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INTRODUCTION

The Fence Lake 1:50,000 quadrangle {Sheet 1) is the southwest quarter
of the Fence Lake 1:100,000 metric-scale quadrangle. The northern part of
the Salt Lake coal field lies within the Fence Lake 1:50,000 quadrangle,
which covers parts of Townships 3, 4, 5, and 6 north and Ranges 16, 17,
18, 19, 20, and 21 west. The purpose of this report is to determine stra-
tigraphy and structure, as well as to evaluate the quality and quantity of
coal in this part of the Salt Lake coal field. Cretaceous rocks extend over
an area of approximately 400 mi* in the map area, with coal-bearing strata
present over an area of approximately 220 mi*. The oldest exposed unit
mapped is the Triassic Chinle Formatijon, while the youngest consolidated
unit is a basalt flow dated at 1.41 = 0.29 m.y. (Laughlin et al., 1979).

Herrick (1900) traversed this area as part of a reconnaissance of Socorro
and Cibola (then Valencia) Counties. He noted the presence of a dike,
trending to the northwest, in the Datil area and an extensive basalt flow.
Coals were reported and designated as the Fox Hills Formation, but no
thicknesses were given. Shaler (1907) first designated the coal-bearing
strata near Zuni Salt Lake as a separate coal field in a reconnaissance study
of the Durango—Gallup coal field. Shaler noted that the coals were less
than 4 {t thick and assigned them an early Mesaverde age. He also noted
the presence of a basalt flow and an undifferentiated Tertiary unit. Pike
(1947), in a paper discussing the major transgressions and regressions of
the Cretaceous sea in New Mexico, recognized the Atarque Sandstone as
a member of the Mesaverde. His work extended southward to the Atarque
Lake area north of the Salt Lake field. Molenaar (1973) revised some of
Pike’s stratigraphy by dropping the Horsehead Tongue of the Mesaverde
and designating the Atarque Member as the basal member of the Gallup
Sandstone. Molenaar also tentatively extended the Torrivio Member of the
Gallup Sandstone into the Fence Lake area.
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FIGURE 1—Map showing general location of the Salt Lake coal field, the study
area, the authorship of the eight 7'/2-min quadrangles used in this compilation,
and the areal extent of the coal-bearing Moreno Hill Formation.

The eight quadrangles that compose the central portion of the Salt Lake
coal field were mapped jointly by the Coal Resources Branch of the U.S.
Geological Survey and the New Mexico Bureau of Mines and Mineral
Resources (Fig. 1). In addition to surface geologic data, geophysical logs
from 38 drill holes were obtained (Fig. 2; Table 1). Although emphasis was
placed on drilling the Moreno Hill Formation, some holes were extended
down to the Dakota Sandstone for stratigraphic purposes.
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FIGURE 2—Generalized geologic map of the Fence Lake 1:50,000 quadrangle show-
ing locations of drill holes from which geophysical logs were obtained. Drill-hole
locations also are given in Table 1. .
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STRATIGRAPHY

The stratigraphic units mapped in the Fence Lake 1:50,000 quadrangle
range from Triassic to Quaternary. The outcrops are predominantly Cre-
taceous marine and nonmarine sediments overlain by Tertiary and Qua-
ternary units. The descriptions of these units and the generalized composite
geologic column for the Salt Lake coal field are based on outcrop data with
some interpretations from geophysical logs.

Triassic

The Chinle Formation (Fc, Rep) unconformably underlies the Dakota
Sandstone in the southwestern part of the study area. In the north-central
part, the Chinle unconformably underlies the Zuni Sandstone. The Chinle
consists of grayish-red to reddish-brown and purple mudstones, siltstones,

and claystones, with scattered lenses of sandstones and conglomerates. .

As much as 240 ft of this formation are exposed in the study area and are
correlated with the Petrified Forest Member of the Chinle Formation (An-
derson and Frost, 1982; MclLellan, Robinson, and Haschke, 1983).

In a small portion of the north-central part of the study area the Chinle

is overlain by 20-45 ft of Rock Point Member of the Wingate Sandstone
(Fuwr). The Rock Point Member consists of very fine grained, silty, red to
grayish-pink sandstones. The upper 6 ft of this unit are crossbedded and
contain quartz pebbles (McLellan, Robinson, and Haschke, 1983).

Jurassic

The Zuni Sandstone (Jz) is present in outcrop only in the north-central
part of the study area (McLellan, Robinson, and Haschke, 1983), where
it unconformably overlies the Chinle Formation or Wingate Sandstone,
but it has been mapped in detail to the north in the Mesita de Yeso quad-
rangle (Anderson, 1982). The Zuni Sandsione is an eolian, white to pink,
fine- to medium-grained sandstone. Within this sandstone are high-angle
crossbeds and a few pebble conglomerates concentrated along bedding
planes. This unit has a maximum thickness of 90 ft. A geophysical log in
the eastern portion of the map area indicates the presence of 48 ft of Zuni
Sandstone, although no outcrops are present in this area.

Cretaceous

Above the Zuni Sandstone is the main body of the Dakota Sandstone
(Kdm), which consists of both marine and nonmarine sediments in a 65—
85-ft sequence. McLellan, Robinson, and Haschke (1983) describe this unit
as “the upper 50 to 60 ft .. . [of] largely soft-gray, yellow-weathering
claystone and siltstone with a few fairly persistent very fine to fine-grained
limy sandstone beds from 1 to 5 ft in thickness. The sandstone and siltstone
beds are commonly bioturbated and are fossiliferous at some localities.”
The lower 15-25 ft of the main body Dakota Sandstone are predominantly
crossbedded, fine- to coarse-grained, resistant sandstone beds as much as
5 ft thick. The lower part of the main body Dakota includes carbonaceous
siltstones, shales, and coals, as much as 3 ft thick. Geophysical logs show
a slight coarsening upward, as well as cleaner sandstones near the top of
the unit,

The lower part of the Mancos Shale (Kml) is a 55-75-ft-thick, dark-gray
or dusky-yellow marine shale with interbedded claystones and siltstones.
There are limestone concretions as large as 2 ft in diameter in this unit;
however, no fossils were found. Geophysical logs show a few thin, high
density, relatively high gamma responses, which, combined with very low
resistivity readings, may be indicative of bentonite beds.

The Paguate Tongue of the Dakota Sandstone (Kdp) is a massive to
irregularly bedded, fine-grained, yellow to grayish-yellow, poorly sorted,
poorly cemented marine sandstone 20-55 ft thick. The contact between
the lower part of the Mancos and the overlying Paguate Tongue of the
Dakota Sandstone is a gradual change from shales to sandstones. Fossils
collected from the Paguate include Pycnodonte cf., P. kellumi, Plicatula cf.,
P. ferryi, Exogyra levis, E. trigeri, Acanthoceras sp., Turritella sp., and Ceri-
thiopsis sp. The Paguate Tongue weathers to pebble-size angular fragments
forming sandy slopes above the lower Mancos Shale.

Geophysical logs penetrating this unit show an upward-coarsening se-
quence with several interbedded siltstones. The gamma reading is higher
at the bottom of the unit than at the top, indicating more clay in the basal
Paguate Tongue sandstone and progressively reduced amounts of clay
towards the top of the unit, which is indicative of a cleaner sand near the
top of the unit. The sharp contact with the overlying Whitewater Arroyo
Tongue is visible in both outcrops and resistivity logs.

The Whitewater Arroyo Tongue of the Mancos Shale (Kmwa) overlies
the Paguate Tongue of the Dakota Sandstone. This 65-85-ft-thick unit
consists largely of medium dark gray shales with a few siltstones and
contains the large oyster Exogyra trigeri. A persistent 1-ft-thick bentonite
layer, which shows up on geophysical logs as high density and high
gamma readings, as well as cone-in-cone limestone concretions are men-
tioned by McLellan, Haschke, Robinson, and Landis (1983).

The Twowells Tongue of the Dakota Sandstone (Kdf) above the marine
shales of the Whitewater Arroyo Tongue of the Mancos Shale is a sandstone
sequence. The Twowells Tongue is described as an offshore shallow-marine
sandstone (Landis et al., 1973). This unit has a measured outcrop thickness
of 27 fi to the east (Anderson, 1982); however, geophysical logs indicate
39 ft of Twowells Tongue. This unit coarsens upward from a very fine
grained sandstone to a medium-grained, yellow-brown to dark-gray sand-
stone. The Twowells Tongue consists of three units (Anderson, 1982). The
lower unit is a flat-bedded, very fine to fine-grained sandstone with a few
burrows; an upward-coarsening trend is recognizable on the resistivity
log. The middle unit of the Twowells Tongue is an intensely burrowed
and bioturbated, very fine to fine-grained sandstone and has a blocky
resistivity signature. The upper unit is a fine- to medium-grained, planar-
crossbedded unit approximately 6-8 ft thick. The upper unit lies in abrupt
contact with the overlying Rio Salado Tongue of the Mancos Shale. The
gamma log throughout the Twowells Tongue interval is low, indicative of
a fairly clean sand.

