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™. Full gradient (FG)
™ . 2D Normalized full gradient (2D-NFG)
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34 Miler, 1931
35 . Medovoskiy & Komarova, 1959
™. Berezkin & Buketov, 1965
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3% McCulloh, 1980
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S(u,v)=0.5{1+cos[pi*SQ]}

l

sg=(u"2+v"2)"0.5
Bn(k,i)=2*sum/L HD(u,v)=exp[2*pi*Z*sq*S(u,Vv)

y

rio Z38l )0 1,5 b oo dulne
GG(u,v)=G(u,v).HD(u,v)
G(x,y)=iFFT2[GG(u,v,2)]

AN



& & . / - /
[(Zeng et al, 2002]u'/%../t{uu,du,/‘jvJ/ub’)/t;ﬂﬂu 10-g) =77, sl

> j=1:ny
i sum3=0, sum4=0
> i=1:nx
l sum3=SQRT{sqr[V1(j,i)]+sar[V2(j,i)]}

sum1=0, sum2=0 l
E——

sumG=SQRT{sqr[V1(j,N)I+sar[V2(,)1}

sum4=sum4+sumG

num=pi*i*k/n, numl=pi*k*Z/L, num2=pi*k/N
co=cos(num), si=sin(num), emu=exp(numl),
Sil=sqgr{sin(num2/num2)}
suml=sumi+k*j*Bn(j,k)*si*emu*sil
sum2=sum2+k*j*Bn(j,k)*co*emu*sil

Gn(j,i)=sum3/(sum4/nx)

V1(j,i)=2*sum*pi/L
V2(j,i)=2*sum2*pi/L

Jlos IS plol)S aule

vy a4 S gla@dl o S5 Glaae Oylrgls cpl pge isu j0 gl e bl 98 (6w

Y5



5 opdige 48T dr)h s gl 0 T b 5l 45 Do s ogdige plnil g s
&b e adly b @b gl e wlilandl 5 Collasl Ol EalS o plage hod 2 ogdle
Gl )0 b lade ples a5 098 (0 48T usSae )98 RS Jolo amel g ol 00 S
OB )0 00,8 oo dwle 8,90 3 0 SIS o Jsl slagiin polie aslsl jo ol jlai o)g0

398 o0 dmiloe (V-0) Wslee (uluslp aball 2 )3 Jloy 5 gbol,S 5 JS bol,S polie (SLL

Y-v



w . S e/
(Tran, 20041u'/‘},/w,;umuu,u./vﬂ,v, (0-) s

I

S 9 slayiite g Lo ools ( ile (5399
Gravity(x,y,dg) , N, Z

A J

5SS 00l G ple Hlaw g gt Slasd s
nc, nr, dx, L ools asiess olal o5l

P1=g(l,1) ,Pn=g(l,n)
TD=(Pn-P1)/L

Q=TD*dx*(j-1)+P1
Ng(i,j)=g(i.)-Q

&l o lastisl

—Z j=1:nc ;

y
num=pi*i*j/n
si=sin(num)
Buf=Buf+ng(ii,j)*si

490 Gl po dnls

YA



. Ly S e
(Tran, 20041.% JM/;JL/JuLM/VﬂM! (=) Sz b

Buf3=0, Buf4=0

Buf3=sqrt{sqr[V1(ii,i)]+sqr[\V2(ii,i)]}

num=pi*i*j/n, numl=pi*j*z/L, num2=pi*j/N
co=cos(num), si=sin(num), emu=exp(num1l),
Sil=sqr{sin(num2/num2)}

Bufl=Bufl+j*ii*Bn(ii,j)*si*emu*sil Bufal=sart{sqrfVi(ii. i) +sarfV2(ii i
Buf2=Buf2+j*ii*Bn(ii,j)*co*emu*sil qBEJf(jlz[Bui(ﬂﬂgufjl[v @

VA(ii,i)=2*BufL*pi/L
V2(ii,i)=2*Buf2*pi/L

Gn(iiiy=Buf3/(Buf4/n)

ii<=nr?

Jloss JS ol asmlons

Y4



)l @b

L S sl Jlogil Gas o o8l camdgn ez’ (VWAR) ) cdlsn 5.6 cooliol e oz o Sl
OBLLST 5 ol lojlu ccpmo ) pole alxo "INFG) o0is Jby IS obol,s 5l eola!
Pl njoess

- sl Jlog S bol,S by, 4 (Sed gloaniS mseis" (VFAD) g woliolye g 2 o Sl
OIAS S Game SBLAIST 5wl (e lojls e psle YO ploas 571 IS sla

SBLEST 5 skt o) ozl e VYD e+ o+ lis o) 428 ((VAVE) g o SLIGT
SFES (S

el oy 4285 ((VAFA) wp goaly g g ooljoie lgn gz ol Ll cz S el
2988 (Fone SBLISST g (gl (o) ol adg pi VY- - -

e SBLEIST 5 ol yaeg losbo LT VYD v oo i cpan) addi dOTYY) coe o ol
29

5 ol e ozl o8 VYO -+ v v sl ey 428 ((VAAY) oz bzl g 0p o ool
158 giae liLazsT

aSiils Med e 5l Bl g 3l Sowes Ldos" ol 4l bl ((VYF) O gl
OIAS ooy Sy oBls (pgle

@ 5 Gl (2i5 30wy wlidipe; cdlosh™ (3 (315 OV AVE) o oy
Olplcds e o8 8 BlassT co pae M B0 5]

