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1.0 INTRODUCTION 

The Tyrone Mine consists of an open pit copper mine and solution extraction/electrowinning facility 

located about 10 miles southwest of Silver City in Grant County, New Mexico (Fig. 1).  Phelps 

Dodge Tyrone Inc. (Tyrone) is evaluating reclamation options with respect to meeting pertinent 

applicable requirements of the New Mexico Water Quality Control Act (NMWQA), the Water 

Quality Control Commission (NMWQCC) regulations, and the New Mexico Mining Act.  Tyrone is 

permitted as an existing mine (No. GR010RE) with the New Mexico Mining and Minerals Division 

(MMD).  

Golder Associates Inc. (Golder) prepared this report on behalf of Tyrone in response to Condition 79 

of discharge permit DP-1341 issued by the New Mexico Environment Department (NMED).  In 

addition, this report addresses the requirements of Condition L.5 of Permit Revision 01-1 to Permit 

No. GRE010RE.  Condition 79 of DP-1341 requires the preparation of a Supplemental Borrow 

Materials Investigation (SBMI) for Tyrone as indicated below:  

“Tyrone shall revise the borrow source materials investigation for the Leach Ore Stockpiles 
and Waste Rock Piles.  In accordance with the schedule approved under Condition 74, 
Tyrone shall submit to NMED for approval a work plan including an implementation 
schedule, for a revised borrow source investigation materials investigation.  The 
investigation shall be designed to consider the data needs for the cover performance 
evaluation described in Condition 75. The investigation shall, at a minimum, identify all 
borrow source locations and the collection of an adequate number of samples to establish 
the relevant physical and chemical characteristics of the borrow material proposed to be 
used for cover.”  

 

Condition 79 of DP-1341 requires Tyrone to augment the borrow materials investigation for the leach 

ore stockpiles and waste rock piles to consider the data needs for the cover performance evaluation in 

Condition 75.  Condition 75 requires that Tyrone “evaluate the type and thickness of proposed cover 

materials and to further characterize the physical and hydraulic properties of the proposed cover 

materials for the Leach Ore Stockpiles and Waste Rock Piles.”  Ultimately, these studies are designed 

to determine whether the cover systems comply with the NMWQA and NMWQCC regulations.  

According to the DP-1341, Condition 17, the proposed cover for the waste rock piles and leach ore 

stockpiles is a store and release type that consists of a minimum of 36 inches of alluvium (e.g. Gila 

Conglomerate Formation) or other non-acid generating materials.  Alternative covers at the waste 

rock piles and leach ore stockpiles are 24- and 48-inch thick store and release covers composed of 

earthen materials (e.g., leached cap, Gila Conglomerate, and local alluvial materials).  If the proposed 
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cover design fails to comply with the NMWQA or NMWQCC regulations, then an alternative cover 

design will be proposed.  Similarly, if the performance of an alternative cover is equivalent to the 

proposed cover it may be substituted for the proposed cover. 

In Condition L.5, the MMD requires that Tyrone develop a volumetric analysis for cover availability 

including physical and chemical analyses, and a map showing the areal extent of borrow areas.   

Furthermore, Condition L.5 requires Tyrone to avoid acid generating materials if they occur on the 

5A (1D) Stockpile.    

1.1 Background 

Potential cover materials identified at Tyrone include native soils, recent alluvium, residual Gila 

Conglomerate, Gila Conglomerate in the 5A Stockpile, and leached cap waste rock from the Little 

Rock Mine and the Copper Mountain Pit Expansion Area.  The Gila Conglomerate and associated 

soils and leached cap are the principal cover materials identified for use at the Tyrone Mine.  The Gila 

Conglomerate Formation is a mid-Miocene and mid-Pleistocene continental deposit that is 

widespread in southern New Mexico and Arizona.  The composition of the Gila Conglomerate 

Formation varies locally depending on the source area lithology at the time of stripping and 

deposition.  The Gila Conglomerate in the mine area consists largely of igneous intrusive rocks 

originating from the ancestral Big Burro Mountains; while the Gila Conglomerate in the Mangas 

Valley reflects the influence of volcanic and meta-sedimentary rocks from the Little Burro 

Mountains.   

The leached cap represents igneous rocks that have undergone hypogene mineralization.  Generally, 

hypogene mineralization results in rocks with low sulfide contents, high chalcopyrite to pyrite ratios 

and the occurrence of calcite.  Hypogene mineralization explains why an oxide orebody formed in the 

Copper Mountain area instead of a sulfide orebody, and why the material has neutralizing potential.   

The characteristics and suitability of the cover materials at Tyrone have been previously evaluated in 

the Borrow Materials Investigation (BMI) (DBS&A, 1997a), Soil and Rock Suitability Assessment 

(DBS&A, 1997a), Preliminary Materials Characterization (DBS&A, 1997b), Supplemental 

Materials Characterization (DBS&A, 1997c), and Little Rock Mine Cover Design Report and Test 

Plot Work Plan (Golder, 2004), Copper Mountain Pit Expansion Leached Cap and Waste Rock 

Management Plan (PDTI, 2005), and Leached Cap Analysis and Vegetation Summary (Golder, 

2005).  
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Physically, the fine-earth fraction (i.e., < 2mm) of the Gila Conglomerate and associated soils is 

dominantly moderately coarse-textured and mainly represented by loamy sand and sandy loam 

textures.  Fine-, moderately fine- and coarse-textured soils occur locally.  In general, the coarse 

textured soils are more prevalent in and around the mine area, and the finer textured soils tend to 

occur on the flanks of the Little Burro Mountains east of the tailing ponds.  The soils around Tyrone 

typically contain about 30 to 50 percent rock fragments (>2 mm diameter) by volume.  Saturation 

percentages for the soils generally range from 18 to 75 percent.  

Chemically, the Gila Conglomerate and associated soils have few inherent limitations.  The pH of the 

soils range from about 5.0 to 7.8 and the salinity levels are low (0.2 to 3.8 dS/m).  These materials are 

universally nonsodic and have favorable calcium to magnesium ratios.  Soluble selenium and boron 

levels are low.  The materials range from noncalcareous to calcareous and contain 0.5 to 9.2 percent 

CaCO3 equivalent.  The highest levels of CaCO3 are found in the subsurface of the soils in the 

Mangas Valley. 

The soils that will be used to cover the stockpiles and tailing impoundments will be excavated from 

numerous locations on the mine property.  Additional materials characterization is planned as part of 

the ongoing test plot program.   

1.2 Objectives  

The intent of the work presented herein is to provide additional data on the physical and hydraulic 

characteristics of the cover materials proposed for use on the leach ore and waste rock stockpiles.  

More specifically, the materials characterization will: 

• augment previous materials characterization studies conducted in the mine/stockpile unit, 
and   

• refine the understanding of the volume of suitable materials in the 5A Stockpile. 

 

Ultimately, this information will be used in reclamation planning and to facilitate the calibration of a 

soil water balance model for the reclaimed lands in this region.   
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2.0 METHODS 

The methods used in this investigation are discussed below.  Field methods are outlined in Section 2.1 

and laboratory methods are detailed in Section 2.2. 

2.1 Field Methods 

Soil samples were collected from backhoe pits on the 5A Stockpile and from the No. 1 Stockpile 

Borrow Area (Plate 1).  The sampling pits on the 5A Stockpile were excavated to a depth of at least 

12 feet.  The pits were described and samples were collected from the 0- to 6-foot and 6- to 12-foot 

depth intervals.   Samples from the No. 1 Stockpile Borrow Area were collected by major horizon.   

The volume of oversize material (fragments >7.5 cm in diameter) was estimated from the walls of the 

pits (Soil Survey Division Staff, 1993).  The samples collected for chemical and physical 

characterization were placed directly in gallon-size plastic bags (5 to 10 kg), while the soil hydraulic 

properties samples were collected in airtight 5-gallon plastic buckets (50 kg).  The field logs for the 

5A and No.1 Stockpile investigations are in Appendix A.  

Samples of leached cap were collected from representative locations in the Valencia and West Main 

Pits and from the Savanna Stockpile (Plate 1).  Samples (C79LC-1, C17LC-2, and C79LC-3) from 

the Valencia Pit were collected from pit walls and benches.  Samples from the West Main Area were 

collected from a recently blasted bench (C79LC-4) and rubble pile below a high wall (C79LC-5).  

Samples from the Savanna Stockpile (C79LC-6 and -7) were collected from areas supporting 

volunteer vegetation.   

2.2 Laboratory Analysis 

The bulk soil samples collected for fine earth analysis were air-dried and passed through a 2 mm 

sieve at the laboratory.  The less than 2 mm soil fraction was analyzed for the particle size distribution 

(Gee and Bauder, 1986); paste pH and electrical conductivity (Salinity Laboratory Staff, 1954); acid 

base account (ABA) (Sobeck et al., 1978); Olsen phosphorous (Agron 9, 1982); extractable nitrate 

(Agron. 9, 1982); and AB-DTPA extractable arsenic, cadmium, copper, mercury, and manganese.  

The samples were analyzed at Energy Laboratories in Billings, Montana (Appendix B).   

