
5.1 

CHAPTER 5 
Gl!X)LOGY 

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 5-1) . 

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, theI 

Fruitland Formation, and the Kirtland Shale. 
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FIGURE 5-1. General structural features of the San Juan Basin 
of northwestern New Mexico 
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A generalized stratigraphic section and geologic map of the permit 

area are presented in FIGURES 5-2 and 5-3. 

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 (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. 

5-3 (9/93) 




Son Jos e Form a tion 

>­ Nocimiento Formation 

~ ~------------------------~ 
Oio Alamo Sandstone 

: t-----~--------------------~ 
w 
>­ Upper Shale Member 

Farminllton 
Sandstone 
Member 

lower Shale Member 

fruitlond Formor; On 

Pictured Clif/s Formaliot\ 

lewis SMale 

Cliff House 
Sandstone 

.. 
"'0 

.. 0. 

Menefee formolion > & 

.. 
c: 

..<: 
v"\ 

~t.3..Point lao Ie oul 
So ndslone :::E 

u",dillerentic:/ed 

Jvcno l~ce:,l""e~c~r I 
I 

~----------------

lower shale 

00<0/0 Sonditone 

Kirtland 

S h a Ie 

a 
~ 

<: 
fruitland 

..a 

For mo flO(\ 

... -.............. . 
.............. ... . 
......... ........ . 
. . . . . .. ... . .. ..~

\ .~,::': ':': '::,::: :'::.:.::-. ................. , . 
........ .......... . ,'
. ~ .................... . 


':""'::':':: :.« ....:-.. :'::1 ............. .. .
~ .. .. - ........... .
J 

S h 01 e 
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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 

wi thin 	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 anyone 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: 

a. 	 EXHIBITS 5-1 through 5-4 showing drill hole locations and 

Coal Seam data, 
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b. 	 EXHIBITS 5-5 through 5-12 showing cross-sectional views 

of the local seams and overburden in both east-west and 

north-south directions l 

c. EXHIBITS 5-13 through 5-37a showing top of seam 

structure I overburden isopachs l and seam thickness for 

each seam l and 

d. 	 The following written section dealing with Coal Seam 

characteristics. 

Supplemental explanation is provided below for map details of 

EXHIBITS 5-1 through 5-37. 

• 	 Two different lines showing the extent of mining exist on 

the maps for CHAPTER 5. The drill hole locations and seam 

data maps (EXHIBITS 5-1 through 5-4) have a line showing 

where mining had progressed to as of April 1985. This 

line shows the current mine pit limits. All other 

CHAPTER 5 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. CHAPTER 5 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 CHAPTER 5 maps with the 

appropriate drill hole location and seam data map. See 

CHAPTER 121 EXHIBITS 12-4 through 12-6 for current permit 

term disturbance limits. 
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• Several different kinds of lines showing the minable boundaries of the Coal 

Seams are used on CHAPTER 5 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 Chapter 5 maps. 

• The overburden isopach lines on the seam structure and overburden maps 

(EXHIBITS 5-13 through 5-37) 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 BHP Minerals does not yet have the right to 

mine the coal underlying these areas. 

5.2 	 SEAM CHARACTERISTICS 

The analytic information for the coal seams is contained in Appendix 5A while that for the 

overburden is in Appendix 5B 

5.2.1 	 Coal Seam No. 2A 

(EXHIBITS 5-13 through 5-14b) 

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. 
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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 Bum Areas - The seam crops out off the pennit area to the west. No Bum Area 


exists in this seam \\ithin the pennit area. 


5.2.2 	 Coal Seam No. 2B 

(EXHIBITS 5-15 through 5-16b) 

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 III and IV 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 ofArea III and along the east property boundary of Area 

IV North. 

Average Minable Coal Thickness - 6.4 feet. 

Average Minable Coal Grade - 9531 Btu/lb. 

Average Total Sulfur-1.10% Area III. 

0.79% Area IV North 

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

tonstein lenses occur throughout the seam. 
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Cropline and Burn Areas - The only significant bum area is located in the extreme southwest 

(.,. 	 comer of Area IV North. The cropline is located on the west side of the mine property outside of 

the coal lease. 

5.2.3 	 Coal Seam No.3 


(EXHIBITS 5-17 through 5-18b) 


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 III and IV North. In the southwest section of Area IV 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. 


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 Bilm Areas - The only significant bum area is located in the extreme southwest 

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

the property. 
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5.2.4 	 Coal Seam No.4 


(EXHIBITS 5-19 through 5-20b) 


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

Seam Characteristics - The seam is located in Areas IV North, III and II. The seam pinches out 

abruptly at the north end of Area II. The seam becomes thicker than average towards the 

northern section of Area III and into Area II. The seam pinches out in the southwest section of 

Area III and merges with Seam No.3 along the western edge ofArea IV North within the permit 

boundary. 

, 
The seam has a name change at the Area II and III 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 III and IV 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 Bum Areas - The seam cropline is beyond the permit boundary west of the mine 

property. The only significant bum area known in this seam is in the extreme southwest comer 

of Area IV North. 
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5.2.5 	 Coal Seam No.5 


(EXHIBITS 5-21 through 5-21b) 


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 ofArea IV 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. 

C 	 Cropline and Bum Areas - A small bum area exists in the southwest corner of Area IV North. 

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

5.2.6 	 Coal Seam No. 6A 


(EXHIBITS 5-22 through 5-23a) 


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

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

southern section of Area II the seam varies from 30 feet to 40 feet above the Pictured Cliffs 

Sandstone. 
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Seam Characteristics - In the southern section of Area III, the seam splits from Coal Seam No. e 6B. In Area II, the seam is limited to a very small area. The seam thins to the northwest. 

Average Minable Coal Thickness - Area III - 2.3 feet 


Area II - 3.9 feet 


Average Minable Coal Grade- Area III - 9316 Btu/lb. 


Area II - 8876 Btu/lb. 


Average Total Sulfur - 0.72%. 

Parting Characteristics - No significant rock partings occur in the seam. Thin tonsteins, bone 

coals and carbonaceous shale lenses occur in Area III. The Area II seam has nodules of bone 

coal occurring throughout the seam. 

, Cropline and Bum Areas - No croplines or bum areas exist in Area III. The seam extends in a 

fanlike fashion over a small area. In Area II the seam has no bum areas within the permit 

boundary. The seam crops out well beyond the permit boundary to the west. 

5.2.7 	 Coal Seam No. 6B 


(EXHIBITS 5-24 through 5-26b) 


Stratigraphic Position - In Area III and Area IV 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 II, the seam varies 

from 15 feet to 45 feet above the Pictured Cliffs Sandstone. 
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Seam Characteristics - This seam is considered to be one of the better quality Coal Seams in 

C tenns of thickness and coal grade in existence in Area IV North and the southern part of Area III. 

In most of Area II, 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 II correlates to Seam No.4 in Area III. The maps and coal reserve figures for 

Seam No. 6B given in this permit application include those parts of Seam No. 6B in Area II 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 pennit area, 

Seam 6B varies from 2 feet to 45 feet above the Pictured Cliffs Sandstone. 

Average Minable Coal thickness - Area IV North, Area III - 4.5 feet. 


Area II - 8.2 feet. 


Average Minable Coal Grade - Area IV North, Area III - 9704 Btu/lb. 

Area II - 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. 

Cropline and Bum Areas - In mine Area IV North the seam cropline is visible in the bluff line 

along the coal pennit area. In the southern portion of Area III the crop line is outside of the 

pennit area. 

5-14 (9/93;10/98) 

http:Sulfur-0.72


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

C 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 II. 

5.2.8 	 Coal Seam No.7 


(EXHIBITS 5-27 through 5-29b) 


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 IV North, through Area III, and up to the north end of Area II. One 

pinchout occurs along the northeast coal lease line, and a second pinchout occurs at the Area II 

and III mine area boundary. The seam splits to 7 A 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. 

Crop line and Burn Areas - The cropline extends along the bluffs and into the valley floor in Area 

IV North, then trends northward crossing the Cottonwood Arroyo and extending to the west of 

Area III. In the southwest portion ofArea II the cropline runs outside of the permit area. The 

crop line for the rest ofArea III 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 II. 
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c 
5.2.9 Coal Seam No. 8A 

(EXHIBITS 5-30 through 5-32b) 

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 IV North, Area III, and the Southern section of Area II. 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 IV North. This seam splits from 

Seam No. 8B in the south part of Area II and along the northeastern portion of Area III. 

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. 

Crop line and Bum 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 bum 

areas. 

, 
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5.2.10 Coal Seam No. 8B 

(EXHIBITS 5-33 through 5-36b) 

Stratigraphic Position - Varies from 16 feet above Seam No. 8A in Area IV North, Area III, and 

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

Area I the seam overlies the Pictured Cliff Sandstone. 

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

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

northern half of the penn it area. Seam No. 8A splits from this seam in the south section of Area 

II. 

Average Minable Coal Thickness - 11.5 feet. 

Average Minable Coal Grade - 9143 Btu/lb. 

, Average Total Sulfur 0.72%. 

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 III 

and Area IV North. A large portion of the seam has been mined out in the northern half of the 

pennit area. Some scattered burn areas exist along the cropline in Area IV North. 
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5.2.11 	 Coal Rider Seam Above Seam No. 8B 

(EXHIBITS 5-37, 5-37a) 

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 ofArea 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. 


A verage Minable Coal Grade - 10202 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. 

5.2.12 	 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. 
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5.3 

5.2.13 Aqyifers 

Some of the Fruitland Formation Coal Seams in the permit area are 

water-bearing. However, CHAPTER 6, 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 CHAPTER 6 for a detailed description of the Groundwater 

hydrology. 

GEDLOGIC 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.l. Bureau of Reclamation, 1975). 

Previous mining in the permit area was limited to a small 

underground operation at the north edge of Area I and a small 

surface pit in the northern part of Area I I. These small mines were 

later mined through by 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 
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5.4 

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. 

OVERBURDEN CHARACTERISTICS 

5.4.1 Introduction 

The overburden material at Navajo Mine has been sampled and 

characterized in the North Area and Areas II, III and IV North. A 

total of 33 drill holes were drilled and sampled in the years 1973, 

1979, 1982, 1984, 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 5-4 shows the locations of the drill holes. TABLE 

5-1 identifies the location, elevation and depth of each drill hole 

used in this report. APPENDIX 5-A contains the lithologic drill 

logs for 1987 and 1989. The overburden chemical and physical 

analyses are presented in APPENDIX 5-B. 
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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 

APPENDICES 5-C and 5-D. 

5.4.2 Overburden Sampling 

Five drill holes were sampled in 1987, all in Area IV North (Holes 

487-01 through 487-05) . 

Locations for each drill hole at Navajo Mine are shown in FIGURE 5-4 

and TABLE 5-1. 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 II (289-01 

through 289-05) and four in Area III (389-48 through 389-51). 

Locations of the drill holes are shown in FIGURE 5-4 and TABLE 5-1. 

The average distance between drill holes in Area I I 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 5-A. 
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FIGURE 5-4. Overburden Drill Hole Locations. 
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TABLE 5-1 

OVERBURDEN DRILL SITE LOCATIONS. 

HOLE 
YEAR SITE EASTING NORTHING ELEVATION DEPTH 

NO. (ft) (ft) (ft) (ft) 

1987 

1989 

(" 

487-01 

487-02 

487-03 

487-04 

487-05 

289-01 

289-02 

289-03 

289-04 

289-05 

389-48 

389-49 

389-50 

389-51 

297228 

292615 

300508 

306666 

300869 

311850 

315995 

311610 

308516 

304350 

300393 

300206 

296626 

296785 

2001943 

2004150 

1998023 

1995716 

2006336 

2048950 

2047825 

2043470 

2039963 

2037300 

2023481 

2018130 

2015229 

2011839 

5405.0 

5427.0 

5392.0 

5409.0 

5372.0 

5456.0 

5381.0 

5446.0 

5453.0 

5419.0 

5378.0 

5373.0 

5337.0 

5350.0 

171. 0 

150.0 

205.0 

240.0 

199.0 

266.0 

256.0 

276.0 

260.0 

212.0 

217.0 

205.0 

164.0 

165.0 
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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 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) 
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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 


Texture (hydrometer) 


Saturation (saturated paste) 


The overburden chemical and physical analytical results are 


contained in APPENDIX 5-B. 


The methods of analysis for the physical and chemical properties of 


the samples are identified in APPENDICES 5-C and 5-D. pH, EC, Ca, 


Mg, Na, and % 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. 
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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 5-1) were cored to provide the 

information for this survey. A total of 2370 feet of core were 

sampled (APPENDIX 5-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 5-B. Average values for the analyses are 

presented in TABLE 5 - 2. These averages are weighted by the lengths 

of the individual samples. 

5.4.3 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. 
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TABLE 5-2 


WElGElI'ED AVERAGE OF OVERBURDEN AlaLYSES 


Total Ee H20 Sol. Pyritic 
Drill Sample (mmhos/cm) Boron Selenium ASP Clay Sat 
Hole (ftl pH 1125 cl SAR (ppm) (ppml (t/l000T) " " 
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 0.29 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 2.369.9 

WTD AVG 169.3 8.6 2.72 30.5 0.77 0.06 49.29 30.11 96.2 
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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 (Ee < 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. 

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) . 
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5.5 

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. 
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APPENDIX. 5-A 

BHp·UTAH INTERNATIONAL INC. 

DRILL HOLE NO._4.;,,;;8;,;.7_-0_1___•AREA_---:..;4N~_ ____~O~V~E~RB~U~R~D~EN~D~R~IL~L~I~N~G____________PROJECT 

JACK LEDBETTERCOLLAR ELEVATION__ 5_4_O_5_....;.3__• TOTAL DEPTH 200' •DRILLER _____________ 

COORDINATES: N=' 2,OOL, 943 CONTRACTOR_____~M~OT~E~D~RI~L~L~I~NG~C~O~._________ ___ 

E=____2~9~7~1=2=2~8_________ DATECOLLARED____D_e_c_em_b_e_r_7...;.,_1_9_B_7_________ 

SECTION____---..T_____ N ,R_____W DATE BOTTOMED___..::.D=-ec~e:.:.:m.:.=b:..=e.:...r_B:....,~1...;.9..::.B,;,..7______ 

SUMMARY 

INTERVAL 
FOOTAGE 

AMT'M INTERVAL 
FOOTAGE AMT. 010 

PLUG CORE REC·O. 'd. PLUG CORE REC'O. REC'O. 

* See Remarks 

I 

I 
TOTALS $ 
AVERAGES 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS ao.s. ELE". 
NAME COAL HORIZON 

-. ------­
COAL PARTINGS SEAM MOIST. ASH \'OL. F. C. BTU % SUL. A.F. TEMP. 

SA 31.0 - 33.7 2.6 1-0.1 2.7 21.06 16.85 31.91 30.18 6772 .61 -----­
2210 

7 i 47.0 - 53.4 6.1 1-0.2 6.3 14.74 11.90 33.14 40.22 9970 1.23 -----­
2230 

68 60.7 - 64.9 4.2 0-0.0 4.2 14.87 14.30 34.19 36.64 9729 
1 

.55 1--2340­

38 ~32.4-136.1 3.4 1-0.1 3.5 Ii 
11.33 24.60 130.75 33.32 8687 

1 .76 1--2480­

3A /140.4-143.2 I 13.27 
I 

34.031 8416 
1 

i 
2.8 0-0.0 2.B 24.80 I 27.90 2.48 i-----­, 2140I ,

I 

28 f56.0-158.5 2.5 
I 

0-0.0 
1 

2.5 115.36113.04 132.60 39.001 9763 
1 

.79 
I 
[--2250­

~58.5-159.9 -­ I Carbon. 
I /110.63 48.87 20.15 

1 1-2420Shale 1.4 20.35 5164 2.15 

2A 159. 9-162 . 4 2.5 I 0-0.0 2.5 13.70 10.66 33.74 41.90110564 .84 1--2500 

REMARKS- * 0.0' to 5.0' Collected rotary chip cuttings. 
5.0' to 171' Continuous core 

171' to 200' Rotary/ream for geophysical log. 
. . 

December 22 , 1987 Andy C. EricksonC DATE GEOLOGIST 
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APPBNDIX 5-A 

FORMATION RECORD 

DEPTH THICK. FORMATION S'i'Rrp 
OF DESCRIPTION AND REMARKS LOG

FROM TO STRAnJM (KIND ROCK) 

0.0 6.0 6.0 Si ltstone Alluvial weathred (plug drilled). 

6.0 6.8 0.8 Sandstone Wea thered 

6.8 7.0 0.2 Shale Soft, carbonaceous, W/S.S. bands 
! 

Oxidized7.0 8.2 1.2 Coal 

8.2 8.4 0.2 Shale Carbonaceous, weathered 

8.4 16.0 7.6 Mudstone Weathered, w/ gypsum veinlets 

16.0 17.2 1.2 Claystone Rust colored, baked 

17.2 17.5 0.3 Siltstone , hard 

17.5 30.5 13.0 Mudstone Wea the red , ha rd 

30.5 31.0 0.5 Shale Carbonaceous, soft 

31.0 31. 7 0.7 Coal Oxidized 

.7 31. 8 0.1 Bony Parting, hard 

31 R I 33 7 1 9 Coal Hard sliahtlvoxidized 

33.7 34.0 0.3 Shale Carbonaceous 

34.0 I 35.0 1.0 Shale • Organic 

35.0 I 36.3 I 1.3 Shale Gray 

36.3 36.8 0.5 Sha1 e Grading to sandstone 
j36.8 . 39.1 2.3 Sandstone Gray, white,silty, organic laminae 

• 

39.1 40.6 1.5 Siltstone Sandy, organic lamination 

I 40.6 I 41.5 0.9 Si ltstone ISandy 

41.5 I 43.5 2.0 Mudstone Gray 

I 43.5 I 46.8 
I 

3.3 I Muds tone Gray, hard I 
t 
I 
I 

46.8 47.0 0.2 Shale •I Carbonaceous, dark gray, soft 

47 0 53 2 6 1 Coal I Hard lustre
I 

, 
I 

53.2 I 53.4 I 0.2 Sha 1 e I Carbonaceous, dark gray 

53.4 57.3 3.9 Mudstone I Gray, soft 

57.3 I 57.4 0.1 Shale I Carbonaceous 

I 57.4 58.2 0.8 I Mudsto " "oft I 
58.2 58.4 I 0.2 Coal Thi n seam, hard 

58.4 60.7 2.3 I Mudstone Gray, soft 

60.7 64.9 4.2 Coal Broken, friable, resinous, FeS2 

64.9 65.3 0.4 Shale Carbonaceous, hard, dull black 
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APPENDIX 5-14 


FORMATION RECORD 


DEPTH THICK. FORMATION Si'RtP 
OF DESCRIPTION AND REMARKS LOG

FROM TO !STRAnJM (KIND ROCK) 

65.3 74.6 9.3 Shale LiQht gray, soft to hard, sandy 

74.6 77.9 3.3 Sandstone Light gray, ha rd, wi th soft shale interbedding. 

77.9 84.8 7.8 Shale Gray, soft 

84.8 I 93.5 8.7 Shale Light gray, hard, sandy, calcerous 1 
93.5 113.5120 . 0 Sandstone Light gray, very ha rd, fine grained. 

113.5 I 118.5 5.0 Shale Gray, soft , broken 

1118 .5 ! 132.4 13.9 Shale Gray, soft, friable, intact. 

132.4 133.1 0.7 Coal Thin lense, hard, 1 ustrous. 
I

1133.1 133.4 0.3 Shale Tan, hard, parting 

133.4 136.1 2.7 Coal Resinous, FeS2, calcite, hard, lustre 

136.1 136. Shale Dark brown, soft 

136.2 140.4 4.2 Shale Gray. soft 

140.4 143.2 2.8 Coal Resinous, FeS2, gypsum-calcite fl a kes 

143.2 149.0 5.8 Shale Gray, soft, broken, lost 41 in coring. 

149.0 156.0 7.0 Shale Gray, soft, intact. 

156.0 I 158.51 2.5 Coal I Lustre, hard, FeS2, resinous I 
I 

158.5 I 159.9 1.4 Shale Carbonaceous, dark gray, soft, parting 

159.9 I 162.4 . 2.5 Coal Hard, lustre, resinous, FeS2 

• 162.4 I 168.0 5.6 Sha 1 e Gray, soft 

168.0 1 168.0[ 0.8 Coal Thin seam, ha rd, ca 1cite 

168.8 1 171. 0 2.2 Sandstone Pic:ured c 1 i ffs formation. 

I 200.0129.0 Sandstone I I 
I 

171. 0 Piccured c 1 i ffs formation - "Rotary drilled for i 
i 

1n99 ,
9eC:JnySlCa! 10 
 9 


! 

I I I I 

I 
I I 
I I 

I I I 
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BHP-UTAH INTERNATIONAL INC. 


DRILL HOLE NO. 487-02 ,AREA___4~N~ _________~Ov~e~r~b~u~r~de~n~D~r~i~ll~l~·n~g~________ PROJECT 

COLLAR ELEVATION 5426.7 , TOTAL DEPTH 160' t DRILLER_----'Jl..I.!a..;.,c.£:!..k...JL:.!:e....d!.!oib~e..lo.t~teL!r___________ 

COORDINATES: N= 2, 004) 150 CONTRACTOR_________---Ilr4+100I4-T_E-D~r::...,i~141....i J.l.R9Q-1.C""o'--------­

E= _____-=2:..:9~2:.LZ..:::.6..:..;15=--_____ DATE COLLARED,___---LDJS:,e;J",c.s;;.emw,bl.l.le;;..tr---loo08i..t-•..-1...19./..!.8.u.7_________ 

SECTION____--t,T______N, R______W DATE BOTTOMED______De_c_e_m_b_e_r_8_,=--1_9_87______ 

SUMMARY 

FOOTAGE AMT. % FOOTAGE AMT. °/0INTERVAL INTERVAL 
PLUG CORE . REC'D. REC'O. PLUG CORE REC'O. REC'D. 

* See remarks. 

SEAM 
NAME 

7 

33 

TOTALS $ 
AVERAGES 

MINABLE 
COAL HORIZON 

37.2­ 42.9 

76.4­ 82.1 

82.1­ 84.1 

88.5­ 91. 5 

I 
1110.8-119.5 

281135.7-138.8 

2A 1144.8-146.0 

I 

I I 
I 

1 

I 

I 

1-­____,.....:.;iH.:.:.!C=.:.K~N.::::ES:.;:.S_r_-----H_----r'--..:..:PR~O~XI,.:;MA;.;.;~,.::..E........::A:..;:NA:..:L:..:.;YS:..:.'S.::.....,-___....,.....__---I~.2.~._~g,V;. 
COAL 

5.7 

0.6 

3.0 

1 8.0 

3.1 

I 0.9 

PARTINGS SEAM MOIST. ASH VOL. F. C. STU % SUL. A.F. TEMP. 

0-0.0 

0-0.0 

Carbon. 
Shale 

0-0.0' 

I 2-0.7' 

0-0. a' 1 

1-0.3 

5.7 

5.7 

2.0 

3.0 

8.7 

3.1 

1.2 

15.78 10.22 34.87 39.13 10096 1.38 
2240 

1116.46­ 10.32 33.54 39.68110277 .62 1-- 229(f 

114.66135.64 25.60 24.10 6490 1.76 1---2290 

115.40 19.94 31.66 33.001 8759 1 .96 !--2360­

i114.111 21.10 j 31.25 33.5~1 881011.37 :--2280 

1 13.59 28.22 3'-59 26.60 7971 1.74 1-2430 

I 
REMARKS ___0_.0_'_t_o_5_._0_'__ ________________________co_l_l_e_c_t_e_d_r_o_t_a~ry=--c_h_i~p_c_u_t_t_i_n~gs_. 

5.0' to 150.0' continuous core. 

150.0' to 160.0' Rotary drilled for geophysical logging. 

December 22, 1987 Leonard Dan 
DATE GEOLOGIST 
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APPENDIX 5-A 

FORMATION RECORD 

DEPTH THICK. FORMATION ~IP 
OF DESCRIPTION AND REMARKS LOG

FROM TO STRAWM (KIND ROCK) 

0.0 2.0 2.0 All uv. Brown sand, tan, fine grained. 

2.0 4.0 2.0 Sandstone Tan, oxidized, weathered, hard 

4.0 1 5.0 1.0 Sha 1 e Gray-brown, soft, Fe stained 

5.0 6.4 1.4 Shale Gray, so ft, Fe stained. 
I 

6.4 I 1 I I 

13.1 6.7 Sandstone Cap rock, tan, hard, oxidized, organic laminae. 

, '1 1 I , '< a n Q <: h", 1 '" ~rrl\J c:oft md ei ; u.rI 

13.9 ! 15.0 1.1 Sandstone Tan, hard, fine grained 

15.0 15.7 0.7 Shale Tan, soft, stained 

15.7 16.0 0.3 Sandstone Hard, Fe stained 

16.0 1 16.3 0.3 Shale Tan, soft, Fe stained. 

16.3 16.5 , 0.2 Sandstone Hard, light gray, shale interbedded. 

16.5 18.5 2.0 Shale Tan, soft, oxidized 

18.5 23.90 Shale Hard, gray, osidized, S.S. interbedded. 

i 23 9 24.7 0.8 Sandstone Tan hard calcareous. fine qrained. 
I 

24.71 26.0 1.3 Shale Gray, soft , Fe stained. 

26.0 1 27.3 1.3 Sandstone Light gray, very hard, fine grained. 

27.31 29.4 2.1 I Shale Gray, soft, slightly stained. 

29.4 32.0 2.6 Sandsfone Light gray, hard, to very hard. 

32.0 35.0 3.6 Shale Gray, soft , with ha rd s. s . interbedding. 

35.01 37.21 1.6 Shale 1 Gray, soft 

37.21 42.91 5.7 1 Coal 1 Hard, FeS2, calcite, lustre, 2 shale lense. 

45 QI I 
i 
I 

45.01 47.71 2.7 Shale Gray, soft, with minor sandstone streaks. 
P 91 2 ] SbaJ e 1 Gri2;l. soft 


47.71 60.0112.3 Shale Hard, fine grained, silty streaks. 

60.01 74.81 14.8 Si 1 tstonel Fine grained, hard, calcareous. 

Shale I Gray, soft.1.674.81 76.4 

Resinous, FeS2, calcite, hard, glossy black. 5.7 Coal76.41 82.1 

84.1 0.6 

I 

' /I I 
 Carbonaceous, coal streaks, hard, mostly shaley.83.5 Shale82.1 

I 


Thin lense, hard, FeS2Coal83.5 

R4 1 I RR C; 11 11 \";;h~ 1 p 
 r,rrl v _soft 
I
Q1 c; I 1 n rf'lrll 
 Hi'! rei brittle broken FeS2 1us treQQ " 

Gray, soft, slight silty steaks.7.4 Shale91. 5 
 98.9 I 
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APPENDIX 5-A 

FORMATION RECORD 

DEPTH THICK. FORMATION ~OF DESCRIPTION AND REMARKS 
FROM TO STRAruM (KIND ROCK) 

98.9 99 3 0.4 Shale White, clavev, Qreasy, volcanic ash. 

99.31 110.8 11.5 Sha 1 e Gray, soft 

110.81112.0 1.2 Coal Hard, lustre, resinous, FeS2. 

112 0 1112 5 o 5 ISha 1 e Tan hard coal streaks. 

112.51118.816.3 Coal Hard, lustre, FeS2, calcite, resinous. 

118.8 119.0 0.2 Shale Soft, gray, parting. 

119.0 1 119.5 0.5 Coal Hard, FeS2, lustre. • 

119.5 126.2 6.7 Sha 1 e Gray, soft. 

126.2 127.8 1.6 Sha 1 e Light gray, clayish. soft. 

127.8 132.2 4.4 Shale Gray, soft, dark gray shale bands. 

132.21 132.7 0.5 Coal Bony. dull black, hard. 

11? 7 111 7 1 n C::::h Gr(lv soft 

133.7 133.9 0.2 Coal Bony, dark gray, hard, dull texture. 

133.91 135.0 1.1 Shale Gray, soft. 

135.01 135.7 0.7 Shale Dark Gray, soft, non-carbonaceous. 

135.71 138.8 3.1 Coal Hard, lustre, FeS2, resinous. 

138.81 144.8 6.0 Shale Gray, soft, with s.s. streaks. 
. 

144.8 145.7 0.9 Coal FeS2, cal cite, hard. 1ustre. 

145.71 146.0 0.3 Sha 1 e Carbonaceous, dark gray, soft. 

146.01 1~ 1.0 Sandstone Dark gray, hard, fine grained. 

I14 3.0 Sandstone Pictured cliffs formation. 

1 I I 1 I 
I 

150.01 160.0 10.0 Sandstone Pictured cliffs formation - Rotary plug for 
I

I 

I electric logging. 1 

1 1 

I I 
I 
1 

I 
I I 
I 

I 
OF 10 DRILL HOLE No. ____48;:;.;7;...-...,;;;0...;;;;2__ PAGE __3__ 



APPENDIX 5-11. 


BHP-UTAH INTERNATIONAL INC. 


487-03 4N Overburden Drilling PROJECTDRILL HOLE NO._____,AREA---­

COLLAR ELEVATION __ 5_3_92_.1__• TOTAL DEPTH---lZ..,.0,-",-5_'_. DRILLER_.:::.:Ja~c::.:;k~L.:::..ed~b:::..::e:...;tw.tc.:.e.!...r______ 

COORDINATES: N=__l..:..,_9_9_8.:..,.'0_2_3____ CONTRACTOR____M_o_t_e_D_rl_'l_l_i_n.:;:.g_C_o_,_____ 

E=___3_0_0~,5_0_8____ OATECOLLARED____~De~c~e~mwb~er~Q~9u.~19~8~7______ 

SECT10N__-..T____N ,R____W DATE 80TTOMED__--LD.lf;ieI.l,,;C.t:lelll~bU-'e;..J:r~1..u.O.,...,....Jl..,;:9lQ8J-7_____ 

SUMMARY 

INTERVAL 
FOOTAGE AMT, 0/0 INTERVAL 

FOOTAGE AMT. 0/0 
PLUG CORE . REC'O, RECiO, PLUG CORE REC'O. RECiO. 

*See remarks 

on page 2, 

I 

I 
TOTALS e 
AVERAGES 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS ! 9.0.5. ELEV, 
NAME COAL HORIZON '. ------­

COAL PARTINGS SEAM MOIST. ASH ·VOL. F. C. BTU %SUL. A.F. TEMP. 

8A 31.9­ 33.9 2.0 Z.O 16.74 8.03 34.92 40.31 10486 .61 -----­-­ 2520 

7 57.3­ 61.0 I 3.5 1-0.2' 3.7 15.70 22.97 30.69 30.64 830() .79 -----­
2380 

I 22.92 29.97 33.11 8376 2.21 1+-270072.2­ 73.3 1.1 0-0.0 1.1 .14.00 

68 06.4-113.2 I 6.8 -­ 6.8 15.58 12.96 32.45 39.01 9889 .51 -----­
, 2470 

~34.6-138.0 I I 
I I 

7627 
1 

I 

4 2.4 1-1.0' I 3.4 1 
15 . 09 28.72 27.14 29.05 1.13 1-----­. i 2300 

3.8 154.2-159.0 4.3 1 1-0.5 ' I 4.8 112.99128.42 i 28.89129.70\ 78861 .64 1--2500­

1159.0-161.2 
Carbon. 

I I-­ Shale 1.2 13.62 66.06 12.03 8.29 2135 I .14 ---­
2270 

3A 1 161.2-165.4 4.0 I 1-0.2 4.2 15.31 23.35 28.18 33.16 8385 2.32 1--2130­
I 


REMARKS~ CONTINUED ON PAGE 2. 


December 23, 1987 Andy Erickson 
DATE GEOLOGIST 
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APPENDIX 5-A 


BHP-UTAH INTERNATIONAL INC. 


_____________________________________PROJECT48

COLLAR ELEVATION________, TOTAL DEPTH_____, DRILLER 

DRILL HOLE NO.___ 7_·O_3__, AREA____ 

___________________ 

COORDINATES: N=______________________ CONTRACTOR____________________________________ 

E=____________ OATECOLLARED_________________________________ 

SECTION___-.. T_____N ,R____W DATE BOTTOMED _______________________________ 

SUMMARY 


INTERVAL 
FOOTAGE AMT. % 

INTERVAL 
FOOTAGE 

PLUG CORE '1 REC'O. REC'O. PLUG CORE 

I 
TOTALS $ 
AVERAGES 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS 
NAME COAL HORIZON -. 

COAL PARTINGS SEAM MOIST. ASH ·VOL. 

2B 175.6-177 .7 1.9 1-0.2 2.1 15.78 9.72 33.89 

1177.7-178.4 Shale 
10.90 51.52' 21.67-­ Parting 0.7 

2A 178.4-181.1 2.3 1-0.4 2.7 15.60 16.70 31.03 

1 187.4-188.5 1.1 I - .1 16.66 21.92 30.03 

I 
I 1 

I 

iI 

I 

F. C. STU 

40.61 10369 

15.91 4873 

36.671 9384 

31.39/ 8411 

I I 

I 
i 

AMT. % 

REC'O. REC'O. 

I 

I 

8.0.S. aEV.------­
%SUL. A.F. TEMP. 

.76 -----­
2310 

-
2100 

.73 2340 

, 
169 1-----­. 2110 

I 1-----.., 
! 

I 

I 
I
!---- ­
I 

I 

1----­
REMARKS- 0.0' to 5.0' - Collected rotary chips cuttings. 

5.0' to 205.0 - Continuous core. 

DATE GEOLOGIST 
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APPENDIX 5-A 


FORMATION RECORD 


DEPTH THICK. FORMATION SiRIP 
OF 

(KlND ROCK) 
DESCRIPTION AND REMARKS LOGFROM TO STRAruM 

0.0 5.0 5.0 Sandstone Fine-medium grained, brown-tan, Trotary drilled). 

5.0 5.6 0.6 Sandstone Tan, fine-medium grained. 

5.6 5.7 0.1 Sandstone Fe stained, hard. 

5.7 I 6.0 0.3 Sandstone Fine grained, tan, soft. 1 
6.0 6.1 I 0.1 Mudstone Brown, very hard. 

6.1 I 7.2 1.1 Sandstone Very fine grained, tan/brown. 

7.2 7.7 0.5 Mudstone Gray, laminated, soft 

7.7 8.3 0.6 Sandstone Very fine grained, gray, soft. 

8.3 8.9 0.6 Sandstone Fine/medium grained, hard. 

8.9 9.0 0.1 Mudstone Fe stained, hard. 

9.0 10.0 1.0 Shale Gray, soft, S.S. interbedded. 

10.0 11. 7 1.7 Sandstone Fine grained, shale laminated, minor staining. 

11711?? n C; ShalF> Grav soft. 

12.2 12.4 0.2 Sandstone Medium Grained. 

12.4114.0 1.6 Sandstone Very fine grained. 

14 nl15 0 1 0 Shale Grav soft. S.S. interbedded. 

'c " 17 7 ,., 7 ("' ...I C'.;"~ /. ~ +.; " ~ .. .,.;"' .... ~ h" ..~ (1"';'\/ 

"""UI .I. • ~. ... '" ,",' J ;;> .J' 'J 

17.7 18.1 0.4 Sha 1e Light gray. 

18.1 21. 0 2.9 Shale Light gray, soft. 

21. 0 21.2 0.2 Sandstone Light gray, hard, calcareous. 

21. 21 21.4 0.2 Sha 1e Gray, soft. 