JeS5 5 55> Sldes ol (315" (51 ()55 0TV 8 oly oo wo ilolpe
SLazST 5l S ool ol s e o 58 BLasS cy e V' s ol

MV-agyl el ilid ey (eSS (315" (s (315 O TAY) o (55l ¢ € (55500
Olpl cis Jo &8 8 BlasST o o oS e85 oo

5 oolid (o) loslu @3 VY e e e ol ) A8 LV YVY) e (> g ep ey (Sl
(555 e SliLess]

el slaoly bl ((VYAA) ()98 (5,10 p azds ylosles

S5 ele JlogT jead™ V oylad (51 5,155 dVTVY) 0 asSle &y g o pw o leblibs
Ol i (o &8 5 o BlaaST Sy e oSy 58555 0yol el 4S9 50 qubliie 5 (i

o5 S S e g pen” (VYAY) o Lo 500 5 0 ol B 6908 w0 bbbl
ks BLEST S i DAL (1315 (So5d555 3T b el (i ) Gos
Sloj e A

LS i (e loslos ealo VY e v e e s ol ey 4 (VYA e e il ool
SFES (S

Yy



5 ool opey lojles ¢ ol l golamBl bl o) gl azlod™Y 5155 ((OYAY) o SL,S
9iS sy pale gdosly Lo oL o o laLLIS]

Lngc\_Lz &_ém‘" (\Y‘/\Y‘) s.o.w c‘SgLf.IoLt.Io 9 ‘.T cole ‘.t_é sLS;l_?OQ)‘ ‘szﬁ ‘.a sOQ‘}b‘)_Q
02 Ol e (cwdige (wilyaiS gl M SLE slasols SS Ay s dihaie (5,9:,55 000
NIRRT L va{ NI L A AR A R

Lgud_l.t &_éLu.uS‘" s(\\NAf) c.o.w sgL:.IoLt.Io 9 5.] soL?T s.&_é s‘siL?ob)‘ ‘stﬁ ‘.a sOQ‘}b‘)_o
9 0y S b Ao M IS glaosls (sam s (lagysyly waz ha, b el (55905 0
Y\N—Ylf ua GY O)Lo.»ja s\ﬂ\ d.l? cw

HdlS bliie (g5l Joo g BlaasT™: _zags o OYAD) B Slaoo,l o g ooljol o
amio A g0l Saro oKl Ml oLl el ya]

HLwdlS aoblie sbosls (iS5 (VYAD) co cobs g o ¢ Slos,l go g wljolye
Old VY o e pale Gioled ez g S M oliows oLl ol ol

‘wal.w QT“Q} “JS O)Lb‘ s"&m Q?})M Ol} M u»)bf" &‘b w)bf 5(\\”?\”) 5& 6uL63lM
Olplcds o &8 b leal b il

RN



JPEWIN L3 I ¥ CV)

Abaei, L. Ansari, H.J. Badakhshan, A. and Jafari, A. (1963) “History and development
of the Alborz and Saraje fields of central Iran”, Proceeding of the 6™ World Petroleum
Congress, Frankfort, Section I, Paper 13.

Abdelrahman, E.M. and El-Araby, T.M. (1993) “A least-square minimization approach
to depth determination from moving average residual gravity anomalies” Geophysics,
59, pp 1779-1784.

Abdelrahman, E. M. and El-Araby, T.M. (1996) “Shape and depth solutions from
moving average residual gravity anomalies” Journal of Applied Geophysics, 36, pp
89-95.

Abdelrahman, E.M. Abo-Ezz, E.R. and Radwan, A.H.A. (1999) “A numerical approach
to depth determination from residual gravity anomaly due to two structures” Pure and
applied geophysics, 154, pp 329-341.

Abdelrahman, E.M. El-Araby, H.M. El-Araby, T.M. and Abo-Ezz, E.R. (2001a) “Three
least-squares minimization approaches to depth, shape and amplitude coefficient
determination from gravity data” Geophysics, 66, 4, pp 1105-11009.

Abdelrahman, E.M. El-Araby, T.M. El-Araby, H.M. and Abo-Ezz, E.R. (2001b) “A
new method for shape and depth determinations from gravity data” Geophysics, 66, 6,
pp 1774-1780.

Abdelrahman, E.M. and Abo-Ezz, E.R. (2008) “A Least-Squares Standard Deviation
Method to Interpret Gravity Data due to Finite Vertical Cylinders and Sheets” Pure
and Applied Geophysics, 165, pp 947-965.

Acton, F. S. (1990) “Numerical Methods” 2nd printing, Washington, DC: Math. Assoc.
Amer., pp. 228.

Ager, C.A. (1982) “Vertical gravity gradient surveys: Field results and interpretations in
British Columbia, Canada” Geophysics, 47, 6, pp. 919-925.

Aghajani, H. and Moradzadeh, A. (2007) “Detection of iron deposits by normalized full
gradient method: Ojatabad deposit, Iran”, 7th International Scientific Conference
SGEM 2007, Albena Co., Bulgaria, pp. 59 (1-7), No. 31-7173.

Aghajani, H. and Moradzadeh, A. (2008) “Salt domes’ depth estimation using
normalized full gradient of gravity data” 21" World Mining Congress & Expo,
Poland, pp. 11-19 (Proceeding in CD).

