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PREFACE

This report is supplemental to Woods !iole QOceanographic
Institution Technical Report Reference Nc. 52-99 "World Wide
cGravity Measurements conducted during the perlod June 1949 -
January 1952" dated ‘July, 1952 and Technical Repcrt Keference
No. 53-36 "A Study of Methods for Measuring Large Changes in
Gravity-on an Inter-Continental Basis", dated August, 1953;
These reports represent work done under Conuract Néonrr2770k
{NE-081-091) with the Office of Naval Resuvarch, U. S. Navy
and Contract AF19(122)-23L «with the Cambridge Research Center
of the U, S. Air Force respectively.

The purpose of this report 1is to give-the status of the
development -of the World network of gravity bases established
by this In§t1tution and to point out those problems which

must be solved on an internstional level o. agreement-before
a homogenpous world-w~ide network of gravity bases.camn be
-achieved iIncorporating the work of all inveetigators.



INTRODUCTION

The development of high range gravimeters having e range
of 2000 mgals. or more during the past decade has made it fea-
sible to widerteke gravity studies on a worla-wide basis that
10 ysars ago would have been regarded as impractical. In par-
ticular, the advent of the worden temperature compensated gravi-
meter has resulted in more international gravity measurements
being made during the past 5 years than previously had ever been
made. The woods Hole Uceanographic Institution alone in its
gravity program has established during the past © years more
than 2000 gravity bases in 78 countries embracing most of the
earth that 1s politically accessible. Other organizations such
as L'0Office de la Recherche Scientifique Outre Mer have carried
out similar extensive gravimetric studies covering large por-
tions of the earth, and in aaditlion the number of submarine
gravity stations bas been more than doubled curing the same
period principally through the work of the Lamont Geological
Observatory of Columbia University. Not counting -pendulum
equipment, there are now about 50-high range gravimeters suitable
for inter-contirental msasurements distributed throughout the
world and most of these are being rather extensively- used.

This marked activity in the making of gravity measurements
is directly related to (a) the development cf suitable portable
gravity instruments chat have both high range and precision
which can be read rapidly; and (b) a fuller realization of the
aprplication of gravity-studies to.the solution of Tundamental
problems in geodbsy and geophysics To siaccessfully utilize
the large mass ol gravity data that-is now being accumulated,
it is necessary that the cbservations be referred to the same
datum and that they conform to a fixed standard of accuracy both
as regards individual station velues and over-all value referred
to absolute gravity.

The recognition of these requirements is not new, and the
international adoption of the Potsdam absolute gravity base
aatum with each nation tying its national gravity base to Pots-
dam by relative gravity measurements with "pendulums has been an
attempt to satisfy the first of these regquirements. The uncer-
tainties in penculwn measurements however leaves much to be
desired as regards their use for gravity ctandardsas is svidencad
by the 27 mgal. spread in the pendulum determined values for the
indian national gravity base at Dehra Lun, Although the use of
gravimeters has reduced the probable error in such a series of
repeat observations to less than * 3 mgals. in even rather crude
work, and less than + 1 mgal. whern more care is5 taken in making
the measurements, the over-all accuracy on an absclute gravity
baslis may still ve in considerable error. whether the error is
1 mgal. or 30 mgals. Wwill depend upon the basis of callbraflng
the individual pravimeter used.



One objective of this report is to discuss the latter
source of error since it is already obvious that at the
junction points of various gravimeter surveys made by dir-
ferent gr- .us with different instrumsents the values are
differing by too large an amount ror certaln studies. The.
causes of these differences therefore need to be examined
and a solution determined on an internetional basls as scon
as possible before any larger mass of gravity data accumu-
lates,

STATUS OF wORLD GRAVITY MzASUREM=NTS AT w.H.O0.I.