Selected samples were analyzed for soil hydraulic properties at the Daniel B. Stephens & Associates 

(DBS&A) Laboratory in Albuquerque, New Mexico.  The results and test methods are listed in 



October 2005 -5- 053-2016 
 

X:\ABQ\Projects\2005 Proj\053-2016\Cond 79_SBMI _FINAL.doc Golder Associates 

Appendix B.   Leached cap samples representing materials from the Copper Mountain Pit Expansion 

were collected from materials transported to the 7A Stockpile test plot area (Plate 1).   
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3.0 5A STOCKPILE AND NO. 1 STOCKPILE BORROW CHARACTERIZATION 

The 5A (formerly the No. 1D) Stockpile is currently an overburden and waste rock stockpile.  Based 

on the current mine plan this area will continue to receive Gila Conglomerate excavated from the pit 

walls as mining progresses.  The 5A Stockpile was identified as the primary source for cover material 

in the mine/stockpile units (DBS&A, 1997b).  The 5A Stockpile is composed largely of overburden 

(Gila Conglomerate), however, some sulfide-and non-sulfide-bearing (leached cap) materials occur 

there.   This section further refines the understanding of the composition of the 5A Stockpile.  

Existing exploration core data are interpreted in Section 3.1 and data from backhoe excavations are 

presented in Section 3.2.  

3.1 5A Stockpile Exploration Core Evaluation 

The 5A Stockpile is located northeast of the No. 1B Stockpile on the north and northeast edge of the 

Main Pit (Plate 1).  Because of its location immediately north of the Main Pit, where the ore was 

overlain by a thick sequence of Gila Conglomerate and leached cap, the 5A Stockpile received mostly 

mineral assemblages (MA)-0 (Gila Conglomerate), MA-1 (leached cap), and MA-2 (oxide).  Because 

it was located near the primary crusher, the northern end of the 5A Stockpile received sulfide 

materials that were stockpiled for the concentrator (DBS&A, 1997b).   

In the late-1990s, about 60 exploration holes were drilled through the 5A stockpile (Fig. 2).  Tyrone’s 

geologists logged the drill holes at 10-foot intervals and the materials were classified according to 

mineral assemblage.  The estimated distribution of materials in the 5A Stockpile is presented in cross-

section on Figure 3.  The exploration data reveals that the stockpile is about 250-feet thick and is 

underlain by 350 to 600 feet of Gila Conglomerate Formation.  As expected based on historical 

records, the northwestern half of the 5A Stockpile is likely to contain sulfides, even though it is still 

dominated by Gila Conglomerate and leached cap.  The southeastern end of the stockpile is assumed 

to be dominated by Gila Conglomerate; however, additional drilling is needed to confirm this 

conclusion.  For planning purposes the upper lift (about 50 feet thick) on the southern end of the 5A 

Stockpile is considered to be a readily available source of cover. 

Drilling of an additional five holes on the southern end of the 5A Stockpile will begin in early 

November 2005.  Drilling equipment availability limitations prevented initiation of this work as 

originally scheduled.  The proposed drillhole locations are presented on Figure 2.  Tyrone will 

provide the results of this investigation in an addendum to this report in December 2005.   



October 2005 -7- 053-2016 
 

X:\ABQ\Projects\2005 Proj\053-2016\Cond 79_SBMI _FINAL.doc Golder Associates 

3.2 Chemical and Physical Properties of Materials on the 5A stockpile 

Golder sampled 14 backhoe pits on the 5A Stockpile as part of this investigation.  The chemical and 

physical properties of the materials are listed in Tables 1 and 2.  The data from previous Gila 

Conglomerate characterization studies are compiled in Appendix C (Tables C-1 to C-4).   

The materials on the 5A Stockpile are moderately-coarse textured (sandy loams and loamy sands) 

with moderately high volumes of rock fragments (Table 1).  With few exceptions, the materials are 

nonsaline, very slightly calcareous, and have low organic matter contents.  The phosphorous and 

nitrate concentrations are low but considered adequate to support native and adapted plant species.  

The soils are predominantly neutral to slightly acid (pH 6.3 to 7.2), although several samples were 

strongly and very strongly acid (pH 4.3 to 5.7).  The lower pH samples tended to be mixed Gila 

Conglomerate and waste rock and were generally located on the southern end of the stockpile. 

The materials are universally non-acid generating based on the ABA data, which ranged from 0 to 6 t 

CaCO3/kt (Table 2).   AB-DTPA extractable copper was somewhat elevated with respect to the MMD 

guidelines in several samples.  Like pH, the samples with elevated copper tend to be concentrated on 

the southern end of the stockpile.   

Because of the uncertainty of the material characteristics on the northern half of the 5A Stockpile, 

only the upper lift (50 feet) on the southern end of the 5A Stockpile is considered feasible for use as 

cover at this time.  Additional materials may be identified pending the results of the drilling 

investigation (Section 3.1).   

3.3  Hydraulic Properties of the Gila Conglomerate 

Infiltration, redistribution, and drainage of water are dependant on soil hydraulic properties.  Key 

input parameters for the UNSAT-H model include saturated hydraulic conductivity (Ksat), van 

Genuchten coefficients, and water characteristic functions.  The van Genutchen coefficients, used to 

relate wetness to matric suction and hydraulic conductivity, were developed using measured data and 

the RETC model (van Genutchen et al., 1997).  The residual water content (�r) and saturated water 

content (�s) are empirical constants.  Residual water is defined as water that will not contribute to 

liquid flow either because of strong adsorption or because the pores are unconnected.  Saturated water 

content represents the maximum water content that a material can contain. 
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Soil hydraulic properties data were obtained as part of the Tyrone Mine cover design study (DBS&A, 

1999).  As part of that study, 11 samples of Gila Conglomerate, including two samples from the 5A 

Stockpile, were analyzed for moisture content, bulk density, porosity, saturated and unsaturated 

hydraulic conductivity, particle-size distribution, and soil-water characteristic curves.  Saturated 

hydraulic conductivities ranged from a low of 7.6 x 10-6 cm/s to a high of 1.4 x 10-2 cm/s, mostly 

clustering within approximately one order of magnitude of 4 x 10-4 cm/s.  Available water capacity 

(AWC) of these samples ranged from about 3 to 15 percent.   Soil hydraulic properties data for Gila 

Conglomerate materials are included in Table C-2. 

Three additional samples were collected from the 5A Stockpile for soil-hydraulic analyses, but the 

data are not available at this time.  Tyrone will present the additional soil-hydraulic characterization 

data along with the supplemental drilling information (Section 3.1).  Furthermore, additional soil-

hydraulic data will be developed for the Gila Conglomerate in association with the test plots programs 

on the 3X Tailing Dam and No. 1 Stockpile. 

3.4 No. 1 Stockpile Borrow Investigation 

A borrow investigation was conducted near the No. 1 Stockpile to support reclamation planning for 

this facility.  The chemical and physical data are listed in Table 3.   The characteristics of the 

materials in the No. 1 Stockpile borrow area are consistent with the characteristics of the Gila 

Conglomerate in other areas of the mine.     
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4.0 LEACHED CAP  

In the Tyrone Mine Area, leached cap (MA-1) is altered igneous intrusive rock (hypogene 

mineralization) that generally has low copper values and is considered waste rock from a mining 

perspective.  The chemical and physical characteristics of this leached cap make it potentially suitable 

for use as a cover material.  Leached cap from the Copper Mountain Pit Expansion and Little Rock 

Mine Areas have been extensively characterized and tentatively approved for use as cover in some 

portions of the mine (PDTI, 2005 and Golder, 2005).  Besides the Copper Mountain and Little Rock 

Areas, leached cap occurs in the West Main and Valencia Pit Areas and on the Savanna Stockpile 

(Plate 1). 

Overall, the materials from the Copper Mountain Area and Little Rock Mine are net-neutralizing and 

non acid generating.  Laboratory analyses indicate that the overburden from the Copper Mountain and 

Little Rock Areas is relatively uniform and has few apparent limitations as a plant growth media 

when compared to the surrounding native soils (Tables C-5 through C-7).  There are no apparent 

chemical limitations with respect to salinity in either the overburden or the native soils and the pH 

and extractable nitrate concentrations occur at similar levels in both materials.  The overburden is 

moderately coarse textured and contains moderate volumes of rock fragments.  The native soils 

exhibited similar characteristics and are moderately coarse textured with moderate amounts of rock 

fragments (PDTI, 2000 and 2005).  Thus, the overburden from the Copper Mountain and Little Rock 

Mine Areas is considered to be a reasonable soil substitute relative to the native soils in the area. 

4.1 Chemical and Physical Properties of Leached Cap 

Leached cap samples were collected from the Valencia and West Mine Pit Areas and the Savanna 

Stockpile (Plate 1).  These samples were collected to complement the work conducted in the Copper 

Mountain Pit Expansion Area (PDTI, 2005 and Golder, 2005).  Chemical and physical data are listed 

in Table 4 and the laboratory reports are presented in Appendix B.  The samples were medium-

textured, nonsaline, strongly acid, and have low concentrations of selenium and boron (Table 4).   

