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INTRODUCTION This report and series of maps present the findings of an investigation entitled "Exploratory Coal Drilling and Coring Program in the Denver East 1/2° x I 0 Quadrangle". This program is a cooperative investigation conducted by the Colorado Geological Survey and funded by U.S. Geological Survey Grant No. 14-08-�I-G-487, and is part of a nationwide program sponsored by the USGS toassess the quality and quantity of the nation's coal resources, as authorized by theFederal Coal Leasing Amendments Act of October 1975.The primary goal of the investigation was to evaluate the coal resources in the 1,780 mi' (4,6!0 km') Denver East 1/2° x 1° quadrangle. This was accomplished by researching existing data, which included drillers' and geophysical logs from exploration holes, water wells, oil and gas wells drilled by numerous individuals and companies, and other miscellaneous investigations. Sources of these data include the Colorado Division of Water Resources (water well information), the Colorado State Oil and Gas Conservation Commission (oil and gas well logs), the Colorado State Board of Land Commissioners (various logs of holes drilled on state properties), and exploration holes drilled by industry. ihis was fellowed by a drilling· and coring program in areas where additional data were needed. Information obtained from the COS drilling and coring program is contained in Colorado Geological Survey open-file reports 80-1 and 80-9. All information pertinent to this investigation is used as data for interpretation, with certain proprietary information deleted on the final versions. The Denver East 112° x I O quadrangle is located between latitude 39°30' and 40°N. and longitude 104° and 105°W. The quadrangle includes much of Adams and Arapahoe Counties, northern Elbert and northeastern Douglas Counties, and part of the City and County of Denver. See Figure I. Developmental pressures from the expanding Denver metropolitan area require identification and classification of the coal resources to optimize resource recovery with land use. Our nation's expanding energy demands also require that a detailed knowledge of the coal resources be available for energy planning. Most of the information obtained from this investigation is presented in map form. This text serves as a general introduction and outline for the maps. For a more detailed discussion on the geography and geology of the area the following are recommended: Kirkham and Ladwig (1979, 1980), Romero (1976), Soister (1972, 1974, 1978a, 1978b), and Soister and Tschudy (1978). 

Figure 1 • Index Map of the Denver 1/z' x 1' Quadrangle 

The Denver East 1/2° x 1° quadrangle lies within the Great Plains province of the Interior Plains (Fenneman, 1931) and occupies a part of the Denver Basin. A generalized stratigraphic column of the Upper Cretaceous through the Eocene is presented in Figure 2. Only the Denver and Laramie Formations contain appreciable quantities of coal within this quadrangle, although coal and/or lignite has been reported in the Dawson Formation (Kirkham, 1979) and the Fox Hills Sandstone (Kirkham and Ladwig, 1979). 
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Figure 2 • Generalized Stratigraphy of the Denver Quadrangle 

LARAMIE FORMATION COAL ZONE 

The Laramie Formation coal zone underlies the entire quadrangle except for the extreme northeastern corner where the coal has been eroded. The Laramie coal zone reaches a maximum depth of about 1,700 ft (518 m) near the structural center of the basin (Kirkham and Ladwig, 1980, p. 51), which is located in the southwestern portion of the quadrangle. Plates 4 and 5 respectively show the top of the Laramie Formation coal zone and the total cumulative coal-bed thickness. The stratigraphy of the Laramie coal zone changes significantly from west to east across the quadrangle, making correlations difficult. Depth to the Laramie coal zone placed limitations on drilling of certain areas within this quadrangle. Correlation of the coals, in part, were based on those water well and petroleum exploration well logs which were considered to be reliable. Drilling by the Colorado Geological Survey to the Laramie coal zone was concentrated in the Antelope Flats-Deer Trail Areas as shown on Plate 2. These areas have the highest development potential of Laramie coals within the quadrangle, and their relatively thin overburden allowed for a greater drill hole density. Three separate coal beds are located within the lower portion of the Laramie Formation in the Antelope Flats-Deer Trail area. These are designated the Lower A, the Upper A, and the B beds. Where present, the Lower A bed is usually located immediately above the Laramie Formation-Fox Hills Sandstone contact. The Upper A bed is located 10 to 25 ft (3 to 7.6 m) above the Lower A bed, and it locally splits into as many as three beds. The B bed is located 50 to 100 ft (15 to 30 m) above the Upper A bed and generally marks the top of the Laramie coal zone in the area. Thin coals and carbonaceous lenses are commonly found above the B bed, but are of little economic significance. The general stratigraphy of the Laramie Formation in the Antelope Flats-Deer Trail area is shown in Figure 3. Three coal samples taken from two holes that penetrated the Laramie Formation were found to have an apparent rank of Lignite A, with as-received heating values ranging from 5,926 to 6,912 Btu/lb, and as-received sulfur contents of 0.3 to 0.5 percent (Brand, 1980). Complete analyses of these samples may be found in CGS open-file report 80-1. Other analyses of Laramie coals are available in CGS open-file report 78-9. Economic development of Laramie Formation coals will be based on such factors as bed thickness, Btu value, overburden thickness, demand, and environmental considerations. The Antelope Flats-Deer Trail area (see Plate 2) appears to be more suitable for strip and/or underground mining than the remainder of the quadrangle. In this area overburden is less than 250 ft (76 m) thick, normally considered the limit for strip mining, and individual coal bed thicknesses exceed 10 ft (3 m). Factors that may limit mining in this area include the erosion of the B bed by Bijou Creek and the position of the A beds beneath an "alluvial valley floor." Mining of such areas is precluded by Public Law 95-87. 

