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Abstract

Sequences are discrete packages of sedimentary rock bounded by interregional erosional surfaces that are traceable on a continental scale. They
are the ideal stratal units for regional stratigraphic study, but few continent-wide studies of the Sloss-defined sequences have been published.
We present a new, comprehensive and continental-scale study of the six sequences across North America, with special emphasis on siliciclastic
architecture. Details of the siliciclastic rocks across North America, including offshore shelf regions, were compiled using the AAPG
COSUNA stratigraphic columns and supplemented with the Geological Atlas of Western Canada Sedimentary Basin and numerous other
published sources and wells. Rockworks 16 software was used to track individual sequence boundaries, lithologic data and stratigraphic
column locations. The raw data were processed into 16 subset areas, which were sampled using a 10-km spacing grid to create comprehensive,
three-dimensional models of the lithology on a sequence-by-sequence basis. Isopach maps and basal sequence lithology maps were also created
for each of the six sequences. Results show siliciclastics in the first three sequences (Sauk, Tippecanoe and Kaskaskia) comprise a significantly
lower volume compared to the latter three sequences (Absaroka, Zuni and Tejas). Siliciclastics total 13.2 million km? in the first three
sequences combined, whereas siliciclastics within the individual Absaroka, Zuni and Tejas sequences total 9.4 million km?®, 19.9 million km?®
and 12.0 million km?, respectively. In addition to the highest volume, the overall percentage of siliciclastics reaches a maximum in the Zuni
sequence, with 36% of all sandstone and 36% of all shale deposited as part of the Middle Jurassic to Late Cretaceous systems across North
America. Isopach maps show most of the siliciclastics in these later sequences were deposited across the western portion of North America and
offshore in the East and Gulf of Mexico. Three-dimensional diagrams of lithology within each sequence allow visualization of shale
architecture across the continent through time. These data provide insight into potential exploration targets for shale oil and gas. Identification
of areas of thickest shale in the individual Absaroka, Zuni and Tejas sequences, in combination with geochemical data, can focus renewed
exploration efforts into previously overlooked regions.
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EXPLORATION APPLICATIONS

WHOPPER SAND

Application of this study may contribute to an explana-
tion for the “Whopper Sand” in the deep Gulf of Mexico.
Since 2001 with the drilling of the BAHA-2 well, billions
ofbarrels of oil have been discovered in the Paleocene-Eo-
cene Wilcox-equivalent “Whopper Sand” (Higgs, 2009).
This well reportedly encountered 1100 feet of sand in the
Lower Wilcox in over 7000 feet of water within the Per-
dido Fold Belt of Alaminos Canyon. In Keathley Canyon
the Sardinia-1 well encountered over 1200 feet of sand
and in Walker Ridge, the Jack-2 well and Chinook and
Cascade-2 wells reached similarly thick Lower Wilcox
sands approaching 1900 feet thick (Trammel, 2006). Av-
erage porosity in the whopper sand is 18% and permea-
bilities range from 10-30 md (Trammel, 2006). Up to 15
billion barrels have been discovered in this trend since
2001.

What makes the Whopper Sand unusual is its location
in deep water, nearly 200 miles (300 km) from the Low-
er Wilcox shelf margin, and far from any conventional
sand source (Higgs, 2009). Two competing interpre-
tations have been suggested to explain the presence of
the Whopper Sand, one by Higgs (2009) and Sweet and
Blum (2011), and a second model supported by Berman
and Rosenfeld (2007), Rosenfeld and Pindell (2003), and
more recently, Cossey et al (2016).

Berman and Rosenfeld (2007), Rosenfeld and Pindell

(2003) and Cossey et al (2016) argue for the “GOM draw-
down hypothesis,” where the Gulf of Mexico became iso-
lated from the open Atlantic Ocean by the closure of the
Florida straits. These authors have suggested a drop in
sea level in the center of the GOM of well over 200 m in
order to transport the Whopper Sand into its deep-water
position.