Aghajani, H. Moradzadeh, A. and Zeng, H. (2009a) “Normalized Full Gradient of
Gravity Anomaly Method and Its Application to the Mobrun Sulfide Body, Canada”
World Applied Sciences Journal 6, 3, pp 392-400.

Aghajani, H. Moradzadeh, A. and Zeng, H. (2009b) “Determining of optimum the
length of profile in normalized full gradient method” First International Petroleum
Conference & Exhibition, Shiraz, Iran, pp. 4 (Proceeding in CD).

Aghajani, H. Moradzadeh, A. Aydin, A. & Tabatabei, S.H. (2009¢) “Using normalized
full gradient method to interpret gravity anomalies on synthetic and field data” The
9th International Multidisciplinary Geo-Conference & EXPO SGEM, Bulgaria, pp.
725-733.

YY


http://www.amazon.com/exec/obidos/ASIN/0883854503/ref=nosim/weisstein-20

Aghajani, H. Moradzadeh, A. and Zeng, H. (2009d) “Estimation of Depth to Anomalous
Body from Normalized Full Gradient of Gravity Anomaly” Journal of Earth Science,
20, 6, pp 1012-1016.

Aghshahi, E. and Zomorrodian, H. (1981) “Gravity study of Qom salt dome in Iran” J.
Earth and Space Physics, 10, 1 & 2, pp. 21-24.

Ander, M.E. Summers, T. and Gruchalla, M.E. (1999) “LaCoste & Romberg gravity
meter: System analysis and instrumental errors” Geophysics, 64, 6, pp. 1708-1719.

Arfken, G. (1985) “Mathematical Methods for Physicists, Chapter 14: Fourier series”,
3" edition. Orlando, FL: Academic Press, pp 760-793.

Aydin, A. (1997), PhD. Thesis, “Evaluation of gravity data in terms of hydrocarbon by
normalized full gradient, variation and statistic methods, Model studies and
application in Hasankale-Horasan Basin (Erzurum)”, Natural and Applied Sciences
Institute, Karadeniz Technical university, Trabzon, Turkey.

Aydin A. (2005) “Evaluation of gravity anomalies by direct interpretation techniques:
An application from Hasankale-Horasan region” Pamukkale University, Engineering
College, Journal of Engineering Sciences 11, pp 95-102.

Aydin, A. (2007) “Interpretation of Gravity Anomalies with the Normalized Full
Gradient (NFG) Method and an Example” Pure and Applied Geophysics 64, pp 2329-
2344,

Aydin, A., Karsli, H. and Kadirov, F. (2002) “Interpretation of the magnetic anomalies
on covered fields using normalized full gradient method” Geophysics News in
Azerbaijan, 1-2, pp 34-38.

Bates, F.W., Copeland, R.R. and Dixon, K.P. (1959) “Geology of Avery Island salt
dome, Iberia Parish, Louisiana”, APG Bulletin 43, 5, pp. 944-957.

Berezkin, V.M. (1967) “Application of the Total Vertical Gradient of Gravity for
determination of the Depths to the sources of gravity anomalies” Exploration
Geophysics 18, pp 69-79.

Berezkin V. M. (1973) “Application of gravity exploration to reconnaissance of oil and
gas reservoirs” Nerdra Publishing House, Moscow, (in Russian).

Berezkin, V.M. (1978) “Application of geophysical exploration to direct
reconnaissance of reservoirs”’ Nerdra Publishing House, Moscow (in Russian).

Berezkin, V. M., (1988) “Full gradient method in geophysical prospecting”, Nerdra
Publishing House, Moscow, (in Russian).

Berezkin, V.M., Kiric, M.A., and Kunarov, A.A. (1978) “Using Geophysical Methods
for Direct Oil Exploration” Nerdra Publishing House, Moscow, (in Russian).

Berezkin V.M., and Buketov, A.P. (1965) “Application of the harmonical analysis for
the interpretation of gravity data” Applied Geophysics 46, pp 161-166 (in Russian).

Bergeron, C.J.,, Morris, T.L. and Ioup, J.W. (1990) “Upward and Downward
Continuation of Airborne Electromagnetic Data”, SEG 60" Annual International
Meeting, pp 696-699.

Bhattacharyya, B.K., (1965) “Two-dimensional harmonic analysis as a tool for
magnetic interpretation” Geophysics, 30, pp 829-857.

Yy


http://www.amazon.com/exec/obidos/ASIN/0120598159/weisstein-20
http://www.amazon.com/exec/obidos/ASIN/0120598159/weisstein-20
http://www.springerlink.com/content/8p0342u1u40h0k61/?p=956f5caa5d4b438f838df98f3679dfdc&pi=1
http://www.springerlink.com/content/8p0342u1u40h0k61/?p=956f5caa5d4b438f838df98f3679dfdc&pi=1
http://www.springerlink.com/content/101201/?p=956f5caa5d4b438f838df98f3679dfdc&pi=0

Bhattacharyya, B.K. (1972) “Design of spatial filter and their application to high
resolution aeromagnetic data” Geophysics, 37, pp 68-91.

Blakely, J.R., (1995) “Potential theory in gravity and magnetic applications”
Cambridge University Press, 441 p.

Blizkovsky, M. (1979) “Processing and Applications in Microgravity Surveys”
Geophysical Prospecting, 27(4), pp 848-861.

Boschetti, F. (2005) “Improved edge detection and noise removal in gravity maps via
the use of gravity gradients” Journal of Applied Geophysics, 57, pp 213— 225.

