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Abstract 

In the northern part of the Jornada del Muerto Basin, coal-bearing Upper Cretaceous 

rocks are exposed on the westward-dipping limb of a south-plunging anticline. This 

faulted exposure measures 0.5 mi east-west and 12 mi north-south. The dip on the west 

limb ranges from 20° to 40° SW. Lenticular coal beds occur in rocks of the Mesaverde 

Group that are tentatively correlated with the Dilco Member of the Crevasse Canyon 

Formation. Maximum thickness of a coal bed in the northern part of the field is 20 

inches; however, in the middle of the field, the coal in the Law mine is 28 inches thick. 

Coal beds in the southern half of the field are covered by Quaternary sediments. 

Chemical analysis indicates that the coal from the Law mine is a high-volatile C-

bituminous coal with a sulfur content of 1.3 percent to 1.4 percent and is similar to the 

coking coal produced in the Carthage area to the southwest. Coal from the Law mine 

produces a poor to fair coke and relatively high amounts of light oil and gas. Because 

little mining and exploration has been done in the Jornada field, production records are 

not available. Coal beds in the Jornada field may thicken to the southwest toward the 

Carthage area, but further drilling would be required to prove the thickening. Limited 

drill-hole data and unpublished gravity data indicate that the coal between the Carthage 

and Jornada fields is more than 1,000 ft deep. 

Introduction 
Geography 

Five miles northeast of the Carthage coal field in 

eastern Socorro County, coal-bearing rocks crop out in a 

northwest-trending strip of land 12 mi long and 0.5 mi 

wide along the northwest edge of the Jornada del Muerto 

Basin (geologic map). The area can be reached by 

traveling north from US-380 on the Del Curto or 

Williams Ranch roads that lie approximately 10 and 20 

mi east of San Antonio. 

The northern part of the area consists of north-south 

ridges of sandstone with valleys underlain by shale. 

Elevation ranges from 6,200 ft above sea level in the 

north to 5,100 ft above sea level in the southeastern part 

of the field. In the north relief is as great as 300 ft, 

whereas to the south the ridges pass into gently rolling 

hills and valleys and the maximum relief is about 60 ft. 

The area is drained by Cañon Quemado, a large inter-

mittent stream that parallels the north-south sandstone 

ridges. Numerous small intermittent tributaries join the 

main drainage along its course. 

Vegetation in the area consists primarily of range 

grasses in the lower, nearly level southern portion and 

grasses along with piñon, juniper, and scrub oak on the 

higher slopes and hilltops in the north. Cacti of various 

types are common. 

Population in the area is limited to a few ranching 

families. Most of the land composing the Jornada coal 

field is under U.S. Bureau of Land Management ad-

ministration. 

Previous work 

The geology of the coal in the Jornada del Muerto 

coal field has received little study. Storrs' (1902) report 

on the coal fields of the Rocky Mountains probably in-

cluded this field in what is referred to as the "Carthage 

areas," identified as "60 square miles of area situated 8 

miles east of the town of San Antonio." Most of Storrs'  

data concerned the coal field at Carthage proper, located 

approximately 5 mi southwest of the Jornada field. 

Gardner (1910), in a more detailed paper on the 

Carthage field, included a two-paragraph description of 

an exposure of 2.75 ft of coal in the Jornada field in NE 

1/4 SW 1/4 sec. 8, T. 3 S., R. 3 E. He believed the ex-

posure to be in "an isolated, faulted area, detached from 

a large field to the south that is completely covered by 

recent unconformable beds." Read and others (1950) 

describe the Jornada field as underlying parts of Tps. 3, 

4, and 5 S., R. 3 E. and possibly an even larger area. 

They list the reserves for the combined Carthage and 

Jornada coal fields as over 38 million short tons. The 

chemistry and coking properties of a sample from the 

Law mine is given in a report by the U.S. Bureau of 

Mines (Reynolds and others, 1946). Wilpolt and Wanek 

(1951) mapped the regional geology for their oil and gas 

investigation map. Later papers by Kottlowski and 

Beaumont (1965) and Kottlowski, Beaumont, and 

Shomaker (1974) summarize the work of previous in-

vestigators. 
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Geology 

Cretaceous rocks 

Dakota Sandstone 

The Dakota Sandstone unconformably overlies the 

Dockum Formation (Triassic). The Dakota is a well- in-

durated, orangish-brown, medium-grained quartz sand-

stone; near the base it is almost white. The sandstone is 

commonly massive to crossbedded but, as a result of 

bioturbation, locally displays irregular, highly pitted 

surfaces with indistinct bedding. 

