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EXECUTIVE SUMMARY  

The primary purpose of this report is to present an independent evaluation of the oil and 

natural gas potential of Sandoval County (see Figure 1 for the location of the county within New 

Mexico). The need for this evaluation was triggered by an application to drill an oil exploration 

well in the Rio Rancho area that would have targeted the Upper Cretaceous Mancos Shale. 

Although oil and natural gas have been produced from the northwestern part of the county since 

the 1950ôs, the proposed well, if successful, would result in the first oil production from the 

southern part of the county and more specifically, from the Albuquerque Basin. In Sandoval 

County, the Albuquerque Basin is relatively deep where present in the county and contains up to 

4,000 ft of Tertiary sediments. Sandstones in the upper parts of the Tertiary section form aquifers 

that supply much of the drinking water to the urban communities that cover the Rio Rancho and 

Bernalillo areas. The quality of the water decreases substantially in the middle and lower parts of 

the Tertiary section. Concerns have arisen as to the effect of oil drilling and production activities 

on groundwater supplies. These concerns led to two additional purposes for this report, one of 

which was to describe the occurrence and quality of groundwater throughout the county. The 

other additional purpose is to provide an overview of modern oil-well drilling and production 

technologies and to provide a review of the possible effects of these technologies on aquifers 

within the county. 

Sandoval County is located in northwestern New Mexico (Figure 1). Several major 

geologic elements are present within the county. The most visibly obvious of these elements 

visible are the three mountain ranges (Figure 2). The Sierra Nacimiento in the north-central part 

of the county separates the San Juan Basin on the west from the Jemez volcanic field on the east. 

It is the only one of the three mountain ranges that is entirely present within the county. The San 

Pedro Mountains are present just north of the Sierra Nacimiento, but the majority of this 

mountain range is present to the east in southernmost Rio Arriba County. The Sierra Nacimiento 

and San Pedro Mountains form a geologic unit in which Precambrian basement rocks are 

exposed along the higher parts of the mountains. Pennsylvanian and Permian sedimentary rocks 

are exposed along the eastern slopes of the mountains, having been eroded from the higher areas. 

Steep faults separate the mountain ranges from the San Juan Basin to the west. The mountain 

ranges have zero to very low oil and natural gas potential. Cretaceous sedimentary rocks, 

including the Mancos Shale, have produced the vast majority of oil and natural gas in the 

northwestern part of the county and have been eroded from the mountain ranges. The Jurassic 

Entrada Sandstone, which has produced small volumes of oil from the San Juan Basin, is present 

on the flanks of the mountain ranges in some places but any traps have been breached by erosion 

so that Entrada potential is low where it has been preserved on the mountain flanks. The 

Pennsylvanian and Permian strata exposed extensively on the eastern flanks of the mountains 

have poor petroleum source-rock potential, rendering the oil and gas potential of these strata low. 
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Figure 1. Location of Sandoval County within New Mexico. 



7 
 

 

Figure 2. Outline of Sandoval County, showing major geologic elements within the county. Also 

shown are the locations of cross section A-Aô (Figure 4) and cross section B-Bô (Figure 5). 

 

 

The Sandia Mountains are located in the southeastern part of the county. Most of the 

Sandias are located to the south in Bernalillo County. The geology of the Sandia Mountains is 

similar to the geology of the Sierra Nacimiento from an oil and gas perspective. The mountains 

are bounded on the west by steeply dipping faults that separate the mountain range from the 

Albuquerque Basin. Precambrian rocks are exposed in the higher parts of the mountains and 

Pennsylvanian and Permian sedimentary rocks are exposed along the eastern flank. For reasons 

strikingly similar to those applicable in the Sierra Nacimiento, the oil and natural gas potential of 

the Sandia Mountains is zero to very low. 

All of the mountain ranges in Sandoval County are sparsely populated. The aquifer 

systems are diverse within them, but generally consist of shallow alluvial aquifers with shallow 

depths-to-water, fractured Pennsylvanian and Permian limestone aquifers that, once again, have 



8 
 

shallow depths and shallow water tables, and isolated fractured bedrock aquifers that are small in 

area, generally have deep water tables and generally have deep well completion depths. If oil and 

gas development was to occur in this region, it is highly susceptible to surface contamination 

because of shallow water tables. However, given the sparse population and the low oil and gas 

potential of the regions, there is a low risk of contamination affecting populations. 

The southeastern flank of the San Juan Basin occupies northwestern and west-central 

Sandoval County (Figure 2).  This is the part of the county that has been productive of oil and 

natural gas since the 1950ôs. Most of the production has taken place in the panhandle of the 

county and along the northern boundary of the county. Within the San Juan Basin part of 

Sandoval County, most productive wells are located within 20 miles of the Rio Arriba county 

line. Production has been obtained mainly from Upper Cretaceous strata with the Mancos Shale 

having contributed most of the oil production. The main oil productive zone is the Mancos C, 

which lies at the base of the Upper Mancos Shale. The Mancos C is 3,500 ft to 5,400 ft deep 

where it is productive. The Jurassic Entrada Sandstone has contributed minor production from 

small scattered oil reservoirs. More scattered production has been established further to the 

southeast to approximately 25 miles south of the Rio Arriba county line and is west of the Rio 

Puerco. Oil and gas potential decreases southward primarily because petroleum source rocks, 

including the Mancos Shale, become less mature in this direction. In the far northwestern part of 

the county, Cretaceous and Jurassic source rocks have been thermally matured into the lower 

part of the oil window and are at the stage of optimum oil generation. As one moves to the south 

and southeast, burial depths of source-rock bearing strata become shallower and thermally 

maturity of the source rocks decreases. As the divide (or transition) between the San Juan and 

Albuquerque Basins is reached, source rocks in the Cretaceous and Jurassic sections have 

become progressively less mature and oil and natural gas potential becomes correspondingly 

low.  

