located in the Liuli Branch, Gaofeng Forestry, about

20 km from Nanning, in a specially built Grawvity Observatory. Two
concrete piers were constructed in the obsexvation room, on bedrock.
The measurements were performed on the northexn pier. The station mark

is a S0-mm brass disk in the center of the piex.
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