21.41 23.1 1.7 e 1 Very fine grained, very hard. I I 
I 

1 23.11 23.9 1 0.8 Shale I Sandstone streaks, 1 i g ht gray, hard. 
I 

23.9/ 24.8 0.9 Sha 1 e I Light to dark gray. I I 

24.81 I 
, 

27.0 2.2 Shale Dark gray. 

27.01 29.8 2.8 Shale Gray, sofo (not recovered). 

29.81 30.0 0.2 Limestone Very ha rd " medium gray. 

30.0 30.6 0.6 Shale Li ght gray, hard, calcareous. 

30.61 31.4 0.8 

~:tone 
Gray, soft. 

31.41 31. 6 I 0.2 Fine grained, light gray. 

31.6 31. 9 0.3 Shale Gray, soft. 

31. 9 33.9 2.0 Coal Hard, lusterous, FeS2, calcite. 

PAGE __3__0F_..;;..19__ DRILL HOLE NO. __48_7_-_0_3__ 
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APPENDIX 5-A 
FORMAnON RECORD 

DEPTH THICK. FORMATION ~IP 
OF 

(KIND ROCK) 
DESCRIPTION AND REMARKS LOG

FROM TO STRATUM 

33.9 34.2 0.3 Shale Carbonaceous, dark gray, soft. 

34.2 I 37.0 I 2.8 Shale Dark qray, soft. 

~ 
Dark gray, very soft.39.0 2.0 Shale I 

39.0 I 45.0 : Sha 1e Gray, soft, (not recovered). I 
Shale Gray, soft 

48.3 1 52.9 4.6 Shale Gray, soft. 

52.9 56.9 4.0 le Graditional gray - dark gray. 

56.9 57.3 0.4 1e Carbonaceous, minor coal lenses. 

57.3 58.4 1.1 Coal Calcite, FeS2, hard, lustre. 

58.4 58.6 0.2 Shale Gray, soft. 

58.6 61.0 2.4 Coal Hard, FeS2, lustre, calcite, resinous. 

61. 0 I 61. 6 0.6 Shale Carbonaceous, dark gray, soft. 

61. 6 63.3 1.7 Sha 1 e Soft, dark gray, organi c. 

63.3 I 65.9 2.6 Sandstone Hard, fine grained, shale interbedded. 

65.9 I 66.3 0.4 Sandstone Fine grained, light gray, hard, cal cite. I 
66.3 I 68.5 I 2.2 Sandstone Extra hard, calcareous, fine grained. 

68.5 69.3 I 0.8 Limestone Calcareous, hard, very fine grained. 

1.7 I 2.4 Sha 1 e Dark gray, soft. I 

71.7 72. '- Sha 1e Carbonaceous, soft. 

72.2 I 73.3 1.1 Coal Hard, lustreous, calcite. 

73.3 I 73.5 I 0.2 Shal e I Carbonaceous, soft. 

~ 
6.3 Shale I Gray, soft. I 

; 

0.2 I Sha 1 e I Carbonaceous. : 
; 

I I 
0.7 Shale I Dark gray, soft. I
I 

80.0 80.7I 
 I , 
! 

80.7 I 82.3 I 1.6 I Shale I Gray, soft. I 

I 
 Carbonaceous. 


Thin seam, hard, with carbonaceous bands. 


0.2 I Sha1
82.582.3 

0.4 CoalI 82.5 I 82.9 
Carbonaceous.0.2 Shale83.182.9 I 
 I 


! I 

Gray, soft, grading to dark gray.Shale83.1 I 84.91 1.8 

Carbonaceous.Shale0.485.384.9 
I
Dark gray, soft 

Coal 

Shale0.786.085.3 
Thin seam, hard.0.986.0 I 86.9 I 
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APPENDIX 5-A 

FORMATION RECORD 


(., 


DEPTH THICK. FORMATION STRIP 
OF 

(KIND ROCK) 
DESCRIPTION AND REMARKS LOGFROM TO STRATUM 

86.9 87.1 0.2 Sha 1e .Carbonaceous. 

87.1 92.0 I 4.9 Sha 1e Gray, soft, dark gray streaks. 

92.0 I 94.5 2.5 Shale Dark gray, very so ft, clayey. 

94.5 I 94.7 0.2 Sandstone Light gray. 

94.7 1 96.81 2.1 ISha 1e Dark gray, very soft. 

96.8 I 97.0 0.2 Sandstone ~led i um grained, hard. 

97.01 97.1 0.1 Sha 1 e Gray. 

97.1 97.5 0.4 Sandstone Light gray, medium grained, very hard, fossil shel 1 s . 

97.5 97.7 0.2 Limestone Tan, very hard. 

97.7 98.1 0.4 Sandstone light gray, medium grained, very hard, fossil shel 1s . 

98.1 106.4 8.3 Sha 1e Dark gray, soft, fossil she 11 s. 

106 . 4 1 113. 2 6.8 Coal Hard, FeS2, calcite, lustre. 

113.21114.3 I 1.1 Shale Carbonaceous. 

114.31 118.3 4.0 Shale Dark gray, soft wi th coal stringers - Carbog~~T~~< 

118.3 I 119.5 1.2 Shale Dark gray, soft. 

119.51124.21 4.7 Shale Dark gray, soft , fossil she 11 s, (0.5' lost). 

124.21 125.5 1.3 Shale Sandstone interbedding, hard. 

125.5 127.5 2.0 Sandstone light gray, very hard, flaser bedding, fossil she 1s . 

127.51127.7 0.2 I Sandstone Tan, shells, very hard, calcareous. I I 
127.71129.41 1.7 I Sandstone Light gray, hard, shale interbedded. 

129.41 130.5 1.1 1 Sandstone I Hard, gradi ng into shale. 

130.51 132.3 1.8 1 S ha 1e I Dark gray, soft. I i 
i 

I 132.31 132.71 
I I Carbonaceous, dark 

, 

0.4 I Sha 1e gray. i 
! 

\132.71132.81 0.1 I Coal , I 

132.81 132.91 0.1 I Shale I Carbonaceous. 
I 

1 Bone, dull black, hard. 

132.91 133.9 1.0 Sha 1 e 1 Carbonaceous, soft. 

133.91 134.6 0.7 Shale I Gray, soft, some carbonaceous. 

134.61 137.01 2.4 1 Coal FeS2, 1ustre, hard. 
I I 

137.01 137.41 0.4 I Shale Carbonaceous. I 
137.41 138.0 0.6 Coal Ha rd, with carbonaceous shale interbedding. I I 
138.0 139.7: 1.7 = Sha 1 e Gray, soft. I 
~ 141. 6 1.9 Shale Da rk gray, foss i 1 shells, soft, minor carbonation 
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APPBNDIX 5-A 
FORMATION RECORD 

DEPTH THICK. FORMATION ~!P 
OF 

(KIND ROCK) 
DESCRIPTION AND REMARKS LOG

FROM TO STRATUM 

141. 6 142.2 0.6 Sandstone light gray, with shale interbedding. 

14£:.21145.1 2.9 Sha 1e Dark gray, soft, fossi1 shells. 

145.1 1145.5 0.4 Claystone light gray, plastic, soft. 

145.5 153.6 8.1 Shale Darker gray, soft. 1 

153.61 154.2 0.6 Shale Carbonaceous. 

154.2 I 155.7 1.5 ICoa 1 Hard, FeS2, calcite, lustre. 

155.71 156.2 0.5 ISandstone Gray, with coal interbedding. 

156.2 159.0 I 2.8 Coal Hard, FeS2, lustre. 

159.0 159.4 0.4 Shale Carbonaceous. 

159.4 161. 0 0.6 Sha 1e Dark gray, soft. 

161. 0 161.2 0.2 Shale Carbonaceous. 

161. 21 165.4 4.2 Coal FeS2, hard, lustre with carbonaceous shale streak' . 

165.41 167.0 1.6 Shale Dark gray, soft. 

167.01167.41 0.4 Shale Carbonaceous. 

167.41168.31 0.9 Shale Darx gray, soft. 

168.31 168 . 6 1 0.3 Shale Carbonaceous. I 
168.61 169.0 1 0.4 Coal Hard, lustre, thin seam. 

169.01169.81 0.8 Sha 1e Carbonaceous. 

169.81 171. 5 1.7 Shale Gray, soft. 1 

171. 51 172.1 0.6 Limestone Tan, very hard 

172.11 173.81 l.7 e Shale interbedding. 

173.81 175.61 1.8 Shale Gray, soft, non carbonation. I ! 
I 

175.81 1 I II 175.61 0.2 Shale Carbonaceous, hard, dull bl ack. 

175.81 177.71 l.9 I Coal I Resinous, calcite, FeS2, hard, 1ustre. I 
I I 

177 .71 178.41 0.7 Shale 1 
Dark gray, soft. 

I i 
178.41 179.3 0.9 Coal FeS2, calcite, hard, lustre. 

179.31 179.7 0.4 Shale 1 Dark gray, soft, clayey. 

1 179.71 181.11 Coal Resinous, FeS2, hard. 1 

j 
I 

181.1 181. 21 0.1 I Shale Dark gray, soft, ca rbonaceous. 

181.21 182.01 0.8 I Sha 1 e Gray, soft. I 
182.0 184.0 2.0 Sandstone Li ght gray, soft, hard, silty, fine grained. 1 
184.0 187.4 3.4 Shale Gray, soft. I 

__4_8_7-_0_3___ PAGE ___ 6___ OF ___19____ DRILL HOLE NO. 



APPENDIX 5-A 
FORMATION RECORD 

DEPTH I THICK. FORMATION ~IP 
FROM I 

OF 
(KIND ROCK) 

DESCRIPTION AND REMARKS LOG
TO STRAnJM 

187.4 188.4 1.1 Coal Calcite, hard, resinous. 

188.41 189.41 0.9 Shale Gray, soft. 

189.41 205.0 15.6 Sa nds tone Pictured cliffs formation. 

1 1 1 
1 1 1 1 
I 1 I 
I I 

I 

I I 
I 
I 
I 
I 
I I 
1 1 1 
I 1 
I I 
I I I 
I I I I 
I I I I 
1 I 1 I I 
1 I I 

I !I j 

I 

I I I I 
I Ij 

I 1 I I 
I I I 
I I 
I I 
1 I I 

I 
I I 

I I 

I 

I I I 
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APPBNDIX S-A 


BHP-UTAH INTERNATIONAL INC. 

• AREA__IV_N_ ______O_V_E_RB_U_R_D_E_N SA~M~P~L~IN~G ?ROJECT(., DRILL HOLE NO. 487-04 

COLLAR ELEVATION 5408.6 , TOTAL DEPTH 240' ,DRILLER JACK LEDBETTER 

COORDINATES: N= 1,995,716 CONTRACTOR MO-TE DRILLING CO. 

306,666 DECEMBER 10, 1987E= ________~__________ DATECOLLARED__________________________ 

SECTION___• T ______N ,R____W DATE BOTTOMED,____-=D-=E~C-=E~M-=B-=E R_I...:..I,_19_8_7 

SUMMARY 

FOOTAGE AMT. FOOTAGE AMT.INTERVAL % INTERVAL 0/0 

PLUG CORE REC'O. REC'O. PLUG CORE REC'O. REC'O. 

I 
I I 

I I 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS 8.0.S. ELE'I. 
NAME COAL HORIZON I "I< S 

------­
COAL PARTINGS SEAM MOIST. ASH ·VOL. F. C. BTU 

, " . A.F. TEMP. " 

8A 66.7­ 73.8 6.8 1­ 0.3 7.1' 14.56 15.21 32.54 37.69 9697 11.08 -----­
2450 

75.0- 76.1 1 1 0-0.0 I~ 26.92 27.12 7256 13.0~--2ioo--' , 

, 76.1 -77.6 CAR8N. 1.5 15.04 49.3c 19.32 16.25 1 4128 11.38 ---­ .. 2700 

7 I ~8 31.50 129025 

' I 

94.0- 96.1 1.2 3-0~ 25.97 • 727211321-----­RIDEF . ·2700 

I 
I r­

! . r 12.96165.9~ !3.82 I I 
I 

96. 1-97.2 ' SHALt: 7.32 1891 I i 
---­ i PARTING. I 

Q2!-----­
I I • ..., I +2700 
I 

I i 
II 

7 97.2- !Ol. ! I 3.2 2- 0.7' 3.9 14.28 19.65 i 31.47 34.60 9121 :10 :----­. , +2700 

7R 105.4- 110.6 5. I i 1.0.1 5.2 15.22 13.95 33.74 37.09 9806 .67! +2700­

68 127.6- 130.8 3.0 I '.0.2 3.2 
1 

14.47 i 19.10 32.53 
1 33.90 1 9074 

1 

1681----­
I . 2550 

REMARKS ______ 0_,0_'_-_4_.0___C_0_L_L_E_C_T_E_D_C_H_I_P_C_U_T_l_-I_NG_S_.____________________________________ 

4.0'-240.0 CONTINOUS CORE SAMPLES 

" FUSION TEMPERATURE OF ASH INITIAL DEFORMATION ~ REDUCING 

~ ====D=E=C=E=M~~~;~~~:~8=,=1=9=8=7================================~~~~=============== 
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APPENDIX 5-A 


BHP-UTAH INTERNATIONAL INC. 


___________________________________PROJECT(.., DRILL HOLE NO. 487- 04 ,AREA_____ 

COLLAR ELEVATION______, TOTAL DEPTH.______, DRILLER________________________ 

COORDINATES: N-_______________ CONTRACTOR______________________________ 

E=____________ DATECOLLARED-------__________________ 

SECTION__-..,T____N, R____ W DATE 80TTOMED______________________ 

SUMMARY 

FOOTAGE AMT. 0/0 FOOTAGE AMT. 0/0INTERVAL 
PLUG CORE REC'O. RECtO. INTERVAL 

PLUG CORE RECiO. RECtO. 

SEAM 
NAME 

6A 

4 

3 

2 

J 

MINABLE 
COAL HORIZON 

134. 1- 141 .7 

!89.4- 193.1 

209.5- 216.5 

216.5- 217.6 

217.6- 223.3 

I 
I I 

I 
I 

1 I 1 

I 

II 

I-­___......,.:.T.:.;,;HI:..::.C.:..:.:J(N.:.::E:.:::;SS:::....,.._____~I_----_r__.:...;PR:.;;.O:.::XI.;.:.:MA;.:..:T,::.E--=.;A::.,;;NA:.;,.:L:.:.Y::.;51,::.5---.._____..----1 ~9·~·_~g.v.:. 

COAL 

7,6 

3.6' 

6.5 

5.7 

PARTINGS SEAM MOIST. ASH ·VOL. F. c. BTU % s. A.F. TEMP. 

0-0.0' 7.6' 
! 

1.01' 

1-0.5 

SHAL~ I 
PARTING. 

! 0 0.0 I 
I i 

I I
I I 

I I 
I 

3.7' 

7.0' 

I .1 

5.7 

15.1 I' I 1.60 33.35 39.94 10059 .46 -----­

13.70 ! 26.27 28.13 31'.90 

i 14.37 

1 12 . 29 

/ 14 . 52 

! 

i 

24.81 1 27.71 33.1 1 I 

76.11 I 7.8~ 3.74 

17.851 30.851 36.78 
i I 

... 2700 

8421 1 441----­
. I 2270 

9241 .!3 1-----­
! 2350 

9347 I <17 :---­
I ., ... 2700 

1---­
! 1--­

REMARKS- ________________________________________________ 

~ -----~D~A~T~E=--------
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APPENDIX 5-A 
FORMATION RECORD 

DEPTH THICK. FORMATION ~rp 
OF 

(KIND ROCK) 
DESCRIPTION AND REMARKS LOGFROM TO STRATUM 

0.0 4.0 4.0 Alluvial IBlown sand, with hard sandstone cappint (E~HHng) . 

4.0 I 8.0 4.0 Sandstone ILight tan, hard, oxidized. 

8.0 10.2 2.2 Shale Gray, soft, oxidized. 

10.2 I 11.1 0.9 Claystone Very hard, calcareous, gypsum fl akes. I I 
11.1 I 15.0 I 3.9 I Sha 1e IGray, soft , slightly oxidized. 

f 

15.0 I 21.4 6.4 Shale Gray, soft , gypsum, calcite, oxidized. I 

21.4 23.9 2.5 1Sha 1e Gray, hard, calcite, alkali flakes. 

23.9 25.91 2.0 Sha 1 e Gray, soft , oxidized. 

25.9 28.3 2.4 Claystone Gray, hard, calcareous. 

28.3 34.9 6.6 Sha 1e ! Gray, soft. 

34.9 36.0 1.1 Claystone Light gray, very nard, calcareous. 

36.0 42.9 6.9 Shale Gray, soft. 

42.91 44.21 1.3 Shale Carbonaaceous, dark gray, soft. 

44.21 46.5 2.3 Sha 1e Gray, soft . 

46.5 46.7 0.2 Sil tstone Light gray, very hard. 

46.71 56.0 9.3 Shale Gray, soft , numerous slickensides. 

56.0 56.51 0.5 I Claystone LIght gray, hard. 

56.5 66.61 10.1 Shale Gray, soft , slicken side at top. 

66.6 66.71 0.1 Shale Carbonaceous, dark gray, soft. I 

~66.71 69.71 3.0 Coal Calcite, resinous, hard, 1ustre, calcareous. 

69.7 I 70.0/ 0.3 I Sha 1e 1 Clayey, soft, white, volcanic ash. I 

70.0 I 73.81 3.8 Coal I 
, Calcite, resinous, hard, lustre, calcareous. : 

1 73.8 I 74.0/ 0.2 1 Shale I Non-carbonaceous, dark gray, soft. , 


I 
I 

74.0 I 75.01 1.0 I Shale 
 I
Gray, soft. ,I 

I : 

75.0 I 76.11 1.1 I Coal 1 Hard, FeS2, calcite, lustre. 1 

1.5 I Sha 1 e I Dark gray, carbonaceous, hard.76.1 I 77.6 I 


Dark gray, non-carbonaceous, soft .1.3 Shale77.6 1 78.9 
; 

Claystone Light gray, ha rd.78.9 I 90.01 11.1 I 
I 


Gray, soft with carbonaceous bands.Shale90.0 1 94.01 4.0 

Carbonaceous, dark gray, hard.0.3 Sha 1 e 94.0 I 94.3 
Resinous, calcite, hard, FeS2. I
0.8 Coal94.3 I 95.1 

Sha 1 e I Parting, gray, soft.0.295.1 I 95.3 I 
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APPENDIX 5-A FORMATION RECORD 

DEPTH THICK. FORMATION STRIP 
OF DESCRIPTION AND REMARKS lnG

FROM TO STRATUM (KIND ROCK) 
, . 

95.3 95.7 0.4 Coal FeS2, calcite, lustre, hard. 

95.7 96.1 0.4 Shale Slightly carbonaceous, dark gray. 

96.1 97.2 1.1 Shale Gray, soft, parting. [ 

97.2 9B.2 1.0 Coal Hard, calcite, FeS2, lustre, resinous. 

9B.2 9B.5 0.3 ale Parting, soft, gray. 

9B.5 100.7 2. al Hard, lustre, calcite, FeS2. 

100.7 101.1 0.4 Shal e Carbonaceous, dark gray. 

101.1 I 102.1 1.0 Shale Gray, soft . 

102.1 103.5 1.4 Siltstone Light gray, very hard, very fine grained. 

103.5 105.4 1.9 Shale Gray, soft. 

105.4 lOB. C 2.6 Coal Resinous, FeS2, hard, lustre. 

10B.0 10B.1 O~hale Parting, white, volcanic ash. 

lOB. 1 110.6 2.5 Coal Resinous, FeS2, ha rd, ca1 c He, lustre. 

110.6 111. C 0.4 Shale Gray, soft. 
Ill. 0 112.6 1.6 Sandstone Light gray, very ha rd, fine grained. 

112.6 114. ':l 1.7 Claystone Li ght gray, very ha rd, silty interbedding. 

114.3 117.8 3.5 Sil tstone Light gray, very hard, fine grained. 

~17.B 123.8 6.0 Sandstone, Light gray, very hard. 

123.B 127.( 3.2 Sha 1 e Gray, soft, silty. 
127.0 127.E 0.6 Shale Slightly carbonaceous, soft, gray. 

127.6 I 130.d 3.0 Coal Resinous, FeS2, calcite, lustre. I 
130.6 130.8 0.2 Shale Carbonaceous, dark gray, soft. 

130.8 • 
I

134.1 3.3 
• 

Cl aystonel Light gray, hard, very fine grained. 
! 

I I134.1 I 141. I ~l Resinous, FeS2, lustre, hard. iI I 

141.71 150. c 9.2 . 1 e I Gray, soft , slicken sides. I 
I I 

150.9 151 . <: 0.6 Sa nds tonel Light gray, hard, calcareous. 

151. 5 159.2 7.7 Siltstone Light gray, very ha rd. 

159.2 165. C 5.B Sandstone Light gray, hard, very fine grained. 

I 165.0 169. 4.3 
I 

Sha 1 e Gray, soft. I 
,~3i 170.~ 1.0 Siltstone Light gray, hard. 1 
, 170.3' 174.4 4.1 Cl ays tone Light gray, hard. , I 

I174.4 175 .. 0.7 Sandstone Gray, very ha rd. 
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APPENDIX 5-A FORMATION RECORD 

DEPTH THICK. FORMATION ~IP 
OF DESCRIPTION AND REMARKS LOGFROM TO STRATUM (KIND ROCK) 

175.1 175.9 0.8 Shale Gra y, soft . 
175.9 177.0 1.1 Claystone Light gray, very hard. 

177 .0 178.0 1.0 Sandstone Light gray, very hard. 

178.0 179.1 1.1 Claystone Gray, ha rd. 

179.1 179.4 0.3 Shale Gray, hard. 

179.4 183.0 3.6 Claystone Light gray, hard. 

183.0 187.5 4.5 Sha 1e Gray, soft , foss il shell s. 

187.5 189.4 1.9 Sha 1e Gray, soft. 

189.4 193.0 3.6 Coal Resinous, FeS2, calcite, ha rd, lustre. 

193. 0 193.1 0.1 Shale Carbonaceous, dark gray, hard. 

193.1 196.5 3.4 Claystone Light gray, hard, very fine grained. 

196.5 198.1 1.6 Si ltstone Light gray, hard, fine grained. 

198.1 201.S 3.8 Sha 1e Gray, soft . 

201. 9 202.5 0.6 Claystone Light gray, hard. 

202 5 206 ") 3.8 Sha 1e Grav. soft fossil shells. 

206.3 209.5 3.2 Shale Dark gray, soft, non-cargbonaceous. I 

209.5 210.2 0.7 Coal Hard, lustre, nonchoidal fracture. 

210.2 210.7 0.5 Shale Dark gray, soft, carbonaceous, bony streaks. 

210.7 216.5 5.8 Coal Resinous, FeS2, hard lustre I I 

216.5 I 217.6 1.1 Sha 1e Gray, soft, parting I I 
217.6 223.~ 5.7 Coal Resinous, FeS2, ha rd lustre I 

223.3 I 225.( 1.7 Sha 1e Gra y, soft. ! I 
I 

22S.j I 
I 

I 

225.0 0.2 Coal Thin seam, ha rd, lustre. I 

I 

I I 

225.2 i 229. 4.1 Shale Gray, ha rd, s i 1ty I 

I I 

229.3 237. I 8. Ll Sandstone Pictured cliffs formation vlith siltstone streaks! 
i 

237.7 238.c 1.1 Claystone Light gray, very ha rd. 
238.8 240. ( 1.2 Sandstone Pictured cliffs formation 

I 
I 
I 

iI 

i 
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APPBNDIX 5-A 


BHP-UTAH-INTERNATIONAL -INC. 

(..... DRILL HOLE NO.__ 4_8_7-_0_5_. AREA___4_N_ _________~OV~E~R~B~UR~D~E~N~D~R~I~L~LI~N~G~____PROJECT 

COLLAR ELEVATION 5,372.1 , TOTAL DEPTH 200 I DRILLER_--IJu:.AI.l.!C.c..K-lI--LE..J..DU..lB.L...ET.L...TuF.nR~____• 

2 006 ":l":l6 MOTE DRILLING COCOORDINATES: N= 1 ,")"} CONTRACTOR_________--.:.______ 

":l00 869 DECEMBER 11. 1987E= "}, DATE COLLARED_________'______ 

DECEMBER 14, 1987SECTION____.,T---N, R____W DATE 80TTOMED________~_____ 

SUMMARY 

FOOTAGE AMT. R~'D·eTERVAL FOOTAGE 
INTERVAL 

PLUG CORE . REC'O. PLUG CORE 

*See Remarks. 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS 
NAME COAL HORIZON COAL PARTINGS SEAM MOIST. ASH 

88 36.9- 39.1 2.2 0=0.0' 2.2 23.11 12.53 

8A 67.5-70.4 2.8 1-0.1 2.9 15.64 12.15 

7 86.3-92.5 6.1 1-0.1 6.2 14.39 i 10.79 

68 105. 8-11 0 . 9 5.1 0-0.0 5.1 1115.04 10.27 

4 134 . 3-136. 5 2.2 0-0.0 2.2 15.35 18.17 

38 153.5-157.6 4.0 1-0.1 4.1 I 14_33 19.25 

28 
169.2-177.5 8.1 1-0.2 8.3 

! 
15.92 12.80 

190. 7 -19 ~ . 6 0.9 0-0.0 0.9 13.49 17.25 

-­
"vOL. F.e. BTU 

30.35 34.01 7183 

33.12139.09 9975 

35.01 39.81 10417 

35.11 39.58 110432 

31.59 34.89 9107_ 

31.22!35.20 9160 

32.35 38.93 9872 

33.41 35.85 9787 

AMT. 0/0 
REC'O. REC'D. 

I 
i 

I 

I ao.s. EL~V.------­
%s. A_F. TEMP. 

..71 -----­
2149 

.62 -----­
2250 

11.00 !--2340­

.571-238~-
611-----­

• i 2500 

761----­
. , 2510 

.551-=~4TO-
.79 '""":2300­

REMARKS-O.O' to 4.0' - Collected rotary chip cuttings. 
4.0' to 200' - Continuous core. 

~... _~De~c~e~m~be~r~2~3~,~1~9~8~7---- Leonard Dan 
'-" DATE GEOLOGIST 

PAGE 1 OF _...::.1-=2=--_ DRILL HOLE NO. 487-05 



APPENDIX 5-A FORMATION RECORD 

DEPTH THICK. FORMATION STRIP 
OF DEScRIPTION AND REMARKS 

FROM TO STRATUM (KIND ROCK) LOG 

o 0 4.0 4.0 Sandstone Cap rock. tan. extra hard. 

4.0 7.8 3.8 Sandstone Tan, hard, stained. 

7.8 8.1 0.3 Si ltstone Pink, oxidized, very hard. 

8.1 12.0 3.9 Sandstone Tan, hard, stained. 

12.0 19.6 7.6 Shale Gray, soft, Fe stained. 

19.6 20.2 0.6 Coal Badly weathered, soft, friable. 

20 2 21.8 1.6 Shale Liaht brown. soft cl a vev. 

21.8 22.1 0.3 Coal Thin seam, soft, friable. 

22.1 ~ 6.9 Sha le Light brown, soft, weathered, (Lost 6.41) 

29 0 36.9 I 7.9 Shale Liqht brown. soft calcite. aVDsum. 

36.9 39.1 2.2 Coal Intact, soft, oxidized. 

39.1 39.4 0.3 Shale Carbonaceous, dark gray, soft. 

39.4 44.0 4.6 Shale Gray, soft. 

44.0 50.0 6.0 Claystone Li ght gray, hard, angular fractures. 

50.0 52.6 2.6 Sandstone Light gray, hard, shale interbedded. 

52.6 53.9 1.3 Sha 1 e Gray, soft. 

53.9 54.2 .3 Sandstone Light gray, hard. 

54.2 57.6 3.4 Sandstone Light gray, hard, shale interbedded. 

57.6 58.6 1.0 Shale Gray, soft, angular fractures. 

58.6 65.8 7.2 Shale Gray, soft, with sandstone interbedding. 

65.8 66.3 0.5 Sandstone Si lty, hard, fine grained. 

66.3 67.0 0.7 Shale Gray, soft. 

67.0 67.5 0.5 Sandstone Gray, hard. 

67.5 67.6 0.1 Coal Hard, FeS2, calcite, lustre. I 
67.6 67.7 0.1 Shale Grey, Soft, calcite, aHal ai. 

67.7 70.4 2.7 CGal Resinous, FeS2, Hard, lustre. 

7('; £1 7F. n 
" F. 

,h;ll ~ hrpv Soft 

76.0 78.1 1.5 Shale Grav, soft. 

78.1 81. 3 3.2 Sandstone Light gray, hard 

81.3 86.3 5.0 Shale Grey, Soft 

86.9 92.4 6.1 Coal Resinous, FeS2, Calcite, Hard, Lustre 

92.4 92.5 0.1 Shale Carbonaceous, Dark Grey, Soft 
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APPENDIX 5-A FORMATION RECORD 

DEPTH THICK. FORMATION ~IP 
OF DESCRIPTION AND REMARKS 

FROM TO STRAruM (KINO ROCK) LOG 

92.5 95.3 2.8 Shale Grey, Soft 

95.3 95.9 0.6 Claystone Light gray,very hard. 

95.9 105.8 9.9 Sha 1e Grey, Soft 

105.8 110.9 5.1 Coal Resinous, FeS2, calc ite, hard, lustre. 

110.9 112.9 2.0 Sha 1e Dark gray, soft. 

112.9 118.1 5.2 Shale Gray, soft. 

118.1 119.1 1.0 Sandstone Light gray, hard. 

119.1 122.8 3.7 Shale Gray, soft. 

122.8 124.0 2.2 Sandstone Light gray, hard. 

124.0 125.7 1.7 Sha le Gray, soft. 

125.7 134.3 8.6 Sandstone Silty, hard, 1ight gray, shale streak. 

134.3 136.5 2.2 Coal Resinous, FeS2, hard, 1ustre. 

136.5 139.3 2.8 Shal e Grey, Soft 

139.3 140.3 1.0 Sandstone Light gray, very hard. 

140.3 145.7 5.4 Sha 1e Grey, Soft 

145.7 146.0 0.3 Shale White, clayey, volcanic ash. 

146.0 153.4 7.4 Sha 1e Grey, Soft 

153.4 153.5 0.1 Shale Carbonaceous, dark gray. 

153.5 154.0 0.5 Coal FeS2, hard, calcite, lustre. 

154.0 154.1 0.1 Sandstone Thin parting, hard, light gray. 

154.1 157.6 3.5 Coal Resinous, FeS2. calcite, hard. lustre. 

157.6 159.2 1.6 Shale Grey, Soft 

159.2 160.0 0.8 Sandstone Light gray. hard 

160.0 164.7 4.7 Sha 1e Grey, Soft ! 
I 

164.7 165.3 0.6 Claystone Light gray, very hard. 

165.3 165.9 0.6 Shal e Gray, soft, sandstone streaks. 

165.9 166.4 0.5 Siltstone Light gray. very hard. calcareous. I 
166.4 167.1 0.7 Shal e Grey, Soft 

167.1 167.9 0.8 Sandstone Light gray, hard. 

167.9 169.2 1.3 Shale Grey, Soft 

169.2 169.4 0.2 Coal Bony, hard, dull bl ad. 

169.4 177 .5 8.1 Coal Resinous, FeS2, Calcite, Hard, Lustre 

0F 12 DRILL HOLE NO. 487-05PAGE __3__ 



APPBNDIX S-A 
FORMATION RECORD 

DEPTH THICK. FORMATION ~[P
OF DESCRIPTION AND REMARKS LOGFROM TO STRAruM (KIND ROCK) 

177.5 181.1 3.6 Shale Grey, Soft 

181.1 185.1 4.0 Claystone Fine grained, hard, 1 ; ght gray. 

185.1 190.0 4.0 Sandstone Light gray, hard. 

190.0 190.7 0.7 Shal e Grey, Soft I 
190.7 191.6 0.9 Coal Thin seam. hard. lustre FeS2. 

191.6 191.9 0.3 Sandstone Brown, hard, stained. 

191.9 199.0 1 Sandstone Pictured cliffs formation 

I 
I 

I 
I I I 
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APPENDIX 5-A 

BHP-UTAH INTERNATIONAL INC. 


Block B Overburden,AREA_________________________________________PROJECTDRILL HOLE NO. 289-01 

5456 TOTAL DEPTH 266 , DRILLER_________________________ Jack Ledbetter COLLAR ELEVATION I 

__~~~___________ CONTRACTOR MO_-_T_E________________________2048940 ____COORDINATES : N= 
311850 DATECOLLARED ________________________________________ __7_/_1_8_/_89E= 

___W DATE BOTTOMED__7_/_1_9/_8_9_____________________SECTION IT N,R 

SUMMARY 

FOOTAGE I 

0/0 FOOTAGE
INTERVAL AMT. INTERVAL AMT. 0/0 

PLUG CORE REC'O. REC'O. PLUG CORE REC'O. REC'O. 

I I 

I 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS JNJI__ ._ 
NAME COAL HORIZON '.

COAL PARTINGS SEAM NOIST. ASH ·VOL. F.e. BTU a/a s. SOFT .. 
2694 

8 177.0 - 191. 9 12.36 21. 70 9081 b.62 2700--­

2431 
78 201.1 - 203.6 11.58 29.19 8141 .65 "20'(Jb-­

246.2 8656 J.87 
2375 

6 238.3 - 12.95 23.41 ----­
2523 

." 1-----­
1-----­
1----­
---­

----­

REMARKS-~I~~o~w~a~t~er~t~a~b~l~e~e~n~c~o~u~nt~e~r~e~d~.________________________________~---------

07/19/89 Dave Hoag 
DATE GEOLOGIST 
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FORMATION RECORDAPPENDIX S-A 

DEPTH THICK. FORMATION DESCRIPTION 
lsrnlP

OF AND REMARKS 
FROM TO STRAruM (KIND ROCK) LOG 

0.0 5.0 SS OTZ SS HARD MESA CAPROCK CUTTINGS 
5.0 5.4 II QTZ SS. HARD. MESA CAPROCK,CORE. 

5.40 34.0 SS BROWN, MD GR., MD. HARD, LAMINATED 
34 35.6 CLAYSTONE BROWN 

35.6 38.2 ·CLAYSTONE DARK BROWN, CARBONACEOUS 

~46.0 SILTSTONE GRAY W/BROWN STAINS, SOME VFG SS 
46. 72.2 I SS GARY, LAMINATED 

72.2 73.7 SH D. GY. 
73.7 75.2 SH CARBONACEOUS 

75.2 81. 2 CLAYSTONE O-MD GY, SILTY 
81.2 81.8 SHALE CARBONACEOUS 
81.8 83.0 CLAYSTONE DK.-MD GY, SILTY 

83 .... ~ .... O LOST . 

