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Introduction
The U.S. Geological Survey (USGS) assessed the 

potential for coalbed gas resources in the Vermejo and Raton 
Formations in the Raton Basin-Sierra Grande Uplift Province 
of Colorado and New Mexico (fig. 1A and B). In the early 
1990s a major pipeline and associated infrastructure became 
available in the Raton Basin, which led to the drilling of more 
than 4,300 coalbed gas wells (Osterhout and others, 2015). 
These wells clearly defined the most productive coalbed 
gas producing areas or fairways of the basin (Flores and 
others, 1985; Higley, 2007; Osterhout and others, 2015). The 
purpose of this report is to present the assessment results of 
the remaining potential for coalbed gas resources in fairways 
and outlying coal-bearing areas of the Vermejo and Raton 
Formations following an evaluation of available geologic and 
production data.

The present tectonic configuration of the Raton Basin is 
an intermontane basin, a consequence of latest Cretaceous–
Paleogene Laramide contractional deformation (Higley, 
2007). Prior to Laramide deformation, the Raton Basin was 
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Figure 1. Maps showing 
location of four coalbed 
gas assessment units (AUs) 
in the Raton Basin-Sierra 
Grande Uplift Province of 
Colorado and New Mexico. 
A, Vermejo Formation 
coalbed gas AUs, B, Raton 
Formation coalbed gas AUs.

Using a geology-based assessment methodology, the U.S. Geological Survey estimated a mean of 5.2 trillion cubic feet of coalbed 
gas in the Vermejo Formation and Raton Formation of the Raton Basin-Sierra Grande Uplift Province.



part of the Sevier foreland basin and was situated along the 
eastern part of the Cretaceous Western Interior Seaway (Tremain, 
1980). The Vermejo and Raton Formations are included within 
two tectonostratigraphic units that span the tectonic transition 
from the Jurassic–Cretaceous Sevier foreland basin to the Late 
Cretaceous–Paleogene Laramide intermontane Raton Basin. 
The Vermejo Formation and the underlying Trinidad Sandstone 
represent a prograding wave-dominated deltaic and barrier system 
developed along the eastern side of the Western Interior Seaway 
(Flores and others, 1985; Tyler and others, 1995). The Vermejo 
Formation represents back-barrier peat swamps and delta-plain 
fluvial systems associated with deltaic and barrier systems of the 
Trinidad Sandstone (Flores and others, 1985). Coal beds in the 
Vermejo Formation are mainly back-barrier delta-plain deposits 
with good lateral continuity parallel to the coastline (Carlton, 
2006). Beginning in the Maastrichtian, Laramide contractional 
deformation led to uplift, erosion, and the formation of an 
unconformity at the top of the Vermejo Formation, although the 
unconformity is not recognized regionally. The basal unit of the 
Raton Formation is a laterally discontinuous conglomerate of a 
regional eastward flowing fluvial system representing the initial 
pulse of orogenic clastics related to Laramide deformation. 
The basal conglomerate was followed by a fluvial system with 
proximal coarse-grained low-sinuousity channels systems 
of the Poison Canyon Formation that graded downdip to 
high-sinuousity channel systems with extensive floodplains of the 
Raton Formation (Flores and others, 1985). Interdistributary peat 
swamps associated with high-sinuosity fluvial channel systems 
resulted in the deposition of coal beds with less lateral continuity 
than the coals of the Vermejo Formation (Jurich and Adams, 
1984; Carlton, 2006).

Total Petroleum System and Assessment 
Units

The USGS defined the Upper Paleozoic–Cenozoic Total 
Petroleum System (TPS) that includes the Vermejo Formation 
Fairway Coalbed Gas Assessment Unit (AU), Vermejo 
Formation Outerlying Coalbed Gas AU, the Raton Formation 
Fairway Coalbed Gas AU, and the Raton Formation Outerlying 
Coalbed Gas AU (fig. 1A and B). The Vermejo Formation 
Fairway Coalbed Gas AU and the Raton Formation Fairway 
Coalbed Gas AU are those areas with greater than 20-foot net 
coal thickness (Tyler and others, 1995), and by the Sangre de 
Cristo thrust belt that defines the western basin margin. The 
Vermejo Formation Outerlying Coalbed Gas AU and the Raton 
Formation Outerlying Coalbed Gas AU are those areas with less 
than 20-foot net coal thickness (Tyler and others, 1995), and by 
the boundary defined as the “0” gas presence line (Seidel, 2002). 
The 0 gas line closely approximates the outcrop belt of the 
Trinidad Sandstone (Hoffman and Brister, 2003).