TABLE 1—Identification and locations of drill holes from which geophysical logs
were obtained. Drill-hole locations also are shown in Fig. 2.

Map no. Hole no. Location

1 616-33-1 sec. 33, T6N, R16W
2 517- 2-1 sec. 2, T5N, R17W
3 517- 4-1 sec. 4, T5N, R17W
4 518- 6-1 sec. 6, T5N, R18W
5 518-17-1 sec. 17, T5N, R18W
6 517-13-1 sec. 13, T5N, R17W
7 519-20-1 sec. 20, T5N, R19W
8 518-28-1 sec. 28, T5N, R18W
9 518-13-1 sec. 13, T5N, R18W
10 517-31-1 sec. 31, T5N, R17W
11 517-27-1 sec. 27, TSN, R17W
12 517-27-3 sec. 27, TSN, R17W
13 517-27-2 sec. 27, TSN, R17W
14 517-26-1 sec. 26, TBN, R17W
15 517-24-1 sec. 24, THN, R17W
16 516-19-1 sec. 19, T5N, R16W
17 517-25-3 sec. 25, TSN, R17W
18 517-25-1 sec. 25, TSN, R17W
19 516-30-1 sec. 30, T5N, R16W
20 516-32-1 sec. 32, T5N, R16W
21 517-34-1 sec. 34, TSN, RI7W
22 417- 3-1 sec. 3, T4N, R17W
23 418-11-1 sec. 11, T4N, R18W
24 417-14-1 sec. 14, T4N, R17W
25 416— 7-1 sec. 7, TAN, R16W
26 416— 7-2 sec. 7, TAN, R16W
27 417-13-1 sec. 13, T4N, R17W
28 417-23-1 sec. 23, T4N, R17W
29 416-18-1 sec. 18, T4N, R16W
30 416-31-1 sec. 31, TAN, R16W
31 416-27-1 sec. 27, T4N, R16W
32 416-22-1 sec. 22, TAN, R16W
33 416-10-1 sec. 10, T4N, R16W
34 416— 3-1 sec. 3, TAN, R16W
35 518- 3-1 sec. 3, T5N, R18W
36 417-36-1 sec. 36, T4N, R17W
37 417- 8-1 sec. 8, T4N, R17W
38 316- 6-1 sec. 6, T3N, R16W

The overlying Rio Salado Tongue of the Mancos Shale (Kmrs) varies in
thickness in measured sections from 130 ft to 250 ft, with the thicker
sections in the northeastern portion of the Salt Lake coal field. Geophysical
logs indicate as much as 300 ft of Rio Salado Tongue. This unit is composed
predominantly of olive-gray to yellow-brown interbedded shales with thin
beds of fossiliferous limestone concretions and calcarenite. Anderson (1982)
correlates this calcarenite zone with the Bridge Creek Limestone Member
of the Greenhorn Formation. The thin calcarenite beds often contain fossils,
with ammonites in the upper part of the Rio Salado Tongue and Pycnodonte
newberri (Anderson, 1981) in the lower part of the unit.

The Atarque Sandstone (Ka) is the youngest marine unit in the area.
This formation is a regressive marine beach deposit. The thickest section
of the Atarque Sandstone is 120 ft (McLellan, Haschke, Robinson et al.,
1983), and the thinnest is 15 ft. The Atarque Sandstone is not always a
single sandstone unit. In places it consists of as many as three sandstone
bodies over a 25-ft vertical interval. The Atarque Sandstone is characterized
by a sharp upper contact and a gradational lower contact. The lower contact
shows a high density reading because of carbonate present in the fossil-
iferous lower beds. The resistivity readings vary from high in the upper
portion to low in the lower portion of this unit. This variation in resistivity
indicates a coarsening upward of the grain size. The gamma readings are
low for the upper part of the Atarque Sandstone indicating a lack of clays
in the matrix. The lower portion of the Atarque Sandstone has a higher
silt and clay content, which is recognized by an increased gamma reading,

Overlying the Atarque Sandstone is the Cretaceous Moreno Hill For-
mation, a name proposed for the major coal-bearing continental sediments
in the Salt Lake coal field by McLellan, Haschke, Robinson et al. (1983).
The type section for this formation is located in sec. 7, T4N, R18W, where
519 ft of Moreno Hill Formation are present. The Moreno Hill Formation

by Frank Campbell, 1989

consists of a sequence of fluvial-channel fills, crevasse splays, and flood-
plain deposits, which is divided into three members based on outcrop and
subsurface data. The upper member of the Moreno Hill Formation forms
an angular unconformity with the overlying Tertiary units; the lower mem-
ber of the Moreno Hill Formation decreases in thickness to the west. In
the eastern portion of the Salt Lake coal field, in the Cerro Prieto quad-
rangle, Campbell (1981) reported a thickness of 750 ft for the Moreno Hill
Formation.

The lower member of the Moreno Hill Formation (Kmhl) is characterized
by fluvial sandstones with siltstones, mudstones, claystones, and coals.
The thickest section for this member is in the eastern portion of the Salt
Lake coal field. In the Cerro Prieto quadrangle, both geophysical and
outcrop data indicate a thickness of 440 ft for the lower member. It thins
to the west, where Anderson (1981) mapped 100 ft of undifferentiated
Moreno Hill sediments. The sandstone grains in this lower member are
supported by a clay and silt matrix, which can amount to as much as 15%
of the total rock. Some of these sands have a sharp basal contact, which
is indicated by a sudden increase in the resistivity on a geophysical log.
The decreasing resistivity upward from the base is indicative of a channel
sandstone. The gamma log indicates a greater silt content at the top of the
member as would be expected in a channel deposit. Individual channels,
although not correlative from hole to hole, are present in nearly all holes
that penetrate the lower member of the Moreno Hill Formation, indicating
a discontinuous lateral distribution. This type of sandstone-body geometry
is suggestive of a meandering-stream deposit. Crevasse splays are also
recognizable in this sequence. The resistivity patterns for these crevasse
splays have sharp contacts at both the upper and lower boundaries, re-
flecting an abrupt change in grain size. The gamma logs show a slightly
higher value than for the upper member mudstones and claystones be-
cause the lower member mudstones have a greater organic fraction, which
tends to concentrate uranium and thorium. There are no limestones or
dolomites in the lower member, indicating a general absence of lacustrine
deposits. The mudstones and claystones probably represent floodplain
deposits, and those intervals containing carbonaceous shales and coals
probably represent swamps.

The middle member of the Moreno Hill Formation (Kmhm) has not been
mapped throughout the western part of the Salt Lake coal field. Arkell
(1984) could not recognize this unit in the easternmost portion of the field,
indicating a possible eastern pinchout. To the south, in T1 and 2N, R18-
20W, the middle member forms the dominant topographic features. This
member is predominantly a medium- to coarse-grained sandstone with
the grains being angular quartz. No silt or clay matrix is present; the fabric
is grain supported. Feldspar clasts, some as large as 0.5 inch in diameter,
account for as much as 15% of the sandstone, and some iron concretions
also are found. This member is generally a pinkish-yellow color, probably
because of the feldspar clasts and iron concretions. Both trough and planar
crossbeds are present. The resistant nature of this unit makes it one of the
most prominent ledge formers in the area. The thickness of this member
ranges from 28 ft at the type section to a maximum of 80 ft in the Cerro
Prieto quadrangle. Both the lithologic features as well as the presence of
the Torrivio Member of the Gallup Sandstone to the north indicate that
this unit is correlative with the Torrivio Sandstone.

The geophysical log signatures for the middle member of the Moreno
Hill Formation are distinctive and readily identifiable. The resistivity pat-
tern for the middle member is higher than it is for sandstones in either
the upper or lower members of the Moreno Hill Formation. This higher
resistivity pattern reflects the coarser-grained nature of this sandstone.
The upper and lower contacts show sharp changes, which are reflected
in both the resistivity and gamma readings. The density log averages 2.1
gice, which is indicative of a clean sand with a porosity of approximately
20%. Gamma logs show low values and no systematic variation because
of a lack of potassium-bearing minerals, specifically clays, in the matrix.
There is no general fining upward of grain size for the member, as would
be expected in a single channel-fill deposit. The overall resistivity pattern
is blocky, with small portions of the pattern showing a fining upward of
individual channels. Although individual channels cannot be correlated
from hole to hole, the entire sequence can be correlated, indicating a
sheetlike structure that represents a braided-stream deposit.

The upper member of the Moreno Hill Formation (Km#u) contains very
few channel sandstones and is dominated by mudstones and claystones
with some carbonaceous shales and a few thin coals. This unit is generally
greenish yellow to light gray in color. The few sandstones in the upper
member have a high silt and clay content and are poorly cemented, re-
sulting in a nonresistant sandstone. The upper member of the Moreno
Hill Formation is poorly exposed except where it is overlain by the Fence
Lake Formation. The upper member of the Moreno Hill Formation varies
in thickness from 250 ft in the Cerro Prieto quadrangle to less than 30 ft
in the Rincon Hondo quadrangle. In the Tejana Mesa quadrangle, south
of the Cerro Prieto quadrangle, Roybal (1982) reported a thickness of 761
ft. The low resistivity for the upper member indicates predominantly mud-
stones, claystones, and siltstones. A few interbedded sandstones have high
gamma log readings because of the abundance of clays in the matrix.

