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1.0 INTRODUCTION AND BACKGROUND 

This report presents an addendum to the 2007 Geotechnical Study report (Tetra Tech, 2007) 
prepared for the Rosemont Copper Project (Project) owned by Rosemont Copper Company 
(Rosemont). 
 
The Project site is located approximately 30 miles southeast of Tucson, west of State Highway 
83 on the east slope of the Santa Rita Mountains in Pima County. In geographical terms, the 
Rosemont Property location coordinates are approximately 31º 50’N and 110º 45’W. Access to 
the property is from Interstate 10 to State Highway 83 south, then west on Forest Road (FR) 
231 (Figure 1). 

1.1  Project Description  
The Project will be developed as an open pit mine with a milling and processing plant for 
approximately 546 million tons (Mt) of sulfide ore concurrent with copper leaching of 
approximately 75 Mt of oxide ore in approximately 20 to 25 years of production. Tailings from 
the milling process will be dewatered using conventional tailings thickeners and then further 
dewatered using a filtration process before being transported to a designated dry stack disposal 
facility. Waste rock quantities of about 1,232 Mt will be generated as part of the mining 
operation. The production numbers stated are from the 2008 in-fill drilling campaign and vary 
slightly from the 2007 feasibility study and Mine Plan of Operations. 
   
Open pit mining techniques will be used to mine and access the ore, including the non-
ore/waste materials. Overburden and the waste materials will be transported by haul truck to the 
Waste Rock Storage Area. Sulfide ores will be hauled to a crusher, crushed, and subsequently 
conveyed to a mill for further processing. As indicated above, tailings generated from the milling 
process will be placed in a dry stack tailings facility. Thickener underflow slurry will be pumped 
to the filter plant where moisture content will be reduced from 40 to 50% water by weight to 
about 15 to 20% moisture. From the filter plant, the tailings will then be transported and placed 
by conveyor in the tailings storage area. 
 
The deposition of dry tailings, waste rock, and overburden will be initiated with a series of starter 
buttresses that are designed to reduce visual impacts from State Highway 83 and allow 
reclamation of the facilities to begin within the first year of operation. Waste rock and tailings will 
be deposited behind, i.e. to the west of, the starter buttress during the life of the mine. 

1.2  Authorization and Scope of Work 
In August of 2006, Rosemont (a subsidiary of Augusta Resource Corporation) authorized Tetra 
Tech (previously known as Vector Arizona) to complete a geotechnical investigation on 
patented claims and fee lands in support of feasibility-level designs of a Heap Leach Pad and 
associated ponds, Dry Stack Tailings Facilities, Plant Site facilities, a Waste Rock Storage Area, 
and various water management facilities. In March of 2008, the Coronado National Forest 
(CNF) granted approval to complete an additional geotechnical investigation by Tetra Tech and 
a hydrogeological investigation by Errol L. Montgomery & Associates, Inc. on forest service 
land. This report presents findings the from both the 2006 and 2008 geotechnical investigations. 
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2.0 GEOTECHNICAL SITE INVESTIGATIONS 

Figure 1 shows the general location of the Rosemont Project and Figure 2 provides general 
nomenclature associated with the geotechnical investigation program. The geology of the 
Project site is shown on Figure 3, and an overview of the site investigation work is shown on 
Figure 4. Figures 5 through 9 illustrate the location of several geological/geotechnical cross 
sections generated through the various facilities. The cross section profiles are provided on 
Figures 10 through 55. The geotechnical information presented on figures herein include data 
collected from both the 2007 and 2008 investigations.  
 
The primary objectives of the site investigation work included: 
 

 Determining bedrock material properties including in-situ permeability and rippability; 

 Determining overburden soil material properties including in-situ permeability and 
relative density;  

 Providing engineering properties of materials for the design of structure foundations; and 

 Estimating the quantity and quality of proposed borrow materials for facilities 
construction, including granular soils and rock materials. 

2.1 General Facility Descriptions 
The facility layouts presented in this report are based on the 2007 Feasibility Study Designs. 
Geotechnical investigations were performed for the following facilities and areas: 

 Plant Site and supporting facilities including: Primary Crusher, PWTS Pond, and Mine 
Truck Shops; 

 Heap Leach Pad and associated ponds; 
 North and South Dry Stack Tailing Facilities; and 

 Waste Rock Storage Area. 
 
Appendix A presents photographs of the existing conditions at the Project site taken during site 
investigations. Descriptions of the proposed facilities and operation are included with each 
photograph. 

2.2 Geotechnical Field Program 

2.2.1 General 
Initial geotechnical site investigations were conducted between November 2006 and March 
2007. This initial site investigation included borehole drilling, test pit excavations, surface 
geology mapping, field penetration and hydraulic testing, geotechnical logging of boreholes, 
seismic refraction surveys, and laboratory testing of selected samples. A total of ten (10) 
boreholes, 33 test pits, and 18 miles of seismic refraction lines were conducted during this initial 
phase of the work. The boreholes and test pits were confined to the limits of private land 
(patented claims and fee lands) while the seismic refraction survey was conducted on both 
private and forest service land. 
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From May 2008 through July of 2008, Tetra Tech conducted a second geotechnical 
investigation that included borehole drilling, field penetration and hydraulic testing, geotechnical 
logging of boreholes, peizometer installations, magnetic surveys, and laboratory testing of 
selected samples. A total of 19 boreholes were completed at 15 drill sites located on forest 
service land. Due to the restricted amount of ground disturbance allowed on the forest service 
land, 13 of the 15 drill sites were located along existing dirt roads. Two (2) new access roads 
were constructed in order to reach drill sites located within the Plant Site area and the footprint 
of the proposed Primary Crusher. 

2.2.2 Geological Mapping 
The base geological map for the Project area (Figure 3) was derived from a study completed by 
the Arizona Geological Survey (Johnson and Ferguson, 2006). Geological data in peripheral 
areas was obtained from published mapping completed by the United States Geological Survey 
(Drewes, 1971 and Drewes, 2002). Fieldwork implemented by Tetra Tech included mapping of 
bedrock outcrops and the extent of surficial materials within the Plant Site and Heap Leach 
areas. Mapping completed by Tetra Tech personnel and consultants included: identifying rock 
types, delineating the extent of geologic contacts, and mapping structural orientations of  the 
bedrock and faults. The resulting geology map is presented in Figure 3. The descriptions for 
each geologic unit shown on this map are included in Section 3.2. 
 
The general physiographic setting and general geology of the Project area is discussed in 
Section 3.0. A detailed discussion of the regional site seismicity is contained in the Geologic 
Hazards Assessment (Tetra Tech, June 2007).  

2.2.3 Boreholes 
Both surficial materials and rock materials recovered during the drilling process were logged 
geotechnically using a combination of the Unified Soil Classification System (USCS) for soils 
and the United States Bureau of Reclamation (USBR) field manual for rock. Borehole logs 
consist of a geotechnical description of the material, measurements of total recovery, Standard 
Penetration Tests (SPT), and the Rock Quality Designation (RQD).  Geotechnical descriptions 
contain standard notations for rock and soil types; strength or relative density (in the case of 
granular soils), the spacing of fractures, and the condition of the fractures (planarity, roughness, 
and nature of infill and wall alteration). 

2.2.3.1 2006-2007 Investigation (Private Land) 

In the 2006-2007 geotechnical investigation, a total of 877 feet from ten (10) boreholes were 
drilled at the locations shown on Figure 4. The boreholes were drilled by NQ3 wireline coring 
techniques, while surficial materials were drilled with hollow stem augers before coring 
commenced. All of the boreholes were drilled using a CME-75HD truck mounted rig. The 2006-
2007 drilling program is summarized in Table 2.1. Logs and photographs of the core samples 
are presented in Appendix B1 and Appendix C, respectively. 
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Table 2.1 Summary of 2006-2007 Boreholes 
Borehole 

No. 
Completion 
Depth (ft) 

Depth to 
Bedrock (ft) Location Description Facility Area 

VABH-06-01 102.2 At surface Top of small hill north of 
Rosemont Ranch. Dry Stack Tailings 

VABH-06-02 101 85 Floodplain of wash south of 
Rosemont Ranch 

Waste Rock 
Storage Area 

VABH-06-03 156 27 Floodplain of wash at Rosemont 
Junction Dry Stack Tailings 

VABH-06-04 166.5 45 In small drainage near corrals at 
Rosemont Ranch Heap Leach  

VABH-06-05 20 Not encountered In small drainage (14 feet from 
VABH-06-04) Heap Leach  

VABH-06-06 50 Not encountered Floodplain of wash near white 
tank at Rosemont Ranch 

Waste Rock 
Storage Area 

VABH-06-07 81 40 Along dirt road at Hidden Valley 
Ranch 

Primary Access 
road 

VABH-06-08 56 At surface Western side of proposed pit Potential quarry 
site 

VABH-06-09 46 At surface Northeastern side of proposed pit Potential quarry 
site 

VABH-07-01 99 At surface Along hillside Plant Site 

2.2.3.2 2008 Investigation (Forest Service Land) 

In the 2008 geotechnical investigation, a total of 827 feet from 19 boreholes were drilled at the 
locations shown on Figure 4. The boreholes were completed using CME-75HD track and truck 
mounted rigs. Overburden materials were drilled using hollow stem augers in all but three (3) of 
the boreholes. Those holes were drilled using an air hammer method called TUBEX due to the 
presence of large boulders and cobbles located within the Gila Conglomerate. NQ3 wireline 
coring techniques were used to collect samples of bedrock in all boreholes. The 2008 drilling 
program is summarized in Table 2.2. Logs and photographs for each borehole are presented in 
Appendix B1 and Appendix C, respectively. 
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Table 2.2 Summary of 2008 Boreholes 
Borehole 

No. 
Completion 
Depth (ft) 

Depth to 
Bedrock (ft) 

Location 
Description Facility Area 

TTBH-08-01 115.5 Not encountered Top of hill East of Dry Stack Tailings 

TTBH-08-02 198.5 29.5 Along hillside Plant Site 

TTBH-08-03 126.5 9.0 In saddle North of Dry Stack Tailings 

TTBH-08-04 101 Not encountered Top of ridge Waste Rock Storage Area 

TTBH-08-05 39 Not encountered Top of ridge Waste Rock Storage Area 

TTBH-08-05A 115 Not encountered Top of ridge Waste Rock Storage Area 

TTBH-08-06 122 49.5 Top of ridge Dry Stack Tailings 

TTBH-08-07 123 15.3 In wash East of Dry Stack Tailings 

TTBH-08-08 123.3 13 In wash Dry Stack Tailings 

TTBH-08-08A 14 14 In wash Dry Stack Tailings 

TTBH-08-08B 15 15 In wash Dry Stack Tailings 

TTBH-08-08C 14.7 14.7 In wash Dry Stack Tailings 

TTBH-08-09 97 24.5 In wash Dry Stack Tailings 

TTBH-08-10 123 14 In wash Plant Site 

TTBH-08-11 123.5 54 In wash Dry Stack Tailings 

TTBH-08-12 123.5 14.5 Side of ridge Dry Stack Tailings 

TTBH-08-13 113.5 Not encountered Top of ridge Waste Rock Storage Area 

TTBH-08-14 110.25 Not encountered Top of ridge Waste Rock Storage Area 

TTBH-08-15 200.75 At surface Top of hill Primary Crusher 

2.2.4 Field Penetration Tests 
Standard Penetration Tests (SPT) were conducted for soils that were encountered within the 
boreholes. The SPTs were performed using either a Modified California Sampler (2 inch ID) or a 
Split Spoon Sampler (1.5 inch ID) and a 140 pound hammer. Samples obtained during the 
testing were logged using USCS methods, and selected samples were sent to a laboratory for 
further analyses. Blow counts obtained from the SPT testing were corrected to SPT N-values 
using published correlations. Corrected blow counts are presented and discussed in Section 
3.7. 

2.2.5 Field Hydraulic Testing 
During the 2006-2007 site investigation, packer testing was performed in five (5) bedrock zones 
within three (3) boreholes. Falling head tests were also conducted in unconsolidated alluvium 
materials in two (2) boreholes. 
 
During the 2008 site investigation, packer testing was performed in eight (8) bedrock zones 
within four (4) boreholes. Falling head tests were conducted in unconsolidated alluvium 
materials in four (4) boreholes. 
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The packer tests conducted at the site are essentially constant head permeability tests used to 
estimate the hydraulic conductivity of the bedrock. After the test zone was isolated using two 
inflatable packers, water was injected at a constant pressure into a pipe which transmitted the 
water through the packer and into the open borehole. Hydraulic conductivity is then computed 
using the test pressure, steady flow rate, and geometric information (e.g. hole radius, length of 
test interval, etc.). Packer testing results are discussed in Section 3.7 and shown on the 
applicable borehole logs in Appendix B1. 
 