Higgs and Sweet and Blum have counter-argued that the
lack of evaporite-type deposits within the stratigraphic
interval precludes this interpretation. Higgs has coun-
tered with a more traditional river transport interpreta-
tion with drops in sea level of more modest values (100
m) to explain the Whopper Sand and the deep-water
canyons. Instead of evaporative drawdown as called on
in the first model, Higgs believes sustained river flow
into the lowered GOM exceeded evaporation, lowering
the salinity and turning the GOM into a brackish lake.
Sweet and Blum propose a less extreme model and advo-
cate more traditional long-distance river flow to explain
the Whopper Sand.

However, critics argue the “river model” still does not
address the high purity (70% sand) and the thickness
(>1000 feet) of the Whopper Sand. Rivers today most-
ly transport clays, with minimal silts and even sands out
into deep water.

BASAL TEJAS

WHOPPER SAND EXPLANATION?

Research by Blum and Pecha (2014) may provide an an-
swer to how the Whopper Sand formed in deep-water.
These authors used detrital zircons to map out the direc-
tion of drainage in the Cretaceous and in the Paleocene
across North America. They determined that the drain-
age patterns shifted dramatically between these two dep-
ositional episodes.

These authors found that during deposition of the Cre-
taceous (Zuni Sequence), the drainage pattern was dom-
inantly to the north and northwest across much of the
USA. Drainage was to the Boreal Sea near present-day
Alberta and Saskatchewan. They also determined that
very little area was draining to the Gulf of Mexico (GOM)
during this time.

In contrast, they determined that the Paleocene drainage
shifted dramatically from that of the Cretaceous, result-
ing in much of the USA draining southward to the GOM.
As noted on their map, this was not a single river like the
modern Mississippi River, but a series of rivers, effective-
ly behaving more like sheet wash, draining into the GOM
all at once. This shift in drainage coincides nicely with
the end of the Zuni Sequence and the onset of the Tejas
Sequence.

Blum and Pecha (2014) believe this change in drainage
occurred because of the high flooding levels of the North

American continent during the Upper Cretaceous,
known as the Cretaceous Interior Seaway. They claim
that the withdrawal of the flood waters during the up-
permost Cretaceous and earliest Paleocene caused signif-
icant reorganization in the drainage pattern and a reverse
in flow toward the GOM.

The Whopper Sand may be a consequence of this rapid
drainage shift, when multiple rivers began to suddenly
and simultaneously drain off the continent (Interior Sea-
way) into the GOM, permanently reversing the earlier
direction of flow. This shift seems to be marked by the
sudden change in deposition at the Zuni-Tejas sequence
boundary where the uppermost Zuni layer (the Lower
Paleocene Midway Shale) changes to the Paleocene-Eo-
cene Whopper Sand. Initial drainage rates in the Paleo-
cene, coinciding with a sudden drop in sea level at the
onset of the Tejas, were likely high volume and highly
energetic, providing a possible mechanism to transport
the thick Whopper Sand into deep-water. Over time, the
drainage volume lessened, lowering the energy available
for transport, until the present-day pattern developed.
We now observe small flows compared to what was likely
happening during the initial draining of the vast Creta-
ceous Interior Seaway.

Are there more “Whopper Sands” off North America and
even other continents?
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UNTAPPED POTENTIAL IN ARIZONA?

Examination of the Absaroka-Zuni-Tejas combined isopach map shows a thick stratigraphic section across Arizona,
and southern Arizona in particular. Few wells have penetrated these sections. Thick, untapped sediments, including
shale beds, are identified in stratigraphic sections across this area.

Is this an area of unidentified fracking potential?

ABSAROKA-ZUNI-TEJAS
ISOPACH

With over 70 regional studies
performed throughout North America,
Integrated Reservoir Solutions has
expertise in your area of interest.