Tertiary

Overlying the Moreno Hill Formation is the Fence Lake Formation (Ifl),
a Tertiary unit consisting of basaltic boulders. This formation was de-
scribed first informally by Marr (1956) as the “Fence Lake gravel.” Mc-
Lellan, Robinson et al. (1982) renamed this unit the Fence Lake Formation.
The following descriptions are from their paper, in which they designated
a type section in sec. 1, T4N, R18W, where the Fence Lake Formation is
221 ft thick. This formation consists of two units, a lower conglomeratic
unit and an upper sandstone unit. The lower unit contains basaltic boul-
ders that range up to 2 ft in diameter and smaller clasts of rhyolite, chert,
petrified wood, and Cretaceous sandlstone in a calcareous sandstone ma-
trix. At the type section the lower wunit is 41 ft thick; however, in other
areas this unit may be as much as 100 ft thick (Campbell, 1981). The upper
unit is 180 ft thick and consists of calcareous, gray-pink sandstone and a
15-ft-thick cap of volcanic-boulder conglomerate. The base of this forma-
tion is readily apparent on geophysical logs. Calcareous cement and the
conglomeratic layers result in high resistance readings, generally higher
than the readings of the sandstones in the underlying Moreno Hill For-
mation. Densities in the 2.4+ g/cc range are due to the calcite and basalt.

The youngest Tertiary sedimentary unit in the Fence Lake 1:50,000 quad-
rangle, the Bidahochi Formation (T'h, Thu), was mapped by Anderson
(1981) and Anderson and Frost (1982) in the Cantaralo Spring and Twen-
tytwo Spring quadrangles, respectively. These two westernmost quadran-
gles are the only places where the Bidahochi Formation crops out in the
map area; maximum thickness there is 300 ft. Anderson and Frost (1982)
described the Bidahochi Formation as “highly variable light brown sands,
light gray sandstones, and pebbly conglomerates, generally poor to fair
cementation, . . .” with lenses of callcareous cement and volcanic clasts.
The pebble conglomerates within the Bidahochi Formation are matrix sup-
ported and consist of basalt and rhyolite pebbles with a minor amount of
quartzite pebbles.

In the east-central portion of the study area there is an en echelon dike
(Td) composed of olivine basalt. The limbs of this dike system trend 60°
to the northwest. This appears to be a continuation of the same northwest-
trending dike system that goes through Pie Town. Each limb is approxi-
mately 1 mi long and 15 ft wide with left-lateral offset. This dike cuts the
Cretaceous units in the area but is overlain by the Fence Lake Formation.
Using K-Ar methods, Laughlin et al. (1979) reported an age of 27.67 +
0.59 m.y. for the system near Pie Town, placing it within the Oligocene.

Cerro Prieto (Ti) is a large basaltic-andesite volcanic neck in the south-
eastern portion of the map area. Cerro Prieto intruded the Cretaceous
sediments following their deposition and probably was the cause of the
folding, flexuring, and jointing associated with these Cretaceous units. J.
D. Minier (pers. comm. 1987) reported a K-Ar age of 5.98 + 0.14 m.y.;
this Pliocene age makes Cerro Prieto much younger than the nearby dike
system.

Quaternary

The northernmost portion of the map area is covered by a 60-70-ft-thick
andesine-basalt flow, the Jaralosa Draw lobe of the North Plains lava field
(Qb). Laughlin et al. (1979) reported a K—Ar age of 1.41 + 0.29 m.y. for
this flow in T6N, R17W. Because of collapse structures within the basalt,
the surface of this flow contains numerous depressions, which collect
Quaternary alluvium. This flow was not observed to be in contact with
the Fence Lake Formatjon. The underlying Moreno Hill Formation, how-
ever, does form an angular unconformity with the overlying basalt flow.

Other Quaternary deposits individ ually mapped are: (1) unconsolidated
silt and sand (Qae), which is restricted to the area where the Bidahochi
Formation is present in the northernmost part of map area; (2) colluvial
deposits (Qc!) that consist of large blocks of basalt that have broken from
the Jaralosa Draw lobe of the North Plains lava field and that overlie older
sediments; and (3) stream-deposited sediments (Qal) that are found in
valley bottoms. These are generally only a few feet thick, unconsolidated
in nature, and range in size from clay to cobble.

(SW quadrant of Fence Lake 1:100,000 sheet)

S5TRUCTURE OF THE SALT LAKE COAL FIELD

The structure of the Salt Lake coal field is relatively simple. A few major
faults are present, the most prominent of which is located along NM-32
in the western portion of the field. Extensive faulting is indicated in the
Fence Lake and Rincon Hondo quadrangles in the central portion of the
field. Displacement on these faults is difficult to determine as no dips are
recorded for this area, and outcrops are sparse. Calculation of the dips
utilizing subsurface and surface data indicate that the displacements on
these faults are only a few feet at maximum. Fig. 3 is a structural contour
map of the top of the Atarque Sandstone. From this it is readily apparent
that the regional dip of this unit is to the southeast. One prominent struc-
tural feature is a broad northwest-trending syncline in the area of Santa
Rita Mesa. The northeastern limb, which has the best control, has a dip
of approximately 2°. The eastern portion of this area has a southeastern
dip of approximately 1°. The regional dip is 3°-5° to the southeast, but
Tertiary volcanism has caused local deformation throughout the field,
resulting in many small flexures.
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FIGURE 3—Structural contour map of the top of the Atarque Sandstone (elevations
in feet).

COAL GEOLOGY

Work by Campbell (1981), Roybal and Campbell (1981), Roybal (1982),
Campbell and Roybal (1984), and Campbell (1987) has shown that the coals
in the eastern portion of the Salt Lake coal field are bituminous B and C
in rank. Coal resources were calculated by projecting this rank for coals
in the western portion of the field and by using the minimum thickness
of 1.2 ft for bituminous coals in the resource calculations (Wood et al.,
1983). Based on the data from this study, the coal resources for the Salt
Lake coal field are 480 million tons, of which 142 million tons have a
stripping ratio of 20:1 or less. These resources are distributed among four
coal-bearing zones in the Salt Lake coal field. Table 2 shows the measured
and indicated tonnages for three depth categories and a stripping ratio of
20:1 for the four coal zones in the Moreno Hill Formation.

TABLE 2—Coal resources for the four coal zones in the Moreno Hill Formation,
Salt Lake coal field, in million tons. A minimum thickness of 1.2 ft was used in the
resource calculation.

Stripping ratio
20:1 0-150 ft

Depth category
151-250 ft 250+ ft

Coal zone Measured Indicated Measured Indicated Measured Indicated Measured Indicated
Antelope 4.1 30.2 5.5 39.4 4.7 33.5 2.4 17.3
Cerro Prieto 11.7 64.7 24.5 93.1 11.8 46.8 9.3 61.5
Rabbit 6.6 24.9 18.5 §2.7 3.5 10.0 1.7 13.6
Twilight 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Most of the coal resources are in The Dyke and Cerro Prieto quadrangles,
where the thickest beds (in excess of 9 ft) in the field have been found.
Roybal (1982) indicated a southward continuation of the coals that are
present in the southern portion of the Cerro Prieto quadrangle into the
Tejana Mesa quadrangle. The Moreno Hill Formation thins to the west,
thus reducing the thickness of the potential coal-bearing strata.

The oldest outcropping coal zone is in the Dakota Formation in secs. 1
and 2, T3N, RI9W and in sec. 18, T6N, R18W. These coals are poorly
exposed and appear to be only 2-3 ft thick and generally discontinuous.
This Dakota coal zone was penetrated by a drill hole in the Cerro Prieto
quadrangle. No analyses are available for these coals, and no resources
were calculated.

Antelope zone

Four coal zones in the Moreno Hill Formation, the Antelope, Cerro
Prieto, Rabbit, and Twilight zones, are identifiable in outcrop and from
geophysical log data. The lowest zone, the Antelope zone, is present in
the 50-ft-thick interval above the top of the Atarque Sandstone. The coals
in this zone do not crop out in the eastern portion of the Salt Lake coal
field; however, drilling penetrated Antelope zone coals in this part of the
field. In the western portion of the field, the Antelope zone is the only
coal zone present in the Moreno Hill Formation. Based on available data,
there is no trend in thickness for the Antelope zone coals other than the
thickest coals are in the western portion of the field. Fig. 4 shows the areal
distribution and thickness of Antelope zone coals. The Antelope zone
consists of, at most, two beds with an average aggregate thickness of 2.8
+ 1.3 ft. These thin beds average 1.9 + 0.9 ft thick and rapidly grade into
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FIGURE 4—Map showing distribution and thicknesses in feet of Antelope zone
coals in the Fence Lake 1:50,000 quadrangle.

carbonaceous shales as indicated by drill-hole and outcrop data. The An-
telope zone coals are as much as 5.8 ft thick in an outcrop in sec. 31, T5N,
R18W, but this thickness does not continue for any distance laterally. In
some outcrops these coal beds have thin kaolinitic layers, which often
extend throughout the entire bed. The few analyses available for these
coals (Table 3) show an ash content as high as 21.01 + 9.64% and show
an as-received heating value as low as 8,827 + 1,891 BTU/lb. The moist,
mineral-matter-free heating (MMFBTU) value is 11,496 = 272 BTU/Ib since
this coal is agglomerating; a rank of high-volatile C bituminous for these
coals is indicated. MMFBTU values for resource calculations for all four
coal zones are based on nonsulfate-bearing coals (Campbell, 1987). Sulfur
content for these coals is 0.88 = 0.57%, and pyritic sulfur content is 0.35
+ 0.34%. The estimated measured and indicated resources in the Antelope
zone are 103 million tons, of which 34 million tons have a stripping ratio
of less than 20:1 (Table 2).