86.0 93.2 CLAYSTON DK. MD GY, SILTY 
93.2 113.0 SS LT GY. MD HARD LAMINATED, F-M. GRAIN I 

113.0 114.8 SH M. GY, SOFT 
114.8 119.2 SS LT. GY. F-M GR, CARB. LAMINAE 

119.2 120.4 SH CARBONACEOUS, SOFT 
120.4 135.3 CLAYSTONE LT.-M. GY, SILTY, MED HARD 

135.3 1177.0 SANDSTONE LIGHT GRAY, MEDIUM HARD, FAIR-MEDIUM GRAY, CARB rAMS 

177 .0 178.0:. 1· COAL BONY .­
178.0 1178.3 PARTING TAN SHALE &BONY COAL 

178.3 1
178 .8 COAL i BONY I 

178.8 I. 178.9 SANDSTONE I TAN, FAIR GRAY, SOFT I 
I 

178.9 i 180.6 COAL LUSTROUS 

180.61 180 . 9 COAL BONY 

.J:.80.9 !181. 0 SHALE TAN. SOFT 
181. 0 r 181. 5 COAL LUSTROUS 

I 
181. 5 I 181. 7 I PARTING TAN, SHALE 
181. 7 . 183.5 I COAL HARD, LUSTROUS 

I 

... 183.5 I 183_6 PARTING TAN, .SANDY SHALE 

183.7 187.6 COAL HARD, LUSTROUS 
2 3PAGE ___OF ___- ,. DRILL HOLE No._2_89_-_01___ 
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APPENDIX S-A FORMATION ,RECORD 

DEPTH THICK. FORMATION isrRlP 
OF 

(KINO ROCK) 
DEScRIPTION AND REMARKS LOGFROM TO STRATUM 

187.6 187.7 SH TAN, SOFT 

187.7 189.4 COAL HARD, LUSTROUS, RESINOUS 

189.4 189.5 SH TAN, SOFT 

189.5 191. 7 COAL HARD, LUSTROUS RESINOUS 

191. 7 191. 9 SH CARBONACEOUS 
191. 9 200.8 CLAYSTONE DK-MD GY, SILTY, MED HARD 

200.8 201.1 SH CARBONACEOUS 

201.1 203.4 COAL HARD, LUSTROUS, RESIN 
i
, 203.4 203.6 SH CARB 

203.6 209.1 CLAYSTONE GRAY, SILTY, MED HARD i 

209.1 209.2 SH CARB 
209.2 209.9 COAL HARD, LUSTROUS 

209.9 211.1 SH CARB 
211.1 214.2 CLAYSTONE MGRAY, SILTY, MED.HARD 

214.2 215.9 SS LT GRAY, FGR, SOME CARB LAMS 

215.9 216.4 CLAYSTONE MGRY, MED HARD 

216.~ 217.0 COAL HARD, BONY 

217.0 218.0 SH CARB 

218.0 221.8 CLAYSTONE M-DK GY, MED HARD 
221.8 229.6 SS LAMINATED LT AND OK GRAY, F. GR. 

229.6 238.3 SH OK GRY, SOME SS LAMS 

238.3 239.0 COAL BONY 
. 

I239.0 244.9 COAL i HARD, LUSTROUS, OISSENIMATEO FeSz, GYPSUM 

244.9 245.0 SH TAN PARTING i 

245.0 245.9 COAL HARD, LUSTROUS, FeS2, GYPSUM 
, I 
i 245.9 246.2 SH CARB 

246.2 256.0 SANDSTONE LIGHT -DARK GRAY, LAMINATED, FAIR GRAY 
256.0 266.0 SHALE MEDIUM GRAY, 70% OYSTERS, SOME SAND 

, . "'''., ,_·t·: '. ..' " ' ~:, .-~ .-.::' .'­ . . .... ~ ".. j.­ '~: ... 

';" ..~~;,.~. .':.-; - '" . ~fX>~~~:..: . .. . . 
. <:,':' .. - ­ ' 

. , 

. -. 
'. 

.~' ... 
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APPENDIX 5-A 
BHP-UTAH INTERNATIONAL INC. 


Block B Overburden
, __~....:...-_____________PROJECTDRILL HOLE NO. 289-02 ,AREA 

COLLAR ELEVATION_..::::5~38~1~__ J TOTAL DEPTH 256 ,DRILLER-=J....:,;a..:.c.:..;,.k...,;L:...,:e:....:d:..=b..:.e..:.t..:.,.te:...:r_______ 

COORDINATES: N=_2_0_4_7_82_6______ CONTRACTOR__M_O_-T_E_____________ 

E- 316995 DATECOLLARED_0~8~/~0~1LI8~9~___________ 

SECTION __-JTN,R____W DATE BOTTOMED---=O;..:::8.L..1.=..02=..l/:....::8:..::9~__________ 
J 

SUMMARY 

FOOTAGE AMT. % 
INTERVAL FOOTAGE AMT. I 0;'INTERVAL PLUG CORE . REC'D. REC'D. REC'D. REC'D.PLUG CORE 

I I 

I 
I 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS INIT 
NAME COAL HORIZON 

-. soFt- -­COAL PARTINGS SEAM MOIST. ASH \'OL. F.e. BTU %5. 

2700-----­
8 172.3 - 186.1 11.62 32.33 7440 0.6~ 2700 

2590 
7B 207.3 - 210.1 11.45 33.07 7516 1.8C 7700"-­

6 234.6 - 243.0 11.37 27.09 8487 ~ 23771.0 -2449­

1 .. 1-----­
1 1----­

1 1---­
I I I 1--­

I ----­

REMARKS ____w.:..:..a:...:t:...:e:....:r~T=ab:....:l:....:e~e..:...n..:.,.co:....:u:....:n:....:t..:.e_r_a_t__1_8_O_.O__f_t_.__________________ 

Dave Hoag08/02/89
DATE GEOLOGIST 

PAGE 1 OF _3___ 
.- "'. ­
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APPENDIX 5-A FORMATION RECORD 


DEPTH THICK. FORMATION IsmIP 
OF DESCRIPTION AND REMARKS 

FROM TO STRA11JM (KIND ROCK) LOG 

~~ CLAY BROWN, SOFT 'DRILL CUTINGS 
I CLAY , SILTY, SOFT .. 

~14.2 CLAYSTONE BROWN, SOFT, SILTY 
14.2 • 19.8 CLAYSTONE TAN, BROWN STAINS, SANDY, MED HARD I 
19.8 23.2 SHALE CARBONACEOUS, SOFT 

23.2 26.7 ~D GRAY, SLIGHTLY CARBONACEOUS 
~32.8 C AN TO GRAY, SILTY TO SANDY, SOFT 

32.8 35.5 SAN LT GRAY, MOTTLED, FG, HARD 
35.5 36.0 'SHALE CARBONACEOUS I 
36.0 .2 CLAYSTONE MED GRAY, SILTY, SOFT 

42.2 I 44.2 SHALE CARBONACEOUS 
44.2 68.2 SANDSTONE L T -MED GRAY, FG, MED HARD 

. 
68.2 73.3 CLAYSTONE MED GRAY, SANDY, HARD 

73.3 76.8 SAN LT GRAY, FG, HARD 

76.8~ CLA GRAY, SILTY, HARD 

96.0 5 SAND AY, FG, HARD, LAMINATED 

136.5 CLAYSTONE MED-DK GRAY, SILTY, HARD 

162.0 .I./u.U SANDSTONE LT GRAY, FG, LAMINATED, HARD 

170:0 172.3 CLAYSTONE MED-DK GRAY, SILTY, HARD I 
172.3 172.5 SHALE CARBONACEOUS 
172.5 175.8 COAL I HARD, FRESH 

175.8 176.1 SHALE I CARBONACEOUS, SANDY I 
176.11 176.3 COAL HARD, FRESH 

176.3 176.5 SHALE CARBONACEOUS, SANDY I 
176.5 177 .2 COAL HARD, FRESH I 

177.2 177.7 SHALE CARBONACEOUS, SANDY 

~ 
179.6 COAL HARD, FRESH 
180.5 SHALE CARBONAC EOUS , SANDY 

18 COAL HARD, FRESH 

W 186.1 SHALE CEOUS 
186.1 190.7 CL,AYSTONE MED ,GRAY, SILTV 

190.7 191.0 COAL HARD FRESH 
2
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APPENDIX 5-A FORMATION RECORD 


DEPTH THICK. FORMATION DEScRIPTION 
jsrRlP

OF (KIND ROCK) AND REMARKS LOGFROM TO STRAnJM 

191.0 191.1 SHALE CARRONAr.FOlIS 

191.1 199.4 CLAYSTONE MED-LT GRAY~ SANDY, HARD 
199.4 203.7 SANDSTONE LT GRAY, LAMINATED, HARD 
203.7 207.3 CLAYSTONE MED-LT GRAY, SANDY, HARD 
207.3 208.0 SHALE CARBONACEOUS 
208.0 210.1 COAL HARD, FRESH 

210.1 215.5 SANDSTONE LT-MED GRAY, CONVOLUTED LAMINAE 

215.5 216.0 COAL HARD. FRESH 
216.0 217 .6 SANDSTONE LT GRAY, FG, LAMINATED, HARD 
217.6 218.3 CLAYSTONE MED GRAY, SANDY, HARD I 

218.3 219.2 COAL HARD, FRESH 
219.2 219.3 SHALE CARBONACEOUS 
219.3 221.5 CLAYSTONE MED-DK GRAY, SANDY, HARD 
221.5 225.7 SANDSTONE LT GRAY, FG, LAMINATED, HARD 

225.7 234.6 CLAYSTONE MED-DK GRAY, SANDY, HARD. 
234.6 234.7 SHALE CARBONACEOUS 

234~7 . 235.4 COAL HARD, FRESH 
235.4 235.7 SHALE CARBONACEOUS 

235.7 239.7 COAL HARD, FRESH 
239.7 239.8 SHALE TAN, SANDY 
239.8 242.6 COAL HARD, FRESH 

242.6 243.0 SHALE CARBONACEOUS 
243.0 250.2 CLAYSTONI MED-DK GRAY, SANDY 
250.2 256.0 SANDSTONI LT GRAY, LAMINATED, HARD 

-
. - .. 

/ 
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. ".APPENDIX 5-A 

BHP-UTAH INTERNATIONAL INC. 

Block B Overburden,AREA____DRILL HOLE NO. 289-03 _ ---------------PROJECT 

(.,,: 5446 , TOTAL DEPTH_2_7_6_, DRILLER_.:....Ja:.....;c:....:..:k~Le=-=d:..::b...:.e...:..tt~e=-r______COLLAR ELEVATION 
_______________ CONTRACTOR_M_O_-_T_E_______________2043470CooRDI NATES: N= 

311610_____________ DATECOLLARED__0_7_I_l_9/_8_9_____________________E 

____w DATE BOTTOMED ________________________SECTION ,T N,R 

SUMMARY 

II CfFOOTAGE I AMI.FOOTAGE AMT. 0/0 INTERVAL fOINT~RVAL. REC'O. REC' O. R=-'DCORE ., REC'O . PLUG , CORE l ._1.. .PLUG 

I I I 
I I 

IIII 

I I I 

I I I I I 

I I I 

I I 

II 
I I I 
I I I . II I 

SEAl.! MINABLE THICKNESS PROXIMATE 

NAME COAL HORIZON 
-. 

COAL PARTINGS SEAM MOIST. ASH ·VOL. 

8 196.1 - ns.o 11.72 25.7 

7B 223.8 - 227.0 12.64 40.3E 

6 1255.6 - 263.7 12.91 19.4 

I I I I I 

ANALYSIS 

F. C. BTU 

8539 

6243 

1 9316 

-I 

INll 
%S. 

soFt- -­
2700 

J.69 -2700-­

.73 
2490 

-2705-­

r 561-.?§~-. 2700 

I 1-----­
i
1-----· 
I 

i1----­
, 

1----­
! 

1-----

REMARKS- Water Table encountered at 196 feet depth. 

07/18/89 Dave Haag 
DATE GEOLOGIST 

- .. -:'. .:.; .... :.'. ..... .. .. -:. _. " ..~." 
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APPENDIX 5-A 
FORMATION RECORD 

DEPTH THICK. FORMATION ~rp
OF 

(KIND ROCK) 
DESCRIPTION AND REMARKS lnGFROM TO STRATUM 

0.0 5.0 CUTTING 

5.0 9.4 SS LT BRN, VFG ~ FG, SILTY, FRIABLE 

9.4 17 .8 CLAY DARK BRN, SOFT 

17 R lq n ss BROWN FG-VFG SOFT FRIABLE 

19.6 37.0 CLAYSTONE BROWN, SILTY, SOFT, CARBONACEOUS, LAMINAE 

37.0 39.4 SS BROWN, LAMINATED, FRIABLE 

39.4 43.0 CLAYSTONE BROWN, SILTY, CARBONACEOUS LAM SOFT 

43.0 1 55.0 CLAYSTONE GRAY, SILTY, SOFT 
55.0 1 56.4 CLAYSTONE CARBONACEOUS 

56.4 66.3 CLAYSTONE M. GRA Y, S I L TY , MED HARD 

66.3 1 79.0 SS LT GRAY, FG, MED HARD 
79.0 80.6 CLAYSTONE CARBONACEOUS 

80.6 84.0 CLAYSTONE M-D GY, SILTY 
84.0 97.2 CLAYSTONE CARBONACEOUS 

97.2 98.5 SLTST LT GRY MD HARD 

98.5 1105.9 CLAYSTONE DARK GRAY, SOFT 

105.9 109.8 SLTST LT GRY, HARD 

109.8 112.1 CLAYSTONE DARK.GRAY, SOFT 

112.1 113.6 CLAYSTONE CARBONACEOUS 

113.6 114.1 COAL SHALEY, HARD LUSTROUS 
114.1 

1 
118 . 0 CLAYSTONE DARK GRAY, MED HARD 

118.0 1118.3 SH CARBONACEOUS 

118.3 1126 . 1 CLAYSTONE DARK-MED GRAY, HARD 

126.1 1126.2 COAL HARD, CALCITE VEINS 

126.2 128.6 CLAYSTONE DARK-MED GRAY HARD 
1 

128.6 129.2 SILTSTONE LT GRAY, HARD 

129.2 136.7 CLAYSTONE DARK-MED GRAY, MED HARD 

136.7 137.7 SS LT. GRAY, FGR, HARD 

137 7 13R.4 CLAYSTONE DARK-MED GRAY MED HARD 

138.4 139.8 SS LT GRAY, FGR, HARD 

139.8 171.2 SIL-TSTONE DARK-MED GRAY~'SOME CARB LAMS 
" MED· HARD~ _. ." ., ..... , . ";",:.;~ 

289-03 
DRILL HOLE NO. ________ PAGE __ 2____ OF ___ 4____ 



APP~lfDIX S-A FORMATION RECORD 

DEPTH THICK. FORMATION STRIF 
OF DESCRIPTION AND REMARKS 

FROM TO STRATUM (KIND ROCK) LOG 

171. ? 176 9 ClAYSTONE lIT GY SLIGH"TtY SILTY HARD 
176.9 180.9 .CLAYSTONE M. GY, HARD" 

180.9 184.6 SILTSTONE LT GY, HARD 

184.6 196.1 CLAYSTONE LT MED GRAY, HARD, SILTY I 
196.1 197.0 SHALE CARBONACEOUS 

i197.0 197.6 COAL HARD, LUSTROUS I 
! 
I 

197.6 197.7 CLAYSTONE LT GRAY, SILTY 

197.7 200.0 COAL HARD LUSTROUS 

200.0 200.1 CLAYSTONE LT GRAY, SILTY 

200.1 200.6 COAL HARD, LUSTROUS I 

200.6 200.7 CLAYTONE LT GRAY, SILTY 

200.7 206.6 COAL HARD, LUSTROUS 

206.6 206.8 SH CARBONACEOUS I 
206.8 207.3 SILTSTONE LT GRAY, HARD 

207.3 210.9 COAL HARD, LUSTROUS 

210.9 211.0 SHALE TAN, HARD 

211.0 213.0 COAL HARD, LUSTROUS 

213.0 213.2 SHALE TAN, HARD . 

213.2 214.9 COAL HARD, LUSTROUS I 
214.9 215.6 COAL BONY 

i 
215.6 216.0 SHALE CARBONACEOUS 

216.0 219.6 SANDSTONE LT GRAY, FG, HARD I 
219.6 1223.8 I CLAYSTONE IMGRAY, SILTY, HARD I 
223.8 224.2 SHALE CARBONACEOUS I 
224.2 226.8 COAL HARD LUSTROUS (7B SEAM) I 
226.8 227.0 SHALE CARBONACEOUS 

227.0 230.5 SILTSTONE MGRAY, HARD 

230.5 231.3 COAL HARD, LUSTROUS (7ASEAM) 

231.3 231. 7 SHALE CARBONACEOUS 

231.7 232.4 CLAYSTONE MED GRAY, HARD 

232.4 232~9 SHALE "' CARBONACEOUS 
" . 

232:9 235.3 CLAYSTONE MED GRAY SILTY, HARD . 
AAGE ___ 3___ 4
OF ______ DRILL HOLE NO. 289-03 




APPBNDIX 5-A FORMATION RECORD 


THICK.DEPTH 
OF 

FROM TO STRATUM 

235.3 235.9 

235.9 236.4 

236.4 246.5 

255.6246.5 

255.9255.6 

255.9 260.3 

260.4260.3 

260.4 263.4 

263.4 263.7 

263.7 266.5 

268.8266.5 

276.0268.8 

FORMATION 

(KIND ROCK) 

COAL 
SHALE 
SANDSTONE 

CLAYSTONE 
SHALE 
COAL 

CLAYSTONE 
COAL 
SHALE 
SS 

CLAYSTONE 

SS 

STRIP 
DESCRIPTION AND REMARKS 

LOG 

HARD, LUSTROUS 
CARBONACEOUS' 
LT GRAY, VFG-FG, HARD 

OK GRAY, SILTY, HARD I 

CARBONACEOUS 

HARD, LUSTROUS 
 I I 


TAN, SANDY I 

HARD, LUSTROUS 

CARBONACEOUS 

LT GRAY, FG, HARD 
 I 

MED GRAY, SILTY, HARD 

LT GRAY, FG, HARD 

I 


I
I 


I 

I 

I 


. 
4 4
~GE ______ OF ______ DRILL HOLE NO. 289-03 
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1IPPBlfDIX 5-11 BHP-UTAH INTERNATIONAL INC. 

•AREA BLOCK B, _O_V...;..E....;.;RB;;..;U...;..R_D=-EN~__________PROJECTDRILL HOLE NO. 289-04 

5453 , TOTAL DEPTH 260 I DRILLER Jack Ledbetter COLLAR ELEVATION 
________________ CONTRACTOR __M_O-_T_E_______________2039963

COORDI NATES: N= 
_~=~_____ DATE COLLARED·_---.,;0:::.;:8::..t-/-=.0;:J2/c....:::8:..::9_________308515 

___W DATE BOTTOMED__0_8/_0_3_1_89_________ 

E­

N,RSECTION IT 

SUMMARY 

FOOTAGE I AMT. 0/0 INTERVAL FOOTAGE I AMT. I 01INTERVAL 10 

PLUG CORE '1 REC'D. PLUG I CORE 1 RECiO. 
___ 1 

I"(:'\" D. 

I I I I I I 
I I I I 

I I I I 

I I I I 
I I I I I 

I I I 
! I Ii 

SEAM MINABLE THICKNESS PROXIMATE ANALYSIS INIT 
NAME COAL HORIZON COAL PARTINGS SEAM 

." SOFt--­MOIST. ASH VOL. F.e. BTU %s. 

2700 
8 181. 7 201.8 12.15 23.37 8817 0.49 -2'100-­

7 210.4 - 215.0 12.90 25.52 . 1 
2462 

8444 11.17-2'600-­

6 242.4 - 250.0 13 .14 21.061 9054 10 S41-'-G..3.£­. 2700 

I I I I II I 1 

.. 

I 1-----­
I1-----­
I 

1----­
1---­
1----­

No water table encountered.REMARKS 

David Hoag08/03/89 
DATE GEOLOGIST 

, . . .,~ 

PAGE 1 OF __3__ • ; . DRILL HOLE NO. _"_28_9_-_0_4__ 



APPENDIX 5-11. FORMATION RECORD 

DEPTH THICK. FORMATION ~!P 
OF 

(KIND ROCK) 
DESCRIPTION AND REMARKS LOG

FROM TO STRATUM 

0.0 5.0 SANDSTONE LT GRAY, VFG-FG MED HARD/DRILL CUTTINGS 

5.0 13.8 SANDSTONE LT GRAY, VFG~FG MED HARD 

13.8 15.0 SHALE CARBONACEOUS 

15.0 43.0 CLAYSTONE LT OK GRAY, SAND, STAINED BROWN 

43.0 44.2 SHALE CARBONACEOUS 

44.2 48.0 CLAYSTONE MED-DK GRAY, SILTY. I 
48.0 48.2 I SHALE CARBONACEOUS, SOFT 

48.2 48.9 COAL SHALEY, SOFT 
48.9 60.0 CLAYSTONE LT-DK GRAY, SILTY, MED HARD I 
60.0 61.8 SHALE CARBONACEOUS 

61.8 78.2 CLAYSTONE MED-DK GRAY, SILTY, MED HARD 

78.2 83.0 SANDSTONE LT GRY, VFG, HARD 

83.0 95.0 CLAYSTONE MED-DARK GRAY, SILTY, MED HARD 

95.0 95.4 COAL SHALEY 

95.4 105.8 CLAYSTONE MED-DARK GRAY, SILTY, MED HARD 

105.8 106.2 SHALE CARBONACEOUS 

106.2 .113.8 CLAYSTONE MED-DARK GRAY, SILTY, MED HARD 

113.8 115.4 SHALE CARBONACEOUS . 

115.4 119.6 CLAYSTONE MED-DARK GRAY, SILTY, MED HARD 

119.6 119.8 SHALE CARBONACEOUS 

119.8 119.9 COAL . SHALEY 

• 119.9 120.0 SHALE CARBONACEOUS 

120.0 128.6 CLAYSTONE MED-DARK GRAY, SILTY, MED HARD 

128.6 181.7 CLAYSTONE I MED-LT GRAY, SANDY HARD I 
181. 7 181.9 

i 
SHALE CARBONACEOUS 

181.9 182.0 SHALE TAN, SOFT 

182.0 182.1 SHALE CARBONACEOUS 

182.1 182.2 i SHALE TAN, SOFT 

182.2 192.4 COAL HARD, FRESH 

192.4 192.6 SHALE TAN, SANDY 

192.6 198.6 COAL HARD, FRESH 

198.6 198.8 SHALE TAN, SANDY ._ ", ,. -

PAGE 2 OF 3 DRILL HOLE NO. 289-04 




APPBNDIX S-A FORMATION RECORD 

DEPTH THICK. FORMATION 
OF DESCRIPTION AND REMARKS 

FROM TO STRATUM (KIND ROCK) 

198.8 201.8 COAL HARD, FRESH; MINOR PARTINGS 

201.8 207.2 SANDSTONE LT-MED GRAY,'FG, LAMINATED, HARD 

1207.2 I 210.4 CLAYSTONE DGRAY, SANDY, HARD 

210.4 210.8 .... NACEOUS 
210.8 214.7 COAL D, FRESH 
214.7 I 215.0 SHALE BONACEOUS 
215.0 217.6 SHALE CARBONACEOUS 

217.6 I 220.3 CLAYSTONE MED-DARK GRAY, SANDY, HARD 

220.3 223.6 SHALE CARBONACEOUS 

223.6 233.7 LT-MED GRAY, LAMINATED, FG, HARD.SANDSTONE 
233.7 242.4 CLAYSTONE MED-DARK GRAY, SANDY, HARD 

242.4 242.7 SHALE CARBONACEOUS 

242.7 246.6 COAL HARD, FRESH 
246.7 SHALE Y 

246.7 244.8 COAL HARD, FRESH 
244.8 250.3 SHALE CARBONAC EOUS 
250.3 256.4 CLAYSTONE MED-LT GRAY, SANDY, HARD 

256.4 260.0 SANDSTONE L T GRAY, FG, HARD 

STRIP 
LOG 

I 

I I 

I 

! 

I 
I 
I 
I 
I 
I 

i 
I 

I 

I 

I 
I 

i 
I 
I 

I I
I 

iI 
I 

I 

-
.. , 

, ,­ , , 

PAGE ___ 3___ OF ___ 3____ DRILL HOLE NO. 289-04 
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APPBNDIX 5-A 

BHp·UTAH INTERNATIONAL INC. 

289 -05 • AREA Block B , __O_v_e_rb_u_r_d_en___________
DRILL HOLE NO. . PROJECT 

COLLAR ELEVATION_..:..5..,;..41:...:9___, TOTAL DEPTH 212 ,DRILLER Jack Ledbetter 

2037300 MO-TECOORDINATES: N-= _________ CONTRACTOR_______________ 

E:::_---=3:..::;0..:..;43:::.;:5:..::0~____ DATE COLLARED__ 0_8.:,../04--=...1_8_9_________ 

SECTION __-1,T ___N ,R___W DATE BOTTOMED_______________ 

SUMMARY 

INTERVAL 
FOOTAGE AMT. 

PLUG CORE' REC' D. 
INTERVAL 

SEAM MINABLE THICKNESS PROXIMATE 
NAME COAL HORIZON 

-. 
COAL PARTINGS SEAM MOIST. ASH \IQL. 

8 120.0 - 140.2 12.36 26.84 

7B 148.5 - 153.6 13.63 23.35 

6 179.6 - 187.4 1 12 . 91 20.61 

3 1204.6 - 206.4 
1 

1112.90 35.751 

I I I 1 I I 

ANALYSIS 

F.e. BTU 

8227 

8565 

1 
9106 

I "j6712 

I I 

INn 

%5. soFt--­
10.71 25056 

1 
-259'9-­

~ 26401. 2 -2700"-­

O. 4~-~}gg--
I ~ 27001.1 -mo--­

I 
I
1-----­
I 

I
i----­
I 

1----I 

1----­
REMARKS--________________________________________No water table encountered. 

David Hoag 
DATE GEOLOGIST 

.';. .'" . . ". ,- - ~ 

289-05PAGE 1 OF _3___ ~; ..~':"': DRiLL -HOLE NO. 

http:ELEVATION_..:..5..,;..41


APPENDIX S-A FORMATION RECORD 

DEPTH THICK. FORMATION STRIP 
OF DESCRIPTION AND REMARKS 

FROM TO STRATIJM (KIND ROCK) LOG 

0.0 5.0 SAND [:1 AY iTAN SOFT DRILL CUTTINGS. 
5.0 15.3 CLAYSTONE GRAY, BROWN STAINS, SOFT 

15.3 16.8 SILTSTONE LT GRAY, VERY HARD 
! 

16.8 32.2 CLAYSTONE MED GRAY, SILTY TO SANDY, SOFT 

32.2 33.5 • SHALE CARBONACEOUS 

33.5 35.7 CLAYSTONE MED-LT GRAY, SANDY, GYPSUM I I 
35.7 36.7 . ~TSTONE LT GRAY, VERY HARD 

36.7 40.3 YSTONE MED GRAY, SILTY, SOFT 

40.3 40.8 SHALE CARBONACEOUS 

40.8 I 55.21 CLAYSTONE MED-DARK GRAY, SILTY, SOFT 

55.2 68.0 SHALE CARBONACEOUS 

68.0 76.0 CLAYSTONE MED-DARK GRAY, SILTY, SOFT 

76.0 91.0 CLAYSTONE MED-LT GRAY, SANDY, HARD 

91.0 93.8 SANDSTONE LT GRAY, FG, SHELLS, HARD 

93.8 119.2 CLAYSTONE LT-DARK GRAY, SITLY, MED HARD 

119.2 120.0 CLAYSTONE DARK GRAY, SLIGHTLY CARBONACEOUS 

120.01 120.7 SHALE CARBONACEOUS 

120.7 125.2 COAL HARD, FRESH 

125.2 125.4 SHALE TAN, SANDY 

125.4 131. 2 COAL HARD, FRESH 

131.2 131.4 SHALE TAN, SANDY 

131.4 1139.7 COAL i HARD, FRESH 

139.7 140.2 SHALE CARBONACEOUS 

140.2 144.6 SANDSTONE LT GRAY, FG, LAMINATED HARD I 
144.6 148.5 CLAYSTONE MED-DARK GRAY, SILTY, MED HARD 

148.5 148.8 SHALE CARONACEOUS 

148.8 153.6 COAL HARD, FRESH 

153.6 155.3 SHALE SLIGHTLY CARBONACEOUS 

155.3 158.9 CLAYSTO -MED GRAY, SANDY, HARD 

15R.g 161.6 SHALE CARBONACEOUS 
1fi1 fi 16R 2 CLAYSTONE LT-MED GRAY, SANDY, HARD 

168.2 179.6 CLAYSTONE DARK-MED GRAY, SILTY, HARD 
2 3

PAGE ___OF __---".. ~ DRILL HOLE NO. __2_8_9-_0_5__ 



APPENDIX 5-A 
FORMATION RECORD 

DEPTH THICK. FORMATION 
, 

OF DESCRIPTION AND REMARKS ;5'i'?~ = 
FROM TO STRAWM (KINO ROCK) I ' ,--:-­

179.6 179.7 SHALE CARBONAC EOUS I 
179.7 1187.1 I COAL HARD, FRESH i 
187.1 1187.4 I SHALE CARBONACEOUS I 

187.4 195.0 I CLAYSTONE MED-LT GRAY, SANDY, HARD I 
195.0 1199.8 1SANDSTONE LT GRAY, FG, HARD 

199.8 204.61 CLAYSTONE MED GRAY, SANDY, HARD 

204.6 206.4 I ICOAL HARD, FRESH I 
206.4 I 211.3 ISANDSTONE ILT GRAY, FG, HARD, LAMINATED 

I 1 

I I I 
I I 

, 

/ 
I 
, 

I i 

I I 

I 
I 

I I 

I I I I 
I 

i 

289-05

AAGE ___ 3 __ OF ______ DRILL HOL!::: NO, ______ 
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APPENDIX 5-A 

8HP~UTAH INTERNATIONAL INC. 

ASH FUSIONDRILL HOL::: NO. 389-48 ,AREA LOWE ~~~~~~~~~__~~~____?~CJ~~7 

COLLAR :::L:::VATION 5378 • TOTAL DEPTH 217 , DRILLER---::::J.:;,;;AC.;:;,;K;,.:......::L.:::ED:...=B:.:::::E.::.TIE=R________ 

C:::ORDINATES: N= __20_2_3_48_,l_____ CONTRACTOR_~M_O_-_T_E____________ 

::.=_--=30=0;:.;::3,""-9,,,-3_____ DATE c:::;LLAR:::O __--.:.7..:.../.::.28.:....:./...::.8...:..9___~~____ 

,___,T___ ~;, R___W CATE EO~IIOi'l.EO__.:...7/L::3~1J.../8:::..:9~________ 

SUMMARY 

FCO,AGE!--_FO_O-,-'_AG'-...:E--:--:-....JI AM T. ___ I ~ !NT::R'JALI %
PLUG I CORE ~t RE:C'D. ~:.\.. O. , PLUG I COR:: 

0.0 - 217.0 1217.0 


TOTALS ~ 

AVERAGES 


SEAM THICKNESS /I PROXIMATE ANALYSISMINABLEI 
N~ME COAL HORIZON COAL PARTINGS SEAM I MOIST. I ASH I ·VOL. I F. C. I 8 T tl I % Stl:... 1- - -- - - ­

8 I 96.0 - 105.31 1~3.09132.62126.56127.731 I-~--728310.70 

7B 1128.3 - 131.41 1~1.68149.13 ILD.SO 118.291 5187/1. 76 I-~--
fi 1154.5 - 163.3/ 1113.ssl23.as 129.so 133.461 875710.91 I--~fo; ­

223 __ 
3 /178.3 - 181. 7 i 1110.92137.26 /27.m 124.731 (£)7011 27m 

, I II 
2 I 198.9 - 202.4, 1113.76114.48 !33.23 138.531 100171 0.74 1-22li_.

: 2..798 

Ii---- ­

DAVID HOAG 
DAJ£ G::.OLOGIST 

PAGe:: !. CF __3__ DRILL ~CLE NO. 389-48 

http:1113.76114.48
http:1110.92137.26
http:875710.91
http:1113.ssl23.as
http:1~1.68149.13
http:728310.70
http:IOi'l.EO


---

lJPPBlfDIX 5-lJ 
FORMATION RECORD 

THICK. FORMATIONDEPTH ~lpiDESCRIPTION AND REMARKSOF 
LOG I(KIND ROCK)STRATUMFROM I TO 

BROWN, DRILL CUTTINGS I 	 i 
I 

CLAY &SAND0.0 1 5.0 I 

iBROWN. SOFT. SANDY I 	
! 

5.0 I 9.0 1 tLAYSTONE i 

1 GRAY, BROWN STAINED, SILTY, SOFT9.0 22.0 kLAYSTONE 
22.0 24.2 ~HALE 1 CARBONACEOUS 

24.2 36.9 tLAYSTONE 1 GRAY, BROWN STAINED, GYPSUM VEINS, SOFT 

36.9 37.4 ISANDSTONE 1 L1. GRAY, FG, HARD 

37.4 55.8 ICLAYSTONE I GRAY, BROWN STAINED, GYPSUM VEINS, MED HARD 


(., 


55.8 79.2 ISILTSTONE 

79.2 I 86.0 

86.0 1 88.8 
I 
I 

ICLAYSTONE 
I COAL 

88.8 I 88.9 
88.9 I 89.6 
89.6 I 89.7 

I 

I 
I 

ICLAYSTONE 
COAL 

CLAYSTONE 

89.7 I 97.2 1 COAL 

I 97.2 I 97.5 1 .CLAYSTONE 

97.5 1102.5 I 
102.5 1102.6 I 

I COAL 
!cLAYSTONE 

102.61105.1 I I COAL 


1 L1. GRAY, SANDY, HARD 
; 

iIMED. GRAY, SANDY, HARD 	 ,I I 

I HARD, FRESH 	 ,fI 
III TAN, SANDY 	 , ! 

HARD, FRESH 	 I ! 
I 

TAN, SANDY 	 I I 

I I 

HARD FRESH I 	 I 
I 

1 TAN, SANDY I 
, 

I HARD. FRESH I I 
I 

TAN, SANDY I 	 ,I 
j-I HARD, FRESH 	 I , 
I 

, 
CARBONACEOUS I 	 I

105.1 1105.3 1 ISHALE I 
,LT. GRAY, FG, HARD, LAMINATED I 

I 	

I 

j1105.3 1107.4 I ISANDSTONE 
LT. GRAY, FG, HARD 

I 

107.4 1109.2 I ISHALE I ! 
t 

1109 . 2 I 118. 1 I 1SANDSTONE I LT. GRAY, FG, HARD 

1118.1 1121.4 I ICLAYSTONE I MED GRAD, SILTY, HARD 

1121.4 1 122 .6 1 ISHALE I CARBONACEOUS 

1122.6 1124.5 I 1CLAYSTONE I MED GRAY, SILTY, MED. HARD 

1124.5 1128.3 I ISHALE CARBONACEOUS, TO SHALEY COAL1 

8.3 1130.4 I I COAL FRESH, HARD, RESIN1 

I II 
1!I 130.4 131.4 ISHALE CARBONACEOUS 

! 131. 4 1138.8 I 1 SANDSTONE I LT. GRAY, LAMINATED, HARD 

1138.81140.81 ISHALE CARBONACEOUS, SANDY 

140.8 1147.2 I /SANDSTONE LT. GRAY, FG, HARD, LAMINATED 

1 147 . 2 1 154. 5 I CLAYSTONE I MED. GRAY, SANDY, HARD 

?~G:: 2 OF 3 	 DRILL HOLE NO. 389-48 



APPENDIX 5-A 

FORMATION RECORD 

D:::?TH THICK. IFORMATION ~r\I-
I
L---=-=;""1~~I OF ) D:::SCRI?TION AND R:::MARKS LOG 

FROM TO ,STRATUM (KIND ROCK 

~11~54~.~5~1~16~2.~5~1~__~lc~0~AL~__~IH~AR~D~,~F~RE~SHL-____~______________~I 
i 162.5 '163.3 ! ISHALE ICARBONACEOUS 
1163.3 1172.0 I iSANDSTONE ILT. GRAY, FG, CONVOLUTED LAMS, HARD 
ill/I1172.0 1175.0 MISSINGI 

;175.0 i178.3 ICLAYSTONE IMED.-DARK GRAY, SILTY, HARD 
1178.3 i178.5 ~HALE ICARBONACEOUS 

i178. 5 !180.1 ! GOAl IHARD. FRESH 
:!!180.1 I 180.6 I!SHALE I 

I SANDY, CARBONACEOUS 
1180.6 1181.4 I COAL i HARD, FRESH 
1181.4 1181.7 ~HALE ICARBONACEOUS 

1181. 7 1189. 7 
1189.7 1194.2 

~ANDSTONE 
~LAYSTONE 

ILT. GRAY, FG, CONVOLUTED LAMS,
IMED. GRAY, HARD, SANDY 

HARD 

)194.2 1196.9 rANDSTONE ILT. GRAY, FG, HARD 

1196.9 !198.9 ~LAYSTONE IMED. GRAY, SILTY, HARD 
1198.9 1199.0 ~HALE 1CARBONACEOUS 


/199.0 !202.3 I COAL IHARD, FRESH 

1202.3 1202.4 ~HALE JCARBONACEOUS 

1202.4 1203.0 ~ANDSTONE I CARBONACEOUS 


1203.0 1217.0 6ANDSTONE ILT. GRAY, SALT &PEPPER, HARD 

iii/PICTURED CLI FFS 

I I I 

I I 

I I 

~~i~--~------~----------------~-

3 3::.~G'::: ______ . ___ ;..J:"\ __ __ Ie * _____~r-~II 1 • '01 =- "'e 389-48 
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APPBNDIX 5-A 


BHP-UTAH INTERNATIONAL INC. 