The samples from the West Main and Valencia Areas had negative ABAs indicating the potential to 

form acidity (Table 5).  The Valencia area samples had near neutral ABAs and are not considered 

acid forming.  The negative ABAs and potential to form acidity in these leached cap samples is 

inconsistent with the leached cap materials that occur in the Copper Mountain and Little Rock Areas, 

which are typically acid neutralizing (i.e., positive ABA’s).     
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The AB-DTPA extractable constituents are listed in Table 6. The leached cap samples from the 

Valencia, West Main, and Savanna Areas tend to yield somewhat elevated concentrations of AB-

DTPA extractable copper and molybdenum relative to the MMD soil suitability guidelines (MMD, 

1996).   This result is consistent with the data from the Copper Mountain and Little Rock leached cap 

(Golder, 2005).   The MMD guidelines notwithstanding, the leached cap is capable of supporting a 

diverse array of vegetation.  Figure 4 is a photograph of the vegetation growing on the C79LC-7 

sampling site on the Savanna Stockpile.   

4.2 Soil Hydraulic Properties of the Leached Cap 

Soil hydraulic analyses were performed on three samples of Copper Mountain leached cap.  The data 

are summarized in Table 6 and the complete laboratory report is included in Appendix B.  The 

saturated hydraulic conductivities of the samples are on the order of 10-3 cm/s.   The saturated water 

content of the fine-earth fraction ranged between 0.45 and 0.47 cm3/cm3.  The saturated water content 

of the whole soil samples ranged from 0.17 to 0.21 cm3/cm3 (Bouwer and Rice, 1984).  The 15-bar 

water content ranged 0.06 and 0.07 cm3/cm3.for the fine-earth fraction and from 0.02 and 0.03 

cm3/cm3 on a whole soil basis.  The van Genuchten parameters (� and N) for the individual samples 

are presented in Table 7. 
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6.0 COVER MATERIAL VOLUMETRICS 

The soils that will be used as cover in the Mine/Stockpile Unit may be excavated from numerous 

locations on the mine property.  Tyrone’s experience with cover excavation and placement on the No. 

3X and 3 tailing impoundments revealed that flexibility in materials handling is critical to achieving 

quality control objectives and efficient management of cover soil resources.  The exact location and 

configuration of the borrow areas will ultimately be determined during the final design and 

construction phases of the reclamation.  Nonetheless, five Gila Conglomerate borrow areas around the 

Mine/Stockpile unit are identified on Plate 2 for planning purposes.    

The borrow areas shown on Plate 2 represent potential borrow areas that could be used as cover 

sources.  Borrow Areas A and B are located on relatively undisturbed lands and Tyrone may select 

alternative sources once they are more definitively identified.  For instance, substantial volumes of 

residual Gila Conglomerate underlie the 5A and Savanna stockpiles.  These materials could become 

available if mining progresses into the east side of the Main Pit, or if Tyrone elects to excavate 

borrow materials in this area.  Thus, the use of the pit wall Gila Conglomerate or additional materials 

from the 5A Stockpile may eliminate the need to excavate borrow outside the current disturbance area 

of the mine.  

In addition to the Gila Conglomerate cover sources, about 7 million tons of leached cap with net 

neutralizing potential is projected to be available in association with the Copper Mountain Pit 

Expansion (PDTI, 2005).  Future exploration and mining may result in additional leached cap from 

the Valencia and West Main Pit Areas, although these materials are not accounted for in the current 

reclamation planning.  Tyrone recognizes that the use of leached cap would be predicated on 

compliance with the materials handling plan for leached cap (PDTI, 2005) and MMD and NMED 

approval. 

Other potential sources of cover materials that may ultimately become available include leached cap 

from the Little Rock Mine.  More than 350,000 cubic yards (yd3) of leached cap currently exists at the 

Little Rock Mine in the stockpiles that surround the open pit area (TTEMI, 2004).  Once mining is 

initiated at Little Rock, about 70 million tons (44,000,000 yd3) of leached cap waste rock is projected 

to be generated (PDTI, 2000), which could potentially be available for reclamation applications at the 

Tyrone Mine. 
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The cover requirement for the Mine/Stockpile Unit at Tyrone is approximately 15.5 million yd3 based 

on the current permit requirements.  More than 20.3 million yd3 of Gila Conglomerate and leached 

cap cover materials have been conservatively identified at Tyrone (Table 8).  Additional materials 

may be available from alternative leached cap sources and from the deposits of residual Gila 

Conglomerate.  Thus, the total volume of materials designated for the Mine/Stockpile unit is more 

than that needed to cover these facilities.  The surplus of cover material will ultimately allow for 

flexibility in siting borrow areas at Tyrone to account for operational considerations.  
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TABLE 1.
5A STOCKPILE PHYSICAL AND CHEMICAL PROPERTIES

053-2016

Sand  Silt Clay 
Lab          

(% vol)
Total          

(% vol)
pH  

EC        
(dS/m) 

mg/kg lb/ac-ft mg/kg lb/ac-ft

TP5A2  0.25-6 GC 76 15 9 SL 38 49 18.6 7.2 0.23 0.5 5 20 <1 <4 0.47
TP5A2  6-12 GC 79 12 9 SL 39 47 18.2 6.9 0.18 0.5 5 20 <1 <4 0.62
TP5A3  0-6 GC 75 15 10 SL 39 44 18.6 6.6 0.31 0.5 6 24 <1 <4 0.26
TP5A3  6-12 GC 79 11 10 SL 40 45 18.1 6.8 0.25 0.5 4 16 <1 <4 0.29
TP5A4  0-6 GC 79 13 8 LS 47 55 18.6 6.8 0.43 0.4 5 20 <1 <4 0.40
TP5A4  6-12 GC 79 13 8 LS 41 54 18.6 6.8 0.33 0.6 3 12 <1 <4 0.31
TP5A5  0-6 GC 74 15 11 SL 36 44 19.5 6.3 0.72 0.4 5 20 <1 <4 0.41
TP5A5  6-12 GC 79 13 8 LS 37 45 19.3 6.8 0.49 0.5 5 20 <1 <4 0.21
TP5A6  0-6 GC 76 15 9 SL 40 50 19.9 6.3 0.29 0.5 5 20 <1 <4 0.24
TP5A6  6-12 GC 83 10 7 LS 41 52 19.3 6.7 0.47 0.5 3 12 <1 <4 0.28
TP5A7  0-6 GC 73 18 9 SL 37 48 19.3 6.3 0.12 0.4 2 8 <1 <4 0.22
TP5A7  6-12 GC 75 16 9 SL 38 47 19.1 6.6 0.21 0.4 2 8 <1 <4 0.31
TP5A8  0-6 GC 78 13 9 SL 37 41 20.7 6.3 0.38 0.5 5 20 <1 <4 0.26
TP5A8  6-12 GC 75 14 11 SL 38 43 21.1 6.4 0.45 0.6 5 20 <1 <4 0.28
TP5A9  0-6 GC 80 13 7 LS 39 46 18.6 6.8 0.14 0.5 3 12 <1 <4 0.59
TP5A9  6-12 GC 76 16 8 SL 40 46 19.1 6.5 0.28 0.5 5 20 <1 <4 0.24

TP5A11  0-6 GC 73 16 11 SL 40 46 20.9 4.5 1.85 0.6 13 52 <1 <4 0.29
TP5A11  6-12 GC 73 16 11 SL 36 42 22.6 4.3 2.29 0.5 15 60 1 4 0.53
TP5A16  0-6 GC 77 14 9 SL 42 49 18.0 6.7 0.12 0.4 2 8 <1 <4 0.36
TP5A16  6-12 GC 79 13 8 LS 42 45 18.2 6.8 0.15 0.5 3 12 <1 <4 0.28
TP5A18  0-6 Mixed 73 17 10 SL 39 55 21.3 4.8 0.64 0.4 13 52 <1 <4 0.52
TP5A18  6-12 Mixed 73 15 12 SL 36 39 21.3 4.4 0.93 0.3 17 68 <1 <4 0.16
TP5A20  0-6 GC 73 16 11 SL 37 40 17.7 5.7 0.15 0.6 13 52 <1 <4 0.22
TP5A20  6-12 GC 75 16 9 SL 37 40 17.6 6.5 0.16 0.5 4 16 <1 <4 0.26
TP5A21  0-6 Mixed 67 20 13 SL 34 38 19.6 5.2 0.24 0.6 16 64 <1 <4 0.24
TP5A21  6-12 Mixed 64 21 15 SL 31 41 24.1 5.0 0.36 0.4 12 48 <1 <4 0.24
TP5A24  0-6 Mixed 69 16 15 SL 31 36 22.9 4.4 0.38 0.4 18 72 <1 <4 0.40
TP5A24  6-12 Mixed 75 14 11 SL 35 40 21.6 4.7 0.62 0.5 11 44 <1 <4 0.29
Notes:

1    GC = Gila Conglomerate; Mixed = Gila Conglomerate mixed with undifferentiated waste rock
2    Dry sieve lab data converted to % volume for rock fragments <3''; Total rock fragments includes field estimate of materials >3''
ft bgs = feet below ground surface
dS/m = deciSiemens per meter
mg/kg = milligrams per kilogram
lb/ac-ft = pounds per acre-foot

Sample 
ID

Particle Size Distribution (%)
Texture

Rock Fragments2

Depth       
(ft bgs) Type1

Nitrate Organic 
Matter      

(%)

Saturation 
Percentage 
(% water)

Saturated Paste
CaCO3 

(%)

Phosphorus

5A Chem and Phys Prop Golder Associates
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TABLE 2.
5A STOCKPILE ACID-BASE ACCOUNT AND AB-DTPA EXTRACTIONS