TABLE 3—Combustion analyses on an as-received basis of the four coal zones in the Moreno Hill Formation, Salt Lake coal field.

Antelope zone

Cerro Prieto zone

Rabbit zone Twilight zone (outcrop)

No. of No. of No. of No. of

samples Mean 5.D. samples Mean 5.D. samples Mean S.D. samples Mean S.D.

analyzed % % analyzed % % analyzed % % analyzed % %
Moisture 5 12.77 2.58 52 13.89 2.33 37 14.40 2.42 4 3.07 0.39
Ash 5 21.01 9.64 52 18.44 7.77 37 15.27 6.11 4 24.94 3.85
Volatile matter 5 2791 5.62 52 29.85 2.30 37 31.51 3.64 4 34.12 0.88
Fixed carbon 5 39.04 6.39 52 39.33 2.30 37 43.03 6.99 4 37.87 2.71
BTU/Mb 5 8,827 1,891 52 9,047 1,201 37 9,234 1,511 4 8,926 1,136
Sulfur 5 0.88 0.57 47 0.67 0.25 37 0.69 0.23 4 0.79 0.38
Carbon 3 50.63 6.01 32 51.00 5.31 12 51.64 3.53
Hydrogen 3 3.74 0.32 32 3.81 0.45 12 3.64 0.52
Nitrogen 3 0.99 0.12 32 0.95 0.08 12 1.02 0.05
Oxygen 3 10.50 0.53 3z 12.06 2.51 12 12.74 2.67
Pyritic sulfur 5 0.35 0.34 47 0.19 0.15 37 0.14 0.08
Sulfate 2 0.08 0.09 26 0.07 0.06 17 0.07 0.08
Organic sulfur 5. 0.48 0.12 47 0.44 0.16 37 0.45 0.23

Cerro Prieto zone

Above the Antelope zone and approximately 150 ft above the Atarque
Sandstone is the Cerro Prieto zone. This zone is not present in the western
portion of the Salt Lake coal field but attains a thickness of 76 ft in the
eastern portion of the field. A maximum of four coal beds compose the
Cerro Prieto zone, with individual beds ranging from 1 to 9.5 ft thick. An
isopach map (Fig. 5) shows the thickest coal to have a northwest-southeast
trend. One major bed in the Cerro Prieto zone varies from 6 to 9.5 ft in
thickness and is readily recognized by two thin kaolinitic partings. These
partings are uniformly 22 inches apart. The upper parting is (.25 inch
thick, and the lower parting is 0.5 inch thick. Based on their uniform
thickness, the constant interval between them, and their wide geographic
extent, these partings are believed to be tonsteins. These two kaolinitic
partings or tonsteins are the only visible mineral matter in these seams,
except for those minerals present as cleat fillings. This coal bed is referred
to as the Double T bed and is best exposed in a bulldozer cut in sec. 9,
T4N, R17W where it measures 7.5 ft. The Double T coal seam was cored
in sec. 31, T4N, R16W, where 9.5 ft of coal were recovered. The three
remaining coal beds in the Cerro Prieto zone are discontinuous and grade
laterally into carbonaceous shales.
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FIGURE 5—Ilsopach map showing distribution and thicknesses in feet of Cerro
Prieto zone coals in the Fence Lake 1:50,000 quadrangle.

The northwest portion of the Cerro Prieto quadrangle contains numer-
ous thin beds of coal. These coals, although laterally continuous, rarely
exceed 3 ft in thickness. Coals in this area are interbedded with channel
sandstones, which, in many cases, cut into the coals. The vertical intervals
between sandstone bodies are generally less than 15 ft. This high frequency
of thinner coals with numerous channels indicates a greater degree of
channeling, restricting coal-swamp development. In the area south of Flat
Top Mesa, the channel sandstones occur less frequently and at vertical
intervals of 30+ ft, and the coals are generally 5-6 ft thick. Where the
thickest coals occur, sec. 31, T4N, R16W, there are only three sandstones
within a 260-ft vertical interval. These thicker coals associated with thicker
and stratigraphically less frequent sandstones are indicative of a more
stable environment with less fluctuation of stream channels, which al-
lowed for thicker coal development. A drill hole located in sec. 31, TSN,
R17W penetrates the entire lower Moreno Hill Formation, and the Cerro
Pricto zone is represented by three thin coal beds and only two 1-ft-thick
sandstones over a 40-ft interval. This is the western boundary for the
Cerro Prieto zone.

The average total coal thickness for the Cerro Prieto zone in the Fence
Lake 1:50,000 quadrangle is 5.2 + 3.2 ft, and the average individual bed
thickness is 3.6 = 1.9 ft. Coals from this zone have an ash content of 18.44
+ 7.77%, an average moisture content of 13,89 + 2.33%, an average sulfur
content of (.67 + 0.25%, and a pyritic sulfur content of 0.19 -+ 0.15%
(Table 3). The Double T bed does not vary significantly from the other
Cerro Prieto zone coals except in ash content, which averages 13.94 =
6.71%. Coals from this zone have an average as-received heating value of
9,047 + 1,201 BTU/Ib and an average moist, mineral-matter-free heating
value of 11,549 = 560 BTU/b, indicating a rank of high-volatile C bitu-
minous. The estimated measured and indicated resources for the Cerro
Prieto zone are 247 million tons, of which 76 million tons have a stripping
ratio of less than 20:1 (Table 2).

Rabbit zone

The next coal zone in the Moreno Hill Formation is the Rabbit zone.
The base of this zone is located approximately 290 ft above the top of the
Atarque Sandstone and approximately 60 ft below the base of the middle
member of the Moreno Hill Formation in the eastern part of the Salt Lake
coal field. Like the Cerro Prieto zone, the Rabbit zone thickens from west
to east, being 3.0 ft thick at its westernmost extent and 70 ft thick in the
east. The Rabbit zone has as many as four coal beds; generally the second
bed from the bottom is the thickest. This bed, referred to as the Lagus
bed, has a single kaolinitic parting, which distinguishes this zone from
the lower Cerro Prieto zone. The kaolinitic parting has a uniform thickness
of 0.5 inch and is found near the top of the bed. The Lagus bed has a
maximum outcrop thickness of 12.0 ft in sec. 27, T5N, RI7W. In a drill
hole in sec. 30, T5N, R16W, this bed is 7.5 ft thick; however, in sec. 23,
T5N, R16W, it is absent, indicating a rapid eastward thinning. Coal in sec.
33, TéN, R16W also contains a single tonstein, indicating a northeast trend
for the Rabbit zone. In this drill hole, 11 ft of coal are present in three
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FIGURE 6—lsopach map showing distribution and thicknesses in feet of Rabbit
zone coals in the Fence Lake 1:50,000 quadrangle.

beds over a 60-ft vertical interval. Drilling farther north showed no con-
tinuation of this coal.

Isopach mapping of the total coal thickness in the Rabbit zone (Fig. 6)
shows a northeast-southwest trend of greatest coal thickness. In contrast
with Cerro Prieto zone coals, the thickest Rabbit coals are located north
of Flat Top Mesa. The Rabbit zone dwoes not extend northwest of sec. 12,
T5N, R17W, where it is present as a 2-ft-thick bed. To the south Rabbit
zone coals are found as a 2-ft-thick outcrop in sec. 31, T4N, R16W. Roybal
(1982) noted the presence of Rabbit coals in the Tejana Mesa quadrangle
south of the Fence Lake 1:50,000 quadrangle.

The average total coal thickness in. the Rabbit zone is 4.4 + 3.1 ft, and
the average bed thickness is 3.2 = 1.9 ft. The average as-received ash is
15.27 + 6.11%, and the average moisture content is 14.40 + 2.42%. Sulfur
averages 0.69 = 0.23%, and the pyritic sulfur content averages 0.14 =
0.08% (Table 3). The average as-received heating value for this zone is
9,234 + 1,511 BTU/Ib, and the average moist, mineral-matter-free heating
value is 11,767 = 199 BTU/D, indicating a rank of high-volatile C bitu-
minous. The estimated measured amd indicated resources for the Rabbit
zone are approximately 130 million tons, of which 32 million tons have a
stripping ratio of less than 20:1 (Table 2).

