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17 GEOLOGIC INFORMATION 

17.1 General Description 

The permit area is located on the west flank of the San Juan Basin.  This basin is an asymmetric, structural 

basin with a northwest trending axis parallel to the Hogback monocline in northwest New Mexico.  The 

basin is bounded on the northwest by the Hogback monocline and on the north by the San Juan Uplift.  The 

eastern rim is formed by the Brazos Uplift and the Nacimiento Uplift.  The Zuni Uplift and the Chaco 

Slope form the southern margin of the basin while the Defiance Uplift and Four Corners Platform complete 

the northwestern basin rim (Fasset and Hinds, 1971) (Figure 17-1). 

 

The rock strata in the southern part of the permit area strike north-south while the strata in the northern part 

strike northeast-southwest.  The average dip in the area is 2° to the east.  No major faults cut the permit 

area, although minor low angle compaction faults and slumps up to eight feet in displacement are common.  

Seismically, the area is very stable with no historically recorded earthquakes of sufficient magnitude to 

damage structures (U.S.D.I Bureau of Reclamation, 1975). 

 

The stratigraphic section in the permit area reflects the Late Cretaceous transition of shallow marine 

depositional environment to a terrestrial fluvial depositional environment.  The four formations 

encompassing this depositional environment change are (in ascending order):  the Lewis Shale, the Pictured 

Cliffs Sandstone, the Fruitland Formation, and the Kirtland Shale.  

 

A generalized stratigraphic section and geologic map of the permit area are presented in Figure 17-2 and 

Figure 17-3. 

 

The Lewis Shale contains the last purely marine shales deposited in the Upper Cretaceous epeiric seaway.  

It consists of gray to black shale with some interbeds of sandy limestone, brown sandstone, and bentonite. 

 

The Pictured Cliffs Sandstone conformably overlies and intertongues with the Lewis Shale.  This formation 

consists of both delta-front and barrier-beach sediments and marks the change to a littoral (near-shore) 

depositional environment (Flores and Erpenbeck, 1981).  The upper two-thirds of the Pictured Cliffs 

sandstone consists of a generally coarsening upward sequence of light gray, fine to medium grained 

sandstone while the lower one-third of the formation consists of interbedded shale and sandstone.  The 

upper 20 meters of this sandstone is consistently massive, light gray to light brown, fine to medium grained 

with predominately rounded quartz grains, and has a salt-and-pepper texture.  The total thickness of the 

Pictured Cliffs Sandstone is approximately 110 feet in the permit area. 

 

The Fruitland Formation, which conformably overlies the Pictured Cliffs Sandstone, contains sediments 

deposited in fluvially influenced delta plain and adjoining back beach-bar depositional environments 

 

 17-1  1/13 



Navajo Mine Permit Application Package 

 

(Flores and Erpenbeck, 1981).  The lithologies of the rock units encountered in the Fruitland Formation 

include fine to medium grained sandstones, siltstones, sandy and silty claystones, carbonaceous claystones, 

bentonitic claystones, and coal. 

 

The Kirtland Shale conformably overlies the Fruitland Formation.  This formation is divided into two units, 

the upper shale member which includes Farmington Sandstone Member, and the lower shale member.  

Sediments in the Kirtland Shale were deposited in an upland flood-plain environment where aggrading 

stream channels were separated by narrow, parallel flood plains.  The lower shale member is composed of 

gray claystone shales that contain a few thin interbeds of siltstone and sandstone.  The upper shale member 

is composed of a series of interbedded sandstone lenses and claystone shales.  The shale beds in the upper 

shale member of the Kirtland Shale are much more colorful than those in the lower shale member and are 

purple, green, white, and gray.  No coal beds exist in the Kirtland Shale (Fasset and Hinds, 1971). 

 

Several deposits of Quaternary alluvial and eolian sands occur within the permit area.  These are important 

sources of topdressing material for reclamation. 

 

The economically important stratigraphic interval in the permit area is the lower 250 feet of the Fruitland 

Formation where 11 different minable Coal Seams occur.  Up to seven different minable seams occur in 

any one location in the permit area.  A minable Coal Seam is defined as a seam with a minimum thickness 

of two feet, a minimum heating value of 6,000 Btu/lb. and an aerial extent and stratigraphic position that 

makes the seam economically viable to mine.  Fruitland Coal Seams are very lenticular in nature and most 

are minable in very localized areas only. 

 

Geologic information on the minable Coal Seams are presented in:  

 

1. Exhibit 17-1, Exhibit 17-2, Exhibit 17-3, and Exhibit 17-4 showing drill hole locations and Coal Seam 

data, 

2. Exhibits 17-5 (Sheet 1, Sheet2, and Sheet 3), Exhibit 17-6, Exhibit 17-7 (Sheet 1, Sheet 2, Sheet 3, 

Sheet 4, and Sheet 5), Exhibit 17-8 (Sheet 1, Sheet 2, Sheet 3, and Sheet 4), Exhibit 17-9, Exhibit 17-

10, Exhibit 17-11, and Exhibit 17-12 showing cross-sectional views of the local seams and overburden 

in both east-west and north-south directions, 

3. Exhibit 17-13 (Sheet 1 and Sheet 2), Exhibit 17-14 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-15 

(Sheet 1 and Sheet 2), Exhibit 17-16 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-17 (Sheet 1 and Sheet 

2), Exhibit 17-18 (Sheet 1, Sheet 2, and Sheet 3), Exhibit17-19 (Sheet 1 and Sheet 2), Exhibit 17-20 

(Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-21 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-22 (Sheet 1 

and Sheet 2), Exhibit 17-23 (Sheet 1 and Sheet 2), Exhibit 17-24 (Sheet 1 and Sheet 2), Exhibit 17-25 

(Sheet 1 and Sheet 2), Exhibit 17-26 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-27 (Sheet 1 and Sheet 
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2), Exhibit 17-28 (Sheet 1 and Sheet 2),  Exhibit 17-29 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-30 

(Sheet 1 and Sheet 2), Exhibit 17-31 (Sheet 1 and Sheet 2), Exhibit 17-32 (Sheet 1, Sheet 2, and Sheet 

3),  Exhibit 17-33 (Sheet 1 and Sheet 2),  Exhibit 17-34 (Sheet 1 and Sheet 2),  Exhibit 17-35 (Sheet 1 

and Sheet 2),  Exhibit 17-36 (Sheet 1, Sheet 2, and Sheet 3), and Exhibit 17-37 (Sheet 1 and Sheet 2) 

showing top of seam structure, overburden isopachs, and seam thickness for each seam, and 

4. The following written section dealing with Coal Seam characteristics. 

 

Supplemental explanation is provided below for map details of Exhibits 17-1 through 17-37. 

