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INTRODUCTION

In May of 2018, the element helium was included in a list of 35 minerals or mineral groups, published in the Federal Register,
which the United States Department of Interior designated as “critical minerals”. A critical mineral is defined as (i) a non-fuel
mineral or mineral material essential to the economic and national security of the United States, (ii) the supply chain of which
is vulnerable to disruption, and (iii) that serves an essential function in the manufacturing of a product, the absence of which
would have significant consequences for our economy or our national security. This designation prioritizes the need to find
new domestic and foreign supply sources of helium to avert future supply shortages, as have been experienced on and off
over the past fourteen years.

Its unique properties are what makes helium critical to various processes and industries. Helium has the lowest boiling point
of all elements and will remain a liquid at absolute zero under normal pressure. This makes it ideal for cryogenic applications,
which account for its greatest use. Helium is used to create very low temperatures which are necessary for magnetic reso-
nance imaging (MRI) machines, semiconductor processing, and both large-scale research (such as the Large Hadron Collider
at CERN) and small-scale scientific research. It is light weight, non-toxic, and both chemically and radiologically inert which
makes it a less hazardous alternative to hydrogen as a lifting gas, and also well-suited for use as an effective shielding gas in
welding, in pressurizing and purging rocket tanks, in complex fabrication processes, and for leak detection.

Helium is generated by the radioactive decay of uranium and thorium. It is estimated that approximately 3,000 metric tons
of helium are generated each year within the lithosphere (Cook, 1957), where it migrates along faults and fractures and can
accumulate along with natural gas in subsurface traps. It was first found in concentrated amounts in the natural gas produced
by wells in areas of the midcontinental United States in the early 1900s.

The strategical importance of helium to the United States was first acted upon during World War 1, at which time finding a
domestic source of supply was assigned to the U.S. Bureau of Mines. Later, the Helium Act of 1925 authorized the federal gov-
ernment to acquire lands with potential for helium gas production and established the National Helium Reserve within a vast
underground reservoir (Bush Dome) near Amarillo, Texas. In 1960, the Helium Act Amendments provided for the build-up of
the National Helium Reserve at Bush Dome, the infrastructure of the associated Cliffside storage facility, and provisions for
the Bureau of Mines to construct 425 miles (684 km) of pipeline from Kansas to the Cliffside facility, connecting the National
Helium Reserve to plants which could separate helium from natural gas (National Resource Council, 2000).

Following a period of price and supply stability, the Helium Privatization Act of 1996 sought to gradually liquidate the federal
government’s stake in the National Helium Reserve (National Resource Council, 2000). As this proceeded, and as new uses
for helium increased the demand for it, price and supply instability once again arose, despite further legislative initiatives to
bring them to heal.

The United States is the world’s leading producer of helium with fourteen extraction plants in operation in the states of Arizo-
na, Colorado, Kansas, Oklahoma, Texas, and Utah. These plants extracted an estimated 64 billion cubic feet (1.8 billion cubic
meters) of helium from natural gas in 2018 (Peterson, 2019). Much of this production came from the Panhandle-Hugoton
field which stretches from southwestern Kansas across the panhandles of Oklahoma and Texas (Brown, 2019). Recently, the
United States’ share of world production has been declining, as areas of current U.S. production deplete and more production
is brought online from outside the United States.

Helium in the Williston Basin

An indication of helium potential in the Canadian portion of the Williston Basin was first discovered in southwestern Saskatch-
ewan in 1952, with production occuring from four wells during the years of 1963 to 1977. Production resumed in the region
in 2014. Recent reporting of gas analysis from wells in southwestern Saskatchewan suggests the Deadwood Formation and
other lower Paleozic formations tend to have the highest helium concentrations (Yurkowski, 2016).

Relationship to Nitrogen

Natural gases with high concentrations of helium appear to also be associated with high concentrations of nitrogen. A U.S.
Bureau of Mines study of 10,074 gas samples representing 6,445 reservoirs from 35 states (Tongish, 1980) found that the
samples with the highest helium concentrations came from reservoirs which contained high concentrations of nitrogen.

METHODS

A total of 65 gas analyses (Table 1), which included helium and nitrogen concentrations, were compiled from the United States
Bureau of Land Management (USBLM) database (USBLM, 2019) and reviewed for helium-nitrogen concentration by geologic
unit. Nitrogen and helium concentrations from the BLM database were plotted and compared by stratigraphic unit to evaluate
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any potential nitrogen-helium correlations. An additional 123 gas analyses (109 Red River Formation and 14 Winnipeg/
Deadwood), which included nitrogen concentrations but not helium, were compiled from the North Dakota Dept. of Mineral
Resources Oil and Gas Division (OGD) gas analysis database, individual well files, and oil and gas hearing exhibits (OGD, 2019).
Using both the BLM and composite OGD data, nitrogen gas concentrations were mapped and examined by formation for the
stratigraphic units that displayed positive nitrogen-helium correlations and notable elevated nitrogen-helium concentrations.