Twilight zone

The highest coal zone in the Moreno Hill Formation, the Twilight zone,
is found within a 50-ft interval in the upper member of the Moreno Hill
Formation. This zone consists of from one to three beds, each as much as
2.5 ft thick. From the data available, no beds in the Twilight zone are
traceable to any extent. Plots of the known outcrops of this zone (Fig. 7)
show that it is restricted to the eastern portion of the Salt Lake coal field.
Contouring was not attempted because of the isolated occurrences of these
coals. The average bed thicknessis 1.8 + 0.5 ft. Coals from this zone have
an average as-received ash contentof 24.94 + 3.85%, an average moisture
content of 3.07 = 0.39%, and a heating value of 8,926 + 1,136 BTU/Ib
(Table 3). These values, however, are based on outcrop data and do not
reflect fresh coal analyses. The estimated measured and indicated re-
sources were not calculated because of the lack of data.
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Comparison with continemntal and regressive coals

Table 4 compares the combustion analyses of the Moreno Hill Formation
coals with the combustion analyses of coals from the regressive Cleary
Member of the Menefee Formation and with the combustion analyses of
coals from the continental Gibson/Cleary Member in the Gallup coal field.
The as-received moisture content for the Moreno Hill Formation coals is
significantly lower than that found for either the Cleary Member coals or
the Gibson/Cleary coals. Ash content, on the other hand, is much higher
in the Morene Hill Formation coals, even though the only visible partings
are tonsteins. This indicates that the moncleat mineral matter in these coals
was carried in during peat depositiion rather than during overbank or
crevasse-splay deposition, which would be reflected by visible partings.
The volatile matter in the Moreno Hiill Formation coals is lower than that
in either the Cleary Member coals or the coals of the Gallup field, on either
an as-received or a dry ash-free basis. The heating value for the Salt Lake
Moreno Hill Formation coals is nearly 1,000 BTU/Ib lower than the heating
values for the coals from the other two areas, whether they are compared
on an as-received or a dry ash-free basis. In general, the ultimate analyses
are significantly lower than what is found for the other two coal popu-
lations. Pyritic sulfur content of the Moreno Hiil Formation coals is more
similar to that of the Gibson/Cleary Member coals in the Gallup field than
to the regressive coals from the Cleary Member of the Menefee Formation.
Likewise, the organic sulfur content of both Moreno Hill and the Gibson/
Cleary Member coals is lower than the organic sulfur content of the re-
gressive Cleary Member coals. For both the Moreno Hill Formation coals
and the Gibson/Cleary coals in the Gallup area the lack of marine influence
has kept the pyritic sulfur and the total sulfur low. Casagrande (1977) has
shown that peats formed with no marine influence have a lower sulfur
content than peats formed with marine influence.

TABLE 4—Combustion analyses on an as-received basis for Moreno Hill Formation
coals of the Salt Lake coal field, coals from the Cleary Member of the Menefee
Formation, and Gibson/Cleary Member coals of the Gallup coal field.

Gibson/Cleary Member

Moreno Hill of Crevasse Canyon/
Formation Cleary Member Menefee
(Salt Lake coal field) Menefee Formation {Gallup coal field)
No. of No. of No. of
samples Mean S5.D. samples Mean S.D. samples Mean 5.D.
analyzed % % analyzed % % analyzed % Y%
Equilibrium moisture 92 14.02  2.38 50 15.28 298 30 13.26 3.55
Moisture 94 11.45  6.18 52 14.42 266 30 13.66 1.93
Ash 94 17.00 7.42 52 1295 5.59 30 9.42 5.68
Volatile matter 94 2972 3.67 52 35.75 286 30 38.17 2.95
Fixed carbon 94 40.79  8.53 52 36.88 3.65 30 38.75 395
BTU/b 94 8,939 1,323 52 9,914 2,255 a0 10,740 705
Sulfur 94 067 0.26 52 0.87 0.57 36 0.55 0.46
Carbon 47 5143 5.08 52 59.27 5.34 36 63.85 4.48
Hydrogen 47 379  0.47 52 513 0.44 36 5.45 0.32
Nitrogen 47 098 0.08 52 111 0.16 36 1.12 0.10
Oxygen 47 1212 2.50 52 15.63 279 36 13.99 1.37
Pyritic sulfur 59 018 0.15 52 0.29 0.30 36 0.09 0.10
Sulfate 45 0.07  0.07 34 0.05 0.4 15 0.04 0.09
Organic sulfur 89 0.43 0.17 52 0.53 0.40 36 0.44 0.33
CHEMICAL ANALYSES

The chemical analyses run on the coals from the Salt Lake coal field
consist of the major oxides (5i0,, ALO,, Fe,O,, TiO,, Ca0, MgO, Na,0O,
K,O, P,0,) and the water-soluble alkalies (Table 5). Only three samples
from the Antelope zone were analyzed, not enough for meaningful com-
parisons with the other two zones. The averages of these major oxides
for the three zones do not differ greatly. The Cerre Prieto and Rabbit zones

DESCRIPTION OF UNITS

Colluvium—large blocks of basalt thot have broken from flow (&) and overlie

el older sediments

Qae Eolian and fluvial deposits—unconsclidated silt and sand overlying the upper
S Tibw: 2 Bidahochi Formation (T6u) in northernmost part of map

il | Alluvium—stream-deposited sediments in valley bottoms; generally only a few

feet thick; unconsolidated; range in size from clay to cobble

Jaralesa Draw lobe of North Plains lava field—andesine-basalt flow 60
{60 S 70 ft thick; given K—Ar age of 1.41 £0.29 m.y. by Laughlin et al. {1979} in
T6N, R17W, Umconformcbly overlies Moreno Hill Formation

Bidahochi Formation—Ilight-gray, coarse- to fine-grained sandstones, highly
variable light-brown sands, and pebbly conglomerates; fair 1o poor cementation
with calcareous cemented lenses and volcanic clasts; conglomerates consist of
basaltic and rhyclitic pebbles and a minor amount of quartzite pebbles

Th

Fence Lake Formation-—lower, coarse conglomerote unit contains subrounded
to subangular pebbles, cobbles, and boulders of basalts, rhyolites, cherts, and
TF| quartzites, and pefrified-wood fragments in o calcareous sandstone matrix;
upper unit is paorly sorted, very fine to coarse-grained, grayish-pink, calcareous
sandstones containing quartz, feldspar, and mafic-mineral fragments

Cerro Prieto—basaltic-andesite volcanic neck in southeastern part of map area;
intrudes Cretaceous units; K—Ar age of 5.98+0.14 m.y. (J. D. Minier, pers.

Ti comm. 1987); Pliocene age is much younger than K—Ar age given nearby dike
system

Dike—en echelon olivine-bosalt dike in east-central part of study area; cuts

P Td Cretaceous units in the area'but is overlain by Fence Lake Formation; K--Ar age

of 27.67 +0.59 m.y. (Laughlin et al., 1979) places dike within Oligocene

Upper member of the Moreno Hill Formation---green to yellow-gray to
Kmhu light-gray, fluvial mudstones, claystones, and siltstones with a few, thin, silty,
fine-grained sandstones and a single zone of thin coals

: Middle member of the Moreno Hill Formation—Ilaterally continuous, pink-
| Kemibm ish-yellow, subangular, medium- to coarse-grained, fluvial quartz sandstones
. with feldspar fragments; sandstones are planar to trough crossbedded

Lower member of the Moreno Hill Formation—nonmarine series of yellow-
Kmhl gray, medium- to fine-grained sondstones, interbedded dark-gray to black
mudstones and claystones, carbonacecus mudstones, and three major coal zones

Atarque Sandstone—lower yellow, flat-bedded, burrowed, fossiliferous
sandstones coarsen upward from fine to very fine grained and.are overlain by
a middle unit of highly crossbedded sandstones and an upper unit of yellow,
fine-grained, intensely burrowed marine sandstones

] <G

Rio Salado Tongue of the Mancos Shale—offshore-marine, olive-gray to
Kmrs yellow-brown shales with thin beds of fossiliferous limestone concretions, cal-
carenite, and glauconite

Twowells Tongue of the Dakota Sandstone—vellow-brown to dark-gray,
fine- to medium-grained sandstones; basal unit of very fine to fine-grained,
poorly bedded sandstones overlain by a middle unit of very fine to fine-grained,
massive, burrowed sandstone and a planar-crossbedded upper unit

Whitewater Arroyo Tongue of the Mancos Shale—medium dark gray,
Kmwa fossiliferous shales and siltstones, thin 'bentonite beds, .and cone-in-cone lime-
stone concretions

Paguate Tongue of the Dakota Sandstone—yellow to grayish-yellow, fine-

Kdlp grained sandstang is-poorly sorted, poorly cemented, and massive to irregularly
bedded: fossiliferous

;

Lower part of the Mancos Shale—dark-gray to dusky-yellow marine shale

Kim| with interbedded siltstones and limestone concretions

Main ‘body of the Dakota Sandstone—marine to nonmarine; upper two-
thirds .cre yellow-gray to gray claystones and siltstone with a few resistant,
Kdm very fine fo fine-grained calcareous sandstones; claystones are fossiliferous;
lower one-third is fine- to coarse-grained sandstone; carbonaceous silistones,
claystones, and coals occur locally in both upper and lower portfions

Zuni Sandstone—white to pink, fine- to medium-grained eclion sandstone;
Jz high-angle crossbedding; a few pebble conglomerates concentrated along bed-
ding planes within the unit

Rock Point Member of the Wingate Sandstone—red to grayish-pink, very

e fine grained, silty sandstone; crossbedded in upper 6 f
- ‘Chinle Formation—grayish-red to reddish-brown, light-green to grayish-green
< and purple nonmarine ‘mudstones, siltstones, and claystones; scattered lenses
of sandstone and conglomerate
Rep

TABLE 5—Analyses on a whole-coal basis of major oxides and water-soluble alkalies
in the Moreno Hill Formation coals, Salt Lake coal field.

