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retan the h9J frequency signal1hat 6 crit~ to p/O~oct
levei geophysal surw~g.

Ai"-FTGTN 6 a<X1uired onboan:l a Ce~a Grand Caravan
2088 whOl has been nX>diied to hou~ the nstrument,
ali ~rt electronk:s, regular and differential gk>baI
postoong systems, a magnetaneter, and appropriate
terran measurng hardware. 8y positonng 1he FTG n~r
to 1he center 01 plch, /011 and yaw, /Otatonal
a~ons can be hek1 to a mnnun. Any
aooeleratons 1hat rsnan are meaQJred by dedated
a<x:elerometers aro rem>\9:I durilg post misson
~~00n. Th6 desiJn alk>ws AÍ"-FTGTM to fly n
much /Ougher oond~oos 1han a standard gravineter and
also elinnates 1he need for k>ng Iead n or Jead out Ines.

Ai'-FTGTN surwys can be ~wn at constant banmetoo
elevamn or n a gentle drape. Si1ce 1he AÍ"-FTGTM 6
measurilg the gradient directly, and it falls off w~ 1he
cuba 01 the distance:

Abstract:

Gravity Gradmts are 1he first spatial derivatiw of 1he 3
Gravity ~tors that d~rbe lhe a<X:eIeraton fel! on a
OOdy at the earth's sulface n 1he 3 Or1tX)QOnaJ
co"1>Onents of CartesBn space (i'k>rth, East, DoW\ or x.y
and z). The gradmts, or tensors, are defi'led by 2
absc~ts G" M1e1'e I and j are ~Bced by x.y or z.
There are 9 POSSi>B gradSnts 1hat can be descrl>EM:t
thusly, 5 of M1K:h are i1d~da'1t (F~ure 1).

3D-Full Tensor Grado~ter \3D-FTGj is the only
n~ent n the M>rkJ that is capabIe of neasuri'lg ali 5
of Ihese tensors on a rnomg pBtforrn. The 3D-FTG has
r9cendy fk>'M1 s~1 aibome surwys whki'l alk>w I
to servke the mneraJ and onS1Ore petro~tm mustry n
add~oo to the existi'lg offshore market

The fiw (5) gradmts can be used to deterrnne
Sli>surface anomaly bcaoon, edges and S\apes of
00dM3s as well as refnng density models and owrall
geok)9K: models.

GlJ a 1 tfl3

It is usually desirable to surwy as ck>$ to bodies as
possi>le. Therefore a gootle drape s normally used.
Sp~iaJ ~ftware is used to fact>r n terran, airplane clinb
peoormMoo, and cross te matmng ~ that 1he surwy
crew CM obtan 1he best possble surwy results.
AltitJ.xjes can be fk>wn as k>w as 80 meters and 1i1e
spaci'lg is usuaRy n the ra~e of 50 to 250 meters
d~i'Ig on the target.

Data is acquied and stored on disks dumg fI~ht
operaoons. Immediately folk>wi1g each fI~ht, the data is
downloaded to a processi'lg oon1)uter where processng
akJorilhms are applEd to COrT1Jensate for the aircraft
turbumce, mass shifts, and 1he $/t gradent of 1he
aírcraft. AI this stage a wry stra quality control checI< s
applEd to the data whktl k>oks for excessiw
acx:eleratDns, calbratDn errors, repeat differenoos and a
$ries of other predetenni1ed benchmarks.

Q)C9 the fiekf crew has deterrni1ed that the surwy data
is of the h~hest quality, that data is $nt electronaly to
the processi'lg cooter where another $t of 9}'9S performs
ewn more r'JJorous ac checl<s on f1e data. /t, at any
stage, the data does not moot these strk::t quality
standards, 1ho$ Ines are re-fk>wn Md mefged nto the
surwy.

Once the mti"e surwy is OOn1)lete, owraD analysis of the
surwy can begn. The data from the ~nni1g disks has
to be deconwlwd and Sowly wryi1g changes need t> be
OOn1)oosated br. This is aD dane on the data as a
n~rk of Ines rather than on ndivkiuallnes (SeIman, et
aI., 2001). Ths is the stage where nd~uaI tensors are
cak:ulated.