The thickness of the Dakota was measured at one 

locality in the Jornada field to be 74 ft 7 inches (appen-

dix 1, section 1). Gardner (1910) reported a thickness of 

200 ft for the Dakota in the Carthage field to the south. 

Mancos Shale 

The Mancos Shale conformably overlies the Dakota 

Sandstone. As in the Carthage area, the Mancos consists of 

two shale units separated by an intervening sandstone 

member. In ascending order, these Mancos units probably 

correspond to a lower tongue, the intervening Tres 

Hermanos Sandstone Member, and the D-Cross Tongue 

(Cobban and Hook, 1979). 

The valley-forming nature of the Mancos Shale 

tongues makes accurate measurement of their true 

thickness difficult. The upper and lower shale units are 

often covered by a veneer of soil or alluvium. As ex-

posed in arroyos, the shales appear similar; both consist 

of drab-gray or tan shale or silty shale with a few thin 

(mostly less than 1-ft) beds of tan quartz sandstone and 

limestone. Large septarian concretions, occasionally 

fossiliferous, up to 3 ft long and 1 ft thick, occur at 

various horizons. The lower shale measured 681 ft 6 

inches thick; however, this thickness is slightly exag-

gerated because the section is faulted. The upper shale 

measured 363 ft 9 inches. 

The Tres Hermanos Sandstone is presently considered 

a member of the Mancos Shale; work in progress by 

Hook and Cobban indicates this member may be taken 

from the Mancos Shale and raised to formational rank 

(Hook, personal communication, 1979). The Tres Her-

manos measures 244 ft 4 inches. The lower 79 ft 

consist of medium-bedded, fine- to medium-grained, 

tan quartz sandstone with interbedded calcareous, 

fossiliferous concretions of darker tan or brown-

weathering quartz sandstone. These planar-bedded to 

shallow crossbedded or bioturbated sands were ap-

parently deposited in a littoral to shallow nerit ic en-

vironment of a regressive sea. A medial 124-ft thick se-

quence of interbedded drab-gray shale and tan sand-

stone locally contains petrified wood and oyster shells, 

which indicate deposition in an area that varied from 

lagoonal or continental to marine. 

As exposed in the northern half of the mapped area, 

the uppermost 41 ft of the Tres Hermanos Sandstone 

Member consist of a transgressive deposit of silty,  

bioturbated sandstone, cream to white near the base and 

reddish near the top. This sandstone is prominent on 

aerial photographs of the area. Two thin calcarenite beds 

occurring immediately above the Tres Hermanos are 

lithologically equivalent and contain fossils typically 

found in the Juana Lopez Member of the Mancos Shale 

in the San Juan Basin. 

Mesaverde Group 

Overlying the D-Cross Tongue of the Mancos Shale 

are rocks of the Mesaverde Group. In the northern part 

of the field area, about 231 ft of the Mesaverde Group 

are preserved beneath an erosional contact separating 

this unit from the Baca Formation (Tertiary). To the 

south, drilling indicates that up to 650 ft are preserved. 

At the base of the Mesaverde Group is a 20-ft-thick, 

tan, fine-grained to silty sandstone that occurs 15 ft 

above the Lopha sannionis zone of the D-Cross Tongue 

of the Mancos Shale and is correlated with the Gallup 

Sandstone. Brown, calcareous, crossbedded sandstone 

concretions are common in this basal sandstone unit. 

Overlying the basal sandstone is a sequence of drab-

gray and tan shales, thin tan sandstones, and lenticular 

coal beds that corresponds to the Dilco Coal Member of 

the Crevasse Canyon Formation. 

Tertiary rocks 

Baca Formation 

The Baca Formation unconformably overlies the 

Mesaverde Group (Cretaceous). It is composed of 

coarse conglomerate, red and white sandstone, and red 

clay derived from Precambrian quartzite and granite 

and Paleozoic limestone and sandstone (Wilpolt and 

Wanek, 1951). The thickness of these varicolored rocks 

is reported to be 1,023 ft in the Carthage area (Gardner, 

1910) and is approximately the same thickness in the 

Jornada coal field area. 