Antelope zone Cerro Prieto zone Rabbit zone

No. of No. of No. of

samples  Mean 5.D. samples  Mean S5.D. samples Mean 5.D.

analyzed % % analyzed % % -analyzed % %
Si0), 3 931 622 44 9.64 4.38 32 8.27 3.39
AlLO, 3 288  0.69 44 435 221 32 3.56 1.57
Fe,O, - 3 1.03 054 44 0.74 0.56 32 0.61 0.34
Fe, 0,5, 3 098 0.51 44 0.72  0.55 32 0.60 0.34
TiO, 3 023 01 44 025 0.14 32 0.21  0.10
CaO 3 0.54  0.09 44 0.72 046 32 0.74 0.42
MgO 3 0.09  0.02 44 0.19 0.07 32 0.09 0.03
Na,O 3 0.13 0.06 44 0.14 0.40 32 0.11  0.37
IO 3 0.07 0.44 44 0.05 0.05 32 0.04 0.05
P05 3 0.01  0.00 44 0:02 0.01 32 0.02  0.01
HNa,O 3 0.08 (.01 32 0.05 0.03 12 0.03 0.01
HIK,O 3 0.003 0.001 32 0.003 0.003 12 0.004 0.003
BIA 3 019  0.14 44 0.13 0.06 32 0.15  0.13
B/AX 3 0.08 0.04 44 0.08 0.04 32 0.09 0.07
Eq. Si 3 81.10 13.10 44 85.40 5.14 32 84.00 8.00

HNa,O = water-soluble sodium

HK,O = water-soluble potassium

B/A = base/acid ratio

B/A* = B/A minus water-soluble alkalies and sulfide iron
Eq. Si = equivalent silica

differ only in the amounts of 510, and ALO, present; however, the ratio
of ALO, to 5i0, is similar, indicating that the same amounts of clays and
quartz are present in these two zones. The total iron in two of the zones
is similar; however, the three samples from the Antelope zone contain
considerably more iron than either the Cerro Prieto or Rabbit zones. Cau-
tion must be exercised here because of the paucity of samples from the
lowermost Antelope coal zone. Removal of the iron present in the form
of sulfides does not reduce the nonpyritic iron content significantly. This
correlates with the low pyrite/marcasite content found in these coals.
The water-soluble alkalies differ considerably between the Cerro Prieto
and Rabbit zones. The water-soluble sodium in the Cerro Prieto zone is
significantly higher and more variable (0.05 = 0.03%) than that present
in the Rabbit zone (0.03 = 0.01%). The amount of sodium attributable to
water-soluble sodium in the Cerro Prieto zone is 45%, while in the Rabbit
zone, only 27% of the sodium is attributable to the water-soluble form.
Water-soluble potassium for both zones is approximately equal, with an
average of 0.003 = 0.003% for the Cerro Prieto zone and an average of
0.004 + 0.003% for the Rabbit zone. The water-soluble potassium is 6%
of the total potassium in the Cerro Prieto zone and 10% of the total po-
tassium in the Rabbit zone. The total alkali content of the water in the Salt

Lake coal field averages 0.02 + 0.01% (McGurk and Stone, 1986}, consid-

erably less than the water-soluble alkali content of the coals. Thus, the
local water could be used to remove some of the alkali content of the coals
to establish better control of the ash-fusion characteristics of these coals.

The estimated temperatures at which the coal ash reaches a viscosity of
250 poise are uniform, averaging approximately 2700° F, which reflect the
uniform content of the major oxides in the Cerro Prieto and Rabbit coal
zones. Removal of the water-soluble alkalies, as well as the sulfide iron
reduces the base/acid ratio somewhat, but more importantly it reduces the
variability of this ratio within the coals, providing a more uniformly fouling
ash in power plants.

Six seams in the Cerro Prieto and Rabbit coal zones were cored and
sampled in detail; three cores were taken from the Rabbit zone, and three
were taken from the Cerro Prieto zone. Samples were taken at 1-ft intervals
over the entire thickness of the bed. Table 6 shows the vertical distribution
of the major oxides, as well as the water-soluble alkalies, chlorine, and
fluorine. The top 1-ft interval of several of the cores (four out of six) is
enriched in several elements (Fe, Ca, Na, and K). This enrichment is not
simply attributable to a higher ash content, as can be seen in two drill
holes in the Cerro Prieto coal zone in sec. 6, T3N, R16W and sec. 23, T4N,
R17W where low-ash samples have a higher concentration of these ele-
ments. The upper samples in the two cores are greatly enriched in sodium
when compared with the underlying sample intervals. Removal of this
uppermost sample interval reduces the mean sodium content for these
Cerro Prieto zone coals to 0.6 = 0.06%, similar to what is found for the
field as a whole. The potassium content of these samples reflects the
sodium content, with the uppermost interval having the greatest amount
of potassium. Water-soluble sodium and potassium do not occur in suf-
ficient amounts to account for the increased concentrations at the top of
the seam. Water-soluble sodium and potassium for these samples, in gen-
eral, occur in far greater quantities than what is needed to combine with
the available chlorine to form halite or sylvite. Preliminary work at the
New Mexico Bureau of Mines and Mineral Resources indicates that a
notable quantity of water-soluble sulfate is present in these coals, which
could occur in the form of sodium or potassium sulfates.
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TABLE 6—Vertical distribution of the major oxides, chlorine, fluorine, and water-soluble alkalies in the Moreno Hill Formation coals, Salt Lake coal

field. All elemental analyses reported on a whole-coal basis. - indicates analysis not run.

Cored interval Ash SiO, Al, O, TiO, Fe,0, MgO CaO K,O Na,O P,0s Cl F HNa HK
Location (in feet) % %o % % % % %o % % % ppm ppm ppm ppm
Cerro Prieto 48.0- 49.0 10.73 5.59 2.29 0.16 0.62 0.08 0.50 0.02 0.04 0.05 101 156 423 50
coal zone 49.0- 50.0 8.39 4.32 1.55 0.14 0.18 0.08 0.49 0.01 0.04 0.02 41 136 531 89
sec. 31, 50.0- 51.0 12.71 6.83 2.61 0.21 0.53 0.07 0.53 0.02 0.05 0.06 159 159 273 23
T4N, R16W 51.0- 52.0 9.44 4.46 2.43 0.17 0.15 0.04 0.56 0.01 0.05 0.12 - - 980 130
52.0- 53.0 15.67 9.60 2.89 0.20 0.71 0.06 0.46 0.01 0.07 0.17 175 152 506 39

53.0- 54.0 12.36 6.93 2.81 0.37 0.19 0.04 0.12 0.01 0.08 - 134 110 342 20

Cerro Prieto 48.2- 48.9 33.61 17.68 5.65 0.46 1.79 0.44 3.43 0.13 2.73 - 123 113 848 48
coal zone 48.9- 49.8 37.31 19.41 5.90 0.31 2.06 0.45 4.21 0.11 0.29 - 201 100 555 36
sec. 6, 49.8- 50.7 10.46 5.31 1.95 0.18 0.78 0.08 0.78 0.03 0.06 - 164 115 478 57
T3N, R16W 50.7- 51.6 13.25 6.23 3.31 0.17 1.46 0.08 0.52 0.08 0.10 - 117 177 353 55
Cerro Prieto 31.0- 32.0 14.63 4.51 2.93 0.25 0.82 0.10 2.70 0.13 2.13 0.03 375 149 867 85
coal zone 32.0- 33.0 36.72 19.20 12.30 0.30 0.68 0.08 0.97 0.07 0.10 0.04 63 98 853 103
sec. 23, 33.0- 34.0 7.34 4.02 1.17 0.08 0.15 0.05 0.48 0.01 0.04 - 93 73 540 74
T4N, R17W 34.0- 35.0 14.47 7.66 3.88 0.46 0.26 0.05 0.61 0.12 0.03 - 299 165 437 62
35.0- 36.0 11.31 4.47 1.59 0.03 1.37 0.11 1.21 0.08 0.03 0.06 168 150 548 48