Establishment of adequate levels of oil production from the Mancos has always required 

artificial fracturing. Since 1950, hydraulic fracturing has been used to initiate artificial fractures 

in vertical wells. Within the last 6 years, wells have been drilled horizontally and subsequently 

hydraulically fractured through the Mancos Shale reservoirs. This has resulted in significantly 

increased production when compared to vertically drilled wells. Thus far, horizontal drilling in 

the Mancos has been confined to the far northwestern part of Sandoval County and good results 

(profitable oil and gas production) have been obtained. Horizontal drilling has not thus far been 

applied farther to the southeast near the southeastern limit of established Mancos production. It is 

not clear if horizontal drilling will be economically viable in this area where the Mancos has only 

been matured to the uppermost part of the oil window. 

Within the Colorado Plateau/San Juan Basin and the transition to the southeast toward the 

Albuquerque Basin, the primary aquifers are in alluvial fill (shallow well depths and depth-to-

water), the San Jose Formation (shallow well depths and depths-to-water) and the Ojo Alamo 

Formation (shallow well depths and depth-to-water). Secondary aquifers are present in isolated 
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parts of the Nacimiento Formation, fractured volcanic rocks and in fractured Cretaceous 

sandstones. These have variable well depths and depths-to-water. The region is sparsely 

populated, with the major towns present along the front of the Sierra Nacimiento. Several 

thousand feet of sedimentary rock exists between the primary aquifers and the likely target 

petroleum reservoirs, including thick intervals of shale. The thickness and low permeability of 

rocks between aquifers and reservoirs means that the region has low susceptibility to upward 

leakage of brines and organic contaminants from the reservoir into the aquifer. The region has 

extensive historical oil and gas development, opening the possibility of upward flow along old, 

leaky boreholes during hydraulic fracturing, creating a moderate susceptibility to contamination 

along this flow path. Shallow water tables and shallow well depths make the aquifers moderately 

to highly susceptible to surface contamination from oil and gas operations. However, the sparsity 

of population makes the overall contamination risk low. Care in petroleum operations should be 

taken around homes, towns and streams. 

The northern part of the Albuquerque Basin extends northward into south-central 

Sandoval County from Bernalillo and Valencia Counties. This rifted basin is extensively faulted 

and is formed by down-dropped fault blocks that are shallowest on the western and eastern 

flanks of the basin and become progressively deeper in the direction of a central north-south 

trending axis. In addition, the central axis of the basin is substantially deeper to the south in 

Bernalillo and Valencia Counties. The faults that form the basin developed mostly during the 

Tertiary. As a result, Cretaceous strata, which are the principal oil and gas productive strata in 

the San Juan Basin, are deepest along the central axis of the basin and shallowest in the 

shallower fault blocks along the eastern and western basin margins. Tertiary sediments, including 

sands, conglomerates and shales, are also thickest along the basin axis. Within the Sandoval 

County part of the Albuquerque Basin the Tertiary section is more than 4,000 ft thick along the 

basin axis. To the south in Bernalillo County, Tertiary sediments exceed 17,000 ft in thickness. 

The Mancos C, which is the main target for drilling in northwestern Sandoval County, is 

thermally immature where it has been preserved in the shallow fault blocks on the eastern and 

western flanks of the Sandoval County part of the basin. It has not generated oil in these areas 

and will be nonproductive. Further towards the center of the basin where it has been buried more 

deeply, the Mancos C has been matured to the uppermost part of the oil window and is in the 

early stages of oil generation. The Mancos C production will be less than optimal and thermal 

maturity levels suggest that it may be comparable to Mancos C production at the southeastern 

limit of production in the San Juan Basin where the Mancos C has also been matured to the 

uppermost part of the oil window. In a narrow area along the basin axis, which is roughly 

coincident with the Rio Grande, the Mancos C is buried more deeply and has been matured to the 

lower part of the oil window or perhaps even into the thermogenic gas window. 

Perhaps an optimal target for oil exploration in the Sandoval County part of the 

Albuquerque Basin is the Jurassic Entrada Sandstone. The Entrada is present at greater depths 

than the Mancos. The Todilto limestones, which are the source rocks for oil reservoired in the 
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Entrada, are thermally more mature than the Mancos and approach optimum thermal maturity. 

The Entrada is a conventional oil reservoir that is highly porous and permeable. Because of the 

high porosity and permeability, any oil accumulations that may be present within the Entrada 

could be developed by vertical, as opposed to horizontal wells. In a highly permeable reservoir 

such as the Entrada, hydraulic fracturing is not required to initiate adequate levels of production.  

Deeper targets in Triassic, Permian and Pennsylvanian strata within the Albuquerque 

Basin are likely to be barren of oil and gas. Although they are thermally mature, there do not 

appear to be any appreciable volumes of petroleum source rocks present within these strata. 

Therefore, no oil or gas has been generated and none will be present. 

The major aquifers in the Albuquerque Basin are in alluvium, and in several older basin-

fill sand units. The older units include the Arroyo Ojito and Cerro Conejo Formations west of the 

Rio Grande valley, the Sierra Ladrones Formation along the axis of the valley, and the piedmont 

Sierra Ladrones Formation along the base of the Sandia Mountains. Several thousand feet of 

sediment these units from potential target petroleum reservoirs, making upward flow of 

contaminants in the drinking water aquifer unlikely. However, the faults and fractures of the 

region do show signs of being permeable in some locations, making them a moderately 

susceptible flow path. The area has few existing deep oil and gas wells, so the Albuquerque 

Basin has low susceptibility to flow up leaky boreholes. 

The Albuquerque Basin is, in places, highly susceptible to surface contamination. In the 

modern Rio Grande valley, water tables (10-50 ft bgs, below ground surface) and well depths 

(<200 ft) are shallow, making the modern Rio Grande valley highly susceptible to surface 

contamination. The water table becomes deeper away from the valley, either to the east or west, 

where depth to water increases to several hundred feet. These regions have low susceptibility to 

surface contamination. 

However, in Sandoval County, the Albuquerque Basin contains much of the northern 

Albuquerque Metropolitan Area, several Pueblos, and a dense string of small agricultural 

communities lining the Rio Grande. Most of these communities are reliant on groundwater as 

their sole source of drinking water. Consequently the risk of contamination associated with oil 

and gas operations is highðaccidental spills and leaks can have serious consequences for nearby 

water users. 