Hydraulic conductivities of overburden or unsaturated media were estimated from falling head 
test data. Falling head tests were conducted by filling the borehole with water and measuring 
the change in water level over time. The hydraulic conductivity was then calculated using the 
Field Permeability Test Methods with Applications to Solution Mining by Woodward-Clyde 
Consultants (August 1977). Results of the falling head tests are discussed in Section 3.7 and 
shown on the applicable borehole logs in Appendix B1. 

2.2.6 Peizometer Installation 
During the 2008 site investigation, one (1) borehole (TTBH-08-08C) was completed as a 
piezometer. This borehole is located on the upstream side of a small concrete check dam within 
McCleary Canyon. The piezometer was installed within the alluvium material above bedrock and 
was screened between 9.7 to 14.7 feet. A well diagram is provided on the log in Appendix B1. 
All other holes where abandoned according the Arizona Department of Water Resources 
(ADWR) methods. 

2.2.7 Test Pits 
In 2006-2007, a total of 33 test pits were excavated using a John Deere 200C LC track hoe at 
the locations shown on Figure 4. Stratigraphic logs for each of the pits are included in Appendix 
D, and a number of representative photographs are presented in Appendix E. When the test pits 
were completed, samples from selected locations where sent for laboratory testing to obtain 
material properties for use in design analyses. No test pits were completed during the 2008 site 
investigation. 

2.2.8 Exploration and Condemnation Drilling 
A total of 70 exploration/condemnation holes drilled by Rosemont and previous owners were 
used by Tetra Tech to determine lithologic units. The original hand written logs were transcribed 
into gINT (a geo-data management and reporting program) by Tetra Tech. These transcribed 
logs are provided in Appendix B2. 

2.2.9 Geophysical Investigations 
A total of 31 seismic refraction profiles encompassing 18 miles were completed across the 
Project site in December 2006 through January 2007 by Zonge Geosciences, Inc. using 
refraction tomography methods. The seismic refraction profiles were created in designated 
areas to determine the substratum morphology in the proposed facility locations. Six (6) shear 
wave sounding locations were completed using refraction microtremeter methods. These 
soundings were completed within low-lying drainages in order to complete a liquefaction 
analysis. Figures 4 through 8 indicate the location of each seismic refraction line and shear 
wave sounding. Appendix F1 contains the final report and results produced by Zonge for the 
geophysical investigation. The geophysical data was also incorporated into the 
geologic/geotechnical cross sections provided in Figures 10 through 49. Section 3.6 
summarizes the overall results of the geophysical investigation findings. 
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Ten (10) magnetic profiles totaling approximately 40,000 feet were conducted across the Plant 
Site in October of 2008 by Hydrogeophysics, Inc.  The purpose of this study was to better define 
the geologic contacts occurring within the area.  The two (2) magnometers used to conduct the 
survey included a Geometrics G-856 and G-858.  The G-856 magnometer functioned as the 
base station, while the G-858 was used as a roving magnometer to collect the magnetic data.  
The roving magnometer was transported along ten (10) parallel lines spaced approximately 265 
feet apart from each other.  Detailed maps of the magnetic survey layout, profiles, and analysis 
produced by HGI are included in Appendix F2. 

2.2.10 Laboratory Testing 
The laboratory testing program was comprised of determining the grain size distribution, 
Atterberg limits, modified Proctor, and direct shear tests on select samples. The testing was 
conducted to analyze the suitability of on-site soil and rock as foundation materials and in slope 
cuts and fills. Testing was generally performed according to American Society for Testing and 
Materials (ASTM) standards. Soil samples from selected test pits and boreholes were taken to 
the Physical Resource Engineering (PRE) Lab in Tucson, Arizona for standard index testing. 
Soil samples that underwent direct shear testing were sent either to the University of Arizona 
Geotechnical Lab in Tucson, Arizona or Kleinfelder in Tempe, Arizona. A summary table and 
copies of the laboratory testing results are included in Appendix G. Further analyses and 
discussion of the results is provided in Section 3.8.   
 
The results from the sieve analyses and Atterberg Limits were used to classify each material 
type according to the Unified Soil Classification System.  Modified (ASTM D1557) Proctor tests 
were performed to determine the optimum moisture content and corresponding maximum dry 
unit weight of selected samples.   
 
Selected pieces of rock core samples were collected and sent to Call and Nicholas, Inc. in 
Tucson, Arizona or Advanced Terra Testing in Lakewood, Colorado for uniaxial compression 
strength and point load testing. A summary table showing borehole ID, depth within the hole, 
and test type is included in Appendix G.   
 

Table 2.3 summarizes the tests that were conducted for both the soil and rock samples. 

Table 2.3 General Testing  
Test Name Test Method 
Gradation ASTM D6913 & D422 
Minus 200 Sieve ASTM D1140 
Atterberg Limits ASTM D4318 
Natural Moisture Content & Dry Density ASTM D2216 & D2937 
Modified Proctor (Compaction) ASTM D1557 
Standard Proctor (Compaction) ASTM D698B 
Direct Shear (3 points) ASTM D3080 
Unconfined Compressive Strength ASTM D7012 
Point Load Test ASTM D5731 

 
Samples collected in test pits from proposed borrow sources were sent for additional testing as 
listed in Table 2.4 and 2.5.  A discussion of the results is provided in Section 3.13. 
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Table 2.4 Aggregate Testing 
Test Name Test Method 
Grain size analysis ASTM D422 
Specific gravity ASTM D854 
LA abrasion test AASHTO-T96 & ASTM C131 
Absorption ASTM C127 
Sulfate analyses ASTM D516 
Chlorides analyses ASTM D512 
Analyses of total soluble salts ASTM D1889 
Soundness tests ASTM C88 & D5240 
Aggregate reaction ASTM C289 
pH analysis ASTM D4972 
Slake durability ASTM D4644 

 

Table 2.5 Drain Rock Testing 
Test Name Test Method 
Grain size analysis ASTM D422 

Modified Proctor (Compaction) ASTM D1557 
Slake durability ASTM D4644 

 

2.2.11 Field Point Load Testing 
During the 2006-2007 site investigation, point load testing from select core samples was 
conducted in the field by Tetra Tech. The testing was completed using a hydrologic point load 
tester rented from Call and Nicholas, Inc. in Tucson, Arizona. A summary table showing 
borehole ID, depth within the hole, and test results is provided in Appendix G. Uniaxial 
compression strength was calculated for each point load test using International Society for 
Rock Mechanics (ISRM) methods. The calculation methods and results are also provided in 
Appendix G. 
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3.0 INVESTIGATION FINDINGS 

3.1  Physiographic Setting and General Geology 
The Project site lies within the southern portion of the Basin and Range physiographic province, 
an extensional terrain characterized by discontinuous northwest to northeast-trending mountain 
ranges separated by broad, thick, fault-controlled alluvial basins. This region can be subdivided 
into the Sonoran Desert sub-province and Mexican Highland sub-province.  Located in western 
and south-central Arizona, the Sonoran Desert sub-province is generally defined by low 
mountain ranges and broad, mostly undissected valleys. The Mexican Highland sub-province of 
southeastern Arizona and southwestern New Mexico is characterized by greater average 
altitudes, local relief, and basin dissection. The southern portion of the Basin and Range 
physiographic province is separated from the Colorado Plateau by the Transitional zone, which 
is characterized by rugged relief, variably dissected alluvial basins, large mountain ranges, and 
plateau remnants. Located in the Mexican Highland sub-province, the Rosemont Project is 
situated in the northern portion of the Santa Rita Range, near the boundary separating the two 
(2) sub-provinces (Menges and Pearthree, 1989). 
 
The Santa Rita Range and its northern continuation, the Empire Mountains, represent an 
easterly to southeasterly tilted, south-southwest elongated, structural horst, which extends from 
Pantano Wash south to Sonoita Creek. Its western boundary is coincident with the Santa Rita 
Fault, a north to northeast trending normal fault zone. The Santa Rita Fault has juxtaposed 
Tertiary and Quaternary sediments of the Santa Cruz River Basin in its western hanging wall 
against Precambrian to Mesozoic units of its eastern structural footwall. This structural horst can 
be subdivided into three (3) structural domains: the Southern Santa Rita Range, Northern Santa 
Rita Range, and Empire Mountains. Located south of the northwest trending Sawmill Canyon 
Fault Zone, the Southern Santa Rita Range is primarily underlain by a complex assemblage of 
Mesozoic sediments and volcanics cut by large Mesozoic stocks, which are unconformably 
overlain by Tertiary volcanics. North of the Sawmill Canyon Fault zone, the Precambrian 
Continental Granodiorite is unconformably overlain by a steep, east dipping succession of 
Paleozoic marine sediments, which are normally unconformably overlain by late Jurassic to 
early Cretaceous sediments of the Bisbee Group. The Bisbee Group is a thick (>2,500 meters) 
succession of dominantly non-marine clastic sediments, which occupies a series of extensional 
fault-bounded basins throughout much of southeastern Arizona (Dickinson, 1989). A similar 
easterly dipping section of Paleozoic and Mesozoic sediments is exposed in the Empire 
Mountains, which is separated from the northern end of the Santa Rita Range by a moderately 
southeast tilted, complexly faulted assemblage of rhyolitic volcanics and related sediments, 
exposed in the late Cretaceous Mount Fagan Caldera. 
 
The Rosemont Project area is underlain by a north striking, steep, easterly tilted section of 
Cambrian to Permian miogeosynclinal marine sediments (quartzite, limestone, and dolomite). 
Recent evaluation of core derived from historic exploration programs at Rosemont suggests that 
the Bisbee Group structurally overlies the Paleozoic section within the upper plate of an east 
dipping, low angle fault zone. At this locality, Mesozoic sediments of the Bisbee Group include 
the Glance Conglomerate, Willow Canyon Formation, and the Apache Canyon Formation. The 
Glance Conglomerate is composed of a limestone-pebble conglomerate. It is stratigraphically 
overlain by a thick, monotonous succession of arkosic (feldspathic) sandstone and 
conglomerate of the Willow Canyon Formation. Arkosic clastics of the Willow Canyon Formation 
grade upward into the Apache Canyon Formation, a shale and silty mudstone dominated 
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sequence containing subordinate amounts of interbedded dark-gray, thin-bedded, micritic 
limestone and sandstone.  
 
The northeastern portion of the Rosemont Project area lies within the Mount Fagan Caldera, a 
complexly faulted, late Cretaceous dominantly rhyolitic volcanic center, which was subsequently 
tilted 30 to 50 degrees to the southeast by late Tertiary Basin and Range extensional tectonism. 
A dissected alluvial fan, exposed along the eastern flank of the Santa Rita Range, is 
characterized by a gently southeast tilted sequence of Miocene to Pliocene sands and gravels 
of the Gila Conglomerate. The Gila Conglomerate unconformably overlies Mesozoic sediments 
and volcanics of the Bisbee Group and Mount Fagan Caldera in the southeastern portion of the 
Rosemont Project area. 
 
Emplacement of Laramide quartz latite porphyry stocks (~56 million years) resulted in the 
development of large zones of copper-bearing skarn, which host the mineral resource at 
Rosemont as well as several other smaller occurrences within the Rosemont-Helvetia mining 
district. Tectonic history of this region includes at least two (2) periods of extensional (late 
Jurassic to early Cretaceous and late Tertiary) deformation and one (1) period of compressional 
(late Cretaceous to early Eocene) deformation, which have resulted in the district’s complex 
structural setting. 
 
A simplified stratigraphic section of the Precambrian through early Cretaceous strata at 
Rosemont (Anzalone, 1995) is shown in Illustration 3.1. 
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Illustration 3.1  Rosemont Stratigraphic Section (Anzalone, 1995) 

 
 

3.2 Site Specific Geology 
Mapping completed by Tetra Tech was aided by mapping previously conducted by Hardy 
(1997), Drewes (1971 and 2002), and Johnson and Ferguson (2006). This information was used 
to develop the site geology map shown in Figure 3. The following text provides a detailed 
description for each geologic unit shown on the map. 
 
Hd Disturbed areas (Holocene) Mine dumps, road ballast, and slag deposits. The unit is mainly represented 

by a set of heavily vegetated dumps downslope from the Naragansett Mine. A slag deposit in the southwest 
¼ of section 29 is also included. 

Qa Younger alluvium (Holocene – Late Pleistocene) Alluvium along active streams and washes, locally 
heavily vegetated. In general, the unit includes all alluvium deposits and associated flood-plains incised less 
than 3 meters. 

Qc Colluvium and talus (Holocene – Late Pleistocene) Colluvium and talus consisting of subangular to 



Geotechnical Addendum  Rosemont Copper Company 

Tetra Tech February 2009 12 

angular pebbles, cobbles, and boulders derived from nearby upslope bedrock units. The unit is shown only 
in areas where deposits are extensive or where important bedrock contact relationships are buried. 