Bott, M.H.P. (1963) “Two methods applicable to computers for evaluating magnetic
anomalies due to finite three dimensional bodies” Geophysical Prospecting, 11, 1, pp
292-299.

Bracewell, R. (1984) “The Fourier Transform and Its Applications” McGrav-Hill Book
Co., New York.

Butler, D.K. (1984) “Microgravimetric and gravity gradient techniques for detection of
subsurface cavities” Geophysics 49, 7, pp 1084-1096.

Cady, J.W. (1980) “Calculation of gravity and magnetic anomalies of finite-length right
polygonal prisms” Geophysics 45 (10), pp. 1507-1512.

Chakravarthi, V. and Sundararajan, N. (2008) “TODGINV-A code for optimization of
gravity anomalies due to anticlinal and synclinal structures with parabolic density
contrast” Computers & Geosciences 34, pp 955-966

Chernov A.A., Boldyreva V.A. and Pasteka R. (2001) “Modern interpretation of gravity
and magnetic data for hydrocarbon deposits exploration” Comenius University,
Bratislava, OeBMG.

Ciancara, B. and Marcak, H. (1979) “Geophysical anomaly interpretation of potential
fields by means of singular points method and filtering” Geophysical Prospecting 27,
pp 251-260.

Cooper, G.R.J. (1993-2003) “Grav2DC software”, School of Geosciences, University of
the Witwatersrand, South Africa, ww.wits.ac.za/science/geophysics/gc.htm

Cooper, G.R.J. (2004) “The stable downward continuation of potential field data”
Exploration Geophysics 35, 4, pp 260-265.

Damiata, B.N. and Tien Chang Lee, (2002a) “Gravitational attraction of solids of
revolution, Part 1: vertical cylinder with radial variation of density” Journal of
Applied Geophysics 50, pp 333-349.

Damiata, B.N. and Tien Chang Lee, (2002b) “Gravitational attraction of solids of
revolution, Part 2: General expressions” Journal of Applied Geophysics 50, pp 351-
373.

Dehlinger, P. (1978) “Marine Gravity” Elsevier scientific publishing company, 321P.

Dobrin, M.B. and Savit, C.H. (1988) “Introduction to geophysical prospecting” 4"
edition, McGraw-Hill (New York), pp 867.

Dondurur D, (2005) “Depth Estimates for Slingram Electromagnetic Anomalies from
Dipping Sheet-like Bodies by the Normalized Full Gradient Method” Pure and
applied Geophysics, 162, 11, pp 2179-2195.

AR



Draper, N., and Smith, H. (1981) Applied Regression Analysis, second edition, Wiley-
Interscience, 709 pp.

Ebrahimzadeh Ardestani, V. (2004) “Detection of near-surface anomalies through 2D
normalized full gradient of gravity data” Journal of Earth and Space Physics 30, 2,

pp 1- 6.
Eliseeva, 1.S. (1987) “Frequency filtration during transformation of normalized gradient
of gravity field” Exploration geophysics 106, pp. 63-66.

Eliseeva, 1.S. (1988) “Special properties of filtration apparatus of the total gradient of
gravity field” Applied geophysics 120, pp 121-127 (in Russian Prikladnaya geofizika).

Eliseeva, 1.S. (1995) “Methodical recommendations for the interpretation of gravity and
magnetic data by means of the quasi-singular point’s method” Institute for oil and gas
exploration, Moscow, (in Russian with English Abstract).

Eliseeva, L.S. Berezkin, V.M. Egorova, I.P. (1972) “Utilization of the Filon method for
the spectral analysis during the application of the total normalized gradient Gn(x,z)”
Applied geophysics, 67, pp. 139-145, (in Russian Prikladnaya geofizika).

Eliseeva, I.S. Giorgadze, 1.G. Kodzhebasch, N.N. and Kozhevnikova, E.S. (1997)
“Quasi-singular points method as development of the Bereskin’s method” Geofizika,
4, 53 — 60) (in Russian with English Abstract).

Eliseeva, I.S. Kodzhebash, N.N. Kozhevnikova, E.S. Bovenko, V.C. Chuval-Sergejev,
B.N. and Pasteka, R (1998) “Solution of different geological problems by means of
the quasi-singular points method” Geophysical Bulletin 4, 4-11, EAGO Moscow (in
Russian).

Eliseeva, I,S. and Pasteka, R. (2001) “Possibilities of the quasi-singular points method
in interpretation of 2D gravimetric data” OeBMG.

Eliseeva, 1,S., Seiberl, W. Slapansky, P. Pasteka, R. (2002) “Quantitative interpretation
of gravity data in the Vienna basin region by means of the Quasi-Singular-Points
method” KBGA.

Fedi, M., Rapollam, A. and Russo, G. (1999) “Upward continuation of scattered
potential filed data” Geophysics 64, pp 443-451.

Ferguson, J.F., Felch, R.N., Aiken, C.L.V., Oldow, J.S. and Dockery, H. (1988)
“Models of the Bouguer gravity and geologic structure at Yucca Flat, Nevada”
Geophysics 53, 2, pp 231-244.

Filon, L.N.G. (1928) “On a Quadrate Method for Trigonometric Integrals” Proc. R. Soc.
Edinburgh 49, pp 38-47.

Flinn, E.A. (1960) A modification of filon’s method of numerical integration, JACM, 7,
pp. 181-184.