To the northeast, the Albuquerque Basin underlies the Jemez Mountains volcanic field. 

Northeastern Sandoval County has been very sparsely drilled. Therefore, the subsurface geology 

of this part of the county is poorly understood. The very limited data indicate that Triassic, 

Permian and Pennsylvania strata, are present below the volcanic cover but that strata of Jurassic 

and Cretaceous age appear to be absent to the west but may be present to the east. However, the 

intense heat associated with Tertiary and Quaternary volcanic activity and accompanying 

pervasive volcanic intrusion in the subsurface may have acted to naturally crack any previously 
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existing oil into natural gas. Furthermore, the rising volcanic magmas carried substantial 

volumes of carbon dioxide, which exsolved from the rising magmas. This carbon dioxide enters 

reservoirs that the magmas come in contact with and dilutes any hydrocarbon gases that may be 

present. This produces gases with low heating values that are commercially undesirable. 

Therefore, the oil and gas potential of northeastern Sandoval County is low. 

Around the Jemez Mountains volcanic field in Sandoval County, aquifers are generally in 

alluvium along the valleys or locally in fractured volcanic rocks. The alluvial aquifers have 

shallow water tables and shallow well depths, making them highly susceptible to surface 

contamination. The fractured aquifers are highly variable in well depth and depth to water. The 

low oil and gas potential and the relatively low population density of the region result in a low 

risk of contamination. Once again, homes, communities and streams should be avoided during 

oil and gas development. 

 

STRATIGRAPHY  of OIL and GAS ZONES 

 Rocks and sediments in Sandoval County range in age from Precambrian to Recent. 

Pennsylvanian, Permian, Triassic, Jurassic and Cretaceous strata are present throughout most of 

the county and are underlain by Precambrian crystalline basement rocks (Figures 3a, 3b). The 

Precambrian rocks are exposed in the Sierra Nacimiento, San Pedro and Sandia Mountains. 

Tertiary-age sedimentary rocks and sediments occur in thick sections in the Albuquerque Basin.  

Tertiary-age basalt flows are present at the surface in the southwestern part of the county as are 

small intrusive bodies of volcanic rocks that have been exposed at the land surface by erosion. 

The most obvious of these exposed intrusive bodies is Cabezon Peak. The northeastern part of 

the county is characterized by large complexes of Tertiary and Quaternary volcanic and plutonic 

igneous rocks that form the Jemez Mountains volcanic field. The subsurface geology of large 

portions of the northeastern part of the county is largely unknown because of a paucity of drill 

holes that have penetrated rocks in the subsurface, but is most likely characterized by Paleozoic 

and Mesozoic strata that have been intruded by Tertiary and Quaternary igneous rocks.  

 The stratigraphy of the Precambrian and layered Paleozoic, Mesozoic and Tertiary strata 

is summarized in Figure 3 and is portrayed in cross sections A-Aô and B-Bô (Figures 4, 5; 

oversized versions in Appendix A). Tertiary-age strata in the Albuquerque Basin have different 

nomenclature than Tertiary-age strata in the San Juan Basin. The nomenclature of each basin is 

portrayed in the cross sections. For more detailed descriptions of the sedimentary rocks in the 

county, please refer to Molenaar (1977), OôSullivan (1977), Ridgely (1977), Green and Pierson 

(1977), Vincelette and Chittum (1981), Baars and Stevenson (1977), Jentgen (1977), Armstrong 

and Mamet (1977), Kelley (1977), Woodward (1987), Connell and others (1998) and Connell 

and others (1999). 
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Figure 3a. Stratigraphic chart of Cretaceous and Tertiary rocks in Sandoval County, exclusive of 

Tertiary volcanic and intrusive igneous rocks. 
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Figure 3b. Stratigraphic chart of Precambrian through Jurassic rocks in Sandoval County. 
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GEOLOGICAL  STRUCTURE  

 The major structural elements of Sandoval County (Figure 2) are the mountain ranges 

(Sierra Nacimiento, San Pedro Mountains, Sandia Mountains), the San Juan Basin in the 

northwest, the Albuquerque Basin in the south-central part of the county, the divide (or 

transition) between the Albuquerque and San Juan basins in the southwest part of the county, and 

the Valles Caldera and surrounding Jemez Mountains volcanic field in the northeast. The Hagan 

Embayment of the Espanola Basin pokes its nose into the southeastern most part of the county 

just to the northeast of the Sandia Mountains. 

 The southeastern end of the San Juan Basin is present in northwestern Sandoval County. 

Strata rise to the southeast out of the San Juan Basin and are truncated at the land surface as they 

reach the divide between the San Juan and Albuquerque Basins (Figure 4, oversize version in 

Appendix A). To the east, the boundary between the San Juan Basin and the Sierra 

Nacimiento/San Pedro Mountains is formed by the reverse faults that brought the Precambrian 

cores of the mountain ranges upward where they overlook Cretaceous and older strata that infill 

the San Juan Basin (Figure 6, oversize version in Appendix A; Woodward, 1987). The Puerco 

fault belt (Kelley, 1977) extends northeast-southwest across the divide between the San Juan and 

Albuquerque Basins. The Puerco fault belt consists of a series of normal faults, most of which 

are downthrown toward the west (Hunt, 1936).  

 The Sierra Nacimiento and the San Pedro Mountains are formed by large upthrown fault 

blocks bounded on their western sides by the reverse faults that separate these mountains from 

the San Juan Basin. The mountain blocks dip eastward. Outcrops vary from Precambrian 

basement rocks along the mountain crests to Pennsylvanian and Permian strata on the eastern 

flanks of the mountains. The Pennsylvanian and Permian strata dip eastward and dive under the 

Tertiary- to Quaternary-aged volcanic rocks of the Jemez Mountains volcanic field to the east. 