053-2016

ANP AGP2 ABA 

TP5A2  0.25-6 GC 7.2 5 0 5 0.01 <0.01 0.01 <0.01 0.02 0.03 <0.1 1.4 <0.1 0.6 <0.1 <0.1 0.3
TP5A2  6-12 GC 6.9 5 0 5 <0.01 0.01 0.01 <0.01 0.02 0.03 <0.1 1.9 <0.1 0.7 <0.1 <0.1 0.3
TP5A3  0-6 GC 6.6 5 0 5 0.01 <0.01 0.01 <0.01 0.02 0.04 <0.1 2.0 <0.1 0.8 0.1 <0.1 0.4
TP5A3  6-12 GC 6.8 5 0 5 0.02 <0.01 <0.01 <0.01 0.02 0.04 <0.1 1.4 <0.1 0.5 0.1 <0.1 0.3
TP5A4  0-6 GC 6.8 4 0 4 0.02 <0.01 <0.01 <0.01 0.02 0.03 <0.1 1.2 <0.1 0.6 0.1 <0.1 0.3
TP5A4  6-12 GC 6.8 6 0 6 <0.01 0.01 0.01 <0.01 0.02 0.03 <0.1 1.5 <0.1 0.7 0.1 <0.1 0.3
TP5A5  0-6 GC 6.3 4 0 4 0.01 0.01 0.02 <0.01 0.04 0.03 <0.1 7.8 <0.1 4.1 <0.1 <0.1 0.4
TP5A5  6-12 GC 6.8 5 0 5 <0.01 0.01 0.01 <0.01 0.02 0.04 <0.1 2.2 <0.1 1.0 <0.1 <0.1 0.3
TP5A6  0-6 GC 6.3 5 0 5 0.01 <0.01 0.02 <0.01 0.03 0.04 <0.1 4.6 <0.1 1.1 <0.1 <0.1 0.6
TP5A6  6-12 GC 6.7 5 0 5 0.01 0.01 <0.01 <0.01 0.02 0.05 <0.1 1.1 <0.1 0.6 <0.1 <0.1 0.3
TP5A7  0-6 GC 6.3 4 0 4 0.01 <0.01 <0.01 <0.01 0.01 0.03 0.1 10.8 <0.1 1.1 <0.1 <0.1 0.5
TP5A7  6-12 GC 6.6 4 0 4 0.05 <0.01 <0.01 <0.01 0.05 0.03 0.1 18.6 <0.1 0.7 <0.1 <0.1 0.3
TP5A8  0-6 GC 6.3 5 0 5 0.03 <0.01 <0.01 <0.01 0.03 0.03 <0.1 3.2 <0.1 1.2 0.1 <0.1 0.5
TP5A8  6-12 GC 6.4 6 0 6 0.02 <0.01 <0.01 <0.01 0.02 0.03 <0.1 2.7 <0.1 1.0 0.1 <0.1 0.5
TP5A9  0-6 GC 6.8 5 0 5 0.02 <0.01 <0.01 <0.01 0.02 0.03 <0.1 1.9 <0.1 0.7 <0.1 <0.1 0.4
TP5A9  6-12 GC 6.5 5 0 5 0.02 <0.01 <0.01 <0.01 0.02 0.04 <0.1 3.3 <0.1 1.4 <0.1 <0.1 0.4
TP5A11  0-6 GC 4.5 6 0 6 0.03 0.01 0.01 0.02 0.07 0.03 0.1 28.1 <0.1 9.9 <0.1 0.1 0.6
TP5A11  6-12 GC 4.3 5 1 4 0.02 0.01 0.02 0.01 0.06 0.03 0.1 27.3 <0.1 8.8 <0.1 0.1 0.6
TP5A16  0-6 GC 6.7 4 0 4 0.02 <0.01 <0.01 <0.01 0.02 0.03 <0.1 1.7 <0.1 0.6 0.1 <0.1 0.4
TP5A16  6-12 GC 6.8 5 0 5 0.03 <0.01 <0.01 <0.01 0.03 0.03 <0.1 2.1 <0.1 0.8 0.1 <0.1 0.3
TP5A18  0-6 Mixed 4.8 4 1 3 0.02 <0.01 0.02 0.02 0.06 0.05 0.1 99.4 <0.1 9.5 <0.1 0.1 0.5
TP5A18  6-12 Mixed 4.4 3 1 2 0.04 <0.01 0.02 0.08 0.14 0.04 <0.1 187.0 <0.1 3.0 <0.1 <0.1 0.4
TP5A20  0-6 GC 5.7 6 0 6 0.01 0.01 0.01 <0.01 0.03 0.02 <0.1 15.3 <0.1 6.1 <0.1 0.1 0.4
TP5A20  6-12 GC 6.5 5 0 5 0.01 <0.01 <0.01 <0.01 0.01 <0.02 <0.1 3.8 <0.1 0.9 <0.1 <0.1 0.3
TP5A21  0-6 Mixed 5.2 6 1 5 0.02 <0.01 0.02 0.02 0.06 <0.02 <0.1 20.4 <0.1 3.5 <0.1 0.1 0.7
TP5A21  6-12 Mixed 5.0 4 0 0 0.07 <0.01 <0.01 0.12 0.19 <0.02 <0.1 23.3 <0.1 4.8 0.2 0.1 0.7
TP5A24  0-6 Mixed 4.4 4 1 3 0.05 <0.01 0.03 0.05 0.13 <0.02 0.2 46.9 <0.1 17.9 0.2 0.2 1.3
TP5A24  6-12 Mixed 4.7 5 0 5 0.04 <0.01 0.01 0.02 0.07 0.02 0.2 34.2 <0.1 9.6 0.1 0.2 0.9
Notes:
1    GC = Gila Conglomerate; Mixed = Gila Conglomerate mixed with undifferentiated waste rock
2    AGP calculated from HNO3 extractable sulfur
ANP = acid-neutralization potential, in tons CaCO3 per 1,000 tons
AGP = acid-generation potential, in tons CaCO3 per 1,000 tons
ABA = acid-base accounting = ANP - AGP, in tons CaCO3 per 1,000 tons

H2O    Total 

Extractable Sulfur Forms (%) AB-DTPA Extracts (mg/kg)

HCL HNO3 Residual As Cd Cu Pb

Acid-Base Account 
(t CaCO 3 /kt)Sample 

ID
Depth      

(ft bgs)
Type1 Saturated 

Paste pH Hg Mn Mo Ni

5A ABA and Extr metals Golder Associates
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TABLE 3.  
NO. 1 STOCKPILE BORROW MATERIALS CHEMICAL AND PHYSICAL PROPERTIES

 053-2016

Lab
(Vol %)

Total
 (Vol %)

Sand Silt Clay pH EC        
(dS/m) 

mg/kg lb/ac-ft mg/kg lb/ac-ft

TP1B1  0-0.75 16 19 63 24 13 SL 18.6 5.2 0.18 0.3 14 56 <1 <4 1.14
TP1B1  0.75-6 39 44 77 10 13 SL 21.8 7.1 0.47 0.5 6 24 <1 <4 0.34
TP1B1  6-11  35 51 77 12 11 SL 21.1 6.9 0.58 0.4 6 24 <1 <4 0.22
TP1B1  11-12  39 49 73 14 13 SL 21.1 7.2 0.92 0.5 7 28 <1 <4 0.45
TP1B2  0-1 20 20 63 24 13 SL 21.4 5.8 0.38 0.7 14 56 2 8 1.76
TP1B2  1-4  25 25 73 14 13 SL 22.8 7.3 0.49 1 2 8 <1 <4 0.41
TP1B2  4-8  27 27 78 15 7 LS 22.2 7.5 0.57 1.5 1 4 <1 <4 0.38
TP1B2  8-13  27 27 83 10 7 LS 23.3 7.6 0.74 1 3 12 <1 <4 0.38
TP1B3  0-2  14 14 49 22 29 SCL 41.3 6.3 0.26 0.8 3 12 1 4 2.0
TP1B3  2-4  25 25 61 19 20 SCL 31.5 7.3 0.51 1.8 <1 <4 <1 <4 0.67
TP1B3  4-7  29 29 72 18 10 SL 28.4 7.8 0.64 3.6 1 4 <1 <4 0.16
TP1B3  7-13  38 38 59 18 23 SCL 37.2 7 2.82 2 12 48 <1 <4 0.12
TP1B4  0-2  13 13 67 22 11 SL 19.8 5.6 0.41 0.6 7 28 3 12 1.12
TP1B4  2-4  27 27 71 11 18 SL 28.5 7.1 0.57 0.9 1 4 1 4 0.4
TP1B4  4-10  36 36 79 9 12 SL 22.1 7.2 1.26 1 3 12 <1 <4 0.21
TP1B4  10-13  27 27 82 8 10 LS 19.8 6.9 0.27 0.7 2 8 <1 <4 0.43
TP1B5  0-0.6 13 13 58 23 19 SL 25.3 5.6 0.37 0.8 3 12 <1 <4 2.72
TP1B5  0.6-1.5  22 22 50 16 34 SCL 42.1 5.1 0.19 0.7 2 8 <1 <4 1.71
TP1B5  1.5-4.5  28 28 67 16 17 SL 24.3 6.4 0.31 0.8 <1 <4 <1 <4 0.57
TP1B5  4.5-13  33 33 75 12 13 SL 24.3 7.6 1.41 1 3 12 <1 <4 0.26