world Network of Gravity bases

Since the inception of the gravity program at the Woods
fiole Oceancgraphic institution im 1948 by the writer, most
of the politically accesslible countries of the world have
been_ linked together in a common gravity network on. the same
datum. This datum is the Potsdem ausolute gravity value for
the U. S. Coast & Geodetic Survey national gravity base in
the Dspartment of Commerce Fuilding in Washington, D. C., as
adjusted by the writer (See reference 1). The adjustment was
made on the basis of comparative gravimeter measurements to
give the best fit to the national gravity base values on the
Potsdam system in Zngland, Denmark, France, Sweden, Holland,
Finland, and Canada. This,adjusted datum for the Commerce
Euilding gravity bese in Washington is 980.119 c.g.s. and 1is
1 mgal, ‘higher than the value used by the U, S, Coast & Geo-
detic Survey. On this datum though -the absolute grevity base
ol Heyl and Cook in the Natlonal Eureau of Standaras in washing-
ton has the same Potsdam value as trhat used by the U, S, Coast &
Geodetic Survey due to a chance error »of 1 mgal, in the earlier
pendulum Work which had tied both these bases directly to Pots-
dam., ‘

The basis of calibration used in establishing the constants
of the gravimeter used in the worlac network was a scries of
check observations against the Cambridge University (ingland)
rendulums., These pendulums were used as a standard because of
the small deviation (+ 1 mgal.) of individual observations
ebout the mean dirference line over changes of gravity of 1000
mgals. or more end because of the general consistency of results
in differcnt parts of the world, particularly Australis and the
Eritish Isles, As will be ohown in the following section thare.
is now however some gquestion aobouu the gbsolute gravity values
determined in high and low latitudes with the gravimetevs using
this callibration because of incomplete compensaticn for the
effects of the earth's magnetic {ield on the Cambridge pendu-
lums. The probable departures however are not regarded as
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greater than 2 to 3 mgels. for every 1000 mgals. change in
gravity north and south of wWwashington.

Other than the above uncertainty in absolute gravity
values the results appear to be fairly rellable. For example,
repeat -observations on both the global encircling loop and
numerous ties between North America and urope cshow that indi-
vidual gravity determinations were made with an average accu-
racy better than + 0.5 mgal.

The development of the global gravity network to date.
under this program is shown in Figure 1, and the location of
the principal gravity bases established on each continent are
shown in Figure 2 through Figure 7. Additional work is planned
in southern Zurope,-Africa,-and the Arctic region ana also in
the Antarctic if the opportunity prezcnts itself,

Regional heconnalssance Survcys in the United States

In addition to the world-wide gravifv studies the wWoods
Hole Oceanographic Institution is participating in the develop:
ment of a reconnaissance network of gravity stations that is
being established over the United States., This i1s a continua-
tion of that started by the writer under the auspices of the
Specigl Committee for the Geclogical end Geophysical Study of
the Continents in-1939 and 1s supported in part by the Geo-
lozical Society of America and the Air Force Cambridge Research
Center,

Since regional surveys are now also ﬁeing made by the U.S,
Coast & Geodetic Survey as well as various univereity groups
and a considerable amount ol gravity material is being released
by various oll companies, the preqent field program has been
one of filling in gaps, furnishing control for adjusting oil
company surveys to an absolute gravity datum, and developing
the networks in areas not teing Investigated by other groups.
This year the work 1s confined to the northwest states and
particulerly the area in and west of the Rocky Mounteins,
liere observations are being made at sbout 15 lon, intervals
along &ll of the principal:-highWways., After another year's work
a preliminary gravity reconnstscance of the country wiil be
essentially completed.

Program of Gravity Keductions

part of the present program, anomaly reductions are
de not only of the gravity observations now welng taken
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‘but also of cther gravity data as that of o0il companies. Con-
siderable work however 1s attached to the use of much of the
0il company data because of uncertainties in calibration of
the instruments used and the use of other than a standard
reference datum. In general it has proved necessary to adjust
the observed gravity values to either an existing control net-
work as the gravity bases of the U, S, Coast & Geodetlic Survey.
or to & serles of bases established especlally for the purpose,
These out31de data are being secured through the Special Com-
mittee for the Geological and ueophysical Study of the Con-
"tinents of tne Amerlican Geophysical Unlion which for a number
of years has teen cserving as a national coordinating agency

on geophysical studies in.the United States,

Tables of Principal Gravity Facts-covering both Free Air
anda Simple pouguer gravisy snomalies are vbeing prepared for
ell regional and wor1a~»,“, -observations taken to cate, and
will oe pu071sbeu as & #oods_liole Oceanographic Institutlon
Technical Report,

In aadition to the above, gravity anomaly maps are also
being drafted where there are sufficlent data to permit con-
touring on & regicnal scale, Figure 8, & Souguer isoanomaly

map of the state of South Carolina, 1s an example of the type
~ of map that it-is felt can be prepared from existing reccnnais-
sance data, Similar Sree Air anomaly maps are not contemplatea
by this Institution since the U, S, Coast & Geoaetic Survey has
Tteen preparing such maps.

