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J sandstone, Dakota Group, in the Denver basin.
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Cross section il lustrating the relationships among depth

EXPLANAT ION

BOREHOLE--Showing median permeability, in millidarcies.
Numbered wel ls are shown in cross section

@) Well location
o Dry hole

® Oil well

% Gas wel |

*»* 0il and gas well

—10— LINE OF EQUAL MEDIAN PERMEABIL ITY--Dashed where inferred.

Contour interval 1 X log 10 millidarcies

INTRODUCT ION

The Lower Cretaceous J sandstone of the Dakota Group
(MacKenzie, 1965) is present in the Denver basin in easfern
Colorado, southeastern Wyoming, and southwestern Nebraska.
This informal ly named unit deposited during a regression of
+he Cretaceous epicontinental sea and is composed primarily
of sandstone and shale of deltaic and near-shore marine
origin. The J sandstone can be divided into an upper
transgressive sand, a middle marginal-marine and del ftaic
facies, and a lower prodelta sequence (Clark, 1978). The
depth from the surface to the top of the J sandstone
increases from about 4,000 f+ on the gently-dipping eastern
flank of the basin to more than 8,000 ft near the
steeply-dipping flank at the western boundary.

Permeability values compiled in this J sandstone study
were determined from cores from 134 widely scattered
boreholes. Median permeabilities, rather than average
permeabilities, were used in order to minimize the ef fect
of anomalous samples. Thirty-five oil companies and
independent operators supplied core data. Core
Laboratories of Denver, Colorado analyzed the core, which
was submitted over a period of 25 years.

METHOD OF ANALYSIS

The sampled cores vary as to the tested J sandstone
interval and thickness, but cores mainly represent
sandstones of the middle marginal-marine and deltaic
facies. Prodelta sandstone units were sampled in a few
wel Is, and permeabilities of those wells are also included
in the data set. Cores were sampled in one foot
increments, from intervals ranging in thickness from 8 ft
t+o more than 60 ft, and averaging about 30 ft.

Plots of median permeability and of third-order
permeabil ity trends were contoured using logarithmic and
|inear scales, respectively. Trend programs utilize
smoothing techniques to refine data for identification of
major processes, such as permeability, structural,
stratigraphic, or other trends. The base and trend maps
were constructed utilizing the P.1.C.S. computer mapping
system (Petroleum Information, 1984). The
median-permeabil ity map was hand contoured on the base map,
contour lines on the trend map were computer generated.
The cross sections il lustrate the change in permeability,
porosity, and degree of thermal maturation (as Indicated by
vitrinite reflectance) with depth.

CONCLUSIONS

Contoured permeability can be an Important component of
regional geologic studies. Many factors influence
permeability: primary among these are grain and pore throat
size and specific surface area of the pore network. Grain
size and pore geometry, in turn, reflect the effects of the
original depositional environment and of diagenesis.
Permeabil ity trends in the Denver basin are interpreted as
fol lows:

1. Permeability decreases markedly from east 1o west

toward the deepest part of the basin in the study area,
north cf Denver. Statistical treatment of the data

indicates an exponential decrease in permeability with a

linear increase in depth (fig. 1).

2. Permeability contours trend north-northeast,

paral leling the major structural axis of the Denver basin.
This north-northeast tendency is illustrated on both the
1:500,000-scale contour map and the trend map.

3. A region of higher permeabil ity extends from the
southeast to the northwest across the contour map,
corresponding in size and location to a large
northwesterly prograding delta system as delineated by
Haun (1963), and possibly represents the influence of
distributary channel sandstones that have higher
permeability. A small delta system enters the basin from
the southwest, but existing data points are insufficient
to del ineate this system.

4. Boreholes in the very southernmost and easternmost
areas of the basin exhibit a wide range In permeability
due to the input of significantly more permeable sands.

For example, one borehcle in the southeastern area has

permeabilities ranging from 0.03 to 292 millidarcies for

55 sandstone samples, mainly channel. This broad range

can significantly affect the magnitude of the median

value and results in wider variations in mapped
permeabi| ities for these areas of the map.

5. Permeability increases approximately exponentially to

a linear Increase in porosity, as is indicated on the

cross section and in fig. 2.

6. The Increase In Ry (vitrinite reflectance) is
exponential to permeability (fig. 3) and |inear to depth

(cross section).
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MISCELLANEOUS FIELD STUDIES
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EXPLANAT ION

= {5=— LINE OF EQUAL TREND MEDIAN PERMEABIL ITY--In millidarcies,
Contour interval 25 millidarcies for solid lines and 5
millidarcies for dashed |ines

MEDIAN-PERMEABILITY TREND MAP OF THE J SANDSTONE

10,000+
A
i A ADQ
100 A -
E A o 4 4 b
5 A%A o o -
A
pll & an A
b - AA A A
: & A AA
d A A A 2 A & o
e A B Bugy A A
1 % A AT A LA A
A A A & % A
st
A A 2 Qy;dg A
0.1 A Aﬁ%& i A
- A A
A
0013 A A A A
;
0.001 ! Y Y T T
3000 4000 5000 6000 7000 8000 9000
DEPTH TO J SANDSTONE CORE TOP, IN FEET
Figure 1.--Median permeabil ity plotted against sample
depth for the J sandstone, Dakota Group.
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Figure 2.--Median permeabil ity plotted against median
porosity for the J sandstone, Dakota Group.
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Figure 3.--Median permeabil Ity plotted against vitrinite
reflectance for the J sandstone, Dakota Group.
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