Introductlon

Gravity gradmts haw been ~ured for nX>re than a
century, but only from &atonary ~rerT81ts YA1K:h
meant Sow surwys and linited oowrage. As airbome
methods haw inpro~ n lhe Iast 20 ~rs,
expioratonists haw ~ed for a doos~ tool to
oomplemoot airbome magnetCs and EM. Ra:oot
atterT1>ts to fIy gravWneters haw met wih lin~ success
due k:> thei" high ~sitivity to aiplane turbulence and
ther bng spatal resolutK>n.

The ~t ntrodldk>n of al airtK>rne 3O-fTG ("AÍ"-
FTGYMj has provoed f1e technology to fi" that gap and
aJlow petroleum and mneraJ exploraoon ca-npanies to
oowr large areas with a true prospect levei densiy
~si1g devi::e n a short anX>~t of tine.

MeIhod

The 3D-FTG u~ a ta:hrX>IogY that was dewioped by
lhe US Navy for use aroard Tment CIass nlx:lear
submames. This technobgy utiizes a set of three (3)
rota~ di9<s, each oontai1ng t'M> (2) pairs of
orthogonaJly momted ~meters. By takng lhe
difference of the graviy sensed by each pair of
acceIerometers, lhe Ai"-FTGtM S able to ~~te for
rnost of lhe turbulence experenced by lhe airplane and
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The fist step n forward iteratiw modeIng is to oonstrlX:t
an nml ~e~ whK:h reflects as accurateiy as possbe,
lhe current nterpretatbn of lhe sLbsurface. T~ and ba~
of target (ore body. salt, basalt, etc) and horizons are
oonwrted to xyz ASCII fies and mported nto lhe
nOOefr1g program from lhe 3-D nterpretatoo. A
basement layer is created utlizng a regbnal depth to
basenB1t ~ and rTX>difyi1g k as required by lhe gravity
k>ng wawengths. Constant depth Ia~rs are created and
c~ped to l'Ie t~ and/or ba~ of target as needoo. These
d~th layers are used to awly stacked laterally and
vertk:ally varyi\g dmsity goos buidng a density CtJ>e that
surrounds the target bod~.

Lateral density data are derived from seisrnc wk>cities
'#A\mewr ~ismc data is avaHab~. Whle dmsity goos
may be constructoo wittX>ut ~ismc data. it is a Iess
accurate processo Si1Ce lhe apparmt dmsities are
caJculated usilg a gmeraJized bnn of lhe Gardner
equati>n. OOIy approprate when dealng w~ relatively
flat. unconsolM:lated sedmmts. deviati>ns wil cau~ fal~
dmsky halos aro~d lhe target bodies. A s1atistCaI
analysis of lhe dmsity grM:l wil rewal lhe abnormally h'"Jh
and k>w dmsities for lhe goo. Gare must be takm not to
edk out anomalous densities that are not related to the
effect 01 lhe Gardner equatoo (Cobum et. ai.. 2002).

FigUre 1: A) The {J'avity field is ~posed d three vectrxs, Gy,
Gx and Gz. Each wctor con~s Itvee gralients. B) Nine
{J'adents .e shONn. Ave repesent 81dependenly rneasured
{J'adents. Gradients Ihat are rneasured but .e redundant are
shC1lln in fike caas. Tzz is not independent, as it ia the negative
sum d Txx and Tyy.

Density 9 oos are typk:ally created on 609 meter (2000
100t) nterwls from surface do~ to 3048 neters (15000
leet) bek>w surface. Density gri:Js are extracted Irom 3048
meters (15000 leet) to as d~ as possble whKi1 is
t}1)k:aly aro~ 12192 neters (4O<XX> leet), at 1524
meter (5000 foot) nterwls. Constant densiy layers are
used for the d~r horizons.

The fMI step i'lwlws more t)1)k:a1 potootial feld
processng methods such as fiteri'lg and Ine lewlng.
One ted\nique that is unque to FTG data is harmonK: fi
i'I \W1K:h the Laplacian nature of the i'ldepa1dent tensors
is usad. HarmonK: fit ched<s the ~naIs to make sure
that ali of the tensors are solutoos of Lapiace's Equaoon.
Any sWJnal \W1K:h does not meet this test can be
oonsK1ered noise and discarded.