In general, the program at the woods Hole Oceanographic
Institution has been one supplementing that of the U, S, Coast
& feodetic Survey and duplication has teen avolded except in
the case of special studies where it is to everyone's advantage
to have duplicate studies,

PH=SENT PROBLEMS IN GLOBAL GRAVITY MEASUREMENTS

General Statement

Although there are many problems involved in any program
of fleld measurements that will affect the accuracy. of the
results obtained, it 1s not the purpose here to catalogue or
discuss sall those that are generally recognized in gravity
measurements and which for the most part are handled in an ade-
quate manner. The only problems that will be discussed are
those that are not being handled adequately, or are r .t being
handled in a sufficiently uniform manner to permit results of
a certain level of accuracy to be obtalned,



Need for an International Gravity Standard

The adoption of an internaticnal gravity standard suitable
for the calibration of gravity measuriqb instruments 1s at pre-
sent ‘the ‘primary dirflculty associated with making long distance
gravity measurements 1nvolving change° of 1000 mgals. or more.

At the moment there is nc standerd of callibration. The assump-
tion: that inverigble pendulum measurements are adequate stan-
dards for calitration purposes is now definitely known -tc be in
error,  Comparl!sons made last year by thils Institution _of gravity
values taken at the-same sites using the Cambridge University
magnetically compensated invar pendaulums, the U, 5, Cecast & Geo-
detic Survey uncompensated Invar pendulums, and the Gulf minimum
length nonmagnetic quartz pendulums cshowed syqtemafic dif-
ferences in the observed value of gravity that amounted to as
much .as 6 mgals. for a change of 1000 mgals. Tnhis deviation was
systemstlc ana related to change in~la%itude. Accumulatively
‘between the mqu-tor egnd the Poles the aifference in gravity
1nueﬂval measured with the Gulf pendulums and those of the U. S,
Coest & Geodetic Survey Wwould have amounted to more than 30
mgals, The Cambridge University pendulums gave results inter-
mediate between those obtained with the=6ulf and U. S. Coast &
Geodetic Survey pendulums., That is, they differed systematically
from the Gulf pendulums by 2 mgals. for 100C-mgals. change and
from the Coast « Geodetic Survey pendulums oy L mgals. for 1000
mgals, charge., These results are- shown graphically in Figure 9
in which comparative results-ac obtained with the pendulums are
plotted against those obtained with a gravimeter calibrated

using the Cambridge pendulums as a standard, That the observed
deviations are primarily related to the effect of changes in the
earth's megnetic field on the period of thé various pendulums
involved is pretty well subostantiated. The gravimeter compari-
sons for example carried out in Australla, the british Isles,

and South Africa against.the Cambridge pendulums when magnetically
compensated using. a Mu metal liner in the penduium case and the
comparisons made in North America when the Mu metal Iiner was
removed and a Helmholtz coil substituted for stabilizing the
vertical component of the earth's magnetic field showed a change
of 1 mgal IOP lOOO mP'PlK Ph&nnp in gnnv{ 4-:{. ‘lhrodg‘_‘ the use
sif-a iielmholtz coil the U, O, Coast & Geodetic Survey also

repcrt that they are now getting results similar to those ootained
with the Cambridge pendulums

This change in magnetic compensation, while obviously giving
an improvement in results, however, apparently is not sufficient
if the results obtained with the Gulf nonmagnetic quarts pendu-
lums are correct, There still remains a discrepancy of 2 mgals.
for 1000 mgals. chanize in gravity with latitude that is not
acccuntea for, whether this discrepancy is due to the emf
induced by the swinging invar pendulums cuttinp the field of
the herizontal component of the earth's magnetic field which
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has not bsen stabilized, or a change in magnevi.c moment of
the pendulums induced in travel, or a combination of these
factors, or some other factor as yet undet'ined that might

oe affecting either the invar or quartz penaulums, cannot

be sald. For the purposes of this discussion this uncertainty
is immaterial, - The-crucial point is that there is no set of
pendulums that is-generally accepted as giving a true measure.
of the change in gravity dt the present time with an accuracy
of greater than 10 mgals,. between the nquator and the Foles,
or that will suffice for.the calibration of a geodetlic type
gravimeter to better than 2 parts in 1000.

