
 

 

Predicting Sedimentary Facies in the Gulf of Mexico Region  
from the Combination of Bathymetry, Gravity, and Magnetic Data  

Using Fractal Geometry  
 
 

Victor J. Mistretta 
 

Apache Corporation, 2000 Post Oak Blvd., Ste. 100, Houston, Texas  77056 
 
 

GCAGS Explore & Discover Article #00029* 
http://www.gcags.org/exploreanddiscover/2016/00029_mistretta.pdf 

Posted September 13, 2016. 
 
*Article based on a full paper published in the GCAGS Transactions (see footnote reference below), which is available 
as part of the entire 2016 GCAGS Transactions volume via the GCAGS Bookstore at the Bureau of Economic Geology 
(www.beg.utexas.edu) or as an individual document via AAPG Datapages, Inc. (www.datapages.com), and delivered as 
an oral presentation at the 66th Annual GCAGS Convention and 63rd Annual GCSSEPM Meeting in Corpus Christi, 
Texas, September 18–20, 2016. 
 
 
 
 

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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PREDICTING SEDIMENTARY FACIES
I N  T H E  GOM REGION F R O M  T H E COMBINATION O F

Bathymetry Gravity Magnetics

A Fractal is a nonlinear 
geometric object with an 

infinite nesting of  
facsimile structures at all 
scales (from outcrop to 

thin section).
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DENDRITIC DRAINAGE PATTERNS
BUILDING A FRACTAL DRAINAGE NETWORK

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

Mississippi River 
Delta



DEPOSITIONAL REGIMES
LABORATORY STUDY OF TURBIDITY CURRENTS

Where x is the downdip coordinate, L denotes 
the streamwise length of the

basin, θ(x) denotes the thickness of the deposit 
and η(x) denotes the elevation

of the initial bed.  A deposit ponding index 
equal to one represents a completely

ponded deposit (Fig. 4A), a deposit ponding 
index greater than unity represents a

mounded deposit (Fig. 4B), and a deposit 
ponding index equal to zero represents a

purely draped deposit (Fig. 4C).  A deposit with 
accentuated highs, meaning that

the flow deposits preferentially on the slopes 
rather than the center of the basin,

would have a negative deposit ponding index 
(Fig. 4D).
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-1 > Ro > -3

FDBG = Fractional Dimension of Bathymetry & Gravity,
FDMG = Fractional Dimension of Magnetics & Gravity, 

Ro = the ratio of FDBG over FDMG
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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)
MAGNETICS AND GRAVITY
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(FDMG) & (FDBG)
COMPARED TO FRACTAL LANDSCAPES
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(RO) RATIO OF FDBG OVER FDMG
ANCESTRAL RIVERS; BOEM SEEP ANOMALIES 
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MOUNDED & PONDED FACIES 
RO BETWEEN 0 AND -3

103 FIELDS (~77 %)  with Current Production  > 100 MMBOE
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VERTICAL INTERSECTION
EXTENDED ALONG & BEYOND DIP1 LINE
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COMPELLING EVIDENCE 
FROM EASTERN MEXICO
FOR A LATE PALEOCENE

/EARLY EOCENE
ISOLATION, DRAWDOWN, 
AND REFILL OF THE GOM

S. COSSEY ET AL.

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