RESULTS AND INTERPRETATIONS

Only three of the 65 total gas analyses from the BLM database did not contain measurable helium concentrations (<0.01%),
two of which were from the Mississippian Mission Canyon Formation and the other was from an unspecified Devonian forma-
tion. Of the remaining 62 samples with measurable helium concentrations (>0.01), 54 samples contained between 0.01% and
0.09% while the remaining eight contained 0.10% to 0.46% (Table. 1). All of the samples with higher concentrations (=0.10%
He) were from the deeper and older formations (Cambrian-Ordovician) and primarily positioned along either the Nesson-An-
telope anticline trend or the Newporte Structure (Fig. 1).

Examining nitrogen versus helium concentrations in the BLM data, at least two distinct positive nitrogen-helium trends can be
delineated. A moderate increase in helium appears to coincide with higher nitrogen concentrations within a few Deadwood
gas samples from the Newporte structure area (Figs. 1 and 2). A more substantial increase in helium coincides with increased
nitrogen with the deeper, Cambrian-Ordovician rock units along the Nesson and Antelope anticlines (Figs. 1 and 2). Even
within some of the other deeper reservoirs within the Silurian and Devonian rock units, which have lower nitrogen and helium
concentrations, there appears to be a subtle positive nitrogen-helium correlation as well (Fig. 3). The shallower, Pennsylva-
nian (Amsden and Broom Creek Formations) gas samples, however, all contained very high nitrogen (>95%) but with relatively
low helium (0.06%). Therefore, positive nitrogen-helium correlations within the Williston Basin of North Dakota may be a
function of both location and stratigraphic position.
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Figure 1. North Dakota state map with county boundaries (grey lines) and helium gas concentrations by stratigraphic unit. Data from the
BLM gas analysis database.
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database.
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Figure 4. Nitrogen gas analyses for the Ordovician Red
River Formation. Anticlines and monocline are shown
by the solid black lines, and faults are shown as dashed
black lines. Data compiled from the ND Dept.of Mineral
Resources Oil and Gas Division database (2019).

Figure 5. Gas to oil ratios (GOR) of Red River C and D interval
production plotted with nitrogen gas concentrations (nitro-
gen gas includes composite of Red River A-D intervals). The C
and D interval GOR contours are from Nesheim (2017).

Elevated nitrogen concentrations within Red River Formation reservoir
gases is especially high along the Cedar Creek anticline* (Fig. 4). While
this may be of some interest regarding helium potential, the Cedar
Creek anticline is positioned where Red River reservoirs tend to have
low gas to oil ratios (GOR) and therefore potentially lower gas flow rates
(Fig. 5). Away from the Cedar Creek anticline area, nitrogen concentra-
tions in Red River gases overall decrease towards basin center (Fig. 4)
as the GOR of Red River reservoirs generally increase (Fig. 5). The de-
crease in nitrogen concentrations toward basin center may therefore
be a function of dilution by increased hydrocarbon gas volumes. How-
ever, a few notable nitrogen concentration increases do occur along the
Nesson anticline as well as towards the west-southwest (Fig. 4). These
higher nitrogen concentrations may be of interest if they correlate with
increased helium as they overlap with where the Red River reservoirs
have higher GOR’s and potentially higher gas flow rates.

*Atmospheric air has been injected within select Red River fields for
enhanced oil recovery efforts proximal to the Cedar Creek anticline.
Gas analyses potentially effected by atmospheric air injection were re-
moved from our database.
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Figure 6. Hydrocarbon, nitrogen, and CO2 concentrations for the Black Island and Deadwood Formations. Data compiled from the NDIC
Oil and Gas Division database (2019). Modified from Nesheim (2012). a = Mondak monocline; b = Beaver Creek anticline; c = Rough Rider
anticline; d = Billings Nose anticline; e = Little Knife anticline; f = Nesson anticline; g = Antelope anticline; h = Heart River fault; i = Red
Wing Creek structure

Overall, Black Island (Winnipeg Group) and Deadwood Formation gases along the southern portions of the Nesson anticline
and the Heart River fault appear to contain low concentrations of nitrogen and therefore, likely low concentrations of helium
(Fig. 6). However, along the central to northern portions of the Nesson anticline, as well as within the Newporte structure,
nitrogen concentrations of tested gases from both formations increase with a general northwards trend (Fig. 6). The high-
er nitrogen in the Black Island and the Deadwood along the central to northern portions of both the Nesson and Antelope
anticlines, as well as the Newporte structure, overlap with the higher Cambrian-Ordovician helium concentrations from the
BLM database (Fig. 1). More than a dozen wells have commercially produced hydrocarbon gas from the Winnipeg-Deadwood
along the Nesson and Antelope anticlines with average flow rates greater than 2,000 MCF per day and cumulative production
of several BCF per well (Nesheim, 2012).



