EXPLORATION

A new depositional model for the
deepwater Wilcox-equivalent Whopper
Sand—Changing the paradigm

Did the Gulf Of Mexico become isolated during the Lower Tertiary? If so, could that
explain a series of events leading to the deposition of thick, extensive, mostly sandy
reservoirs more than 200 mi from shore, which are now being explored?

Arthur E. Berman, Labyrinth Consulting Services, Inc., Sugar Land, Texas;
and Joshua H. Rosenfeld, YAX Balaam, Inc., Granbury, Texas

The Lower Tertiary (Paleogene) of the offshore Gulf of Mex-
ico has emerged as an important frontier oil and gas play with
a series of major discoveries in the deepest parts of the Outer
Continental Shelf (OCS) Alaminos Canyon, Keathley Canyon
and Walker Ridge OCS protraction areas. Reservoirs comprise
thin Eocene-to-Oligocene distal turbidite sands and a thick,
sandy Paleocene-Focene package called the “Whopper Sand.”
The pre-Oligocene portion of this sequence correlates with the
onshore Wilcox Group. The unique character of the Whopper
is its generally high sand content (-70%) and great thickness
(>1,000 ft), even though it was deposited hundreds of miles
seaward of the Wilcox shelf margin and slope. The presence

of such a reservoir so far from the shallow marine depositional
centers of its contemporaneous basin challenges explorers to
modify models derived from the onshore Wilcox as they seek
to understand and delineate the new play fairway.

A Paleocene sea-level fall in the Gulf of Mexico by as much
as several thousand feet was first proposed by Rosenfeld and
Pindell.! They suggested that tectonic closure of the Florida-
Yucatan Straits isolated the Gulf of Mexico from the world
ocean and resulted in a rapid evaporative drawdown. At that
time, this hypothesis was used to explain the sandy reservoirs
that had been encountered in the deepwater Perdido Fold Belt
(Alaminos Canyon) region of the western Gulf of Mexico.

Over the intervening five years, at least
19 exploratory wells have penetrated the

™

Bapin_ .- Wilcox discoveries

Ean sl

- o
Sarcipia o
| * '
pa~ /! 'l Iker Rid
By ﬂi""*—-..;M»nc?’ & = alker Ridge

" g,

ey,
=
-
=
=
a
[+}
3
=
v

Campeche
Residual Esc
Gulf of Mexico

/ * Wilcox well Yucatan
n-‘dfcc M «am%a { pentrations Carbonate
N 7 Basin k"“- 0 100 mil Platform
miles
juoets Ll
| ‘-z_;’_—:_—’ _.J aLpla _l‘ e . _JJ—’\.‘_-/—\\

San Marcos and Hardlin ] = . .
‘%% Rockdaie Deltas _.Lmn‘:‘-‘ /"‘nlll%;ﬂ,:ng%l Si::f;v %Ml;‘ﬁifg‘“ w 2a WhohppgrhS?d acc;rco)si/[ aT B?O—mfl_-v}vllde
& isnivan _ ' swath of the deep . Twelve of these
2 “\\\ & h Upﬁ'"mn, )" wells have found oil and gas. Reserve
' .\:-‘—\—--_- o DI | Wikcgx Shelf Margin estimates for deepwater Lower Tertiary
™ i ‘Ef“xwf"':ﬂ-'z '.th)ﬂl"' : reservoirs range from 3 to 15 billion
B"ig;sz"' \ N N b ] boe, with first production scheduled for
Rosta Sporads Sand TSI i 2009-2010.
2 SN \ N \ { Interpretations that rely on an orderly,
S N | LNorton ,_.._3\ J uninterrupted progression of shallow to
% [ Vienn 'ﬂ‘ — Plain q\..\_ - deepwater facies from the Wilcox shelf
e e e e Sl — . .

= - > e margin to the Walker Ridge OCS protrac-

/ N L.—’/ g g p

tion area have serious problems of scale.
No other Tertiary depositional system
delivered sand as far from the shelf mar-
gin as is required for the Wilcox, much
less high net-to-gross sands over 1,000 ft
thick, 225 mi from the base of the coeval
continental slope.