 

 Two different lines showing the extent of mining exist on the maps for Section 17. The drill hole 

locations and seam data maps (Exhibit 17-1, Exhibit 17-2, Exhibit 17-3, and Exhibit 17-4) have a line 

showing where mining had progressed to as of April 1985.  This line shows the current mine pit limits.  

All other Section 17 maps have a line showing where the mine pit boundaries were in December 1977 

when Indian lands became subject to Surface Mining Control Reclamation Act (SMCRA) regulations.  

Section 17 maps do not show Coal Seam geology for these areas mined before December 1977.  The 

areas mined between December 1977 and April 1985 can be defined by overlaying any of the Section 

17 maps with the appropriate drill hole location and seam data map.  See Section 34, Exhibits 34-1 

through 34-2 for current permit term disturbance limits. 

 Several different kinds of lines showing the minable boundaries of the Coal Seams are used on Section 

17 maps.  This was done to show the different reasons for limiting the minable area of each seam.  The 

factors that limit the minable area of a seam include the coal crop line, a seam thickness of less than 

two feet, a heating value of less than 6,000 Btu/lb, and burned areas.  Each of these factors responsible 

for limiting the minable area of each seam have a distinctive line type on Section 17 maps. 

 The overburden isopach lines on the seam structure and overburden maps [Exhibit 17-13 (Sheet 1 and 

Sheet 2), Exhibit 17-14 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-15 (Sheet 1 and Sheet 2), Exhibit 

17-16 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-17 (Sheet 1 and Sheet 2), Exhibit 17-18 (Sheet 1, 

Sheet 2, and Sheet 3), Exhibit17-19 (Sheet 1 and Sheet 2), Exhibit 17-20 (Sheet 1, Sheet 2, and Sheet 

3), Exhibit 17-21 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-22 (Sheet 1 and Sheet 2), Exhibit 17-23 

(Sheet 1 and Sheet 2), Exhibit 17-24 (Sheet 1 and Sheet 2), Exhibit 17-25 (Sheet 1 and Sheet 2), 

Exhibit 17-26 (Sheet 1, Sheet 2, and Sheet 3), Exhibit 17-27 (Sheet 1 and Sheet 2)] include the 

thickness of all existing material above that seam, including the thickness of the upper Coal Seams. 

 No Coal Seam geology is shown for portions of the Navajo lease that are designated as surface land 

use areas because NTEC does not yet have the right to mine the coal underlying these areas. 

 

17.2 Overburden Characteristics 

The overburden material at Navajo Mine has been sampled and characterized in the North Area and Areas 

2, 3 and 4 North.  A total of 33 drill holes were drilled and sampled in the years 1973, 1979, 1982, 1984, 
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1987, and 1989.  In the special condition response (2F) of November 22, 1989, Navajo Mine had planned 

to report the overburden data from each of the drill holes for this permit application.  However, In 

accordance with the conversations of March 23, 1990, between Navajo Mine Environmental Quality 

Department personnel and Office of Surface Mining Reclamation and Enforcement (OSMRE) personnel, it 

was agreed to report sampling for only 1987 and 1989.  Figure 17-4 shows the locations of the drill holes.  

Table 17-1 identifies the location, elevation and depth of each drill hole used in this report.  Appendix 17.A 

contains the lithologic drill logs for 1987 and 1989.  The overburden chemical and physical analyses are 

presented in Appendix 17.B. 

 

Overburden is defined here as consolidated geologic strata from the Fruitland Formation that lies above, 

between, and immediately below the lowest minable Coal Seam.  Overburden samples are represented by 

undisturbed cores which are crushed and subsampled for chemical and physical analysis.  The methods of 

analysis are included in Appendix 17.C and Appendix 17.D. 

 

17.2.1 Summary 

The general nature of the overburden is a geologic formation composed of sandstone, siltstone, claystone, 

mudstone and shale.  The variation in the lithology of the overburden is a result of the environment in 

which the Fruitland Formation was deposited.  The cretaceous aged land forms were comparable to modern 

deltas and shorelines receiving successive deposits of sand, silts and clays.  The ancient swamps (coal 

deposits) were buried by meandering stream deposits that contained high amounts of salts. 

 

The strata are mostly tan or gray and gray shale dominates. pH values are highly alkaline (pH > 8.0) with 

few examples of strongly acid material.  It is most frequently nonsaline (EC < 4 mmhos/cm) but the 

dominant soluble cation is sodium (SAR values frequently above 18).  The fine earth textures of crushed 

samples are most frequently clay loams and silty clay loams.  The clays are commonly highly expansive 

and believed to be smectites because the saturation percentages are high, frequently exceeding 85%.  The 

potential to form acidic material from the oxidation of sulfur exists but is not common.  It is expected that 

these acid-forming materials will not be a concern but will help reduce the dominantly high pH of the 

material. 

 

Two trace elements of interest are boron and selenium.  Elevated levels of the soluble forms are not 

common and when averaged throughout the mined spoil are expected to present only a minor problem.  