DISCUSSION

One model proposed by Yurkowski (2016) for the occurrences
of helium within the Williston Basin consists of the following
three components: 1) helium generation through the
radioactive decay of uranium and thorium in Precambrian
granitic rocks, 2) migration along fracture and/or fault
systems, and 3) entrapment along structural highs. The
Williston Basin is underlain by varying types of igneous and
metamorphic basement rocks, which range from mafic to
felsic in composition (Sims et al., 1991). The Nesson anticline
is positioned both proximal and parallel to a previously
delineated Precambrian basement terrane boundary (Fig. 7).
A basement-rooted fault, previously mapped by Gerhard et
al. (1987), occurs along the western margins of the Nesson
anticline (Fig. 6) which approximately coincides with the
basement terrane boundary. Similarly, another basement
fault occurs along the northeastern margins of the Antelope
anticline (Fig. 6) (Murray, 1968). Each of these previously
mapped faults may form migration pathways for helium
from the Precambrian basement rocks into the overlying
sedimentary formations. Lastly, both the Nesson and
Antelope structures are anticlines and therefore structural
highs that could potentially trap and accumulate helium. The
Newporte structure, meanwhile, has been interpreted as
an astrobleme (meteorite impact structure) that disrupted
Precambrian bedrock (migration pathways) and resulted in
the development of semi-spherical, concentric ridges in the Figure 7. Precambrian basement terrane map for the Williston
deeper sedimentary formations (structural highs = trapping)  Basin. The outline of North Dakota is shown as a light grey line.
(Forsman et al., 1996). The elevated helium concentrations  Modified from Bader (2019). a = Nesson-Antelope trend; b =
along the Nesson-Antelope trend and the Newporte structure ~ Newporte structure (as shown on Figures 1 and 6)

may therefore fit with the previously proposed model by

Yurkowski (2016) for basement-derived helium accumulations.
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Regionally extensive evaporite beds may form seals to accumulate the upward migration of basement-originated helium
within North Dakota. Lower Permian evaporites are reported to provide vertical fault seals for helium accumulations within
the Permian Basin of New Mexico (Broadhead, 2005). The highest helium concentrations are found primarily within the
Ordovician Red River and Black Island Formations, and/or the Cambrian/Ordovician Deadwood Formation (Table 1). Above
those units are numerous, thin (10’s ft. thick or less) but regionally extensive dense evaporite (anhydrite) beds found through-
out Late Ordovician-Early Silurian rock units, including: the upper Red River, Stony Mountain, Stonewall, and lower Interlake
Formations (Fuller, 1961; Kendall, 1976; Nesheim, 2014; Husinec, 2016) (Fig. 8). Stratigraphically higher in the section, the
Devonian Prairie Formation is comprised primarily of salt (low density evaporite) that is regionally extensive and is 100’s of
feet thick (Figs. 8 and 9). Where present, Prairie salts may be an upward seal for basement-originated helium. All of the high-
est helium concentrations (20.10%) are found in formations below the Prairie Formation, and also primarily below the thin,
regionally extensive Late Ordovician-Early Silurian anhydrite beds.

Substantial amounts of helium may have unknowingly been produced already from at least one well in North Dakota. Amera-
da Hess’s Pederson #14-22, the northernmost well tested along the Nesson anticline, had a nitrogen measurement of 27.7%
of the total gas in the Black Island Formation. The Black Island went on to produce over 8 BCF of gas (Fig. 10). In addition, the
upper Deadwood was perforated, flow tested, and yielded 1,300 MCF gas per day with 65.6% nitrogen (Fig. 10). Even though
the Deadwood perforations were not commercially produced, the BLM database reports a Deadwood gas analysis from the
Pederson #14-22 (renamed to Astrid Ongstad 14-22) that contained 70.3% nitrogen and 0.46% helium (Table 1). A total gas
flow rate of 1,300 MCF per day with 0.46% helium would yield approximately 6 MCF per day of helium gas. In addition, the
commercially produced Black Island perforations also likely contained some amount of helium based upon the 27.7% nitrogen
concentration and the apparent nitrogen-helium correlation along the Cambrian-Ordovician section of the Nesson-Antelope
anticlines (Figs. 1 and 2). Applying the nitrogen-helium plot in Figure 2, the 27.7% nitrogen value correlates with 0.2% helium.
Assuming this helium value, the 8.1 BCF of Black Island gas cumulatively produced from the Pederson #14-22 would have con-
tained ~16,000 MCF of helium, which is worth $3.4 million at a recent helium price of ~$210/MCF (Peterson, 2019).
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Saskatchewan. Modified from Yurkowski (2016).

CONCLUSIONS

e Trace amounts of helium appear to be present in the majority of oil and gas
productive reservoirs within North Dakota.

e The highest helium concentrations are found within the older, deeper Cambrian-
Ordovician rock units.

e Positive nitrogen-helium correlations occur within the Cambrian and Ordovician
formations and possibly in the overlying Silurian and Devonian rock units as well.

e Elevated nitrogen and helium concentrations occur within Cambrian and Ordovician
formations most commonly along the Nesson and Antelope anticlines, as well as the
Deadwood Formation (Cambrian) within the Newporte structure area.

e Late Ordovician-Early Silurian anhydrite beds and/or the salt-dominated Prairie
Formation may form the upper seal for basement-originated helium gas migration.
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