The Valles caldera forms the center of the Jemez Mountains volcanic field. Within the Valles 

caldera, more than 6,000 ft of volcanic rocks are present and extend from the land surface 

downward into thesubsurface. The subsurface structure and stratigraphy of Sandoval County east 

of the Sierra Nacimiento are poorly understood because of a scarcity of exploratory wells over 

most of this area outside of blocks that have seen geothermal exploratory drilling. 

 The Sandia Mountains extend northward from Bernalillo County into southeastern 

Sandoval County. The Sandia Mountains are separated from the Albuquerque Basin on the west 

by normal faults that have down-dropped the Precambrian rocks exposed along the mountain 

face deep into the basin. From the crest of the Sandias, rocks dip eastward into the subsurface.  

The eastern flank of the mountains is covered by Pennsylvanian and Permian strata. At the 

northeastern end of the Sandia Mountains northeast of Placitas, Pennsylvanian and Permian 

strata dip into the Hagan embayment where they are overlain by Triassic, Jurassic, Cretaceous 

and Tertiary strata.   
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The Albuquerque Basin lies west of the Sandia Mountains. The northern part of the basin 

extends into south-central Sandoval County (Figure 2; Figure 6, oversize version in Appendix 

A). Although it appears relatively simple on the surface, the Albuquerque Basin is structurally 

complex in the subsurface. Connell (2008b) presented several east-west geologic cross sections 

that depict the basin in the subsurface. Rocks exposed in outcrops east and west of the basin have 

been down-dropped into the basin by a series of faults on the east and west sides of the basin, 

forming a stair step geometry. The faults are listric; that is they flatten with depth. On cross 

section B-Bô of this report  that cuts east-west across the Albuquerque Basin (Figure 5, oversize 

version in Appendix A), the major faults seen on Connell (2008b)ôs cross sections appear as 

vertical lines, a consequence of the vertical exaggeration needed to display the details of the 

stratigraphy.  Black and Hiss (1984) presented a more generalized east-west cross section 

through the northern part of the Albuquerque Basin that cuts through the Shell No. 1 Santa Fe 

Pacific well, which is shown in cross section B-Bô of this report (Figure 5, oversize version in 

Appendix A). The Mancos C unit, which is the primary oil-productive stratum in the Sandoval 

County part of the San Juan Basin, is present at depths of more than 7,000 ft in the Sandoval 

County part of the Albuquerque Basin (Figure 7, oversize version in Appendix A). To the south 

in Bernalillo County, the basin becomes much deeper and depth to the Mancos C is more than 

17,500 ft. The basin formed during Late Tertiary rifting and as the fault blocks within the basin 

subsided the basin was infilled with Tertiary sediments derived from bordering highlands. As a 

result the Tertiary strata, which contain the basinôs aquifers, are thicker in the deeper parts of the 

basin. The Tertiary section has a maximum thickness of more than 4,000 ft in Sandoval County 

(Figure 8, oversize version in Appendix A). To the south in Bernalillo County, the Tertiary 

attains a maximum thickness of 17,780 ft in the Shell No. 1 West Mesa Federal well, an 

unsuccessful exploratory test drilled in Section 24, T11N, R1E in 1981 that encountered 

substantial gas shows. See Black (1982) for a discussion of this well.  

 

OIL  and GAS PRODUCTION  

 Oil and natural gas have been produced from Sandoval County since the 1950ôs. Table 1 

lists cumulative production in the county through the end of 2017 as well as annual production of 

oil, natural gas, and oilfield waters during 2017. There are currently 533 active oil and gas wells 

in the county. A total of 1138 wells have been drilled in the county; 261 have been productive of 

gas and 390 have been productive of oil. A list of the wells drilled in the county that includes 

selected data for each well is given in the database Sandovalwells.xls which is presented in 

Appendix B.  

 Production has been established from the northwestern part of the county, from areas 

north of the town of San Luis and, except for one well, west of the Rio Puerco. Gas has been 

produced from the Fruitland Formation (Cretaceous), the Pictured Cliffs Sandstone (Late 

Cretaceous), and the Chacra sandstone interval within the Lewis Shale (Late Cretaceous). Oil  
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and associated gas have been produced from the Menefee Formation (Late Cretaceous), the 

Upper Mancos Shale (Late Cretaceous), the Lower Mancos Shale (Late Cretaceous), the Dakota 

Sandstone (Early-Late Cretaceous), and the Entrada Sandstone (Jurassic). The following sections 

describe the nature of the oil and production in each of the aforementioned stratigraphic units 

(ñformationsò). 

Table 1. Cumulative and annual 2017 production of oil, natural gas, and oilfield water from Sandoval County. BO, 

barrels oil; MCFG , thousand ft
3
 natural gas, BW, barrels water. Data are through the end of 2017. Data from 1994 

through 2017 obtained from the website of the New Mexico Oil Conservation Division. Data prior to 1994 obtained 

from published 1993 Annual Report of the New Mexico Oil & Gas Engineering Committee. 

 Cumulative production as of 

December 2017 

Annual production during 

2017 

oil 17,938,646 BO 1,362,028 BO 

natural gas 142,842,314 MCFG 12,092,302 MCFG 

water 99,248,378 BW 1,683,927 BW 

 

Nacimiento Formation (Tertiary)  

 The Nacimiento Formation, with its interbedded lacustrine shales and fluvial to alluvial 

sandstones, is not productive within Sandoval County. However it is mentioned because it is 

productive from minor gas pools in  the San Juan Basin.  The nearest Nacimiento gas pool is 

Gavilan Nacimiento (Dugan, 1983) which is located approximately 10 miles north of the 

Sandoval ï Rio Arriba County line in Sec. 6, T24N, R1W and in Sec. 12, T24N, R2W. The pool 

was productive from lenticular Nacimiento sandstones at depths of 3100 ft to 3450 ft. The pool 

was discovered and brought into production during 1980. Production was obtained from three 

wells, all of which have been plugged and abandoned. The source rocks for the gas may be dark-

gray lacustrine shales in the Nacimiento. At the Arch gas pool in northeastern San Juan County, 

Emmendorfer (1983) postulated that the gas source rock may be thin coal beds in the Nacimiento 

Formation and that the gas migrated into adjacent sandstones after generation.  Alternatively, the 

gas may be thermogenic and may have leaked upward from deeper sources such as the Fruitland 

Formation. At any rate, gas discoveries within Tertiary strata in the San Juan Basin are spurious 

and have been made while drilling wells for deeper objectives. It is quite probable that many 

small noncommercial to marginally commercial gas accumulations in the Nacimiento have been 

drilled through, not tested, and not even recognized in efforts to drill deeper, more prolific pay 

zones (Broadhead, 1986). 

