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Radiation Safety

Tyler Cantrell



What is radiation?

• Emission or transmission of 
energy through space or a 
medium

– Movement of energy
• Radioactivity: spontaneous 

release of radiation from the 
nucleus of an unstable atom



Radiation safety basics

• Time
– Less time near the source of radioactivity/radiation = 

less exposure
• Distance

– More distance = less exposure
– Inverse square law
– 2x the distance from the source, decreases your 

dosage by 4
• 3x = 9 times

• Shielding
– Not handling material with bare hands



Appropriate Lab attire when handling 
radioactive materials

• Lab coat/long sleeves
• Safety glasses
• Gloves
• Safety glasses
• Radiation badge/monitor



Exposure limit per year

• Occupationally exposed limit = 5 rem / 5000 mrem
– Average per year from natural and man-made sources (X-rays, etc.) = 360 mrem/year
– OSHA

• Average person/work environment = 100 mrem/year or 2 mrem/hour
– OSHA



Effects of radiation on the body

• Serious radiation exposure can cause large 
numbers of cells to die off
– Isn’t seen for ~2+ months after exposure

• Long term exposure can cause a variety of 
health issues over many years



From The University of Texas Health Science Center at Houston



Medical Treatment

• Cleaning solutions applied to effected areas
– Dish soap, other solutions specific for radiation
– Don’t use anything rough that can push it into the 

skin or break material into smaller parts

• Internal exposure should be treated by a 
doctor right away to excrete radionuclides 
from inside of body



INES Level 2 - Incident 

• March 11, 2002
• Truck going from Leeds to 

Sellafield, England contained 
defective shielding 

• Minimal radiation exposure to 
human life

• Contained Cobalt – 60 and if 
container had tipped or had 
serious leak then could have 
exposed many to serious gamma 
rays. 

• AEA Technology was eventually 
fined £250,000

https://web.archive.org/web/20160113201140/http://www.hse.gov.uk/press/2006/e06017.ht
m



Dragline Safety
Brady Thompson



What is a 
Dragline?

• Extremely large 
excavator

• Uses a series of cables 
and pulleys to move a 
large bucket

• The bucket DRAGS 
along the ground to 
pick up waste material

• Once the waste 
material is in the 
bucket the dragline 
rotates and dumps the 
waste in the designated 
area



Importance of a 
Dragline

• A dragline is a cost-efficient way of 
moving large amounts of material 
without the need for haul trucks

• Runs on electricity, fuel is not needed
• Able to move (slower than a snail) to 

various areas of the mine by walking
• Moves material much faster than a 

typical shovel/excavator and haul 
trucks



Dragline Hazards

• The dragline bucket continues to swing 
due to momentum, even after the 
dragline has stopped rotating.

– Will destroy anything in its path
• Limited field of vison
• Too much tension can cause the cables 

to snap and the bucket to fall
• Excessive noise pollution limiting 

operators hearing
• Falling material from the bucket
• Typically has a dozer operator to level 

areas for the dragline to move
• Bench failure



Outside Dragline 
Hazards

• Operator most likely cannot see 
you

• Power cables run across the mine 
and CANNOT be driven over in 
vehicles without protection

• Dragline is very large and may 
obscure other miners’ field of 
view

• Produces large amounts of dust 
near dumps



How to 
Safely 

Operate a 
Dragline

• Be mindful of all other miners 
working in the area

• Don’t rush, operate slow and 
frequently check all blind spots.

• Ensure that you are working on a 
secure foundation

• Watch the tension on your cables
• Make sure your load is secure 

before rotating over to the dump
• Only dump in the specified area
• When maintenance is being 

conducted make sure the bucket 
is lowered to the ground and is 
not in use



How to Safely 
Work around a 

Dragline
• Call into the area the dragline is in, and 

get clearance from the operator before 
entering the area

• Park vehicles, and stay far away from 
the reach of the boom/bucket

• Watch for falling material
• Only drive over dragline power cords in 

designated areas where crossings have 
been established

• Be knowledgeable about all other 
equipment in the area, as you might not 
be able to see them, and they can’t see 
you