Total selenium frequently exists at levels higher than the established suitability criteria.  In light of the 

limited information about selenium, total selenium may require additional information before it can be used 

as a criterion for rooting zone material. 
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Geostatistical models to predict the overburden characteristics have not been used and are not expected to 

be successful for two reasons.  First, the strata are not continuous or uniform over large areas.  Modeling 

would require an extremely large number of closely spaced samples.  Second, there does not appear to be a 

unique property or characteristic of the strata that can be used to predict the suitability of the overburden.  

Strata meeting the suitability criteria seems to result from being near the surface rather than having 

identifiable characteristics (e.g. rock type, color or hardness). 

 

There is an uncertainty of extrapolating the overburden characteristics and subsequently extrapolating its 

suitability for revegetation success.  The present emphasis is to develop spoil management programs and 

reduce the emphasis on extensive drilling and sampling of the overburden. 

 

The Coal Seams are more uniform and continuous than the overburden strata and therefore are more easily 

modeled by geostatistics than the overburden.  The Coal Seams have been successfully modeled for general 

planning (location and thickness) by using drill holes located on approximately 1000 foot centers. 

 

17.3 Seam Characteristics 

The analytic information for the coal seams is contained in Appendix 17.A while that for the overburden is 

in Appendix 17.B. 

 

17.3.1 Coal Seam No. 2A 

[(Exhibit 17-13 (Sheet 1 and Sheet 2) and Exhibit 17-14 (Sheet 1, Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – directly overlies the Pictured Cliffs Sandstone Formation. 

 

Seam Characteristics – This seam is a split of Seam 2B.  The seam becomes thin and completely pinches 

out in a northeasterly direction.  The seam is located in the southern one-eighth portion of the permit area. 

 

Average Minable Coal thickness – 3.2 feet. 

 

Average Minable Coal Grade – 9545 Btu/lb. 

 

Average total sulfur content – 1.10% 

 

Parting Characteristics – No significant rock partings occur in this seam. 

 

Cropline and Burn Areas – The seam crops out off the permit area to the west.  No Burn Area exists in this 

seam within the permit area. 
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17.3.2 Coal Seam No. 2B 

[Exhibit 17-15 (Sheet 1 and Sheet 2) and Exhibit 17-16 (Sheet 1, Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – Except where 2A splits from this seam, the seam overlies the Pictured Cliffs 

Sandstone.  This seam is known as the bottom most minable Coal Seam. 

 

Seam Characteristics – The seam is located in mine property Areas 3 and 4 North.  Minable thickness 

varies from 2.0 feet up to 11.0 feet.  The seam becomes thicker to the southwest.  The Coal Seam pinches 

out at the north end of Area 3 and along the east property boundary of Area 4 North. 

 

Average Minable Coal Thickness – 6.4 feet. 

 

Average Minable Coal Grade – 9531 Btu/lb. 

 

Average Total Sulfur – 1.10% Area 3. 

            0.79% Area 4 North 

 

Parting Characteristics – No significant rock partings occur in this seam.  Thin bone coal and thin tonstein 

lenses occur throughout the seam. 

 

Cropline and Burn Areas – The only significant burn area is located in the extreme southwest corner of 

Area 4 North.  The cropline is located on the west side of the mine property outside of the coal lease. 

 

17.3.3 Coal Seam No. 3 

[Exhibit 17-17 (Sheet 1 and Sheet 2) and Exhibit 17-18 (Sheet 1, Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – Varies from 8 feet to 27 feet above the No. 2 Coal Seam. 

 

Seam Characteristics – This seam is one of the dirtier seams in the Navajo Mine area.  The coal bed lies 

within mine Areas 3 and 4 North.  In the southwest section of Area 4 North the seam merges with the upper 

Seam No. 4 forming a single seam. 

 

Average Minable Coal Thickness – 4.5 feet. 

 

Average Minable Coal Grade – 8988 Btu/lb. 
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Average Total Sulfur – 1.06% 

 

Parting Characteristics – No significant rock partings occur in the seam.  Thin bone coals, carbonaceous 

shales, and tonsteins are fairly abundant within the seam. 

 

Cropline and Burn Areas – The only significant burn area is located in the extreme southwest corner of the 

permit area.  The cropline is located well beyond the coal lease on the west side of the property. 

 

17.3.4 Coal Seam No. 4 

[Exhibit17-19 (Sheet 1 and Sheet 2) and Exhibit 17-20 (Sheet 1, Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – Varies from 0 feet to 19 feet above the No. 3 Coal Seam. 

 

Seam Characteristics – The seam is located in Areas 4 North, 3 and 2.  The seam pinches out abruptly at the 

north end of Area 2.  The seam becomes thicker than average towards the northern section of Area 3 and 

into Area 2.  The seam pinches out in the southwest section of Area 3 and merges with Seam No. 3 along 

the western edge of Area 4 North within the permit boundary. 

 

The seam has a name change at the Area 2 and 3 mining boundaries, where Seam No. 4 becomes Seam No 

6B.  The reason for this name change is that seam numbers were assigned to each coal bed before it was 

known that they were actually the same seam.  Recent extensive exploration drilling programs brought this 

error to light.  To avoid confusion in this permit application, all the accompanying maps and reserve figures 

for Seam No. 4 include only that part of the seam located in Areas 3 and 4 North. 

 

Average Minable Coal Thickness – 6.0 feet. 

 

Average Minable Coal Grade – 9409 Btu/lb. 

 

Average Total Sulfur – 0.73% 

 

Parting Characteristics - The seam has no significant rock partings.  Partings are rare except for very minor 

tonsteins, bone coal, and carbonaceous shale lenses which occur throughout the seam. 

 

Cropline and Burn Areas – The seam cropline is beyond the permit boundary west of the mine property.  

The only significant burn area known in this seam is in the extreme southwest corner of Area 4 North. 
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17.3.5 Coal Seam No. 5 

[Exhibit 17-21 (Sheet 1, Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – Varies from 13 feet to 23 feet above the No. 4 seam. 

 

Seam Characteristics – The seam exists in only a small area in the western half of Area 4 North. 