__A_SH__F_U_S_IO_N________________________PROJECTDRILL HOLE NO. 389-49 •AREA LOWE 

COLLAR ELEVATION __ S_3_73 ___•TOTAL DEPTH_2;;:..;0,"",S__, DRILLER JACK LEDBETTER 

COORDINATES: N:::. __---'2::...;;0..;;;;.1;;::..81=-:3:...;:0'--____ CONTRACTOR_--L.M.....D_-I....,E___________________ 

E= ___3_0_0_2_06__________ DATECOLLARED__~7/~2=7~/=8~9____________________ 

SECTION _____• T ___N ,R___W DATE BOTTOMED_....J7'...i..!...!:2~8L...1!8.t...9L-____________ 

SUMMARY 

INTERVAL 
I 

FOOTAGE 
PLUG CORE . AMT. 

REC'D. 
0/0 

RECIO. INTERVAL 
FOOTAGE 

PLUG CORE 

, 
, AMT. 

REC'D. 1%R::C'O. 

0.0 - 20S.0 I 205.0 / I I I 
i / 

I 
I I I I 

I II I I I 

1 J I 
I I I I 

TOTALS ~ 
AVERAGES I I I 

SEAM 
NAME 

MINABLE 
COA L HORIZON COAL 

THICKNESS 

PARTINGS SEAM MOIST. 

PROXIMATE 
" 

ASH ·VOL. 
ANALYSIS 

F. C. BTU 

I 
% SUL. I ~";"t::f\.L:_ 

_.J228__ 
88 53.3 - 63.3 13.61 28.53 28.21 29.65 T1B5 1.13 2535 

_2292 __
8A 96.0 - 101.0 D.S!!14.76 27.52 29.1IJ m528·32 2514 

2315 
78 0074 1.4422.21 Xl.~ 33.58114.9 - 120.2 13.31 24'?? 

O.ff) I-~~--33.45 87866 138.7 - 148.0 22.14 IXl.4513.% 

1_2!l1L_.3 1162 •2 166.61- 110•83 1 44.16 123.94121.071 ffJ74 1 0.82 I 2557I ! 
12b32

1181.7 - 186.21 1113.361 20.19 i3O.fA 135.811 91(9 I 0.75 I 27m 

I I II I I I I I 1---­
I ! II I I I I I 1----­
I 

Water table encountered at 90 feet.REMARKS-

David Hoag
DATE GEOLOGIST 
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APPElIDIX 5-A 

FORMATION RECORD 

DEPTH THICK. FORMATION ~~lOF 
(KIND ROCK) 

DESCRIPTION AND REMARKS 
FROM TO STRATUM 

0.0 5.0 SAND BROWN, ALLUVIUM, SOME CLAY 1 

5.0 10.0 CLAYSTONE . TAN, SOFT, SOME GYPSUM, FOSSIL LEAFS 

10.0 I 17.0 CLAYSTONE GRAY, BROWN STAIN, LIVE ROOTS 
I 17.0 18.0 SHALE I CARBONACEOUS 1I 

18.0 20.9 ICLAYSTONE GRAY. BROWN STAIN, SILTY, GYPSUM 

20.9 I 21.4 SHALE CARBONACEOUS 

21.4 23.3 I CLAYSTONE MED.-DARK GRAY, SANDY 

23.3 30.0 SANDSTONE TAN, FG, SOFT 

30.0 I 41.0 CLAYSTONE BROWN GRAY, SOFT, WET, WON1T CORE WELL 

41.0 42.1 CLAYSTONE MED. GRAY, SILTY, HARD 

42.1 52.4 SANDSTONE LT. GRAY, FG, HAR~ PELECYPODS 

52.4 53.2 CLAYSTONE MED. GRAY, HAR~ GASTROPODS 

53.2 57.5 COAL HARD FRESH 1 

57.5 I 57.6 CLAYSTONE TAN, SANDY 1 

57.6 I 62.1 1 COAL HARD, FRESH 

62.1 1 62.2 I ICLAYSTONE TAN, SANDY 

62.21 62.3 I COAL HARD, FRESH 
62.3 62.4 CLAYSTONE I TAN, SANDY 

h? Ll. I 62.9 ICOAL HARD, FRESH 1 

62.91 63.3 1 SHALE I CAlRBONACEOUS 1 
I63.31 76.51 ICLAYSTONE I MED.-LT. GRAY, SANDY i, I 

76.51 78.91 1 SANDSTONE LT. GRAY, FG, LAMINATED, HARDI 

78.91 82.21 I SHALE I CARBONACEOUS 

82.21 92.61 ICLAYSTONE I MED.-DARK GRAY, SILTY 
• , 

94.31 1SHALE 1 CARBONACEOUS 

~ I COAL I94.6 ! I I 
CARBONACEOUS94.61 94.81 I SHALE I I 

COAL94.81 95.0 I I 

CARBONACEOUS95.0 I 95.11 ISHALE 

COAL95.1 I 96.0 

CARBONACEOUSSHALE97.096 0 

COAL101.0.97.0 i 

389-49PAGE_2__0F __3 __ DRILL HOLE NO. _____ 
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APPENDIX 5-A 
FORMATION RECORD 

I D::-:::>TH I Ti-iOlc;K. I FORMATION I ~,~ilI i-----.,;;.=-'-'----1. . D~SCRIPTION AND REMARKS ..c...;:;.....,1 FRO:" I TO ,STRATUM (KIND ROCK) 

1101.0 1102.1 I ~lAYSTONE 1MED.-DARK GRAY, SILTY 1 !
~__~____~____~__~~~~~~=-~~~~____________________~ I 

1102.1 1113.1 ~ANDSTONE IMED.-lT. GRAY, VFG.-FG., HARD I 

1113.1 1114.9 ~lAYSTONE I MED. GRAY, SILTY, HARD 

i I 1

: 114.9 1115.4 
I/sHALE, CARBONACEOUS 

: 115.4 i120.1 !COAl I HARD, FRESH 
I 

1120.1 i120 . 2 iSHAlE i CARBONACEOUS 
i I
:120.21123.8 !SANDSTONE 

I 
I MED. LT. GRAY, HARD, FG.-VFG. 

1123.8 !124.9 
i 

leOAl ! HARD, FRESH 
j124.9 1125.5 ISHAlE CARBONACEOUS1 

i 
1125.51130.8 !SANDSTONE I lT. GRAY, FG, HARD 

i130.8 1138.7 I ~lAYSTONE MED.- DARK GRAY, SANDY, HARD 

1138.7 1147.0 i ~OAl HARD, FRESH 
1147.0 1148.0 I CARBONACEOUS 

(., ~1=51~.~4~1~1=53~.=0~__~~~A~ND=S~TO=N=E-+=lT~._G=R~AY~,~FG~,~H~A~RD~__________~~ 
153.0 1155.0 1 MISSING 
155.0 1157.6 ~ANDSTONE IT.- MED. GRAY, FG.-VFG., HARD 


157.6 1162.2 tlAYSTONE DARK-MED. GRAY, SILTY, HARD 
162.2 1162.4 ~HAlE CARBONACEOUS 

I 

162.4 :163.6 !COAl HARD. FRESH 
163.6 1163.9 !clAYSTONE TAN, SANDY 
163.9 1165.7 ~OAl HARD, FRESH 


165.7 
I 

~166.6 
I 
I 

!sHALE i CARBONACEOUS 
;166.6 : 177.2 

I

!SANDSTONE 
I
1LT. GRAY, FG, CONVOLUTED lAMINATIONS 

j 177.2 
I 

1177 .3 

I 

i177.3 
I 
i 177.5 

iCOAl 
;
!SHAlE 

! HARD, FRESH 
I 
! CARBONACEOUS 

i 
! 177.5 !181. 7 ! SANDSTONE ! lT. GRAY, FG, HARD 

!181. 7 i
I 
181. 9 ~HAlE ! CARBONACEOUS 

i181. 9 1186.2 COAL 
I 

i205.0 :SANDSTONE IlT. GRAY, FG, HARD 
" !186.2 

I 
I 

3 3 389-49=AG=: '"'= ~RIL~ r.CL=: NO.-' 



APPENDIX S-A 


BHP-UTAH INTERNATIONAL INC. 


__A_S_H FU~S~I_O_N_________________________ PROJECTDRILL HOLE NO. 389-50 , AREA DIXON 

5337 164 JACK LEDBETTERCOLLAR ELEVATION---:=.:.....-__• TOTAL DEPTH ___, DRILLER----=~.;.::.....;=-.:..:;.;::..;...;....::~_______ 

COORDINAt:::S: N= __2_0_1_52_2_9_____ CONTRACTOR___M_O_-T_E________________ 

E::: __2;....:.9~6.;;..62.;;....6_____ DATE COLL ARED ___71_2_6_1_89_______________ 

SECTION__---., T ___N ,R___W DATC BOTToMED__ 7..;..1_2....;7/_8_9________________ 

SUMMARY 

INTERVAL 
FOOTAGE AMT. 1 0;' INTERVAL 

FOOTAGE I AMT. 1%I PLUG I CORE REC'D. REC'O. PLUG CORE I REC'D. REC'D. 

0.0 - 164.0 164.0 I I I I 
I I I II 

I I I 
I I I I 

I I I 
TOTALS t I IAVERAGES 

~__--,._T~H~IC~K;;:.:NE:;;;;SS=_r_---_1I----r--....;P...;.;.RO.::.:..X;,;;.;1M:;;,.;AT.;,.=E:......,;.A;.;.;.NA:;;.,:L:.:,.YS;;:..:I=.,.S.....-----r-----{ l-:-::'"':. 
PARTINGS SEAM MOIST. ASH ·VOL. F. C. BTU 

SEAM MINABLE 
NAME COAL HORIZON COAL 

8A 26.4 - 28.4 17.83 5.07 33.34 43.76 10492 

7B 42.0 - 47.0 14.58 22.17 28.36 34.89 8737 

7A 49.4 - 51.3 16.01 6.45 34.55 42.g) 10748 

6B 64.7 - 67.0 14.24 8.11 35.73 41.92 10824 

6A 69.5 - 76.4 l3.23 23.11 Xl.ED 33.06 8762 

3 I 93.9 - 97.6 

2B 122.6­ I 
I :2. 7. '10 

14.83\24.47 ~ 33.Xl 82JJ7 

2A 142.3- 144.8/ i 11.861 9.10 I37.56 41.48 11196 

% SUL. ~.of::. 

_2f15!:! __ 
o.n 2170 

0.70 I-~ ­
I0.61 I-~--
I O. 73 I-t~---
11 061 -2:03-­

. 27m 

1 0.91 i-ig-­
REMARKS- ________________________________________________________Water Table at 85'. 

David Haag 
DATE

~=.=====================-=========-====-=====-===-==G=E=O=L=O~G=IS~T==-===-====-~== 
389-50PAGE 1 OF __3__ DRILL HOLE NO. -----­

I 
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APPENDIX S-A 
FORMATION RECORD 

FORMATION I ~J'\!=
I C:::SC~I?TIOI\J AND rEMARKS 1:,-",::

I~-!S'T?ATUM (KIND ROCK), 

001 5 0 I hAND & CI AyIBROWN, AIIIIVIIIM, CIITTINGS 

5.0 i 16.9 ~AND &ClAyIBROWN, AllUVIUM 

16.9 ! 
! 

26.2 ISHALE ICARBONACEOUS, WEATHERED,SOME GYPSUM, SOME GREEN 
I ISTAINS ' 


26.2 26.4 ~lAYSTONE ! TAN, SANDY, MED HARD 

26.4 28.2 ,iCOAl 
28.2 j 28.4 ISHAlE I CARBONACEOUS 

28.4 : 33.4 !clAYSTONE IMED. GRAY, SILTY 
i

33.4! 37.7 iSANDSTONE i lT. GRAY, FG, HARD 
I i 

37.7 i, 42.0 ,CLAYSTONE I MED. - DARK GRAY, SILTY 

42.0 i 42.5 I ISHAlE ! CARBONACEOUS 

42.5 I 47.0 I ICOAl i HARD, FRESH 

47.0 I 49.4 I [CLAYSTONE I IT.- MED. GRAY, SANDY 

49.4 i 51.0 

51.0 I 51.3 

I 
I 

ICOAl 
ISHAlE 

[ HARD, FRESH 
I CARBONACEOUS 

51.3 I 52.8 I IClAYSTONE I MED. GRAY, SILTY 

52.8! 55.3 I [SANDSTONE I l T. GRAY, FG, lAMI NATED HARD 
I

55.3 I 64.7 I IClAYSTONE I MED.- DARK GRAY, SI l TY i~ 

64.7 I 64.9 I [SHALE I CARBONACEOUS 

64.9 I 67.0 I ICOAl I HARD, FRESH 

67.0 I 69.51 ICLAYSTONE I DARK GRAY 


69.5 i 69.7 I ISHAlE ! CARBONACEOUS 
69.7 i 76.0 i ICOAl : 

I 
HARD, FRESH 

, 76.0: 76.41 iSHAlE 
I 

: CARBONACEOUS 

76.4 i 

83.7: 

83.7! 

87.5! 

I 

!ClAYSTONE 
ISANDSTONE 

MED.­ DARK GRAY, SILTY 
LT. GRAY, FG, lAMINATED 

87.5: 93.9: iClAYSTONE MED. - DARK GRAY, SILTY 

93.9 I 94.2 1 SHALE CARBONACEOUS 

94.2 j 97.6 i ICOAL FRESH, HARD 

97 . 6 i 120. 0 ! iSANDSTONE LT. GRAY, SANDY, HARD, CONVOLUTED lAMINATIONS 
I 

I . 
I 120.0 i 120.3 I ICOAL I HARD) FRESH, CALCITE VEINS, DIS. PY. 

•II 120.3 i 122.6 I !ClAYSTONE I MED. GRAY, SANDY 
389-50=.:.:::::: __2__ ::- __3__ 



APPENDIX 5-A 
FORMATION RECORD 

D=:PTH II HICK. FORMATION I Is-i-RI::>iIOF D=:SCRIPTION AND R=:MARKS .. j' 

. 80M I TO ISTRATUM (KIND ROCK) LOG i 

~ll_22_._6~1_12_3_.3~1____+S_HA_L_E__-+I_CA_RB_O_NA_C_EO_U_S______________________~1 
1123.3 1125.4 I COAL IHARD, FRESH, DIS. PY. I 

1125.4 1125.6 I klAYSTONE ITAN, SANDY 

[125.6 1128.4 I ICOAl IHARD, FRESH, DIS. PY. 

: 128.4 1129.0 , !CLAYSTONE 1MED. GRAY, SANDY 


1 129.0 1142.3 I ISANDSTONE ILT. GRAY, FG., lAM! NATED 

1142.3 !144.8 I ICOAL IHARD, FRESH 

!144.8 !155.8 I ISANDSTONE ILT. TAN-GRAY, FG, HARD 

\155.8 1157.1' ISHAlE ICARBONACEOUS 

1157.1 1164.0 I iSANDSTONE ILT. GRAY, FG, HARD, CONVOLUTED lAMS 

I I I I I 

I ! I I I CORE TO 154.6 


1 I I II 
I I I I I


I I I , 
I 'I I 
I I I I 
I I I I 
I I I I 
I 'I I 

I I I I 

I I I I 


I I 


~Ir --~--~--~--~--~-----------------------
I 

'JRILL HOL::: NO. 389-50 
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APPBNDIX 5-11. 

BHP-UTAH INTERNATIONAL INC. 


__~~~~~_____________________~~8~EC7ASH FUSIONt:RILL HOL::: NO. 389-51 ,AREA 01 XON 


ceLLAR s:LEVATIOI'J----'"5~3..Ll50"--__, TOTAL O=:?TH 165 , DRI LLER---=-J.:...:.AC:::..:K..:.....;:L=-ED:..:B:..:E:...;.T..:..TE:;..R..:..-_____ 


C::::CR::lll\lATES: N= __.....;2;;;,.;0.....;1_1.:..83:...;9'--_______ CONTRACTCR MO_-_T_E______________ 


E= __2_9_67_8_5_____ CA.E COLI_AR=:O_.....:7..J.../..::;c2.....;5/.....;8.....;9__________ 

7/26/89 ____,1___ fJ ,R___W D.:'.TC: eOTTOiVlED· _______________ 

SUMMARY 

SEAM MI NABLE __IIT~h~·IC~K~NE~S~S,_--~r--_,--~PR~.O=XlrMA~T~E-=AN~A~LY~S~IS~__.-__I L~trlI
NAME COAL HORIZON I CO.lL I PARTINGS I S::,,:~ MOIST. ASH I 'VOL. I F. C. I 2TU I % :ii.:L. 150ft 

47.3 - 54.0 I I I 113.55 16.74 I 31. 771 37.94 [ 9599 11.12 t--~--
i 223)1-----­6' I 63.9 - 70.6 1 !113.851 33.34 I 25.19127.621 7118 10.72 ! 24£52. 

I 
I 
i i--23ffi...­

3 '114.6- 120.0 I II 13.C61 22.47 I 31.321 33.151 8770 11.10 I 2528 
1_.2~__

2B 1l30.0 136.0 I II 14.lJl 18.04 I i 2565 
I I' I I 2122 

2A ! 140.6 143.51 ;II 13.76!I 13.64 ,I 1.42 2270 

=:;:::"A::::::<S - _____________________________________________ 


David Hoag 
GEOLOGIS' 

389-51PAGE ' CF ___3__ CRILL !-lCL::: NO, ______ 
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APPENDIX S-A 

FORMATION RECORD 


DEPTH THICK. FORMATION ~~IFROM I OF DESCRIPTION AND REMARKS 
TO STRATUM (KIND ROCK) 

0.0 I 5.5 SAND TAN, ALLUVIUM 
5.5 I 6.3 I SANDSTONE ITAN. VFG. - FG. FRIABLE 

II ISANDSTONE I6.3 8.8 TAN, FG, SOFT I 

8.8 I 14.8 SANDSTONE GRAY-TAN, FG. HARD I I
14.8 I 27.7 I ICLAYSTONE GRAY BROWN, VERY SOFT 
27.7 I 28.5 SANDSTONE LT. GRAY, FG, HARD 

28.5 I 29.7 I ICLAYSTONE MED. GRAY, SILTY. HARD 
29.7 I 30.6 I SANDSTONE LT. GRAY, FG, HARD 
30.6 I 31.2 CLAYSTONE MED. GRAY, SILTY HARD I 
31.2 I 31.6 I SANDSTONE I 

31.6 I 31.7 CLAYSTONE 

31.7 I 32.1 SANDSTONE 
32.1 I 32.6 I CLAYSTONE ! I 
32.6 I 40.3 SANDSTONE LT. GRAY, FG., HARD 

40.3 I 41.1 I CLAYSTONE MED. GRAY, SANDY 
41.1 I 43.4 SANDSTONE LT. GRAY; FG. I 
43.4 I 47.3 CLAYSTONE MED. GRAY, SANDY 

47.3 I 47.6 SHALE CARBONACEOUS 
47.6 I 53.'8 COAL HARD, FRESH I 
53.8 I 54.0 SHALE CARBONACEOUS 

54.0 I 63.9 ICLAYSTONE IMED. GRAY, HARD, SANDY 

I 63.9 I 64.1 SHALE CARBONACEOUS 
I 

64.1 I 66.6 I COAL IHARD, FRESH I 
66.6 I 67.8 I CLAYSTONE DARK GRAY - BLACK I , 67.8 I 68.3 I ISHALE CARBONACEOUS ! 

I 68.3 I 70.1 COAL HARD, FRESH 

70.1 I 70.6 I SHALE CARBONACEOUS 
70.6 I 72.4 I CLAYSTONE 
72.4 I 73.0 SHALE CARBONACEOUS 

73.0 I 76.8 ~LAYSTONE MED. GRAY, SOFT 
76.8 I 94.2 ~LAYSTONE LT.-MED GRAY, SANDY HARD 
94.2 I 94.7 tOAL HARD, FRESH 

PAGE 2 OF 3 DRILL HOLE NO. 389-51 
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APPE"DIX 5-A FORMATION RECORD 

D:::PTH ITH~~K. IFORMATION I g::=:
D::':SC~!PTION AND R:::MARK:S , ,-_!

I :""""'; ; FROM I TO lSTRATUM (KIND ROCK) , i 

:---=-94...:-::.~7-;.-1--=9:...::.6.:...::.2::...-1;--_~1SHAI F 1 tARBONAe EOUS 

96.2 1114.6 I ICLAYSTONE IMED. DARK GRAY, SANDY, SOME OYSTERS 

1114.6 1114.8 I iSHALE I CARBONACEOUS 

i 114.8 1 115 . 7 I ICOAL I HARD, FRESH, SLIGHTLY SHALEY 

ill Ii 115.7 1116.1 ,CLAYSTONE / TAN, SANDY, LAMINATED 

, I 1i 116.1 1 120.0 ICOAL I HARD, FRESH, RESIN 

1120.01121.51 ICLAYSTONE I MED.­ DARK GRAY, SANDY, HARD 

. I I1121.5 I 126.7 1SANDSTONE 1 

! 126.71127.21 

I . I! 127.21130.0 

ICOAL 

ICLAYSTONE 

I SHALEY 

I MED. GRAY, SILTY 
I 1 I! 130.0 I 131. 2 I 

j 131. 2 1 133 . 2 I 
1COAL 

ICOAL 

I BONY 

I HARD, FRESH 

: 

1 

!133. i I 133.9 1 

/133.91135.61 

1135.61136.0 I 

ICOAL 

ICOAL 

1SHALE 

I SHALEY 

1 BONY, DISEMINATED 

I CARBONACEOUS 

PYRITE 

1136.0 1140.6 1 ICLAYSTONE I MED. GRAY, SANDY 

1140.61 140 .8 / 1SHALE I CARBONACEOUS~ 
! 
> 1140.8/143.31 ICOAL 1 HARD, FRESH, SHALEY IN PART 
,, 

1143.31 143.5 I 1SHALE I CARBONACEOUS 

1143.51145.1/ ICLAYSTONE I MED. GRAY, SANDY 

I 145.11165.01 ISANDSTONE I LT. GRAY , FG., HARD, SOME CARBONACEOUS, lAMINAE 

, I I 1 

. I!,--~----'~l-----T------~--------------------------__________ 
. I 

II--~----~----+-------~------------------------______~ 
I 

" 389-51;:::..::;::: _3__ c:= __3___ D.=!iL~ r.t:L:: NC' ~ 
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APPENDIX 5-B 


OVBRSURDEN CBEHICAL AND PHYSICAL AlmLYSES 


(9/93) 




If'!!\.>~~,~,': \,-~ ,e " 
APPENDIX 5- B. Drill Hole 289-01 Overburden AnalYSiS 

Inlorv.1 pH Ec- SAR ..... Mg '-Na Boron 'fOiTl H2O 501. ITot O'g. ToW 1Iiu!:l"O( IJU.~ !7.!': O'gilrilC ~ IYlf 8. ond 
(II) (mmhol/err SoIonLtm SolrtnLtm Cwtlon Sub Sub Sub Sub I'B I'BP 

Too­
0.0 ­

901 
5.0 8.5 

@ 25C) 
1.12 15.4 

(moQ'1) 
0,&$ 

lmoQ'1) 
0.3lI 

lmoalll 
11.10 

(oem, 
0.21 

/i:lclm) 
0.02 

(ppm) 

0.01 
~ 

1.8 
1'1 

0,07 
1111000II 

184.00 
1'1 

0.01 
1') 

0.0$ 
~ 

0.01 
ftI1OOO11 

1.87 
IIIlooot1 

1112,00 
r.II' 

74 ,. '1111. 211.2 
1,0 ­ 10,0 11.8 2.110 275 0" 0.711 24.110 0.S5 001 1,7 0,11 112.50 0.10 0,01 0,01 -0,01 112.50 10 IS 7 LS M.e 

10.0 - 15,0 8.1 1,118 17,3 1.25 0115 1&.10 020 0.01 2,0 0.0$ 74,40 0,07 0,01 0,01 -0,01 74,40 10 12 I LI iII.2 
IS.O - 20.0 1.0 181 155 1.27 oas 15.110 0.21 0.05 O.OS 2.8 0,\1 25,110 0,10 0,01 0,01 -0.01 8,QO 72 ,. 12 al 51.4 
20.0 - 25.0 
25.0 ­ 30.0 

8.0 
8,0 

2,011i-iji 15.3 
.--.i5.i t-. 

1" 121 
·-f87 r---· 1,11 

11.00 
18.50 

0.20 
0'.14 

OOS 
001 

3.1 
2,7 

0.08 
0.08 

SS.10 
75.20 

0.07 
0,01 

0,01 
0.07 

0,01 
0,01 

-0.01 
2,11 

SS,10 
73,00 

72 
72 

17 
10 

12 8l 
12 al 

411.4 
ojj.O 

30.0 - 34.0 7,11 2,12 23.1 107 081 21.20 0,12 002 2.4 0.011 40,70 0,01 0,00 0.01 2.50 47,20 72 14 14 aL 47.a 
34.0 - 35.a 5,1 4,111 21111 1110 107 41,20 040 1.20 0,04 5.1 0,11 4,12 0.01 0,01 0,011 0,31 3.11 33 111 441 C 71,2 
35.11­ iII,2 43 11.118 200 20,70 1830 112,10 0.43 0,115 0.02 8,2 0,53 -0,4S 0,42 0,01 0.11 -0,01 -0,43 53 14 33 IICL 11,0 
36.2 - 43.2 5,3 11.51 20 II 20 80 1710 QO.TO 031 0.50 002 8,7 0.33 521 O,lIS 0,01 0,011 0,31 4,QO 33 47 21 L 115,8 
43,2 - "8,0 7.0 8,8 20,2 17 50 11.90 77.70 0,3lI' 0.03 '-i8 0.28 1,24 0,11 0:01 010 -0,01 7.24 43 '311 18 L 113,7 
480- 51.0 11,0 1,45 24.11 0113 0.21 111.10 0,38 0.03 2.1 0,10 2250 0,01 0,01 0.00 0.31 22,20 110 24 111 aL 18.0 
51 0- 511 0 11.1 1.27 32 3 0,20 0,12 12110 0,57 0.03 1.11 0,011 72,70 0,01 0,01 0,00 -0,01 72,70 II 17 14 aL 140,0 
511.0 - 81.0 11,1 1.15 24.11 0.39 0,15 12110 0711 0.05 0.07 2.11 0,10 32,QO 0,01 0,01 0,011 0,31 32,110 lIS 22 148L 124,0 
111.0 ­ 118.0 8 2 13;G~~~ .--O-'t?r-.-~~,h-.-l~ _..~ ___..___ 001 2.11 0,10 20 70 0,01 0.01 0.011 0,31 20.40 441 35 18 L 1441,0 
"0 - 710 111 1,32 30,1 021\ 010 13.10 040 004 2,a 0,13 75.80 0,02 0,03 0,08 0.114 74,80 51 30 Ie l Il1S,O 
710- 72.2 11,0 1.50 27,1 044 0.15 14.70 0,40 0.04 2,11 0,12 850 0.01 0.05 0.07 1.58 24,QO 441 M 111 l 11.1.0 
722 - 73.7 7,11 113lI M5 5.14 1.511 1320 0,52 0,50 0,05 3.7 0,45 8., 0.05 0,27 0.13 1.43 1,. 35 25 3t Cl 113,' 
73.7 - 75.2 80 10.110 32.7 17,30 II 15 11200 1.04 2,11 0,15 10.11 1.30 7,00 0,18 0.87 0.41 20.10 -13,QO 58 12 30 IICl ",8 
75.~_- ~ . ___.7,11 8,24 4£.1.._~ ._o118 .__ .112,80 0112 0,115 0.05 5,.. ~ .~,50 0.02 0.33 0.11 1030 2,27 31 8 43 C 1181 
102 ­ a1.2 a.o 7,118 43,7 580 1,40 112.110 0.40 004 4.0 0,83 8.112 0,00 0,44 0.13 13,70 -5.12 37 22 41 C 114,$ 
81.2 - 81.8 511 11,110 35.2 10,30 11,55 124.00 0110 1,25 0,011 1,8 1.58 3,112 0,15 o.QO 0,33 8,10 -24JIO 53 la 211 IICl 112,0 
81.8 - 13.0 115 4,38 51.' 1,50° 0,111 44150 052 0,15 0,02 3,3 0.411 8.18 0.01 0,35 0,13 10.110 -2,75 28 43 211 Cl 83,1 
".0 ­ 111,0 

:~: =:~ 
I II 2.04 42,1 ~ 0.10 2380 0,55

:! ."'~~N--~~:~:. ::~~: 
0,35 0,04 S2 

~.~:~ 
0,11 

~::': 
8,11

!::: 
O.OS o,oe 

:~:- ~: 
0,10 

:: 
1.'7 8,04 

:::: 
31 41 

:- :: 
211 Cl 

:: :~ 
12,5 

::: 
118,2 -103.2 11.1 1.41 3$,3 OM 0.03 15.20 0.30 0,15 0.01 2,1 0.011 114.00 001 0.08 0,01 2,50 111,00 72 18 128l 82,1 

103,2 -108.2 8,3 3.83 400 1,28 0.111 M,30 0,21\ 0,01 3,8 0.11 14,70 0,01 0.01 0,011 0,31 14,40 10 11 II L8 3$,7 
1002 -113.0 8,8 2.21 441.4 043 003 2320 0.24 0,01 2,2 0.011 125,00 0,01 0,01 0.00 0.31 125,00 711 12 88l 40,1 
113.0 -114,I.M ._.1.74,. ._.2:73 r---?5~,------c030 17,50 .__.037 0.02 0,02 3,4 0,11 72,30 0.01 0,01 0.10 0,31 72.00 5$ 21 24 IICl __.5II.c! 
1114,8 -118,2 13 5,70 5\.0 1.118 0.411 511,70 O,SS 0,110 0,03 :UI 0,51 71,70 0.01 0,35 0.15 10.110 .,10 43 22 • Cl 78.2 
1'1112 -120,4 7.4 11.40 3lI7 13.50 2.1111 11300 0,112 1.20 0.05 ItS 1.12 11,00 0,12 0.70 0.30 UQO -10,110 52 14 3$ IICL 77.7 
120,4 -1214 '.3 5 GIl 44.0 237 051 54.20 0. 0.01 3,7 0,57 8,00 0.01 0,43 0,14 U,40 11.110 30 27 43 C 84,7 
125,4 -1304 '.11 4,13 50.1 O.IM! 033 40,20 O,iII 0.25 001 3.2 0,411 iII,50 0,01 0,37 0,12 11.110 28,110 24 45 30 Cl .,0 
130.4 -ISS3 
1~353 -140.3 

8.0 
11.1 

1.50 
1.33 

24,7
'-20:7 --. 

0,73 0.23~7,10 on ·---·0.23 14.-30 
0.50 
0,40 

002 
0.01 

2,' 
2,1 

0,18 
0,00 

44,QO 
100,00 

0.01 
0,01 

0,05 
0,01 

0.11 
0.08 

1.58 
-0.01 

43,30 
100.00 

31 
87 

43 
10 

8 L 
15 8L 

81.11 
7... 

1~40·5 -145,3 8.0 2.03 31.4 0,112 0.23 20 50 0.37 0,01 2,4 0,00 117.00 0,01 0,01 0.07 0,31 117.00 72 1$ 14 IL 57.11 
145,3 -150,S 8.8 1.113 211,5 055 0.22 18.30 O.iII 0.01 2,4 0.00 107.00 0,01 0.01 0,07 0,31 107,00 72 11 13 IL .,2 
1503 -155.3 8.0 1.511 lIS. 5 0511 0.17 14,20 0,43 0,01 2,1 0.14 185,00 0,05 0,01 0,00 0.31 1118,00 118 11 15 8l 10,4 
1551 -1110.3 8.\------h~ 28.2 ~r--~I----1-~80~-'--42 __",01 2.S 0.08 81.QO 001 0,01 0.00 -0,01 81.QO 118 111 18 8l IU 
:180,3 -1115,3 8,2 1 ,lIS 25.8 0,33 0,12 12,30 0,111 0.01 2.8 0,011 7',QO 0.01 0,01 0,00 0,31 7'.110 .7 15 18 8l 128.0 
1115,' -170,3 8,8 148 21\0 0,511 0,\7 1800 0,27 0.01 2.8 0,10 10.20 0,01 0.01 0,011 0,31 7t,QO 70 15 118L 110.' 

