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Abstract 

 

The McElmo Dome-DOE Canyon Field in the Four Corners region is one of the largest sources of CO2 in the Rocky Mountain region. In prior 

studies, hypotheses in favor of CO2 generation by thermal in situ decomposition of carbonate-sulfate assemblages in the Leadville Limestone 

or magmatic-gas release were proposed. The fundamental source of the gases, however, remained poorly understood. In this investigation, 

noble gas isotope signatures were used in an attempt to fingerprint the source of the CO2 gas and test competing hypotheses on its origin, 

migration, and evolution. Analyses of noble gas isotopes, stable isotopes, and major gas compositions across the McElmo-DOE Field reveal 

variable and mixed mantle-crust signatures which are dominated by the addition of radiogenic crustal signatures (4He, 21Ne, 40Ar). A 

comparison of CO2/3He against CO2 concentrations are consistent with a magmatic 3He source that mixed with crustal contributions. The 

crustal contributions are indicated by helium isotope ratios 3He/4He (where the ratio of RAIR=1) from 0.057 to 0.215 (R/Ra), nucleogenic 

(following U and Th decay) 20Ne/22Ne (<8.5), 21Ne/22Ne (>0.10), and highly elevated radiogenic Ar with 40Ar/36Ar* >15,000. Our 

preliminary data suggests that CO2 gas was likely sourced from Cenozoic magmatic activity in the region that filled Leadville Formation traps 

at the time of magmatism. Magmatic events spanned the period from 75-5 Ma and involved melting of Proterozoic lithospheric mantle which 

was a key source of carbonated mantle melts in the Oligocene. Mafic rocks generated from these melts have elevated K, U, Th and F, and these 

magmas could have been a major source of the exceptionally high nucleogenic (21Ne, 22Ne) and radiogenic (4He,40Ar) signatures of noble 

gases in the McElmo Dome and Doe Canyon CO2 fields. 
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Presenter’s notes: Lack of metamorphic facies in core.  

Shear volume from a 300 ft thick reservoir. 

Noble gases from decomposition. 

We want to see if Laramide or later event are more likely to make the CO2. 
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Presenter’s notes: Previous research from Ballentine, Graham, Sherwood, and many others. 
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Presenter’s notes: Lots of smoking guns.  

Three greatest pulses of magmatism. 
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Presenter’s notes: Sampling was done via a conventional 3/4-inch National Pipe Thread (NPT) sample port connected directly to the wellhead. Sulfinert stainless steel cylinders were initially filled to a pressure 

of 40 psi and held at a stable pressure for 2-5 minutes. The exit value on the cylinder was then closed to allow the line to pressurize. This process was repeated 5 times in order to reduce atmospheric 

contamination. Once the purging process was completed the container was air tight sealed and ground shipped to Smart Gas Sciences for analysis. For a more detailed description of this sampling method please 

refer to methods outlined by Tom Darrah. 

Full distribution of the field. 

Previous studies had no constraint on sample location. 

9 



10 



Presenter’s notes: Lohoi and MORB  (Vanderbracht et. al., 1997; Farley and Craig, 1994). 

Archean Crust  (Holland et al., 2013). 
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Presenter’s notes: MORB = Ballentine, 1997. 

Holland et al 2013 = Archean Crust. 
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