Questions?
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USGS SIR10-5070B



Secondary or supergene 
enrichment where leaching 
of materials occurs and 
precipitation at depth 
produces higher 
concentrations

Copper porphyry (Mo, 
Au) deposits are large, 
low-grade (<0.8% Cu) 
deposits that contain 
disseminated and 
stockwork veinlets of 
copper and molybdenum 
sulfides associated with 
porphyritic intrusions 





Valencia-Moreno 
et al., 2001



http://www.colorado-
mall.com/HTML/EDUCATIONAL/SCIENCES/GEOLOGY/COLO_GEOLOGY/COLO_CREATION/DEVELOPING_ERAS/developmentEras.html



USGS SIR10-5070B







Hydrothermal alteration

• Hypogene alteration occurred during the 
formation of the ore body by upwelling, 
hydrothermal fluids. 

• Supergene alteration is the natural weathering, 
before mining, of the ore body, at low 
temperatures near the Earth’s surface. 



The sources for the variety of mineral phases 
and chemical elements found in porphyry copper 

deposits
• Primary phases formed in the magma chamber and 

preserved in the rock (feldspar, quartz, pyroxene, amphibole, 
magnetite, apatite, etc.)

• Primary ore minerals formed during the main mineralization 
phase (chalcopyrite, pyrite) in the magma chamber

• Additional minerals formed when the ore deposit was 
hydrothermally altered (chalcocite, feldspar, pyrite, clay 
minerals, quartz, epidote, apatite, rutile, Fe- and Mn- oxides, 
etc.)
– Addition of new elements by the hydrothermal fluids at different times
– Redistribution of primary phases





USGS SIR10-5070B





USGS SIR10-5070B



AZ-NM-TX-Mexico porphyry copper deposits are on the eastern edge 
of one of the world’s great metal-bearing provinces





USGS SIR10-5070B



Valencia-Moreno et 
al., 2017



Valencia-Moreno et al., 2017
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1882 1883 1884 1885…
$95,500 $135,960…

12 million tons Cu worth over $23 billion 1882-2017 in NM





Different authors divide the Laramide into different 
age groups 

• McMillan (2004)—used all dates including K-Ar dates
– 80-64 Ma
– 64-48 Ma
– 48-37 Ma

• Amato et al. (2017)—used U-Pb, precise Ar-Ar dates
– 76-70 Ma
– 61-57 Ma
– 46-40 Ma

• This presentation
– 75-60 Ma
– 60-50 Ma
– <45 Ma



Oldest porphyry copper deposits
• 75-60 Ma 
• Exhibit alkaline to calc-

alkaline geochemistry
• Include

– Copper Flat (Hillsboro, 
74 Ma), 

– Eureka (Oro in Little 
Hatchet Mns, 71.4 Ma) 

– Red Hills (Texas, 64.2–
60.2 Ma) 



Copper Flat, Themax Resources
Planned production per year for ~15 yrs

50.76 mill lbs Cu
1.01 mill lbs Mo
12,750 oz Au
455,390 oz Ag

Start in 2020s?



Copper Flat, Themax Resources
DISTRICT ZONING

• The low sulfur (<7%) CFQM 
porphyry copper deposit forms the 
center of the district and is 
characterized by Cu, Mo, and minor 
Au (McLemore et al., 1999, 2000). 

• Trending radially from the CFQM 
are Laramide polymetallic veins. 

• Carbonate-hosted replacement 
deposits (Ag, Pb, Mn, V, Mo, Zn) 
are located in the distal southern 
and northern parts of the district. 

• Placer gold deposits were formed 
by erosion of the porphyry copper 
and Laramide polymetallic veins 
and occur in the drainages and 
alluvial fans emanating from the 
CFQM and Laramide vein deposits.









Pit Wall, Waste Rock, and 
Drill Core Locations, Copper 
Flat, New Mexico (from 
BLM, 1999, After SRK).