Although it may be felt that the Gulfl quartz pendulums
are giving s better over-all messure of gravity than the
invar equipment, this-cannot ve demonstrated since there is
no absolute standard for comparison. having the required accu-
racy. All that can be done_;s to point out- that quartz is
both highly stable.and:ronmagnetic; that the pendulums are
minimum pendulums and thus the effect of knife edge wear ‘is-
not -as critical as W1th the invariable pendulums; that two
pendulums are swung simultaneously 180° out of phase so as to
effectively eliminate sway of supports; that the case-1s not
opened at. any time during a survey and thus there is no chance
for dirt entering or chariges in molsture content; that the air
is desiccated and that pressure and density as well as tempera-
ture are maintained constant inside the case throughout a sur-

1 R,
vey; that lsochronism i1s essentially yerLuCt; that time Is

determined with a crystal chronometer and rated againsc racio
time signals: that theres is no observed dependence in results
on any factor 1li kely to systematically influenc¢e the period of
the pendulums such as building of electrostatic charges on the
pendulums with time due-to insufficient " radioactive ilonization
of the residusl atmosphere in the casej; and that there 1s no
known factor associated with latitude Iikely'to influence the
period of these pendulums because of the desirable physical
properties of quartz,

Since the Gulf quartz pendulums have never been previously
used for other than }Utaz\suryays in 0il1 exploration, where
they gave results good to 0,2 mgal., these largs observed sys-
tematic -differences from invar pendulum results have not been
previcusly reported, ~Ahé dIiscTH ‘ancies petween olider bronze
perdulum measurements and tlios: ade hi&h invar pendulums hac
always been attrivuted to imperfectly determinea- temperature
coefficients for the bronze pendulums., In part at-least it is
now obvious the trouble lay with the invar pendulums,.

Since the point has been ralsed that the present results
obtained with the Gulf quartz pendulums were perhaps abnormal
or peculiar to the set of pendulums used, and cince there was
a tare affecting some of the results the writer obtained the
lean this ysar of two other sets of 4 bl -quertz pendulums from



the Gulf Research & Development Co, These are now being run
over the same course as before bstween Fairbanks; Alaska, sand
Mexico>City. Both sets of péndulums are being swung at each
observation site so that there will be two indepenaenF'béxs
-of measurements cver the entire range, It {5 also planned to
fly ‘the equipment south from Mexico City as far as Quitc,
Ecuador, making additional measurements en route in Guatemala,
Nicaragua, Panama, and Cclombla. The over-all range in gra--
vity that will be covered_by the measurements will be about
4,900 mzals, The number of observ tion sites will be approxi-
mately 40 in number, Since thé" Ccmbridge University pendulums
are being swung by the Dominion Observatory of Canada over the
Mexico City-Fairbanks, Alaska,’ portion of-this tine covering
app”oximately 4,200 mgals., airect~cempar*sons will be avail-
able between these two types: of. pendauiums over a sufriclent
range in graVity to permit a thorough study <f the differences
obtalned. A program 1s then- planned to determirie the causes
of the differences in results obtalned, . Until this is done 1t
does not appear desirable to undertake: any ‘world-wide adjust-
‘ment of gravity values.’ Presumab¢y these .specisl comparative
studies will te completed befére the’ meetings of the Imtérnational
Association of Geodesy end Geophysies In Rcme-im: 195l and mction
can be taken at that. time towards adopting an international gra-
vity standard Zven_if such g standard 1s later proved to be-in
error, the adoptlomn of an iInterim stasidard would have the
immediate advantage of providing. a mechanism for getting all
measSurements of gravity on a common basis.

