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Abstract

Helium is a naturally occurring inert gas commonly associated with oil and gas accumulations. Although it generally constitutes less than two percent of
the total gas stream, its occurrence within specific stratigraphic intervals and geographic areas can shed light on gas migration pathways within a basin.
Moreover, the recent rise in helium prices and contemporaneous drop in oil and gas commodities has piqued commercial interests where oil and gas
infrastructure, insight, and expertise are readily available. Most petroleum explorationists are not familiar with helium exploration; however, a widespread
and common method may be easily modified for our purposes: the petroleum system. The petroleum system concept has been used successfully for
decades to high-grade plays and de-risk oil and gas prospects around the world. We propose a modification of the petroleum system approach to aid
exploration for helium resources and other inert gases. In order to provide a proof-of-concept, a case study was undertaken in the Uinta basin of eastern
Utah and Piceance basins of northwestern Colorado. These basins produce nearly three percent of the total natural gas in the United States and contribute
appreciable amounts of helium from various geologic formations. Like a petroleum system, the helium system is identified by its source rock, reservoir,
trap, seal, and migration pathway. Two helium systems are identified and tentatively called the Uncompahgre and Uinta systems; named after their
interpreted source rock intervals. The helium gas, as well as nitrogen and carbon dioxide, are believed to migrate through basinal brine systems until
trapped in conventional petroleum traps. These gases are found primarily in the Entrada, Morrison, Dakota, Frontier, and Prairie Canyon Member of the
Mancos formations. The Mancos Shale provides a basin-wide seal for both helium systems and prevents significant leakage to the younger Mesaverde,
Wasatch, and Green River gas-productive intervals. We used common risk segment (CRS) approach and mapped areas of low, moderate, or high risk for
the occurrence of pools with significant helium content.
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Decay Dissolution Degradation

Magoon & Dow (1978) defined a petroleum system as “a natural system that encompasses a pod of active
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Common Risk Segment Mapping

Common risk segment (CRS) mapping was
undertaken to test the helium system concept and
highlight potential areas for future exploration. The
Entrada Formation was used as a test case due to its high
helium content and remaining exploration potential.

Maps were created using the helium system elements
and processes defined here and based on the workflow
from Grant et al. (1996) and Fraser (2010).Areas of high
risk are highlighted in red, areas of medium risk are
highlighted in yellow, and areas of low risk are highlighted
in green. After a risk map is created for each helium
system element/process, the colors are overlaid to
create a composite CRS map and determine the
maximum risk for a given area.Areas of higher risk trump
areas of lower risk; thus, green areas on the composite
CRS are considered low risk on all CRS maps.

e

-

Source Rock CRS Map

The source rock for helium is
assumed to be potassium-rich
Precambrian basement; however, we
are unable to prove this without
helium isotope.

Due to the lack of isotope data
and lack of detailed basement rock
maps, we assume the entire area of
interest has low risk for a source
rock.

Vertical Migration CRS Map

Triassic (and older) sediments are
thought to be a baffle and/or seal to vertical
migration of helium; thus, we use the
thickness of the Triassic section (Chinle Fm.,
Moenkopi Fm.) as a proxy for vertical
migration.An isopach map of the Triassic can
be seen at left. Contour interval = 25 feet.
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=

The Vertical Migration CRS map is
colored green for thicknesses less than 200
feet, yellow for thickness between 200 and
500 feet, and red for thicknesses greater than
500 feet. These cutoffs were based on
enrichment in the Entrada Formation as well
as the Morrison and Dakota formations.

15 miles

Reservoir CRS Map

The Entrada Formation is present
through the area of interest and hundreds of
feet thick; thus, we assign a low risk for the
entire area. The Entrada Formation is a
member of the larger Glen Canyon Group, a
group of formations consisting primarily
eolian sandstones. These formations are
difficult to distinguish using well logs; thus, an
isopach map of the Glen Canyon Group can
be seen at left. Contour interval = 50 feet.

15 miles

15 miles

15 miles

15 miles
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15 miles

Top Seal CRS Map

Although  the  overlying  Morrison
Formation is considered a reservoir interval,
the low net-to-gross sandstone appears to act
as a baffle for vertical migration and a top seal
for the Entrada Formation. The Cedar
Mountain Formation (above the Morrison Fm.,
below the Dakota Fm.) can also be composed
of low net-to-gross section and likely helps the
Morrison trap helium in the Entrada Fm. In
order to map the quality of the top seal, the
Cedar Mountain Fm. and Morrison Fm. were
lumped together and mapped. An isopach map
(seen at left) of the combined Cedar Mountain
and Morrison intervals was created as a proxy

for the top seal risk. Contour interval = 10 feet.

The Top Seal CRS map (seen at right) is
colored green for thicknesses greater than 600
feet, yellow for thickness between 50 and 600
feet, and red for thicknesses less than 50 feet.
These cutoffs were arbitrary picks based on
gas enrichment maps and subject to change.

Lateral Migration CRS Map

Helium enrichment appears to be strongly
correlated with basin-scale structural contours
as seen in maps on the previous poster panel.In
order to account for structural control, a
structural contour map was created from the
top of the Dakota Formation using tops from
IHS (2016). The top of the Entrada was not
used due to a lack of subsurface penetrations.
The structural contour map can be seen at left.
Contour interval = 500 feet.

The Lateral Migration CRS map (seen at
right) is colored green for elevations greater
than 1000 ft above sea level, yellow for
elevations between sea level and 1000 ft above
sea level, and red for elevations below sea level.
These cutoffs were based on helium trends
along the Douglas Creek Arch.

Composite CRS Map

The previous CRS maps were combined to
create a Composite CRS map seen at left. A closer
look at the composite map may be seen at right.
Helium data and major anticlines were added in
order to compare the data sets.

Using the criteria previously mentioned, most
of the study area is considered high risk. This is
especially true east and west of the Douglas Creek
Arch basinal high.

Three distinct areas of low risk (green) can be
seen. The southwest green area matches very well
with previous data. These bubbles are the most
helium-rich gases in the basins and belong to Harley
Dome. The green area to the north has only one
gas sample which does contain significant amounts
of helium; however, this sample was a formation test
which may explain the lack of correlation. Another
green area is shown to the southeast. This area has
not been tested previously and contains no data to
prove or disprove the interpretation.

Most samples fall within the yellow area.These
data points appear to be enriched in helium, but less
so than the Harley Dome area in green. This
indicates the yellow (medium risk) areas may still be
a viable exploration target depending on economic
factors.

15 miles

5 miles

Conclusions

The Uinta and Piceance basins provide a unique
look at the distribution of inert gases in multiple
petroleum systems. Inert gas concentrations appear
to be dependent on startigraphic age and proximity
to the northern Uncompahgre Uplift and Rangely
Anticline. These trends can be identified on Helium
vs. Nitrogren scatter plots and have been named the
and Uinta helium systems,

Uncompahgre
respectively.

Helium and nitrogen are interpreted to source
from Precambrian basement, migrate vertically to
the Entrada Formation, and migrate laterally towards
basinal highs until being trapped in conventional
stratigraphic and structural traps.The Morrison and
Cedar Mountain formations form imperfect top
seals; thus, allow some inert gases to migrate into
younger formations.

Additionally, the inert gas system concept (more
specifically the helium system concept) was defined
to formalize an exploration strategy modified from
the well-established petroleum system methodology.

Common segment

risk mapping was then

undertaken to test the applicability of these concepts
for helium exploration. The resulting maps create a
realistic interpretation of the data and highlight areas
that may be potential targets for future exploration.
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