Frazer, L.N. and Guttrust, J.F. (1984) “On a generalization of Filon’s method and the
computation of the oscillatory integrals of seismology” Geophysical J. R. astronomy
Soc., 76, pp. 461-481.

Gerkens, J.C. (1989) “Foundation of exploration geophysics” Elsevier science
publishers, pp 667

AR



Grant, F.S., and West, G.F. (1965) “Interpretation Theory in Applied Geophysics”,
McGraw-Hill Book Company, pp 583

Grant, F.S. (1972) “Review of Data Processing and Interpretation Methods in Gravity
and Magnetic 1964 to 1971 Geophysics 37, 4, pp 647-661.

Griffin, R. (1948) “Residual gravity in theory and practice” Geophysics 49, pp 39-57.

Gupta, V.K., and Ramani, N. (1982) “Optimum second vertical derivatives in geologic
mapping and mineral exploration” Geophysics 47, 12, pp 1706-1715.

Hansen, R.O. and Miyazaki, Y. (1984) “Continuation of potential fields between
arbitrary surfaces” Geophysics 49, pp 787-795.

Hamming, R. W., (1986), “Lanczos Factors™ in Numerical methods for scientists and
engineers” 2" edition, New York, pp. 534-536.

Hammer, S. (1939) “Terrain corrections for gravimeter stations” Geophysics, 4, 3, pp
184-194.

Hammer, S., Nettleton, L.L. and Hastings, W.K. (1945) “Gravimeter prospecting for
chromite in Cuba” Geophysics, 10, 1, pp. 34-49.

Hassanzadeh Sharif, B. (1985) “Source rock evaluation and sedimentary basin study of
Tabas region”, International conference on Petroleum Geochemistry and exploration
in Afro-Asian region. India.

Heiskanen, W.A. and Moritz, H. (1967) “Physical geodesy” W.H. Freeman and Co.

Hilst, R.V.D. (2004) “Essentials of geophysics, chapter2: The earth’s gravitational
field” MIT university.

Hinze, W.J. (1990) “The role of gravity and magnetic methods in engineering and
environmental studies” In: Ward(Ed), Geotechnical and environmental geophysics.
The Society of Exploration Geophysists, P. 75-126.

Hubbert, M.K. (1948) “A line-integral method of computing metric effects of 2D the
Gravi-masses” Geophysics 13, 2, pp 215-225.

Hughes, B. (1999) “Petroleum geology”, Baker Hughes INTEQ, pp. 254.

Hyne, N.J. (2001) “Non-technical Guide to Petroleum Geology, Exploration, Drilling
and Protection”, Penn Well Corporation, pp. 598.

Jackson, B.H. (1987) “A case for upward continuation as a standard separation filter for
potential field maps” Geophysics, 52, 8, pp. 1138-1148.

Jallouli, C., Chikhaoui, M. Braham, A. Turki, M.M. Mickusd, K. and Benassi, R.
(2005) “Evidence for Triassic salt domes in the Tunisian Atlas from gravity and
geological data” Tectonophysics 396, pp. 209-225.

Jenkins, A.J.O., Derbew, M. and Moom, W. (1983) "Gravity modeling of Salt Domes
and Pinnacle Reefs" Journal of the Canadian Society of Exploration Geophysics 19, 1,
pp. 51-55

Kanasewich, E.R. & Agarwal, R.G. (1970) “Analysis of Combined Gravity and
Magnetic Fields in Wave Number Domain” Journal of Geophysical Research 75, pp
.5702-5712.

Y&



Karsli, H., (2001), PhD. Thesis, “The Usage of Normalized Full Gradient Method in
Seismic Data Analysis and a Comparison to Complex Envelope Curves” Natural and
Applied Sciences Institute, Karadeniz Technical University, Trabzon, Turkey.

Klingelé, E.E., Marson, 1. and Kahle, H.G. (1991) “Automatic interpretation of gravity
gradiometric data in two dimensions: vertical gradient” Geophysical Prospecting 39,
pp. 407-434.

Kreyszig, E. (2006) “Advanced Engineering Mathematics”, Textbook, 9th Edition, John
Wiley & Sons, pp. 1248.

Krumbein, W.C. (1959) “Trend surface analysis of contour-type maps with irregular
control point spacing” Journal of Geophysical Research, 64, pp. 823-834.

Lacoste, L.J.B. (1973) “Cross correlation method for evaluating and correcting
shipboard gravity data” Geophysics 38, 4, pp. 701-709.

Langman, .M. (1959) “Formulas for computing the tidal accelerations due to the moon
and the sun” Journal of Geophysical Research 64, pp. 2351-2355.

Lanz E, Maurer H. and Green A.G. (1998) “Refraction tomography over a buried waste
disposal site” Geophysics 63, pp. 1414-1433.

Li, Y.G., and Oldenburg, D.W. (1998) “Separation of regional and residual magnetic
field data” Geophysics 63, 2, pp. 431-4309.

Li, X., and Gotze, H.J. (2001) “Tutorial: Ellipsoid, geoid, gravity, geodesy, and
geophysics” Geophysics 66, 6, pp. 1660-1668.

Linford, N. (2006) “The application of geophysical methods to archaeological
prospecting” Reports on Progress in Physics 69, pp. 2205-2257.

McCulloh, T.H. (1980) “Mass properties of sedimentary rocks and gravimetric effects
of petroleum and natural-gas reservoirs” Society Exploration of Geophysics.