The Vermejo Formation Fairway AU and the Vermejo 
Formation Outerlying AU include coals of the Vermejo Formation 
and Cretaceous coals in the lower part of the Raton Formation. 
The Raton Formation Fairway AU and Raton Formation 
Outerlying AU contain coals within the upper part of the Raton 
Formation. All four AUs include the possibility for gas that could 
be produced from adjacent fluvial channel sandstones along 
with coalbed gas, given the standard vertical well perforation 
and hydraulic fracturing processes commonly employed in the 
coalbed gas wells in the Raton Basin (Woodward, 1983; Hoffman 
and Brister, 2003; Carlton, 2006; Higley, 2007). The assessment 
also includes the possibility of gas sourced from fractured 
organic-rich shales, including gas from the Graneros Shale, 
Niobrara Formation, and the Sharon Springs Member of the Pierre 
Shale (Woodward, 1997) that might have migrated vertically 
and augmented the gas content of Vermejo Formation and Raton 
Formation coals. The assessment input data for four coalbed gas 
AUs are summarized in table 1 and in Schenk (2023).

Undiscovered Resources Summary
The USGS quantitatively assessed remaining coalbed gas 

resources within four continuous assessment units in the Raton 
Basin-Sierra Grande Uplift Province (table 2). The estimated 
mean for coalbed gas resources is 5,210 billion cubic feet of 
gas (BCFG), or 5.2 trillion cubic feet of gas, with an F95–F5 
range from 1,560 to 9,253 BCFG.
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Table 1. Key input data for four coalbed gas AUs in the Raton Basin-Sierra Grande Uplift Province of Colorado and New Mexico.

[The average EUR input is the minimum, median, maximum, and calculated mean. Gray shading indicates not applicable. AU, assessment unit; %, percent; EUR, 
estimated ultimate recovery; MMBO, million barrels of oil; BCFG, billion cubic feet of gas]

Assessment input data—  
Continuous AUs

Vermejo Formation Fairway Coalbed Gas AU Vermejo Formation Outerlying Coalbed Gas AU

Minimum Mode Maximum Calculated 
mean Minimum Mode Maximum Calculated 

mean

Potential production area (acres) 1,000 367,500 735,000 367,833 1,000 205,500 411,000 205,833

Average drainage area (acres) 80 100 120 100 80 100 120 100

Success ratio (%) 70 80 90 80 10 50 90 50

Untested area (%) 62 68 74 68 99.7 99.8 99.9 99.8

Average EUR (MMBO, oil; BCFG, gas) 0.7 0.9 1.1 0.907 0.1 0.4 0.7 0.410

AU probability 1.0    1.0    

Assessment input data—  
Continuous AUs

Raton Formation Fairway Coalbed Gas AU Raton Formation Outerlying Coalbed Gas AU

Minimum Mode Maximum Calculated 
mean Minimum Mode Maximum

Calculated 
mean

Potential production area (acres) 1,000 378,500 757,000 378,833 1,000 206,000 412,000 206,333

Average drainage area (acres) 80 100 120 100 80 100 120 100

Success ratio (%) 70 80 90 80 10 50 90 50

Untested area (%) 75 79 84 79.3 98.2 99 99.8 99

Average EUR (MMBO, oil; BCFG, gas) 0.8 1.0 1.2 1.007 0.2 0.5 0.8 0.510

AU probability 1.0    1.0    

Table 2. Results for four continuous coalbed gas assessment units in the Raton Basin-Sierra Grande Uplift Province.

[Results shown are fully risked estimates. F95 represents a 95-percent chance of at least the amount tabulated; other fractiles are defined similarly. Gray shading 
indicates not applicable. MMBO, million barrels of oil; BCFG, billion cubic feet of gas; NGL, natural gas liquids; MMBNGL, million barrels of natural gas liquids]

Total petroleum system and 
assessment units (AUs)

AU 
prob-
ability

Accum-
ulation 

type

Total undiscovered resources

Oil (MMBO) Gas (BCFG) NGL (MMBNGL)

F95 F50 F5 Mean F95 F50 F5 Mean F95 F50 F5 Mean

Upper Paleozoic-Cenozoic Total Petroleum System

Vermejo Formation Fairway 
Coalbed Gas AU 1.0 Gas     564 1,810 3,126 1,827 0 0 0 0

Vermejo Formation Outerlying 
  Coalbed Gas AU 1.0 Gas     101 380 877 420 0 0 0 0

Raton Formation Fairway Coal-
bed Gas AU 1.0 Gas     768 2,417 4,172 2,441 0 0 0 0

Raton Formation Outerlying 
Coalbed Gas AU 1.0 Gas     127 477 1,078 522 0 0 0 0

Total Coalbed Gas Resources      1,560 5,084 9,253 5,210 0 0 0 0
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For More Information
Assessment results are also available at the USGS Energy Resources Program website at https://www.usgs.gov/programs/

energy-resources-program.
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