Qo Older alluvium (Late Pleistocene?) Weakly consolidated gravel forming terraces and flat-topped 
interfluves. Deposits consist of medium- to thick-bedded, sandy, pebble-cobble gravel with rare boulders, 
ranging from clast-supported to matrix-supported, containing clasts derived from nearby upslope bedrock 
units. The deposits are generally incised between 4-12 meters and locally form cliffs and ledges up to 3  
meters high. The highest terraces show little evidence of calcic soil development. 

Tg Gila Conglomerate (Pliocene? – Miocene) Light brown, generally medium- to thick-bedded, clast-
supported to matrix-supported conglomerate, pebbly sandstone, and sandstone. Clasts range from rounded 
to subangular and consist of quartz sandstone, carbonate, argillite, hornfels, marble, granitic rock, quartz-
feldspar porphyry, and quartz-feldspar phenocryst-rich, welded ash-flow tuff. The clasts reflect the 
composition of nearby bedrock units, including Paleozoic sedimentary rocks, felsic porphyry (TKp), ash-flow 
tuff (Kr), and Proterozoic quartz monzonite (YXg). In the southern part of the map area, intervals containing 
up to 70% subangular to subrounded clasts of potassium feldspar-megacrystic quartz monzonite (YXg) are 
common. These granitoid clasts are not present in the older alluvial terraces (Qo) and are an important 
diagnostic characteristic of the Gila Conglomerate along the mountain front.  >200 meters thick. 

Tv Extrusive Rhyolite and Rhyodacite (Miocene – Late Oligocene) Lava flows, pyroclastic rocks, some 
intercalated epiclastic rocks, and dikes. Mostly gray, fine-grained, porphyritic rocks; includes some very 
coarse feldspar porphyry andesite. Thickness mostly several meters to several tens of meters. 

Tc Conglomerate (Miocene – Eocene?) Mostly reddish-gray poorly indurated to moderately indurated rock 
with subrounded clasts; locally includes some landslide deposits, and some bodies of tuff and coarsely 
porphyritic andesite too small to be mapped separately. Commonly several tens to hundreds of meters 
thick. 

TKg Granodiorite and Quartz Monzonite (Paleogene – Late Cretaceous) Granodiorite and quartz monzonite 
stocks. Aplite and quartz-aplite masses. 

s Skarn (Paleogene – Late Cretaceous?) Skarn and vuggy, calcsilicate hornfels, characterized by intense 
iron-oxide and local clay alteration and strong oxide-copper mineralization. Iron oxide (typically hematite) 
forms dark brown lenses and layers that locally are crudely laminated. In some places, designated as sЄa 
on the map, skarn occurs along the contact between the Bolsa Quartzite (Єb) and the Abrigo Limestone 
(Єa) and was clearly derived from the latter. In other places the protolith is uncertain, possibilities including 
the Abrigo Limestone, Bolsa Quartzite, and Willow Canyon Formation (Kw) 

TKp Quartz-feldspar porphyry (Paleogene – Late Cretaceous) Light gray to pink felsic porphyry containing 8-
15% phenocrysts of anhedral to subhedral quartz (1-5 mm), up to 25% subhedral to euhedral feldspar (3-5 
mm, white to pink), and 1-2% biotite. The biotite forms thin 1-2 mm flakes that commonly weather out of the 
rock. The groundmass ranges from aphanitic to aplitic, is commonly silicified near intrusive contacts, and 
locally exhibits graphic intergrowths of quartz and cryptocrystalline feldspar. The porphyry forms dikes and 
small stocks. 

TKa Andesite porphyry (Paleogene – Late Cretaceous) Strongly altered, fragmental, fine-grained, 
plagioclase-porphyritic andesite or intermediate intrusive porphyry with up to 10% green crystalline lapilli 
inclusions. The unit forms an elliptical outcrop belt located along the margin of the Mt Fagan caldera. The 
age of the unit relative to the Mt Fagan Rhyolite is poorly constrained. The Mt Fagan Rhyolite contains 
andesitic lithic clasts that may be derived from this unit, but it is possible that the clasts were derived from 
andesitic lavas within the Bisbee Group (Km) or other andesitic volcanic rocks that are known to underlie 
the Mt Fagan Rhyolite elsewhere. 

Kr Mount Fagan Rhyolite (Late Cretaceous) (Also called the Salerno Formtaion) Phenocryst-rich ash-flow 
tuff containing up to 40% 1-4mm phenocrysts of quartz, feldspar, and biotite and 1-5% lithic lapilli in a 
welded to non-welded, light-colored matrix. The lithic lapilli consist chiefly of feldspathic sandstone and 
argillite, derived from the Bisbee Group, and fine-grained andesite lava. Other clasts include limestone, and 
phenocryst-rich rhyolite ash-flow tuff that may have been derived from slightly older deposits of the Mount 
Fagan Rhyolite. >1,000m thick. The Mount Fagan Rhyolite megabreccia (Late Cretaceous) are zones of the 
Mt Fagan Rhyolite containing more than 30% lithic blocks larger than 1 meter. Lithic clasts consist mostly of 
feldspathic sandstone and argillite of the Bisbee Group, with subordinate fine-grained andesite. The 
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megabreccia grades over a short distance into zones of clast-supported breccia without ash-flow tuff matrix, 
then into Mt Fagan Rhyolite with sparse lithic clasts. 

Ka Apache Canyon Formation, Bisbee Group (Early Cretaceous) Medium- to thick-bedded sequences of 
shale and laminated silty mudstone with subordinate interbeds of dark gray, laminated to thin-bedded, 
micritic limestone and thin- to thick-bedded feldspathic sandstone. The limestone, which defines the 
formation, is typically fetid and commonly displays slump-folded laminations and beds. The sandstone is 
typically thin- to medium-bedded, fine- to medium-grained, and feldspathic. Many of the sandstone beds are 
plane-bedded with ripple-laminated tops, suggestive of turbidites. The base of the Apache Canyon 
Formation is defined as the lowest appearance of limestone in the Bisbee Group. >400 meters thick. 

Kw Willow Canyon Formation, Bisbee Group (Early Cretaceous) A monotonous succession of medium- to 
coarse-grained, locally granular to pebbly, feldspathic sandstone and argillaceous sandstone with equal to 
subordinate amounts of vuggy, silty mudstone. A distinctive interval of volcaniclastic pebble-cobble 
conglomerate is present near the middle of the unit, below a sequence of mafic lava flows. The 
conglomerate (identified in the database with the symbol Kwc but not mapped separately) contains up to 
70% mafic and intermediate porphyritic igneous clasts along with clasts of chert and quartzose sandstone. 
Sandstone throughout the formation is feldspathic (typically arkosic arenite) and is cross-stratified to plane-
bedded. The sandstone is typically medium- to thick-bedded, but also forms amalgamated tabular sets.  
~2,200 meters thick. 

Km Mafic lava, Bisbee Group (Early Cretaceous) A series of at least three mafic lava flows within the Willow 
Canyon Formation in the northern part of the map area, and within the Glance Conglomerate in the south. 
The flows are massive to amygdaloidal (calcite and quartz) and typically very fine-grained with sparse mafic 
phenocrysts up to 2 mm. The matrix consists of fine-grained microlites of plagioclase.  Individual flows 10-
100 meters thick. 

KJg Glance Conglomerate, Bisbee Group (Late Jurassic and/or Early Cretaceous) Massive to very thick-
bedded, clast-supported conglomerate containing pebbles, cobbles, and locally boulders that reflect the 
composition of underlying Proterozoic through Permian rocks. The basal contact is an angular unconformity 
that climbs up-section to the east. The unit is preserved in three different areas with distinctly different 
settings. In the southwest corner of the map area, it overlies the basal Cambrian nonconformity and 
consists of boulders, cobbles and pebbles of granitic rock and quartz sandstone in a sandy matrix. There 
the conglomerate grades upward, through a fanning dip sequence, into arkosic pebbly sandstone of the 
Willow Canyon Formation. In an adjacent and structurally higher fault block to the east, the Glance overlies 
Late Paleozoic strata and is characterized by thick-bedded, clast-supported, pebble-cobble conglomerate 
with clasts of limestone, argillite, and quartz sandstone. In the west-central part of the map area, an outcrop 
belt of clast-supported conglomerate with limestone pebbles and cobbles is exposed between the Willow 
Canyon Formation and the Concha Limestone, in probable faulted contact with both units. Small outcrops of 
monomict Glance Conglomerate can easily be mistaken for granitic basement in the south and massive 
limestone to the north. 0-300 meters thick. 

KJi Glance Conglomerate clastic dike (Late Jurassic and/or Early Cretaceous) Clast-supported 
conglomerate composed of pebbles and cobbles of quartz sandstone and granitoid rock, forming a narrow, 
elongate outcrop approximately 40 m long in the southwest corner of the map area, surrounded by quartz 
monzonite of unit YXg. The exposure might represent a fault sliver, but fairly well-exposed, somewhat 
irregular contacts show no evidence of faulting, and the outcrop is tentatively interpreted as a clastic dike. 

KTbp Breccia Pipe (Paleogene- Late Cretaceous) Strongly hematitic hydrothermal breccia, consisting of arkosic 
sandstone clasts from the Willow Canyon formation within a vuggy, strongly siliceous, fine grained matrix. 

Prv Rain Valley Formation, Naco Group (Permian) Gray, medium- to thick-bedded limestone, intercalated 
with subordinate thin-bedded to laminated, locally ripple-laminated, fine-grained sandstone and siltstone. 
The unit includes intervals of light gray, fine- to very fine-grained, thick-bedded quartz sandstone in the 
lower part. 100 meters thick. 

Pch Concha Limestone, Naco Group (Permian) Light to medium gray, medium- to thick-bedded, massive to 
planar-laminated, amalgamated, cherty limestone. Chert nodules are characteristically wispy and poorly 
formed, but locally form lenses several m long.  Locally dolomitic, the limestone is mostly micritic but 
includes skeletal wackestone and possible packstone, which locally contain spiculite beds and brachiopod 
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fragments. 200-250 meters thick. 

Pq Quartz sandstone, Naco Group (Permian) Fine- to very fine-grained, white to light gray, thick- to medium-
bedded quartz arenite, intercalated with carbonate tentatively identified as the Concha Limestone. 0-20m 
thick. 

Ps Scherrer Formation, Naco Group (Permian) A unit dominated by light gray to pink, fine-grained, massive, 
quartzose sandstone. Laminations are rarely preserved.  A transitional interval at the top of the unit, locally 
differentiated as the upper Sherrer (Psu), consists of distinctive, cream-colored, medium-bedded, 
dolomicrite, poorly preserved siltstone, and argillaceous carbonate rocks. 100-150 meters thick. 

Pe Epitaph Formation, Naco Group (Permian) A mixed siliciclastic-carbonate unit consisting of purple to 
reddish, thin- to medium-bedded siltstone and silty mudstone, fine-grained, ripple-laminated sandstone, and 
light gray to pink, massive to laminated, medium- to thick-bedded, micritic carbonate. The siliciclastic 
components are commonly metamorphosed to light orange-pink or greenish hornfels, in which bedding is 
defined by recessive lenticular pits up to several cm long or by alternate resistant and recessive 
laminations. 75-120 meters thick. 

Pc Colina Limestone, Naco Group (Permian) Light gray to white, medium- to thick-bedded, amalgamated, 
micritic carbonate and skeletal wackestone, commonly dolomitic. 50-80 meters thick. 

PPe Earp Formation, Naco Group (Permian – Pennsylvanian) A mixed siliciclastic-carbonate unit consisting 
of light reddish brown to light green, thin- to medium-bedded, planar-laminated siltstone, silty mudstone, 
and very fine-grained sandstone, intercalated with light gray to pinkish gray, thick-bedded, micritic limestone 
and skeletal wackestone. The limestone locally contains spicules and is locally dolomitic.  The siliciclastic 
components are commonly metamorphosed to light green or orange-pink hornfels. 150-200 meters thick. 

Ph Horquilla Limestone, Naco Group (Pennsylvanian) Light gray, thin- to thick-bedded, cherty limestone 
with interbeds of dark gray to green silty mudstone and shale that become more abundant up-section.  200-
300 meters thick. 

MD Escabrosa Limestone – Martin Formation undifferentiated (Mississippian – Devonian) Light gray, 
medium- to thick-bedded, amalgamated, massive, locally cherty, recrystallized limestone.  Massive 
dolostone or dolomitic limestone is present in the lower portion locally. Although an unconformity is present 
between the Martin Formation and the Escabrosa Limestone, these units are not preserved well enough in 
this area to distinguish them from one another.  70-170 meters thick. 