Miller, R.L. (1956) “Trend surfaces: their application to analysis and description of
environments of sedimentation” Journal of Geology 64, pp. 425-446.

Mohan, N.L., Anandababu, L. and Seshagiri, Roa (1986) “Gravity interpretation using
the Melin transform” Geophysics 51, 1, pp. 114-122.

Moritz, H. (1984) “Geodetic reference system 1980 Bulletin Geodesique, 58 (3), pp.

388-398.

Mudretsova, E.A. Varlamov, A.S. Filatov, V.G. and Komarova, G.M. (1979) “The
Interpretation of Detailed Gravity Data over the Nonstructural Oil and Gas
Reservoirs” Nedra, Moscow.

Nabighian, M.N. (1972) “The analytic signal of two-dimensional magnetic bodies with
polygonal cross-section: its properties and use for automated anomaly interpretation”
Geophysics 37, pp. 507-517.

Nabighian, M.N. (1974) “Additional comments on the analytic signal of 2D Magnetic
bodies with polygonal cross-section” Geophysics 39, 1, pp. 85-92.

Nettleton, L.L. (1948) “Geophysical History of Typical Mississippi Piercement Salt
Domes” Geophysics, 12, 1, pp. 30-42

Nettleton, L.L. (1954) “Regional, Residual and structures” Geophysics 19, 1, pp. 1-22.

YV



Nettleton, L. L. (1957) “Gravity Survey Over a Gulf Coast Continental Shelf Mound”
Geophysics, 22, 3, pp. 630-642.

Nettelton L.L. (1976) “Gravity and Magnetic in Oil Prospecting” New York: McGraw-
Hill. Pp. 462.

Nowell, D.A.G. (1999) “Gravity Terrain Corrections-An Overview” Journal of Applied
Geophysics 42, pp. 117-134.

Okabe, M. (1979) “Analytic expressions for gravity anomalies due to homogeneous
polyhedral bodies and translations into magnetic anomalies” Geophysics 44, pp. 730-
744

Oldham, C.H.G. and Sutherland, D.B. (1955) “Orthogonal polynomials: their use in
estimating the regional effect” Geophysics, 20, pp. 295-306.

Orug, B. and Keskinsezer, A. (2008) “Detection of causative bodies by normalized full
gradient of acromagnetic anomalies from east Marmara region, NW Turkey” Journal
of Applied Geophysics 65, pp. 39-49.

Otto, S.R. and Denier, J.P. (2005) “An Introduction to Programming and Numerical
Methods in MATLAB” Springer-Verlag London Limited, pp. 463.

Pasteka, R., (1996) “Properties of the total normalized gradient of potential function for
the determination of source distributions”, The 7™ International Meeting on Alpine
Gravimetry, Vienna, pp 187-207

Pasteka R. (2000) “2D Semi-automated Interpretation Methods in Gravimetry and
Magnetometry” ACTA Geologica Universitis Comenianae 55, pp 5-50.

Pasteka, R. (2001) “Importance of inverse problem classes in Gravimetry during
application of 2D semi-automated interpretation techniques”, The 7" International
Meeting on Alpine Gravimetry, Leoben, pp. 95-109

Peters, L.J. (1949) “The direct approach to magnetic interpretation and its practical
application” Geophysics 14, pp. 290-320

Plouff, D. (1976) “Gravity and magnetic fields of polygonal prisms and application to
magnetic terrain corrections” Geophysics 41, 4, pp. 727-741.

Ramsey, A. S. (1940) “An introduction to the theory of Newtonian Attraction”
Cambridge, Cambridge University Press.

Rasmussen, R., and Pederson, L.B., (1979) “End Corrections in potential field
modeling” Geophysical Prospecting 27, pp 749-760.

Reynolds, J.M. (1997) “An introduction to applied and environmental geophysics” John
Wiley &Sons, Pp. 796.

Robinson, E.S. and Coruh, D. (1988) “Basic Exploration Geophysics” NewYork, John
Wiley and Sons, pp 562.

Roy, L. Agarwal, B.N.P. and Shaw, R.K. (1999) “Estimation of shape factor and depth
from gravity anomalies due to some simple sources” Geophysical Prospecting 47, pp
41-58.

Roy, A. (1966) “Downward Continuation and Its Application to Electromagnetic Data
Interpretation” Geophysics 31, pp. 167-184

YA



Salem A. Elawadi E. and Ushijima K. (2003) “Depth determination from residual
gravity anomaly data using a simple formula” Computers & Geosciences 29, pp. 801-
804.

Sarma, D.D. and Selvaraj, J.B. (1990) “Two-dimensional orthonormal trend surfaces
for prospecting” Computers and Geosciences 16, pp. 879-909.

Seigel, LH.O. (1957) “Discovery of Mobrun Copper Sulfide Deposit, Noranda Mining
District, Quebec”, 6" Common wealth Mining and Metal Congress Proceeding,
Montreal, pp. 237-245.

Sheriff, R.E. and Geldart, L.P. (1995) “Exploration Seismology” Cambridge University
Press., Second Edition

Shaw, R.K., and Agarwal, B.N.P. (1990) “The application of Walsh transforms to
interpret gravity anomalies due to some simple geometrically shaped causative
sources: A feasibility study” Geophysics 55, pp. 843-850.