 

Fruitland Format ion (Upper Cretaceous) 

 The Fruitland Formation, with its interbedded coals, shales and sandstones, has produced 

natural gas prolifically within the San Juan Basin. Fruitland production has been obtained 
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primarily from the coal beds with a relatively minor amount of gas produced from the sandstones 

(see Whitehead, 1993a). The most prolific Fruitland coal gas (or coalbed methane) production 

has been obtained from the deep, northern part of the basin in northeastern San Juan and 

northwestern Rio Arriba Counties where the Fruitland has been buried more deeply. The deeper 

burial results in greater thermal maturity of the coals and therefore greater yield per unit volume 

of coal. Coalbeds are also thicker in the northern area than they are in Sandoval County. Also 

deeper burial results in greater fluid pressures within the cleat (natural fracture) systems of the 

coals which results in increased gas storage capacity of the more deeply buried coals.  

 Gas has been produced from Fruitland coals in northwestern Sandoval County (Fig. 9, 

oversize version in Appendix A). Depth to productive Fruitland coals in the county varies from 

400 to 800 ft. In most of the Sandoval wells, the productive interval is 10 to 20 ft thick. 

Production of Fruitland gas in the county began in 2005. A cumulative 8.403,931 thousand ft
3
 

gas has been produced. This represents 5.9% of total cumulative gas production in Sandoval 

County. A total of 765,350 thousand ft
3
 gas were produced during 2017, which is 6.3% of the 

total gas produced from the county during that year. 

 

Pictured Cliffs Sandstone 

 The Pictured Cliffs Sandstone (Upper Cretaceous) is productive of gas in northwestern 

Sandoval County (Fig. 10, oversize version in Appendix A). Two Pictured Cliffs gas pools, 

Ballard  and Blanco South (Brown, 1978a; Brown, 1978b; Whitehead, 1993a),  extend 

southeastward into the county from Rio Arriba County. The Sandoval County parts of the gas 

pools mark the southeastern extent of Pictured Cliffs production in the San Juan Basin. The 

northwest-southeast outline of the gas pools follows the northwest-southeast trend of the 

sandstone bodies that form the Pictured Cliffs reservoirs. In Sandoval County, depth to 

productive Pictured Cliffs sandstones ranges from 2300 ft to 3200 ft in the Ballard pool and 2800 

ft to 3100 ft in the Blanco South pool. Thickness of the productive interval ranges from 30 ft to 

100 ft in the Ballard pool and 10 ft to 30 ft in the Blanco South pool. The Pictured Cliffs 

reservoirs have been developed with vertical wells. The reservoir is hydraulically fractured in 

order to initiate economic levels of production. 

 

Lewis Shale ï Chacra sandstones 

 The Lewis Shale (Upper Cretaceous) is productive of natural gas in the northwestern part 

of Sandoval County (Fig. 11, oversize version in Appendix A). Production in the Lewis is 

obtained from the Chacra sandstones which occur interbedded with shales approximately 300 ft 

below the top of the Lewis. The Chacra interval is approximately 200 ft thick. The northwest-

southeast trend of the productive Chacra wells follows the northwest-southeast trend of the  
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Chacra sandstone bodies within the Lewis. In Sandoval County, Chacra production is from the 

Rusty Chacra gas pool, which was discovered in 1975 (Kennedy, 1978). Depth to Chacra 

production in the county ranges from 1200 ft to 1800 ft. In most wells approximately 100 ft of 

the Chacra section has been perforated. The Rusty Chacra pool has been developed with vertical 

wells. Small hydraulic fracture treatments are necessary to initiate economic levels of 

production. The fracture treatments increase production by about an order of magnitude or 10 

times (see Kennedy, 1978). 

 

Menefee Formation 

 The Menefee Formation (Upper Cretaceous) has been productive of oil from several 

small oil pools scattered throughout northwestern Sandoval County (Fig. 12, oversize version in 

Appendix A). Menefee production is obtained from small, isolated fluvial sandstone lenses 

encased in shale. Trapping is entirely stratigraphic in most accumulations (Kennedy, 1978; 

Prichard, 1978). At the San Luis and San Luis South pools the traps are combination structural-

stratigraphic and are formed by drape of a fluvial sandstone channel over a structural nose 

(Higgins, 1983a, 1983b). Depth to Menefee production in Sandoval County ranges from 4,200 ft 

toward the northwest to 330 ft in the San Luis South pool at the southern limit of established 

production. Reservoir sandstones range from 5 ft to 20 ft thick and average about 10 ft thick. 

Menefee oils are light with API gravities in the 40
o
 to 45

o
 range. The Menefee has been 

developed with vertical wells. Most wells have been completed by perforating cased holes. Most 

completions do not involve artificial fracturing but some wells have been hydraulically fractured 

with a sand-water mixture. 

 

Upper Mancos Shale 

 The Upper Mancos Shale has been productive of oil and associated gas from the 

northwestern part of Sandoval County (Figure 13, oversize version in Appendix A). The Upper 

Mancos is the most oil-productive stratigraphic unit in the county. Almost all of the Upper 

Mancos production has been obtained from vertical wells but almost 70 horizontal wells have 

been completed in the Mancos. Most of the horizontal wells have been drilled since 2012 but a 

few pioneering horizontal wells were drilled in the early 1990ôs.  