Published industry interpretations
consider the Whopper Sand to be a dis-
tal, submarine basin-floor fan deposit.
These explanations would require grav-
ity-driven, sand-dominated density flows

Fig. 1. Paleogeographic map of drawdown climax with Residual Gulf of Mexico
occupying the otherwise desiccated abyssal plain of the Gulf. Modified from an
unpublished figure by W. E. Galloway. Paleomargins are overlaid as per Rosenfeld

and Pinedell."

to move across hundreds of miles of
virtually flat basin floor. This is physi-
cally impossible. Defenders of the distal
submarine paradigm claim that modern
deepwater systems are capable of trans-
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porting sand onto the basin floor hundreds of miles from the
base of the slope. This may true for thin, channelized sand
bodies but not for thick, amalgamated sands covering thou-
sands of square miles.

Modern sand channels that occur on the abyssal plain are
typically underlain and surrounded by tremendous shale and
silt volumes. In fact, turbidite systems require high clay con-
tent to prevent dropout of the suspended sand fraction near
the base of the continental slope. The required shale volumes
have not been found in conjunction with the Whopper.

We believe that the most reasonable explanation for the
observed facies and thickness patterns in the basinal Wilcox
strata is that a brief, though extreme, intra-Wilcox lowering
of sealevel occurred in the Gulf of Mexico about 55 mil-
lion years ago (Ma) at the Paleocene/Eocene boundary. This
sea-level fall can only be explained by evaporation following
tectonic closure and isolation of the Gulf of Mexico by the
collision of Cuba with Florida. This caused rapid prograda-
tion of sand-rich deltas, fan deltas, and slope and basin floor
fans, as the Gulf dropped about 6,000 ft below world sea
level, Fig. 1. Sand reached the deep basin during this forced
regression through the successive remobilization of previ-
ously deposited material.

The discovery of thick, amalgamated and widely dis-
tributed sandstone reservoirs in the Wilcox of the deepwa-
tet GOM represents an anomaly of great importance. The
anomaly is without precedent in the depositional systems
of the Gulf Coast basin and cannot be adequately under-
stood using existing deepwater models, whether modern or
ancient. Although difficult to visualize, there are several lines
of evidence that support this explanation. To quote Conan
Doyle’s Sherlock Holmes, “When you have eliminated all
which is impossible, then whatever remains, however im-
probable, must be the truth.”
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Fig. 2. Wilcox stratigraphic cross section
showing key wells, Alaminos Canyon,
Keathley Canyon and Walker Ridge OCS
areas. Datum: Top Whopper (Wilcox). Data
from IHS Energy.
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THE WHOPPER SAND

The gross thickness of the Whopper Sand, as determined
from publicly available wells, ranges from 1,070 to 1,960 ft,
Fig. 2. It represents a succession of sequences in the western
part of the deep Gulf that are generally sandier, with more
sharply defined bases and tops than in more easterly areas.
The Wilcox interval in Alaminos Canyon comprises clean,
amalgamated sandstone packages 25 to 100 ft thick that com-
monly have sharp bases and sharp to fining-upward tops. The
underlying shales of the basal Wilcox and Midway are clearly
identifiable from their log character.

The following Whopper thickness estimates are based on
the authors’ log picks. Alaminos Canyon penetrations include
the Baha-2 well that drilled about 1,070 ft of this unit. The
nearby Great White-1I well found 1,200 ft of Whopper com-
prising 78% sand in blocky units about 180 ft thick separated
by shaly or silty intervals from 10 to 90 ft thick. The Trident
well had a very similar sandy section about 1,220 ft thick. Far-
ther east in Keathley Canyon, the Whopper Sand has similar
characteristics to the Alaminos Canyon wells, as found in the
Sardinia-1 well with 1,180 ft of sand and the Hadrian well
with 1,380 ft.

Continuing to the east into Walker Ridge, the Whopper is
1,120 ft thick in the Jack-2 well, 1,960 ft thick in the Chinook
well and 1,940 ft thick in the Cascade-2 well. Walker Ridge
wells generally contain more distal facies than wells in Alami-
nos and Keathley Canyon.