Method of Geodetic Gravimeter Calibration

Just as there 1s no standard for comparison for gravity
measurements there is no standard method for calibrating gravi-
meters, Most observers apparently-are using the calibration
furnished by the manufacturer or are calibrating thelr gravi-
meters by making multiple tles over relatively small intervals
of gravity as determined by pendulum.observations, No manu-
facturer as far as the writer is aware is now claiming a call-
bration better than 1 part in 2000; i.,e,, 1 mgal. accuracy for
2000 - mgals. change. Furthermore thls calibration applies only
to. that part ct the instrument’'s range that- can be readily
checked, Tests of various makes of gravimeters by the writer
have shown that the calibration constant foi* one portion of
the scale may be quite different from that for another portion.,
The only positive solution appears to be to have a calibration
range extending over a sufiiclently large change in gravity to
permit a calibration by direct comparison with standard values
of gravity, It was with this objective that the original
series ¢f psndulum measurements with the Gulf quartz pendulums
was planned Iin 1549 between Mexico City and Falrbanks, Alaska,



- 8 -

with the extension of this line of measurements to Quito,
gcuador, and the resolution of the present differences bet-
ween pendulums i1t is belleved a standardization range will

be available for calibration purposes which can be occupied
in 1ts entirety in 16 days with a gravimeter using regular
scheduled air trensport. By starting in the middle, closures
could be obtained on all observation points with a maximum of
no mere than 8 days closurs time on the starting polmt. ‘This
is possible since all of the pendulum bases have been set at
alrports or tied to them directly by gravimeter mezasurements,
As &ll sirplane stops are for ten minutes or more there is
ample time for a gravimeter observation to be made at each -
stopping point and travel can thus be ccntinued on the same
Flane. - A sample itinerary covering the entire route between
scuador and Alasska, including travel from Washington using
-existing air :transportation facilities is given in Table I,

As indicated in the itinerary given in Table I, 16 days
woula be required starting from washington to make a round
trip over this line of pendulum measurements, A change in
gravity of L,900 mgals. would be covered with observations at
32 control points and reoccupations for closure could be obtained
at 22 of these, The inclusion of an additional two_days would
permit reoccupations of 3C of the bases, Of the closures.
obtained, approximately half of that observed cculd be accounted
for by direct observations cn drift during overnight stops,
and it is not probable that an uncertalnty of as much as 0.5
mgal., would be found in the final gravity values, I1If.the pen-
dulum values were accurate to 1 mgal. on an absolute bacis a
calibration good to approximately 1 part in 10,000 would be
had and at the same time the degree of linearit of. the gravi-
meter would be determined over its-entire range. The desira-
0ility of having such a standardization range therefore cannot
be -overemphasized., =rnven 1f mo agreement can be reached con-
cerning the absolute gravity accuracy of the pendulum values
on the Aleska-Ecuador line of measurements, this series of gra-
vity bases will still probably constitute the most reliable
gravity standerd yet established for calibrating high range

cvnvimn+owc_

A word in closing this section might be in order concern-
ing the accuracy of the tilt tabls calibrations lfurnished with
the Worden geoaetic gravimeters since so many of these 1nstru-
ments are noWw in ugse throughout the world. Through the coopera-
tion of the Houston Technicel Laboratory tilt table calibrations
were made by Mr, William black of this Institution and the
University of Wisconsin on two worden instruments at Madison,
Wisconsin (g = 980.368L) and at Fairbanks, Alaska (g = 982.251l)
and the results compared with those obtalned in Houston (g =
976.2956). The instruments were found to have a markedly dif-
ferent calibration at each of these three places and none agreed



Flying time itinerary over gravity callbration range
Alaska and licuador G signifies Gulf quartz pandu-

between

lum basse.
sity pendulums..