Єa Abrigo Formation (Cambrian) A sequence of thin- to medium-bedded limestone with siliceous laminations. 
The lower part contains intercalated fine-grained, parallel-laminated to ripple-laminated, fine-grained 
sandstone, siltstone, silty mudstone and shale. In much of the map area, the unit has in part been 
metamorphosed to light pinkish gray to greenish yellow calcsilicate hornfels, which forms resistant outcrops 
with recessive thin beds, lenses, and laminations. 100-200 meters thick. 

Єb Bolsa Quartzite (Cambrian) Light gray, medium- to fine-grained, thick- to medium-bedded, quartzose 
sandstone that forms cliffs and ledges. The lower part is cross-stratified, commonly coarse-grained, and 
locally feldspathic, with composition apparently ranging from quartz arenite to subarkosic arenite. Pebbly to 
granular beds occur near the base of the unit, which unconformably overlies quartz monzonite of unit YXg. 
The upper part of the Bolsa Quartzite is medium gray, fine-grained, commonly bioturbated with planolites 
ichnofossils, and includes up to 30% silty mudstone and shale near the gradational contact with the 
overlying Abrigo Formation. 80-175 meters thick. 

YXg Quartz monzonite (Early or Middle Proterozoic) Medium-grained quartz monzonite containing 20-35% 
megacrysts of potassium feldspar up to 5 cm long, 30-40% plagioclase, 10-15% quartz, and 15-20% altered 
mafic minerals (epidotized hornblende?).  This unit is also locally known as the Continental Granodiorite. 
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3.3 Field Penetration Testing Results 
In general, the four (4) major overburden materials present on-site include topsoil, alluvium, 
colluvium, and Gila Conglomerate. SPTs were performed using a Modified California Sampler (2 
inch ID) or a Split Spoon Sampler and 140 pound hammer. Blow counts generated from the 
testing were corrected to SPT N-values using published correlations. Table 3.1 presents the 
approximate depths to dense and very dense material as indicated by SPT N-values. 
 
The SPT N-values shown in Table 3.1 indicate medium dense to dense materials were 
encountered in the boreholes. The results of the SPT sampling indicate that several of the 
boreholes contained very dense materials at depths ranging from 5 to 45 feet below ground 
surface (bgs).   

Table 3.1 Summary of SPT Testing  

Borehole No. 
Depth to Medium 

Dense (ft) 
SPT N 10 - 30 

Depth to Dense 
(ft) 

SPT N 30 - 50 

Depth to Very 
Dense (ft) 

N >50 
Facility Area 

VABH-06-02 15 40 45 Waste Rock 
Storage Area 

VABH-06-03 5 25 29 Dry Stack Tailings 

VABH-06-04 15 - 20 Heap leach 

VABH-06-05 10 - 15 Heap leach 

VABH-06-06 35 - 40 Waste Rock 
Storage Area 

TTBH-08-01 - 5 10 Waste Rock 
Storage Area 

TTBH-08-02 - - 10 Plant Site 

TTBH-08-03 - - 5 Waste Rock 
Storage Area 

TTBH-08-04 - - 5 

TTBH-08-05 - - 5 

TTBH-08-05A - - 5 

Waste Rock 
Storage Area 

TTBH-08-06 - 40 45 

TTBH-08-07 10 - 15 

TTBH-08-08 5 - 10 

TTBH-08-08A 5 7 10 

TTBH-08-08B 5 - 10 

TTBH-08-08C 5 10 - 

TTBH-08-09 - 5 10 

Dry Stack Tailings 

TTBH-08-10 - 5 10 Plant Site 

TTBH-08-11 20 25 40 

TTBH-08-12 - - 5 
Dry Stack Tailings 

TTBH-08-13 - - 5 

TTBH-08-14 - - 5 
Waste Rock 
Storage Area 
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3.4 RQD Measurement Results 
Rock Quality Designation (RQD) was measured and calculated by Tetra Tech for rock core 
derived from all boreholes in which rock coring was completed. RQD values were calculated by 
summing the length of core greater than or equal to four (4) inches and then dividing by the total 
core run length. RQD values represent rock conditions and the physical characteristics of the 
rock mass. They are also helpful in determining the strength, deformation, and permeability of 
the rock. Table 3.2 summarizes the average, maximum, and minimum RQD values determined 
for each borehole location. 
 
The average RQD (%) values in the Apache Canyon formation ranged from 57 to 67, the Mount 
Fagan group ranged from 29 to 65, and the Willow Canyon formation ranged from 4 to 66. One 
core run in Quartzite gave a RQD of 12. RQD = 0 indicates that all of the rock core segments 
were less than 4 inches for the entire run.  RQD numbers for each core run is provided in the 
borehole logs in Appendix B.1. 

Table 3.2 Summary of RQD Measurements 

Borehole 
No. 

Average 
RDQ (%) 

Maximum 
RQD (%) 

Minimum 
RQD (%) 

Geologic 
Formation Facility Area 

VABH-06-01 62 83 17 Dry Stack Tailings 
VABH-06-03 67 98 32 Dry Stack Tailings 
VABH-06-04 57 100 0 

Apache 
Canyon 

Heap leach 
VABH-06-07 65 95 17 Mount Fagan Access road 
VABH-06-08 12 43 0 Quartzite Potential quarry area in pit 
VABH-06-09 21 56 0 Potential quarry area in pit 
VABH-07-01 20 55 0 
TTBH-08-02 24 72 0 

Willow 
Canyon Plant Site 

TTBH-08-03 57 100 0 North of Dry Stack Tailings 
TTBH-08-06 44 85 0 Dry Stack Tailings 
TTBH-08-07 32 82 0 East of Dry Stack Tailings 
TTBH-08-08 52 95 0 

Mount Fagan 

TTBH-08-09 13 37 0 
Dry Stack Tailings 

TTBH-08-10 66 98 0 
Willow 

Canyon Plant Site 
TTBH-08-11 29 72 0 
TTBH-08-12 45 100 0 

Mount Fagan Dry Stack Tailings 

TTBH-08-15 4 43 0 Willow 
Canyon Primary Crusher 

 

3.5 RMR Measurement Results 
The quality of the rock mass was characterized via geotechnical logging of the core samples 
and scanline mapping of outcrops. International Society for Rock Mechanics (ISRM) 
recommendations aided in the characterization. Relevant properties such as hardness, 
weathering, degree of breakage, joint condition, and RQD were recorded. These parameters 
were used to determine the RMR developed by Bieniawski (1989). This classification system 
considers five (5) parameters related to the intact rock condition and rock mass quality and 
allocates a rating for each of the parameters. These ratings are summed to obtain a rock mass 
quality rating. Detailed calculations for the RMR values are presented in Appendix H. 
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The parameters used are: 

 Strength of intact rock (uniaxial compressive strength and/or point load testing); 

 Drill core quality, RQD; 

 Spacing of discontinuities; 

 Condition of discontinuities (persistence, aperture, roughness, infilling, and weathering); 
and 

 Groundwater condition. 
 

Bieniawski’s (1989) rock mass quality is broken into five (5) groups based on the sum of the 
indices. The ratings for each group can facilitate comparison of the rock conditions between 
boreholes or at different depths. The five (5) groups are: 

Very Poor Rock: RMR < 21 

Poor Rock:  RMR 21 – 40 

Fair Rock:  RMR 41 – 60 

Good Rock:  RMR 61 – 80 

Very Good Rock: RMR > 80 

 
The average, maximum, and minimum RMR values for applicable boreholes are presented 
Table 3.3. RMR values for the Apache Canyon, Mount Fagan, and Willow Canyon formations 
were obtained from the logged core samples. A RMR value for the Andesite unit, which is 
present within the Plant Site area, was obtained from scanline mapping of outcrops and was 
calculated to be 47. The average RMR results for the Apache Canyon formation ranged from 53 
to 57. For the Mount Fagan Group, the average RMR ranged from 49 to 62, and the Willow 
Canyon formation ranged from 22 to 48.  

Table 3.3 Summary of RMR Measurements 

Borehole 
No. 

Average 
RMR 

Maximum 
RMR 

Minimum 
RMR 

Geologic 
Formation Facility Area 

VABH-06-03 57 72 46 Dry Stack Tailings 
VABH-06-04 53 68 33 

Apache 
Canyon Heap leach 

VABH-06-07 62 72 48 Mount Fagan Access road 
VABH-07-01 48 56 43 
TTBH-08-02 22 42 0 

Willow 
Canyon Plant Site 

TTBH-08-03 58 72 47 North of Dry Stack Tailings 
TTBH-08-06 50 61 40 Dry Stack Tailings 
TTBH-08-07 50 64 39 East of Dry Stack Tailings 
TTBH-08-08 58 71 39 

Mount Fagan 

Dry Stack Tailings 
TTBH-08-09 41 47 36 Dry Stack Tailings 
TTBH-08-10 45 56 30 

Willow 
Canyon Plant Site 

TTBH-08-11 49 58 39 
TTBH-08-12 51 71 36 

Mount Fagan Dry Stack Tailings 

TTBH-08-15 37 47 29 Willow 
Canyon Primary Crusher 
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Note: Boreholes VABH-06-01, VABH-06-08, and VABH-06-09 are located within open pit area and RMR 
calculations were not completed.  

3.6 Geophysical Results 

3.6.1 Seismic Refraction Survey 
Velocities from the refraction data were correlated to material types by Tetra Tech using 
boreholes and test pits located on or near the seismic lines. Table 3.4 lists the estimated 
velocity values for general material types found on-site.  The rippability of rock can also vary 
according to the size and type of excavation equipment being used.  For velocities greater than 
or equal to a velocity of 9,000 ft/sec, a Caterpillar Multi or Single Shank No. 9 Ripper or greater 
is recommended to excavate the rock material (Caterpillar Performance Handbook, 2004).   
These material velocities were also incorporated into the geologic/geotechnical cross sections 
provided in Figures 10 through 49.   
 

Table 3.4 Estimated Material Velocities 
Velocity (ft/sec) Material Type 
0 – 3,000 Soil (unconsolidated material) 
3,000 – 6,000 Cemented soil / soft rock 
6,000 – 9,000 Bedrock (rippable) 
> 9,000 Bedrock (non-rippable) 

3.6.2 Magnetic Survey 
A magnetic survey of the Plant Site area was conducted in order to delineate the contact 
between the arkosic sedimentary units and the andesitic flow within the Willow Canyon 
Formation. The survey consisted of ten (10) parallel magnetic profiles approximately 4,000 feet 
long, spaced approximately 265 feet apart. The results of the magnetic survey are presented in 
a technical memorandum from Hydrogeophysics in Appendix F2. In this memorandum, the ten 
(10) magnetic profiles are shown in a series of graphical plots displaying the magnetic field 
relative to the geographical location. Additionally, a contour plot was generated from the 
magnetic data to illustrate the change in magnetic fields across the Plant Site area. 
 
The findings indicate that the andesite does not have a significant contrast relative to the arkosic 
sedimentary units. An estimation of the andesite boundary was determined by small deviations 
in the data and is sketched on the contour plot provided in Appendix F2. The contour plot also 
indicates a widespread magnetic low along the western portion of the site, while the eastern 
portion is characterized by a widespread magnetic high. This may be a result of a change in soil 
types across the area or a stronger magnetic anomaly at depth. Six (6) magnetic targets were 
identified at shallow depths ranging from 50 to 75 feet bgs. These targets are shown on the 
contour plot. The surface geology at each target was examined to assess the lithologic 
characteristics of these anomalies. However, no apparent correlation was found between them.  

3.7 Field Hydraulic Testing Results 

3.7.1 Packer Tests 
Double packer testing was performed in each of the major geologic formations: Apache Canyon, 
Mount Fagan, and Willow Canyon. Packer testing was initially scheduled for TTBH-08-09 rather 
than TTBH-08-15. However, the core barrel became lodged within hole TTBH-08-09, thus 
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preventing packer testing. Table 3.5 summarizes the packer testing results for the various 
boreholes. The in-situ permeability testing was conducted at depths ranging from 19.5 to 187.6 
feet bgs, and the permeability of the bedrock formations ranged from 10-5 to 10-8 feet/second 
(ft/s).  
 
 

Table 3.5 Packer Permeability Testing Results  

Borehole No. Testing 
Interval (ft) 

Estimated 
Permeability (ft/s) Rock Type Geologic 

Formation 
30.5 – 40.1 No Flow * Sandstone 

VABH-06-01 
72.5 – 82.1 No Flow * Sandstone to Siltstone 

41.5 – 51.1 1.20E-05 Sandstone and Siltstone  
VABH-06-03 

135.5 – 145.1 2.00E-07 Siltstone 

VABH-06-04 53.5 – 63.1 1.40E-06 Sandstone and Siltstone  

Apache 
Canyon 

19.5 – 29.6 6.96E-07 Sandstone 

44.5 – 54.6 3.46E-07 Sandstone TTBH-08-07 

80.5 – 90.6 4.09E-08 Sedimentary Breccia  

36.5 – 46.6 No Flow * Sedimentary Breccia 
TTBH-08-08 

89.5 – 99.6 1.62E-06 Sedimentary Breccia 

Mount Fagan 

61.5 – 71.6 No Flow * Conglomerate 
TTBH-08-10 

91.5 – 101.6 9.69E-07 ** Sandstone and Conglomerate 

TTBH-08-15 177.5 – 187.6 1.66E-08 Arkosic Sandstone 

Willow 
Canyon 

* Flow was less than 1 gallon per hour during packer testing. 
** Artesian flow of 0.5 gpm observed before and during packer testing. 