The considerable thickness and wide areal extent of the
deepwater sandy Wilcox interval challenges the pre-existing
perception that most Wilcox sandstone was deposited within
shelf and upper continental slope environments with only
thin, channelized sands reaching the deep basin within shale-
dominated turbidites.

WILCOX ONSHORE STRATIGRAPHY

The onshore Wilcox Group was deposited in thick, predom-
inantly shallow marine and coastal-plain successions during
the first major episode of Cenozoic clastic sedimentary influx
into the Gulf of Mexico basin. Lower Wilcox strata prograded



over distal, fine-grained marine clastics of the underlying Mid-
way Group. Thick, progradational shoreline and shelf-margin
sequences characterize the Lower and Upper Wilcox intervals,
while the middle Wilcox is a predominantly transgressive to
slightly aggradational succession. The uppermost Wilcox is
capped sub-regionally by thick, amalgamated, predominantly
fluvial strata of the Carrizo Sandstone. It is separated from
the overlying Reklaw formation of the Claiborne Group by a
regionally extensive marine flooding surface.?

Wilcox sediment was shed from Laramide uplifts in the
Rocky Mountains and Sierra Madre Oriental Range, and
from the ancestral Appalachian Mountains. High sediment
supply and limited accommodation space on the continental
shelf caused Wilcox shorelines to prograde to the Paleocene
shelf margin. The position of the Cretaceous platform mar-
gin beneath the Wilcox shoreline compounded the inherent
instability of shelf-edge depositional processes. Underlying
Cretaceous structure, which included a comparatively steep
dipping carbonate slope, localized initial failure of prograding
deltaic Wilcox deposits, resulting in slumps and down-slope
sediment gravity flows into deeper water.

Loading by Wilcox sediments initi-
ated or reactivated faulting in Creta-
ceous strata (Fig. 3) that was probably
rooted in weak layers of mobile salt or
shale at depth. Movement on deeper
master faults produced shallower exten-
sion along growth faults within Wilcox
sequences. Accommodation space on
the slope was filled with a great volume
of aggrading, relatively shallow-water
sediments throughout Lower, Middle
and Upper Wilcox deposition, Fig. 3.
Younger Eocene Queen City and Yegua
sediments prograded across the Wil-
cox slope basins and subsided into ac-

a)

Landward

Recognition of these areal constraints on the distribution
of Wilcox strata has important implications when interpreting
recently drilled wells in the deepwater GOM. Coastal, shallow
marine, shelf-margin and prodeltaic Continental Slope facies
were contained within Wilcox slope basins. The eastern limit
of these basins did not reach the present GOM coastline, Fig.
1. Interpretations that show an orderly progression of shelf
to deepwater facies, extending from the Wilcox shelf mar-
gin to the present-day Walker Ridge OCS protraction area,
therefore, have serious problems of scale when compared to
all other depositional systems in the GOM, and ignore geo-
metric constraints gained from the drilling of thousands of
wells and acquisition of considerable high-quality seismic data
in the onshore Wilcox.

OFFSHORE WILCOX SEDIMENTARY SYSTEM

The deepwater offshore Wilcox Whopper Sand consists of
a complex of channelized submarine fans and associated fan-
lobe deposits similar to the Brushy Canyon system (Permian)
of the Delaware basin, as described by Beauboeuf, et al.? Log
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Fig. 3. a) Simplified kinematic model for development of Wilcox slope basin. Model
does not include salt withdrawal and is based solely on gravity-driven extension.
Modified from Fiduk, et al.# b) Wilcox diagrammatic cross-section at the time of
Residual GOM drawdown. c) Wilcox time-stratigraphic (Wheeler) diagram.
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individual sand packages that generally

coarsen upward. Marginal lobe deposits
are distinguished from prograding lobes
because they usually have a back-step-
ping stacking pattern, consist of thinner,
sometimes laminated sand packages, and
include a high percentage of interven-
ing fine-grained overbank facies (Fig.
6, -26,972-27,120). Like prograding
lobes, marginal lobes are typically eroded
at the base of the overlying channelized
fan deposits.

Distal channelized fan-complex and
marginal-lobe facies are commonly in-
terbedded with one another and can only
be distinguished clearly based on vertical
stacking patterns. Distal channelized fan
deposits contain thin, laminated sand
bodies, such as marginal lobe intervals,
and coarsen upward, while marginal lobes
fine upward.