1 
170,' -175.3 
175,3 -177.0 

11,1 
11,0 

I,SS1.1, 255 
22,2 

0,31\ 
0111 

0,\3 
0.11 

12,80 
13,70 

0,31 
0,30 0.20 

0,01 
003 

3,1 
4.5 

0.18 
0,18 

11230 
74.10 

0.03 
0,03 

0.04 
0,04 

0,11 
0,11 

1.8 
1.8 

81.10 
73,110 

• 
47 

15 
31 

20 IICl 
22 L 

1111.0 
121\,0 

181,11-1118,11 118 1,54 30,7 .~! __025 18QO 0.118 035 0,04 4.8 . ____ o,~ _ 58,10 0.01 0,32 018 10,00 441,10 " 58 24 81L .707 
1118.8 -201,1 
203,8 - zoe, 1 

a,1I 
82 

1.37 
327 

25,1 
41.4 

057 
1.18 

0,22 
0,25 

15.10 
35.10 

OM°ill 0,10 
003 
0.03 

55 
4,2 

0.44 
0,31 

145,00 
10.110 

0.01 
0.02 

0.211 
0.17 

0.15 
0.12 

11,0$ 
5,31 

1.,00 
I,M 

8 
42 

32 
42 

43 C 
11 l 

'7,2 
M'~ 

zoe.l-zoell 1,4 1.33 24,\1 14,30 3.73 74110 S14 1,40 0,04 8\,7 1,118 1.00 0.23 1,07 0,118 33,40 -8.40 82 14 III 4111 
zoe,8 -21U a,1 4,25 52,3 081 0211 40,50 0,75 0,75 0,04 12,5 0,44 a,75 O,OS 0,11 0,25 11.00 1,75 30 32 • Cl 100,0 
211,1 -214,2 ',2 1.87 30,2 082 0,10 11.50 0,32 025 0,03 4,4 0,11 7,78 0,01 0.05 0.12 1,58 8,20 lIS 55 a 81L .,0 
2142 -215,11 111.0 1,51 25,1 0.51 0.12 14.10 0.48 0,25 0.02 2,8 0.18 40,40 0,03 0,01 O,I~ -0,01 40.40 112 21 1. 8l 118,8 
215,8 -217.0 18 2,31 37,7 0,58 0,17 lIS.l0 0l1li 1,20 0,01 32.7 0,10 11,011 0,01 0,35 0,45 10,QO -1.... 50 8 25 IICl 10,' 
217.0 -211.0 7,8 7,17 805 221 0,l1li 74110 0,72 0.115 004 11.1 Ul 11,114 0,18 0,51 0,44 IS.QO -1,1It • 13 211 IICl 114,7 
2110 -22111 '2 3.74 4115 0,117 027 i1180 0,118 0.40 0.04 4.1 1,03 8,114 0.05 0.74 0,24 lIS.10 -18.20 24 42 34 CL 104.0 
22U -225,' 82 1,57 228 O.72.m __.15.~ __o711 0,20 0,02 a.2 0.14 117,10 0,01 0,01 0.13 0,31 118,10 55 21\ 11 8l ",2 
225' -22118 82 1.110 211.7 0112 0,\7 20.110 0.80 0.02 s,e 0.42 12,40 0,01 0,24 0.11 7,50 4.113 3$ 42 lIS L 73,5 
22tU -23411 1.1 1.88 27.7 0113 0.20 20.50 0,80 0,04 5,4 I.e:! 14,00 0.04 1.211 0,211 40,30 -28,30 35 SS 30 Cl 1011.0 

1234,$ -2:18.3 
2441,2 -25U! 

11.2 
11,7 

1,]3 
2,84 

M.2 
411.7 

0.82 
0,58 

0.13 
0.15 

le,50 
27.80 

0.4111 
0,211 

0,75 
0.25 

0.03 
0,01 

5,2 
3,' 

1.58 
0.58 

21.10 
5,57 

0,04 
0,00 

1,24 
0.8 

0,28 
025 

iII,70 
7,11 

-17.70 
-2.24 

24 
52 

45 
lIS 

30 CL 
8 IICl 

101.0 
113.3 

12SU! -258.0 
12",0 -258.0 

8.4 
8e 

3.54 
5,07 

44.3 
43,0 

01l5r------.022 
2,511 on 

33 110 
54.50 

._~ ..g._. 
0.5$ 0.02 

0,01 
0,01 

3,0 
:U 

0,83 
1,30 

211,50 
_,00 

0'0.1 ~ 
0,27 0.78 

. ___~2O 
0.24 

13,10 
24.70 

11.70 
38$.00 

.7 
80 

.III 
It 

. ____..15~ 
20 IICl 

. __ 1e:!.a 
58,2 
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APPENDIX 5-8 Drill Hole 289-02 Overburden AnalysIs 
Inlii"Af 

!Ill 
Too­ 80t 
00­ 5.0 U 8.HIr--m ,.a2~ l12.eo 012 -­ 0.&5 -0:'15 51 0.24 7.17 0.10 0.01 -0.13 0.31 ---e." 57 ,. -"2'j-sm; H.5 
5.0 I.e 1.2 10.10 33.1 15.110 5.77 1011.00 0.34 0.35 0.05 3.4 0.:113 10.10 0.01 0.01 0.14 O.St '.711 !Ii 34 15 l 7'.8 
III ­ 11.1 11.5 12.110 37.11 23.40 .24 1!1i.OO 0411 0.45 0.01 4.a 021 '.11 0.15 0.01 0.13 -0.01 1.11 iii :113 22 eel 74.' 

11.1 - 142 11.0 1.38 20.1 11.110 sal al.eo O.sa 0.05 3.1 0.22 1.05 0.10 0.01 0.12 -0.01 1.01 sa 44 20 l ".4 
14.2 - 10.1 
HI.I - :113.2 

lI.a 
5.11 

2.111 
14.10 

21. 7 
41. 

_~ 1------ 020 
-21.20 --.s;. 

21 00 
1111.00 

021 
--0:5e 

0.20 
1.10 

0.05 
0.21 

3.1 
1.1 

0.14 
0.33 

23.20 
1':30 

0.01 
0.18 

0.12 
0.01 

0.01 
0.14 

:U5 
O.at 

UUIO 
11.00 

40 
114 

37 
12 

:113 l 
24 eel 

173.0' 
.. 8 

:113.2 - 21.7 7.11 7.72 45.1 5.31 1.55 03.50 0.30 0'5 0.10 5.11 0.11 12.110 0.05 0.01 0.12 0.31 12.30 111 15 25 eel 85.0 
21.1 - 317 711 1.85 37.0 lI.eo 2.sa 111.40 0.40 0.15 0.02 4.0 0.17 824 0.04 0.12 0.01 3.75 1.4' 411 34 1. l 82.2 
31.7 - 32.' 7.1

I 32 II -35~ i------_I,O 
r 355 ­ 311.0 0.2 

____ 
5." 311.1 3.52 1 DO 
00

1
____~$.~ ___ 017 

3.11 31.3 1.20 0.27 

54.30 
111110 
21.10 

0.32 
0.1. 
0112 

020 
O.eo 

0.02 
0.04 
Doe 

4.0 
U 

12.1 

0.20 
0.15 
0.21 

10.50 
3UO 
'.24 

0.07 
0.01 
0.05 

0.01 
O.OS 
0.01 

0.13 
0.11 
O. Ie 

-0.01 
0..... 

-0.01 

10.50 
34.40 
•.24 

35 
50 
411 

41 
28 
:113 

25 l 
22 l 
21 SCl 

102.0 
213.0 

11,11 
3110 - 41.0 10 4.08 400 238 0.'3 50.10 032 0.15 0.03 4.1 0.11 13.10 0.01 0.02 0.13 0112 12.50 53 15 32 eel 105.0 
4'0-422 50 0011 3348.87421 1020 0.11 0011 4.1021 1.10 0.11 0.04 0.11 1.25 I." 44 15 41C 105.0 
422 - 44.2 37 15.40 340 2110 2420 lM.DO 1.!Ii 1.10 0.12 0.0 0.85 -l1.(15 O.M 0.01 0.10 -0.01 -3.05 !Ii 21 :113 eel ".7 
442 -
402 -

40.2 
54-ii 

e. 
8.. 

2.88 
0.10 

342 
--17.' 

018 
038 

0.21_
-Oil 

25110 
.0.73 

030 
0 .., 

O.OS 
----~ 

3.2 
---- -ii.3 

0.1' 
0.13 

tia.2O 
41.30 

0.01 
0.01 

0.03 
0.01 

0.13 
0.12 

0..... 
0.31 

11.30 
41.00 

42 
se 

31 
---- ii3 

20 l 
HI Sl 

104.0 
'87.0 

54.2 - 582 8.3 I.OS 18.5 042 014 10.30 0" 0.10 DOl 2.2 0.13 41.10 0.01 0.01 0.12 0.31 40.110 51 :113 II Sl 111.0 
58.2 - 114.2 82 1.10 23.7 0.311 013 11.10 021 0.01 2.7 0.12 105.00 0.01 001 0.11 0.31 104.00 70 17 13 Sl 102.0 
114.2 - 11.2 8.1 1.10 23.5 043 0.12 12.30 0.24 001 2.3 0.14 21.eo 0.02 0.01 0.12 -0.01 21.110 II 11 14 Sl 121.0 

1112 ­ 733 80 1.28 23.7 0.41 0.17 13.40 042 030 O.OS :U 0.35 sa.2O 0.04 010 0.15 1.00 33.20 35 sa 21 Cl 120.0 
73.3 - -nl 1.1 i.l' 201 .~ 0.10 11.00 044 005 ---O~OI 3.4 0.14 173.00 0.01 0.01 0.14 -0.01 173.00 .. 21 13 Sl .1.11 
708 - '1.8 8.0 1.14 311.$ 0.37 015 18.10 082 0.01 4.4 030 20.50 0.15 0.011 0.15 2.81 17.110 30 21 42 C M.S 
81.0 - 01.8 1.4 3.18 41.0 1.24 022 35.00 1.02 1.00 018 7.2 O.eo 12.10 0.01 0.35 0.25 10.10 1.18 32 25 43 C 11.1 
11.8 - 1)1.8 .1 2.14 35_0 073 0.10 23.10 082 0.01 -403 0.44 38.110 0.01 0.21 0.11 '.43 31.10 22 42 sa Cl 01.0 
~IO,O 8.0 _.LII2~ ___ OJ!ll__ _~4 18.110 0.50 O,04:U 0.21 lS.4O 0.01 0.11 0.15 3.44 IU8 30 :13 21 CL 102.0 

811.0 -101.0 8.1 1.02 25.0 033 0.07 11.20 0.52 0.02 2.7 0.12 21t4O 0.01 0.01 0.12 -0.01 21.40 30 42 IS l 120.0 
1010 -1011.0 0.3 1.02 205 034 0.08 8.40 0.112 001 2.4 0.14 70.10 O.OS 0.01 0.11 -0.01 10.10 31 41 15 l 145.0 
1010 -111.0 02 1.07 222 0.31 0011 1030 0.42 0.01 2.' 0.11 ".40 0.01 0.01 0.11 -0.01 01.40 110 21 158l 121.0 
111.0 -1111.0 0.1 0.08 184 O.3~ 0.011 8.38 0.34 0.10 0.01 2.a 0.11 110.00 0.01 0.01 0.11 -0.01 110.00 114 22 14 Sl 131.0 
1.18.0 _-_

'
_21.01---___8,-,­ 1.00 220 0.34 ... 0.01 8.112 1.24 0.01 2.8 0.13 34.110 0.02 001 0.11 -0.01 34.eo 43 31 1. l 110.0 

121.0 -121.0 '.3 1.00 11.8 0.41 001 8.12 1.02 0.01 2.2 0.11 47.50 0.01 001 0.11 -0.01 47.10 !Ii 31 17 III 185.0 
121.0 -131.0 88 1.411 25.0 0.52 0.08 13.10 0.30 0.01 2.7 0.12 85.50 0.01 0.01 0.12 -0.01 85.10 114 :113 13 at 82.0 
131.0 -lsa.S 8.a 2.01 3111 048 001 ".10 0.22 0.01 2.2 0.11 175.00 0.01 0.01 0.11 -0.01 11500 71 20 8 III SUI 
13115 -141.5 1.1 1.10 3O.a Oil 0.10 18.00 0.114 005 4.0 0.411 411.00 0.01 0.21 0.10 8.75 30.40 30 31 30 Cl 81.0 
141.5 -1411.5 II 127 24.2 053 ____ 0.13,--__'38(1 _ .~.511 0.02 4.5 0.25 M.70 0.01 0.01 0.17 2.30 M.2O 14 !Ii 35 IIlel ..... 2 
1411.5 -lS1.S '.7 1.17 24 0 0.43 0.15 12.10 0.11 0.25 0.02 4.0 0.20 leo.OO 0.02 0.01 0.13 1.511 158.00 12 17 31 Slel 17.S 
151.5 -1511.5 1.5 121 22.8 0.... 0.18 14.110 0.50 O.OS 8.0 0.10 H.IIO 0.01 0.03 0.15 0..... ".80 II 50 34 Slel M.' 
1511.5 -181.5 11.3 1.2$ 204 0.10 0.18 14.10 0.7' 0.02 5.1 0.15 102.00 0.01 0.01 0.14 0.31 101.00 17 47 37 aiel 811.2 
181.1 -1112.' 11.5 0.80 10.7 0.11 1.21 11.10 051 0.02 4.8 0.15 111.00 0.01 0.01 0.15 -0.01 118.00 13 .. 22 S" 101.0 
1112.11 -187.8 82 0.74 121 0.47 0.11 8.81 0.11 002 0.01 3.0 0.12 150.00 0.01 0.01 0.12 -0.01 150.00 42 • :113 l 213.0 
181.8 -170.0 '.0 0.74 1'20 048 022 1.02 0." 0.10 0.01 3.5 0.14 141.00 0.01 0.01 0.13 -0.01 141.00 • e 2S eel 113.0 
110.0 -172.3 0.8 1.40 23.8 044 0.20 13.50 0.82 1.01 0.11 5.4 0.. 11.00 0.01 0.20 0.11 8.25 4.71 iii 21 17 III 101.0 
lM.l -1110.7 8.2 0.04 21.' 045 0.25 12.10 0.111 0.15 0.01 5.1 0.411 11.30 0.01 0.31 0.17 e.1I 1.110 15 34 51 C 101.0 
110.1 -1811 '.3 2.411 30.1 0.83 020 22.10 1.10 0.70 0.04 22.7 1.53 12.110 0.01 1.011 0.44 34.10 -21.20 45 28 21 l 10.4 
~1__ -18111 _',8 157 _~8l---()_1I ___ ~~~-- 17.30 OM 0.50 0.04 $I 0.85 112.110 0.01 0.42 023 13.10 •.50 24 41 27CL .~ 
'''.1 -108.4 8.0 1.41) 21.5 0.85 040 15eo 0.. 0.04 5.1 0.110 111.10 0.01 0.40 0.20 12.50 11.110 31 43 25 l ".1 
1084 -203.7 1.7 1.11 21.1 0.11) 0.13 17.10 0.51 0.20 0.02 S.' 0.1' 130.00 0.01 0.01 0.111 -0.01 130.00 58 27 14 Sl 30.4 
2OS.1-207.3 o.a 1.24 21.8 0511 017 lS.2O Oil O.eo 0.04 3.7 0.72 110.10 0.01 0.51 0.21 15.10 114.110 25 32 45 C 13.3 
210.1 -2155 '.4 1.11 25.' 0.7a 0.21 17.10 0.12 0.45 0.05 4.7 0.112 1.81 0.01 0.45 0.11 14.10 -4.011 31 44 18 l 411.0 
2155 -2111 0 
21&0 -21.:" 

10 
'3 

... 21 
Ul 

1'.1 
ai~7 

530 
045 

1.011 33.50 4.04 
;;f,~eo ----0.114 

0.35 
045 

0.03 
0.07 

78.1 
5.2 

I.OS 
0.511 

25.30 
24.20 

0.01 
0.04 

0.32 
0.1& 

0.11 
0.15 

10.00 
5.00 

11.30 
18.20 

110 
20 

8 
!Ii 

2 S 
a Slel 

85.2 
loa.O 

21&.3 -21& 8 7.1 2.13 24.a 1.21 0.25 21.00 4.&2 0.'5 0.04 11.& 0.. 20.40 0.01 0.:113 0.73 1.18 11.20 81 7 2 a 711.7 
2180 -2183 7.5 5118 405 2115 0114 51.110 242 014 4115 1.01 :113.50 0.01 0.41 0.07 12.110 10.70 110 17 24 SCl 70.1 
211.3 -221.5 0.' 281 311.3 087 0.21 24110 0.110 0.45 0.05 la 0.10 '.71 0.01 0." 0.24 20.110 -11.10 21 ... 27 Cl 13.2 
~'_5-2251 •• "64 277 __ 0.77 021_ 1'.40 ___ O!li 0.15 0.03 3.1 0.18 .....20 0.01 0.01 0.14 1.511 112.70 53 31 18 Sl 42.3 
225.1-230.7 '.2 1.112 212 0118 022 17.10 002 0.04 5.2 1.111 14.110 0.04 1.35 0.21 42.20 -21.40 31 34 20CL ".S 
:1130.7 -234' i.l 1.42 24.8 0113 014 15.40 0.811 0.10 0.01 5.3 1.11 14.10 0.02 1.43 0.31 44.10 -30.50 sa at a CL 81.4 
24S0 -241.0 a8 2.25 34.2 0511 0.08 18.50 1.14 0.45 0.01 4.3 O.H 10.50 0.01 0.114 0.25 20.00 -e.41 25 44 31 CL 1411.0 
248.0 -250.2 8.0 1.{13 21.7 0511 0.11 17.10 0.82 0.05 S.' 0.18 10.10 0.12 0.50 0.11 15.110 -5.41 • 17 25 eel 118.0 
:11302 -253.8 1 0 _~l---31.7 __3.!!1l ~1---5040 0511 0.02 0.01 2.1 0.45 13.20 0.02 021 0.15 '.75 4.4S 70 18 12 SL 11.3 
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APPENDIX 5-6. Drill Hole 289-03 Overburden AnalysIs 
Inlorv.' pH "E" 11M ". Mg -~ Boron "'TOlil H2O SoL Tot 0'11· TOllII NwI. Pot _ I')rlllc O'g.,,1c I')r II I')r 8 I 80nd I I III 

1111 ~./CIt hlonUn hlenUn C..-bon IlUII\.r IIUII\.r 8ull\.r IlUII\.r AS ASP 
Top- Bol . @ 2501 --,-",,~ moalll Im.aID _I _ /Danl 1'1'1 1'1'1 tII~...m 1'1' 1'1'1 I ft/10001\ 1111000II 1'1'1 " .. 
0.0 - 5,0 e,1 2.1141 IVI '.4e 2.38 28.80 0.441 0," 0,01 2,e 0.14 111.00 0.02 0.01 0,12 -0,01 111.00 44 " 311 III" !7.' 
5.0 - .,~ 83 I.N 153 0.73 0.14 10.10 0.32 0,50 0,04 2,8 0,17 •.70 0.04 0.12 0,01 '.75 11.00 R 32 I' L R,~ 
I~ - 1~,~ 7.5 I.N 17.8 1 ~2 0.41 17.00 0.42 0,50 0.11 :U 0,22 •.• 0.01 0,01 013 -0.01 I,. 32 47 22 L 77.4 

14.4 - 17,8 7.' 1.08 18.7 0.85 0.22 12.20 0.28 0.11 '.1 0,17 8,13 0.03 0,01 0,14 -0.01 8.13 21 32 " 81. liU 
17.8 - Ie.' 8,5 O,R 18.4 0.70 0.07 10.20 0.20 040 0.01 2.7 0.14 45.80 0.01 0,1' 0.01 4.08 ~1.80 311 44 21 L •.0 
11.11 - ~.8 7.7 3,75 1•. 1 8.52 3.27 '--43.80 0.28 O.11:U 0.22 10,20 0.07 0,14 0,01 4,37 Iue 441 28 28 IICL •., 
~ 8 21.' 7.1 8.32 20.4 1•.80 7.58 71.10 0,44 0.80 0.08 3.4 0.33 1.1. 0.1' 0.13 0,01 4.08 5.11 52 27 22 IICL •.11 
21.8 - 34.8 7.5 8,18 21.4 15.50 7.1' 72.00 0.38 008 3,2 0.28 11.50 0.25 0,01 0.01 -0,01 11.50 50 32 I. L 87.0 
34.' - 37.0 7.2 I." 228 1.2& 0154 22.30 0.30 0.02 lUI 0.1. '.50 0.17 0,01 0,01 -0.01 •.50 47 34 III L 102.0 
37.0 - 38.4 •. 3 2~. 22.4 :US 1.10 21.40 0.28 0,15 0.01 2.4 0.21 34,20 0.01 0.11 0,01 3.44 30.80 80 ~ I. 8L I~,O 
38.4 - 430 1.7 1.14 288 O.DO 0.53 23,20 0.42 ····'0,$5 0.08 3.3 0.28 15.00 001 0.04 0.15 1.25 13.70 28 48 ~ L 152,0 
43.0 - 411.0 10 1.85 31.7 0.74 035 23.40 0.54 0.08 3.1 0.. 1".10 0,01 0.05 0.18 1.511 12,50 40 32 28 CL 83.' 
4e.0 - 53.0 80 1.<18 28.7 O.aD 031 1'.80 0,70 055 013 3.1 0.22 13.80 0.01 0.04 0.17 1.25 12,80 42 27 32 CL 80.7 
N.O - 550 '.8 1,85 28.2 0 .•' 038 23.30 058 0,17 'U 0,30 11.10 0.01 0.11 0.18 3,44 7.87 37 21 34 CL IU! 
$5.0 - !III.4 71/ 5. 485 370 °aD 7330 O.eo 1,25 0.38 1~,3 0,50 14,50 0.01 0,20 0.30 ',25 '.21 er 14 20 8L '7.4 
511.4 - '1. 81 087 ..," 17.er--o:5i' -~\-----"10io 'O·~ 0.50 0.11 U 0.18 111,20 0.02 0,02 0.15 0,112 ".50 35 ..2 22 L 137.0 
.1,4 - 883 8.2 078 ".1 0.43 0.23 10.•0 1.02 0.07 2,i 0.20 1•.40 0.01 0,05 0.15 1,511 1•.80 24 5<1 22 81. 15<1.0 
883 - 7U 8.7 0.55 I I.e 0,37 0.25 '.58 0,54 001 2,0 0.17 80.10 0,01 O. Ie 0.01 5.00 511.10 52 28 20 8L 248,0 
71,3 - 70.3 8,5 0,5<1 12,5 0,35 024 8,77 054 0.10 001 1,7 0.17 511,40 0.05 0.11 0.01 3,44 N,oo '7 18 17 8L 2310 

..10,3 - 78.0 84 ",. 088", 15.3 027 027 7.114 0,88 003 34 0,21 44.10 0.04 0.02 0,15 0.112 44,20 88 14 I' 8L 21.0,1) 
780 - 80,8 8.. 3.03 37.8 1.80 0.52 .1.70 1.04 1.25 034 7.7 0.511 14.80 0.01 0.34 0.24 10,80 .,1. 5<1 I. 31 IICL 80.7 
80,0 - 5<1,0 8.0 2.18 34.11 0,85 0.18 24.80 0.78 0,85 0.15 43 0,81 12,00 0,11 0.34 0,18 10,80 1.38 30 441 23 L •.1 
84,0 - 88.0 8,3 3.08 42.2 1.50 0.45 "1.70 0.114 0.25 13,0 058 15.80 0.05 0,24 0,30 7.SO 1,12 80 17 22 IICL 75.2 
aD.O - 114.0 88 1.32 21.. 074 0.35 IS80 0.114 0,1\15 0211 0.3 025 13.70 0,01 0,07 0.1' 2.111 11.50 .7 18 34 IICL •.0 

,114,0 -",!~. 82 2.4734,O\-----, ,1.08 ",0.41 2i.80 0.74 0.01 4.11 0.55 10.80 0.12 0,22 0.21 e,er 3.75 28 34 .. I C 78,' 
87.2 - 111.5 8,1 0.82 17.a 0.58 0.01 10,30 0." 0.20 0,08 3.5 0,22 a,80 0.04 0.03 0.11 0,114 21.00 21 47 24 L 101.0 
88.5 -103.5 8.5 2.01 38.0 0.114 0,1. 27.80 0.7" 0,70 0,12 •.0 0,38 24.80 0,02 0.10 0,17 5.00 111.80 24 34 42 C 84.2 

103.5 -105,8 •.• 1.84 30.1 0.88 0.18 2200 0.84 007 3,' 0.40 11,80 0.03 0,21 0.1. '.58 12.40 27 24 411 C 113.~ 
105,11 -101,1 8.5 Ull 23.0 0.. 0.311 1.•.. 50 0.40 0.38 0.03 11.0 0,24 1511,00 0.07 0,01 0.1. 0,31 1511.00 52 24 24 IICL 43." 
101,. -112.1 8.3 2.58 33,8 1.57 0.47 34.20 0,82 1,00 0.11 5,7 0,43 47,80 0,03 0,20 0,20 .,25 41.80 21 • 441 c: 113,' 
112,1 -113.. 7.0 5.72 30,0 8,78 1.48' 71:30 1.141 1,80 0.31 12.0 0,$3 12,30 0,08 0,38 0,38 11.80 0,43 "3 111 l1li CL 80,51 
1131 -11.,1 58 0.35 27,8 13."0 2.24 77.70 2,24 1.20 0,15 24,1 1.311. 8,. 0,04 0,72 0,112 22.110 -15.50 II 32 30 CL 15,5 
114.1 -1113 lUI 3,22 42.. 1.83 027 .. 1.80 0,80 0.85 0,01 5,0 0,441 ',81 0,01 0,30 0,1. 11,37 0,43 33 25 43 C 111.4 
118,3 -123,3 .,. 2.21 38.1 1.10 020 2110 0.114 0,50 0,08 4.5 0,43 23,110 0,01 0.2i 0,18 11.08 1•.80 33 l1li 28 CL 84.1 
123.3 -128.1 11.0 1.30 21.1 0.111 0,111 1530 0114 0.04:1.8 0,34 11.30 0.01 0.1. 0,1. 5,00 11,30 38 33 33 CL .,11 
128,1 -121,a ".:. 1.12 23.2 0.112 0,12 14,10 1.08 0,"5 0,03 4.1 0,57 112.80 0.04 0,35 0.1' 10.110 11.80 28 ..7 27 C:l 178.0 
128,. -1338 a,. 1.83 21.11 075 0.11 li.80 1,02 0,55 0,11 88 0,52 24.80 0,01 0,30 0.22 '.37 15,80 35 40 25 L 103,0 
133.8 -138.7 8,7 1.441 25,7 0.84 0.13 17.80 0.114 0.D7 ".2 0,27 28.10 0,02 0.07 0.1' 2.111 23,80 2i .. 7 24 L 84,1 
138.7 -137,7 11.8 1.31 2811 0.55 0.11 1•.80 0.52 0.15 0,04 3.4 0,11 _.00 0.01 0,01 0.1' -0.01 _,00 511 27 11 8L 042,1

1137,7 -138.. 8,7 L44I __~,8 0,58[-, ,,008 1800 0.72 0.20 0.04 ".0 0.21 88.00 0,02 0,04 0.11 1.25 84,80 44 311 21 L 85,1 
1381 -144,8 7,11 3.77 .5,5 2.23 0.38 52,10 0.74 0.10 7,7 0,411 15,80 0,03 0.21 0.25 .,511 11.01 33 34 34 CL 72.1 
144.• -1.11,8 7.1 •.33 382 .. " 0,7. 55,10 1.08 0.17 .,8 0,85 11.40 0,01 0.58 0,31 17,50 -1,01 311 24 38 Cl 75.1 
I••• -IN,8 8.0 3,10 338 2.08 038 37,20 O. 0.12 .,2 0,58 11.50 0,01 0.38 0.23 10.80 0.88 33 28 42 C 52.0 
IN.• -158.8 8,0 ..... 2 411.7 1.78 037 51 80 0,88 0."5 0.08 •.7 0."1 71,20 0,01 022 0,1. ..17 84,30 15 441 40 8lel 80,5 
158.' -183.1 7.8 S," 37.4 2.10 038 41.80 110 0.08 5.4 048 70,40 0,01 028 0.21 1,71 81.80 l' 44 40 8leL 77,4 
18:U -188.8 111.0 2,88 355 HI7 021 3510 0,7. 0.04'4 0.78 11•.00 0.03 0.50 0.23 15.80 101.00 15 441 40 8ICL 85,' 
188,8 -17UI 8,e 1.21 218 0154 0,12 15,10 0.72 004 4,11 023 125.00 0.01 0,03 0,20 0.114 124,00 10 !II 38 8ICl il. 
171,2 -118,11 .,. 0 M 22.0 0.25 0,04 11138 0.58 0,20 0,01 311 0,17 1!1100 0.01 0,02 0.15 0.82 158,00 311 441 III L 122,1 
178.8 -180.11 8,0 0.83 111.11 0.42 007 I,M 0,74 0,35 0,02 4.' 0,21 117,00 0.01 0,04 0.17 1.211 11'.00 20 N 27 CL 11•.1 
180,0 -184,1 a,7 ",,0,111 20,' 0.43 0,1l! 10.10 0.311 0,20 0,01 3,11 0,111 78.80 0.01 0,05 0.14 1.88 77.00 52 28 20 8L •.1 

t184,1 -1111.. a,1 0.117 ~,4 0,5<1 0.07 13.50 0.82 0,01 5.0 0,22 15<1.00 0.03 0.03 0,1' 0,114 153.00 25 4i 24 l 11.0 
lee,8 -1114 a a,8 0117 23,0 0 ..1 0,08 11.50 088 0,03 •.5 0.21 15<1.00 0.01 0.02 0,1' 0,82 15<1,00 20 52 28 CL 80.1 
1114.8-1•.1 84 1.88 24.. 0.78 0.13 1•. 10 1.08 075 0.Q7 .... 0.47 •.80 0,01 0.24 0.. 7,50 32.10 15 43 408lel eI.3 
218,0 -211U .... 1.38 25,1 0.48 0,10 13.50 0112 0,30 0,04 5,4 0,21 101.00 0,02 0.04 0,15 1,25 107,00 • 20 II 8L 27.1 
~III. -:-.~,-, .8 083 21,., r---.,Cl48 ",I)()II ....,.1140 1 511 0 55 0.05 4.11 O,N 8140 001 0.33 0,20 10.30 77.10 I. S7 41 C .,1 
227,0 -230.5 •. 1 2511 27,' 1.18 023 23.40 0.74 0,38 0.08 4.3 0.55 5.'1 0.05 0,32 0.1' 10,00 -".1' 4i 311 15 L 30.' 
230,5 ·.1,3 7.7 1,37 27.0 0,87 0.13 17.10 2,12 0,40 0.12 311.1 0.111 .,411 0.07 0,18 0.441 11.00 3.. 50 20 30 IICL 78.5 
2lI1,3 -232.4 e,. 4,47 ..1.4 2,82 0.82 57.40 2.1. 0.50 0.15 11,1 0.'7 5,.1 0,08 0.51 0,30 111.80 -10.30 • 40 37 Cl "'~I 
232." -232.11 11,2 0.77 1•. 5 0,4e 0,08 1187 O. 0,10 0,08 4,1 0.08 31.40 0,01 0.04 0,18 1.211 30,20 32 48 20 l 113,0 
23211·2353 ~_,OJIO ,,2.1,!--{~ J!c!!!, IISIO 1.44 0,40 ""~ ",.....!,,,. 0,21 11,70 0.02 0,08 0,21 117 US 22 51 28 CL 111.0 
23!1.' -2358 7,4 1.10 27.0 0.87 017 1'.50 2.88 0115 0,08 70,7 0,78 10,40 0.01 0,12 0,84 3,7$ .,70 7. 1:11 11 8L 1111'-5 
235.8 ·2341.. 11,0 8.14 38.5 11,50 .83 113.00 2,72 1.00 0,21 24,1 1,80 .,40 0.04 1.21 055 37,80 -33.40 511 1. 28 IICL 72,7 
238,. ·241.4 8,' 134 .5 0.511 0.14 111.40 1,02 025 0,08 ".3 0.51 7.48 0.01 0.31 0.20 ',88 -2,20 21 .1 24 L 78.• 
241,. -248JI 11,0 100 lUI 0,88 0,12 1240 0.81 0.04 ".4 0,25 '1.20 0,01 0.011 0,1. 2.81 78,40 441 38 17 L 441,8 
248,5 -251.11 11.0 135 21.0 0,88 0.17 1580 1.12 0.08 ".11 1,28 1$,80 0.10 0.82 0.24 28.70 -15.00 28 42 32 C:L .,1 
251.5 -2$$.' 1,0 1,84 ""33,' 0.85 0.1420.'80 1.30 ",. 0,70 0.07 5,4 1,84 15.70 0.12 ',24 0.28 38.70 -23.10 2tI 38 33 CL 81.0 
283.7 -288,5 '.7 1.112 34,' 0,"3 0,13 11,30 0.. 0.20 0.08 3,. 0,40 '.113 0.02 0,1' 0,1' 5.114 0.. 50 28 22 L 114.0 
288,11-288' 8.1 1.32 27.' ON 0,11 15,70 1,7' 0,45 0.01 3,' 0.154 11.40 0.01 0.43 0.21 11,40 -1,1Ii 28 32 400 125.0 
288e -273.8 e 7 152 21,7 072 0.111 18,80 0,112 0.30 0.03 2.1 0.44 22.70 0.01 0,25 0,1' 7.•1 '''.80 • 15 1I18L 80.8 
273. -27fO e,. 2.2 31.5 088 0.22 24,40 ooa 0.01 1,7 0,48 1117,00 0.02 0,22 0.22L...-II,87 '.',00 70 111 II 81. 71," 
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APPENDIX 5-B. Drill Hole 289-04 0 _ _ _ . __.. __ nal~burd A SIS 
InWv., pH 1:1,; 8AR c. Mil N. tloron 01., H20~1. T~~ ~: INOIII. pot. =­ Z:: gog..,1C "':s8 ~: 

8_ 8. Clay ,HILt. .,... 
(II) ~~tr SoltnLom SoltnLom 

8:'TOI>- Bol . !me<¥!! tm.aIII lm.aIII 1Dom\ 1Dom\ '""",I 1%1 ....00. .1Il1QQ!l!t .J'!I.J 1%1 111111'''''" 1I/10001l 1%1 1%1 1%) ....00.0.0 - 5.0 7.8 111.50 304.4 23.10 22.40 lM.OO 0." 0<40 0.25 I.e 0.30 32.80 0.15 0.'4 0.01 4.a7 21.50 42 $7 20 80.$ 
$.0 - 10.0 0.3 0.02 ".4 0.50 0.13 020 032 0.05 0.02 1.8 0.17 48.00 0.08 0.08 0.01 2.50 43.50 "7 31 22l 3041.0

10.0 - 13.8 0.0 1.11 20." 0.1118 0.1' 1120 0.211 0.03 2.3 0.15 18.30 0.07 0.07 0.01 2.10 17.10 H 22 20 SCl 278.0 
131 - 11.0 4.5 10.70 382 17.80 805 135.00 1.20 1.00 0.12 1.5 0.81 1.48 0.45 0.01 O.HI -0.01 1.48 12 11 21 SCl 81.11 
15.0 - 20.0 114 II." 307 521 2.14 70.20 010 

-- ­~ 1.3 023 '.00 0.08 0.02 0.13 0.12 ....7 H 22 23 SCl ".320.0 - 25.0 -5.2 12.40 304. a 13:00 7.15 loi.oo 0.74 0.12 --51 0.• a.84 0.22 0.01 0.15 0.31 '.13 50 17 24 SCl 711.7
25.0 - 30.0 7.0 020 30.7 14.30 ".H 84.20 0."1 0.30 005 3.' 0.20 10.30 0.111 0.08 0.01 2." 7.48 37 42 22L 81.4 
30.0 - 35.0 7." 5.00 38.1 3.43 1.03 5380 0.41 0.05 4.3 0.18 21.00 0.00 0.01 0.11 -0.01 25.00 43 32 21l 100.0
35.0 - 40.0 •.11 1.35 30.1 026 0.11 1330 0.21 0.00 2.' 0.17 27.10 0.08 0.08 0.01 2.50 24.80 21 48 27 Cl 2280 
40.0 - "3.0 7.8 11.02 304.7 4.11 1.71 50.20 r-- ­ 0,3e_ 0.00 '.0 0.21 304.<40 0.11 0.04 0.11 1.25 33.10 .. 21 20 Cl 107.0 
"3.0 - ".2 4.4 11.80 32.0 17.00 7.311 -"700 010 1.20 0.00 20.11 0.81 1.48 0.51 0.01 0.30 -001 1.48 • 7 24 SCl 75.8
44.2 - ....0 7.7 5.38 3045 ".02 1.22 5500 0 ..8 050 0.05 5.11 025 10.00 0.11 001 0.14 -0.01 10.00 SO 17 ,.. SCl 101.0
411.0 - 48.0 411 IU7 2'.0 to 10 "54 88.30 11.00 010 0.07 50.11 0.77 8.10 0.111 0.08 0.12 I." '.32 711 7 I .. 8l 11.4 
..88 - 53.11 11.11 2.01 38.8 01\3 0.1" 24.10 0118 0.11 ., 0.11 11.80 0.01 0.03 0.15 0.84 10.80 42 24 ,.. Cl 107.0 
5311­ H.II 8.5 252 38.0 1.07 018 28.SO 1.00 0115 0.12 .... 0.42 2100 0.01 0.21 0.111 '.12 17.80 27 31 42C 84.0

--58.11 - 80.0 811 320 484 0l1li ---0:,8 35.20 0 .. 0.24 5.' 0.32 10.80 0.01 0.111 0.13 5.84 ".M ;CII 22 • SCl 
-­

1251
80.0 - 111.8 7.' 3.117 41.11 1.83 027 <40.50 2.42 1.10 030 111.7 0.54 12.30 0.02 0.22 0.30 11.'7 8."5 .. 13 108l 70.1' 
111.8 - 88 8 '.7 1.111 208 0.88 0.10 11.40 1.20 0.44 8.1 0.21 15.10 0.01 0.01 0.13 2. SO 13.30 47 23 31 SCl 8SO
88.8 - 71.8 .7 I.SO 32.7 0.38 0.00 15SO 0.88 0.40 0.08 3.11 0.21 10.70 0.01 O.I! 0.12 ".01 .... 31 38 31 Cl 81.4 
7UI­ 7e8 81 003~:I 0.48 0.11 1030 0.52 005 $:5 0.111 10.50 0.01 0.01\ 0.10 1.17 '.80 • " ,.. Cl 8411 
78& - 7'~2 811 1:\0 21.7 -052 010 12.10 0.12 0.04 $.5 O.HI --8:82 0.01 D.14 0.01 ".17 5.38 " 35 304 Cl 12.2 
78.2 - 130 a.o 0.'7 '8.7 0.42 0.01\ 11.33 0.80 0.20 0.02 3.5 D.HI 142.00 0.01 O.IS 0.01 4.01 1•.00 ,.. 44 22l 734 
13.0 - 880 '.7 1.10 la3 0.80 0.12 11.80 1.44 0.04 4.4 0.22 13.80 0.01 0.10 0.12 l"'2 80.80 18 48 35 Blel 77.5 
118.0 - 03.0 '.4 2.70 434 1.21 0.21 38.80 1,42 0.70 0.00 5.' 0.32 55.80 0.01 0.18 0.14 5.112 SO.OO 21 30 44C 15.1
03.0 - 1IS,4 --­ 0.4 7.88 27.1 15.30 2.88 81.10 1.118 0.24 135 1.07 1.12 0.01 0.... 035 20.00 -11.110 47 lie ,. l 7:U
1IS.4 -100.4 8.3 ui 32.8 -\:21 --'0.2\ 27.10 0.80 0.01 '1.7 0.31\ "2.00 0.04 0.17 015 5,31 31\.70 22 37 41 C 77..