Notes:
1    Dry sieve lab data converted to % volume for rock fragments <3''; Total rock fragments includes field estimate of materials >3''
ft bgs = feet below ground surface
dS/m = deciSiemens per meter
mg/kg = milligrams per kilogram
lb/ac-ft = pounds per acre-foot

Nitrate Organic 
Matter

(%)

Saturation 
Percent

(% water)

Saturated Paste CaCO3 

(%)

Phosphorus
Sample 

ID

Particle Size Distribution (%)
Texture

Rock Fragments1

Depth 
(ft bgs)

No. 1 Chem and Phys Prop Golder Associates



TABLE 4. 
CHEMICAL AND PHYSICAL PROPERTIES OF  

VALENCIA, WEST MAIN, AND SAVANNA STOCKPILE LEACHED CAP 
Particle Size Distribution (%) Saturated Paste Hot Water Soluble 

Sample 
ID 

Rock 
Fragmentsa 

(% vol) 
Sand Silt Clay 

Texture 
pH EC 

(dS/m) 

Saturation 
Percentage 
(% water) 

Selenium 
(mg/kg) 

Boron 
(mg/kg) 

Valencia 
C79LC-1 55 47 28 25 L 5.0 0.29 36.8 <0.05 <0.02 
C79LC-2 60 60 19 21 SCL 5.6 0.37 32.3 <0.05 <0.02 
C79LC-3 65 56 21 23 SCL 5.8 0.39 29.3 <0.05 <0.02 
West Main 
C79LC-4 55 56 21 23 SCL 4.8 1.68 30.1 <0.05 <0.02 
C79LC-5 60 50 26 24 SCL 4.5 1.14 27.0 <0.05 <0.02 
Savanna Stockpile 
C79LC-6 55 36 34 30 CL 5.4 0.54 26.5 <0.05 <0.02 
C79LC-7 50 46 31 23 L 4.9 0.49 21.7 <0.05 <0.02 

Notes: 
a  field estimate of total rock fragments 
dS/m = deciSiemens per meter 
mg/kg = milligrams per kilograms 
 

TABLE 5. 
ACID-BASE ACCOUNT FOR VALENCIA, WEST MAIN,  

AND SAVANNA STOCKPILE LEACHED CAP  
Acid-Base Account 

 (t CaCO3/kt) Extractable Sulfur Forms (%) Sample 
ID 

ANP AGPa ABA H2O HCL HNO3 Residual Total 
Valencia 
C79LC-1 1 1 0 0.02 0.01 0.03 0.01 0.07 
C79LC-2 2 2 0 0.04 0.01 0.05 <0.01 0.10 
C79LC-3 1 1 0 <0.01 0.01 0.04 0.01 0.06 
West Main 
C79LC-4 0 13 -13 0.02 <0.01 0.40 0.41 0.83 
C79LC-5 2 15 -13 0.05 <0.01 0.49 0.12 0.66 
Savanna Stockpile 
C79LC-6 1 3 -2 <0.01 <0.01 0.09 0.19 0.28 
C79LC-7 1 5 -4 0.03 <0.01 0.16 0.31 0.50 

Notes: 
a AGP calculated from HNO3 extractable sulfur 
ANP = acid-neutralization potential, in tons CaCO3 per 1,000 tons  
AGP = acid-generation potential, in tons CaCO3 per 1,000 tons  
ABA = acid-base accounting = ANP - AGP, in tons CaCO3 per 1,000 tons  
CaCO3 = calcium carbonate 



 
TABLE 6. 

AB-DTPA EXTRACTABLE CONSTIUENTS FOR  
VALENCIA, WEST MAIN, AND SAVANNA STOCKPILE LEACHED CAP  

mg/kg Sample 
ID As Cd Cu Pb Mn Hg Mo Ni 

Valencia 
C79LC-1 <1 0.54 270 0.20 36.4 <0.05 0.22 0.25 
C79LC-2 <1 0.27 110 0.34 23.5 <0.05 0.37 0.09 
C79LC-3 <1 0.06 145 0.09 1.2 <0.05 0.45 0.02 
West Main 
C79LC-4 <1 0.03 102 0.58 12.2 <0.05 0.21 0.06 
C79LC-5 <1 0.40 170 2.34 38.7 <0.05 1.29 0.15 
Savanna Stockpile 
C79LC-6 <1 0.28 99 3.30 11.0 <0.05 0.24 0.09 
C79LC-7 <1 0.22 68 1.43 16.8 <0.05 0.16 0.08 

Notes: 
mg/kg = milligrams per kilograms 
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TABLE 7.  
 HYDRAULIC PROPERTIES OF COPPER MOUNTAIN LEACHED CAP

053-2016

� N

<2mm Whole Soil <2mm Whole 
Soil <2mm Whole 

Soil <2mm Whole 
Soil <2mm Whole 

Soil 1/cm Dimensionless

CMLC-1 61 7.40E-03 2.90E-03 0 0 0.47 0.18 0.20 0.08 0.07 0.03 0.0785 1.2493
CMLC-2 61 8.40E-03 3.20E-03 0.0014 0.0005 0.45 0.17 0.19 0.07 0.06 0.02 0.0704 1.2697
CMLC-3 55 8.90E-03 4.20E-03 0.0162 0.0074 0.47 0.21 0.18 0.08 0.07 0.03 0.0874 1.2914
a    Total rock fragments includes field estimate of materials >3''
b   �r = residual moisture content
     �s = saturated moisture content
     �1/3 = 1/3 bar moisture content
     �15 = 15 bar moisture content

Sample 
ID

Saturated Hydraulic 
Conductivity  (cm/s)

Volumetric Water Contentb (cm 3 /cm 3 )Rock 
Fragmentsa 

(Vol. %)

van Genuchen Coefficients
�r �s �1/3 �15

LC Hydraulic Properties Golder Associates



TABLE 8 
BORROW SOURCE VOLUMETRICS MINE/STOCKPILE UNIT 

Borrow Sourcea Area 
(acres) 

Volume 
(yd3) 

A 127 6,141,720 
B 56 2,708,160 
C 4 193,440 
D 64 5,158,400 
E 57 2,516,800 

Copper Mountain NA 3,600,000 
Total  20,318,520 

a) Gila Conglomerate Borrow Sources are identified on Plate 2 

 

 



 

 

FIGURES 









 
 

Figure 4.  Vegetation growing on low pH leached cap stockpile materials.  Sample 
location C79LC-7 on the Savanna Stockpile. 
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APPENDIX A 

FIELD LOGS - 5A AND NO. 1 STOCKPILE BORROW INVESTIGATIONS 



 

 

APPENDIX A-1 

5A STOCKPILE FIELD LOG SHEETS 





















































 

 

APPENDIX A-2 

NO. 1 STOCKPILE BORROW FIELD LOG SHEETS 













 

 

APPENDIX B 

LABORATORY REPORTS 



 

 

APPENDIX B-1 

5A STOCKPILE LABORATORY REPORT 
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NO. 1 STOCKPILE BORROW LABORATORY REPORT 
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October 2005 TABLE C-1
CHEMICAL AND PHYSICAL PROPERTIES OF SOIL SAMPLES  FROM THE TYRONE MINE

 053-2016

pH EC
 (dS/m)

Calcium
(meq/L)

Magnesium
(meq/L)

Sodium
(meq/L)

SAR Selenium
(mg/kg)

Boron
(mg/kg)

Sand Silt Clay 
Rock 

Fragments 
(vol % )

BW1 2-15" 7.1 0.33 2.56 0.47 0.20 0.16 <0.01 0.12 1.6 48.6 24 51 25 5 SiL
BW2 15-52" 7.6 1.66 18.00 2.22 1.02 0.32 <0.01 0.12 2.4 46.1 28 56 16 7 SiL
C 52-62" 7.7 0.99 8.99 1.21 0.96 0.43 <0.01 0.08 2.5 25.9 66 27 7 55 SL
Alluvium 9-11' 7.8 0.59 4.03 0.72 0.89 0.58 <0.01 0.03 2.4 18.0 88 9 3 5 S
Alluvium 11-14' 7.5 1.26 9.51 1.47 1.23 0.52 <0.01 0.04 2.3 22.2 78 15 7 1 LS

BW1 2-18" 7.5 0.46 3.61 0.77 0.56 0.38 <0.01 0.09 1.3 56.8 22 40 38 0 CL
BW2 18-34" 7.8 0.73 4.56 1.42 1.96 1.13 <0.01 0.10 3.9 32.0 60 28 12 20 SL
C 34-57" 7.8 1.56 11.40 3.23 4.40 1.63 <0.01 0.13 2.5 21.7 88 9 3 45 S
Alluvium 4-13' 7.7 1.45 11.20 1.84 1.86 0.73 0.02 0.04 2.2 22.8 71 22 7 5 SL