237,116 Walker Ridge wells generally contain
— more distal facies than wells in Alaminos

Feet and Keathley Canyon, but the Cascade

and Chinook wells are sandier than the

Jack and Jack-2 wells. The more distal

Fig. 4. Houston and Rio Grande slope basins with Wilcox (undifferentiated) isopach

map. Contour interval is 1,000 ft. Data from IHS Energy.

facies were interpreted using standard sequence stratigraphic
methods to identify coarsening- and fining-upward verti-
cal stacking patterns, and gross lithologies using normalized
gamma ray and resistivity curves. Depositional environments
include proximal channelized fan complex, medial channel-
ized fan complex, distal channelized fan complex, prograding
lobe, and marginal lobe facies, Fig. 6. There is an overall pro-
gression from more proximal channelized fan and associated
lobe facies in western offshore regions to more distal facies in
eastern areas across the Whopper Sand trend, Fig. 2.

Proximal channelized fan complex facies are typical of the
Alaminos Canyon and Keathley Canyon areas of the GOM.
This facies consists of clean, amalgamated sandstone pack-
ages 25 to 100 ft thick that commonly have sharp bases and
sharp to fining-upward tops (Fig. 6, -27,190-27,373 ft).
Proximal channelized fan sandstones are commonly overlain
by shaly overbank or abandonment facies that range from 10
to 75 ft thick.

Prograding lobe deposits appear lithologically similar to
channelized fan facies, but differ because they coarsen upward
and are eroded at the base of the overlying channelized fan fa-
cies (Fig. 6, -27,120-27,192).

Medial channelized fan complexes represent an intermedi-
ate facies between proximal and distal channelized fan com-
plex facies. These fan sandstones have sharp bases but, unlike
proximal fan facies, individual sands clearly fine upward into
finer-grained sandstone or siltstone (Fig. 6, ~26,180-26,420).
These sandstone bodies are thinner than proximal fan depos-
its, ranging from 10 to 50 ft thick. This facies generally has a
well-defined back-stepping vertical stacking pattern.

Prograding and marginal lobe deposits are associated
with channelized fan facies. Both facies are composed of
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facies recognized in Walker Ridge, com-
pared with wells in the west, may reflect
deposition in a less axial part of a fan, and
does not preclude the presence of sandier,
more proximal facies in other parts of the
Walker Ridge area, possibly from a northern rather than a
western source.

The considerable thickness and wide areal extent of the
deepwater sandy Wilcox interval challenges the pre-existing
perception that most Wilcox sandstone was deposited in shelf
and upper continental slope environments with only thin,
channelized sands reaching the deep basin within shale-domi-
nated turbidites. The Whopper Sand, therefore, appears to be
a channelized, proximal sandy submarine fan facies deposited
below storm wave base in a drawn-down Gulf of Mexico.

The upper contact of the Whopper Sand with overlying
shales is also abrupt, indicating that sand deposition ended
suddenly across the whole area when the connection to the
world ocean was re-established. The Wilcox lowstand systems
tract was quickly flooded and preserved beneath the condensed
section of the Middle Wilcox Group.

PALEOCANYON FEEDER SYSTEMS

The presence of Wilcox equivalent (Paleocene—Farly Eo-
cene) erosional paleocanyons has long been recognized from
southern Louisiana to central Mexico. These have not been
adequately incorporated into a regional understanding of the
Wilcox Group, even though they provide significant support-
ing evidence for the sea-level drawdown hypothesis.

