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Abstract

The Denver Basin encompasses an area of about 70,000 square miles in eastern Colorado, southeastern Wyoming, and western Nebraska. More
than 1.3 billion barrels of oil, 7.4 trillion cubic feet of natural gas, and 3.6 million barrels of water have been produced from more than 47,000
wells across the basin. Petroleum production is from Mississippian through Upper Cretaceous strata. The first oil well in the basin was
completed in 1881 in the Upper Cretaceous Pierre Shale in the Florence field, the oldest active oil field in the United States. Depths of
production across the basin vary from less than 900 feet (270 meters) from the Pierre Shale in the Florence field to about 10,000 feet (3048
meters) in Lower Cretaceous Muddy (J) Sandstone in the Wattenberg field. Focus of conventional production in the basin is the Muddy (J)
Sandstone. There is scattered Paleozoic conventional production along the borders of the basin, in Nebraska, Lincoln County in southeast
Colorado, and structural traps along the northern boundary of the Wattenberg field. Knowledge of petroleum source rock(s) and resources for
Paleozoic strata within the basin are limited by lack of deep drilling; oil and gas in Mississippian and Pennsylvanian units in Lincoln County
may have been sourced from Paleozoic strata of the Denver Basin, or migrated westward from the Anadarko Basin. Unconventional, primarily
horizontal oil and gas wells are concentrated in the Wattenberg field area of the deep basin; production from low-permeability sandstones of
the Muddy (J) began in 1970. Exploration and production from tight calcareous shale of the Upper Cretaceous Niobrara Formation was
initiated in the early 1900s in the basin, accelerated in the early 1980s, and continues to expand outward from the Wattenberg field, particularly
to the northeast. Unconventional sweet spots are concentrated in an area of elevated basement heat flow that enhanced oil and gas generation
from bounding organic-rich shales and the Niobrara Formation.
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o What goes around comes around

Basin history started and
" continues with unconventional
¢ oll and gas

" Where else may the oll
“and gas be hiding?



Denver Basin

Laramide foreland
basin, west basin axis
Mainly Cretaceous &
also Paleozoic oll, gas
Conventional and
unconventional
Thermogenic and
biogenic

Florence field (1881)
Wattenberg, Spindle

RMAG Tectonic GIS (2014);
IHS Energy (2015)




Oil and Gas Production

Cumulative ~1.5 BBO, 8.4 TCFG, 4.1 BBW from
+53,000 oil and/or gas wells?

104 MMBO, 2.5 TCFG, 52 MMBNGL Mean
remaining undiscovered resources?

Miss thru Permian: 174 MMBO, 0.37 TCFG

D and Muddy (J): 895 MMBO and 3.3 TCFG
Niobrara Sh3, Codell Ss: 416 MMBO and 4.2 TCFG
Pierre Shale: 72 MMBO, 0.45 TCFG

~ 1 |[HS Energy (2015); 2 Higley et al. (2003);
ZUSGS .
Niobrara ~74% of oil and 80% of shown total
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Kleinholz (1986) 7 MMBO, 3 BCFG sih| ~ & / / Beedﬁmé"n (1929)

Silo (1901) 13 MMBO, 12 BCFG

Adena (1954) 66 MMBO, 92 BCFG

P

Wattenberg (1970) 367 MMBO,

49 TCFG
Splndle (1971) 66 MMBO, 0.34 TCFG

Arapahoe (1978) 30 MMBO, 77 BCFG

Florence (1881) 16 MMBO, 327 SE&iegfN I/
MMCFG e




45000 All producing formations ({g
40000 Pierre-Shale*, mpstly-Spindie-and @
25000 Florence oill fields
: Njobrara [and Codell
30000 Codell Sandstone
Muddy (J)) and D sandstones
25000 M Mississippian thru Permian
20000
g | @
© =
15000 9 o
- AV}
v o
10000 - ==
> T8 2
5000 Q T = ™
2
0 t—— ,
1940 1950 1960 1970 1980 1990 2000 2010 2020

* Terry, Hygiene, Sussex, and Shannon sandstones



What goes around~ in 1881

Florence (1881) is the oldest oil field in the US*

Discovery followed the 1862 oil show in a water well,
named and sold as the Oil Springs well. In1864 oll
sold/for upt0.$5 a gallon (Fritz, 1990).

Produced was more than 16 MMBO, 327 MMCFG?
From... fractured Upper Cretaceous Pierre Shale.

Sourced from.:. Upper Cretaceous Niobrara
Formation (Pollastro,1992) and/or Lower or Upper
Cretaceous shales (Lillis et al., 1998)

1Carpenter (1961), Kupfer (1999)
’IHS Energy (4/15), 14.5 MMBO estimated
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| Smagala et al. (1984);

Higley et al. (2003);
> IHS Energy (2015)




History of Oil and Gas in the Basin

® Started in 1881 with the Florence Field
" Major up- and downturns in exploration

" Cumulative ~1.5 BBO, 8.4 TCFG, 4.2
BBW from +53,000 oil and/or gas wells

" Mainly Cretaceous production, but
Paleozoic and basin areas are
underexplored

a2 USGS
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RMAG Tectonic GIS (2014); IHS Energy (2015)
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