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ABSTRACT

Lamb et al. (2004) identified from flume experiments four regimes of deposition,
mathematically described by a Ponding Index (Po): (1) a perfectly ponded deposit,
(2) a mounded deposit, (3) a perfectly draped deposit, and (4) a deposit with accentuated
highs. This study extends Lamb’s laboratory results to basin scale architecture by using
bathymetry, gravity, and magnetics combined with fractal geometry to predict the same
four sedimentary facies in the Gulf of Mexico region.

Turcotte (1992) first published Fractals and Chaos in Geology and Geophysics 25
years ago. Data that exhibit power-law spectra, such as bathymetry, gravity, and mag-
netics, are suitable for the application of fractal geometry. The fractal dimension of the
combination of bathymetry and gravity (FDBG) identifies a preferred depositional pat-
tern working from the top down through geologic time. Likewise, combining magnetics
and gravity with fractal geometry (FDMG) identifies a preferred depositional pattern
working from the bottom up through geologic time. Taking the ratio FDBG/FDMG
yields a Ratio Index (Ro) map similar to Lamb’s Po.

After 70 years of drilling in the Gulf of Mexico, many fields correlate well with Ro.
The expanded Miocene discoveries (e.g., Thunderhorse) in the deepwater Gulf of Mexico
are examples of ponded deposits. There are also several large mounded deposit fields
(e.g., Mars). This study presents an Ro map over the Gulf of Mexico showing the four
sedimentary facies identified in the Lamb et al. (2004) paper. Examples of all four depo-
sitional regimes are shown on several 2D seismic lines (GulfSPAN). The study area ex-
tends down to the Yucatan Peninsula where Ro shows a diagnostic footprint of the
Chicxulub Impact. The study thus discusses other possible impact sites in the Gulf of
Mexico based on Ro.

Originally published as: Mistretta, V. J., 2016, Predicting sedimentary facies in the Gulf of Mexico region from the combi-
nation of bathymetry, gravity, and magnetic data using fractal geometry: Gulf Coast Association of Geological Societies
Transactions, v. 66, p. 401-421.
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DENDRITIC DRAINAGE PATTERNS
BUILDING A FRACTAL DRAINAGE NETWORK

N, =C/(r,)° => D =In (N,s4/Ny)/In (r,/r,.q) Donald Turcotte “Fractals and Chaos in Geology and Geophysics”

Where N = # of Objects, C = Constant of Proportionality, ) 3 ) . ==
r = Size or Linear Dimension, and D = Fractal Dimension. p

ASSUMPTIONS: (A) Linear Dimension of the Drainage Network is Represented by All Paleobathymetries (PB).
(B) Ratio of Successive Paleobathymetries is constant insuring scale invariance.
After Time 1 ~ 1 Object

Thus from (A) (1) r,=PB, +PB,; +PB, +PB; ... After Time 2 ~2 Objects

And from (B) (2) r=PBy/PB; =PBy/PB, =PBy/PB3 ...  Anertime 3 s omee
Substitution into (1) (3) r,=PBy + PBy/r + PBy/r2 + PBy/r® + ...  ..etc.. Thus e 2 L St
Factoring (3) (4) r,=PByr [1/r+ 12+ 1/ + ...] Nuwa/Ny=2 where N =#of Objects ", "%« #7074
Geometric Series [...] (5) with a; =1/r, a, =1/r", ¢ = 1/r (common ratio), and n number of terms g
Hence (6) S, = (1/r (1-1/r))/(1-1/r) S

And (7) limpes~ S, = 1/rl(1-1/r) = 1/(r-1) Mississippi River
Substitution into (4) (8) r, =PByr/(r-1) Delta

Likewise (9) rn.q =PByr/(r-1)

Hence (10) In (ry/raseq) = In ((PB4r/(r-1)) X ((r-1)/(PByr)) = In (PB4/PBy)

Therefore (11) D = (In(2))/(In(PB,/PB,)

Iterating Paleobathymetries at Major Geologic Ages was complex and produced
unfavorable results because of a paucity of input points. Gravity is tacitly a
collage of all Paleobathymetries. This assumption reduced the above algorithm

to a very simple formula.

FDBG = (In(2))/(In(B+C/G+C’)
FDMG = (In(2))/(In(M/G)




DEPOSITIONAL REGIMES
LABORATORY STUDY OF TURBIDITY CURRENTS
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GULF OF MEXICO STUDY AREA
SIGNIFICANT FIELDS IN US WATERS
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FRACTAL COMBINATION (FDBG)
BATHYMETRY AND GRAVITY
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FRACTAL COMBINATION (FDMG)
| “AEICS AND GRAVITY
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(FDMG) & (FDBG)
COMPARED TO FRACTAL LANDSCAPES
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(Ro) RATIO oF FDBG over FDMG
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MOUNDED & PONDED FACIES
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MOUNDED & PONDED FACIES
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VERTICAL INTERSECTION
EXTENDED ALONG & BEYOND DIP1 LINE
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VERTICAL INTERSECTION
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700 West r‘
}
600 _ XY M M X X K X XX X mep % XX TH XX XK XX XX XX _X"_XX-—Xx~—1:<><T><'-XX——xx_.xx-xx——x—xx—xx—_xx—xx—xx——-xx—xx—xx——xx—x)(__ KX XX K=
500 Sierra Madre i1 h
. IR i
400 _Mountains _ she I e 7
300 \ Wilcox Fans? Mexican} : ;i “Auger’” . S“Thunderhorse”

K] ;( X
iMound [ ::  Pond

200
100

s S}v/

FDBG * 1000 x-x-x
FDMG * 100 x-x-x
Ro * 100



BSMENT HIGHS & PLANAR FACIES
Ro LESS THAN -3 & Ro >0

METEOR |
IMPACT 3

< POSSIBLE
METEOR
IMPACT
% SITES
BASED
ON Ro



BSMENT HIGHS & PLANAR FACIES
Ro LESS THAN -3 & Ro >0

KNOWN %’
METEOR .
IMPACT &

"{&< POSSIBLE
. METEOR
IMPACT
% SITES
BASED
ON Ro



GULFSPAN 2D (PSDM) 2003/04 VINTAGE

iod Courtesy of ION Geophysical

Ro SCALED FOR SEISMIC Vertical Exaggeration ~ 7.5 to 1




VERTICAL INTERSECTION
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{WILCOX PALEOCANYONS IN EASTERN MEXICO |
SEG INTERPRETATION/FEBRUARY 2016
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WESTERN MAIN TRANSFORM FAULT (WMTF)
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