A 0-11" 6.3 0.24 1.32 0.64 0.14 0.14 <0.01 0.06 1.0 21.3 72 25 3 30 SL
BW 11-18" 6.7 0.33 1.90 0.95 0.30 0.25 <0.01 0.07 1.0 24.2 60 27 13 20 SL
BC 18-31" 6.9 0.31 1.67 0.84 0.37 0.33 <0.01 0.05 0.8 20.3 80 14 6 30 LS
C 31-58" 7.2 0.26 1.28 0.65 0.30 0.31 <0.01 0.06 1.1 15.6 84 11 5 45 LS
Alluvium 9-13' 7.6 1.08 5.26 1.57 3.50 1.89 0.02 0.07 1.4 33.8 49 39 12 1 L

A2 2-13" 7.6 0.50 4.26 0.66 0.22 0.14 <0.01 0.09 3.5 36.8 48 45 7 5 L
BW 13-30" 7.7 0.47 3.73 0.65 0.61 0.41 <0.01 0.11 3.9 29.7 58 37 5 5 SL
C 30-58" 7.9 0.39 2.53 0.49 0.68 0.55 <0.01 0.14 2.8 19.7 84 13 3 40 LS
Alluvium 2.5-14' 7.9 0.58 3.71 0.83 1.20 0.80 <0.01 0.10 3.3 20.2 82 14 4 5 LS

A2 2-14" 7.1 0.40 3.57 0.52 0.24 0.17 <0.01 0.05 1.1 38.0 51 35 14 5 L 
BW 14-26" 7.6 0.39 3.21 0.46 0.29 0.21 <0.01 0.06 6.0 29.4 64 29 7 22 SL
C 26-56" 7.8 0.35 2.65 0.51 0.44 0.35 <0.01 0.04 5.1 23.2 78 17 5 50 LS
Alluvium 5-7' 7.8 0.34 2.04 0.55 0.93 0.82 <0.01 0.05 4.2 21.7 80 15 5 10 LS
Alluvium 8-12' 7.8 0.84 4.68 1.01 3.33 1.97 <0.01 0.05 3.3 18.3 90 4 6 10 S

Bt 1, Bt 2 2-20" 6.7 0.44 2.69 1.14 0.59 0.43 0.01 0.13 0.9 40.0 60 15 25 55 SCL
Bt 3 20-31" 7.5 0.49 2.50 1.08 1.65 1.23 <0.01 0.16 2.4 33.4 72 9 19 63 SL
Bt 4 31-61" 7.7 0.86 2.67 1.10 5.21 3.79 <0.01 0.15 1.7 40.9 68 16 16 75 SL
Bt 6 61-71" 7.4 3.10 11.40 3.43 14.90 5.47 <0.01 0.04 1.1 43.7 59 19 22 10 SCL
Gila C 6-8' 7.4 3.74 14.80 3.94 17.80 5.82 <0.01 0.02 1.7 44.1 48 47 5 0 SL
Gila C 8-10' 7.6 2.62 9.92 2.22 11.90 4.83 0.01 0.02 2.9 27.4 75 19 6 5 SL
Gila C 10-14' 7.7 2.00 7.81 1.61 8.54 3.94 <0.01 0.01 2.1 18.8 85 11 4 55 LS
Gila C 14-20' 7.6 0.98 6.13 0.88 2.52 1.35 <0.01 0.02 3.4 21.1 82 13 5 15 LS

Test Pit 1, Map Unit 10

Test Pit 2, Map Unit 10

Test Pit 3, Map Unit 10

Test Pit 4, Map Unit 10

Test Pit 5, Map Unit 20

Test Pit 6, Map Unit 30

Horizon 
Designation/

Layer

Deptha 

(in or ft)
Textureb

Hot Water Soluble
CaCO3 

Equivalent
(%)

Saturation 
Percentage 
(% water)

Particles Size Distribution (%)Saturated Paste Extract 
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October 2005 TABLE C-1
CHEMICAL AND PHYSICAL PROPERTIES OF SOIL SAMPLES  FROM THE TYRONE MINE

 053-2016

pH EC
 (dS/m)

Calcium
(meq/L)

Magnesium
(meq/L)

Sodium
(meq/L)

SAR Selenium
(mg/kg)

Boron
(mg/kg)

Sand Silt Clay 
Rock 

Fragments 
(vol % )

Horizon 
Designation/

Layer

Deptha 

(in or ft)
Textureb

Hot Water Soluble
CaCO3 

Equivalent
(%)

Saturation 
Percentage 
(% water)

Particles Size Distribution (%)Saturated Paste Extract 

Btk 1 2-17" 7.4 0.56 2.37 0.80 3.02 2.40 <0.01 0.13 1.2 75.2 27 20 53 15 C
Btk 2 17-34" 7.5 3.66 18.60 6.12 16.60 4.72 0.02 0.16 2.8 62.3 28 39 33 15 CL
Btk 3 34-58" 7.6 3.14 12.10 3.61 16.60 5.92 <0.01 0.06 6.5 33.5 56 40 4 22 SL
Btk 4 58-73" 7.7 2.28 8.77 2.00 12.10 5.21 <0.01 0.02 9.2 23.3 78 18 4 45 LS
Gila C 4-12' 7.6 1.92 9.87 1.72 7.00 2.90 <0.01 0.01 4.1 24.5 72 21 7 65 SL
Gila C 12-14' 7.6 1.20 7.10 1.21 2.53 1.24 <0.01 0.01 1.7 32.6 60 29 11 15 SL
Gila C 14-20' 7.6 1.00 6.11 1.16 1.68 0.88 <0.01 0.01 1.5 25.4 70 17 13 50 SL

A 0-6" 5.0 0.92 4.97 2.55 0.44 0.23 <0.01 0.09 0.9 27.6 58 30 12 35 SL
Bt 1 6-34" 6.5 0.26 0.94 0.63 0.64 0.72 <0.01 0.17 0.6 71.7 24 17 59 35 C
Bt 2 34-70" 7.6 2.65 8.57 6.08 14.50 5.36 <0.01 0.15 6.0 47.2 60 15 25 65 SCL

A, AB 0-16" 6.6 0.30 1.48 0.69 0.33 0.32 <0.01 0.07 0.8 18.1 70 23 7 20 SL
Bt 1, Bt 2 16-49" 7.4 0.65 3.04 1.44 1.94 1.30 <0.01 0.08 0.9 30.3 60 20 20 30 SCL
Bt 3 49-63" 7.8 1.01 2.47 1.68 5.98 4.15 <0.01 0.08 1.9 34.4 48 35 17 7 L
Gila C 8-18' 7.2 1.06 1.56 0.78 7.87 7.28 <0.01 0.02 0.7 23.7 52 35 13 1 L
Gila C 18-20' 6.8 0.70 0.91 0.48 5.14 6.17 <0.01 0.01 0.7 16.4 84 8 8 10 LS

A 0-5" 6.3 0.38 2.25 1.05 0.24 0.19 <0.01 0.06 0.7 18.6 74 21 5 30 SL
Bt 1 1-18" 6.7 0.69 1.39 0.56 5.09 5.15 <0.01 0.02 1.4 38.8 57 20 23 10 SCL
Bt 2 18-60" 6.8 0.92 1.78 0.73 6.21 5.54 <0.01 0.01 1.7 35.5 62 23 15 25 SL
Gila C 16-20' 6.6 0.70 2.33 0.99 3.17 2.46 <0.01 0.02 1.1 37.8 54 25 21 5 SCL

C 2-54" 7.5 0.36 2.81 0.57 0.23 0.18 <0.01 0.02 0.7 17.0 82 12 6 50 LS
Alluvium 7-10' 7.2 1.64 15.40 3.10 1.15 0.38 <0.01 0.09 0.6 22.0 70 23 7 <5 SL
Alluvium 10-15' 7.4 0.59 4.08 1.04 0.53 0.33 <0.01 0.03 0.5 18.4 88 6 6 <5 LS

A, C1 0-39" 6.4 0.22 1.14 0.50 0.26 0.29 <0.01 0.06 0.6 18.9 90 6 4 30 S
C2 39-62" 6.3 0.18 0.98 0.40 0.30 0.36 <0.01 0.04 0.7 17.2 87 9 4 30 LS
Alluvium 6-14' 6.8 0.23 1.37 0.84 0.47 0.45 <0.01 0.04 0.4 20.2 94 3 3 20 S

C1 0-46" 6.9 0.43 0.50 0.24 3.80 6.25 <0.01 <0.01 0.9 22.9 76 13 11 46 SL
C2 46-55" 7.2 0.38 0.17 0.11 3.41 9.11 <0.01 <0.01 0.8 39.4 54 23 23 25 SCL

A 0-9" 5.5 0.52 3.53 1.38 0.34 0.22 0.01 0.10 0.6 20.9 75 18 7 15 SL
Bt 1 9-15" 5.6 0.35 1.14 0.63 0.86 0.91 <0.01 0.08 1.1 35.7 64 13 23 45 SCL
Bt 2 15-46" 7.4 0.71 1.71 0.72 4.54 4.12 <0.01 0.08 1.1 22.6 72 20 8 50 SL
C2 46-60" 7.6 2.07 6.74 2.26 13.70 6.46 <0.01 0.03 1.5 23.3 80 13 7 65 LS
Gila C 9-12.5" 7.5 2.07 8.27 2.15 9.54 4.18 <0.01 0.02 4.2 19.3 78 15 7 15 LS