 

Average Minable Coal Thickness – 2.7 feet. 

 

Average Minable Coal Grade – 8527 Btu/lb. 

 

Average Total Sulfur – 0.73% 

 

Parting Characteristics – This seam has no rock partings except for thin tonsteins, bone coals, and 

carbonaceous shale lenses within the seam. 

 

Cropline and Burn Areas – A small burn area exists in the southwest corner of Area 4 North.  The seam 

crops out in one small area on the northwest edge of the minable area. 

 

17.3.6 Coal Seam No. 6A 

[Exhibit 17-22 (Sheet 1 and Sheet 2) and Exhibit 17-23 (Sheet 1 and Sheet 2)] 

 

Stratigraphic Position – Seam No. 6A occurs in two separate areas in the permit area.  In the southern 

section of Area 3 the seam varies 9 feet to 54 feet above Coal Seam No. 4, and in the southern section of 

Area 2 the seam varies from 30 feet to 40 feet above the Pictured Cliffs Sandstone. 

 

Seam Characteristics – In the southern section of Area 3, the seam splits from Coal Seam No. 6B.  In Area 

2, the seam is limited to a very small area.  The seam thins to the northwest. 

 

Average Minable Coal Thickness  Area 3 – 2.3 feet 

    Area 2 – 3.9 feet 

 

Average Minable Coal Grade   Area 3 – 9316 Btu/lb. 

    Area 2 – 8876 Btu/lb. 

 

Average Total Sulfur – 0.72%. 
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Parting Characteristics – No significant rock partings occur in the seam.  Thin tonsteins, bone coals and 

carbonaceous shale lenses occur in Area 3.  The Area 2 seam has nodules of bone coal occurring 

throughout the seam. 

 

Cropline and Burn Areas – No croplines or burn areas exist in Area 3.  The seam extends in a fanlike 

fashion over a small area.  In Area 2 the seam has no burn areas within the permit boundary.  The seam 

crops out well beyond the permit boundary to the west. 

 

17.3.7 Coal Seam No. 6B 

[Exhibit 17-24 (Sheet 1 and Sheet 2), Exhibit 17-25 (Sheet 1 and Sheet 2), and Exhibit 17-26 (Sheet 1, 

Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – In Area 3 and Area 4 North, Seam No. 6B varies from 5 feet to 37 feet above Seam 

No. 4 and 6 feet above Seam No. 5, where No. 5 exists.  In Area 2, the seam varies from 15 feet to 45 feet 

above the Pictured Cliffs Sandstone. 

 

Seam Characteristics – This seam is considered to be one of the better quality Coal Seams in terms of 

thickness and coal grade in existence in Area 4 North and the southern part of Area 3.  In most of Area 2, 

Seam No. 6B is the lowest minable Coal Seam.  The seam is consistent in thickness and quality in this area, 

also.  As explained in the section discussing Seam No. 4, Seam No. 6B in Area 2 correlates to Seam No. 4 

in Area 3.  The maps and coal reserve figures for Seam No. 6B given in this permit application include 

those parts of Seam No. 6B in Area 2 that are actually Seam No. 4.  Any confusion generated by this 

miscorrelation can be relieved by studying the enclosed maps and cross sections.  With the addition of 

Block B to the permit area, Seam 6B varies from 2 feet to 45 feet above the Pictured Cliffs Sandstone. 

 

Average Minable Coal thickness  Area 4 North,  

Area 3 – 4.5 feet. 

    Area 2 – 8.2 feet. 

 

Average Minable Coal Grade  Area 4 North,  

Area 3 – 9704 Btu/lb. 

    Area 2 – 9522 Btu/lb. 

 

Average Total Sulfur – 0.72%. 

 

Parting Characteristics – There are no significant rock partings within the seam.  Very thin tonsteins and 

bone coal lenses are abundant throughout this seam. 
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Cropline and Burn Areas – In mine Area 4 North the seam cropline is visible in the bluff line along the coal 

permit area.  In the southern portion of Area 3 the cropline is outside of the permit area. 

 

The seam cropline no longer exists in Area 2 and has been mined through prior to December 16, 1977.  The 

cropline not affected by the mining activity extends well beyond the permit area in the southern portion, 

and a fairly extensive burn exists in the central portion of Area 2. 

 

17.3.8 Coal Seam No. 7 

[Exhibit 17-27 (Sheet 1 and Sheet 2), Exhibit 17-28 (Sheet 1 and Sheet 2),  and Exhibit 17-29 (Sheet 1, 

Sheet 2, and Sheet 3)] 

 

Stratigraphic Position –- Varies from 4 feet to 128 feet above Seam No. 6. 

 

Seam Characteristics – This seam is one of the most consistent seams in the permit area.  The seam extends 

from Area 4 North, through Area 3, and up to the north end of Area 2.  One pinchout occurs along the 

northeast coal lease line, and a second pinchout occurs at the Area 2 and 3 mine area boundary.  The seam 

splits to 7A and 7B throughout much of the permit area. 

 

Average Minable Coal Thickness – 4.9 feet. 

 

Average Minable Coal Grade – 9900 Btu/lb. 

 

Average Total Sulfur – 1.37%. 

 

Parting Characteristics – No significant rock partings occur in the seam. 

 

Cropline and Burn Areas – The cropline extends along the bluffs and into the valley floor in Area 4 North, 

then trends northward crossing the Cottonwood Arroyo and extending to the west of Area 3.  In the 

southwest portion of Area 2 the cropline runs outside of the permit area.  The cropline for the rest of Area 3 

has been disturbed by mining operations.  The only significant burn areas known to exist in this seam are 

located in the central section and a very small portion of the northwest section of Area 2. 

 

17.3.9 Coal Seam No. 8A 

[Exhibit 17-30 (Sheet 1 and Sheet 2), Exhibit 17-31 (Sheet 1 and Sheet 2), and Exhibit 17-32 (Sheet 1, 

Sheet 2, and Sheet 3)] 
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Stratigraphic Position – Varies from 4 feet to 25 feet above Seam No. 7. 