Fi'lal tenso r maps are thoo created br the 5 ndependoot
tensors T xx, T xy. T)CZ, T yy. and T yz as well as the wrtCal
tensor T zz. T zz is not i'ldepg1dent becau~ T xx+ T yy+ T zz =O
(Anof1er ~IacBn must) but it is presented beca~ t
puts the doosky anornales n thei" apprq>riate spatial
perspectiw.

Once the gOObgK: nmel is oonstnx:ted, the gradents
calculated from f1e nmel are compared to the actuaJ
measured gradients. lhe resulti1g diference maps s,ow
resktual anomales; amas where mass needs to be
ncreased or d~reased w~n the geobgK: nmel. These
errors rnay be corrected by nmiryng densiy goos,
structure, or a conW>naoon of d81sity and ~ructure. If a
well-inaged talget is p~t n a portm of the nX>deIl
can be used to calbrate lhe density grkts. Snce the
thK:kness of talget n that portoo of the roodeI is a known
quantiy, ali of the ~Ies at that k)catm can be
attrbuted to the density goos. The wawength 01 the
anomaly is used to determne Yt1d\ dmsity grkt is
nco~ Once the d81sity gOO8 haw bem adjusted, the
diference (betwem the measured aro the calculated
gradients) wll be cIo~ to zero n f1e ama of the known
target thK:l<ness. SpatBl wawlength literng techniques
are routi1e1y applied to extract causatP.'9 sWJnal from
source targets. The ~thod extracts lhe sWJnaI for sp~iK:
wawlength ntervals. A TmS)r c\be results that serves to
separate the hWJh from ~ freqlJ8'lCy content (FWJ. 2).
FWJure 3 shows a profie, or Ff9:1uency SectDn, extracted
from the Tzz cube over Vnton (bne, LA.

Interpretatlon Methodology

Interpretati>n can range from sinpie target de~oo, to
$>phStí:ated model buik1i'tg- In many mi1eral cases.
targets are bei'tg k:lentifed for further stlx1y wid1 E-M,
magnefus, surface geophYSK:s or drill hom. In these
ca~ lhe Tzz is a good first ndk:ator of positi>n but f1e
other too$>1S can reIne edge defi'liton. Each t8n$)r has
its own directooal .e~rtise" as is shown n this table:

T S\S>f
~

T)W
T~

~

ise-
- ea

Comers
Center
E-WF

.I Proper M~e i1formatOO

If sinple target detecoon is not mough.1he next s1ep is to
use lhe 3D-FTG ;,formatoo for nOOeI buldng or more
p~isely to inprow ~ur geoIog~ nOOeI. lhis can be
done by us;,g folW8rd iteratiw modeIng or with
;,wrsk>n.
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F'iJure 2: Vnton Dome, LA airbome gradk)rnetry data. Power spectrum points where the data can be broken l4>
nto its spatial frequalCY or waWlength. Loog waw~ngths ndCate deep anomaly oources \'A)jJe short
wawlengths ndCate S1a1k>w anomaJy SOUrce5.
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of the gradklnts h~s to deme whether the source of M
anomaJy is shallow or deep and ts geometry. In many
cases, a Iong wawlength anornaly domnates the gravky
dlference map. Snce gravity is more sensitPie to deep
(greater than 9144 rneters (30,000 foot» SOUICes, this
Iong waw~ feature is often used to approxinate the
basernent when no other data is avaHable. By modifyng
the structure and dmsity grkis at woous dep1hs, the
dlferences CM be mninized to an ax:eptable linit
(usualy + 1- 8 EàtWs for airbome FTG data).

In ca~ YA1ere ~ismK: is aw.lable. this terative manner
shouk1 giw a reasooMle mod~ whm fks the constrailts
of both lhe ~ismK: data and lhe FTG data. It is essental
to go ba::k Md forlh betwe91 the ~isnK: data Md 1he
FTG da1a durilg the terative phase of lhe mod~i1g. The
filar modif~ density grKJs can then be converted ilto
vek>cms and used il both the processi1g arxi
ilterpretati>n of the seisrnK: da1a.