Shaw, R.K. and Agarwal, B.N.P. (1997) “A generalized concept of resultant gradient to
interpret potential field maps” Geophysical Prospecting 45, pp. 1003-1011

Silva, J.B.C., Teixeira, W.A. and Barbosa, V.C.F. (2009) “Gravity data as a tool for
landfill study” Environmental Geology 57, pp. 749-757.

Sindirgi, P. Pamukcu, O. and Ozyalin, S. (2008) “Application of Normalized Full
Gradient Method to Self Potential (SP) Data” Pure and Applied Geophysics 165, 2,
pp. 409-427.

Skeels, D.C. (1947) “Ambiguity in Gravity Interpretation” Geophysics 12, 1, pp. 43-56.

Spiegel, M.R. (1974) “Theory and problems of Fourier analysis with application to
boundary value problems” McGraw-Hill Book Company, pp. 190.

Stanley, J.M. (1977) “Simplified gravity interpretation by gradients of the geological
contact” Geophysics 42, 6, pp. 1230-1235.

Steven T. Karris (2007) “Numerical Analysis Using MATLAB and Excel” 3™ Edition,
Orchard Publications, pp. 625.

Talwani, M. (1973) “Computer usage in the computation of gravity anomalies” Methods
in Computational Physics 13, pp. 343-389.

Talwani, M. (1965) “Computation with the help of a digital computer of magnetic
anomalies cause by bodies of arbitrary shape” Geophysics 30, 5, pp. 797-817.

Talwani, M. Worzel, J.L. and Landisman, M. (1959) “Rapid gravity computation for
two dimensional bodies with application to the Mendicino submarine fracture zone”
Geophysical Research 64, pp. 49-59.

Talwani, M. and Ewing, M. (1960) “Rapid computation of gravitational attraction of
three dimensional bodies of arbitrary shape” Geophysics 25, 1, pp. 203-225.

Telford, W.M. Geldart, L.P. and Sheriff, R.C. (1991) “Applied geophysics” 2" edition,
Cambridge University Press, pp. 770.

Thyssen-Bornemlsza, S. and Stackler, W.F. (1962) “The average horizontal gravity
gradient” Geophysics 27, pp. 714-715.

ARR


http://www.springerlink.com/content/101201/?p=9c82161533f24250b893956012f9b43f&pi=0

Tiab, Dj. and Donaldson, E.C. (2004) “Petrophysics, Theory and Practice f Measuring
Reservoir Rock and Fluid Transport Properties” 2" edition, Elsevier: Gulf
professional publishing, pp. 926.

Taéth, G., Volgyesi, L. and Cerovsky, 1. (2004) “Modeling time variation of gravity gradients
due to water level fluctuations” Reports on Geodesy, 69, 2, pp. 309-314 (Warsaw University
of Technology).

Tran T.D. (2004) “Two and three dimensional normalized total gradient of gravity
anomalies and its application for detecting the oil-gas potential areas in the southeast
sedimentary basins of the East Vietnam Sea”, In the 7" SEGJ International
Symposium Imaging Technology, 6p, Sendai, Japan.

Unwin, D.J. (1978) “An introduction to trend surface analysis, Concepts and
Techniques in Modern Geography”, No. 5, University of East Anglia, Norwich.

Ulrych, T.J. (1968) “Effect of Wavelength Filtering on the Shape of the Residual
Anomaly” Geophysics 33, 6, pp. 1015-1018.

USGS, (2009) “Humble oilfield” U.S. Geological Survey, www.usgs.gov

Van Overmeeren, R.A. (1981) “A combination of electrical resistivity seismic refraction
and gravity measurements for groundwater exploration in Sudan” Geophysics 46, 9,
pp. 1304-1315.

Van Overmeeren, R.A. (1975) “A combination of gravity and seismic refraction
measurements applied to groundwater explorations near Taltal province of
Antofagasta Chile” Geophysical Prospecting, 23, 2, pp. 248-258.

Volgyesi, L. and Téth, G. (2004) “Modelling gravity gradient variation due to water
mass fluctuations”, TAG International Symposium, Gravity, Geoid and Space
Missions, Porto, Portugal.

Won, L.J. and Bevis, M. (1987) “Computing the gravitational and magnetic anomalies
due to a polygon: Algorithms and FORTRAN subroutines” Geophysics 52, 2, pp.
232-238.

Wren, A.E. (1973) “Trend surface analysis: a review” Canadian Journal of Exploration
Geophysics 9, pp. 39-44.

Xiao, Y. (1981) “Normalized full gradient method of gravity anomalies” Oil
Geophysical Prospecting, 16, 3, pp. 47-57 (in Chinese with English abstract)

Xiao, Y. and Zhang, L. (1984) “Application of normalized full gradient method of
gravity anomalies to oil and gas exploration” Oil Geophysical Prospecting 19, 3, pp.
247-254 (in Chinese with English abstract)

Yuan,Y. Jin, W. and Jin, H. (1995) “Possibility of hydrocarbon accumulation discovery

using high-accuracy gravimetric survey” Oil Geophysical Prospecting 30, 1, pp. 139-

144 (in Chinese with English abstract)

Zeng H., Meng, X., Yao, C., Li, X., Lou, H., Guang, Z. and Li, Z. (2002) “Detection of
reservoirs from normalized full gradient of gravity anomalies and its application to
Shengli oil field, East China” Geophysics 67, pp. 1138-1147.