Test Pit 10, Map Unit 45

Test Pit 11, Map Unit 30

Test Pit 12, Map Unit 20

Test Pit 8, Map Unit 30

Test Pit 9, Map Unit 45

Test Pit 13, Map Unit 20

Test Pit 14, Map Unit 40

Test Pit 15, Map Unit 40
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October 2005 TABLE C-1
CHEMICAL AND PHYSICAL PROPERTIES OF SOIL SAMPLES  FROM THE TYRONE MINE

 053-2016

pH EC
 (dS/m)

Calcium
(meq/L)

Magnesium
(meq/L)

Sodium
(meq/L)

SAR Selenium
(mg/kg)

Boron
(mg/kg)

Sand Silt Clay 
Rock 

Fragments 
(vol % )

Horizon 
Designation/

Layer

Deptha 

(in or ft)
Textureb

Hot Water Soluble
CaCO3 

Equivalent
(%)

Saturation 
Percentage 
(% water)

Particles Size Distribution (%)Saturated Paste Extract 

A 0-11" 5.2 0.42 1.97 0.90 0.24 0.20 <0.01 0.09 0.7 18.5 66 28 6 17 SL
Bt 1, Bt 2 11-29" 5.8 0.28 1.36 0.64 0.63 0.63 <0.01 0.11 1.2 24.4 71 15 14 50 SL
BC 29-60" 7.5 0.42 2.17 0.90 1.32 1.07 <0.01 0.01 0.7 22.4 80 10 10 65 SL

A 0-8" 6.4 0.34 1.79 0.85 0.29 0.25 <0.01 0.06 1.5 20.0 65 23 12 20 SL
Bt 1 8-14" 6.5 0.32 1.59 0.83 0.70 0.64 <0.01 0.09 0.9 27.5 60 22 18 50 SL
Bt 2 14-24" 6.5 0.56 0.95 0.45 1.75 2.09 <0.01 0.20 0.4 51.1 42 14 44 40 C
BC 24-60" 7.7 0.53 0.76 0.47 4.16 5.30 <0.01 0.05 3.0 25.5 72 7 21 60 SCL

A 0-7" 7.5 0.44 3.44 0.96 0.26 0.18 <0.01 0.09 1.3 28.2 58 24 18 7 SL
C1 7-43" 7.5 0.24 1.51 0.54 0.33 0.33 <0.01 0.04 1.1 20.8 88 5 7 32 LS
C2 43-62" 7.3 0.34 1.42 0.53 1.30 1.32 <0.01 0.04 1.3 24.8 66 22 12 5 SL

A, C1, C2 0-35" 7.6 0.37 2.94 0.44 0.26 0.20 <0.01 0.09 3.1 22.9 90 5 5 70 S
C3 35-55" 7.7 0.51 3.90 0.67 0.40 0.26 0.01 0.14 4.0 30.5 52 42 6 5 SL

1D-4 Grab 6.1 1.27 7.56 4.39 2.38 0.97 <0.01 0.03 0.9 17.8 87 10 3 60 S
1D-5 Grab 6.2 0.94 6.43 2.36 1.47 0.70 <0.01 0.04 0.9 19.4 84 11 5 40 LS
1D-6 Grab 6.7 1.96 15.00 6.06 4.43 1.37 <0.01 0.03 1.2 19.5 84 12 4 15 LS

1D-1 -- 5.7 0.63 2.52 1.31 1.23 0.89 <0.01 0.05 0.8 20.8 79 13 8 ND LS
1D-2 -- 5.1 0.75 4.67 2.29 0.51 0.27 <0.01 0.03 0.8 20.5 85 10 5 ND LS
1D-3 -- 5.9 0.56 2.88 1.33 1.44 0.99 <0.01 0.03 1 21.3 84 11 5 ND LS

SP1D-02 -- 5.7 1.17 7.61 3.97 1.86 0.77 <0.01 0.02 ND 21.8 80 11 9 ND LS
SP1D-03 -- 6.5 0.16 2.39 1.24 1.07 0.79 <0.01 0.02 0.4 23.2 80 12 8 ND LS
SP1D-09 -- 6.2 0.53 2.96 1.42 0.69 0.47 <0.01 0.03 BA 18.5 86 7 7 ND LS
SP1D-15 -- 6.3 0.41 2.24 0.9 0.68 0.54 <0.04 0.02 NA 19.1 82 10 8 ND LS
Notes:
Table adapted from DBS&A, 1997a
a Depths for soil horizons are in inches; depths for the underlying geologic layers are in feet.
b texture = USDA texture class according to Soil Survey Division Staff (1993)

in = inches
ft = feet
dS/m = deciSiemens per meter
meq/L = milliequivalents per liter
mg/kg = milligrams per kilogram

1D (5A) Stockpile

Test Pit 17, Map Unit 40

Test Pit 18, Map Unit 40

Test Pit 19, Map Unit 20

Test Pit 21, Map Unit 10

Pit Wall Gila Conglomerate

DBS&A Chem and Phys Prop (C-1) Golder Associates Page 3 of 3



October 2005
TABLE C-2

SUMMARY OF SOIL HYDRAULIC PROPERTIES FOR TYRONE BORROW MATERIALS

 053-2016

Sand Silt Clay
Rock

Fragmentsb 

(Vol %)
<2mm Whole Soil <2mm Whole 

Soil <2mm Whole Soil <2mm Whole 
Soil <2mm Whole 

Soil

1D-1 GC 87 10 3 67 S 7.30E-03 1.80E-03 0.03 0.010 0.43 0.142 0.17 0.056 0.07 0.023
1D-5 GC 84 11 5 67 LS 5.90E-02 1.46E-02 0 0 0.53 0.175 0.16 0.053 0.07 0.023

TP-1  0-2.5 Alluv 26 54 20 10 SiL 3.30E-05 2.83E-05 0 0 0.45 0.405 0.34 0.306 0.17 0.153
TP-2  4-13 Alluv 71 22 7 10 SL 5.50E-04 4.71E-04 0.03 0.027 0.41 0.369 0.22 0.198 0.10 0.090
TP-3  1-9 Alluv 77 16 7 10 LS 6.90E-03 5.91E-03 0.05 0.045 0.45 0.405 0.20 0.180 0.08 0.072
TP-3  9-14 Alluv 49 39 12 50 LS 2.90E-04 1.16E-04 0.03 0.015 0.49 0.245 0.27 0.135 0.11 0.055

TP-4  2.5-5.14 Alluv 48 45 7 55 LS 1.60E-04 5.65E-05 0.03 0.014 0.34 0.153 0.21 0.095 0.08 0.036
TP-8  0.1-4.95 GC 37 33 30 37 CL 1.50E-05 7.97E-06 0 0 0.46 0.290 0.40 0.252 0.22 0.139

TP-8  4-12 GC 72 21 7 65 SL 4.20E-04 1.11E-04 0 0 0.51 0.179 0.29 0.102 0.14 0.049
TP-9  4-8 GC 60 15 25 2 SCL 2.70E-03 2.62E-03 0 0 0.6 0.588 0.25 0.245 0.12 0.118
TP-10  2-8 GC 54 28 18 25 SL 1.00E-03 6.67E-04 0.04 0.030 0.46 0.345 0.19 0.143 0.08 0.060
TP-10  8-18 GC 52 35 13 15 LS 1.30E-05 1.03E-05 0 0 0.39 0.332 0.25 0.213 0.12 0.102
TP-11  4-16 GC 57 20 23 60 SCL 2.50E-05 7.69E-06 0 0 0.43 0.172 0.29 0.116 0.15 0.060
TP-13 2.5-6 Alluv 88 8 4 60 S 5.70E-03 1.75E-03 0 0 0.38 0.152 0.20 0.080 0.07 0.028
TP-13 6-14 Alluv 94 3 3 0 S 4.00E-03 4.00E-03 0 0 0.37 0.370 0.09 0.090 0.03 0.030
TP-14 0-20 GC 65 18 17 30 SL 5.10E-04 3.10E-04 0 0 0.46 0.322 0.24 0.168 0.11 0.077
TP-17 2-20 GC 76 13 11 13 SL 4.70E-04 3.84E-04 0.02 0.017 0.34 0.296 0.15 0.131 0.06 0.052
TP-18 2-5 GC 72 7 21 40 SCL 1.00E-04 5.00E-05 0 0 0.41 0.246 0.27 0.162 0.16 0.096
TP-19 2-11 Alluv 66 22 12 5 SL 4.90E-04 4.54E-04 0 0 0.37 0.352 0.23 0.219 0.10 0.095
TP-21  5-14 Alluv 52 42 6 67 SL 1.70E-03 4.20E-04 0 0 0.39 0.129 0.24 0.079 0.10 0.033

Notes:

a    GC = Gila Conglomerate
      Alluv = Alluvium
b   Total rock fragments includes field estimate of materials >3''
c    Texture = USDA texture class according to Soil Survey Division Staff (1993)  
d   �r = residual moisture content
     �s = saturated moisture content
     �1/3 = 1/3 bar moisture content
     �15 = 15 bar moisture content

Texturec

Particle Size Distribution (%) Ksat  (cm/s) Volumetric Water Contentd (cm 3 /cm 3 )
�r �s �1/3 �15

