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POSSIBLE EVIDENCE FOR NON-NEWTONIAN GRAVITY
IN THE GREENLAND ICE CAP

MARK E. ANDER
Los Alumos National Laboratory
Eurth and Space Sciences Division
Geophysics Group, MS-D446
Los Alamos, NM 87545

ABSTRACT

An Airy-type geophysical experiment was conducted down a 2 km deep hole in the Greenland ice
cap in order to test for possible violations of Newton's inverse squire law by making gravity measure-
ments over a range of 213 m o 1360 m. A signiticant depanure from Newtonian gravity was observed.
This result can be explained by the existence of an attractive non-Newtonian component of gravity with a
strength of about 3.4% that of Newtonan gravity at a scale of 1460 m. Unfortunately, we can not com-
pletely, unambiguously attnbute ut to a breakdown of Newtoman gravity because we have shown tha
tateral density variations n the pedrock beneath the ice can cause such apparent departuzes. If such varia-
uons existed, they would have 1o be rather unusual but certianly not impossible.

Seme cl'l'ims to produce a umtied tield theory have suggested that addivonal gravity-like forces may
exist in nature.” ‘These forees are predicied to have timte ranges on the order of 10's to 1000's of meters.
I such forces exist, they will appear as apparent scale length violatons of Newton's im;,c[‘w square law.
Recent geophysical measurements have sugpested thae such appirent violations may exist.™

This paper is a short summary of an expenment performed by Ander et il|.4 to search for possible
scale dependent non-Newtoman gravity etlects over a vertical distance of 211 - 1460 m in glacial ice in the
Greenland e cap. The detalg of thas expenment will be presented in a series of papers that have just
been submatted for publication.”

lce was chosen because its density 1s uniform and well known, thus chminating one possible major
source of uncertaunty. ‘The expenment consisted of butlding a Newtoman model of the gravity grixlient
through the 1ce, based on a density muxlel of ihe surrounding iepgion developed fiom geophysical measute-
ments, then non- Newtoman eltects were searched lor by companng, the observed gravaty graients through
the ice to the Newtoman madel gravaty pradients,

The eaperiment was done wa 2038 m decp well, which penetiated basement rock, located at Dye 3,
a Distamt Early Warmmng Station. Diye 3 60 km south ol the Arcue Cuacle i the center of Greenland
25490 m elevanon. The density model consists of toughly 2000 m ol wee overlyig bedrock topogaphy.
Gravary values, g, measured at depths, o, e modeled by
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where g g 15 the theorehcal pravity of an ellipsordal tor depth o, yas the fice e pradient, pg anel p; e
the tock and e densities, RE e the tercnn conrections due 1o the we/tock iterfaces at pomts «, 11, e
the 1emn contections due to the sarface ol the we,and D) ae e pravitational corrections due to possible
buned tock mass anomahes Theretore, the model prasaty peadient s
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where o and 1 oreten to upper and lower pravey pomts The anomadous non Newtonin coutponent 15 then
yiven by
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The general physical and chemical properties of ice have been extensively studied and ice samples
from Dye 3 have been analyzed in detwil.” The three importamt components of an wce density model are
pressure, temperature, and air content, all other effects being nunor by companson. Our model, developed
from comly'ning the equation of state for ice with the perfect gas law, calculates e density accurate 1o 7
parts in 10~ down the well.

Before proceeding 1o Greenland we calibrated the borehole gravity meter to within an UIlCt‘ﬂ(Iigly of
0.03 mGal along an absolute calibranon range iy Alaska and Canada. For detals see Sasagawa et al.” We
also caitbrated the length of the wirchine, used 10 lower the borchole gravity meter dow4u the well, both
before and afier the Greenland experiment 1o wn uncertamty on the order of 1 partin 107 in a deep muw
shait in Idaho. For details see Ander et al.