100.4 -105.4 8.7 I.M 31.2 087 0.12 10.80 1.24 0.45 0.10 ".2 0.35 23.20 0.01 0.21 0.14 lu,a lS.1O )1 24 45 C ".5105.4 -100.2 8.11 2.10 44.3 0.51 0.12 21.00 1.04 0.01 3.11 0.41 1$.30 0.01 0.21 0.14 a.43 8.M 35 20 48C 88.'100.2 -111.2 II." 2.117 38.1 1.15 0.111 31.20 1.00 O.IIS 0.11 5.' O.se •.80 0.01 0.42 0.17 1).10 111.40 37 23 40C 81.) 

lK~:-HH --- ­
8.5 2.111 304.11 1.03 011 21.10 0." 0.10 4a 0.15 14.00 0.03 0.... 0.1" 14,40 -0.304 32 • :l1li CL 85.0.:, 1.44 23.5 0.511 0.14 1420 1.48 0.80 0.14 11.1 0.1\2 10.20 0.01 0.:l1li 0.22 12.20 -1.84 48 21 24L 118.1

115.4 -110.8 '.7 1.00 20.3 0.40 0.13 11.30 0.711 0.35 0.04 3.11 0.20 10.70 0.01 0.01 0.12 2.50 '.17 • 42 20 CL 78.7
1111 0 -120.0 8.1 223 330 112 021 2100 1.32 1."5 0.27 HIS 0.55 12.20 0.01 0.23 0.31 7.11' 5.02 55 18 30 SCL 71.7
120.0 -125.1 e8 1.75 21.8 07) 0.15 17.110 0.88 0.45 0.08 ".1 0.'" 31.10 0.01 0.20 0.1" e.211 24.80 27 32 42C 03:l12S.1 -128.41 8.5 1.1\3 24.4 0l1li ~ 15.80 1.04 0.04 ".0 0.35 7e.1O 0.01 0.23 0.12 7.1' •.80 14 80 lie aiel 10.7 
121.8 -133.' 1.5 1.87 31\.8 o;Cr 0.12 -21:,0 0.72 0.03 5.2 0.27 170.00 0.05 0.10 0.12 3.12 1117.00 33 :l1li 21 Cl 50.2
US.8 -1•.11 '4 2.07 304.0 0,85 01) 21.80 0.42 0.03 5.7 0.11 143.00 0.01 0.01\ 0.12 1.118 141.00 38 32 33 Cl 50.3
1•.11 -143.8 •., 2.10 33.2 0117 0.141 21.40 1.01 0.05 ".8 0.31 :l1li,50 0.01 0.17 0.14 8.31 "'.20 24 lie 42 C ....,
'''3.8 -1.... 8 8. I.H 282 0.111 0.12 1$.110 0.111 0.04 S.8 0.30 M.l0 0.01 0.20 0.12 8.211 71.80 17 47 38 aiel 78.8 
~_::I53i 88 1.03 --­ 20.3 0.4' 0.1" 11.<40 0.80 0.03 40 0.11 15.00 0.0' 0.07 010 2.11 80.10 '" 13 53 aiel 78.S
153.8 -IH.8 8' '.11 183 042 -0-38 12.20 0.72 0.03 4.0 0.12 ".80 0.01 0.02 0.10 0.112 81.30 II 10 32 aiel 71.11
lH.e -11\3.i 87 1.10 23.11 0.38 0.13 1110 0.12 0.04 4.4 0.11 80.10 0.02 0.01\ 0.12 I.H 711.50 22 .., • Cl 81.0
115.11 -188. 8." 1.118 23.0 084 0.18 1720 1.18 0.07 4.4 0.31 14.<40 0.02 D.2O 0.'5 US 111.10 13 33 MC M.7
1118.8 -,73.11 8." 2.11 20.7 0.70 0.15 13.50 1.32 0.03 5.0 0.• 121.00 0.01 0.24 0.1" 7.50 "0.00 10 48 44 8L n.S 
113' -178.• lI.S ~'2 11.8 012 ole 1200 0 .. 002 --­ 4.1 0.28 113.00 0.07 0.08 0.13 2.50 181.00 22 48 33 Cl 

-- ­ "'2178.0 -181.7 ---,:ii 1.24 
-----­ 238 

057 014 1420 0.112 oliO 0.00 4.e 0.18 84.30 0.01 0.04 0.12 1.21 IS.OO 1. 4' 38 aiel at.1I 
201.8 - 207.2 8.5 1."8 220 0.78 0.111 1510 O.M 040 0.04 4.7 0.15 lM.OO 0.01 0.03 0.11 0.84 133.00 118 28 18 Sl 31.1
207.2 -2104 e.8 1.33 21.1 073 0.15 1400 1.32 0."5 0.04 4.8 0112 H.IO 0.01 0.48 0.18 14.<40 42.<40 20 $1 50C 107.0 
215.0 -211.11 7.8 3.74 41.8 1.58 0.48 42.10 1.88 0.85 0.21 ".2 0.73 8.72 0.02 0.38 0.33 ".80 -$.15 

'" 21 33 Cl 87.11 
217 8 -2203 11.0 1.14 232 0.48 0.12 12.110 1.10 0.<40 0.08 52 0.21 11.07 0.01 001 0.13 2.80 8.57 17 511 27 8l. 17.'Uo.lI-22U 7.3 11.10 44.1 4.55 1.17 --74.50 1.10 0.50 0.14 1.... 1.38 8.54 0.01 1.04 O.M 32.SO -22.80 51 21 24 8Cl 10.11 
22S 8 -2211.0 0.0 1<40 30.3 0.<40 000 15.00 080 0.20 0,01 3.' 0.30 10.20 0.01 0.17 0.1$ $.SI 4.• 38 40 24l 78.2 
2211.' -233.7 00 l.el 302 054 0.11 17.20 1.20 0.04 4.11 0.41 117.80 0.01 0.28 0.1$ '.75 "8.10 37 <40 23l •.7 
233.7 -2387 110 2.43 51.3 OSO 0.14 2000 I.H 0.07 5.1 1.21 15.80 0.01 1.08 0.23 33.10 -17.SO 25 45 30 Cl 105.0 
2387 -2424 8O 1.47 218 054 013 1540 1.11 0.30 011 5.S 1.'" 18.SO 0.01 1.11 022 37.20 -20.70 21 43 30 Cl 81.1 
2SO.3 -2115.3 D.3 1.12 325 0.53 0.12 18.SO 1.10 011 a. 0.80 11.80 0.01 0.44 0.10 liS.70 -2.15 27 • 38 Cl 148.0 
255.$ -2H.4 1111 0." 25.0 025 000 10.30 2.04 0.01 ""'.0 O.H 18.70 0.02 0.41 0.18 12.80 5.118 111 17 22 SCl "'11.0
2111.4 - 280.0 11.1 1.111 30.1 oe2 0.15 1070 0.118 0.21 0.01 2.1 0.4' 1S1.00 0.01 0.27 O.HI •.43 123.00 12 1$ 15 8l 7.... 2 



('
~ r' 

~- .. .nal\ SIS 

Inllrval pH 
""":.'cn !JAR ...a Mg Na Bcwon oIal I=,~~I'~~ ~ol. INtut, ~OI, :':'. z;: IQ"glnlC 1s11 ":t: 8_ 8. cloy ....... ..at,

(ft) 8olonum llulkr s:rToo­ 801 @25CI ..Jrt>.~ em.aIlI (m.aI1l IDomI IDomI IDomI 1%1 .J'l!l .I!l~ 1M. t'I!!I 1I1100Q1\ • 1!l10001l 00 t'I!!I ~l .J'l!l0,0 - 5,0 7.11 ',54 111,0 17,50 3,21 81,30 0.40 0,85 0,00 4.1 0,27 :!t.2O 0.14 0.01 0.13 -0,01 :!t,2O 28 22 501" 81,4
5.0 - 10,0 7.5 5.07 23.1 8,87 3.811 ".10 0.24 0.07 4.2 0,17 12.10 o.~ 0.01 0.14 0.31 12.80 28 22 50C 118.1

10.0 - 1$.3 74 7.20 1118 1$.10 1104 88,110 018 0.0$ $.2 0.28 •.50 0.14 0.01 0.13 0.31 •.20 27 $3 41 C 1M. 2
15.3 - 18.8 eo $.2$ :!t.l 3.74 4.00 57.50 0.18 0.115 O.OS '.7 0.13 '.75 0.07 0.0$ 0.01 1.$8 7.18 • 18 15 al :!t"1118 - 21.8 M!--. $.811 24.7 ;~ .-~ 80.20 028 0.05 \----..g 1--.°.22 23.110 0.08 0,01 0,13 -0.01 23.110 23 28 50C ~21.11­ 28.11 7.5 11.55 234 10.80 11.47 88,40 OR 035 0~05 4.5 0.1$ 105.00 0.01 0,01 0,13 0.31 105.00 24 $8 41 C •.1 
28.' - 32.2 7.11 8.21 23.8 11.36 5.35 84.80 0.30 O.OS 4.$ 0.17 1IS.80 0.18 0.01 0.01 -0.01 1IS.80 21 41 

• Cl 
•.7 

32.2 - $3.5 4.8 O.IM 23.2 18.50 1250 111.50 0.88 1.10 0.08 11.11 0.27 1.118 0.0$ 0.01 0.22 -0.01 1.118 54 IS $3 Bel 58.S 
$3.5 ­ 35.7 8.8 8.12 22.8 ".10 10.10 84.80 0411 0.25 0.03 5.3 0411 •.20 0.25 0,03 0.1' O.IM SUO 28 55 51 Cl J;j35r.~ !--. __.7.' - !~ 30.' 4.12 Hi\-. 84.10 o. 

- ~~i- 0.01 111.8 0.411 1811.00 0,08 0.22 0.111 8.87 113.00 78 II 15 8l 28.4-_. -..-. . 

8.18 0,80 0.07 5.8 0.411 82.80 0.30 0.02 0,17 82.10 R ~ C38.7 - 4O.S 7.11 5.84 31.3 03.110 0.85 0.82 22 110.4 
40.3 - 40.' 03 11.00 211.0 10110 5.82 117.80 204 2.10 0.34 153 1.30 13.80 001 0.111 0,. 2'.40 -14.80 50 11 $3 Bel 80.3 
.0. ­ 458 •. 1 4.OS 31.7 2,15 088 50.70 0.•2 001 5.1 0.88 12.70 0.01 0.43 0.18 ".40 -0.71 37 23 40 Cl 115.0 
.5.' ­ 50.8 '.11 1.3' 23.1 0 .•11 032 14.70 0.40 0.30 0.02 3.8 0.43 :!t.4O 0.01 0." 0.24 5,82 23.80 25 411 30 Cl 152.0 
50. ­ 55.2 88 ---.-~ 20.1 083 036 11110 0.511r­ ~ 3.11 0.18 2320 0.01 o:~1----,012 1.23 21.110 27 • "~~,- r-,,10C),0-55:2 - 80.2 ',2 4.'4 42,4 1112 005 4'10 OM '.5 0.82 1300 0.01 0.41 0.21 12.80 0.18 55 31 :!t 123.0 
80,2 ­ 851 1.3 5.51 344 e53 l,e3 111150 0,118 1.25 0.18 "., 0.'5 15.30 001 0.45 0.• 14.10 1.21 N " 30 Bel 13.• 
85.8 - 88.0 1.1 8.04 211.' 14.70 331 '11.50 1.20 0.24 1.,1 1.21 2280 0.01 0.78 0.45 23.70 -0.118 45 20 

• Cl 
7110.3 

88.0 - 73.0 1.8 5.31 35.2 4.11 0,84 511.70 0.70 085 0.08 5.' 0.88 2'1,00 o.~ 0,44 0,20 13.70 12,30 24 30 4IIC 13,2
73.0 - 18.0 '.4 2.28 23.4 124 047 21.80 ~72 0.05 .,8 0,311 N,30 0.01 -~ r--0,17 8511 411,70 11 41 ~~-~"18.0 - 81,0 il1 0l1li .~ 042 031 10.20 0.30 0:01 '.8 0.25 115.00 0,08 0,03 0,14 O.IM 11.,00 2'1 ., 28 Cl 
81.0 - 18.0 11,1 0.84 17.5 0.38 0.18 11.08 0,40 0,15 0.01 ',8 0,12 IOS.00 0.01 0,01 0.12 -0.01 103.00 311 a7 28 Cl 1•.0 
18,0 ­ 111.0 8.2 0.83 U 0.17 028 e31 O.R 0.01 4.1 0,13 151,00 0,01 0,01 0,'2 0,31 1.,00 50 2'1 24 Bel 12'1.0 
111.0 - OUI 8.3 0.88 18,' O.M 0.12 11.44 0.• 0.10 0,01 '.4 0.12 151.00 0.01 0.01 012 -0,01 151.00 511 21 21 Bel 155.0 

~,I."".II8.' 8.0 1,~ ~...23.. 4 r--~82 .... ~,~ 15.80 0.28 0.01 5.7 0.32 18.40 0.05 0,12 0.15 3,75 84,70 14 .5 42 SIC lIS. 
Me -lOS.' .,' 1.48 22,3 0.83 -_. is.80 0.50 0.01 5.11 0,30 18,00 0.01 0,15 0.14 4.• ",50 8 411 <43 SIC 112,'

lOS.' -108.• '.5 1,27 24,' 0.80 0.13 14,70 0.• 0.01 5.5 0.28 187,00 001 0.15 0,13 4. 1112.00 18 30 • Stel 78.1 
lOll.' -113,. '.5 1.15 1•. 0 0,12 0,27 13,10 0.118 O,OS 5,. 0,27 170.00 0,05 0,10 0.12 '.12 118.00 20 411 34 CL 71.11 
113.8 -118,8 8,4 1.112 28.1 0,88 027 111.40 0.80 0.01 1.0 0,28 1$8.00 0,01 0,12 0,15 3.75 lR.OO 17 50 $3 Stel 70.2 
118.1 -120.0 '.3 2.42 :5.1 0,18 r--~21I 22.10 0,110 0,15 0.08 1,2 ----!47 18,40 0,01 0,27 0.20 '.<43 80.00 14 45 42 Ste 18,1
140,2 -144,. 8.5 2.82 3Q.7 -oii 0311 32,00 0.54 0.40 0.02 5.iI O.R 214,00 0.08 0.10 0,14 ',12 211,00 58 23 1. SL $3.• 
144.' -14'.5 8.8 2.38 33.' 0.12 021 22,70 0,78 0.85 o.~ •.8 084 IM,30 0,01 0,47 0,17 14.70 78,80 11 • 4IIC no
153.0 -155.3 1.8 5.18 55.0 2.211 0.71 81,40 0.112 015 0.07 12.4 0.75 11.00 0,04 0,44 0,27 13,70 -2.73 30 $3 S7 Cl M,5
155.3 -1511.' 112 153 211.' 0.50 0.10 le30 080 0.40 o,~ 4.' 0," 24.80 0,01 0,08 0.13 1.17 22,110 2'1 411 2'1 Cl l1li,11
158.11 -181.11 8.8 3.31 r--:~ 0.85 0.21 .80 .~r~ 0,08 11.5 1.00 13,30 0,01 0,7' 0,22 24,40 -11,00 311 al 31 Cl .~181.8 -1•.8 11.\ -2:,<4 r--007 _. "0.15 20.110 0.80 0,35 O.OS ...,. 0,80 ".80 0,01 0.43 0.11 13,40 '.20 3-4 43 24L 18,2
1•.8 -188,2 11.0 2,07 31,8 0,811 0.18 UOO 0.42 0.02 '.1 0.$3 155,00 0.01 0.11 0.14 5IM 14.,00 112 30 18L 411.5 
118 2 -113,2 8,1 2.15 30.0 0.111 0.1' 20.110 o,n 0,04 5.2 0,78 411,00 0.01 0.58 0,18 11.10 30,80 23 411 2'1 Cl 110.'
113.2 -118.2 ••• 2,74 •.11 1,28 0.27 34.110 0.82 O,OS 5.0 1,34 •.00 0.01 1.011 0.23 34.'0 3,112 2'1 45 28 Cl '1,' 

APPENDIX 5-8. Drill Hole 289-05 0 burd A 

1782 -178.8 a,. 235 M,' 085 t---0gf-- Z• JOf­ 0.84 1.05 
- ~~ - ..--M. I .• 17,10 0.01 1,14 0,21 311.80 -18.80 2lJ • $3eL ~181,4 -1112,4 8.5 1,88 $3,3 o iii' 0.08 18,30 4.32 0,40 o.~ 3,7 0,.8 28"0 0,05 0.27 0.17 8.43 18,10 27 41 32 Cl '",0182.• -1115,0 8.8 1,211 2'1.1 0,43 0.12 13.70 080 0.0' 4,0 0.411 45.30 0.01 0.30 0,18 8,37 .,00 38 28 

• Cl 
_,0 

1850 -1M2 8.2 3.111 54.0 0.80 0,21 38,40 0,40 0.30 001 2,1 0.• .,80 0.01 0.21 0,18 8.58 $3.30 70 15 15 ilL 13,'-
-
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APPENDIX 5-8. Drill Hole 389-48 Overburden Anal~sls 
~~ ~~~~~_~I~~I~~~~~_~I~~~B~9~~~ 

(II) mmho.'cm a.ltnlUm a.1on1Um C_n ........ ........ au..... ........ M MP 
Too- 80t @ 25 C) (mow. (moW. (mo<lill fDI:lm) fDI:lm) fDI:lml ('11.) ('11.) 1IdQ!)QQ ('II,! ('11.) ('II,) ftllOOOII ftllOOO11 ('11.) ('11.) ('11.) ('11.1 
0.0 - 5.0 7.11 15$ 21U 17.20 .U5 83.00 0,111 0,75 0,04 :11,7 0,21 1IS,10 0,11 0,00 0,01 2,11 112,:110 ~, 22 37 CL 57,' 
50 - 8,0 7,7 4110 28' 3.53 1,37 45.20 0,45 020 0,02 :U 0,21 15.10 0.27 0,01 0,01 -0.01 15.10 • lit :!IS CL 52,0 
',0 - 14,0 7,7 8,37 23 3 15 to 7,$1 78,SO 048 0.03 3.8 O,U '4,to 0,$4 0,01 0,01 -0,01 14.to 52 27 02 C 742 

14,0 - 111,0 7.8 8 as 24,0 1840 7,011 82,20 0,:110 O.U 0,05 3,1 0,51 144.00 O,SO 0,01 0.01 -0.01 '44.00 31 • 32 CL 71,4 
",0 - 22,0 ~,8 0.41 23,7 1O,SO ~,85 eo,1O 024 0,05:1.8 0,77 IMI.70 0,10 O,UI 0.01 5,00 .$4,70 25 40 35 CL .1.8 
22,0 - 242 7,4 11,10 31.1 11,10 1,43 1011.00 0,33 0.85 0,11 8,1 0,75 8,37 O,U 0,01 020 -0.01 ',37 40 20 41 C 102.0 
24.2 - lIt2 7.0 1.11 25,3 1520 11411 13.20 0.33 0.04 4,3 0,82 4,12 0,82 0,05 0.15 1,5$ 2,U 18 lit 113 C 1110 
lIt.2 - 34,2 7,4 820 27.0 111,40 710 113.10 0,38 030 0,04 4.0 1.15 5.83 0.111 0.05 0.14 1,5$ 4,2\1 1. 2\1 57 C ....3 
34,2 - 37,4 80 10.10 212 17,SO 8,21 101.00 0.18 0,03 3,5 0.83 108,00 0,10 0,05 0,08 1,5$ 104,00 as 52 :!IS CL 80,' 

I!~:::~:c--:,!t--'~~~~~r-{: ~:~ ~:~ ~':! 010 ~'~ :: :: l!:: ~: ~: ~::~ ~.:: ::: : .'~' :~~ ,:~~ 
47,4 - 524 8, I 8.21 28.4 855 3 IS 112 eo 0.12 001 4.2 0.. 11.10 0.18 0.04 01. 1.25 8\180 ,. 42 38 8ICl 1175 
52.4 - 55.8 80 807 27.11 11110 5.72 81.eo 0.15 0.01 4.0 0,43 78,40 0.24 0,04 0.1$ 1,2$ 77,20 31 • 32 CL 17,3 
55,11- 10,8 8.8 187 37.4 025 0011 15.40 008 001 30 0,31 118.00 0,08 0,11 0.14 3,44 118.00 38 41 21 L 155.0 
eo,8- as.I,~ ,,~,~ ,~~ 005 ,1~_0~_ 001~_028 131.00 0,08 0,111 0,01 5114 12~_~i--,,!~L,_, 220,0 
85.8 - 70.8 11.5 0.117 22.8 0,31 0011 10.20 0.15 005 0,01 2.7 0.25 117,00 0,07 0.05 0.13 1.58 115,00 • 43 22 l 237.0 
70,8 - 758 11.4 0.11 17.3 o. 0,011 11.20 01. 0,01 2.11 0.01 \13,20 0.01 0.01 0.01 -0,01 \13.20 38 40 24 l 203,0 
75.8 - 711,2 113 o.to 20.2 035 0,011 II SO 0011 0,01 3.4 0.23 "'.00 0,02 0,07 0,14 2,1' 117,00 45 :!IS 22 L 1113,0 
70,2 - 84,2 18 1,78 38.1 0,28 0,011 18.40 024 0.01 4,0 0.27 101,00 0,02 0,07 0,18 2.1' l1li,20 25 42 33 Cl 120,0 
,,114,2,~ 8.11 2.111 41.0 0 SO 0,12 22.110 0,21~~,,~ C"" ,,,,7 ~",030 72,20 0.03 0,11 0,18 3,44 88,70 24 4S 33 CL 121.0 
108.0 -107.4 7,8 7.04 43.1 383 1.14 11.00 0.30 O,SO 0,04 4,7 0,54 4,83 0,03 0,30 0.21 8,37 -4,54 02 31 27 Cl 411,4 
107,4 -1011.2 7,5 8.41 55.3 2.02 0,87 84.10 0.41 0,110 0,04 I,ll 1,55 5,31 0.01 1.111 0,. 37,20 -31,10 20 411 as 8ICL 54.7 
1011.2 - I 14,2 8,5 3,54 33 & 1.50 0.55 35.00 0,011 0, IS 0.01 3,7 0,30 72,20 0,01 0, IS 0.1' 4,08 11,20 • 20 11 8L 24.0 
114.2 -111.1 0.0 2.110 47,2 0.50 0.12 2&,10 0,12 0,01 2,0 0.01 122,00 0,01 0,01 0,01 -0,01 122.00 87 22 11 8l 21.11 
11&, I -1214 0 ° 2,511 .& ,,0,47~, ,(),5$ ,go,30", ,,(),. 0.10 0.01 11,0 1,00 71.00 0.01 0,75 0,25 23.40 47,80 22 35 44 C to,S 
121.4 -122.8 7,2 11.115 32.3 12.80 3.12 112.30 0,81 1.80 0.07 38,0 1.111 10,to 0,05 1,31 0.\12 4O,to -30,00 58 1. 24 eel 50,2 
122,11 -124.$ 11,11 1,58 30.7 0,52 °24 18,110 027 0,55 0,04 5,11 0.84 8,72 0.011 0,48 0,27 15.00 -8,2\1 II 3\1 411 C 101.0 
124,5 -127.3 7.0 7,1:!I 45.8 $,&5 LIS 88.30 0,81 1,00 0,15 18,3 1,74 5,13 0.01 1,011 0,\15 34,10 -2\l.to 41 21 37 CL 74,2 
132.0 -137,0 && 2,38 34.3 0,111 0,111 25.10 0.27 0.\15 0,03 7,0 1.32 &,2\1 0,01 1,01 0,31 31,10 -25.30 37 38 24 l •.4 
~-138,8 82 333 2\1.1 1,12 0,71 28.110 ''''~ ''''... ~,0.03 1,4 1,77 5,. 0,04 1,41 0,32 44,00 -.,70 lie '"'' 43 21 l 1M,7 
1388 -140.8 7.4 •.54 38.0 2.01 0.87 45.10 0,72 0,10 0.04 14,7 1,78 8.21 0,10 ",7 0,51 38,80 -30,30 38 37 27 CL 78,4 
140.8 -145.8 11.0 1.115 20,7 0,11 0.38 18.30 0.30 0,15 0,01 5,0 0,44 114.00 0,,. 0.11 0,17 3,44 110,00 51 30 111 l 411.0 
145.8 -147,2 I.a 1.34 15.2 0.78 0.51 1210 0,02 0,03 5,0 1.115 5.18 0,07 0.l1li 0,32 20,80 -15,40 22 SO 2\1 Cl 8\1,5 
147.2 -152,2 0.0 2,58 2&.8 0,58 0.411 20.80 0.42 0,02 5,11 2,45 15,00 0,01 2,08 O.lIe \15.00 -SO,OO 2\1 43 31 CL 117,7 
112,2 -1113.5 8,11 1,13 27,1 0.111 0.21 20,110 0,42 0,75 0.04 5,8 1,50 &,30 0,01 1,25 0,25 l1li.00 -30,10 25 411 30 CL 84,' 
184,3 -111,3 0,5 2,58 '~'O.II 0.12 0,14 7,20 0,38 045 0.03 4,1 0,. 8,U 0,21 0,01 0,17 -0,01 .55 21 41 • CL 147,0 
111,3 -172.0 11,2 1,31 111,4 0,$7 0.21 12,70 0,30 0.02 4,0 0,7& .,30 0,01 0,54 0,24 lito 52,40 lit 45 211 l. ITt.O 
175,0 -117,3 11,2 1,l1li 23.& 01\1 0,11 1&,10 0.31 0.110 0.01 4,11 1,. 1IS,80 0,01 0,13 0,43 28,10 \11.80 80 2\1 15 al. 107,0 
1\12.7 -111.7 8,1 4,711 40,8 1.117 0,81 48,30 0,24 0,55 0.02 3.2 0.58 $,44 0.08 0,30 0,20 8,37 -3,\13 40 42 0 l 48,' 
lee.7 -11111,7 7.7 .~ ,,' ~~, .~~, .1.33 70,80 027 0,01 ~.8 1,54 5,80 0,10 1,20 0.24 37,50 -11,70 51 42 & L 40.1 
1841,7 -1 ....2 11.4 2,. 42.5 0,42 0,24 24.40 0,45 0,35 0,01 4,11 2,40 4,118 0,$2 l,eo 0,37 SO,OO -45,00 41 41 13 L 108,0 
'''',2 -1118,11 05 I,ll 32,1 Oa3 0,18 20,40 0,. 0,15 0,01 3,0 0,33 121,00 0,01 0,111 0,17 1,00 118,00 10 lit II al Tt,1 
1118.0 -1117,11 0,4 1,\12 24.3 0,54 °22 15.00 0.. 010 0,01 4,0 0,20 121,00 0,01 0,04 0,18 1,25 120.00 \12 2\1 10 aL 75.7 
2OS.0 -20\1,0 8.4 4,2S 784 0.411 0.12 42.20 021 0.02 0,01 1,7 0,28 128,00 0,03 0.11 0,12 3,44 125.00 115 8 7 La $4,1 
20\1,0 -213.11 8.4 5,04 74,8 OU 0.14 --,,!,OO 0.21 0,01 1,3 0.24 8.211 0.03 0,08 0,11I 2.SO 3,78 88 8 8 L8 34,' 
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APPEN DIX 5 - B. Drill H 389 
~ ~90 ~. ~~. __ ....nal~burd A SIS 

Inlorva pH EC 8AR Cia Mg NIl Boron Total I H2O 1101. ITOUl·g. :::: 1..........0 . :.:: z: I a-g......, ":.8 ":a~ 
s_ .... Ci-V TO""". ..... 