& Geodet

Cisignifies base occupled with Cambridge-Univer-

Coast

_sig“‘Piﬁ° base occupled with U, S,
ic Survey pendulums.’
l1st day via Capitol A, L. i
GCU- washington, i, C. 1v 08u0
G Chicago, Ill. 1156
. Chicago via N.wia.L, 1v 1430
GCli "Madison, wis. 1525
Minneapolis, Minn. 1659
2nd day via Wastern A,L.
3 Minneapolis, Minn. 1v 1000
GCU Huron, $, L. 1210
G  Cheyenne,. Wyo.. 1634
Uu _ wenver, volo. 1718
32d day via western A.L,
Denver, Colo. ' 1lv 0700
G  Cheyenne, Wyo, 0718
G. Casper, Wyo. o848
G Shéridan, Wyc, G957
G Dillings Mbnt 1046
G Lewiston, Mont. 1147
G  Great Falls, Mont, 1232
Great Falls, Monq lv 1315
G Cutbank, Mont. 1354
GC Lethbridge, Alb, Can. 1436
Lethbridge via Can, Pac. lv 2000
GC Edmonton, ‘Alb,, Can, 2145
hth day via Can. Pac. A.L. :
Edmonton, Alo,, Can, lv 1120
GC Grand Prairie, Alb, 1300
&6 Pt St Fehmy BTG 1410
Ft, ot, dobn, B. C. v 1525
GC Ft, Nelson, b, C, 1580
"GC watson Lake, Yukon . 1640
- C Whitehorse, Yukon 1825
qth day via Pan. Am. A.L,
whitehorse, Yukon 1v 1645
GCU Fairbanks, Alaska 1830
6th -day in Falrbanks, Alaska :
7Tth day via Pan Am, A.L, :
Fairbanks, Alaska iv &800
GC whitehorse, Yukon 1215
8th day via Can. Pac. A.L. e
Whitehorse, Yukon 1v 0800
GC Watson Lake, Yukon - ..0930
GUC ¥t, Nelson, b, C. 1210
ve M. 8¢, WJohny B, €, 1,35
Ft. St. Jobn, 5. C. Iv 1510
GC  Grand Prairie, Alb, 1665
GC idmonton, Alb, 1750




TABLE I (Cont'd.)

9th day via western A.L,

Edmonten, Alb. 1v 0833
GC Lethbridge, Alb. 1018
G  Cutbank, Mont, 1100
G Great Falls, Mont. 1200
G Lewiston, Mont, 1300
G billings, Mont. 1410
G Casper, Wyo. 1547
GU Denver, Colo. 1725
10th day via Etranirf A.L,
GU Denver, Colo. 1v 0700
G  Colorado Springs 0730 .
G Amarillo, Texas 1020
Amarilio, Texas 1v 1100
G. Dallas, Texas 1340
Dallas, Texas lv 1425
GCU Houston, Texas 1535
CCU liouston via E.A.L. 1lv 1752
G San Antonio, Texas 1922
Sgn Antondo via-Am. AL, lv 2000
GC Monterrey 2120
GC Mexico City 2340
11th day via Pan, Am. A.L.
Mexico City_ 1v 0800
B Guatemala City 1113
G  Managua, Nicaragua 1506
G Tocumen, Panama 1919
12th day via Pan, Am, A.L.
Tocumen, Panama 1lv 0715
G Call, Colombla 1030
G Quito, Ecuador 1240
13th deay via Fan. Am, A.,L.
Quito, Ecuador 1v 1150
G 'Cali, Colombila 1400
Tocumen, Panama 1700
14th day via Pan. Am. A,L.
i Tocumen, Panama 1v 0800
G Managua, Nicaragua 1000
G Guatemala City 1251
GC Mexico City 1636
Mexico City 1v 1700
GCU Houston, Texas - 2035
15th day via Eranitt A.L.
Houston, Texas lv 0730
G Dallas, Texas 08440
Dallas, Texas 1v 0915
G  Denver, Colo, 1233
Deawer-via United ALY 1v 1500
G Chicago, Ill. 2015
Chicago, I1l. v 2350
GCU Washington, D, C. 0320




#“ith the calibration based on pendulum station reoccupations
.except. .the tilt table value at Houston which checked with
the value based on the present Cambridge University pendulums
as magnetically compensated with a single Helmholtz coill.