Zurflueh, E.G. (1967) “Applications of two dimensional linear wavelength filtering”

Geophysics 32, pp. 1015-1040.
http://mathworld.wolfram.com

http://www.Landsat.org (2002) “Landsat data - ETM™”.

YY-


http://www.usgs.gov/
http://mathworld.wolfram.com/
http://www.landsat.org/

Abstract:

The gravity method is used for detection of subsurface structures related to
hydrocarbon resources in the first stages of exploration. The main purpose of
interpretation techniques of the gravity anomaly in hydrocarbon exploration is to find
those structures that could deserve the potential to be an oil trap. In this regard, there are
varieties of qualitative methods that are able to discover such structures and to estimate
their burial depth to some extent. The normalized full gradient (NFG) introduced at
1960, is one of these methods which is applied for the above purposes. It is also used to
identify and clarify hydrocarbon bearing structures from dry ones. This method is based
on calculating the potential field function in form of some sine and cosine functions by
Fourier series.

Despite the ability of NFG method in recognition of potential field anomalies,
especially in hydrocarbon resources exploration, there are still some not well defined
parameters such as number of Fourier harmonic series (N), power of Lnacsoz
smoothing function (), optimum length of profiles, dimension of exploration grid and
spacing of measuring points that need to be determined to calculate NFG precisely.
Additionally, this method and its capabilities have not yet tested for two and three
dimensional (2D and 3D) salt dome exploration. Therefore, the optimum determination
of the above parameters along side to introduce a criteria to identify oil traps related to
hydrocarbon bearing salt domes and also providing an algorithm to calculate 2D
normalized full gradient together with introducing a new 3D method for NFG
calculation were selected as the main objectives of this research work.

To achieve the goals, several different models that resembled an oil trap related to
the anticline and salt dome structures were firstly made and their gravity response were
then calculated by a sets of computing algorithms and codes prepared in the MATLAB
programming environment. Following that with considering the appropriate NFG
parameters, the required algorithms and programs to calculate NFG values for 2D and
3D structures were prepared and their capability also tested by some synthetic and real
data. Due to natural 3D characteristics of geological structures related to oil traps, it was
attempt to use double Fourier series to introduce a new method to calculate 3D
normalized full gradient and its ability was tested by different sets of real and synthetic
gravity and magnetic data.

The obtained results indicate that the value of normalized full gradient is strongly
depending on the optimized number of harmonic series to calculate the Fourier
coefficients. This parameter so far was being determined based on the complementary
exploration data by trial and error procedure. In this study, a new method named relative
maximum values of NFG as a function to the number of harmonic series, was
introduced to determine this important parameter (N) without any complementary data.
By considering such (N) value in calculating normalized full gradient of each profile
and drawing its section, the horizontal position and depth of anomalous bodies could be
preciously determined using relative maximum or minimum values of NFG. Another
important parameter that influences the value of normalized full gradient value is the
power of Lancsoz smoothing function that used to remove noise from data. The
modeling done in this study shows that by introducing the values of 2 and/or 3 as the
power of Lancsoz smoothing function, the best results would be obtained.



The results show that if the length of the surveying profile is 13 times of the depth of
the anomaly, and the space of the measuring points is designed half up to the full width
of the expected buried anomalous body, the best accurate result would be obtained.
Study on different models in one hand, showed that the value of density contrast does
not affect on the number of harmonic series (N) and also the location of the minimum
and maximum closed curves on NFG sections. Therefore if the effect of density contrast
of an anomalous zone is recorded somehow, this method could adequately define their
location. As it was expected, shape of the anomalous bodies has an effect on the number
of harmonic series (N) and the location of relative maximum and minimum regions in a
NFG section.

The main advantage of the NFG method relative to the other methods of
interpretation gravity anomaly is its capability in separation of the hydrocarbon filled
traps from dry ones. The results of the present study indicate that the location of a salt
dome or anticline structure containing hydrocarbon is manifested by a minimum closed
lines that surrounded with two maximum closed lines in sections of the 2D normalized
full gradient. In addition, these 3D oil traps filled by hydrocarbon are recognized in 3D
normalized full gradient maps that are provided at different depth interval by minimum
closed curves that enclosed by maximum lines. Therefore any presence of such
minimum closed lines could be used as a criterion for hydrocarbon exploration.

According to 3D nature most of the oil traps, it is attempt to develop the required
mathematical relations to introduce a new technique for 3D normalized full gradient
calculation by using double Fourier series. To verify the capability and the accuracy of
the new introduced NFG methods in 2D and 3D cases, some gravity and magnetic data
from different oil and gas field related to anticline or salt dome structures and also
related data from mining exploration were then processed by these methods.
Application of this method on the aforementioned real data sets proved the ability of
this method on defining the horizontal position and depth of oil traps contain
hydrocarbon or mineral resources. Additionally the obtained results by this method
show good relations with drilling data for 2D and 3D anticlines or salt dome oil traps.

The results of this study also show that 3D normalized full gradient provides more
accurate results than 2D normalized full gradient and other pseudo 3D-NFG methods.
This is due to simultaneous usage of Fourier series on both x-y directions in 3D
normalized full gradient calculation. Therefore this method could be used to separate
the oil and gas bearing traps from the other ones, to determine the locations of the
exploratory drilling, and also to manage any further exploration activities.

Keywords: Gravity anomaly, oil traps (anticline and salt dome), NFG, number of
harmonic series, Fourier series, oil and gas reservoir exploration.
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