No. of samples analyzed 15 15 15 15 15 15 15 15 15 8 14 14 15 15
Mean 16.56 8.41 3.55 0.23 0.78 0.12 1.17 0.06 0.39 0.07 158 132 569 61

S.D. 10.39 5.57 2.78 0.13 0.62 0.13 1.24 0.05 0.84 0.06 89 31 216 30

Rabbit 138.0-139.0 37.97 19.50 6.35 0.32 1.07 0.21 4.55 0.43 0.14 0.06 266 298 576 94
coal zone 139.0-140.0 7.93 3.35 1.43 0.01 0.62 0.05 0.54 0.02 0.05 - 115 139 L 22
sec. 14, 140.0-141.0 24.25 12.27 7.66 0.20 0.62 0.06 0.93 0.04 0.07 - 138 143 560 62
T4N, R17W 141.0-142.0 6.34 2.84 1.35 0.06 0.32 0.05 0.57 0.01 0.05 0.06 145 151 417 43
142.0-143.0 10.00 4.79 2.22 0.24 0.43 0.04 0.60 0.02 0.05 0.06 102 155 481 55

Rabbit 180.0-181.0 12.78 7.93 3.51 0.18 0.21 0.09 0.64 0.02 0.02 - - - — —
coal zone 181.0-182.0 31.45 20.21 7.48 0.38 1.69 0.02 0.84 0.25 0.03 0.01 115 94 593 39
sec. 30, 182.0-183.0 13.73 8.05 3.93 0.26 0.42 0.08 0.68 0.02 0.01 - 156 155 462 51
TSN, R16W 183.0-184.0 8.93 4.89 1.46 0.15 0.33 0.07 0.54 0.00 0.02 0.17 132 145 405 38
184.0-185.0 12.42 7.18 3.56 0.27 0.54 0.09 0.61 0.01 0.02 0.04 121 163 356 55

185.0-186.0 7.69 3.75 1.78 0.10 0.47 0.07 0.79 0.01 0.03 0.05 159 105 318 39

186.0-186.5 12.39 7.13 3.22 0.19 0.78 0.12 0.67 0.06 0.02 0.02 135 149

Rabbit 42.8- 43.7 18.39 11.61 3.04 0.28 0.54 0.08 0.48 0.01 0.02 0.34 123 87 192 26
coal zone 44.1- 45.0 13.49 - 2.23 0.21 0.40 0.06 0.35 0.01 0.02 - - 97 276 48
sec. 33, 89.0- 90.0 19.13 11.71 5.69 0.30 1.14 0.09 1.12 0.03 0.03 0.05 106 83 248 35
T6N, R16W 96.6— 97.4 18.53 9.71 4.82 0.32 0.49 0.05 0.43 0.03 0.02 0.02 248 100 276 60
97.4- 98.7 9.48 - 2.46 0.16 0.25 0.02 0.22 0.02 0.01 - - - 147 14

98.7- 99.8 4.66 1.99 0.92 0.04 0.19 0.06 0.50 0.01 0.02 - 284 91 213 26

No. of samples analyzed 18 16 18 18 18 18 18 18 18 11 15 15 16 16
Mean 15.22 8.56 3.51 0.20 0.58 0.07 0.84 0.06 0.04 0.08 156 138 373 LY

S.D. 9.02 5.47 2.10 0.10 0.38 0.04 0.95 0.11 0.03 0.10 59 53 141 19

TABLE 7—Vertical distribution of the trace-element compositions of the Moreno Hill Formation coals, Salt Lake coal field. All analyses reported on

a whole-coal basis. — indicates analysis not run.

Cored interval Ash As Be Cr Cu Hg Li Mn Mo Nb Ni Pb Sb Sr \4 Zn
Location (in feet) % (values in ppm)

Cerro Prieto 48.0- 49.0 10.73 - 2.0 5 7 - 4 23 24 5 2 7 - 12 12 4
coal zone 49.0- 50.0 8.39 0.8 6.0 10 19 0.33 3 76 - - 3 12 0.40 155 25 5
sec. 31, 50.0- 51.0 12.71 1.1 0.3 6 11 0.18 4 36 30 3 1 5 0.27 35 10 3
T4N, R16W 51.0- 52.0 9.44 - 0.2 3 7 0.03 3 63 24 2 1 2 - 6 3 2
52.0- 53.0 15.67 1.1 0.4 8 15 0.20 4 41 34 2 1 3 0.47 29 5 1
Cerro Prieto 48.2- 48.9 33.61 1.9 0.7 1 7 0.09 11 168 57 7 6 9 0.31 132 11 11
coal zone 48.9- 49.8 37.31 2.3 1.0 17 29 0.02 11 209 70 9 11 11 0.27 173 19 22
sec. 6, 49.8- 50.7 10.46 15 1.0 8 9 0.11 5 104 24 2 5 6 0.70 39 8 8
T3N, R16W 50.7- 51.6 13.25 1.8 4.0 8 9 - 3 60 32 4 6 4 1.87 28 8 8
Cerro Prieto 31.0- 32.0 14.63 1.8 1.0 23 16 0.26 1 439 B5 - 1 5 0.18 89 5 2
coal zone 32.0- 33.0 36.72 0.5 0.2 4 16 0.14 2 104 122 10 0.0 1 - 3 1 1
sec. 23, 33.0- 34.0 7.34 1.0 2.0 6 24 0.60 11 14 5 2 5 1 0.51 17 9 -
T4N, R17W 34.0- 35.0 14.47 0.8 0.7 9 15 - 2 123 33 - 2 6 0.54 41 13 3
35.0- 36.0 11.31 0.9 4.0 3 8 0.20 2 249 23 3 3 1 0.39 25 4 b
No. of samples analyzed 14 12 14 14 14 11 14 14 13 11 14 14 11 14 14 13
Mean 16.86 1.3 1.7 8 14 0.14 5 122 41 4 3 5 0.5 56 10 6
S:D: 10.61 0.6 1.8 6 7 0.10 4 115 30 3 3 4 0.5 57 6 6

Rabbit 138.0-139.0 37.97 1.2 0.1 26 14 0.12 1 106 74 1 0.27 16 3

coal zone 139.0-140.0 7.93 1.0 0.8 2 5 0.10 6 18 9 4 0.21 45 59
sec. 14, 140.0-141.0 24.25 0.7 0.2 4 15 0.18 3 70 74 6 3 2 0.61 6 3 2
T4N, R17W 141.0-142.0 6.34 1.2 2.0 3 6 0.04 11 14 16 1 8 0.0 0.49 93 9 5
142.0-143.0 10.00 7.0 3.0 11 9 0.19 3 160 24 5 5 26 0.82 38 21 4
Rabbit 181.0-182.0 31.45 1.1 0.3 22 8 - 7 42 63 10 3 8 0.55 47 18 14
coal zone 182.0-183.0 13.73 1.4 1.0 3 9 0.19 4 91 - - 3 10 0.26 93 27 4
sec. 30, 183.0-184.0 8.93 1.0 0.6 9 11 0.23 4 89 - - 3 6 0.35 89 22 3
T5N, R16W 184.0-185.0 12.42 - 0.8 12 12 0.18 6 75 - - 3 10 0.23 89 36 3
185.0-186.0 7.69 0.8 0.6 7 3 0.16 2 45 20 1 3 2 0.24 27 6 2
186.0-186.5 12.39 1.1 2.0 11 10 0.26 2 99 - - 7 7 0.70 88 30 5
Rabbit 42.8- 43.7 18.39 1.8 3.0 6 18 0.11 12 19 42 2 6 5 1.41 34 11 4
coal zone 44.1- 45.0 13.49 0.9 4.0 11 12 0.10 7 40 36 3 9 5 1.50 36 11 4
sec. 33, 89.0- 90.0 19.13 1.0 2.0 9 24 - 8 39 22 6 4 23 - 42 28 15
T6N, R16W 96.6- 97.4 18.53 0.8 5.0 6 9 0.28 12 66 55 7 4 9 1.10 20 21 10
97.4- 98.7 9.48 1.8 2.0 1 8 - 5 25 16 1 2 2 0.45 41 6 3
No. of samples analyzed 16 15 16 16 16 13 16 16 12 12 16 16 15 16 16 16
Mean 15.76 1.5 1.7 9 11 0.16 6 62 38 4 4 8 0.61 50 19 5
S.D. 8.96 1.6 1.4 7 5 0.07 4 40 24 3 2 7 0.42 30 15 4




The chlorine content of these two coals is similar, the Cerro Prieto zone
coals being slightly higher (158 + 89 ppm) than those from the Rabbit
zone (156 + 59 ppm). Fluorine values are essentially the same; the Cerro
Prieto zone coals average 132 + 31 ppm, and the Rabbit zone coals average
138 + 53 ppm.