 

3.7.2       Falling Head Tests 
During the 2006-2007 site investigation, falling head tests were conducted in unconsolidated 
alluvium materials in two (2) boreholes. In 2008, falling head tests were conducted in the Gila 
Conglomerate and alluvium materials within four (4) boreholes. The tests were conducted at 
depths ranging from 0 feet to 90 feet bgs. Table 3.6 presents the results of the field permeability 
tests. The results indicate that the permeability of unconsolidated materials ranges from 10-6 to 
10-7 ft/s. 
  

Table 3.6 Falling Head Permeability Testing Results 

Borehole No. Testing 
Interval (ft) 

Estimated 
Permeability (ft/s) 

Geologic 
Unit Facility Area 

VABH-06-05 0 – 18.7 5.41E-06 Alluvium Heap Leach 

VABH-06-06 0 – 51.5 1.60E-06 Alluvium 

TTBH-08-04 0 – 90 7.93E-07 Gila 
Conglomerate 

Waste Rock 
Storage Area 
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Borehole No. Testing 
Interval (ft) 

Estimated 
Permeability (ft/s) 

Geologic 
Unit Facility Area 

TTBH-08-08A 0 – 14.5 2.59E-06 Alluvium 

TTBH-08-11 0 – 50 1.58E-06 Alluvium 
Dry Stack Tailings 

TTBH-08-13 0 – 45 1.62E-06 Gila 
Conglomerate 

Waste Rock 
Storage Area 

 
 

3.8  Laboratory Testing Results 
Gradations and Atterberg limits were performed on soil samples collected from boreholes and 
test pits. Test results were used to classify each material type according to the Unified Soil 
Classification System. In general, the four (4) major overburden materials present on-site 
include topsoil, alluvium, colluvium, and Gila Conglomerate. The topsoil encountered, if present, 
ranged from one (1) to three (3) feet thick and was classified as sandy clay with gravel to silty 
sand. Both younger (Holocene) and older (Pleistocene) alluvium material was found on-site. 
The younger alluvium occurs mostly in the major low-lying drainages and floodplains while the 
older alluvium is exposed in upland drainages. The alluvium encountered ranged in depth from 
14 to 54 feet and was generally classified as sand within the active drainages and sand with silt, 
gravel, and trace cobbles in the floodplains and upland drainages. 
 
Colluvium was encountered at depth and ranged from 8 to 50 feet and contained mostly sands 
and gravels with varying amount of silts and clay. The Gila Conglomerate is classified as non-
cemented to strongly cemented silty to clayey sands and gravels with occasional boulders and 
cobbles that reflect the composition of nearby bedrock units. This material is found largely 
throughout the southern and southwestern portions of the site (Figure 3) and can be several 
hundred feet thick. 
 
Natural dry density and moisture content tests were performed on alluvium derived from within 
the footprint of the Waste Rock and Tailings Facilities and also preformed on the highly 
weathered Willow Canyon Formation derived from within the Plant Site area. These materials 
also underwent direct shear testing in order to evaluate in-situ shear strength parameters. 
 
Unconfined compressive and point load tests were performed on competent rock core samples. 
The average uniaxial compressive strength (UCS) values for materials derived from the Apache 
Canyon, Mount Fagan, and Willow Canyon Formations where found to be 8,819, 5,614, and 
2,918 pounds per square inch (psi), respectively. 
 
All of the above mentioned test results are provided in Appendix G and on applicable borehole 
logs in Appendix B1. 
 

3.9 Plant Site and Supporting Facilities 
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Location and Description 
The proposed Plant Site area is located northeast of the Open Pit and directly west of the North 
Dry Stack Tailings Facility (Figure 5). The Mine Truck Shops are located south of the Plant Site 
area and directly west of the PWTS Pond. The Primary Crusher is located of the truck shops on 
the eastern edge of the Open Pit. These facilities are located within the McCleary and Wasp 
Canyon Drainages and groundwater elevations within the area range from approximately 4,900 
to 5,100 feet above mean sea level (amsl). 

3.9.1 Site Conditions 
A total of four (4) geotechnical borings, five (5) test pits, three (3) miles of seismic refraction 
surveys, and 4,000 feet of magnetic surveys were completed within or adjacent to the Plant Site 
area and other supporting facility area. The geology in the areas comprising the Plant Site, Mine 
Truck Shops, and PWTS Pond are illustrated on Figure 5,. The geology in the area of the 
Primary Crusher is provided in Figure 7. As shown on the figures, the facilities are underlain by 
the Willow Canyon Formation with minor occurrences of alluvium. The Willow Canyon 
Formation is characterized as an arkosic (feldspathic) sandstone and argillaceous sandstone, 
with equal to subordinate amounts of vuggy, silty mudstone. Additionally, an interval of 
volcaniclastic pebble-cobble conglomerate is present below a sequence of andesitic lava flows 
within the formation. As shown on Figure 5, the andesite flow is present along the southern 
edge of the Plant Site area. The delineation of the andesite in this area was refined by field 
mapping and magnetic survey results. 
 
Three (3) boreholes (VABH-07-01, TTBH-08-02, and TTBH-08-10) were completed within or 
adjacent to the Plant Site area. Borehole VABH-07-01 is located on a hillside approximately 150 
feet west of the proposed Coarse Ore Stockpile. Willow Canyon encountered in VABH-07-01 
was a moderately to highly weathered tuffaceous siltstone with an average RMR of 48. 
Borehole TTBH-08-02 is located on a hillside close to the center of the Plant Site, approximately 
150 feet west of the proposed Mill Building. Willow Canyon encountered in TTBH-08-02 was a 
moderately weathered to decomposed arkosic sandstone and conglomerate with an average 
RMR of 22. Borehole TTBH-08-10 is located within the McCleary Canyon drainage on the 
northeast corner of the Plant Site. The Willow Canyon Formation encountered in TTBH-08-10 
was an unweatherd to slightly weathered sandstone and conglomerate with an average RMR of 
45. During drilling at TTBH-08-10, an artesian flows of 0.5 gpm was encountered, thus reducing 
the average RMR from 59 to 45. 
 
One (1) borehole (TTBH-08-15) was completed within the footprint of the Primary Crusher. The 
Willow Canyon Formation encountered in TTBH-08-15 was a moderately weathered arkosic and 
quartz sandstone, except for a decomposed zone from 155 to 170 feet. The average RMR at 
VABH-07-01 was 48.  
 
The depth to bedrock within the Plant Site area is estimated to range from less than one (1) foot 
to 20 feet. Soil within the area ranged from a sand with varying amounts of gravel and silt to a 
sandy or gravelly clay. TTBH-08-10, completed within the McCleary Canyon drainage, 
contained 14 feet of alluvium consisting of a gravel with varying amounts of silt. 
 
Several geological/geotechnical cross sections were developed through the Plant Site, Mine 
Truck Shops, and PWTS Pond as shown on Figures 5 and 7. The cross sections illustrate the 
interpreted subsurface geology, SPT values, measured velocities from the seismic survey, and 
building pad elevations proposed by M3 Engineering & Technology (M3). From the various 
seismic lines that intersect proposed facilities, only one (1) building pad was found to be within 
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non-rippable rock. This pad is associated with the concentrate filtration building and is shown on 
Figure 23. 

3.10 Heap Leach Pad and Associated Ponds 

3.10.1 Location and Description 
The proposed site for the Heap Leach Pad is located southeast of the Open Pit and directly 
south of the Dry Stack Tailings Facility. The PLS, Raffinate, and Stormwater Ponds associated 
with the Heap Leach Facility are located along the northeast corner of the pad. The pad limits 
follow the major ridgelines within the area, and the terrain generally slopes north and east 
toward the Barrel Canyon drainage. Groundwater elevations within the pad and pond areas 
range from approximately 4,830 to 5,100 feet amsl. 
 

3.10.2 Site Conditions 
A total of four (4) geotechnical borings, 14 test pits, one (1) shear wave sounding, and three (3) 
miles of seismic refraction surveys were completed within or adjacent to the Heap Leach Pad 
and associated ponds. The locations of the above mentioned work, including the surficial 
geology of the area, is shown on Figure 6. As illustrated on the figure, the majority of the leach 
pad is underlain by Gila Conglomerate. Along the northern and western boundaries of the 
Phase 1 leach pad, the Willow Canyon Formation, Apache Canyon Formation, and minor 
amounts of an extrusive rhyolite are present. The majority of the ponds are underlain by the 
Apache Canyon Formation, except for a small area along the southern edge of the PLS pond in 
where Gila Conglomerate is present. Deposits of alluvium occur along the major drainages 
within the footprint of both the pad and pond areas.  
 
The Apache Canyon Formation contains a sequence of calcareous shale and laminated silty 
mudstone, with subordinate amounts of micritic limestone and sandstone. RMR values of the 
Apache Canyon Formation from borehole VABH-06-04 ranged from 33 to 68, with an average of 
53. Although no boreholes were drilled within the Willow Canyon Formation near the Heap 
Leach Pad, the rock type and RMR values are believed to be similar to those encountered 
within the Plant Site and Dry Stack Tailings Facility areas. No data is currently available for the 
extrusive rhyolite due to the limited extend of the unit.   
 
Several test pits completed within the Gila Conglomerate near the leach pad indicate that the 
unit consists of non-cemented to strongly cemented silty to clayey sands and gravels with 
occasional boulders and cobbles. The Gila Conglomerate is estimated to be several hundred 
feet thick. 
 
In borehole VABH-06-04 located within the footprint of the Stormwater Pond, the alluvium was 
found to be as thick as 50 feet. The material encountered was predominantly a moderately to 
weakly cemented sand with silt and gravel. Borehole VABH-06-02, located within the wash 
southeast of the leach pad, contained approximately 30 feet of alluvium sediments above the 
Gila Conglomerate contact. Groundwater was encountered at 45 feet bgs during auger drilling 
at VABH-06-02. Layers of clay material were also encountered sporadically between 65 and 85 
feet bgs. Borehole VABH-06-06 located, located within the wash northeast of the ponds, 
contained alluvium deposits up to 50 feet bgs. In general, SPT testing indicates that overburden 
materials exhibit increased density with depth.  
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Several geological/geotechnical cross sections were generated through the Heap Leach Pad 
and Pond area as shown on Figures 6 and 8. The cross sections illustrate the interpreted 
subsurface geology, SPT values, and measured velocities from the seismic survey. The depth 
to non-rippable rock within the Apache and Willow Canyon Formations, along the northern edge 
of the pad and north of the ponds, may be as shallow as 10 feet bgs in select locations (Figures 
18 through 20). However, test pits completed within the pond footprints did not encounter non-
rippable rock within the Apache Canyon.  

3.11 Dry Stack Tailings Facility 

3.11.1 Location and Description 
The proposed site for the Dry Stack Tailings Facility is bounded to the north by the proposed 
Primary Access Road, to the west by the Plant Site, and to the south by the Waste Rock 
Storage Area and Heap Leach Pad. The facility is located within the McCleary, Wasp, and 
Barrel Canyon drainages. Groundwater elevations below Dry Stack Tailings Facility range from 
approximately 4,650 to 4,950 feet amsl.     

3.11.2 Site Conditions 
Within the Dry Stack Tailings Facility, a total of ten (10) geotechnical borings, two (2) test pits, 
five (5) shear wave soundings, and four (4) miles of seismic refraction survey were completed. 
The locations of the above mentioned work, including the surficial geology of the area, is shown 
on Figure 7. As illustrated on the figure, the Dry Stack Tailings Facility is mainly underlain by the 
Apache Canyon, Mount Fagan, and Willow Canyon Formations. There are also smaller 
occurrences of an andesitic porphyry, an extrusive rhyolite, Gila Conglomerate, and alluvium 
deposits within the footprint. The Mount Fagan Formation (also called the Salerno Formation) 
observed in boreholes within the footprint of the tailings facilities contained mostly sedimentary 
breccias with subordinate amounts of volcaniclastic siltstone and sandstone. Slightly north of 
the tailings facility a crystal rich to lithic tuff was found at depth. Descriptions of Gila 
Conglomerate and the Apache Canyon and Willow Canyon Formations were previously 
described above.   
 