(Ill i<m""""'0IT SaloonLim SaloonkJrn Cwbon I::r.~Too- Bot @25CI .JI:n!cn rmoQ'1l rmoQ'1l IPIlmJ IPIlmI IPI:ml l'!Iol ("JQ LV100011 t'ItoI t'ItoI 1111000II 1111000II 1%1 1'101 1%1 J:'!!.l
0.0 ­ 5.0 7.4 7.08 2tl2 1<140 3.17 77.80 0.51 0.50 0.07 ".7 O.M 10.80 0.21 0 .... 0.11 1.2$ 11.52 311 211 :I~t au 
50 ­ 10.0 7.7 11.112 25.1 15."0 1.12 15.110 02.. 0.40 0.1" :1.0 0."5 20.110 0.27 0.01 0.12 1.17 t1l.00 110 "1 17.1 

10.0 - 15.0 1.5 III 24.1 15.110 1.10 .... 50 0.15 0.15 0.10 ".1 0." 11.51 O.lIl 0." 0.01 5.00 1.S1 211 211 42C 1....0 
15.0 - 17.0 7.1 UI 21.1 237 1.14 MIlO 0110 0.12 ".0 0.211 8.12 0.2tI 0.01 0.01 -0.01 5.12 18 15 50C 111.0 
17.0 - 11.0 7.1 7.20 22.0 1280 8110 1120 0.15 1.00 0.01 U 0.71 4.22 0.11 0.01 0.15 0.14 1.28 '" 37 "C 101.0 
11 0 - 20.1 7.• a 70 23." 15.30 121 80.20 030 1.30 0.13 .... 0.11 35.80 0.70 0.12 0.05 1.75 11.110 22 110 "C 104.0 
20.8 - 21... 7.3 110 2tl0 15110 12.20 17.110 031 1.15 025 10.1 2.01 1."1 1.11 0.07 0.21 2.11 '.2tI 24 2tI 4IC 111.1 
21." - 23.3 1.3 1.02 22.1 12.20 e.211 1110 0.31 0.50 0.11 ".8 0.57 ".01 0.51 0.01 0.01 -0.01 ".01 1. 14 "C 101.0 
01'33 - 28.3 '.11 "12 23." 5.00 2.18 "5.110 0.24 050 0.10 3.8 0.2tI a.45 0.11 0.1' 0.01 1.00 1."5 21 30 40 CL 15.11 
28.3 - 30 0 ~r· 807 24. 1380 7.14 70.50 f--~12 0.02 1.4 0.110 57.70 0.18 0.11 0.01 ".08 11.80 25 42 II CL 77.0 
30.0 - 35.0 a." 31" ~; 1.88 ··0 ee - - 3270 0.18 0.07 3.7 0.22 88.50 oIII 0.01 0.01 -0.01 88.50 21 42 37 CL 80.'
350- "0.0 1.3 414 5.71 2.7" 50.70 0.21 0.35 0.01 ".1 0.21 11•.00 0.11 0.01 0.12 -0.01 118.00 22 30 40C 77.7 
40.0 - 410 8.0 8.70 24.5 13110 ."" 7DOO 0.15 0.08 ".e 035 122.00 0.17 005 0.1" 1.51 121.00 22 '" 30 CL 15.8 
..1.0 - "2. I a.2 5.41 211. a ..... 3 251 5550 0.00 0.110 0.04 ".2 0.110 80.40 0.1" 0.02 0.1" 012 511.80 13 M 51 C 112.0 
"01'.1 - "7.1 17 .--~ 24' 1.30 055 23110 008 0.01 3.1 0.24 142.00 0.08 0.04 0.12 1.25 141.00 51 23 2tI seL tU 
47.1 - 52." 11.3 1.2tI ---i-e. 1 ~ --""'"TOO - - if"i3 12.10 0.12 0.40 001 12 0.15 180.00 0.01 0.01 0.15 -0.01 18000 52 25 23 sel 141.0 
.... 3 - .113 a.e 3.41 211.3 2.35 052 3510 0.24 020 0.01 ".1 0.58 2500 0.05 0.11 0.20 10.110 14.70 2tI 51 22 III 111." 
a83 - 7".3 D.O 1."8 170 1.11 ole 1".00 0110 0.02 5.1 0.211 lot.OO 0.01 0.12 0.17 ".15 108.00 22 41 M CL 111<1 
14" ­ 18.5 II !.l18 10" 2.30 0.11 12.70 0.38 0.04 22.11 0.11 13.110 0.01 0.38 0.311 11.20 2.04 30 211 II CL 81.1 
711.5 - 7a I .1 7.88 10 e 0811 0.10 e.80 0.11 0.70 002 e.3 0.30 14.80 O.ot 0.11 O.HI 3 ..... 11.110 50 31 20l 1 .. 5.0: 
711i' - 122 U 3."5 11.7 147 0 .. 3 32.80 0110 --0.85 0.17 :'-5 0.27 101.00 0.01 0.05 0.1. I.M 111.110 al 15 24 seL 88.7 
122 81.2 80 1."2 18.a 0.11 0.21 1".80 0."5 0.20 0.01 8.1 0.110 8.11 0.04 O.ot 0.17 2.el 7.08 28 15 37 Cl 81.3 
e7.2 - 12.11 1.1 l.ot 15.7 0.D7 0.18 11.80 0."5 0.04 8.0 0.25 10.10 0.05 0.01 0.17 0.14 8.21 25 37 311 Cl •.2 
D2.8 - 14.3 7.8 4.04 34.5 2.27 0.41 40.30 0.78 1.55 O.ot 311.1 0.70 10.80 0.10 0.11 0.58 3 ..... 7.15 7.. 8 17 Il 52.3 
14.3 - IIS.O 811 5.7" 27.7 a54 1.30 5480 0.87 1.11S 0.05 85.3 1.41 11.20 0.17 0.44 0.88 13.70 -2.58 88 • 5 I 58.1 
85.0 ­ 88.0 e.7 4.31 18.7 721 1.11 38.20 2.07 O.IIS 0.02 88.0 1.1' "-:80 0.08 0.23 0.17 7.11 ".80 110 • .. 8 11.7 

102.1 -107.1 8.e 0.78 10.a 0.88 0.13 7.70 O.lMI 0.50 0.01 5.11 0.41 88.20 0.01 021 0.22 8.88 .1.70 24 "5 31 Cl H .• 
107.1 -112.1 8.• 0.87 '.8 l...e 0.12 8.00 021 0.01 3.' 0.2tI 100.00 0.01 0.05 0.23 1.51 M.IO 54 28 21 sel 32.2 
112.1 -113.1 11.7 1.52 23." 0.<18 031 14.70 0.21 0.01 3.8 0.27 122.00 0.01 0"04 0.22 1.25 121.00 '" .... <12 8ICl ....0 
113.1 -113.8 --M -~ r­ :: 

0.411 0.28 15.70 0.38 0.10 0.01 -4.$ 1.28 '7.20 0.01 0.• 0.211 30.110 38.110 15 M 4IC M.5 
121.1 -123.' II.' 1.88 0.'5 Tn 15.40 0.42 0.e5 0.03 7.a 0.45 '.03 0.04 028 0.13 '.75 -0.72 III M 24l 88.2 
123.8 -124.D 7.1 2.37 24." 088 0.31 18.70 271 0.115 0.01 110.5 1.11 D.711 0.10 0.31 0.70 11.88 0.10 11$ • I I 838 
124.• -125.5 aa 7.00 38." 458 1.50 88.110 051 0.70 0.01 13." 1.12 ".110 0.08 1.01 0.23 32.20 -27.110 <12 M 20l 58.5 
125.5 -1110.8 0.0 1.... 2tI.5 OSS 0.11 15.20 0.38 0.40 0.02 ".8 0.80 57.70 0.01 0."2 0." 13.10 44.50 .., 35 24l 58.0 
1308 -!:J58 a.1I 2.55 2tI.3 0.14 0.24 2020 0.<18 0.02 8.1 1.57 14.70 0.04 1.25 0.28 311.00 -24.110 211 .... 27 Cl 85.5 
135.8 -137.7 11.0 1.83 1f8 1.38 0.33 la.50 O.U 0.55 0.02 5.1 1.31 13.20 0.01 1.07 0"24 11.40 -20.20 21 52 25 81L 74.0 
141.0 -151." D.5 1.31 2tI." 0.38 008 12.80 0.311 0.20 0.01 4.0 0." 107.00 0.01 0.25 0.21 7.81 111.110 1. 52 110 8lel 1211.0 
un ... -153.0 11.3 1.7i 27.0 0.511 0.13 111.20 0.11 0.20 0.01 U 0.71 180.00 0.01 0." 0.21 15.00 1"5.00 37 M 25L 111.0 
I SS.O -157.11 D.7 1.43 28.4 0.32 0.10 12.10 0.38 0.15 0.01 3.7 0.14 11".00 0.01 0.111 0.1' 5.82 lot.OO II 311 28 CL _.0 
157.8 -111.2 11.2 :01.51 380 0<18 011 20.30 0.42 0.75 0.01 5.".. 1.83 2tI.50 0.01 1.31 0.32 40.110 -14.40 43 27 31 Cl M.4 
187.0 -172.0 8." 537 "5.7 1.88 080 50.70 0.30 0.15 0.01 2.8 0.<18 11.20 0.08 0.25 0.1$ 7.111 Ua .. 41 11 L ..... 4 
172.0 -177.2 0." 2<10 32.' 0.43 0.14 17.40 0.110 0.15 0.01 S ... 0.• '.211 0.18 0.32 0.21 10.00 -1.70 27 57 18 III 15.1 
177.2 -180.7 11.8 1.38 23.0 0.47 0.12 1250 0.51 0.<10 001 e.l 0.37 128.00 0.01 0.17 0.20 5.31 120.00 .... 32 24L 1250 
187.2 -182.2 8.7 5.08 544 0 .. 117 0.37 44.50 0.21 0.02 0.01 1.3 0.27 3.55 0.08 0.07 0.12 2.11 1.38 ... • a LI II.' 
112.2 -'M2 &.5 5.78 50.2 1.411 057 50.80 0.24 001 1.4 0.27 2.77 0.05 0.07 0.15 2.10 0.58 ae 8 8 L8 11.8 
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APPENDIX 5-8. Drill Hole 389-50 a burd ­ A\nal\ SIS 
InIorv.1 pH EC 8Aft C. MO N. aoron TOI.I H2O 801. ITot. gog. Total IN<IUt. Pol. Bubl. z:: 1 ....0...'" 'rau is; u.... u_ elloy roldu'. 801. 

(II) ~,/cm IIolonUm IIolonUm Corbon SUa..­ aua..­ aua..­
Top­ 801 25C) em.<VD (rno<VD em.<VD (ppm) (ppm) (ppm) ('11.) ('11.) 1111000II ('11.) ('11.) ('11.) 1II10001l 1V10001l ('11.) ('11.) 1'lIo) 1'lIo) 

0.0 - 5.0 8.0 U3 28.5 111.10 232 113.20 0.75 0.85 0.01 4.1 0.51 •.00 0.32 0.18 0.01 5.82 32.30 17 15 \lie 151.0 
5.0 - 10.0 Ie 2." 28.5 2."" 033 33.70 0.45 0.01 211 0.22 38.80 0.08 0.15 0.01 4.• 34.10 34 21 <15 C 157.0 

100 - 15.0 a4 3.28 2111 2.28 082 H 70 051 0.10 0.01 1.8 0.18 23.30 0.17 0.01 0.01 -0.01 23.30 80 12 211 8Cl eo.3 
150- 18 II 118 657 2<12 Ie Il1O 7111 85.30 0.51 0.02 3.11 0.25 18.10 0.07 0.03 0.15 D.lI<! 1520 58 15 211 8Cl """18.11 - 21.e 31 13Il10 22.2 

~~ , __P50 ~: -~ ----.';;; 
___ 001 15.1 2.30 -1.11 1.11a 0.07 0.30 2.111 -10.30 83 17 20 ~--. ~ 2UI- 25.4 3.-3 18Il10 15.8 l1li.50 0.18 1.50 0.01 111.7 1.17 -11.10 -O.eo 0.02 0.211 0.82 -11.10 73 IS -'4 8L ....11 

211.4 - 33.4 7.1 <181 32.1 508 1.72 5l1.10 0.3D 0.80 0.02 5.1 0.541 541.50 0.01 0.33 0.21 10.30 4<1.20 2<1 42 34 Cl 84.7 
33.4 - 37.7 11.8 3.76 41.5 1.113 0.84 <18.80 0.30 0.15 0.02 5.11 0.2<1 224.00 0.01 O.OS 01a 1.511 223.00 8& 17 18 8l 2<1.1 
37.7 - 41.0 8.7 3.18 485 1.04 041 4UI0 030 0.80 0.02 5.' 0.38 118.00 0.01 O.le 0.111 582 112.00 II 4<1 .81Cl 77.5 
52.3 - 553 811 2.28 .0 .~ - ~lf _~u.o 02<1 0.55 0.03 11.1 0.20 112.20 0.01 0.08 0.1-4 l.tT Il10.40 47 32 22l ._____~.O 
553 ­ 80.3 80 1.31 45.4 5.28 84.30 0.541 0.04 IU 1.20 211.30 0.01 0.114 0211 21140 -3.05 30 41 211 CL 711.1 
80.3 - 83.7 8.11 3.117 513 1.17 035 4<170 0.• 0.80 0.04 5.3 1.25 14.40 0.01 1.02 023 31.Il10 -17.SO 21 541 25 811. .'.0 
77.4 - 82.4 lI.3 1114 23.8 1.13 0111 11130 0.33 0.25 oos 5.3 0.83 114.20 0.01 0.43 0.20 1340 80.80 22 .... 33 CL 1211.0 
824 - a3.7 11.11 1.32 2114 0311 0.15 13.70 0.30 0.01 43 0.2<1 12<1.00 0.14 0.01 0.10 -0.01 12<1.00 15 511 211 8ICl 220:1~815 10.1 1.12 2<18 0.37 I~ 11.40 0.30 0." 0.01 2.11 0.211 144.00 008 0.01 0.13 2.1t ~!IO~ 47 22l 312.0' 
87.$ - 112.11 11.3 3.21 54.4 Dee 35110 048 0.Il10 0.01 5.a ua 25.Il10 0.02 1.04 0.32 ~.50 -e.57 40 -21 35 Cl 125.0 
l1li.8 -lose •.4 428 38.4 1.l1li 1.01 4<1 ..40 030 0.45 0.02 2.4 0.41 4.23 0.08 0.111 0.18 5.lI<! -1.71 41 43 10 l 43.2 

103.8 -108.e 78 5.11 211.7 501 1411 5350 02<1 0.01 2.5 0.45 15.20 0.08 0.2<1 0.15 7.50 7.8& .... 42 13l 42.1 
108.8 -113.11 7.4 7.lI3 183 2320 558 7370 0.18 0.01 2.8 082 17.30 0.10 0.35 0.17 10.Il10 '.38 !III 35 11 8l 302: 
113 e -11'.' -H ,-­ 271 25.1 1 &8 0.41 28110 045 0.03 34 0.27 174.00 0.01 0.10 0.17 3.12 111.00 48 2lI 22l •.5 
118.11 -120.3 8.75 4<1.11 3.&8 147 13.40 1.32 O.OS 25.-11 1.13 "".30 0.01 0.75 0.38 23.40 22.110 33 • 31 Cl 112.1 
120.3 -12UI 7.8 5.57 45.2 2311 0113 511.30 0.8& 0.110 0.04 11.4 1.05 8.45 0.01 0.711 0.25 2<1.70 -18.20 25 53 23 81. 8&.1 
12114 -134.4 7.3 8.85 30.4 1380 374 IIlI.4O 0.8& 0.01 3.4 0.87 7.05 0.04 0.45 0.11 14.10 -7.01 74 111 11 It 53.11 
134.4 -13D.4 3.7 10.70 20.7 IS80 843 71110 0.21 0.01 1.5 0.45 0.00 0.011 0.23 0.13 1.111 -7.18 87 • 5 l8 SI.8 
13D4 -141.3 34 ,----!.130 1112 22.110 ~5~m% r----J12<1 ~ 001 1.11 0.45 -0.31 0.01 022 0.1' 8.87 ~!'11 

... ~ ----­ .­8 $ t8 ---­~ 145.1 -1508 83 3.l1li 4<10 1.02 041 0.33 0.30 0.01 1.5 O.H ;U3 0.05 0.111 0.15 5.00 -1.37 • 11 la 8&.0 
ISO.• -1541.8 lI.l 2.311 32.1 0.4. 025 111.40 0.30 0.01 1.5 0.53 4.15 0.13 0.05 0.15 1.511 3.111 82 11 7 L8 114.0 

----1...--_--_.'-- -­ --­ ----'--­
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APPENDIX B. Drill Hole 389 1 0 __burd "nal~SISA 
"""v.1 

(II' 
Too- Bol 

pH EC 
~I/.",
•@25 Cl 

SAR Ca 

ImIQIII 

Me 

(moQIII 

Na 

lmoQIII 

8«01'\ 

_, 

Tolal 
8olonlUm 
_, 

1-120 Sol. ITOI. O'g. 
801onk.m C_ 
_, ~l 

Tola, 
8u.... 
~l 

IlMut. POI. 

IIIloootl 

_au.... 
~l 

~.Icau.... 
I'J!,I 

IO'g_au.... 
. .,., 

~S 
All 

111;;"'" 

~ 8 
AlII'

Nl"""" 
Sond 

...., 
SII 

...., 
Cloy 

~, 

To,""o 8at. 

I'J!,I 

5.5 - '.3 '.:1' 4.03 20 3 2.08 :1'.30 31120 0.18 0.02 0.01 2.7 0.01 111.10 0.01 0.01 0.01 -0.01 11.10 18 11 141Sl 33.2 
11.11 -.. '.4 2.1' 22 2 1.11 0.73 21.30 0.24 0.20 0.01 2.11 0.01 37.110 0.01 0.01 0.01 -0.01 37.110 7. 111 • 8l 33.4 
• 8 - 138 8.2 2.15 13.3 1 1M 111 1140 o.Ot 0.45 0.01 2.1 0.15 237.00 0.14 0.01 0.01 -0.01 237.00 7e 15 • 8l 20.1 

13.1 - 14.8 7.' 3.50 15.7 4.. 341 31.10 0.12 0.02 3.0 0.21 ....30 0.20 0.01 0.01 -0.01 45.30 10 as 158l 32.2 
1.­____ ~~..'7.1_____.3~f_____1,,1I 1184..!i3111_____.311~~- .....<104 U 0.20 33.30 0.08 0.11 0.01 1.44 211.10 33 45 22 l :lit I! 
11.8 - 24.. 7.11 4.. 18.0 4.73 5.41 30.20 0.12 0.05 0.04 3.1 0.22 17.40 0.07 0.14 0.01 4.S7 83.00 30 43 22 l 30.7 
24. ­ 27.7 8.0 11.81 18.11 814 1.3I! 44.50 0.03 0.02 4.3 0.20 75.50 0.03 0.111 0.01 5.00 70.50 20 47 20 l 41.11 
27.7 - 2•.7 80 3.20 11.7 2.47 3.13 31.30 0.12 1.05 0.02 5.2 0.22 18.00 0.05 0.05 0.12 1.1111 •.40 12 GIl 30 IlCl III.' 
20.7 - 211.7 7.8 8.05 14.1 11.50 14.40 53.30 0.11 0.02 5.4 0.23 117.50 0.07 0.15 0.01 4." 112.10 42 34 24 l 40.0 

. 2II'~"~'_"~~1-~3.~ 3. HI 3310 012 0.45.~ _ ..31 0.111 111.30 0.03 0.04 0.12 1.25 14.00 ... 33 21 L 37.3 
312 ­ 32.11 7.8 1118 12.8 14.70 18.80 5010 0.12 0.10 0.01 4.4 0.1' 1SS.30 0.04 0.1. 0.01 4.37 ....110 53 27 20 SCl 332 
32.8 ­ 37.1. 7.' 303 e 2 17.20 1210 23.110 0.03 0.10 0.01 1.7 0.17 _.00 0.11 0.01 0.01 -0.01 _.00 71 17 II 8l .24.'~ 
~~r,l.- <10.3 _- .i 8.4 

8.0 
2.48 
4.18 

17.1 
17.0 

1 74 
813 

1 22 
4.14 

20.10 
4040 

0.03 
O.Ot 0.20 

0.01 
0.01 

2.1 
21 

0.111 
0.17 

110.50 
124.00 

0.11 
0.18 

0.01 
0.01 

0.01 
0.01 

-0.01 
-0.01 

110.50 
124.00 

• 
71 

23 
18 

11 
11 

8l 
8l 

20.2 
20.11 

43.4 - 41.1 8.11 4.17 ....3 leg .._.0711 45 70.~ 0.10 0.04 4.11 0.51 411.30 0.15 0.22 0.14 8.87 42.40 211 37 311 Cl .. 77,7 
14.• - .. 8 •. 7 4.12 878 081 051 511.30 0.14 0.55 0.07 5.7 0.77 17.40 0.01 0.57 0.20 17.10 -0.37 35 41 24 l 73.4 
511' - 83.0 •.3 II 04 411.1 1 311 0.41 43.30 0.14 0.08 5.4 1.43 '.47 0.08 1.14 0.21 35.10 -27.10 22 14 24 8L a.~1 
71.0 - 72.4 '.0 2.72 24.4 0.70 0.20 18.110 045 0.111 0.08 5.2 0.211 '.1' 0.02 0.12 0.15 3.75 4.41 20 ... 358ICl 18.1 
72.4 - 73.0 8.2 2.73 43.7 0.l1li 0.33 34.10 1.11 1.05 0.20 25.3 0.'1 15.10 0.01 0.20 0.41 1.25 '.34 ... 20 34 SCl 110.0' 
73.0 ­ 711.' 7.8 
7111 - 81.,'--e:g 

II. till 
--2.05 

51.1 
31.8 

25 
0.311 

1.00 
0.24 

18.40 
21.10 

083 
0.30 

0.110 0.011 
004 

11.3 
4.4 

0.11:1 
0.25 

22.50 
l1e.OO 

0.04 
0.01 

0.5\ 
0.12 

0.20 
0.12 

15.110 
3.75 

8.511 
113.00 

27 
22 

35 
$3 

• Cl 
25 8L 

101.0 
112.4 

Il.l ­ •.a '.0 2.04 40.3 0.48 0.23 23.70 030 0.40 0.03 4.0 0.20 130.00 0.01 0.01 0.20 -0.01 130.00 30 44 20 l A.' 
18.1 - 111.11 1.0 2.40 30.1 0.48 0.41 2040 0.4S 0.03 3.a 0.43 132.00 0.20 0.08 0.15 2.50 1211.00 111 117 24 811. 17.5 
01 .• - 114.2 •.1 2.S1 4a.3 041 023 21.40 0.4' 0.04 e.5 0.31 '5.110 0.01 0.11 0.20 3.44 112.40 42 30 20 Cl 110.3 
1142- 114.7 7.1 5.50 41.0.~._. 1,03 58.80 1.41 1.25' 0.07 70.7 2.711 0.73 0.10 2.03 0.83 83.40 -112.70 a 11 'LB 11:1.2 
114.7 - 111.2 4.1 11.30 38.4 17.50 882 143.00 1.14 1.15 0.08 70.3 1.38 11.30 0.02 0.50 084 15.10 -4.35 $3 18 30 SCL IO.S 
111.2 -101.2 I.' 2.74 43.4 082 0.23 2•.30 0.30 0.03 11.2 0.18 113.110 0.01 0.... 0.21 14.40 11.10 23 44 33 CL 120.0 

101.2 -108.2 
108.2 -111.2 

11.1 
11.4 

1.20 
1.33 

111.0 
11.1 

0.53°7e 
0.24 
0.111 

l1.eo 
13.10 

0.30 
0.45 

0.01 
0.02 

S.3 
S.' 

0.20 
1.30 

1241.00 
37.40 

0.08 
001 

0.05 
1.03 

0.15 
0.27 

1.58 
32.20 

124.00 
5.23 

20 
43 

SI 
25 

30 SlCl 
32 Cl 

211.0 
130.0 

111.2 -113.7~~f---..170~.e 052 0211 1.'5Ot-.~ ._oeo 0.01 4.0 us 27.10 0.01 1.07 0.20 33.40 -5.el 31 31 311 CL 11)8.0 
120.11 -121.5 lI.e 1.110 311.2 0.42 0.17 2\.30 0.10 0.25 0.08 :U 0.22 30.10 0.02 0.07 0.13 2.18 27.110 20 40 40 SIC 110.0 
121.5 -120.7 11.5 1.58 211.3 042 0.17 15.110 0.57 0.40 0.04 4.' 0.23 152.00 0.01 0.07 0.1$ 2.111 150.00 30 42 20 Cl 74.2 
120.7 -127.2 7.2 lIS 355 582 1.28 85.110 2.25 1.30 0.07 74.3 1.38 25.10 0.01 0.. 0.. 21.10 3.12 8$ 11 5 lS 10.3 
127.2 -1211.0 1.1 3.00 555 0.4e 0.111 32.10 0.l1li 0.50 0.07 7.' 0.l1li 5.211 0.02 0.70 0.24 21.110 -18.10 21 511 21 8L 75.2 
137.0 -1311.8 ..~ .._ ..284 ..~c.2 f--...047. .~~ ...37.110 o.• , ...~. .0.02 5.0 0.70 '.11 0.02 058 0.21 17.50 -II.. 21 14 20 811. 114.0 
144.5 -1411.5 7.5 e.77 55.3 2.83 0.111 75.10 0.7. 0.30 0.01 3.11 0.l1li 11.21 0.32 0.43 (1.21 13.40 -11.22 III 111 17 8L 112.3 
1411.5 -153.8 8.0 3.32 80.0 0.53 0.14 34.70 0.27 0.01 11.7 0.42 4.110 0.10 0.10 0.13 3.12 1.17 83 12 S LB •.• 
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APPENDIX 5-8. Drill Hole 487-01 0 burd Anal" SIS 

InIorvir pH EC ESP BAR Ca Mg Na 11...011 Hao5ol. T~~ TOIII/ 

~ ::­ =: 100g.,1C T"""S ""~S S_ 8111 Clay T.xtIr. hi. 
(II) ~.~~", lieu:.,:", Sub 

~~ ftI1~ IIJ~TOD- Sot 25C ,,,,,,aIII - Im.am _, 
('!!oj 1%) ""CoC03 1%1 ""I ...., ,.,., 1%1 ""I

5.0 - 15.0 1.5 5.58 142 24.30 1.70 55.110 1.50 0.12 HI 1.73 0.5 I .• 0.05 Q.OS - •.00 $.00 • 47 45 1810 ·1111.0 - 17JI 1.0 223 27.5 23.8 1.50 0.70 28.<10 0.30 O.U 0.3 0.11 1<4.<4 1<41.00 <4$ 11 28l II! 
17.2 - 18.i 7.1 •.<411 Ii 3 21.10 4.80 •.50 0.20 0.111 I. I 0.14 10.0 •.00 e <15 50 810 :z:1Iii ­ 22.1 •.5 1.82 475 22.5 0.80 0.70 111.10 2.50 0.011 0.1 O.OS lUI 82.00 • a7 57 C 
U7 - 350 <40 4.10 102 22.10 11.50 41.80 1.70 050 2.2 -----­ ... 0.41 0.1 0.28 002 0.13 -12.00 0.00 2 ~ MC 7.' 
350 ­ 31.1 7.8 2.20 100 480 2.80 18.80 0.<10 0.111 1.2 0.11 17.2 1•.00 28 <4$ 211 Cl <45 
3i.l - 41.5 11.0 0.88 18.1 0<40 0.30 8.50 0.<40 004 0.1 0.011 •.0 _.00 <4$ n 20 Cl 32 
41 5 - 43.5 82 1.2<4 $1.i 17.1 0<40 1.<40 18.20 1.10 0.13 1.3 O.~ •.3 12.00 3 54 .3 8IC .. 
48.7 - <47.0 85 1.82 248 020 120 20.80 1.50 0.18 11.11 1.53 0.2 028 I.OS O.M -48.00 -30.00 3 87 30C 87 
534 - 57.' 11.1 0." 811 1.20 8.DO ... 15.50 1.10 0.12 2.4 0.511 0.2 0.011 0.38 011 -18.00 -11.00 4 511 38 8ICl .. 
57.'3 - 10.1 11.0 0118 558 1711 0.10 0.10 11.10 0.78 G.lS 4.5 0.85 0.' 0.18 0.38 '0'.11 -17.00 -8.00 12 58 211 SlOl 78 
liS.' - 10.0 114 01111 180 050 0.30 10.10 180 0.10 0.8 0.08 0.2 0.00 4 50 48 81C 

14~170.0 - 14.11 i.4 1.00 113.1 110 0.50 0<10 11 40 150 0.08 04 0.14 1.1 7.00 10 48 42 810 108 
14 fl - 71.8 85 0.81 18 130 810 15.10 0.50 0.05 1.0 0.111 222 220.00 32 42 28l 811 
7111 - 81.4 8.3 1.15 22.5 0.30 0<40 13.30 200 0.1. 

---­
3.1 0.37 4 .• 32.00 10 14 111 81l 135 

814 - 114.8 8.0 1811 113.1 '3e2 0.<40 0.30 2140 2.00 OM 3.8 0.51 02 0.03 0.35 0.13 -14.00 -1100 $ 31 55C 150 
•• - 811.7 11.5 0117 212 0.<10 0.20 11.10 2.10 0.111 0.8 0.04 0.4 3.00 5 53 42 SIC ,., 
8i.1 - 83.5 811 075 70.0 18.4 030 020 8.20 3.<10 0.111 0.• 0.02 1.1 10.00 • 54 <10 SIC-SICI 1111 
835 - 118.5 117 0.511 138 0.30 0.20 liDO 250 0.03 0.1 0.01 •.11 •.00 $II 32 30 Cl 

~i~.5 -103.5 1111 0.57 J'1I8 14.5 f-.... ~.• ~. 0.10 '.50 2.10 0.02 0.2 0.00 •. 7 .7.00 12 .~. 211 seL 
103.5 -1011.5 eli 0.'1 ·-18.~ 0.'10 7.50 1.50 002 0.7 002 1.0 •.00 51 32 11 SL lU 
1011.5 -113.5 11.1 0.114 55.1 15.8 020 0.20 7.10 0.30 0.03 1.1 0.011 1.0 55.00 51 U 11 810L .7 
113.5 -111.5 8.3 1.32 27.1 0.30 020 13.10 2.<10 0.17 54 0.10 0.2 0.011 0.37 0.15 -17.00 10.00 1 42 57 SIO 112 
11.5 -123.1 ••• 0." 88.1 2111 0.20 0.10 11.10 2.10 0.011 21 0.15 1$.0 130.00 • 81 31 SICL 128 
123.1 -127.7 10.' f---...()87 24.8 0.20 0.20 11.10 3.10 O.OS U 1.50 1.8 0.00 1.30 0.20 -31.00 -2500 10 511 31 SICL 123 
127.7 132.;j 'o;j 1.23 

._.5iI..... --:15.• 0:20 0.10 "3.70 2.10 0.04 ~.2 1.42 1.1 0.12 0.73 0.17 -u.oo -12.00 2 II 31 SICL 112 
138.1 -1404 a.1 0.70 21.2 0.10 0.10 '.80 2.30 0.12 2.4 0.15 0.2 -3.00 0 41 511 SIC 111 
143.2 -1'15.2 a.e 0.113 8.7 0.20 2.30 '.70 3.00 0.11 e.e 0.22 0.2 0.01 0.07 0.14. -5.00 1.00 4 41 55 SIC 112 
1411.2 -152.• 11.11 0.58 ea.e 17.8 0.10 0.40 lDO 2.80 0.11 1.4 0.15 0.2 -3.00 2 25 73 C 125 

t1.5.28 -1510 g.8 074 2111 0.10 ... 0.10 '.20 3.10 0.15 4.2 O.le 0.2 -3.00 2 47 51 SIC 128 
182.4 -1115.2 85 1.07 72.1 iii.2 0.10 0.10 12.<10 I.DO 0.1\ 3.4 0.111 0.0 0.18 0.$5 0.13 -27.00 -17.00 11 12 37 SlCl 104 
1852 -188.0 e., 1.85 705 0.10 0.00 22.30 1.30 0.02 3.2 1111 4.2 0.14 I.U 0.21 -11.00 0.00 10 82 28 SlCl l1li 
188 I -171.0 11.8 0.82 118 0.10 1.10 7.50 0.<10 0.02 o.e 0.011 0.1 -2.00 72 18 II Sl 30 
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APPENDIX 5-8. Drill Hole 487-02 Overburden AnalysIs 
5) ,1\' Ga Iolg Na 8..-on "iN ""., 01. O'g, Tot.! ~ SUhfa ~.Ic O'ganlc TotalS ~1Ic S S_ S. C'-Y Taldl.r. 8111, 

Cftl (mmI1o'/c" 8itloniJm C.-bon SU.... Tot.! SU.... au.... SU.... AlP AlP 
Too- 80t . lit 2S CI lm.alD CIMa/O _ WPm) WPm) 1%) 1%) I!r. c..coa 1%) 1%) I%} ftI1OOOC1 ftI1OOOC1 1%) 1%) 1%1 t"l!!l 
0.0 - 5,0 8.1 0,$8 2,8 2.80 1.20 :1.30 0,40 0,00 0,4 0.03 7,2 71.00 $8 28 18 I'eL ~ 
5.0 - e.4 8 $ 1,20 135 15,e 080 0,70 12,80 1.20 0,00 0.0 0,02 7,4 n,oo. 511 35 SCl 118 
84 - 11.11 8" 0:13 '0 0.50 0.40 4.00 0,40 0,00 0.1 0.01 5.8 118.00. 27 1 8l 28 
8.8 - 13,1 '5 0.21 311 000 0.30 1,00 020 0,00 0,0 0,01 18.3 IIIS,OO 112 31 • l 24 

13,1 - ,".0 "'~f--------.0,411 78 O.<IO.~40 ...to o,eo 0.01 0,1 ...C),O, II.' .1.00 1S M 28 SCL 411 
IS.0 - 18,5 8,$ 0.32 55 0.40 0,40 3.50 O.eo 0.02 0,1 0.01 4.' 411,00 40 43 17 L 31 
18,5 - 22,1 8.4 0.. 111.8 0,20 0,20 8 to O.eo 0.02 0.2 0,01 '.4 04.00 20 53 27 SCL-SIl, 41 
22,1 - 25,7 12 0 ..3 84 0,"0 0.40 5.30 0.70 0.04 0." 0,02 7,1 18.00 II eo 24 SII. $1 
25. 7 - 28." 8.2 0.411 8.3 000 0 eo 4.to 0.50 0.04 0,1I 0.02 '.0 78.00 1.., 21 SII. 41 
28,~ 13 0.31 ".~_ooo 0.50 2.70 ,,0.20 0.03 0.0 0.02 28,' 2".00 32... SII. 28 
32,0 - 35,8 •. 1 0.112 e,1 000 O.to 5.30 0,30 0,02 0,2 0,03 '.11 15,00 2lI $8 21 SII. 42 
1I$ II - 37,2 1,8 1,21 .. 5 270 1I2O 7.00 050 0,10 0.8 0.011 10,11 103,00 7 113 30 8CL ... 
"211 - "7,7 1,7 1,5$ 41,$ 28 8 0.20 0."0 10,"0 120 0.12 3,1 I ,OS 0,1 0,11 O.eo 0.1" -31.00 -13,00 :2 117 31 SIOL 113 
41,7 - 1122 II 1,07 310 0.10 0,10 ".to 070 0.011 1,0 1,81 0,8 1.54 0,28 0,08 -53.00 -2,00 , 7e 17 SII. 50 
522 - 58,7 8.1 0... 400 178 020 0,50 10.eo 0,40 0.04 0.5 015 4,1 31,00 2 112 1. SII. eo 
58,7 - 11,2 85 0.87" 34 5 0.10 '000 10,to 0,50 004 0'-' 0.011 1.7 15,00 I 78 13 SII. 154 
01,2 - 05.7 '.7 O.to 81,1 320 0,10 0,00 10,30 0.40 0.03 0,3 0,07 7." 72,00 1 75 24 SI. 207 
e$,7 - 70.2 8.7 1,07 :l7e 0,10 0,00 11.to 0,50' 0.04 0.7 0.10 .... "',00 ° 75 2S III. 228 
70.2 - 7"1.' 8,3 1.00 51t) 3$.1 010 0.10 11.10 O.eo 008 1,0 0.1" 5,1 ....00 5 112 :13 SIOL 15 
~.e - 784 ee ',05 25-.7.~'0 030 11,50 .C)70 0.111 1.7 0.32 .02 0,02 0,27 0,03 -1,00 -8,00 II 70 .. SI. ,,~ 

14,1 - ".e '2 1.113 ea.2 34.5 020 0.50 2040 1,"10 0.21 1.4 0.31 0.3 0,01 0,18 0,12 -7,00 -3.00 .. 38 eo C 105 
.,1 - 83,2 '8 1.77 53.2 0,20 0,10 20,00 1.00 0,18 1I.8 0,. 14.' 128,00 1 eo 31 SIOL 115 
113,2 - iT,O II' 1.22 73.1 "1.1 0,10 0.00 13.00 1.10 0,011 3.7 O,to 4.0 12,00 3 14 ~ IIIOL 182 
87.' -102,~ '$ 1,31 ..110 010 000 15110 1.00 0.011 2.2 087 1.4 O.I~ 0.42 011 -7,00 1.00 I ea 311110L liM 

102.~ -100.8 ',8 I.'" a7e "$,8 0.10 010 14,50 1."0 0.04 1.8 1,27 1.2 0.14 O,H 0,15 -28,00 -li.OO 0 53 47 SII. 121 
1011.11 -110,11 8,7 2,011 eo Ii 020 ... 0.10 2',jjo 1.50 0.07 --S,2 203 0.1 0.27 1,05 0,11 -82.00 -noo , 118 • SIOL 1011 
118,$ -122.11 IH Ull 71.11 47,1 0.10 000 14.to 230 0,31 311 0,28 0,1 0.11 0.14 0,03 -1.00 -3,00 I 112 781 114 
122,' -128,2 8,7 2,20 ea 7 0,10 0,10 21.10 1,eo 0.24 11,2 1,85 0.0 0.. 0.. 0,1I1 -52.00 -31.00 5 37 M C 154 
128.2 -127.' lie UMI 80,11 411.0 0,00 0.00 15,50 1,30 0,17 1.7 0.28 0.1 0.04 0.111 0.011 -8,00 -5,00 0 • 05 C lea 
1270-132.2 8," 1.111 541 0.00 0.00 17.30 l.eo 0,17 11,4 2.11 0.& 0.00 1.74 0,37 -eo,oo -48.00 7 31 54 C 155 
132,2 -132,7 e.3 2.H .1.. 882 0,30 0.10 30.50 2.50 0,11 2$.0 3.41 3.2 -75,00 ~ 22 14'I' C 
132,7 -13$.7 8.5 2.04 81. 0,10 0.00 18.40 2,40 0.07 25.7 2.20 0,;2 0.11 1.85 0,31 -'7,00 -50.00 22 57 21 811. 17 
13&.' -141,1 '.0 2.10 71,5 84.5 0.10 0.00 20.40 1.70 0,13 .,. 1,&7 0,' 0.12 1.35 0,20 -.8.00 -31.00 " 55 41 1110 1M 
,.1.8 -1.... ..0 2.. 110.0 0.10 0.10 2$,eo 1,50 0.02 3,1 1,87 1.5 0,10 1.37 0,20 -:J7,00 -28.00 25 .2 33 CL 110 
1480 -147,2 1.1 O.M 58 010 2.10 7.00 O,to 0.02 • 5 0.22 0.1 0.00 0,12 0.10 -8,00 -3.00 U 22 15 III 38 
1~72 -15001 lUI l,osl 10,31 0101 2,001 loeol 0,040\ 0.001 -cui O.li1r 0.&1 =1,001 -', "1"- II _. 141sL 35 
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APPENDIX 5-8. Drill Hole 487-03 Overburden Anal'fSIS 

I Inwva 
(II) 

TOD- Bot
I 0.0 - 1.0 

pH 1:(; 

. a ~C 
I." 1.81 

ESP 

51 

sAR 

121 

c.. 

lm.aIII 
2.SO 

Mg 

Im.aIII 
1.20 

Na 

Imoalll 
HI.SO 

BOI'on I H2O tIOL 
a.lonUn 

Iooml Iooml 
1.4() 0.00 

O. U'g. 
CIfbon 

1'11>1 
0.1 

o...~. 
IN... Tot.! 

1'11>1 ",CoC03 
0.01 ".1 

!lU1III. 
IN... 