Table adapted from DBS&A, 1999

Sample ID Type a

Tyrone Soil_Borrow Hydro Props (C-2) Golder Associates



October 2005 TABLE C-3
ACID-BASE ACCOUNT AND SULFUR FORMS FOR 

SELECTED GILA CONGLOMERATE AND ASSOCIATED SOILS

 053-2016

ANP AGP ABA H2O HCl HNO3 Residual Total 
TP-13 6-14 7.9 4 <1 4 <0.01 <0.01 <0.01 <0.01 <0.01
TP-15 9-12.5 7.9 42 <1 42 <0.01 <0.01 <0.01 <0.01 <0.01
1D-4 Grab 6.1 9 <1 9 0.01 <0.01 0.01 0.01 0.03
1D-5 Grab 6.2 9 <1 9 0.02 <0.01 0.01 <0.01 0.03
1D-6 Grab 6.7 12 <1 12 0.20 <0.01 <0.01 <0.01 0.02
Notes:

Table adapted from DBS&A, 1997
ft bgs = feet below ground surface
ANP = acid-neutralization potential, in tons CaCO3 per 1,000 tons
AGP = acid-generation potential, in tons CaCO3 per 1,000 tons 
ABA = acid-base accounting = ANP - AGP, in tons CaCO3 per 1,000 tons
CaCO3 = calcium carbonate

Sample 
ID

Depth 
(ft bgs)

Extractable Sulfur Forms (%)Saturated 
Paste pH

Acid-Base Account          
(t CaCO 3 /kt)

ABA for GC (DBSA)(C-3) Golder Associates



October 2005
TABLE C-4

CHEMICAL AND PHYSICAL PROPERTIES OF SELECTED SAMPLES 
FROM THE CONCENTRATOR/MILL DEMOLITION BORROW INVESTIGATION

 053-2016

Sand   Silt    Clay  
Rock 

Fragments 
(vol %)

pH   EC        
(dS/m) 

mg/kg lb/ac-ft mg/kg lb/ac-ft

TP-M1 Bulk 76 11 13 71 SL 20.2 6.3 0.39 0.5 3 12 <1 <4
TP-M2 Bulk 74 11 15 53 SL 20.5 6.4 0.32 0.5 3 12 <1 <4
TP-M3 Bulk 76 11 13 46 SL 19.4 6.6 0.21 0.5 2 8 <1 <4
TP-M4 Bulk 78 11 11 52 SL 18.9 5.8 0.36 0.4 4 16 <1 <4
TP-N1 Bulk 79 10 11 21 SL 16.3 7.2 0.27 0.7 3 12 <1 <4
TP-N2 Bulk 78 7 15 22 SL 18.2 7.1 0.32 0.6 3 12 <1 <4
TP-R1 Bulk 78 11 11 19 SL 17.6 5.1 0.45 0.5 11 44 <1 <4
TP-R2 Bulk 77 10 13 20 SL 19.6 7.3 0.54 0.9 4 16 <1 <4
TP-R3 Bulk 78 7 15 21 SL 19.8 6.0 1.61 0.5 7 28 <1 <4

Notes:
Golder, 2005
ft bgs = feet below ground surface
EC = electrical conductivity
dS/m = deciSiemens per meter
mg/kg = milligrams per kilograms
lb/ac-ft = pounds per acre-feet

CaCO3 

(%)

Phosphorus Nitrate
Saturation 
Percentage  
(% water)

Saturated Paste
Sample 

ID
Depth       
(ft bgs)

Texture

Particle Size (%)

Mill(C-4) Golder Associates



October 2005 TABLE C-5
CHEMICAL AND PHYSICAL PROPERTIES OF LEACHED CAP

 SAMPLES FROM THE TYRONE AND LITTLE ROCK MINE

 053-2016

Sand Silt Clay
Rock 

Fragmentsa

(vol %)
pH EC

(dS/m) 

TySCMP-1 Bulk 74 12 14 55 SL 25.6 6.7 0.36 <0.1
TySCMP-2 Bulk 68 15 17 60 SL 24.8 6.1 0.29 <0.1
TyNCMP-1 Bulk 66 18 16 65 SL NA 5.9 0.52 <0.1
TyNCMP-2 Bulk 67 16 24 60 SCL NA 4.9 0.68 <0.1
TyCMS-R1 Bulk 77 13 10 NA SL 26.5 6.2 0.33 1.3
TyCMS-R2 Bulk 86 9 5 NA LS 25.9 6.5 0.23 1.0
TyCMS-R3 Bulk 74 13 13 NA SL 25.4 7.4 0.46 0.8
TyCMS-D1 Bulk 78 13 9 NA SL 23.5 5.8 0.28 0.2

TyLC-1 Bulk 56 23 21 67 SCL NA NA NA NA
TyLC-2 Bulk 70 19 11 69 SL NA NA NA NA
TyLC-3 Bulk 62 19 19 72 SL NA NA NA NA
TyLC-4 Bulk 62 21 17 52 SL NA NA NA NA
TyLC-5 Bulk 68 21 11 54 SL NA NA NA NA

LRSP-1 0-0.5 65 19 16 59 SL NA 5.7 0.12 0.9
LRSP-2 0-0.5 67 19 14 65 SL NA 5.8 0.14 0.9
LRSP-3 0-0.5 72 16 12 64 SL NA 7.1 0.25 1.1
LRSP-4 0-0.5 60 24 16 52 SL NA 5.5 0.14 0.5
LRSP-5 0-0.5 70 16 14 46 SL NA 5.7 0.12 0.9
LRSP-6 0-0.5 80 10 10 66 SL NA 5.6 0.15 0.7
LROB-1  4-5 72 15 13 64 SL NA 6.8 0.65 1.1
LROB-2  4-5 74 13 13 65 SL NA 6.7 0.21 1.0
LROB-3  4-5 70 13 17 64 SL NA 6.2 0.22 1.0
LROB-4  4-5 72 13 15 52 SL NA 6.6 0.27 1.3
LROB-5  4-5 68 21 11 46 SL NA 6.0 0.87 0.6

Notes:
a  Total rock fragments includes field estimate of materials >3''

ft bgs = feet below ground surface
dS/m = deciSiemens per meter

Little Rock Mine

Saturation 
Percentage    
(% water)

Saturated Paste
CaCO3

(%)
Sample ID Depth

(ft bgs)
Texture

Particle Size Distribution  (%)

Tyrone Leach Cap

Leach Cap Chem and Phys Prop(C-5) Golder Associates



October 2005 TABLE C-6
ACID-BASE ACCOUNT AND SULFUR FORMS FOR TYRONE AND LITTLE ROCK LEACHED CAP

053-2016

ANP AGP ABA Total H2O HCL HNO3 Residual
TySCMP-1 Bulk 6.7 22 <0.3 22 <0.01 <0.01 <0.01 <0.01 <0.01
TySCMP-2 Bulk 6.1 18 <0.3 18 <0.01 <0.01 <0.01 <0.01 <0.01
TyCMS-R1 Bulk 6.2 13 <0.3 13 0.02 0.02 <0.01 <0.01 <0.01
TyCMS-R2 Bulk 6.5 10 <0.3 10 <0.01 <0.01 <0.01 <0.01 <0.01
TyCMS-R3 Bulk 7.4 8 <0.3 8 <0.01 <0.01 <0.01 <0.01 <0.01
TyCMS-D1 Bulk 5.8 2 <0.3 1 0.03 0.01 <0.01 0.02 <0.01

Notes:
ft bgs = feet below ground surface
ANP = acid neutralization potential
AGP = acid generation potential
ABA = acid-base accounting
t CaCO3/kt = tons calcium carbonate per kiloton

Extractable Sulfur Forms (%)Saturated 
Paste pH

Depth      
(ft bgs)

Sample ID
Acid-Base Account             

(t CaCO 3 /kt)

Leach Cap ABA account(c-6) Golder Associates



October 2005

TABLE C-7
AB-DTPA EXTRACTABLE CONSTITUENTS FROM TYRONE AND LITTLE ROCK LEACHED CAP

 053-2016

As         Cd          Cu          Pb          Mn           Hg          Mo         Ni          
TyCMS-R1 Bulk <1 <0.01 38 0.25 11.6 <0.05 0.55 0.08
TyCMS-R2 Bulk <1 0.03 25 0.63 34.0 <0.05 0.24 0.09
TyCMS-R3 Bulk <1 0.02 35 5.37 31.6 <0.05 0.48 0.08
TyCMS-D1 Bulk <1 0.04 47 2.48 28.8 <0.05 0.91 0.10

LROB-2  4-5 <1 0.06 141 0.95 16.6 <0.05 0.16 0.29
LROB-3  4-5 <1 0.03 61 1.46 14.1 <0.05 0.17 0.06
LROB-4  4-5 <1 0.03 125 0.89 15.4 <0.05 0.14 0.05
LROB-5  4-5 <1 0.03 44 3.52 13.7 <0.05 0.19 0.09
LRPB-1 0-0.5 <1 0.03 324 1.20 17.3 <0.05 0.09 0.05
LRPB-2 0-0.5 <1 0.02 63 0.73 13.5 <0.05 0.10 0.04
CD-3A 272-275 <1 0.04 68 1.38 27.0 <0.05 0.36 0.06
BX-3 269-272 <1 0.07 14 0.72 51.6 <0.05 0.38 0.07

Notes:
ft bgs = feet below ground surface
mg/kg = milligrams per kilogram

mg/kg
Sample ID Depth                     

(ft bgs)

Leach Cap Extr Metals(C-7) Golder Associates