Datil Group 
In the southwestern part of the map area, andesitic, 

rhyolitic and volcaniclastic rocks (probably equivalent 

to the Spears Formation) cap large hills and lie with 

angular unconformity on the Baca Formation. Other 

limited exposures of volcanic rocks, probably remnants 

of flows of much wider extent, also occur just off the 

southeast corner of the map. Here the volcanic rocks 

rest on a surface of folded and beveled Cretaceous 

rocks. Wilpolt and Wanek (1951) report a thickness of 

up to 2,000 ft for the Datil Group rocks in the Jornada 

coal field area. 

Quaternary rocks 

Evidence of a former pediment surface is preserved on 

hilltop gravel deposits. These well-rounded, cobble- 
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sized gravels are at least 50 ft higher than the present 

valley fill and thus indicate that a substantial amount of 

dissection and erosion has taken place since their depo-

sition. 

Younger alluvium and bolson-fill deposits form a 

relatively undissected planar surface in the south-

central part of the Jornada field and lap up onto the 

Mesozoic and Tertiary rocks to the north. This surface 

is preserved by caliche. A veneer of gravel and eolian 

sand covers much of the surface of the recent basin-fill 

deposits. 

Structural geology 

The coal-bearing Cretaceous sedimentary rocks of the 

Jornada del Muerto coal field lie on the moderately dip-

ping western flank of the southward-plunging Prairie 

Springs anticline (Wilpolt and Wanek, 1951). The strike 

of the beds on the west limb swings from nearly north-

south in the northern end of the field to a more westerly 

direction as the nose of the anticline is approached to the 

south. The dip of the beds ranges from 15° to 40° SW. 

and averages 27°. Wilpolt and Wanek (1951) show  

that the Cretaceous beds are faulted downward on the east 

limb of the anticline and not exposed. 

Two sets of faults are apparent in the area. Faults 

oriented diagonally to the north-south axial plane of the 

Prairie Springs anticline are probably shear fractures 

related to the east-west compressional forces that 

caused the folding. Another set of faults, most oriented 

north-south but also some oriented east-west, appear to 

be extensional normal faults. Prominent north-south- 

trending normal faults run through several sections in 

the northwestern part of the area. Numerous unmapped 

faults undoubtedly occur in the areas under cover of 

Quaternary sediments. 

According to preliminary gravity data (Schlue, 1978), 

the Cretaceous rocks of the Jornada field are the north-

eastern exposure of a filled basin that is bounded to the 

southwest by the Carthage coal field (fig. 1). The basin is 

asymmetrical with a very steep southwestern margin near 

Carthage and a moderate slope on the northeastern side. 

Drilling indicates coal-bearing Cretaceous rocks in the 

center of this basin must be greater than 1,000 ft deep 

(Wilpolt and Wanek, 1951). 

Coal 
Surface exposures 

The thickest exposures of coal in the northern part of 

the Jornada del Muerto coal field are found within 100 

ft of the top of the Gallup Sandstone of the Mesaverde 

Group. Thin coal beds are common within this horizon, 

seldom reaching more than 1 ft thick. The best surface 

exposure of coal, found in NW 1/4 SW 1/4 sec. 8, T. 3 

S., R. 3 E., measures 20 inches thick. This exposure is 

about 0.25 mi north of the site of an abandoned mine on 

the Del Curto Ranch. 

Determining the position of the coal beds relative to 

the base of the Mesaverde was impossible because of 

poor exposures in the southern part of the field. Two 

coal beds separated by a foot of shale are exposed in the 

abandoned Law mine in SW 1/4 NW 1/4 sec. 3, T. 4 S., 

R. 3 E. The lower coal is 28 inches thick and the upper 

is 8 inches thick. The coal beds are offset by faulting 

and cannot be traced to the surface. The upper coal has 

many shale partings while the lower one is a good clean 

coal. A channel sample of the lower coal bed was sent to 

the USGS Branch of Coal Resources in Denver, Colo-

rado, for analysis in 1976 (table 1). 

Subsurface geology 

Limited subsurface information is available from 

several federal coal-prospecting permits issued in 1927 

and in the early 1960's and from one test hole drilled in  

1976 by the New Mexico Bureau of Mines and Mineral 

Resources. Earliest drilling consisted of four holes near 

the Law mine, while later drilling occurred in various 

parts of Tps. 3 and 4 S., R. 3 E. The information from 

these holes is presented in appendix 2. 