The Mancos C is the chief productive zone in the vertical wells, although many vertical 

wells have been variously completed through intervals that also include the lower part of the 

Mancos B, as well as selected intervals within the Lower Mancos Shale.  The Mancos C is 400 to 

600 ft thick in the San Juan Basin part of Sandoval County (Figure 14, oversize version in 

Appendix A). Toward the south and east, it is truncated at the outcrop as it rises out of the San 

Juan Basin (Cross section A-Aô, Figure 5, oversize version in Appendix A). The horizontal wells  
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in the Mancos have all targeted the Mancos C. Oil production from horizontal Mancos wells in 

the San Juan Basin exceeds oil production from vertical Mancos wells by a multiple of 9.4 

during the first 12 months of production. Salient data from eleven horizontal Mancos C wells in 

Sandoval County are presented in Table 2. All of the horizontal Mancos C wells in Sandoval 

County are located in the far northwestern part of the county which marks the southeastern 

extent of the Mancos Shale play in the San Juan Basin (Broadhead, 2015). All of the productive 

Mancos wells in the west-central part of the county in T19-21N, R2-4W, are vertical. The recent 

and current Mancos Shale play in the San Juan Basin has utilized mostly horizontal wells.  

 Depth to the Mancos C ranges from 3,500 ft to 5,400 ft where it is productive in 

Sandoval County (Fig. 7, oversize version in Appendix A). The Mancos C is deepest in the far 

northwestern part of the county and rises to the southeast.  

 

Table 2. Production data from eleven horizontally drilled Mancos oil wells drilled in the Sandoval County part of the 

San Juan Basin. MBO , thousand barrels oil; MMCFG , million ft
3
 natural gas; MBW , thousand barrels water. 

Operator,

well number,

well name

API number Surface Hole 

Location

(section- township-

range, county)

Measured

depth

(feet)

True

vertical

depth

(feet)

Reservoir

unit

Completion 

date

(mo/yr)

First 12 months 

production

Cumulative

production

December 2016

WPX Energy No. 225H Chaco 2206-02H 30-043-21149 2-22N-6W,

Sandoval

10,219 5,344 Mancos C 8/2013 59 MBO + 72 MMCFG 

+ 3 MBW

105 MBO + 232 MMCFG + 18 MBW

Encana No. 1H Lybrook A03-2206 30-043-21130 3-22N-6W,

Sandoval

9565 5,335 Mancos C 11/2012 84 MBO + 275 MMCFG 

+ 5 MBW

144 MBO + 808 MMCFG + 14 MBW

Encana No. 1H Lybrook H03-21123 30-043-21123 3-22N-6W,

Sandoval

9,870 5,397 Mancos C 5/2013 62 MBO + 245 MMCFG

+ 5 MBW

122 MBO + 844 MMCFG + 13 MBW

Encana No. 1H Lybrook D22-2206 30-043-21131 22-22N-6W,

Sandoval

10,350 5,311 Mancos C 12/2012 27 MBO + 174 MMCFG

+ 25 MBW

54 MBO + 548 MMCFG + 41 MBW

Encana No. 1H Lybrook H32-2306 30-043-21126 32-23N-6W.

Sandoval

12,575 5,552 Mancos C 6/2013 99 MBO + 553 MMCFG

+ 13 MBW

174 MBO + 95 MMCFG + 27 MBW

Encana No. 1H Lybrook I32-2306 30-043-21129 32-23N-6W,

Sandoval

10,060 5,450 Mancos C 6/2013 48 MBO + 267 MMCFG

+ 9 MBW

92 MBO + 812 MMCFG + 22 MBW

Encana No. 2H Lybrook I32-2306 30-043-21125 32-23N-6W,

Sandoval

10,204 5,434 Mancos C 6/2013 65 MBO + 253 MMCFG

+ 10 MBW

112 MBO + 780 MMCFG + 27 MBW

WPX Energy No. 191 H Chaco 2306-19M 30-043-21139 19-23N-6W,

Sandoval

10,367 5,430 Mancos C 6/2013 56 MBO + 68 MMCFG

+ 7 MBW

107 MBO + 334 MMCFG + 21 MBW

Encana No. 1H Lybrook H26-2307 30-043-21118 26-23N-7W,

Sandoval

9,900 5,615 Mancos C 2/2013 53 MBO + 183 MMCFG

+ 10 MBW

119 MBO + 741 MMCFG + 24 MBW

Encana No. 2H Lybrook H26-2307 30-043-21133 26-23N-7W,

Sandoval

9,640 5,255 Mancos C 2/2013 63 MBO + 343 MMCFG

+ 28 MBW

101 MBO + 817 MMCFG + 77 MBW

Encana No. 1H Lybrook H36-2307 30-043-21117 36-23N-7W,

Sandoval

9,985 5,607 Mancos C 3/2012 40 MBO + 115 MMCFG

+ 11 MBW

94 MBO + 721 MMCFG + 25 MBW

 

 Vertical wells are drilled through the Upper Mancos Shale. In most wells, casing has 

been set through the entire Mancos section within the well and selected intervals are perforated. 

In some cases, casing has not been emplaced throughout the entire Mancos section and the 

productive section is left uncased, or ñopen-holeò.  

 Horizontal wells are first drilled vertically until the wellbore is just above the target zone 

(Mancos C). At that point the drilling curves the wellbore until it is horizontal. At that point the 

well is drilled horizontally. In many cases the well is drilled horizontally for a distance of 

approximately one mile, but the length of the horizontal segment of the well can be greater than 

or less than one mile. In order to obtain economically viable volumes of production in a low-

permeability reservoir such as the Mancos, the reservoir must be hydraulically fractured 

throughout the horizontal segment of the wellbore. 
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Lower Mancos Shale 

 The Lower Mancos Shale is productive of oil and associated natural gas in northwestern 

Sandoval County (Fig. 15, oversize version in Appendix A). Established production is mostly 

confined to a narrow strip along the northernmost part of the county in T22N and T23N. In this 

area, production is obtained from the Semilla Sandstone in the upper part of the Lower Mancos 

shale. Semilla production is commingled with production from the Mancos C as well as the 

Upper Carlile shale, the Juana Lopez Member and sporadically from intervals in the Lower 

Carlile that are below the Semilla and also from the Greenhorn Limestone. Production from the 

Semilla, commingled with production from the Mancos C, is common to most of the Lower 

Mancos wells shown in Figure 15. Completion in other parts of the Lower Mancos Shale varies 

from well to well. Because production from multiple zones is commingled it is not possible to 

determine what the contribution from the individual Lower Mancos units is. However because 

the Semilla is the common unit to Lower Mancos production in most of the wells, it appears that 

it is the dominant productive unit within the Lower Mancos. Depth to the Semilla is 

approximately 6500 ft in the far northwestern part of the county. 