 

Seam Characteristics – the seam is fairly extensive and widespread.  The seam is located within the permit 

boundary of Area 4 North, Area 3, and the Southern section of Area 2.  Due to the numerous irregular 

erosional patterns, the Coal Seam pinches out before the coal actually crops.  A pinchout also occurs along 

the eastern boundary of Area 4 North.  This seam splits from Seam No. 8B in the south part of Area 2 and 

along the northeastern portion of Area 3. 

 

Average Minable Coal Thickness – 6.0 feet. 

 

Average Minable Coal Grade – 9310 Btu/lb. 

 

Average Total Sulfur – 0.74%. 

 

Parting Characteristics – No significant rock partings occur in the seam. 

 

Cropline and Burn Areas – Where irregular erosional patterns occur near the seam cropline, coal quality 

and minable thickness cutoff lines have been established.  The seam has no known burn areas. 

 

17.3.10 Coal Seam No. 8B 

[Exhibit 17-33 (Sheet 1 and Sheet 2),  Exhibit 17-34 (Sheet 1 and Sheet 2),  Exhibit 17-35 (Sheet 1 and 

Sheet 2),  and Exhibit 17-36 (Sheet 1, Sheet 2, and Sheet 3)] 

 

Stratigraphic Position – Varies from 16 feet above Seam No. 8A in Area 4 North, Area 3, and the southern 

section of Area 2, and varies from 2 feet to 23 feet above Seam No. 7 in Area 2.  In Area 1 the seam 

overlies the Pictured Cliff Sandstone. 

 

Seam Characteristics – This seam consists of a fairly clean coal that exists the entire length of the permit 

area along the eastern boundary.  A major portion of the coal has been mined out in the northern half of the 

permit area.  Seam No. 8A splits from this seam in the south section of Area 2. 

 

Average Minable Coal Thickness –- 11.5 feet. 

 

Average Minable Coal Grade – 9143 Btu/lb. 

 

Average Total Sulfur – 0.72%. 
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Parting Characteristics – No major rock partings exist in the seam.  However, minor partings of bone coal 

and carbonaceous shale are common. 

 

Cropline and Burn Areas – Due to irregular erosional patterns around the cropline, average minable 

thickness and average minable coal grade cutoff lines have been established for Area 3 and Area 4 North.  

A large portion of the seam has been mined out in the northern half of the permit area.  Some scattered burn 

areas exist along the cropline in Area 4 North. 

 

17.3.11 Coal Rider Seam Above Seam No. 8B 

[Exhibit 17-37 (Sheet 1 and Sheet 2)] 

 

Stratigraphic Position – Varies from 2 feet to 60 feet above Seam No. 8B. 

 

Seam Characteristics – The seam occurs in a small area in the northern section of Area I where extensive 

mining has taken place.  This seam is not consistent and several "window" pinchout areas exist in the Coal 

Seam. 

 

Average Minable Coal Thickness – 3.4 feet. 

 

Average Minable Coal Grade – 10,202 Btu/lb. 

 

Average Total Sulfur – 0.72%. 

 

Parting Characteristics – No significant rock partings exist in the seam. 

 

Cropline and Burn Areas - No burn area is known to exist in the seam.  The cropline has been disturbed and 

mined through prior to December 16, 1977. 

 

17.3.12 Other Coal Seams 

Several other thin, shaley, bone Coal Seams exist in the Fruitland formation.  At present, there are no plans 

to mine theses seams. 

 

17.3.13 Aquifers 

Some of the Fruitland Formation Coal Seams in the permit area are water-bearing.  However, Section 18.2 

– Groundwater concludes that classifying these strata as aquifers is questionable because their low 

permeability and production rates, and the naturally poor quality of their water preclude their use as a water 

source in the region.  See Section 18.2 for a detailed description of the Groundwater hydrology. 
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17.4  Geologic Hazards 

The permit area is located in a stable seismic area.  Historical records indicate no earthquakes of sufficient 

magnitude to damage structures within hundreds of miles of the permit area.  The area is classified Zone 1 

(minimum risk) by ESSA/Coast and Geodetic Survey (U.S.D.I. Bureau of Reclamation, 1975). 

 

Previous mining in the permit area was limited to a small underground operation at the north edge of Area 

1 and a small surface pit in the northern part of Area 2.  These small mines were later mined through by 

NTEC  (formerly BHP Minerals), which has mined the permit area continuously since 1963. 

 

The only geologic hazards existing in the permit are those hazards associated with exposed highwalls and 

spoil piles.  Possible hazards include rock falls and mass failures.  To date, only one mass highwall failure 

has been documented in the permit area.  Spoil failures, although relatively common, occur in a slow, 

controlled manner which minimizes any risk of injury or property damage.  Rock falls are a fairly common 

occurrence in active pits but are rare in older pits.  All geologic hazards associated with mining are 

minimized in the permit area by strict enforcement of the Mine Safety Health Administration (MSHA) 

regulations requiring restricted access to mining areas. 

 

Occasionally, small faults in the highwall will fail.  These areas are known, and are watched for telltale 

cracks.  The dragline bucket is used to scale small areas of loose rock that are hung up on the highwall. 

 

17.5 Geologic Information Collection and Analysis 

17.5.1 Overburden Sampling 

Five drill holes were sampled in 1987, all in Area 4 North (Holes 487-01 through 487-05). 

 

Locations for each drill hole at Navajo Mine are shown in Figure 17-4 and Table 17-1.  The distance 

between drill holes averages 6500 feet (1 hole/1000 acres) and ranges from 5100 to 8600 feet. 