Ash-fusion temperatures based on base/acid ratio calculations (Sage and
Mcllroy, 1960) were calculated from the core presented in Table 6 and are
similar for the Cerro Prieto and Rabbit coal zones. The greater range of
base/acid ratios for coals from the Cerro Prieto zone, averaging 0.21 *
0.18, is reflected in a greater range of fusion temperatures. The temper-
atures needed for the ash of these coals to reach a viscosity of 250 poise
range from 2800° F to 2200° F. Coals from the Rabbit zone with an average
base/acid ratio of 0.15 + 0.07 have much more uniform ash-fusion tem-
peratures, ranging from 2800° F to 2650° F. These base/acid ratios differ
from those presented in Table 5 because they represent the fluctuations
within a few seams and not over the entire field.

The vertical distribution of the trace-element compositions in the Cerro
Prieto and Rabbit coal zones is presented in Table 7. These two coal zones
do not differ in the average whole-coal concentrations of trace elements
except in manganese and vanadium. The Cerro Prieto zone has a notably
higher average (122 + 115 ppm) of manganese than the Rabbit zone (62
+ 40 ppm). However, the Rabbit zone is significantly higher in vanadium
(19 + 15 ppm) than the Cerro Prieto zone (10 + 6 ppm). Barium was run
on all 1-ft intervals but was not detected.

The relationships of the trace elements within each zone show some
interesting differences. In the Rabbit zone strontium, manganese, and
nickel have a negative association with the ash content of the coal, indi-
cating an organic affinity. Whereas the Cerro Prieto zone coals have only
manganese and beryllium associated with the organic fraction of the coal.

Carbon tetrachloride was used to separate the minerals from the organic
fraction of these samples. The mineral content of the Moreno Hill For-
mation coals, as determined by x-ray diffraction, consists of carbonates,
sulfides, kaolinite, quartz, and sulfates. The kaolinite and quartz occur as
finely disseminated grains within the coals. The diffraction patterns did
not show any clay minerals except kaolinite. The absence of other silicates
would then indicate that the silica present after removal of what is needed
for kaolinite essentially represents the quartz in the sample. No vertical
trends were observed for the nonkaolinitic silica. The iron presented in
these tables reflects the nonsulfide iron in the coal. Pyrite, calcite, and
gypsum are found largely as sheetlike growths along cleat surfaces. Gyp-
sum is present on coal outcrops and in shallow cores, probably the result
of weathering (Campbell, 1987). At present, none of the zones can be
characterized based on mineral content.

A statistical summary of the major-oxide and trace-element contents of
the Salt Lake coals is presented in Table 8. Averages for both the Cleary
Member coals of the Menefee Formation and the Gibson/Cleary Member
coals in the Gallup coal field are provided for comparison. The Gibson/
Cleary Member was chosen because there are no marine influences from
either an overlying or underlying marine unit. The Cleary Member of the
Menefee Formation is a regressive sequence, which is underlain by the
Point Lookout Sandstone. The only coal zone in the Moreno Hill Formation
that has been influenced by marine deposition is the Antelope coal zone,
which rests on top of the regressive Atarque Sandstone.

Total SiO, and AlO; content for the Moreno Hill Formation coals of the
Salt Lake field is much higher than that found in the coals of the Cleary
Member or the Gibson/Cleary Member. However, the ratio of AL,O, to
Si0, is similar for all three groups of coals, indicating similar amounts of
free quartz. The total iron content for these three groups of coals is similar,
but the proportion of the different components is not the same. Removal
of the iron in pyritic sulfur does not reduce the amount of iron significantly
in the coals from the Salt Lake coal field, and this nonpyritic iron is similar
to the amount of nonpyritic iron present in the Gibson/Cleary Member
coals. Coals from the Cleary Member of the Menefee Formation have a
much greater percentage of the total iron in the pyritic form. The concen-
tration of titanium is significantly higher in coals from the Salt Lake coal
field than what is found in coals from either the Cleary Member or the
Gibson/Cleary Member. Like titanium, calcium and phosphorus are more
abundant in coals from the Salt Lake coal field than they are in coals from
the other two populations. Total sodium and potassium, however, are
lower in the Salt Lake coals than they are in the other two coal-bearing
areas. Water-soluble sodium in the Salt Lake coals is significantly lower
than what is found in either the Cleary Member coals or the Gibson/Cleary
Member coals (Table 8). Even though the total amount of water-soluble

TABLE 8—Major-oxide and trace-element analyses for the Moreno Hill Formation
coals of the Salt Lake coal field, coals from the Cleary Member of the Menefee
Formation, and Gibsor/Cleary Member coals of the Gallup coal field.

Moreno Hill Gibson/Cleary Member of
Formation Cleary Member Crevasse Canyon/Menefee
(Salt Lake coal field) Menefee Formation (Gallup coal field)
No. of No. of No. of
samples Mean  S.D.  samples Mean S.D.  samples Mean  S.D.
analyzed % % analyzed % % analyzed % %

Major-oxide composition
(whole-coal basis)

5i0, 76 9.06 3.96 73 725 399 17 659  4.62
ALO, 76 402 194 73 265 1.8 17 263 184
Fe,0, 76 069 043 73 077 057 17 05 033
Fe,0;-5, 76 067 046 73 058 040 17 048 026
Ti0, 76 023 012 73 013 0.6 17 015  0.09
Ca0 76 073 0.4 73 045 040 17 039 025
MgO 76 0.10 0.05 73 012 0.08 17 012 0.06
Na,0 76 013 039 73 021 0.8 17 027 010
K0 76 0.05 0.05 73 010 010 17 007  0.09
P,0; 76 0.02 001 3 0.004 0.002 17 0.003  0.002
HNa,0 4 0.04 0.02 47 012 005 17 009 0.3
HK,0 44 0.003 0.003 47 0.005 0.003 17 0.004  0.001

Trace-element composition
(ashed-coal basis; all values in ppm)

Be 30 14 12 89 25 27 38 17 10
Cu 30 81 39 89 59 R 38 61 30
Cr 30 58 37 88 156 101 38 45 14
Li 30 ] 18 89 36 15 38 39 18
Mn 30 745 647 89 276 3 35 20 446
Mo 13 229 69 3 151 71 A 14 10
Ni 30 R 19 79 71 48 M 43 20
Pb 30 58 48 89 65 40 38 30 19
St 30 45 307 84 826 465 A 800 508
\ 26 137 99 80 181 66 3 119 i
Zn 30 41 17 77 125 110 3 138 100




sodium is different, the percentage of the total sodium in the Salt Lake
coals attributable to the water-soluble form is similar to that of the Gibson/
Cleary Member coals, approximately one-third of the total sodium value.
Coals from the Cleary Member have nearly half their total sodium in the
water-soluble form. The water-soluble potassium, as well as the water-
soluble component of the total potassium is similar for all three coal groups.
The amounts of beryllium and vanadium in the Salt Lake coals are similar
to the amounts found in the Gibson/Cleary Member coals but significantly
lower than the amounts found in the Cleary Member coals of the Menefee
Formation. Copper, manganese, and molybdenum, on the other hand,
are in notably higher concentrations than for either of the other two pop-
ulations. Nickel, strontium, and zinc are lower in the samples from the
Salt Lake field than what is present in either of the other two populations.
Lead concentrations are comparable to those found in the coals of the
Cleary Member of the Menefee Formation but higher than what is present
in the Gibson/Cleary Member coals.

CONCLUSIONS

Stratigraphic units in the Salt Lake coal field range from the Triassic
Chinle Formation to a Quaternary basalt flow. Some of the oldest Creta-
ceous coals in New Mexico are found in two of these units. While the
oldest coal is a zone in the Dakota Sandstone, the Moreno Hill Formation
contains four coal zones. The regional dip for the Salt Lake field is ap-
proximately 5° to the southeast. Only a few major faults are present in
the western portion of the field, and they have little effect on the coal-
bearing areas. Minor flexures because of Tertiary volcanism, however, do
affect the coals.

The Moreno Hill Formation is the major coal-bearing unit in the Salt
Lake coal field. It is a sequence of continental sediments containing flu-
vially deposited coals. In the northern portion of the Salt Lake coal field,
Moreno Hill sediments may*be as much as 700 ft thick. The Moreno Hill
Formation can be broken down into three members; three coal zones are
in the lower member, and one is in the upper member.

The ash content is among the highest for New Mexico coals, and this
mineral matter is finely disseminated, making it difficult to remove by
conventional coal-cleaning methods. The rank of these coals is high-vol-
atile C bituminous. Both the total sulfur and pyritic-sulfur contents are
low for coals in the two major coal-bearing zones, the Cerro Prieto and
Rabbit zones, and resemble those values found in the Gibson/Cleary coals
in the Gallup field. Only in the Antelope zone are these two values sig-
nificantly higher, resembling the values for the regressive Cleary Member
coals of the Menefee Formation. The chemical and mineralogical charac-
teristics of these coals are uniform, indicating a consistent behavior of the
ash in a power plant.

The northern half of the Salt Lake coal field contains an estimated 480
million tons of coal. These resources are present in three of the four coal
zones. The Antelope zone has only 103 million tons of coal with a high
stripping ratio of 66:1. The Cerro Prieto zone has a resource of 247 million
tons with an average stripping ratio of 23:1. The Rabbit zone has a resource
of 130 million tons with an average stripping ratio of 21:1.
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