 The Lower Mancos has been developed by vertical wells. Small hydraulic fracture 

treatments have been necessary to initiate economic levels of production and have been routinely 

used on all Lower Mancos wells. 

 

Dakota Sandstone 

 The Dakota Sandstone (Upper Cretaceous) is productive of oil and natural gas in far 

northwestern Sandoval County (Fig. 16, oversize version in Appendix A). In this area the Dakota 

is present at depths greater than 7000 ft. While production in many of the wells shown on Figure 

16 is from only the Dakota, Dakota production is commingled with production from sandstones 

in the Graneros Shale in several of the wells. In some wells production from the Dakota is 

commingled with production from the Lower and Upper Mancos Shales.  Almost all of the 

Dakota production in Sandoval County is obtained from the Lindrith West Gallup-Dakota oil 

pool in T22-23N, R3W. Dakota reservoirs within the Lindrith West pool consist of a series of 

vertically stacked sandstone bodies with the vertical seal provided by the overlying Graneros 

Shale (see Attebury, 1978). Although the overall perforated interval can be as thick as 150 ft, the 

net thickness of the sandstone reservoirs averages approximately 40 ft. Natural fractures in the 

Dakota sandstones appear to enhance production (Attebury, 1978). In spite of the presence of a 

natural fracture network, well completion involves small hydraulic fracture treatments in order to 

establish economic levels of production. 
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Entrada Sandstone 

 The Entrada Sandstone (Jurassic) is productive of oil from scattered wells in 

northwestern Sandoval County (Figure 17, oversize version in Appendix A). Depth to the 

Entrada is 5400 to 5500 ft in T19N, R3-4W where most of the production occurs and deepens to 

approximately 8000 ft in the extreme northwestern part of the county. Oil accumulations are 

formed by relict sand dunes that have been preserved on the upper surface of the Entrada 

(Vincelette and Chittum, 1981). These relict sand dunes form four-way closure similar to that of 

a structural dome. The overlying limestones and anhydrites of the Todilto Formation (Jurassic) 

provide the vertical seal. The organic-rich Todilto limestones are the source rocks for the Entrada 

oil. Entrada oil is moderately light with a gravity of about 33
o
 API and Entrada permeability is 

high, ranging from about 200 millidarcies to about 400 millidarcies. As a result of the oil gravity 

and high permeability, the reservoir is completed naturally with no hydraulic fracturing needed.  
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PETROLEUM SOURCE ROCKS 

 Major petroleum source strata within the San Juan Basin that are present within Sandoval 

County include the Cretaceous-age Lewis Shale, Menefee Formation and Mancos Shale as well 

as the Jurassic-age Todilto Limestone. In addition, the more deeply buried limestones and shales 

of the Madera Group are present throughout most of the county and these strata are source rocks 

in other parts of the San Juan Basin, especially in San Juan County where commercial oil and 

natural gas production has been obtained. The Lewis Shale, Menefee Formation and Mancos 

Shale are petroleum source rocks in the northwestern part of Sandoval County where oil and 

natural gas production has been established but these units lose their source capability in a 

southeastward direction where they become thermally immature. In the Sandoval County part of 

the Albuquerque Basin these strata are also mostly thermally immature although the lowermost 

parts of the Mancos Shale have entered the early stages of oil generation over large areas and are 

at optimum thermal maturity only along the basin axis. Farther south in Bernalillo County where 

the Albuquerque Basin is much deeper, the Cretaceous shales are within the thermogenic gas 

window and any generated oil has been converted into natural gas.  The Todilto Limestone, 

being buried more deeply than the Cretaceous units is thermally mature throughout most of the 

county and contains oil-generative organic matter. Pennsylvanian-age strata of the Madera 

Group, although long suspected to contain petroleum source rocks and thermally mature where it 

is present in the county contains insufficient organic matter to function as a major source rock. 

Other strata including the Tertiary section in the Albuquerque Basin, the Jurassic-age Morrison 

Formation, the Triassic-age Chinle Formation, and the Permian-age Yeso and Abo Formations 

contain insufficient organic matter to act as source rocks. In summary, petroleum source rocks 

are present in the Cretaceous section in northwestern Sandoval County but these same strata lose 

their thermal maturity and do not function as source rocks elsewhere in the county. The Todilto 

Limestone is a thermally mature source rock that has generated oil over most of the area where it 

is present in the county. Pennsylvanian strata in the deepest part of the sedimentary section are 

thermally mature but contain insufficient organic matter to function as petroleum source rocks. A 

more detailed analysis and discussion of major source rock units follows. Supporting data in the 

form of specialized source rock analyses on drill core and well cuttings are given in the Sandoval 

County source rock database (sandovalsrcrks.xls in Appendix B). 

 

Lewis Shale 

The Lewis Shale is the uppermost (shallowest) major Cretaceous shale unit within the San Juan 

Basin. Present at depths of approximately 2,000 ft in the northwestern most part of the county it 

rises steadily to the southeast  until it is exposed at the ground surface and truncated by erosion at 

the outcrop just a few miles south of Cuba (Figures 4, 11, oversize versions  in Appendix A). In 

the Albuquerque Basin in the south-central part of the county, the Lewis is present at various 

depths in most of the deeper fault blocks (cross sections, Figures 4, 5, oversize versions in 
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Appendix A). Although petroleum source rock data are not available for the Lewis in the 

northwestern part of Sandoval County, the presence of commercial gas wells that are completed 

in the Chacra section indicates that the Lewis has sufficient Total Organic Carbon (TOC) and is 

sufficiently mature to have generated gas in that area. Dube and others (2000) indicate that TOC 

contents of Lewis shales elsewhere in the San Juan Basin range from 0.45% to 1.5% and average 

approximately 1.0%, which is not especially high but is sufficient for petroleum generation. 