 

Nine drill holes were sampled in 1989: five in Area 2 (289-01 through 289-05) and four in Area 3 (389-48 

through 389-51).  Locations of the drill holes are shown in Figure 17-4 and Table 17-1.  The average 

distance between drill holes in Area 2 is 5450 ft.  The distance between drill hole 389-48 and 389-49 

located in the Lowe Pit mining area is approximately 5400 feet (1 hole/670 acres).  The distance between 

drill hole 389-50 and 389-51 located in the Dixon Pit mining area is approximately 3400 feet (1 hole/265 

acre).  The core logs are reproduced in Appendix 17.A. 

 

Drill holes were cored from ground surface to 10 feet below the bottom minable Coal Seam and continuous 

core samples were collected.  The undisturbed cores were logged by a geologist, sealed, boxed, and stored 
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for analysis.  Each geologic stratum was sampled for analysis per OSM – Western Field Office (WFO) 

instructions, i.e. major strata were sampled in five foot increments.  Strata less than one foot thick were 

combined with adjacent layers.  A four foot stratum of shale containing several two to three inch sandstone 

lenses will be represented by a single sample with documentation identifying lithologic change.  Once the 

samples were selected the cores were crushed to pass a two mm sieve. 

 

The 1987 cores were analyzed by ACZ Inc., Laboratory Division of Steamboat Springs, Colorado for the 

parameters below: 

 

pH        (1:2 soil to water extract) 

Electrical Conductivity (EC)     (1:2 soil to water extract) 

ESP (Exchangeable Sodium Percentage) 

Sodium Adsorption Ratio (SAR)     (1:2 soil to water extract) 

Ca, Mg, Na (water soluble)     (1:2 soil to water extract) 

Boron (hot water soluble) 

Selenium (water soluble) 

Organic Carbon 

Calcium Carbonate 

 

Organic, Pyritic, Sulfate, and Total Sulfur 

Acid-Base Potential 

Texture 

Saturation       (1:2 soil to water extract) 

 

The 1989 cores were analyzed by Inter-Mountain Laboratories (IML) of Farmington, NM for the following 

parameters. 

 

pH        (saturated paste) 

Electrical Conductivity (EC)     (saturated paste) 

Sodium Adsorption Ratio (SAR)     (saturated paste) 

Ca, Mg, Na (water soluble)     (saturated paste) 

Boron (hot water soluble) 

Selenium (water soluble) 

Organic Carbon       (loss on ignition) 

Neutralization Potential  

Organic, Pyritic, Sulfate, and Total Sulfur 

Acid-Base Potential 
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Texture        (hydrometer) 

Saturation       (saturated paste) 

 

The overburden chemical and physical analytical results are contained in Appendix 17.B. 

 

The methods of analysis for the physical and chemical properties of the samples are identified in Appendix 

17.C and Appendix 17.D.  pH, EC, Ca, Mg, Na, and percent saturation were all determined using 1:2 

(soil:water) extracts for the 1987 samples in contrast to saturated paste extracts for the 1989 samples.  A 

common result of using a 1:2 extract rather than using a saturated paste extract in a system high in sodium 

is to increase the pH value and reduce the SAR and EC values.  The OSMRE Root Zone Suitability Criteria 

for Navajo Mine are based on saturated paste extracts. 

 

Total Selenium was determined by one sample that best represented the middle of a lithologic layer 

(geologic stratum) per OSM-WFO instruction.  Since total selenium values are not available for all samples 

analyzed it has not been used as a parameter to determine root zone suitability.  The purpose of determining 

total selenium was to identify a direct relationship between soluble selenium and total selenium.  Data from 

this study does not support a correlation between these two parameters. 

 

Fourteen samples sites (Table 17-1) were cored to provide the information for this survey.  A total of 2370 

feet of core were sampled (Appendix 17.B).  The average depth of the holes was 209 feet and the average 

thickness of mined overburden was 169 feet per hole.  A total of 680 samples were analyzed as overburden 

and the data are presented in Appendix 17.B.  Average values for the analyses are presented in Table 17-2.  

These averages are weighted by the lengths of the individual samples. 
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Figure 17-1



Figure 17-2



Surface  expression of Geologic Units on and surrounding the BHP Minerals Internation Inc., 
Navajo Mine coal lease

Figure 17-3



Overburden Drill Hole Locations

Figure 17-4
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Table 17-1 Overburden Drill Site Locations 

 
Year Site No. Easting (ft.) Northing (ft.) Elevation (ft.) Hole Depth (ft.) 

1987 487-01 297228 2001943 5405.0 171.0 

 487-02 292615 2004150 5427.0 150.0 

 487-03 300508 1998023 5392.0 205.0 

 487-04 306666 1995716 5409.0 240.0 

 487-05 300869 2006336 5372.0 199.0 

1989 289-01 311850 2048950 5456.0 266.0 

 289-02 315995 2047825 5381.0 256.0 

 289-03 311610 2043470 5446.0 276.0 

 289-04 308516 2039963 5453.0 260.0 

 289-05 304350 2037300 5419.0 212.0 

 389-48 300393 2023481 5378.0 217.0 

 389-49 300206 2018130 5373.0 205.0 

 389-50 296626 2015229 5337.0 164.0 

 389-51 296785 2011839 5350.0 165.0 
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Table 17-2 Weighted Average of Overburden Analysis 
 
Drill 

Hole 

Total 

Sample (ft) 

pH EC 

(mmhos/cm) 

@25 c) 

SAR Boron 

(ppm) 

H2O Sol. 