Within or adjacent to the tailings footprint, the average RMR values for the Mount Fagan, Willow 
Canyon, and Apache Canyon Formations were calculated to be 53, 41 and 57, respectively.  
 
From the four (4) boreholes completed within the Barrel and McCleary Canyon drainages (within 
or adjacent to the tailings footprint), the thickness of the alluvium sediments ranged from 14 to 
54 feet. The alluvium was dominantly sand with varying amounts of silt and gravel and trace 
amounts of clay. Boreholes completed within the upland regions contained colluvium ranging 
from 8 to 50 feet thick. In general, the depth to bedrock within the footprint of the Dry Stack 
Tailings Facility is estimated to vary from less than one (1) foot to greater than 50 feet. 
 
One borehole (TTBH-08-08C), located generally within the center of the North Dry Stack 
Tailings Facility, was completed as a piezometer. This borehole is on the upstream side of a 
filled-in small concrete check dam within McCleary Canyon. When the wash is not actively 
flowing, the measured depth to water in the piezometer has ranged from 2.5 to 11.4 feet bgs as 
recorded between June and October of 2008. Additional water level monitoring is being 
conducted by Errol L. Montgomery and Associates, Inc. 
 
Several geological/geotechnical cross sections were generated through the Dry Stack Tailings 
Facility area as shown on Figure 7. The cross sections illustrate the interpreted subsurface 
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geology, SPT values, and measured velocities from the seismic survey. The depth to non-
rippable rock varied greatly throughout the facility footprint, ranging from over 60 feet bgs and 
as shallow as 25 feet in select locations (Figures 28 through 36).   

3.12 Waste Rock Storage Area 

3.12.1 Location and Description 
The Waste Rock Storage Area is located southeast of the Open Pit within the Barrel Canyon 
drainage. In general, the terrain slopes northeast towards the Barrel Canyon drainage. Barrel 
Canyon generally runs northeast in this area. Groundwater elevations below the Waste Rock 
Storage Area range from approximately 4,700 to 5,200 feet amsl. 

3.12.2 Site Conditions  
Within the footprint of the Waste Rock Storage Area, a total of six (6) geotechnical borings, 
seven (7) test pits, one (1) shear wave sounding, and 3.5 miles of seismic refraction surveys 
were completed. The surficial geology of the Waste Rock Storage Area is shown on Figure 8. 
The area is mostly underlain by Gila Conglomerate with the exception of alluvium deposits 
located within in the drainages and minor amounts of an extrusive rhyolite and Apache Canyon 
Formation near the Heap Leach Pad.  
 
As indicated previously, the Gila Conglomerate is estimated to be several hundred feet thick 
and consists of non-cemented to strongly cemented silty to clayey sands and gravels with 
occasional boulders and cobbles. In general, SPT testing indicates the Gila Conglomerate 
increases in density with depth. 
 
Several geological/geotechnical cross sections were generated through the Waste Rock 
Storage Area as shown on Figure 8. The cross sections illustrate the interpreted subsurface 
geology, SPT values, and measured velocities from the seismic survey. Of the 3.5 miles of 
seismic refraction complete beneath the waste rock, only two (2) locations showed non-rippable 
rock at depths ranging from 15 to 40 feet bgs(Figures 15 and 48).       

3.13 Borrow Materials 

3.13.1 Subgrade Fill 
The site investigation identified potential borrow materials for use as subgrade and drain rock in 
the construction of the Heap Leach Pad. Samples of Gila Conglomerate were collected from 
test pits located near the pad and were tested for subgrade suitability. Grain size distribution 
and modified Proctor tests were completed on the samples. Testing results indicate that the Gila 
Conglomerate in this area is generally a clayey sand with gravel and has a maximum dry 
density of 126 pounds/feet3 (pcf) at an optimum moisture content of 10%. Although the Gila 
Conglomerate is believed to be suitable subgrade material, it will require processing to remove 
large cobbles and boulders prior to its use as subgrade fill under the leach facility liner system. 
The proposed location of the Gila Conglomerate borrow area is shown on Figure 6. 

3.13.2 Aggregate and Drain Rock Material 
Tetra Tech investigated the Concha Limestone and Bolsa Quartzite located within the proposed 
pit limits for a potential source of aggregate material. Both limestone and quartzite were tested 
using the parameters listed in Table 2.4. Borrow materials for concrete aggregate may be 
obtained from the Concha Limestone based on accessibility of the material during the initial 
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construction period. The estimated Concha material available above elevations ranging from 
5,525 to 5,325 feet amsl is approximately 36,525,000 feet3 with minimal overburden. Figure 9 
shows the extent of the proposed borrow limits and Figures 50 through 55 provide cross 
sections through the borrow area. Reserve estimates were obtained from a composite volume 
computation using the automated design tools within AutoCAD 3D, version 2009. 
 
A silica-rich, arkose conglomeratic sandstone from the Willow Canyon Formation, located within 
the northern portion of the pit, was sampled and tested for suitability as drain rock for the Heap 
Leach Pad. The material was subjected to slake durability (ASTM D4644) testing with sulfuric 
acid soaking to simulate acid leaching and to verify chemical resistance to the leachate solution. 
The slake durability test results indicate no loss of durability upon soaking in 0.5% sulfuric acid 
solution and minimal loss upon soaking in 5.0% solution strength. The test results indicate the 
material will exhibit negligible degradation under the expected operational conditions, and it is 
suitable for drain rock fill on the Heap Leach Pad. 
 
The estimated silica-rich arkose material available above 4,850 feet amsl is approximately 
200,725,000 feet3 with minimal overburden. Although some material should be excluded, based 
on rock quality and degree of mineralization, other resources can also be inferred below the 
depth to which some of the boreholes were drilled. Figure 9 shows the extent of the proposed 
borrow limits and Figures 50 through 55 provide cross sections through the borrow area. Drain 
rock quantity estimates were obtained from a composite volume computation using the 
automated design tools within AutoCAD 3D, version 2009. 
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4.0 GEOTECHNICAL PARAMETERS 

Geotechnical parameters for surface soils and bedrock were developed from the field 
investigation and laboratory testing program. The parameters developed include: shear 
strength, rock mass properties, friction at the base of foundations, and earth pressure values. 

4.1 Shear Strength Parameters 
Shear strength parameters of a rock mass can be obtained from Hoek & Brown (1980) failure 
criteria, which has been adapted to account for the condition of fracturing within the rock mass. 
These calculations were performed using RocLab v.1.021 software by Rocscience, Inc.  

The Geological Strength Index (GSI) is first calculated using the following formula: 

GSI = RMR89 – 5 (for rock masses with RMR89 value greater than 30) 
 
The unconfined compressive strength of intact rock, the GSI value, the estimated Hoek-Brown 
parameter mi (based on rock type), and the disturbance factor D, are used to estimate the 
Hoek-Brown criterion parameters (mb, s, and a) and the Mohr – Coulomb strength parameters 
(cohesion, c, and friction angle, φ) of the rock mass.  
 
The intact rock strength was obtained from laboratory testing. The disturbance factor (D) 
represents the induced fracturing in the rock mass by rock excavation and/or blasting. The 
strength parameters were correlated using a value of 0.7, which represents a low disturbance 
equivalent to excavation carried out by ripping and/or using small controlled blasting practices.  
 
The direct shear test results on highly weathered sandstone/conglomerate from the Willow 
Canyon Formation were used in the design calculations presented in Section 5. The RocLab 
strength estimation method was correlated with laboratory testing on two (2) samples of 
remolded Willow Canyon Formation. One (1) sample was tested at “drop-density” 
(uncompacted) to simulate in-situ poor-quality Willow Canyon Formation. The other sample was 
tested at 95% of its maximum dry density at its optimum moisture content, to give an indication 
of the strength of reworked foundation materials in the Plant Site area. Both tests showed 
similar results. 
 
Laboratory and in-situ testing and classification results were used to calculate the geotechnical 
parameters needed for the bearing capacity and settlement calculations. Tests from boreholes 
located within the sedimentary rocks of the Willow Canyon Formation (VABH-07-01, TTBH-08-
02, TTBH-08-09, TTBH-08-10, and TTBH-08-15) were used due to their proximity to the Plant 
Site facilities. The field and in-situ test results utilized in the design calculations included RQD, 
RMR, and SPT. Laboratory testing included UCS, point load testing, Young’s Modulus, and 
Poisson’s ratio.  
 
Table 4.1 presents the rock material properties used in the calculations. The Modulus of 
Deformation was derived from the Serafim and Pereira method detailed in the U.S. Army Corps 
of Engineer (USACE) Rock Foundation Engineering Manual (EM 1110-1-2908, 1994) and is 
based on the rock’s RMR. The Serafim and Pereira method correlated well with average 
laboratory values of Young Modulus and was slightly more conservative. Due to the highly 
fractured nature of the rock, cohesion was neglected.  
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Table 4.1 Rock Mass Material Parameters 

Geologic Formation/ 
Rock Type 

Density, 
γ 

(lb/ft3) 

UCS 
(psi) RMR

Modulus of 
Deformation,

Ed 
(psi) 

Shear 
Modulus 

Gm 
(psi) 

Poisson’s 
Ratio, 

υ 

Angle of 
Internal Friction,

φ 
(deg) 

Willow Canyon Formation –  
Sedimentary Rocks 156.7 3,560 22 4.35 x 105 4.60 x 105 0.205 31.3 

4.2 Friction at the Base of Foundations 
The friction at the base of the foundation is dependant on the type of material being used for the 
foundation and its interaction with the subgrade. The friction angle at the base (δ) can vary 
between 0.5 and 0.9 times the value of Φ, where Φ is the angle of internal friction of the 
foundation material (soil or rock). Typical foundations at the site are anticipated to be 
constructed of reinforced concrete; therefore, the following values are recommended for 
foundations constructed on sedimentary rocks within the Willow Canyon Formation: 
 

δ = 16° - 28° 

4.3 Earth Pressure Parameter 
The structural design of retaining structures must consider the active and passive condition. The 
active earth pressure coefficient relationships are: 

In-situ stress ratio: 

φsin1 −=oK  

Coulomb Active earth Pressure Coefficient: 
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where:  

Ka =  Static active pressure coefficient. 

Kas =  Seismic active pressure coefficient (static+seismic). 

φ =  Internal friction angle of the soil. 
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α‘ =  Angle of inclination of the wall’s inner side, measured with regard to the 
vertical line in clockwise direction. 

δ = Angle of friction between the soil and the wall’s inner side,         
conservatively δ=0 was used for the seismic condition. 

β =  Angle of soil slope above the level of the wall, measured with regard to 
the horizontal line in clockwise direction. 

θ =  arctan [ kh/(1+kv) ]. 

kh =  Horizontal acceleration coefficient. 

kv =  Vertical acceleration coefficient. 
 
To calculate the pressure coefficient, the angle α‘ was assumed to be 90 degrees, the angle β 
was assumed to be zero, and δ= 2/3 Φ. The seismic coefficient kh=0.1 and kv= 2/3kh were used 
based on the seismic evaluation of the site and Tetra Tech’s engineering judgment. 

These calculations refer to the remolded strength of the Willow Canyon Formation, with a 
friction angle of 31.3 degrees. This friction angle is based on direct shear testing performed from 
a composite bulk sample of Willow Canyon Formation collected within the Plant Site area.  
 

In-situ earth pressure coefficient:  Ko = 0.48 

Static active earth pressure coefficient: Ka = 0.32 

Dynamic active earth pressure coefficient:  Kas = 0.55 

Static passive earth pressure coefficient: Kp = 3.16 (Rankine) 

Note: The relationships shown herein were obtained from “Foundation and Analysis and 
Design” by Bowles, 1996 and “Geotechnical Engineering Principals and Practices” by Coduto, 
1999. 
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5.0 GEOTECHNICAL ANALYSIS 

5.1 General 
Geotechnical analyses were conducted for the proposed facilities in the Plant Site area. The site 
includes numerous facilities such as administration and warehouse buildings, stockpiles, an SX-
EW plant, and various tanks and storage areas. Table 5.1 provides a summary of the proposed 
facilities, including existing grade, proposed grade, resultant maximum cut, and the range of 
anticipated bearing pressures provided by M3 on September 22, 2008.  
 