There is only one analysis of organic matter type available from the Lewis Shale. That analysis is 

from the Shell No. 1 Santa Fe well located in the Sandoval County part of the Albuquerque 

Basin (see cross section B-Bô, Figure 4 in Appendix B). In that sample, the visual kerogen 

analysis and the Rock-Eval pyrolysis indicate the organic matter is a mixture of oil-prone types, 

gas-prone types, and non-generative inertinites.  

Although the Lewis is almost certainly thermally mature in the northwestern part of the 

county, it almost certainly becomes thermally immature, and therefore nongenerative, to the 

southeast as the outcrop belt is approached because the deeper Mancos shales are immature in 

this area. Within the Shell No. 1 Santa Fe well in the Albuquerque Basin, the Lewis is thermally 

immature with a Thermal Alteration Index of only 1.5 so that all that can be hoped for is a low-

grade resource of biogenic gas in this part of the Albuquerque Basin. The U.S. Geological 

Survey thermal model of the Shell No. 1 Santa Fe well as well as the Shell No. 3 Santa Fe well 

also indicate that the Lewis Shale is thermally immature and therefore essentially nongenerative 

in this northern, shallow part of the Albuquerque Basin (see Johnson et al., 2001). 

 

Menefee Formation 

 The Menefee Formation, with its interbedded nonmarine shales, coals and sandstones, is 

a source rock for small oil reservoirs in Menefee sandstones in the northwestern part of Sandoval 

County (Figure 12, oversize version in Appendix A). In the northwestern part of Sandoval 

County the Menefee lies at a depth of 3,500 to 4,100 ft and has been matured into the upper part 

of the oil window. Despite the relatively low level of thermal maturity, oils are light with API 

gravities in the 40-46
o
 range. As with the overlying Lewis shales, the Menefee gradually rises to 

the southeast until it is truncated at the outcrop belt approximately 10 miles south of Cuba and 

becomes thermally immature as with the underlying Mancos Shale. As with the Lewis, the 

Menefee has been removed by erosion from the southwestern part of Sandoval County as well as 

from the Sierra Nacimiento and much of the eastern part of the county and from the Sandia 

Mountains in the southeast. In the Albuquerque Basin in the south-central part of Sandoval 

County, the Menefee is present at varying depths in the different fault blocks (Cross section B-

Bô, Figure 5 in Appendix A). In the Shell No. 1 Santa Fe well it is present at depths of 3600 to 

4400 ft and is thermally immature with a vitrinite reflectance (Ro) value of only 0.50 and a 

Thermal Alteration Index of only 1.5, indicating that it has not generated significant volumes of 

oil or natural gas in the Sandoval County part of the Albuquerque Basin. The U.S. Geological 
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Survey thermal modeling of the Shell No. 1 Santa Fe well and the Shell No. 3 Santa Fe well 

(Johnson et al., 2001) also indicates that the Menefee is thermally immature and nongenerative in 

the Sandoval County part of the Albuquerque Basin. Further south in Bernalillo County where 

the basin is much deeper, the U.S. Geological Survey thermal modeling indicates that the 

Menefee is within the thermogenic gas zone and that any oil that may have been generated has 

been thermally broken down into natural gas (Johnson et al., 2001). 

 

Upper Mancos Shale 

 The Upper Mancos Shale is the major oil producing stratigraphic unit in the San Juan 

Basin. Most Mancos production in the San Juan Basin has been obtained from the Mancos C. In 

Sandoval County the Mancos C is the major oil-productive unit of all stratigraphic units, 

including those shallower and deeper than the Mancos. Recent and current shale exploration has 

been focused on the Mancos C (Broadhead, 2015). Oil is produced from the Mancos C mainly in 

the northwestern part of the county with only a subsidiary amount of production obtained from 

central part of the county (Figure 13, oversize version in Appendix A). As such, evaluation of the 

petroleum source rock properties of the Upper Mancos Shale is critical to the assessment of the 

oil and natural gas potential of Sandoval County. 

 The Upper Mancos Shale in northwestern Sandoval County and adjoining areas of Rio 

Arriba and San Juan Counties is thermally mature (Figure 18, oversize version in Appendix A) 

and contains more than sufficient organic matter to have generated substantial amounts of oil and 

natural gas. TOC is generally in the 1% to 3% range. Thermal maturity is in the lower part of the 

oil window with Ro values of 0.85% to 1.0% in the Mancos C and somewhat less, 0.75% to 

0.87% in the shallower Mancos B. This places the shales in the Mancos C at a maturity level at 

or near peak oil generation. Furthermore, the organic matter within the Mancos C in 

northwestern Sandoval County is oil prone so that oil and associated gas would have been 

generated upon maturation. These source rock characteristics, combined with the established 

Mancos C production, provide a base to compare the Mancos C source rocks in the productive 

part of Sandoval County with the Mancos C source rocks elsewhere in the county. 

 Similar to the shallower Cretaceous source rocks, the Mancos C becomes shallower as 

one moves to the southeast before it is truncated by erosion and absent south of its outcrop belt 

approximately 15 miles south of Cuba. In the Shell No. 1 41 Wright well, located 10 miles south 

of the southernmost Upper Mancos production, the Mancos C is thermally immature with a 

Thermal Alteration Index of only 1.6. In between the area of immaturity and the area matured to 

the lower oil window is an area where maturation has been into the upper oil window. This is 

seen in the Dunigan No. 1 Santa Fe well which is located in Sec. 31, T19N, R5W in northeastern 

most McKinley County. In that well, TMAX in the Mancos B and Mancos C ranges from 429
o
 to 

435
o
, indicating maturation into the upper oil window. Although data are somewhat limited, the  



39 
 

  