Dunng the Greenland operation, 10 raw measurements of gravity were made down the well, These
measurements resulted o eight gravity pomts trom 2138 m o 167V m depth. In addion to the down hole
measurements, 25 surface gravity measurements were also made  Electrome distance meters. tinst order
leveling techniques, and a saielhte Global Positioning System were used (o obtan elevations of the surface
gravity sites 1o withain 1S cm and to map the e surtace topography to within I m covenng a L6 km diame-
ter region centered on the well.

lce penetraung niddar surveys are used to map the wee/iock iterfive moarcue enviroranents.  Air-
borme, ground, and anbome -ground radar surveys had pwvmyxl_\ been made i the region suttounding the
hiole providing good regional coverage out o at least 60 km © We also performed a detaded surface radar
survey that consisted of 124 radial bines, cach y ki long ad centered on Dye 3 tor atotal of -2,600 radar
retlections trom the rock surface. Our surtiace survey was inteerated with previous ridan surveys 1o produce
a map ol the weefrock inlecface. For detals of the tadae work see Goman et al, and Fisher et al.”™ “Ttus map
wis then used 1o calculate out the gravitatnonad effect ot bediock topography e cach gravity observation
point, both on the 1ce surface and down hole. using two dilferen techmgues. Both methods agreed. Uncer-
tanly in the bedrock 1opography resulted in farge ancertunnes in the topography's gravitational etfect and
is the leading source of uncertanty w the pravity conecnions The maximum uacertainty as 0.5 mGal tor
the surface pravay data and 026 mGal for the pravity data down hole The gravitational eftect of the we
surface topography on the down hole gravity dat amounted 1o less than 0 04 mGal over the entire 1560 m
tange of measurements ikl can therelore be negleded

Newtoman gravity predicts that the total pravity from a 1360 mothiek e shib showld be 11252
mGial. Our expenimental result adicates an addinonal $ 87+ 0 36 mGal over the Newtonan prediction.
Thas amounts to V4% merease i pravity over that predicted by Newton and s consistent with a Yukawa
torce with a tange onthe order of a kidometer and g staenpeth of atew percent ol the pravitational constant.

Our model does not mclude the eltect of possible Lieral density contrasts Tocated withun the tediock
beneath our gravity datic: Determummg the practanional clteats ot Lieral density anomalies is o very sen
ous problem ud s e weakness of all silar peophysical expenments “The crux of the problem s tha
any given gravity datia set admus an mbinnte vanety ol density solutons: Alithough previous vestigators
have worned about this probleay, itas cdear that s nanme s rather shppery and that otherss may have
severely underestimated s ¢Hect on ther expernmments At present, there s only Aun‘ reophysical wechiigue
it lerwds itsell to o opotous study ol the probleas, poavity weal body amalyss 5 We have shown dhat, w
rencal, asnll density anomaly located near aovertical poasaty ey can produce lape vermcal pravaty
pradients, ths adimg to possible Ldse conclraons Inoue cases we e hielped by the Lt that such con
tasts can not be imedeately to the side o just below any ol oue reav ity mcasuremenis @s i e or tock
borchole expenment, but st be at feast 360 m below our Towest vty pon

Gravity sdeal body analysis shows that o anonalous yeadient can beomade o disappea it e
bediock contams e suposiogly Lage percentiee, peater than 85 of nph density anonvalies tat musa
exceed 20 piom T We know, lran yeoloyc and peaphiysecal comvaderations, that the bedeock has anaver
ape density ol about 7 p/ome and that Tl deoeaty anongahies, due 1o matn imtoesaons, probably exast i
the bediock with densitics tampany frome "X 1o 80 pom We abao know that 6 s rather unbihely (ni
unpossible) that any hiph densaty bodies sall exceed abont Y0 caom s Fathemmone, veolopie mappmy ol
cvposed bediock aroutd the o ot ithe sce capomdecatesothat ach fueh densats matie ntoastons docesast and
ocoupy only aless percent of the bedoock Tocaddition o e diteale: bat not wnpossable, vo tid e upped
andl pealorme coviomment any where that will contao neaks 307 af e, volame sl bieh densany ol thwe



k) . L
order of 3.0 g/cm™. A more ngorous discussion uxd a statisucal analysis of our wdeal body study 18 1n
Ander et al.
In conclusion, our expenmental results can be taken as evidence for the existence of non-Newtoman
gravity. The results can also be explained inwerms of a supnsingly large volume of mafic intrusions within
the bedrock.
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