I'lY 

~ 
Su'" 

1'11.' 

ICfg.,1Q 
8u... 

t'lI.l 

ToljfS 
ASP 

ftI'IOMtI 
1118.00 

I'lIFIICS 
ASP 

1111_ 

8ri 

~l 
a 

811­

~) 
'Ie 

ClaY T.x1II. 

1'!Io) 
221': 

Sat 

t'lI.) 
44 

5.0 - '.0 1.7 073 0 e 0.110 0.110 5.70 0.50 0.02 0.0 0.01 22.3 2;23.00 lIII 118 IS SIl 32 
.0 ­ 100 1.4 0.81 13 0.70 0110 1.70 0.4() 0.02 0.2 0.02 12.8 1~.00 14 118 27 SlCl-81 47 

100 - 11.7 10 1.03 3.8 3.20 2.10 1.10 0.20 002 0.1 0.04 15.8 1116.00 22 14 14 SIl 31 
11.7 - 12.2 
i2~2":' '1;'.0 

1.3 
U 

0.08 
0.02 

7.3 0.70 
0.5t-- 0110 

0.110 
0.70 

41.50 
520 

04() 
0.20 

0.02 
'0"02 

05 
0.2 

002 
0.02 

8.5 
13.4 

04.00' 
lM.OO 1. 

M 
118 

31 SlCl 
23 SIl 

110 
42 

14.0 - 17.7 1.4 0.54 5.8 0.110 0.110 4.110 020 0.03 01 0.02 50.7 _.00 8 71 20 SIl 31 
17.7 - 21.4 14 0.54 37 0.10 0.110 3.4() 0.20 0.02 02 0.01 1'.4 114.00 1. 14 20 SIl 31 
21.4 - 23.1 '.2 0.47 2.0 1.10 0.110 2.4() 0.50 0.01 08 0.00 N.3 083.00 4 115 11 SI 31 
23.1 - 21.0 
28.8 - 3U 

1.4 0.74 
""".'3 ........ 1.00 

50 
78 

0110 
010 

0.110 
0.110 

4.70 0.20 
1.20 ......·0:50' 

0.03 
001 

0.4 
O. 

0.04 
0.07 

211.2 
lU 

2111.00" 
104.00 15 

II 
116 

23 SIl 
27 Slel-SIL 

4() 
so 

33.8­ 311.0 1.1 1.51 38S 020 000 15.50 1.50 0.22 1.7 0.50 1.5 1.00 1 34 05C 128 
45.0 - 411.0 
....0 - 53.0 
53.0 - 57.0 

80 
84 
.0 

1.41 
1.15 
1."8 

41.' 

51.2 

44 3 
2811 
38.0 

0.10 
0.10 
0.20 

0.00 
0.20 
0.00 

14.00 
11.20 
15.10 

1.00 
0.110 
1.00 

007 
0.04 
0.12 

0.4 
0.3 
1.2 

0.10 
0.11 
0.10 

1.11 
7. 
0.8 

11.00 
75.00 
'.00 

3 
15 

1 

51 
32 
so 

41 SIC 
33 SlCl'I. SIC 

133 
318 
144 

810 - 11111 7.0 3.04 ----.eii -~ 020 28.110 2.110 028 127 1.14 0.1 0.00 1.111 0.21 -1It.00 -51.00 28 a "2 C 13 
81.11 - 13.3 1.8 1.53 so 8 'IS.' 0.10 0.00 14.SO 1.20 0.17 2.3 0.32 1.7 7.00 1 41 51 SIC 1" 
13.' - $5.' 8.3 0.08 28.3 0.10 0.00 '.50 0.110 002 05 0.05 12.5 123.00 U 110 17 SIl 31 
e5.1 - 08.5 '.5 0 II 240 21 5 0.10 0.00 '.110 0.4() 001 0.3 0.02 47.3 472.00 U 14 13 SIl 27 
08 5 - II.' '.7 0.15 50 7 0.10 0.00 8.70 O.SO 0.01 0." 0.10 518 513.00 1 81 1$ 8tl 211 
11.3 - 71.7 '.1 154 $2.1 474 0.10 ""....0·00 15.00 1.50 005 2.0 0.110 '.2 57.00 a 51 42 SIC 101 
71.7 - 72.2 '.4 2.01 51.8 0.20 0.00 20.00 I.SO 0.01 5.5 1.7' 0.3 0.14 1.41 A." -ss.oo -4300 1 33 N C 02 
7:1.5 - 77.1 '.0 148 51.' 4e.5 0.10 0.00 14.70 1.10 0.13 1.0 0.22 0.2 0.00 0.18 0.011 -5.00 -300 0 II 'II SIC 112 
77.1 - 123 '.5 1.81 57.9 0.10 0.00 11.50 1.20 0.14 1.' 0.43 1.2 -1.00 1 45 54 SIC 105 
85.1 - ".0 •.• 1.14 $22 SO.O 0.10 0.00 15.10 1.20 0.1' 2.41 0.31 0.2 0.00 0.211 0.10 -8.00 -'.00 2 38 10 C 121 
".1 - 12.0 e.8 102 SO.II """0.'10 0.00 111.10 1.20 0.13 3.0 0.24 5.0 42.00 1 54 45 SIC 87 
12.0 - ...., 8.0 1.34 SO.O ..3:1 0.10 0.00 13.10 0.10 0011 1.1 0.10 11.' 115.00 2 116 43 SIC 101 
.... ­ ".1 11.3 0.... 28.1 0.10 0.00 '.10 0.10 0.01 0." 0.05 "5.8 45700 U 81 " SIl a 
".1 -102.3 I.' 1.1' 51.3 38.2 0.10 0.00 12.4() 1.10 0.03 1.7 0.10 12.e lU.OO 3 02 38 SlCl 110 

102.3 -101.. 8.1 1.111 38.2 0.10 0.00 12.4() 1.10 0,08 1,3 0.12 10.4 100,00 2 51 4() SIC-SIC 104 
11<4.3 -118.5 8.1 1.34 53.1 42.1 0.10 0.00 13.50 1.50 0.10 25 0.25 1.0 02.00 1 54 45 81C 11. 
120.0 -124.2 1.2 1.111 38.5 0.10 0.00 12,50 0.10 0.01 1.2 0.20 1.4 11.00 0 51 41 SIC 134 
124.2 -1:!5.2 I." 004 51.0 ~1.0 0.10 0.10 •.10 0.10 0.05 1.0 0.10 13.5 132.00 1 II 50 SlCl .., 
125.5 -150.5 8." 0.08 a.l 0.10 0.10 11.20 0.4() 0.02 04 0.07 25.1 2116.00 '" 115 21 S" 52 
150.5 -132.2 '4 1.22 534 <408 0,\0 0.00 12.10 0.10 008 2.3 0.13 '.7 11.00 1 57 42 SIC 1211 
132.2 -132.11 114 1.38 <45.2 0.\0 0.00 14.50 1.50 0.11 7.4 1.01 1.0 0.00 O.N 0.11 -U.OO -1'.00 7 51 .. 2 SIC lUI 
132.11-133.1 11.1 1.$2 58.1' 51.2 0.10 0.00 1•.20 1.00 0.11 5." 0.35 0.2 0.00 0.23 0.12 -8.00 -5.00 1/ 50 .., C 144 
138.0 -141.0 11.<4 1.41 47.4 0.10 0.00 15.00 0.80 0.10 3.1 0.10 2.0 -2.00 2" 37 SlCl 154 
'''',1 -142.2 11.5 1.11 01.0 38.5 0.10 0.00 12.SO 0.4() 0.01 1.7 0.33 31.1 371.00 a 74 18 SL 115 
, .. 22 -145.1 II. a 1.211 .'.1 000 0.00 13.20 1.20 0.04 30 1,08 ".8 14.00 1 lie .. , SIC 138 
'''5.' -145.5 10.1 1.03 74.2 33.2 0.10 0.00 10.SO 1.10 0.04 0.1 0.22 1.2 500 5 18 17 C III 
145.5 -141.5 II.. 1.38 402 0.10 0.10 14.10 1.00 0.02 25 1,12 2.3 0.04 1.34 0.14 -25.00 -18.00 5 12 43 SIC 102 
1411.5 -1$3.a 1.4 1.38 57.4 45.2 000 0.00 14.50 1.00 0.04 I.e 1.25 5.2 13.00 1 M 41 SIC 112 
1511.4 -181.0 112 1.111 311.5 0.10 0.10 12.50 1.10 0.13 3.11 0.31 0.1 0.00 0.27 0.08 -10.00 -7.00 5 50 45 SIC 1111 
1854-1083 
11111.8 -111.5 

11.3 
lI.e 

1.51 
1.'" . 

115.4 50.11 
-4,:1' 

010 
0.00 

000 
0.00 

18.10 
15.20 

1.50 
1.4() 

01. 
0.111 

5.2 
1.7 

0.42 
0.08 

0.1 
1.7 

0.00 0.50 0,12 -12.00 
14.00 

-8.00 2 
0 

50 
SS 

NC 
47 SIC 

I'll 
134 

171.5 -172.1 11.5 0.14 211.$ 22.5 0.10 020 8.10 0.20 001 0.2 0.04 11.7 _.00 0 81 14 SIl 22 
172.1 -115.0 II.' 1.00 34.5 000 0.00 10.10 0.10 0.07 0.7 0.04 2.0 18.00 10... lIII SIl 15 
175.0 -115.8 a.5 0.88 57.7 21.' 0.00 0.00 '.10 2,10 0.11 34.0 0.55 0.1 0.00 0.111 0.38 -18.00 -5.00 lIII $2 20 SIl 70 
181.1 -102.0 11.3 1,110 51.3 0.00 0.00 17.10 1.10 0.18 5.' 0." 0.2 0,41 0.25 0.22 -21.00 -41.00 I $2 30 SlCl 134 
182.0 -1 ....0 •.• 1,82 7.... 4'.7 0.00 0.00 15.70 1.110 0.10 2.<4 0.11 0.3 0,00 0.13 0.13 -21.00 -17.00 8 54 31 SlCl 1~ 
114.0 -117.0 1.2 1.17 13.11 0.10 0.00 20.20 2.20 0.08 3.5 1.11 1.2 0.27 1.21 0.15 -41.00 -lIII.OO 5 51 4() SIC-81C 121 
111.5 -lilt... 12 1,4() 08.2 40.5 0.00 0.00 14.10 350 0.45 12.1 0.43 0.1 000 0.31 0.12 -12.00 -8.00 8 43 ... SIC 102 
1814 ·'83.3 1.7 1.1 a 35.1 010 000 11.10 0.20 0.00 0.2 0.11 0.5 2.00 1e. 11 Sl 31 
183.3-117.2 I. 1.17 382 34.e 0,00 000 11.00 0.10 0.01 0.2 0.31 0.5 -700 77 10 138l ~ 
1117.2 -2011 100 1.21 384 0.10 000 11.50 0.10 001 0.1 0.08 0.1 -2.00 15 12 1:l 8l 151 
201.1 -205.0 100 123 50.7 31.0 0.00 0.00 11.70 0.10 0.01 0,1 0.03 1.5 14.00 1.. 15 11 Sl 4171 
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APPEN DIX 5- B Drill Hole 487 - 04 Overburden Analysis 

InIorVal"-1 pH ~-a ESP SAR I C. I Me I lIa I Boron IH2080f.r°l.Cio.l Toial r:E:18U~ ~.ICi. ICie...1C ITotiilalPid "al8111'1d Bill clij ITOmn, sit.(til ale lie leniJm Ca1:Ion Sulll T olal Sulll BuIll Buill ASP ASP 
Top- Sol @HC) Im.aIII (m.aIII _alii _, _, ('!(o) ('!(ol CaC03 ('!(ol ..t!Iol ('II.) !V100011 !VlOOOII ('!(ol t%) ('!(o) ('!(o) 
0.0 - 5.0 U 1.5-4 - 2820 15.00 o.~~ --0:;0 0.0$ 0.0 0.34 8.0 1'11.00 -...,- -,:j :20~ 21' 
5.0 - '.0 a.5 3.35 $a.a 55.ao 0.50 0.10 30.10 0.00 0.1' 01 0.07 I~.~ 1<1a.OO <III 25 21 sel 270 
'.0 - 10.0 a 3 2.•1 37.10 010 0.20 23.ao 0.00 0.28 04 0.05 a., ....00 4 57 • SlCl 132H 

100 - 11.1 II.~ 1.03 25 0 2510 0.20 0.00 0.70 0.00 0.10 HI.' a 00 A.' 838.00 o. 14 SI. 27 
~_ 1511~'1I ___ 2.711_______ ~~-- 0.30 0.10 27.30 0.10 028 05 0.07 •• 84.00 __ 3 10 47 SIC 101 

15 1- 20.7 '.2 4." 21.7 34.20 2.50 1.00 45.30 0.10 0.0$ o.~ 0.1. 7.1 •.00 4 <III <III SIC OJ 
207 - 25.5 a.2 1110 10.10 0.10 0.00 111.00 0.20 0.10 0.2 0.0$ '.3 '1.00' U 37 SlCl • 
25.5 - 30.3 0.3 1.44 !Ie 5 ~24O 010 0.10 13.40 040 00$ 0.3 0.05 '.4 12.00 4 114 42 SIC 1012 
30.0 - 34.11 113 1.55 1130 1."0 5.10 17.10 1.40 0.10 0.5 0.12 3.7 33.00 I <III 51 SIC 110 
3411- 38.0 11.5 0... 2170 0.10 0.00 II.~ 03O~ 0.1 0.05 33.' 338.00 3 72 25 Sil 4111 
38.0 - 311.5 --Ii 2 117 488 35.70 0.10 0 00 -----1,-~30 ---o-eo 0.0$ - '--13 0.13 12.7 123.00 0 114 <III SIC " 
3a 5 - .2.0 11.2 1.37 3510 020 000 13 10 1.00 011 1.2 0.20 I." !Ie.OO 0.. !Ie SIC 1012 
~211 - ".2 • 3 2.30 311.2 53.00 030 000 23.70 1.70 0.32 1~.5 O.N 0.2 001 0.13 0.34 -21.00 -15.00 • ..7 .7 SIC 70 
".2 - .... 1 110 130 41 40 0.10 0.00 13.10 0.10 0.011 1.2 024 11.0 12.00 2 <III 52 SIC ao 
.'.1 - _~ '.1 2.32 37.1 4210 0.10 _____01C) 2~~ 1.30 0.28 •• 0.12 0.1I 0.14 0.50 0.18 -23.00 -_13-,-00 2 35 13 C . 1012 
52.0 - !Ie.O '.11 1.10 38 00 0.30 0.00 11110 0.10 0.011 I' 0.38 7.7 •.00 0 45 55 SIC 111 
!leO !Ie.lI 11.2 Ole .1.3 2320 020 0.00 11.00 0.70 0012 1.3 0.0$ 31.0 307.00 0 72 28 SlCl 84 
!Ie.5 - $a.1I 11.1 1.03 28.10 020 000 1110 0.10 008 0.1 0.10 17.7 174.00 0 10 40 SIC-SIC ... 
51111- All 11.1 ON 474 38.10 0.10 0.00 11.40 O.ao 0.10 1.7 0.13 •.• 12.00 0.. !Ie SIC 103 
A3 - 1e.7 10 _~~I___- 40.50 ___()_2O 0.10 15.10 O.ao 0.11 _411 0.38 1.0 -:1.00 2 40 $8 C-SIC_ 118 
731 - 75.0 eo 2.08 40.0 5100 0.30 000 22.10 1.10 0.71 17.1 1.15 0.4 0.11 a !Ie 0.<111 -32.00 -14.00 10 41 ~I SIC 115 
77.1 - 71.1 7.3 1.117 ".20 0.40 0.10 22.10 2.50 0<111 33.11 2.08 0.3 0.08 1.12 0.1e -81.00 -32.00 22 50 28 SlCl 115 
78.1 - 12.. 1.3 l.ao 31.2 47.00 0.30 0.00 21.00 1.30 0.25 11.8 1.38 0.2 0.21 0.1e 0.21 -41.00 -H.OO 3 40 57 C-81C Ie 

12.' - •.3 '.1 1.1' 40 50 0.10 0.00 12.10 O.ao 0.011 23 0.34 12.3 112.00 0.11 51 SIC A 

~_3 - ao.O 1.1 1.57 3114 .1.10 020 ___ 0.00 1020 1.20 .0.111 3.4 0.. 1.4 0.08 0.45 0.10 -11.00 0.00 1 21 70 C 118 


ao.O - ....0 eo 1.13 .5.20 0.30 0.00 20.20 1.70 0.311 14.1 1.. 0.4 0.18 0.. 0.51 -<111.00 -27.00 7 23 70 C • 

101.0 -102.1 e.o 1.11 48.11 28.20 0.30 0.00 12.10 1.10 0.14 5.' 0.11 0.2 -1.00 3" 83 SIC 128 

1OZ.1 -103.5 11.3 1.21 33.50 0.10 0.00 10.80 0.10 008 0.5 0.23 10.3 111.00 0 III 41 SIC 152 

103.5 -101.4 ae 1.13 ".7 3410 0.40 0.00 17.30 O.ao 021 5.8 0.711 0.7 0.08 0.55 0.1' -1'.00 -10.00 2 52 <III SIC 02 

1!0~ ___ . ~~_ ___'"011----__ 3420 ___ 01() 0.00 10.10 0.70 0.11 U 035 U 82.00 10 13 27 8. 11 

112.8 -114.3 11.0 0.... 42.e 24.10 030 0.00 11.10 1.00 0.12 1.7 0.14 5.3 40.00 0 III 4, SIC 711 

114.3 -117.' 11.0 0.1e 2530 0.20 0.00 11.80 0.10 0.03 1.1 0.18 34.' 3<Ia.00 2 73 258L 43 

117.• -120.' II.S 081 30.0 2010 0.10 0.00 11.50 0.40. 0.02 01 0.08 21.S 211.00 13 72 1581. 28 

120.' -lUll 11.1 0.72 211.10 010 000 •.40 0.10 0.03 0.0 0.08 27.1I 271.00 5 74 21 SL 211 

1.2.31-121.' 11.0 _,_,2O_~1I 31110 __ 0.10 000 ___'_210_ 1.30 0.08 2.4 0.82 0.5 75.00 __ 2 II 47 SIC 74 

130.• -134.1 11.0 1.31 41.40 0.10 0.00 13.10 1.80 0.21 4.' 0.12 0.3 0.03 0.84 0.15 -U.OO -17.00 1 44 II SIC OJ 

141.7 -14'.' 11.7 0.111 0;.1 23.20 020 0.00 0.00 1.10 0.15 2.4 0.11 0.2 -1.00 1 311 10 C 1211 

1<111.3 -150.0 11.8 1.20 3810 0.00 000 12.20 2.50 0.22 1.4 0.15 0.2 -1.00 1 38 83 C 140 

150.0 -151.5 0.. 0.. 50.5 27.50 0.00 0.10 '.70 1.00 0.08 1.0 0.01 2.2 '.00 1 $8 38 alCL 102 

\515 -155.4 IU 1.02 33.50 000 0.00 __'010 f------l.1IO 0.11 0.' 0.07 0.2 0.00 0 <III 52 81C 138 

155.4 -1111.2 0.0 0.117 10.' 32.ao 0.00 0.00 10.40 0.10 0.011 0.' 0.41 1.0 17.00 3 17 40 SIC-sIC 127 

158.2 -112.1 10.0 O.A 27.50 0.00 0.00 e 70 0.50 0.04 0.' 0.1e 1.5 $1.00. 114 37 SICL 1115 

112.1 -115.0 e.o 0l1li 84.1 33.20 0.10 0.00 1050 0.10 0.03 0.' 0.01 11.2 110.00 11 110 32 SICL 1112 

1115.0 -1".3 I.' 1.04 2870 020 000 11.10 1.70 0.011 0.5 0.01 7.. 711.00 1 <III 51 SIC 141 

1.",3_.. 11.C!J! ___~ f---- 1,I~I~ ____.'185()~ 0.00 1250 O.ao 0.01 1_.0 0.04 8.0 $8.00 4 48 47 SIC 152 

170.3 -174.. 11.4 1.25 4550 a 10 0.00 1•.40 1.10 0.08 1.4 007 3.7 34.00 2. 4S II SIC 127 

1744 -1111.4 11.5 0.117 55.1 35.10 010 010 11.10 010 0.012 07 0.01 22.5 ZlIS.OO " 55 27 SICI-81l 70 

170.4 -184.4 11.4 1.27 45.40 0.00 0.00 15 30 1.30 0.01 1.3 0.11 11.7 112.00 2 112 <III SIC 111 

1114.4 -1".4 11.3 1.211 51.4 45.10 0.00 000 14.10 1.30 0.011 2.7 0.51 11.2 71.00 1 14 <III SIC • 


I11'. 1__-:-111e.5 e.' 1.21 n___ \--__<111_20.~ n ___ O'CICI 1.80 1.40 0.011 4.5 1.18 4.2 5.00 4 U 41 SIC 122 

1111.5 -108.1 11.7 1.31 50.30 0.00 0.00 l'.ao 1.50 0.03 4.3 1.84 0.1 0.00 0.13 1.01 -50.00 -15.00 II 14 43 sIC 70 

108.1 - 201.e 11.' 1.85 40 ao 0.30 0.00 11.30 1.50 0.04 1.' 1.21 3.3 0.14 1.10 0.14 -7.00 1.00 3 48 <III 81C 84 

201.11 - 202.5 05 1.24 ".4 4'.20 0 10 0.00 14.10 0.80 0.00 0.4 O.!Ie 51.1 _.00 0 7t 21 SI. 114 

2025 -208.0 II.' 1.50 3110 030 000 1'.ao 1.50 0.01 1.5 1.08 7.5 41.00 3 <III II SIC • 

208.0 -20115 ______ ~f---'-,3-11___581 ___ "'-1'J! ___0,10 __~~ _ .15.40 1.10 028 15.7 1.10 1.3 ___0,00 .0.1Ie 023 -24.00 -17.00 5 14 41 alC 70 

22' 3 -228.3 8.0 1.84 8450 010 000 20.40 2.00 0.40 10.4 0.15 0.2 0.20 0.44 0.21 -211.00 -12.00 • 42 40 SIC 114 

228.3 -2211.3 III 1.32 17.' 41.10 0.10 0.00 1•.ao 1.50 0.011 1.4 0.30 0.1 0.03 0.20 0.07 -1.00 -5.00 5 50 .$ SIC 118 
2211.3 -233.5 II.' 1.01 34.50 0.00 0.00 10.ao 1.30 0.011 0.0 0.11 0.5 2.00 14 73 13 81. 80 
233.5 -231.7 11.8 ,.'.3. Ie.. 38.30 0.00 ..O00 12.10 0.10 0.04 0.0 0.1. 1.4 1.00.2 31 27 CL-l 801 
237.7 -238.1 I.7t-------L50 ______ --,+-- 5310 0.00 0,00 1810 1.80 0.15 1.0 0.11 0.5 -1.00 10 41 ~ SIC 1111/ 
--- -- - 118 1.40 77.0 51.20 0.00 0.00 1•.20 1.30 1.11 0.011 18.1 171.00 14 $a 27 SlCl 1'111 

http:I___-40.50
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APPENDIX 5-8. Drill Hole 487-05 0 burd Anal\ SIS 
lritorval pH EC ESP SAR C. 1010 N. Boron I::'~ ITot, 0'0, 

~:: ~ 
UUIlllt. z:: (iC0.,1c TotalS 11')0'110 S Sond S. Cley T........ SIII[ 

(II) ~mt<>'/CrT C:"" au., 
~~ ftJ1~ III::'"TOD- Bot lISCI lm.aID lmea/ll lmeaID Itloml Itloml ~I I'!I.c.co:s ('!(ol t'!I.l I'!t.I t'!I.\ 1%1 1%1 

0,0 - 4,0 II 1,00 $,4 3,10 0,80 7,SO O,SO 0,00 0,1 0,05 21.1 217,00 40 43 11 l 32 
4,0 - 80 e4 011 11.5 0110 O,SO 8,40 O,SO 0,00 0,4 0,01 14,11 148,00 44 * 10 L 211 
8.0 - 12,0 e,5 O.M 11,11 O,SO 0.10 5.SO 0.20 0.00 0,0 0,01 18,11 1.,00 43 30 18 l 211 

12.0 - 15,8 lUI 0.71 21,2 010 0,00 1,70 1.10 0,00 0,2 0,01 0,1 1,00 1 :ss MC M 

l!:~-~ .-''4.7 0.14 1$,2 25.3 010 0,00 .,00 0.80 0,00 1,0 
."

0,05 0,' 0,00 1 30 IIOC 81 
4,0 2,48 27,8 0,110 0.110 20,20 1,40 0,01 111,5 0,41 0,0 0,011 0,00 0,32 -13,00 0,00 7 18 25 SI. 58 

20,2 - 22.2 4,0 2,37 7.1 241 1.10 1,00 24.70 I,SO 0,01 til O,H 0,1 O,OS 0,00 0,11 -1,00 1,00 S 55 42 SIC *211 0 - :13,0 4,1 4,14 152 150 1,50 44,SO 0,70 0,00 O,g o,n 0,2 0,17 0,00 O,H -7,00 2,00 1 H 78 C 58 
:13,0 - 311.8 SII 8,22 11.1 2250 15,50 41SO 0.80 0,01 3,5 0,74 01 0,45 0,00 0,211 -22,00 1,00 1 45 14 SIC 11 
38, - 44,0 7.0 5,48 10,3 17,11 1300 550 54~ 0.50 O,OS 1.2 0.22 S.' 11,00 ° 17 83C 118 
''''0''- 47,0 88 2,10 427 040 0.20 H,40 0,20 007 0,4 0,07 15.5 153,00 • 51 43 SIC 132 
470 - 50,0 84 148 48,1 3al OSO 0.10 1850 0,10 002 0,3 005 II,S 183,00 8 55 37 SlCl 171 
500 - 528 8S 1,45 41 a 020 0,10 ,a,10 000 O,OS oe O.OS 2,. 2400 7 54 31 SlCl 115 
52,8 - 53,11 81 1,45 438 388 020 0,10 15,40 0,10 O,OS 07 0.04 4,5 44,00 3 47 50 SIC 183 
53,11 - 57.8 1111 124 31J5 010 000 --f~ 030 005 23 004 7,' ---­ 77.00 8 48 43 SIC 234 
57,8 - 82,3 11.7 1,32 481 ~3 -'OlD' 000 0,30 002 0,5 '004 10,8 IOS,OO 12 43 '''45 jjC 2S3 
82,3 - .7,0 lI.a 1,35 474 010 0.00 1500 0,80 004 O,IJ 004 11.1 110.00 2 48 50 SIC 1M 
., 0 - 87,5 115 105 1121 345 0,10 000 10,110 040 0,14 1,0 OOS 5,8 57,00 '7 25 311 Cl 2111 
704 - 143 .,11 150 500 0,10 0,00 1580 0,110 012 2,1 0.22 ,.. 32,00 2 !\2 <Ie SIC 711 
74,-n,1 11.3 122 34.' 405 0,10 0,00 ,.1 2,80 0110 OOS 1,2 0,22 22.2 21$,00 $ 58 31 SlCl 55 
78.1 - 81,3 1I~5 0,87 sO,4 '-'0,10 0,00 1\,80 0.80 0,05 'O~8 OOS 32,3 321,00 3 • n SlCl 34 
81.3 - 14 0 11,1 1.18 414 45,4 0.20 000 17,80 1,80 0,07 1,' 0,55 1,8 82,00 1 <Ie M SIC 14 
88.0 - 11,3 1,5 3,02 431 0.70 0,30 SO,IIO I.SO 0,11 8,1 1,78 0.1 0,11 1,4' 0,22 -54,00 -44,00 1 47 !\2 alC 83 
82,S - M8 11.2 1,51 555 51.11 0.10 0,00 1',30 2,10 0,15 2,1 O,M 10,0 M,OO 5 83 32 SICL 73i 
88,8 -101.11 ~.1 2,04 550 0.20 0.00 21,SO 3,SO O,OS 3.3 1~5 0,1/ O,OS 1.21 0,13 -4'.00 -311,00 .. 82 34 SlCl 711 

101,3 -IOS,1I ~,7 1,40 !\2,8 482 010 0.00 '1'.,80 1,70 0,12 1.7 0.• 1,2 0,11 0,85 0,05 -11,00 -15.00 :I .. 28 SlCl 70 
110, II -11~,5 8,2 1.83 82,. 0,10 0,00 18,80 0.110 0,22 11,11 O,M 0,3 0,011 0,23 0,21 -14,00 -4,00 5 34 III C 

lEI
114.5 -11',1 8,8 1,1' 51,8 311,2 0,10 0,00 12,40 1,50 0,10 1.5 0,18 4,0 55.00 4 47 411 SIC 
118,1 -1111,1 10,0 0.112 31,3 0,00 0,00 8.110 1,10 O,OS 1,1 0,07 U 8,00 II 52 31 SlCl 
~:,I -124 II 10,0 0.115 5&5 13. O.SO 0.110 10,SO 1,10 0,05 1,1 O,OS 12,7 125,00 8 58 35 SICL 
124,2 -1211,2 8,11 OM "'au 0,10 '0:00 10,10 4,80 0,02 ~,8 O,OS 13.8 121,00 2 15 ss SIeL ~:,128,2 -134.3 .,. I,OS 551 311.4 0.10 0.00 11,50 1.30 0,01 1,3 O,OS 11,1 "8,00 1 82 :J7 Slel 
ISUI -1311,3 8,2 2.31 11,7 0.20 0.00 23110 2,10 0,35 21,. 1,711 0,1 O,OS 1,1~ 0,511 -55,00 -35,00 13 43 44 SIC 1S! 
131,' -140,3 11,8 0,117 58,2 32,8 010 0.00 10,40 3.00 0,12 3,0 0,38 ',7 75,00 1 '1 l' SI.. 121 
140.3 -144,7 103 .~f---eo:, SO,7 0.10 000 8,70 1,110 O,OS 1.11 0,48 13.2 "',00 I 72 27 al.. 125 
144,7 -141,1 U I ,OS 33,2 0.00 0,00 10,SO 2,70 O,OS :/1.7 1,31 3,4 0,07 1,011 0,15 -7.00 0,00 :I 73 25 a.. 15 
141'-1 -IM,5 ••• 1,31 41.1 0.00 0,00 13,00 2,SO 0,04 2,3 l,sa 1,7 0,18 I.OS 0,14 -28,00 -111,00 1 74 25 SI.. l1li 
157,8 -158,2 8,8 1,01 82,' 328 0,00 0,00 10,30 1.80 0,18 .,8 0,23 0.1 0,00 0,10 0,13 -8,00 -3.00 3 18 32 alCl 110 
1511,2 -110,0 8,1 0,80 24,0 0,10 0,00 7,80 O.SO 0,02 0.3 O,OS I,D 511,00 57 40 $ al 28 
180,0 -1M,. 8.7 1,07 _82.2 1-, 35c! " 

0,10 0,00 11.10 1,00 O,OS 1,0 O.OS IDS 104,00 4 83 35 alCl 107 
114,8 -188,2 10,1 1.04 35.~ 0,10 0,00 11.20 1,00 0,04 1,1 O.OS 25,3 2!!I2.00 4 72 24 aL 71 
111,5 -1111.1 10.4 1,31 74,1 43.0 0,10 000 13,80 2,40 0,32 2,$ 0,27 0,0 0,00 0,14 0,13 -1,00 -4,00 I <Ie 83 alC 143 
111,1 -115,1 10,2 1,38 44,' 0,10 0.00 14,00 2,80 0,13 U 0,18 0,1 0.1' 0,31 0,18 -20,00 -8,00 8 <Ie <IS SIC 128 
1., 1 -1110,0 .,3 1,83 12.2 284 080 0.10 17,40 0.70 0.00 o,e 0,84 0,' 0,17 0,81 0,18 -20,00 -10,00 83 $1 8 SL 37 
11100 -1110,7 11.1 1.48 488 000 

" 
000 14.110 1,70 j--,.007 

" 

1,7 1.88 5,7 -4,00 10 
" 

77 13 SL ee 
1110,7 -184,11 ",4 1,17 5,2 33.5 0,00 000 10,80 -0.50 0,00 2,0 040 0,0 O,OS 0,1' 0,14 -13,00 -8,00 78 21 o LS ss 
184.8 -1.,0 1111 1,25 311,4 000 0.00 11,50 O,SO 0,00 0,1 O,OS 0,3 1,00 .7 13 oa so 

1..--, 



APPENDIX 5-C 


1987 ~ OF ~YSIS 


(9/93) 




Sample Preparation 

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

mm) . 

Saturation percent 

Richards, 1954 

Method 27a. Saturated paste. 

Richards, 1954. 


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


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) 

Richards, 1954. Calculation. 

Boron (hot water soluble) 

Page et al., 1982 

Hot water extraction, rcp. 

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 CaC0 3 %) 


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


Calcium Carbonate (total) 

ASTM Method 513--82, Acid neutralization-colorimetric 

detection of CO 2 , 
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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 H2 02 , HCl, washing with H20, and dispersing with 

Sodium hexa-meta phosphate. 

Richards, 1954 


Method 20a. Exchangeable cation percentages. 
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APPENDIX 5-D 

1989 METHODS OF ANALYSIS 
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1989 METHODS OF ANALYSIS. 


Saturated Paste 

Page et aI., 1982 

Method 10~2.3J. 

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. 

Richards, 1954 Method (21a) 


Page et aI., 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 ofAnalysis - cont'd) 

Saturation Percentage 

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

Richards, 1954. Method (27a). 

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

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

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

weight. 

Electrical Conductivity 

Page et aI., 1982. Method 10-3.3. (, 

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

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

to be used as a correction factor. Measure and record conductivities ofpaste 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 I [(Ca + Mg) I 2JI12 


Neutralization Potential 

Sobek et aI., 1978. Method 3.2.3. 

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

added to react with all the CaC03. Weigh 2.00 g of -60 mesh sample into a 250 ml beaker. 

Add amount of standardized 0.1 N HCl 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 of7. Ifless than 3 ml 

ofNaOH is used to titrate the sample, renm sample using more HC1. 
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(1989 Methods ofAnalysis - cont'd) 

Calculations: 

Tons CaC03per 1000 tons Material = {(mls HCI added x N HC1) - (mls NaOH titrated x N 

NaOH)} x25 

Total, HCI Extractable, HN03Extractable, 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 HC} 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 HCI rinsed sample in a beaker and add 50 ml of 1:7 HN03. 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 HN03 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 % - HCI Rinsed Sulfur % 
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(1989 Methods ofAnalysis - cont'd) 

Pyritic Sulfur % = HCI Rinsed Sulfur % - HN03 Rinsed Sulfur % 

Organic Sulfur % = Sulfur % after HN03 Rinse Potential Acidity 

or; 

Pyritic Sulfur Acid-Base in tons CaC03 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% CaCh. 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 ofAnalysis - 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% H202 and heat for exactly 20 

minutes in a boiling water bath. Add 10 ml ofconcentration HCI 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 ofHN03 and 5 ml 

of HCI04• Heat in digestion block at about 200°C until volume is reduced to 2 or 3 ml. 

Cool, add 2 more ml HCI04 and 5 ml of HF, and heat at 200°C 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 ofAnalysis - 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 -1 0 mesh sample 

is used. Report results as % CaC03. 

Organic Carbon 

Page et al., 1982 

Dry about 1 tsp. to 1 tbsp. of -60 mesh sample in 105°C 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 550°C and hold for 8 hours. Cool sample in desiccator and reweigh. Record 

final weight. 
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(1989 Methods ofAnalysis - 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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