The Middle Wilcox Yoakum Canyon was eroded to a
depth exceeding 3,500 ft across nearly 70 mi of the Lower
Wilcox shelf. Several correlative canyons cut through shelves
and slopes around the Gulf. In the US, these include the
Bleakwood, Tyler (Hardin), Yoakum and St. Landry canyons;
and in Mexico, the Bejuco-La Laja canyon and, farther to the
south, the Chicontepec and Nautla Canyons (not shown),
Fig. 1. These features have previously been interpreted as
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Fig. 5. (Left) Interpreted version of seismic profile Line A,

highlighting Wilcox and Queen City-Yegua slope basins and rafted

Wilcox in Zapata, Jim Hogg and Brooks counties, Texas. Modified

from Fiduk, et al.# (Right) Location map for seismic line, the Wilcox

depositional trough and associated raft in South Texas. Yellow
shading shows the general outline of Lower Cretaceous strata
along the boundaries of the Wilcox depotrough and raft. Black
dashes outline the area of the Rio Grande salt basin.*®

the result of normal submarine processes, such as headward
slumping and scouring by sediment gravity flows. Some in-
vestigators specifically repudiate sea-level drawdown as the
driving mechanism for the formation of these canyons. The
sea-level drawdown, however, explains the canyons as fluvi-
ally eroded features that delivered bypassed sediment into the

deep Gulf basin.
SUMMARY OF EVENTS

A series of connected events that better explains the Whop-
per Sand begins at the end of the Paleocene, as Cuba closed
the gap between Yucatan and North America. The subducted
oceanic plate dropped into the mantle, causing rapid uplift
of the suture zone, enhancing the effectiveness of the barrier.
Rapid evaporative drawdown of the Gulf of Mexico’s water
level (1 to 3 ft per year) followed.

As evaporation proceeded, the shoreline of the Gulf ad-
vanced basinward at rates of 125 to 1,000 ft per year across the
15° to Yi0° slopes. This “forced regression” produced youth-
ful river profiles with incision and cannibalization of stranded
delta fans at the advancing canyon outlets.

The undercompacted Lower Wilcox/Midway substrate lent
itself to accelerated downcutting and canyon wall mass wast-
ing as relative pore pressure increased when the water column
and sedimentary overburden was removed. Methane released
from destabilized hydrates and eroded gas reservoirs also con-
tributed to sediment slumping.

The drawdown ended with a residual body of water oc-
cupying the abyssal plain of the GOM. The coastal fringe of
this residual Gulf consisted of a braided sand plain fed by co-
alesced alluvial fans. The nearshore shallows above wave base
comprised a sandy shoreface. The coastal environment would
have resembled a sandy glacial outwash plain. Landward of
the shoreline, youthful valley profiles were progressively bur-
ied under a pediment of coalesced outwash.

Seasonal water level variations may have caused shoreline
migration across the very low topographic gradient with
wave rewotking of the braided sand channels into beaches
and sand bars. Turbidites were deposited in submarine fans
below wave base.

Looking again at Fig. 3 provides a conceptual basis for the
proposed depositional model. Lower Wilcox deposition was
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Fig. 6. (Top) Depositional model used to identify submarine
fan facies from well logs. Modified from Beauboeuf, et al.3
(Bottom) Facies interpretation of Whopper (Wilcox sand) in
Hadrian well. Data from IHS Energy.
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mainly confined to the slope basin seaward of the Cretaceous
shelf margin, where growth faults provided accommodation
space. Evaporation at the end of Lower Wilcox deposition
rapidly lowered sea level, resulting in the forced regression
of Wilcox strata across the Wilcox slope basin and exposed
continental rise. These shoreface and deltaic fan deposits were
cannibalized to become sand sources for proximal lowstand
basin floor fans in the Residual Paleocene-Eocene Gulf. As
drawdown progressed, proximal basin floor submarine fans
continued to prograde at least as far as the Walker Ridge pro-
traction area, where Whopper submarine facies include prox-
imal, medial and distal channelized fan complexes, channel
overbank and abandonment facies, and associated prograding
and marginal fan lobe deposits.

Upon reconnection with the world ocean, the extreme low-
stand system was quickly drowned and a condensed section
(Yoakum Shale) was deposited across the basin and shelves un-
til normal progradation resumed in the Upper Wilcox.

This interpretation explains the thick Whopper sand bodies
in the deep GOM as the result of continuous cannibalization
and redeposition of prograding alluvial and submarine fans
during an extreme base-level drawdown. At any given time,
the sand did not move a great distance across the low gradi-
ent slope but, in the aggregate, sand eventually accumulated
hundreds of miles from its original source.

Incomplete cannibalization during rapid progradation left
partially eroded fans beneath today’s shelf and slope which
constitute important exploration targets. WO
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