by Karl E. Brand and Wynn Eakins 

1980 

In-situ gasification of Laramie Coal may be possible in areas where individual coal beds exceed JO ft (3 m) and overburden thicknesses range from 500 to 1,000 ft (152 to 304 m). These limitations were based on work done by Hand (1979) that related drilling costs to coal bed and overburden thickness, and by Kirkham ( 1979) whose work indicated that subsidence effects may be reduced where 600 ft or more of overburden is present. Total Laramie coal resources within the Denver East quadrangle are estimated to be 16.6 billion tons. 
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Figure 3 • Generalized Stratigraphy of the Laramie Formation

DENVER FORMATION LIGNITE 

Denver Formation lignites occur in the upper 300 to 500 ft (91 to 152 m) of the formation (Kirkham and Ladwig, 1979). The main lignite-bearing area within the Denver East quadrangle is designated the Watkins-Lowry area, as shown on Plate 12. Plates 14 and 15 respectively show the top of the Denver Formation coal zoneand the total cumulative coal thickness within the zone. Gun Club Road has been arbitrarily chosen as the western boundary of this area even though there are lignitedeposits to the west (Kirkham and Ladwig, 1979). This line was chosen as it is an approximate limit of the Denver metropolitan area urban development.With the support of additional drill hole data, new correlations of the coals reveal the need for certain changes from those of previous workers. Cross-sectional traverses throughout the Watkins-Lowry area support the assumption that these new correlations are correct even though many hole-to-hole correlations are not immediately evident. Cross sections and structure maps seem to indicate that faulting may be present but only small reverse faults with throws of two or four ft have been observed. Variations in bed elevations are probably due to differences in sedimentation, differential compaction and minor compaction faults. 
Changes in the correlations necessitated changes in the bed nomenclature (see Figure 4). Soister (1972) and Kirkham and Ladwig (1979) have designated the lignite beds, in descending order, as the A, B, C, D, and E lignite beds. The B, C, and E beds were named the Lowry, Bennett, and Watkins beds, respectively, by these authors. Work done during this investigation shows that the A and B beds tend to be thin, carbonaceous, and limited in lateral extent. Previous workers may have confused the A and B beds with the C and D beds, respectively. In this report the C and D beds are, respectively, referred to as the Lowry and Bennett beds. The E bed in this report is called the Upper Watkins bed. South of the town of Watkins the Lower Watkins bed splits off from the Upper Watkins bed. Minor lignite beds occur below the Lower Watkins bed, but due to a lack of data, detailed correlations are difficult (see Plate 22). Correlation between the northern and southern coal areas that were designated by Kirkham and Ladwig (1979), may be possible, but additional drilling is needed to verify this. Much of the Denver lignite lies within 200 ft (60 m) of the surface and is well suited for strip mining (see Plate 13). The cutoff of 200 ft is used in this case because a 250 ft overburden isopach line could not be accurately delineated with available data. In some cases more than one lignite bed could be strip mined during the same operation. In most areas in which the overburden exceeds 200 ft (60 m), in-situ gasification is possible since the lignite beds often exceed 10 ft (3 m). This is especially true in the southern part of the area (see Plate 13). Ideally, overburden should exceed 500 feet to avoid subsidence problems, but on Plate I 3 the 200-500 foot range is shown because only the overburden to the top bed is isopached and other beds in this area are deeper than 500 feet. 

Typical as-received beat values for Denver Formation lignites range from 4,000 to 7,500 Btu/lb (Kirkham and Ladwig, 1979). Sulfur content varies from 0.2 to 0.5 percent (Kirkham and Ladwig, 1979). Two core samples were taken by the CGS; analyses from these and other lignite samples may be found in CGS open-file reports 78-9, 80-1, and 80-9.Denver Formation lignites are noted for their many noncoal partings. Most of these are clay and carbonaceous clay, but some are kaolinitic, containing upward of 25 percent alumina (Kirkham and Ladwig, 1979). These alumina-rich partings might be of economic interest dependent upon the future price of aluminum (Kirkham and Ladwig, 1979). Total Denver Formation lignite resources within the Denver East quadrangle are estimated to be about 12.9 billion tons (See Table lll). 
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Figure 5 • Bedrock Geology of the Denver 1/z' x 1' Quadrangle 

CONCLUSIONS Coal and Lignite resources located within the Denver East quadrangle are greater than previously thought. Future mining within the quadrangle will depend upon many complex and interrelated factors, some of which lie beyond the scope of this report. Surface and/or underground mining of Laramie Formation coal will be limited toportions of the Antelope Flats-Deer Trail area. In-situ gasification of thick (10 ft or greater) Laramie Formation coals may be possible in areas where the coal cannot be mined by conventional methods, provided that the depth of coal versus coal thickness and other factors are favorable. Most of the Laramie coal is too deep or too thin for economical recovery using present methods. Exploration during this investigation has expanded the known areal extent of the Denver Formation lignites. Much of this lignite is well suited for strip mining because of relatively thin overburden and thick beds; multiple bed mining is feasible in certain areas. In-situ gasification shows promise as a method for recovering much of the lignite that is unsuitable for conventional mining practices; this is especially true in areas near the Lowry Bombing Range. Mining of the Denver Formation lignites may be limited by the proximity of possible mining areas to the Denver metropolitan area and by the numerous clay partings within them. 
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