ven completion of the present summer's work, which will
1ﬁc1uue a run with a gravimeter cver the alaska-Ecuador line

of' penuulum bases, 1t will be extremely interesting and sig-
nir LCC it to determine which, 1if any, of the various pendtulum
measuraments confirm the norlinearity Wwith Jatitude 1ndicated by

the tilc table measurements,

Processing of Raw Gravity Data

in addition to the problemfofkcalibration there is at
present no uniformity in either.the methocd of determining
instrumental "drift" with.gravimeters or the method used in
- aprlylng closures incorporating both drift and “tares™ { jumps)
in readings introduced by sudden shocks or knoccks, ©Some
groups tend to follow the procedures adcépted in gecphysicel
prospectlng and te as precise as 1s practical. That is,.suf-
fieiert <losures are taken to permit the short- te rm drift rate
to be determined sud wit'. this procedure "tares" due tc shock
can be easily located and corrected, 'Other groups apparently
are determinine drif't om the basis of the over-all clOsure for
trhe perlod of an entire survey which may involve-two.or three
months or more. This procedure assumes a uniform drift rate
with no tares in the readings. while such a procedure .simpli-
fies computations and speeds up field progress it 1s not con-
ducive to the best results,

In sddition to the above scme_groups are handling tares
in reaaings as lump sum. corrections wnile others appesar to be
niotributing such corrections throughout a whole network of
stations, This latter procedure in the writer's opinion is to
be condoned only as a last resort when the place of occurrence
of a known tare cannot be adequately determined, Lecause of
individnal differences in drift rate and nnocnp*‘lsility +to
tares of different gravimeters as well as differencesin accu-
-racy requlred for different surveys, no set standard procedure
can be established for carrying ocut ths field werk as regards
~determining closures or for adjusting the data for closures.
lowever there should be a recora submitted to a central sasgency
indicating field proccedure used, the characteristics of the
instrument, and the method orf closure adjustment employed so
that the data can be evaluated on a relative basis with other
data.

While on the subject of cloéures, a word should be said
about the reliabiliiy of results obtained with instruments
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having high drift rates (1 to 2 mgals. per day). The impres-
sion has been given at various times that results obtalned
with such instruments are not nearly as reliable as those
obtained with instruments having a low drift rate or better

yet no drift. The writer's experience in using various instru-
ments having these characteristics i: that just as reliable
and sometimes even better results are obtained with those
instruments having a marked drift rate. This anomalous con-
dition results from the fact that an effort is made to obtain
frequent closures with an instrument having a known high drift
rate and as a conseguence tares are detected and allocated as
to place of occurrence which would not be so eusily detected
with a driftless meter with which only infrequent closures are
taken,

Tares are glso found in pendulum measurements as well as
gravimeter measurements snd the only safeguard against such
effects is frequent closures. In the present line of rendulum
stations between Alaska and Zcuador closures will be obtained
at at least 3 sites. The entire-line has already been double
run and most of it triple run with gravimeters and therefore,
there will be no difficulty in determining the place at which
a tare occurs or its magnitude. In this way a proper correc-
tion can be applied and none of the values will be biased as
would be the cese iI' final closure value representing perhaps
the net effect of two or more tares, possibly not all cf the
same sign, was distributed.cver all the stations occupied.

CONCLUSION

For the purposes of carrying out world-wide geodetic and
geophysical studies incorporating all of the world's gravity
data it is essentisl that these data be Iintegrated and adjusted
to a set standard having a givenh accuracy. It has been shown
that present standards, namely, relative prendulum measurements,
are not uniform and further may vary greatly., In addition pre-
sent field and reduction procedures are so varieble as to con-
stitute contrlibuting factors to some ol Lhe differences in
results being obtained. The most important factor though, 1is
the lack of an international gravity standard that can be used
as a vasls of gravity lnstrument callbration and intercomparison
of all gravity measurements, Although enough interconnecting
Wwork has now been_carried out to permit adjustment and inte-
gration of most o” the world's gravity networks it is not pos-
sible to do so because there 1is no general agreement as to
what the standard is to be,

. The present comparative measurements being made coopera-
tively by the Woods Hole Oceanographic Institution using the
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nonmagnetic Gulf quartz pendulums, the-Dominion Observatory
of Canada using the Cambridge University invar pendulum:s
with magnetic compensation and the U. S, Coast & Geodetic
Survey using their invar pendulums, it is believed will fur-
nlsh the basis for arriving at a satisfactory gravity stan-
dard, Until these measurements and studies are completed,
hewever, -1t does not arpear wise to adopt a standard, or to

attempt to adjust the various international gravity networks
into an integrated whole,
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