Copper Concentrations in the 
Mine Pit Lake, Copper Flat

Raugust and McLemore, 2004

pH in the Mine Pit Lake, Copper Flat



Intermediate age porphyry copper 
deposits

• 60-50 Ma
• exhibit calc-alkaline 

geochemistry
• include 

– Chino (58.6 Ma)
– Tyrone—Little Rock 

(54.5 Ma
– Cobre (Hanover 

Mountain, 57.55 Ma)
– Lone Mountain (51.5–

50.6 Ma)
– Lordsburg (57.3–58.8 

Ma)



Chino mine
HISTORY
• 1798 Col. Manuel Carrasco 

began mining
• 1881 stamp mill and minor 

production
• 1904 John M. Sully arrived 

and began exploration and 
development

• 1910 production from the 
open pit  began

• 2003 In 2003, Phelps 
Dodge became the sole 
owner 

• 2007 Chino Mines joined 
Freeport-McMoRan 

PRODUCTION
• More than 5.9 million tons 

Cu, 500,000 oz Au, and 
5.36 million oz Ag plus 
some molybdenum and iron 
ore from 1911 to 2006 



Audetat and Pettke, 2006



Chino mine

• 36,000 metric ton-per-day concentrator 
that produces copper concentrate

• 150 million pound-per-year SX/EW plant 
that produces copper cathode from 
solution generated by ROM leaching

• Chalcocite, chalcopyrite, molybenite
• April operations suspended due to COVID 

and restarted in Jan 2021



Chino mine
• Production

– 92 million 
pounds Cu 
2020

– 175 million 
pounds Cu in 
2019

– 173 million 
pounds Cu in 
2018



Reserves in 2020 Chino (incl. Hanover, 
Cobre)

Milling reserves are 213 million metric tons 
of 0.51% copper, 0.05 g/t gold, 0.90 g/t 
silver and 0.01% molybdenum 
Leaching reserves are 100 million tons of 
0.28% Cu 



Audetat and Pettke, 2006



Audetat
and 
Pettke, 
2006



Summary formation of Chino deposit

• Magmatic evolution is dominated by multiple 
injections of alkaline (shoshonitic), oxidized, 
high S mafic magma into cool, anhydrite-
bearing magma of intermediate to felsic 
composition

• Initial exsolved phase is a low salinity 
aqueous fluid, later fluids were more saline

• Mafic magma supplies Cu, S, heat to keep 
the magma from solidifying

• Mixing of the magmas causes the 
precipitation of the sulfides



Audetat and 
Pettke, 2006



Tyrone mine

• Phelps Dodge purchase in 1909-1916
• 1941-1950 Dump and stope leaching
• 1949-1959 churn drilling program
• 1969 concentrator built 
• 1984 SXEW plant constructed
• 1992 Concentrator closed
• Open pit since 1967



Tyrone mine

• Mine 40-60,000 short tons per day
• Average grade 0.27% Cu
• Two pits Little Rock and Valencia 
• Produces 75-100 tons copper per day 

from leaching



Tyrone mine production

• Precip 1971-1997
– 243 million pounds Cu

• Leaching 1984-present
– 3.4 billion pounds Cu

• Current reserves
– 100 million pounds at 0.42% Cu

• Total copper
– 6.8 billion pounds Cu



Reserves in 2020 Tyrone (incl. Little 
Rock)

Leaching reserves are estimated as 33 
million metric tons of ore grading 0.27% Cu 
Expected to close 2020s
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TYRONE PRODUTION
• The mine has produced 

more than 5.3 billion tons 
Cu, 500,000 oz Au, and 
5.36 million oz Ag plus 
some molybdenum and iron 
ore from 1911 to 2006 

HISTORY
• 600 AD turquoise mining
• 1909 when Phelps Dodge 

Mining Co. 
• 1916 mining 
• 1967 open pit
• 1992 end of milling, heap 

leaching
• 2007 Tyrone joined Freeport-

McMoRan



Tyrone

• SX/EW operation with a maximum capacity of 
approximately 100 million pounds of copper 
cathode per year

• Production
– 45 million pounds Cu 2020
– 48 million pounds Cu 2019
– 55 million pounds Cu 2018



Ore types



TYRONE 
RECLAMATION
More than 34 million 
tons of overburden 
waste rock was 
removed from above 
the ore zones and 
placed in large 
stockpiles now being 
covered

No. 3
Work 

underway (but 
completed 

since photo 
was taken)

