
Helium Potential in the Holbrook Basin, Arizona* 

James H. Ballard1

Search and Discovery Article #11271  (2019)** 
Posted December 16, 2019 

*Adapted from oral presentation given at 2019 AAPG Rocky Mountain Section Meeting, Cheyenne, Wyoming, September 15-18, 2019
**Datapages © 2019. Serial rights given by author. For all other rights contact author directly.  DOI:10.1306/11271Ballard2019 

1Consultant, Fountain Hills, AZ, United States (jballardxrd@gmail.com) 

Abstract 

The Holbrook Basin is located on the Colorado Plateau, it is deeply eroded, and the remaining sedimentary rocks are mostly 
Paleozoic and lower Triassic in age. Structures are compressional, low-relief monoclines. The Permian Coconino aeolian 
sandstone is the primary reservoir for Helium. It has produced 9 bcfg (gross) mostly from 1961 to 1977, but some more recently. 
The percentage of Helium is high at 8 to 9% (90% Nitrogen). The Coconino is at shallow depths in the basin. It is an active 
regional aquifer that results in tilted gas/water contacts and the risk of water flushing in closures with small vertical relief. In 
many areas it is too shallow for an effective vertical seal. New regional maps show where the Coconino is deep enough and the 
major structures in the basin. Secondary reservoirs both above and below the Coconino are the main objectives for recent 
drilling. They were deposited in less continuous depositional environments. The Supai formation below the Coconino has sands 
and carbonates in cycles of evaporite deposition; good seals, less continuity avoids water flushing. Supai helium shows are 
widespread in the basin and have been posted on the regional maps, up to a few percent Helium with Nitrogen. In the 
southeastern part of the basin, CO2 substitutes for Nitrogen. One field was delineated in anticipation of a CO2 pipeline, Helium 
is less than 1% but that is still economically significant. 
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Helium in General

• Has exotic sources - the decay of uranium in igneous rocks, 
from the mantle, etc. 

• Once it reaches the near surface (faults/fractures/diatremes), 
it is found in the same kind of traps as natural gas. Drilling, 
logging, completions… the same. Facilities are different.

• Helium production is largely from low concentrations in 
natural gas (e.g. 0.7% at Hugoton field), but concentrations 
over 5% are found in Arizona and New Mexico.

• U.S.A. is a large producer and exports helium, but production 
is in decline. The price has gone way up (over $100 an mcf).



Helium in Arizona and New Mexico

• In the Four Corners region 
of the Colorado Plateau

• Fields are located around 
the Defiance Uplift 
(basement reverse faults 
and diatremes).

• In the north, helium is 
mixed with hydrocarbons. 

• In the Holbrook basin, 
nitrogen and C02 are more 
common. For New Mexico see R.F. Broadhead, 2004 

For Arizona see S.L. Rauzi, 2003
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Black Mesa Basin

• Note location of the 
Four Corners and the 
helium fields in 
Arizona.

• The Holbrook basin is 
within a regional NW 
plunging syncline that 
includes the Black 
Mesa basin.

• Helium is present over 
part of the SW flank, 
and is prospective 
along the NE flank.

• The blue line locates a 
cross section; Grand 
Canyon - Holbrook 
Basin - Defiance Uplift.
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• Ground level is brown, Holbrook stratigraphy is similar to the Grand Canyon.
• Note Coconino aeolian sandstone (produced the most helium), Shinarump

conglomerate above and the Supai evaporites-red beds-carbonates below.
• Structures formed in the Cordilleran orogeny (Defiance was also a Penn. high).
• Holbrook basin is 4000’ deep, a Mesozoic section briefly brought it to 7000’.
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- Helium was discovered 
here in the 1920’s.
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CO2 and Methane
- Surface anticline an 
early target, Lockhart 
well, five exploration 
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Lockhart  ‘49  14N 20E Sec 33 Supai, Fort Apache Member
Nitro shot, recovered gas; Nitrogen 70% 
Methane 24% (some C1+), Helium 0.27%
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Well files and logs are available from the AOGCC website, 2019 
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- This is the southeastern 
part of Figure 1.
- The St Johns CO2 field 
was discovered in 1959 
(econ. significant He).
- Numerous development 
wells drilled up to 2014, 
anticipating a pipeline.
- Helium content increases 
to the north (to the DU).
- Note two wells, next slide
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Ridgeway ’97  9N 31E Sec 21   
Supai, lower Amos Wash and Basement
Sand frac, tested 1.1 mmcfg/d CO2 99%  He 0.07%
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Ridgeway ’97  12N 29E Sec 22  Supai, Amos Wash Member
Sand frac, tested 1.8 mmcfg/d  CO2 90%  He 0.66%
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Figure 5
Top Coconino Structure Map

NE Holbrook Basin
C.I. 200 Feet Above Sea Level

J.H. Ballard                              June 2019
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- This is the northeastern 
part of Figure 1.
- There are two E – W 
trending monoclines.
- One is mostly in PFNP, 
no gas in Coconino (too 
shallow). 
- The northern trend has 
the helium fields, shows, 

C = Coconino
Sh = Shinarump

- See box for next slide.
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Figure 1a
Top Coconino Structure Map

Without Faults
C.I. 50 Feet Above Sea Level

Base Map From Arizona Oil and Gas 
Conservation Commission 

J.H. Ballard                             Sept. 2018
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- Note scale, 50’ C.I.
- Original G/W contacts 
are shown, the fields 
produced 9 bcfg (gross) 
8% helium before 1977.
- Twelve new wells drilled 
since 2016, producing 
helium (from C and Sh). 
- Line of cross section in 
green, next slide

One Mile



IP 140 mcf/d 
Cum 6 mmcfg

IP 584 mcfg/d 
Cum 26 mmcfg
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Holbrook Helium

• Coconino sandstone is the best quality reservoir, have to 
consider seal and hydrodynamics. Supai carbonates also 
proven, may need stimulation.

• Where there are enough data points we see structures. Few 
wells outside potash/salt areas. Very limited seismic.

• High He% (with nitrogen) near Defiance Uplift. Lower He% 
with CO2 to southeast, and with (some) methane to the 
southwest.

• Low cost drilling (shallow), small operations possible with 
new He upgrader technology.
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