Selenium 

(ppm) 

Pyritic 

ABP 

(t/1000T) 

Clay 

% 

Sat 

% 

487-01 121.0 9.1 1.55 20.9 1.89 0.10  37.71 124.9 

487-02 122.6 9.0 1.16 32.4 0.94 0.08  28.69 103.0 

487-03 152.2 9.1 1.25 34.7 0.89 0.07  34.80 96.3 

487-04 190.1 9.2 1.64 38.7 1.04 0.13  44.49 102.1 

487-05 159.8 8.8 1.62 34.4 1.25 0.06  36.23 94.1 

289-01 229.5 8.5 2.81 30.9 0.46 0.02 52.97 20.53 83.2 

289-02 228.8 8.5 2.87 27.5 0.65 0.04 47.53 24.50 108.6 

289-03 244.8 8.4 2.13 26.7 0.79 0.08 41.09 27.31 96.1 

289-04 227.4 8.3 2.98 29.8 0.95 0.08 43.35 31.70 97.5 

289-05 165.1 8.4 3.39 28.1 0.65 0.04 61.23 34.58 96.4 

489-48 163.8 8.5 4.44 33.1 33.1 0.03 53.79 27.64 95.5 

489-49 145.4 8.5 3.80 25.9 0.35 0.04 43.54 28.46 88.2 

489-50 107.6 7.7 5.77 32.4 0.40 0.02 37.28 23.68 82.6 

489-51 111.8 8.5 3.44 32.9 0.38 0.03 70.15 23.19 74.8 

Total 

WTD AVG 

2,369.9 

169.3 

        

8.6 2.72 30.5 0.77 0.06 49.29 30.11 96.2 
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Navajo Mine Permit Application Package 
 
 

 
1987 METHODS OF ANALYSIS. 

 

 

Sample Preparation 

 

Crushing and grinding to minus 2.0 mm (for AB potential to .25 mm). 

 

Saturation percent 

 

Richards, 1954 

Method 27a. Saturated paste. 

 

pH 

 

Richards, 1954. 

 

Method 21c. 1:2 (soil:water) extract, pH meter. 

 

E.C. 

 

Richards, 1954. 

 

Method 4. 1:2 (soil:water) extract, EC meter. 

 

Calcium, Magnesium and Sodium 

 

Richards, 1954. 

 

Method 3. 1:2 (soil:water) extract, ICP. 
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(1987 Methods of Analysis -cont'd) 

 

SAR 

 

Richards, 1954.  Calculation. 

 

Boron (hot water soluble) 

 

Page et al., 1982 

Hot water extraction, ICP. 

 

Selenium (hot water soluble) 

 

Page et al., 1982 

Hot water extraction, AA-hydride. 

 

Acid-Base Potential 

 

Sulfur (total) 

Sulfur Forms (for samples with A-B potential < -5) 

Neutralization Potential (Calculated from CaC03%) 

 

Sobek et al., 1978 EPA 600/2-78-054. 

 

Calcium Carbonate (total) 

 

ASTM Method 513--82, Acid neutralization-colorimetric detection of C02. 
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(1987 Methods of Analysis -cont'd) 

 

Organic Carbon (total) 

 

ASTM Method 4129-82, Hi-temp combustion-colorimetric Detection of CO2. 

 

Texture 

 

Page et al., 1982 

 

Method 4304.  Particle size by pipet method after pre-treatment with H202, HCl, washing 

with H2O, and dispersing with Sodium hexa-meta phosphate. 

 

ESP 

 

Richards, 1954 

Method 20a.  Exchangeable cation percentages. 
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1989 METHODS OF ANALYSIS. 

 

 

Saturated Paste 

 

Page et al., 1982 

Method 10-2.3.1. 

 

Measure 1/3 to 1/2 cup soil into plastic cup which has a snap tight lid.  All deionized 

water to the soil while mixing with a spatula.  When the paste glistens, flows slightly with 

the container is tipped, and slides cleanly off the spatula.  The saturation criteria are 

reached.  Allow the paste to stand at least 4 hours, but preferable overnight.  Recheck the 

saturation criteria.  Free water should not have collected on the surface.  Add either more 

soil or water to attain proper consistency.  At this point, pH and saturation percentage are 

obtained.  Paste is then filtered through a Buchner funnel using vacuum filtration.  The 

extract is collected in a test tube for E.C. and SAR analysis. 

 

pH 

 

Richards, 1954  Method (21a) 

Page et al.,  1982.  Method 12.6 

 

Standardize the pH meter with pH 7 and pH 4 buffers before use.  If samples have 

exceptionally high pH's also check the pH 10 buffer.  After remixing the pastes to check the 

saturation criteria, insert pH electrode into the paste, and move the electrode gently through 

the paste until a stable reading is obtained.  Record sample pH. 
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(1989 Methods of Analysis - cont'd) 

 

 

Saturation Percentage 

 

Page et al., 1982.  Method 10-2. 

Richards, 1954.  Method (27a). 

 

After remixing the pastes to check the saturation criteria, place a subsample of the paste into 

a small cup of known weight.  Weigh and record the wet weight of the cup and sample, then 

place in a 105oC oven until dry, usually overnight.  Reweigh dried sample and record as dry 

weight. 

 

Electrical Conductivity 

 

Page et al., 1982.  Method 10-3.3. 

 

Prepare a water bath at 25oC.  Place saturated paste extracts and a KCL standard in the bath 

and allow them to come to equilibrium.  Measure conductivity of KCl standard and record 

to be used as a correction factor.  Measure and record conductivities of paste extracts. 
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(1989 Methods of Analysis - cont'd) 

 

Water Soluble Ca, Mg and Na 

 

Page et al., 1982.  Method 10-3.4. 

 

Place 1 ml of saturated paste extract in a small plastic cup and add 20 ml of 0.6% SrN03.  

Cap samples if they are not to be analyzed immediately.  Analyze for Ca, Mg and Na by 

atomic absorption spectrometer. 

 

SAR 

 

Richards, 1954.  Method (20B) 

 

Calculated value: 

SAR = Na / [(Ca + Mg) / 2]1/2 

 

Neutralization Potential 

 

Sobek et al., 1978.  Method 3.2.3. 

 

Determine amount of fizz for each sample with 10% HC1 to insure that enough acid is 

added to react with all the CaCO3.  Weigh 2.00 g of -60 mesh sample into a 250 ml beaker.  