3X
Complet

ed

2 1
A1 1

X

Tyrone Mine

Mangas 
Road



Herasymuik 1996

Covering the 
rock piles will 
prevent O2
from entering 
them and 
prevent acid 
production



Lordsburg

Agezo, 1995



Lordsburg
Lordsburg—mines associated 
with aeromagetic lows



Unknown age (suspected 60-50 Ma)
• Gold Lake 

(White 
Signal)

• Steins 
(McGhee 
Peak) 

• Mimbres
Mountains 



Youngest porphyry copper 
deposits

• <45 Ma
• Mostly eastern portion of New Mexico (Victorio

Mountain in SW)
• Exhibit mostly alkaline geochemistry  
• Includes

– Organ (Cu-Mo; 26-36.45 Ma; Zimmerer and 
McIntosh, 2012)

– Cerrillos (Cu-Au, 29.8 Ma; Sauer, 1994)
– Orogrande (Cu-Au; 41.4-45.6 Ma; McLemore et al., 

2014)
– Victorio Mountain (Mo-W; 34.9 Ma, Donahue, 2002)



• By 46 Ma the style of 
magmatism changed
– Eastern NM and 

western Texas—
Texas-New Mexico 
alkaline belt

– Western NM and 
Mexico—calderas 

• Mineralized porphyry 
deposits are smaller, 
more alkalic, and 
relatively more 
enriched in Mo or Au 
(McLemore, 2018)

Red line represents predominantly 
porphyry molybdenum district



Younger 
porphyry 
deposits

<45 Ma



Cerrillos Hills
• Low grade (0.3% Cu), 

MoS2 poor, low sulfide 
system

• Potassic alteration
• No supergene 

enrichment
• Drilling indicates >2000 

ppm Cu ring surrounds 
monzonite plug

Red=San Pedro
Green=Ortiz
Turquoise=Cerrillos



Geochemistry

• Grossly similar major and trace element 
chemistry of Laramide and younger 
intrusions suggests similar source regions

• Slight differences in geochemistry reflect 
changes due to fractional crystallization 
and variable water-rock interactions 
(McMillan, 2004)



McMillan, 2004; 
Leveille and 

Stegen, 2012



Laramide (>45 Ma)

• Purple=Twin Peaks
• Turquoise=Chino
• Black=Fierro-Hanover 

and western Copper 
Flat

• Green=Hillsboro 
(eastern Copper Flat)

• Red=Tyrone
• Blue=Red Hills



SW NM 
aeromag



Cu potential



SUMMARY
• Most of the larger productive porphyry copper 

deposits formed during 60-50 Ma period in SW 
NM

• Older porphyry copper deposits in NM and TX are 
75-60 Ma, smaller then those in the 60-50 Ma 

• Younger porphyry deposits (Cu-Au, Cu-Mo, Mo) in 
eastern NM and TX? are <45 Ma

• Grades are decreasing in producing deposits 
and new deposits are required to maintain 
production

• Only one deposit, Copper Flat is in permitting
• Several deposits in beginning exploration



SUMMARY
• Formation of a copper porphyry deposit is very 

complex and not as well understood as 
geologists would like
– Magmatic processes
– Hydrothermal processes
– Supergene or weathering processes

• Stratigraphy and structure in this area is 
complex
– Pre-porphyry rocks
– Porphyry
– Younger rocks

• Kneeling Nun Rhyolite Tuff overlies the deposit



FUTURE STUDIES
• Continue to define the geochronology and 

chemistry of mineralized and other 
intrusions

• Stable and radiogenic studies to further 
identify sources

• Better geophysical studies to identify drill 
targets in the subsurface



ASSIGNMENT
• Safety moment
• 2 field trip reports and Midterms late
• Look for additional lectures on my web site 

https://geoinfo.nmt.edu/staff/mclemore/Minerald
epositsofNewMexico.html
– Status of Critical Minerals in New Mexico (AEMA)
– Gold panning (think about why gold panning is an 

important tool in exploration)
– Sampling and monitoring
– Sustainable development (to be added)

• Memoir 50D
– Chapter 6 Transition stage
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