Ground Gravlty VS Airbome Gradient Data

A ~t Ai'-FTGTM alrwy was a(XJuired for The South
AfrCan Councl for Geo~ience to Iocl<. for swalrface
cawms. A <XWT1>arS>n of 1he Ai"-FTGTM data to
conwntbnaJ groln:S coIIected gravity data is s,0M1 n
FiJure 4. The aWbome FTG data ~res wry fawrably
w~ the ground data. The aiborne data (8) shows detaH
n areas lhe ground data (A) 00es noto This is due to the
linitatons n the coIlecOOn of ground data due t> terran
aro morphologK:al featur9S. The Ar-FTGTM data exhbit a
varyi'\g response frorn defnitive densiy k>ws to rrore
k>caIized and trended hiJhs.

After the doosity grK1s are calbrated, it is rea&>nable to
assume f1at the r9'nani1g errors d~layed on 1he
differooce maps are 1he result of target bodes of
ndetermnate thK:kness. It is 1herefore n~ry to
rrX>dify 1he geolog~ rrX>del. In areas \lA\ere t1e target is
Iess den~ 1han 1he surromdng sedment, 1he negative
anomaIBS ndi::ate areas 'M\ere rnass needs to be
decreased, rneanng 1hat target 1haness needs to be
ncreased. The postive anomalies ndJ::ate M1ere mass
needs to be i'K:reased. mem\ng Ihat target -wlume-
needs to be decreased (Cobum, 2002). These anornaies
w~1 be rewrsed n1he ca~ of a target body that is higher
n doosity 1han f1e sed~1s surromdi1g I. The
W1terpreter must take nto oonsK1eraoon lhe dep1h of f1e
target body aro relate Ihat to 1he size of 1he ~Iy 1hat
needs to be oorrected. CooDni1g 1he nformatoo from ali

Elewoon data partially owrlappi1g 1he SUNeyarea, were
rektased by 1he Counci for Geoscience br MaJysis of 1he
data. Tenan oorrectoos were appIied to a st.IJ~t of lhe
data ~ a background density of 2.67 g/cc was
assurned. The terran oorrected Air-FTGTM Tzz respon~
confirms lhe density k>ws inaged n 1he free air data ~
ndate 1h~ as sub-6urf~ cavites (Blue "k>ws- n
figure 4-A). Their wawlengt\ mates a maxinum
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Cobum, G. W., 2002, A Me1hodok)gY for Defnl}Q 1he
Ba~ a1d Goometry of SaIt Bodies n the Deepwater Gulf
of Mexm, TransactK>ns, GCAGS, wl. 52, p. 123-133

pseudo ~" 01 150 - 200 m below lhe surface for 1hese
cawms.

Conc~skms
Cobum, G. W. and J. SchneK1er, 2002, Usng Gravity
Gradome1ly i1 SeisrnK: Interpretaton i1 pre-SDM, Wor1d
01, wl. 223, no. 1, p. 69-72

Airbome Fui Too~r Gravty Gradient (Air-FTGTM) data
co~res ~ry fawrably with conventi>nal land gravity
data. Air-FTGTM data can fil il gaps il land gravity
SUNeys and be i1COrporated nto the o~rall analysis very
quaJy. Air-FTGTM data Cal be colected, especially il
areas with terrai1 issues, mudt faster and nDre cost
eff~tly than convenoonalland gravity data. Aw-FTGTM
data, M100 P1Operty processed ~ nterpreted can Air-
FTGTM ilterpretati>n can be done quk:kly for target
Kientlmti>n ~ can aIso be done il detail to
Stbstantially inpro~ the doosly/geok>gk: nX>del il areas
M1ere other technok>gies (seisnk:, E-M, magnetk:s) ha~
trouble ~ it can do ~ on a p~ 1e~1. An ~rowd
geoIog~oosty model can be used to Kientiy targets for
subsequoot SUNeY rnethods or ~ can be ncorporated ilto
bolt the seisrnk: ilterpretaoon as well as the seismk:
PfOCess"t1g M>rkflow. Incorporatng Ite densty rnodel
deriwd from Itis process inprows the ilterval velocky
nX>del. This type of dens.y analysis can sua:essf~1y
deme f1e target body e~n when it CM not be resoIwd
by ~ismk: inagilg aooe.
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