Table 5.1 Anticipated Facilities 

Area 
Number1 Facility1 

Proposed 
Pad 

Elevation1 
(feet) 

Existing 
Elevation2 

(feet) 

Maximum 
Cut        

(feet) 

 Anticipated Max 
Bearing 

Pressure3 (psf)  

50 Ammonium Nitrate Silos 5,060 5,080 20 2,000 - 4,000 

 N/A Explosives Magazine (not shown on drawing) 2,000 - 4,000 

100 Primary Crusher 5,075 5,110 35 10,000 - 12,000

300 Mill Building if on rock 10,000 - 12,000

300 Mill Building if not on 
rock 

5,030 5,080 50 
4,000 - 8,000 

300  Pebble Crushing Facility4  5,060 5,095  35  2,000 - 4,000 

400 Flotation Building 4,985 5,030 45 2,000 - 4,000 

500 Concentrate Thickeners 4,970 5,000 30 2,000 - 4,000 

500 Concentrate Filter Plant 5,010 5,080 70 2,000 - 4,000 

 500 Concentrate Storage and 
Loadout Building 5,010 5,080 70 2,000 - 4,000 

540 Solvent Extraction 4,992 5,030 38 2,000 - 4,000 

560 Solvent Extraction Tank 
Farm 4,970 5,000 30 2,000 - 6,000 

580 Electrowinning 5,010 5,060 50 2,000 - 4,000 

600 Tailings Thickeners 4,960 5,000 40 2,000 - 6,000 

600 Tailings Filter Plant 4,936 4,950 14 2,000 - 4,000 

650 Fresh / Fire Water Tanks 5,310 5,350 40 2,000 - 4,000 

700 Main Electric Substation 5,070 5,140 70 2,000 - 4,000 

800 Acid Storage Tanks (2) 5,030 5,050 20 2,000 - 4,000 

800 Reagent Building 4,990 5,020 30 2,000 - 4,000 
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Area 
Number1 Facility1 

Proposed 
Pad 

Elevation1 
(feet) 

Existing 
Elevation2 

(feet) 

Maximum 
Cut        

(feet) 

 Anticipated Max 
Bearing 

Pressure3 (psf)  

900 Admin. Building 4,990 5,000 10 2,000 - 4,000 

900 Change House 4,980 5,020 40 2,000 - 4,000 

900 Warehouse 4,970 5,010 40 2,000 - 4,000 

900 Mine Truck Shop 5,040 5,040 0 2,000 - 4,000 

900 Truck Wash 5,040 5,040 0 2,000 - 4,000 

900 Fuel Storage and 
Dispensing 5,040 5,040 0 2,000 - 4,000 

900 Small Vehicle 
Maintenance Building 4,960 4,960 0 2,000 - 4,000 

900 Small Vehicle Fuel 
Station 4,960 4,980 20 2,000 - 4,000 

900 Laboratory 4,980 5,050 70 2,000 - 4,000 

900 Guard Shack and Truck 
Scale  4,995 4,995  0  2,000 - 4,000 

Notes 
1) Proposed Facility Area Numbers, Names, and Pad Elevations were obtained from an AutoCAD file entitled “ROSEMONT 

MILL & PLANT SITE STRUCTURES & PAD ELEVATIONS” provided by M3 on April 28, 2008, with the exception of the 
Pebble Crusher (see Note 4) 

2) Existing ground elevations were obtained from the Cooper Aerial AutoCAD topographic map published August 2006, with 
the exception of the Pebble Crusher (see Note 4). The elevations listed in Table 5.1 correspond to the highest elevation 
within each area. 

3) Anticipated Maximum Bearing Pressures were provided by M3 in an e-mail dated September 22, 2008. 

4) The proposed pad elevation of the Pebble Crusher and existing grade in the area were obtained from a drawing provided 
by M3 entitled “Process Site General Arrangement, Site Sections”. Drawing number 000-GA-003 dated August 15, 2008. 

Bearing capacity and settlement analyses were performed in accordance with the procedures 
outlined in the USACE Rock Foundation Engineering Manual (1994). It should be noted that 
only general ranges of anticipated bearing pressures for the various facilities were provided, and 
that no total or differential settlement tolerances were provided for any of the facilities.  
 
All foundation materials beneath the proposed facilities were assumed to be decomposed 
sedimentary rocks of the Willow Canyon Formation. Currently, some facilities (most notably the 
Tailings Thickener Tanks) straddle the surficial geologic contact between the sedimentary rocks 
and the andesite flow unit within the Willow Canyon Formation. Tetra Tech has advised M3 and 
Rosemont of the benefit to relocating the facilities so they do not straddle geologic contacts. 
This will reduce the likelihood of any differential settlement negatively impacting the facilities. 
Recommendations for additional geotechnical investigations are presented in Section 6.9. 
 

Based on the analyses contained herein, the use of deep foundations should not be necessary 
for any of the facilities. Should foundation conditions vary from those assumed in these 
analyses, settlement and bearing capacity calculations will require accordant adjustments.  

A preliminary groundwater contour map generated by Errol. L. Montgomery and Associates 
indicates that the groundwater level within the Plant Site area is at an approximate elevation 
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between 4,900 to 5,100 feet amsl. Many of the proposed pad elevations indicated on Table 5.1 
are within this elevation range. Therefore, groundwater may be encountered during excavation 
work. It is presumed that pit dewatering will eventually result in lowering of the groundwater 
table within this area. However, pad and foundation perimeter drains should be designed as 
needed to collect and convey groundwater away from the facilities. Due to the nature of the 
geology, some field engineering may be necessary during construction to properly control 
groundwater. 
 
For the calculations presented herein, foundation conditions were assumed to be dry. If 
seepage or groundwater is encountered during Plant Site excavation, Tetra Tech should be 
notified so that appropriate adjustments can be made to the calculations and recommendations. 

5.2 Allowable Bearing Capacity 
Bearing capacity values were based on either continuous footing or mat foundation types, as 
appropriate. Correction factors were applied for circular foundations where appropriate. Based 
on the highly fractured nature of the Willow Canyon Formation, bearing capacity failure was 
assumed to occur via general shear failure: through the fractured rock mass. The rock’s 
cohesion was not relied upon for bearing capacity. The following equation was used to calculate 
bearing capacity: 
 

qult = 0.5BNg + gDNq, 

 
where: 

γ = effective unit weight 
B = width of foundation 

D = depth of foundation below ground surface 
Nq, Nγ = bearing capacity factors 

 

The terms Nq and Nγ are the bearing capacity factors given by the following equations: 
 

2
φNNq =  

)245(tan 2 φφ +=N  
)1( 2 −= φφγ NNN

 
 

where: 
φ = angle of internal friction for the rock mass

 
The allowable bearing capacity, qa , was calculated using a factor of safety of 3 over the ultimate 
bearing capacity qult:   

ulta qq
3
1

=
 

 
Minimum dimensions for continuous footings were determined for the anticipated bearing 
pressures provided by M3, such that the allowable bearing capacity met or exceeded the 
anticipated bearing pressures. The values given in Table 5.2 correspond to dry foundation 
conditions. If wet conditions are encountered, mat foundations are recommended. Bearing 
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capacity values provided by M3 are shown in Table 5.1. An effective footing width (B’) of 0.8B 
was used to account for unknown eccentricity of the facility bearing pressures. 

Table 5.2 Continuous Footing Minimum Dimensions 

Foundation Shape Allowable Bearing Capacity
qa (psf) 

Minimum  
Footing Width  

B (feet) 

Minimum  
Footing Bottom Depth 

D (feet) 

2,000 3 2 

4,000 7 3.5 Rectangular 

6,000 10.5 5 

2,000 4.5 2 
Circular (Ring Beam) 

4,000 8.5 4 

Based on the above results, continuous footings should be adequate for the majority of the 
proposed Plant Site facilities. The facilities where mat foundations are required or 
recommended are as follows: 
 

• Primary Crusher 

• Mill Building 

• Concentrate Thickeners 

• Solvent Extraction Tank Farm 

• Tailings Thickeners 

Approximate dimensions for each of the above facilities were obtained from a CAD drawing 
provided by M3 (“Rosemont Mill & Plant Site Structures & Pad Elevations” provided on April 28, 
2008). The foundations for the concentrate and tailings thickeners were assumed to be circular. 
The dimensions of the facilities, including the calculated allowable bearing capacities, are 
shown in Table 5.3. The shapes of the areas are indicated by the width (B) and length (L) 
dimensions. Circular foundations are indicated with “N/A” for length. 

Table 5.3 Mat Foundation Bearing Capacity 

Area Facility B (ft) L (ft) D (ft) qult 
(lb/ft2) 

qa 
(lb/ft2) 

100 Primary 
Crusher 40 70 0 36,120 12,040 

300 
 

Mill Building 
 

130 302 0 117,390 39,130 
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Area Facility B (ft) L (ft) D (ft) qult 
(lb/ft2) 

qa 
(lb/ft2) 

500 Concentrate 
Thickeners 100 N/A 0 70,230 23,410 

560 
Solvent 

Extraction 
Tank Farm 

142 250 0 128,230 42,740 

600 Tailings 
Thickeners 230 N/A 0 161,540 53,850 

100 145 0 85,280 28,430 

900 Mine Truck 
Shop 

84 149 0 75,850 25,280 

 

5.3 Settlement Analysis 
Settlement was calculated for the rock based on the equation provided in USACE (1994) and is 
shown below. The equation demonstrates that the calculated settlement for rock is a function of 
the foundation dimensions in addition to the anticipated bearing pressure. Since the actual 
bearing pressure for each facility was unknown at the time of this report, the high end of the 
range provided by M3 (Table 5.1) was used to calculate settlement. For continuous footings, an 
L/B ratio of 10 was used. For a 4,000 psf bearing pressure, a negligible settlement of 0.003 
inches was calculated for buildings on continuous footings. 
 
Table 5.4 shows the calculated settlement for facilities that Tetra Tech anticipates the use of 
mat foundations. Note that these values are for flexible foundations. Settlement of rigid 
foundations can be expected to be 65% to 85% of the indicated values. If additional facilities are 
intended to utilize mat foundations, M3 should inform Tetra Tech of the exact foundation 
dimensions and bearing pressure so that accurate settlement analyses can be conducted. 
 
 
 

 
where: 

δa = maximum deformation at center of mat 
q = unit load (force/area) 

B = foundation width 
L = foundation length 

ν = Poisson’s ratio of the foundation rock 
Ed = modulus of deformation of the foundation rock 

d
a E

BLqB 2/12 )/)(1(12.1 νδ −
=
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Table 5.4 Settlement 

Area Facility 
(See Note 1) 

Width, 
B (ft) 

Length, 
L (ft) L/B 

Center Slab Deformation, 
δa (in) 

(See Note 2) 

100 Primary Crusher 40 70 1.8 0.13 

300 Mill Building if on rock 130 302 2.3 0.49 

500 Concentrate 
Thickeners* 100 100 1.0 0.08 

560 Solvent Extraction Tank 
Farm 142 250 1.8 0.23 

600 Tailings Thickeners* 230 230 1.0 0.28 

Mine Truck Shop 100 145 1.5 0.10 
900 

Concrete Apron 84 149 1.8 0.09 

Note 1: (*) indicates a circular foundation. 
Note 2: Maximum deformation (at center of slab) based on maximum anticipated bearing 
pressure provided by M3. 

 
Differential settlement can be anticipated to be 50% of total settlement for rigid structures and 
80% of total settlement for flexible structures. 
 

5.4 Considerations for Vibrating Machinery Foundations 
 
Tetra Tech anticipates that the Mill and Crusher will be subject to vibrating loads. The loads 
produced by grinding mills are generally considered a mixed load, a combination of impact and 
rotation. The following considerations should be taken in the design of these facilities:   

• Resonance conditions shall be avoided; 

• Vibrating amplitudes shall be tolerable by personnel; 

• Vibrating amplitudes shall not interfere with the correct operation of the machinery; and 

• Damage to adjacent structures shall be avoided. 

The static shear modulus was calculated as follows: 
 

)1(2 ν+
= m

m
E

G  

 
where: 

Gm = Shear Modulus 
ν = Poisson’s ratio of the foundation rock 

Em = Elastic Modulus of the foundation rock 
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The dynamic shear modulus mG  has been evaluated from the static shear modulus considering 
the dynamic value is 2 to 3 times greater than the static modulus. Therefore, the dynamic shear 
modulus for foundations located on bedrock should be 9.20 x 105 to 1.38 x 106. 

5.5 Coefficient of Subgrade Reaction 
The coefficient of subgrade reaction, also known as the modulus of subgrade reaction or 
subgrade modulus, is the relationship between settlement and bearing pressure. It is used for 
non-rigid methods of mat foundation analysis. Confidence in this number should be tempered by 
the fact that the modulus is dependent on all of the following, not all of which are possible to 
take into account in the calculations (Coduto, 2001).  