The four early Law holes ranged from 374 to 987 ft 

deep, but only two holes penetrated coal up to 3 ft thick, 

one at roughly 644 ft and the second at 966 ft. Numerous 

thinner coals are reported from these holes with the 

thickest being 1 ft 8 inches. The 19 holes drilled during 

the 1960's are all less than 350 ft deep and only three are 

deeper than 200 ft. Only two holes, one in the NE 1/4 NE 

1/4 sec. 29 and the other in the NW 1/4 NW 1/4 sec. 33, 

T. 3 S., R. 3 E., intersected coal beds thicker than 3 ft. 

The hole in sec. 29 hit an estimated 7 ft of coal at 139 ft, 

while the hole in sec. 33 hit 4 ft of coal at 119 ft. The 

New Mexico Bureau of Mines and Mineral Resources 

drilled a hole to approximately 360 ft in the SW 1/4 NW 

1/4 sec. 3, T. 4 S., R. 3 E. and penetrated several thin 

coals. The thickest coal was 2 ft 5 inches occurring at a 

depth of approximately 67 ft. 

Chemical analyses 

According to the standard specifications for the 

classification of coals by rank (American Society for 

Testing and Materials, 1967), the analytical results listed in 

table 1 show that the coal from the Law mine in the 
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Jornada field is high-volatile C-bituminous coal. This 

analysis compares closely with the analysis of the coking 

coal from the Hart mine in the Carthage field. The Jor-

nada coal has a slightly higher Btu value and a lower ash 

content; on the negative side, it has a higher sulfur con-

tent. A paper on the carbonizing properties of western 

coals (Reynolds and others, 1946) reports that a coal 

sample from the Law mine produced a poor to fair coke 

and yielded relatively high amounts of light oil and gas. 

Because of environmental considerations, the form and 

content of sulfur in the coal deserve further con-

sideration. The sulfur content of the Jornada coal places 

it in the lower end of the medium-sulfur-content category 

(DeCarlo, Sheridan, and Murphy, 1966). The sulfur 

content, analyzed as received from the mine, consisted of 

0.3 percent as sulfate, 0.70 percent organic sulfur, and 

0.25 percent as pyritic sulfide. The form of the sulfur is 

important because sulfur in the pyritic form can be 

reduced considerably by conventional coal-cleaning 

processes, depending upon the size and distribution of the 

pyritic minerals. The sulfate content of the two samples 

listed may be somewhat higher than normal because of 

recent precipitation of gypsum on the exposed face of the 

abandoned mines. 

Mining 

No mining production figures are recorded for the 

Jornada del Muerto coal field, although at least two small 

mines or prospects are known. The abandoned mine in 

SE 1/4 SW 1/4 sec. 8, T. 3 S., R. 3 E. has been com-

pletely filled in, but the outline of an opening is still visi-

ble at the surface. Some coal cars remain near the open-

ing. No waste dump exists to provide an estimate of the  
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amount of material mined. The Law mine, in SW 'A NW 

'A sec. 3, T. 4 S., R. 3 E., is accessible except near the 

lower half of the 1,080-ft-long slope, where the timbers 

have begun to sag and collapse. According to USGS 

records in Farmington, New Mexico, the mine workings 

(fig. 2) consisted of a main slope driven S. 50° W. and a 

parallel-running back slope that branched off 

the main slope 225 ft from the portal; the slopes were 

driven on 40-ft centers. The mined interval, 10 ft wide 

and 7 ft high, worked a 4-ft coal seam including a 1-ft 

parting. The 8 inches of coal above the shale parting 

contained numerous thin shale partings. Mining halted 

during 1927 when the coal seam was lost because of 

faulting at the back of the slope. 

Economic potential 
The limited data generated in this study indicates that 

the field requires further subsurface exploration. The 

exposed coals in the Jornada field are thin; however, they 

may thicken in the direction of the Carthage field to the 

south, where a 5-ft seam of coal was mined. The results 

of analyses on the samples taken from the Law mine 

indicate that the Jornada coal is of good quality, although 

not necessarily suitable for coking purposes. Exploration 

drilling, especially in the covered southern portion of the 

field, would have to be undertaken to determine the 

extent, thickness, and quality of the coal in the whole 

field before the economic potential of the Jornada del 

Muerto coal field can be assessed. 

Mining in the Jornada field will probably have to be 

by underground methods because the dip of the coal 

beds, from 20° to 40°, is too steep for most strip-mining 

methods. Mineral rights for the majority of the area en-

compassed by the Jornada field are administered by the 

U.S. Bureau of Land Management, although some small 

parcels of land are private. This division of mineral 

rights and the lack of a federal leasing program pose a 

problem to exploration and later mining efforts. 

Faulting, more extensive than that recognized at the sur-

face, may also be a hindrance to mining efforts. 
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