Add amount of standardized 0.1 N HC1 indicated by the fizz test.  Heat to almost boiling 

(do NOT allow to boil) for 10 min. or until reaction complete.  Add Deionized water to 

bring total volume to approximately 125 ml.  Cover with a watch glass and boil for at least 

one minute.  Cool and titrate with standardized 0.1 N NaOH to a pH of 7.  If less than 3 ml 

of NaOH is used to titrate the sample, rerun sample using more HC1. 
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(1989 Methods of Analysis - cont'd) 

 

Calculations: 

 

Tons CaCO3 per 1000 tons Material = {(mls HCl added x N HC1) - (mls NaOH titrated x N 

NaOH)} x 25 

 

Total, HCl Extractable, HNO3 Extractable, and Nonextractable Sulfur 

 

Sobek et al., 1978.  Method 3.2.4 and 3.2.6. 

 

Weigh one portion of -60 mesh sample for total sulfur determination.  Rinse approximately 

5 g of sample with 2:3 HC1 until a total of 50 ml of acid has been added.  Rinse with 

approximately 50 ml of deionized water.  Dry sample and filter paper.  Scrape sample from 

filter paper and, if necessary, grind with a mortar and pestle.  Weight a portion for sulfur 

analysis. 

 

Place remaining HCl rinsed sample in a beaker and add 50 ml of 1:7 HNO3.  Cover with a 

watch glass and boil gently for 30 min.  Cool and filter.  Rinse with 50 ml of deionized 

water.  alternatively, sample may be allowed to stand in 50 ml of 1:7 HNO3 overnight.  

Filter and rinse as above.  Dry sample and filter paper.  Scrape sample from filter paper, 

grind, and weigh a portion for sulfur analysis. 

 

Analyze all samples using a Fisher Sulfur Analyzer. 

 

Calculations: 

 

Sulfate Sulfur %  = Total Sulfur % - HCl Rinsed Sulfur % 
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(1989 Methods of Analysis - cont'd) 

 

Pyritic Sulfur %  = HCl Rinsed Sulfur % - HNO3 Rinsed Sulfur % 

 

Organic Sulfur %  = Sulfur % after HNO3 Rinse Potential Acidity 

 

or;  

 

Pyritic Sulfur Acid-Base in tons CaCO3 per 1000 tons material = Pyritic Sulfur % x 

31.24 

 

Boron 

 

Page et al., 1982.  Method 25-9.1 

 

Weigh a 25 g sample of soil into a 4 oz.  plastic bottle.  Add 50 ml of 0.1% CaCl2.  Place lid 

loosely on bottle and heat in the microwave until steaming hot - do not boil.  Heating time in 

the microwave depends on the number of samples being heated.  Allow to cool 15 to 20 

minutes.  Be consistent with the cooling time.  Filter the sample and collect the extract for 

Boron and Selenium analysis.  Analyze by ICP spectrometer. 
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(1989 Methods of Analysis - cont'd) 

 

Selenium (water soluble) 

 

Page et al., 1982.  Method 25-9.1 and 3-5.5.4 

 

Use same extraction procedure as for Boron analysis.  Pretreat sample before analysis to 

convert Selenium (VI) to Selenium (IV) and to destroy any organic matter in the extract.  

Place 10 ml of sample in a large test tube.  Add 1 ml of 30% H2O2 and heat for exactly 20 

minutes in a boiling water bath.  Add 10 ml of concentration HCl and heat again in the water 

bath for exactly 20 minutes.  Cool and analyze by hydride method of analysis on the ICP 

spectrometer. 

 

Selenium (total) 

 

Page et al., 1982.  Method 3-5.3.3 and 3-5.3.4 

 

Weigh 0.5 g of mesh soil into a 50 ml Teflon digestion tubes.  Add 5 ml of HNO3 and 5 ml 

of HClO4.  Heat in digestion block at about 200oC until volume is reduced to 2 or 3 ml.  

Cool, add 2 more ml HClO4 and 5 ml of HF, and heat at 200oC until all silicates are 

dissolved.  Reduce volume again to 2 or 3 ml.  Cool, transfer solution to 50 ml volumetric 

flask and bring to volume.  Pretreat extract in the same manner as the water-soluble 

Selenium and analyze by hydride method on the ICP spectrometer. 
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(1989 Methods of Analysis - cont'd) 

 

Acid-Base Account 

 

Sobek et al., 1978   Methods 3.2.4 through 3.2.6. 

 

Calculated value: 

 

Acid-Base Account = Neutralization Potential - (Pyritic Sulfur % x 31.24) 

 

Calcium Carbonate 

 

Richards, 1954. 

 

Procedure is the same as for Neutralization Potential, except that 2.00 g of -10 mesh sample 

is used.  Report results as % CaCO3. 

 

Organic Carbon 

 

Page et al., 1982 

 

Dry about 1 tsp. to 1 tbsp. of -60 mesh sample in 105oC oven for at least one hour.  Cool in a 

desiccator.  Using an analytical balance, weigh a porcelain combustion capsule which has 

also been oven dried and desiccated.  Record weight.  Add approximately 2 g of cooled 

sample to capsule, weigh and record as first weight.  Place capsule in a muffle furnace, bring 

temperature to 550oC and hold for 8 hours.  Cool sample in desiccator and reweigh.  Record 

final weight. 
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(1989 Methods of Analysis - cont'd) 

 

Texture 

 

EPA 600/4-79-054, 1983.  Method 3.4.3. 

 

Weigh 55 g of soil into an 8 oz wide-mouth plastic bottle.  Add 100 ml of Calgon, cap and 

shake overnight.  Rinse contents of bottle into hydrometer cylinder and bring to volume.  

Stopper cylinder and mix contents by inverting cylinder once per second for 1 min.  Remove 

stopper and rinse.  Place hydrometer in cylinder and take a reading exactly 40 sec. from the 

time the cylinder was set down.  Record reading.  After taking the hydrometer reading, 

measure the temperature of the suspension and record.  At 8 hr., replace the hydrometer in 

the suspension and record second reading.  Measure and record temperature. 
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