• Width of the loaded area 

• Shape of the loaded area 

• Depth of the loaded area below ground surface 

• Position on the mat; edge versus center 

• Time  

The formula Tetra Tech used to calculate the subgrade modulus is as follows: 
 

k = q/δ, 
where: 

k = coefficient of subgrade reaction 
q = bearing pressure 

δ = settlement 
 

Per M3’s request, Tetra Tech has calculated a subgrade modulus for the Mine Truck Shop Area 
using width and shape values from an AutoCAD drawing provided by M3. The range in 
subgrade modulus was calculated to be 40,000 to 44,000 psf/ft (pcf). This range encompasses 
the variations between the size and shape of the two areas shown for the truck shop, M3’s 
anticipated maximum bearing pressure (4,000 psf) and the allowable bearing capacity 
calculated by Tetra Tech, and variations in the calculated settlement for the various scenarios.  
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6.0 GENERAL DESIGN RECOMMENDATIONS 

6.1 General 
This section lists general recommendations for the following design aspects:  

 Excavations; 

 Grading; 

 Geotechnical properties of the materials; 

 Shallow foundation design;  

 Retaining structure design parameters;  

 Seismic design parameters; and 

 Corrosion resistance.  

6.2 Excavation 
Foundation construction may involve excavations in both soil and rock. Techniques used to 
remove rock may include scarifying or impact fracturing. The rippability of rock with the Project 
area has been evaluated based on the site geophysical data. 
 
Based on the grading plan provided by M3, the proposed building pad elevations range from 
approximately 4,940 feet to 5,300 feet in the Plant Site area. Based on the geophysical data 
obtained for the underlying rock, excavations taken to a depth of 4,940 feet amsl may encounter 
between 20 to 70 feet of non-rippable rock, while the overlying soft and rippable rock is likely to 
vary between 0 and 60 feet thick. For foundation excavations in the vicinity of the proposed primary 
crusher, 20 to 50 feet of soil and soft rock will likely be encountered above competent rippable 
rock.  
 
In accordance with Occupational Safety and Health Administration (OSHA) standards, rock 
comprised of the Willow Canyon Formation encountered within the proposed Plant Site area is 
generally soft rock and would be categorized as a “Type B” soil. The overburden or alluvium 
material is typically a granular soil containing sand and gravel and would be categorized as a 
“Type C” soil. Rippable rock encountered at depths ranging from 20 to 50 feet bgs in the Plant 
Site area would be classifed as “Stable Rock”.  
 
Based on this criteria, the following temporary slopes are recommended for excavations: 
 

 In competent, “Stable” rock:  vertical 

 In soft  rock:    1H:1V 

 In granular overburden or fill:  1.5H : 1V 

These values are considered to be preliminary and should be re-evaluated in the field when the 
excavations are carried out, taking into account the safety of the personnel involved. A qualified 
geotechnical engineer should be utilized to design all temporary and permanent slopes.  
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6.2.1 Rock Slope Stabilization 
For weathered and fractured bedrock, there is some potential for localized instability. In such 
cases, careful inspection during excavation is recommended in order to detect unstable zones 
and as a result, localized stabilization may be required. Methods of stabilization may include the 
following, either singly or in combination: 

 scaling of loose material from the exposed surface;  

 rock bolting; 

 wire mesh placement; 

 shotcreting; and 

 construction of intermediate benches. 

6.2.2 Permanent Excavations 
Permanent excavations require a design prepared by a Registered Professional Engineer. For 
excavations that will be permanently exposed slopes in rock or soil, a slope stability analysis is 
recommended (static and pseudo-static) using limit equilibrium and/or kinematic analysis methods. 

6.3 Site Preparation and Grading 
Areas that will receive controlled fill, structural fill, or support structures (buildings, pavements, etc.) 
must be cleared and, where necessary, stripped of topsoil and debris. 
 
All areas where structures will be built upon overburden or weathered bedrock must also be 
scarified, moisture conditioned, and compacted. For structures on competent rock, as determined 
by a geotechnical engineer, it should be possible to place foundations directly on the rock, provided 
the foundation is free of debris and excavated to a smooth and level surface.   
 
All final grades should be provided with a positive drainage gradient away from foundations. 
Final grades should provide for rapid removal of surface water runoff. Ponding of water should 
not be allowed on building pads or adjacent to foundations. 

6.4 Structural and Controlled Fill 
Structural and controlled fill material may be required for use as fill underneath slabs and backfill for 
retaining walls. Based on the geotechnical laboratory testing performed on the overburden 
materials, some of the on-site sands and gravels will be suitable for use as engineered fill provided 
they are properly moisture conditioned and adequately compacted.  
 
In general, it is recommended that all borrow materials be free of organic material and debris. The 
materials should be well-graded and be non-plastic or have low plasticity. In addition, it is 
recommended that materials from all borrow fill sources (on-site or off) be checked, tested, and 
approved before being used as fill or transported to the site (control testing) and after being placed 
(record testing). 

6.5 Erosion and Drainage 
Risks associated with accelerated erosion may increase as a result of construction activities. Site-
specific engineering designs and mitigation measures may need to be developed to control the 
flow of surface water during and after construction. 
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The construction of benches and/or diversion ditches may be necessary to prevent runoff from 
flowing across the face of slopes, thereby reducing possible erosion issues. Adequate clearance 
areas should be maintained at the toe of cuts and fills to allow for removal of sediments caused by 
erosion of the slope face. Areas of concentrated runoff should be avoided. 
 
Adequate surface-water drainage systems must be included in the Project to minimize infiltration 
into natural soils which can cause instability and/or excessive settlements. The following protection 
measures should be considered to prevent erosion of the surface water drainage system: lined 
ditches, drains, protection of discharge areas (such as rock aprons), etc. Additionally, erosion 
blankets may be required on soil slopes to limit erosion until reclamation reseeding becomes 
effective. 

6.5.1 Utility Trench Excavation and Backfill 
Excavations must comply with construction safety requirements at all times. Temporary 
excavations should have slopes as recommended in Section 6.2 or flatter, depending on the 
condition of the materials encountered. A qualified geotechnical engineer should be utilized to 
design all utility excavations. 
 
Backfill materials may consist of native soils compacted as per the geotechnical engineer’s 
recommendations. Material beneath pavements will require a pavement section design as part of 
the detailed recommendations. 

6.6 Access Roads 
It will be necessary to establish access roads for the proposed facilities, including temporary 
access. Should pavement design be required, either rigid or flexible, additional laboratory testing 
will be necessary to determine the strength properties of the subgrade materials in locations where 
the pavements are proposed. 

6.7 Seismic Design Parameters 
The Arizona Department of Environmental Quality (ADEQ, 1998) has published guidelines for 
mining project design criteria in a publication entitled “Arizona Mining Guidance Manual, Best 
Available Demonstrated Control Technology (BADCT).” This manual sets forth 
recommendations for minimum standard design criteria with the interest of protecting the 
groundwater aquifers in the State of Arizona. Accordingly, the BADCT manual recommends 
design criteria for seismic hazards as follows: 
 

“The minimum design earthquake is the maximum probable earthquake (MPE). 
The MPE is defined as the maximum earthquake that is likely to occur during a 
100-year interval (80% probability of not being exceeded in 100 years) and shall 
not be less than the maximum historical event. This design earthquake may 
apply to structures with a relatively short design life (e.g., 10 years) and minimum 
potential threat to human life or the environment. 
 
Where human life is potentially threatened, the maximum credible earthquake 
(MCE) should be used. MCE is the maximum earthquake that appears capable 
of occurring under the presently known tectonic framework.” 

 
In accordance with these recommendations, two (2) distinct levels of ground motion are defined 
for the Project site: the MPE and the MCE. The maximum ground acceleration expected at the 



Geotechnical Addendum  Rosemont Copper Company 

Tetra Tech February 2009 39 

Project site is 0.326g associated with a maximum credible earthquake on the Santa Rita fault 
zone. Accordingly, the MCE design peak ground acceleration (PGA) is equal to 0.326g.  
 
The MPE definition requires the larger of the maximum historical event or one having a return 
period of approximately 448 years, corresponding to the 80% probability of non-exceedance 
event in 100 years. The seismic hazard curve for the Rosemont site indicates that the 80 
percent probability of non-exceedance event in 100 years corresponds to a peak ground 
acceleration of 0.045g. In comparison, the largest earthquake ground motion recorded in the 
Project area was associated with the 1887 Bavispe, Mexico event. The estimates of peak 
ground acceleration indicate that this event would result in an acceleration of 0.036g. Therefore, 
the design MPE for the Project site would be the greater of these two (2) accelerations or 
0.045g. 
 
Using the peak horizontal ground acceleration for the Project site, pseudo-acceleration 
response spectra were calculated for zero (0) seconds (PGA) to 2.0 seconds at five (5) percent 
damping. Table 6.1 presents the key parameters of the simplified smoothed pseudo-
acceleration response spectra.  

Table 6.1  Simplified Smoothed Pseudo-acceleration Response Spectra 

Key Parameter MCE Design 
Ground Motion Key Parameter MPE Design 

Ground Motion 
PGA 0.328g PGA 0.0450g 

SAmax 762 cm/s2 SDS 0.0816g 
SVmax 65.8 cm/s SD1 0.0317g 
SDmax 20.5 cm TO 0.0778 sec 

T3 0.54 sec TS 0.389 sec 
T4 1.96 sec 
DS 18.2 sec 

NA 

 
Additional information regarding the site seismicity study is presented in the Geologic Hazards 
Assessment Report completed by Tetra Tech in June of 2007. 

6.8 Corrosive Effects on Reinforced Concrete Structures 
Damage to concrete and reinforced steel can be caused by the soil below the structure’s 
foundation when chemical elements within the soil come into contact with water. For example, 
high chlorides can cause corrosion problems in metallic parts, high total soluble salts can cause 
loss of strength due to soil leaching, and high sulfates can cause corrosion problems on 
concrete. The concentrations of these elements required to be harmful to foundation structures 
are listed in the following table.   
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Table 6.2 Chemical Elements Harmful to Foundations 

 

Soil Constituent Parts per Million
(PPM) 

Degree of Potential
Damage Comments 

0 - 1,000 Light 
1,000 – 2,000 Moderate 

2,000 – 20,000 Severe 
*Sulfates 

20,000 + Very Severe 

Problems of corrosion on 
foundation concrete 

**Chlorides >6,000 Harmful 

 
Problems of corrosion of 

Metallic parts of reinforcements
 

**Total Soluble Salts >15,000 Harmful 

 
Loss of mechanical strength 

due to leaching problems 
 

   * 318-83 ACI Committee 
 ** Existing Experience 
 
Corrosion testing was completed on three (3) material types: the Bolsa Quartzite, Concha 
Limestone, and arkosic sandstone from the Willow Canyon Formation. Samples for the quartzite 
and limestone were collected from test pits (TTTP-07-02 and TTTP-07-03, respectively) within the 
proposed open pit limits, as shown on Figure 9. The quartzite and limestone materials were 
selected for corrosion testing since they were identified as potential sources of aggregate fill for 
proposed structure foundations. The arkosic sandstone sample is a composite of core from zero 
(0) to 70 feet collected from borehole AR-2065 located within the Plant Site area (Figure 5). The 
arkosic sandstone material was selected for corrosion testing to assess in-situ conditions at the 
Plant Site. Results of the corrosion analyses are shown in Table 6.3.    

Table 6.3  Corrosion Testing Results 

Test Pit No. Material pH Sulfates 
(ppm) 

Chlorides 
(ppm) 

Total Soluble 
Salts (ppm) 

TTTP-07-02 Quartzite 7.00 9 6.1 88.2 
TTTP-07-03 Limestone 7.13 3 2.6 174 
AR2065 0-75 Arkosic Sandstone 6.76 85 39 321 

 
As indicated by the results, the degree of potential damage for concrete is low. However, Type V 
cement may be required for concrete used in construction. If fill material deviates from the sources 
identified in Table 6.3, additional laboratory testing should be performed prior to final design and 
construction.  

6.9 Recommendations Prior to Construction 
The values presented in this report are considered preliminary and should be confirmed prior to 
construction of some facilities. Due to the limited amount of subsurface explorations that were 
conducted in the Plant Site area, Tetra Tech recommends additional subsurface investigations 
before the construction of any of the facilities take place. Each major facility should have a 
boring located directly underneath it. More than one (1) boring should be placed in the facility 
footprint in the case of the large, critical tailings thickener tanks. 
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This will verify the assumed foundation conditions and ensure that there are not any 
unanticipated subsurface conditions that could impact the facilities. Additionally, full time field 
engineering is recommended along with the services of a geotechnical engineer during the 
grading and foundation preparation operations, especially for the Plant Site and other support 
facilities. 
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7.0 GENERAL INFORMATION 

This report has been prepared in accordance with standard engineering practices for the 
Rosemont Project area at the time of report preparation. Information in this report is intended to 
provide a preliminary assessment of geotechnical conditions for the Project site. The report is 
based on a review of existing information, site-specific investigations, a general understanding of 
geological processes in the Project area, Tetra Tech’s understanding of the proposed construction, 
and past experience with similar conditions. Variations can and do occur in geological and 
constructed materials and departures from the conditions portrayed in this report are possible. No 
other use is intended or implied by the information, opinions, conclusions, and recommendations 
contained herein. 
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