Duvernay
Montney

Wiliston Basin
Powder River

Niobrara

o Utica —‘Point
Missourian Pleasant

Sandstone | Miss. Lime

Granite Wash ~ Woodford

Brushy Canyon ===
Haynesville

Bone Spring Wolfcamp ©
, Midland Basin Cline
b Avalon

Eaglebine Smackover _

Eagle Ford [ & <

O Norphfet

& Deepwater Gulf of Mexico

Taken from AAPG Explorer advertisement

J

STRATIGRAPHIC SECTIONS ACROSS ARIZONA

South North
SSMC-3-AZ SSMC-5-AZ CSR-28-AZ CSR-23-UT \«\'/_/

om

-10,000

20,000 carb/sand 171 Tejas
carb/shale Bl Zuni
carbonate I Absaroka
chert 7 Kaskaskia
cherty carbonate Tippecanoe

cherty shale B¢ Sauk
=

coal Precambrian1
coal/sand

coal/shale
salt/gypsum
salt/gypsum carb

Berman, A. E. and J. H. Rosenfeld. 2007. A New Depositional Model for the Deep-Water Gulf of Mexico Wilcox Equivalent Whopper Sand:
Changing the Paradigm. In L. Kennan, J. Pindell, and N. C. Rosen, eds. The Paleogene of the Gulf of Mexico and Caribbean Basins: Processes,
Events, and Petroleum Systems. Houston, Texas: Proceedings of the 27th Annual Gulf Coast Section of the Society of Economic Paleontolo-
gists and Mineralogists Foundation Bob F. Perkins Research Conference, 284-297.

salt/gypsum shale
sandstone

shale
shale/sandstone
volcanics

Blum, M. and M. Pecha. 2014. Mid-Cretaceous to Paleocene North American drainage reorganization from detrital zircons. Geology. 42
(7): 607-610.
Cossey, P. ], D. Van Nieuwenhuise, J. Davis, ]. H. Rosenfeld, and J. Pindell. 2016. Compelling evidence from eastern Mexico for a Late Pa-

leocene/Early Eocene isolation, drawdown, and refill of the Gulf of Mexico. Interpretation, February, p. 63-80. doi.org/10.1190/INT-2015- West East
0107.1. SCA-21-CA CSR-27-AZ ~ CSR-28-AZ  CSR-29-NM CSR-25-CO

Higgs, R. 2009. Gulf of Mexico Paleogene “Whopper Sand” sedimentology: hypersaline drawdown versus low-salinity hyperpycnite models.
Search and Discovery Article 40418, AAPG. http://www.searchanddiscovery.com/pdfz/d 2009/40418higgs/ndx_higgs.pdf.html —

Lewis, . et al. 2007. Exploration and Appraisal Challenges in the Gulf of Mexico Deep-Water Wilcox: Part 1 —Exploration Overview, Reser- —
voir Quality, and Seismic Imaging. In L. Kennan, J. Pindell, and N. C. Rosen, eds. The Paleogene of the Gulf of Mexico and Caribbean Basins:
Processes, Events, and Petroleum Systems, Houston, Texas: Proceedings of the 27th Annual Gulf Coast Section of the Society of Economic
Paleontologists and Mineralogists Foundation Bob E. Perkins Research Conference: 398-414. 10,000

Rosenfeld, J. and J. Pindell. 2003. Early Paleogene Isolation of the Gulf of Mexico from the World’s Oceans? Implications for Hydrocarbon
Exploration and Eustacy. In C. Batolini, R. T. Buffler, and J. J. Blickwede, eds. The Circum-Gulf of Mexico and the Caribbean: Hydrocarbon
Habitats, Basin Formation, and Plate Tectonics. Tulsa, Oklahoma: American Association of Petroleum Geologists Memoir 79: 89-103. e

Sweet, M. L. and M. D. Blum. 2011. Paleocene-Eocene Wilcox Submarine Canyons and Thick Deepwater Sands of the Gulf of Mexico: Very
Large Systems in a Greenlt ‘World, Not a M Like Crisis. Gulf Coast Association of Geological Societies Transactions. 61: 443-450.

Trammel, S. 2006. Gulf of Mexico deepwater trends. IHS Report. http://s3.amazonaws.com/zanran_storage/energy.ihs.com/ContentPag- -20,000
es/53430280.pdf —




