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ABSTRACT 

This report is an explanation of geochemical assay results released by the Bureau 
of Land Management (BLM) Hassayampa Field Office Locatable Minerals Program to the 
Arizona Department of Environmental Quality (ADEQ) Air Quality Division in regards to 
the Kirkland Mining Company Proposed High-Quality Pozzolan Mine AZA 37212 Mining 
and Reclamation Plan of Operations (MRPO) submitted under 43 CFR part 3809 to the 
Hassayampa Field Office, BLM Arizona, in June, 2017.  The Kirkland Mining Company 
(KMC) has proposed a high quality pozzolan mine at a pre-existing mine and quarry site 
in Kirkland, AZ.  The proposed mine would quarry and crush Tertiary-aged rhyolite and 
rhyodacite volcanic tuffs exhibiting pozzolanic properties to be used as a supplement in 
commercial concrete production.   

The proponent initially contracted multiple instances of geochemical testing of the 
proposed material to be mined from 2015 to 2017 at accredited laboratories for market 
viability studies and to test for the possible presence of any airborne carcinogens.  These 
results found no clearly identified airborne carcinogens.  However, these results 
contained proprietary bulk geochemical information related to market viability and are not 
available for the public to view.  The proponent agreed to allow the BLM to take additional 
independent samples from both the land surface (managed by the BLM) and from drill 
core samples (collected and owned by the proponent) in order to perform additional spot 
checks of the proposed material to be mined for possible presence of airborne 
carcinogens as a baseline study to assist with the National Environmental Policy Act 
(NEPA) analysis of the proposed MRPO.   

The samples were analyzed at the BLM Soils Testing Laboratory in Worland, WY 
and EMSL Analytical, Inc.  The surface samples were collected from the historical pit 
areas and waste piles. The drill core samples were chosen from drill holes in the proposed 
88-acre pit area in the historical mine area and extending to the north and east.  These 
samples were collected from strata that will be mined during the life of the proposed mine.  
The collection of the drill core samples was observed by a representative from the ADEQ 
Air Quality Division.  

The three known types of airborne carcinogens that could potentially found in this 
type of deposit based on other localities of similar composition and secondary alteration 
are asbestos minerals as defined by the EPA, the zeolite mineral erionite when it is in 
fibrous form, and crystalline silica when it has been ground small enough from crushing, 
sanding or blasting operations that it can be inhaled.  No asbestos minerals or erionite 
crystals, fibrous or otherwise, were identified.  Only rare to trace (less than 5 volume 
percent) crystalline silica was identified in the form of quartz phenocrysts in some of the 
tuff units, quartz as a component of trace entrained lithic clasts, and in rare, thin (less 
than 1 meter) volcanoclastic lenses intercalated between major tuff units that can contain 
some trace quartz sand.  Even though the risk of respirable crystalline silica (RCS) at this 
proposed operation is lower than at most mining and quarry operations, it is possible to 
create trace, loftable RCS from the proposed mining and crushing operations.  
Appropriate, industry standard dust controls will need to be in place by the operator to 
protect workers and the public, and dust opacity will be actively monitored by the ADEQ.  
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1.0 Introduction 

1.1 Geologic Setting 

The proposed Kirkland High Quality Pozzolan Mine is located in the intermontane 
Skull Valley subbasin within the Transition Zone physiographic province (Trapp and 
Reynolds, 1995) with the Bradshaw Mountains to the east and Kirkland Peak to the west.  
The proposed pit area is contained within an approximately 15 million year old rhyolite to 
rhyodacite welded volcanic lithic tuff deposit (DeWitt, et al., 2008) that is layered and tilted 
slightly to the northeast. Drill Hole #514426 located approximately one mile northeast of 
the proposed pit has an apparent thickness of the proposed mine units of approximately 
200 feet, underlain by Tertiary basaltic lavas and rhyolitic to andesite tuffs; and overlain 
by Tertiary basaltic lavas, rhyolitic to andesite tuffs, and Pliocene to Pleistocene 
sedimentary and volcanoclastic rocks (DeWitt et al., 2008). 

 

1.2 Background 

Mining claims were originally located at the mine site in 1896 by C.J. Rynearson.  
The mine and quarry site has had multiple owners through the decades and has been 
known as the Arizona Tufa Mine, the Magic Mountain Mine, the Rynearson Quarry, the 
Kirkland Tuff Quarry, the Maverick Mine, the Kitty Litter Mine and as the Capital Quarry.  
Building stone was intermittently mined at the location from the late 1800s until the 1960s, 
with some of the quarried stone used on the facade of the Arizona State Capitol building 
and to build or accent other buildings in Arizona and California.  From 1979 until 1985 the 
tuff was crushed and sold as an adsorbent for cat litter and oil sweep applications.  
Kirkland Mining Company subsequently acquired the property and ascertained that the 
tuff had pozzolanic properties.  In 2017 The BLM determined that the pozzolan was of 
high enough quality to be considered a locatable mineral of uncommon variety under the 
Common Varieties Act (30 U.S.C. § 611-615) and therefore subject to 43 CFR part 3809 
regulations (i.e., the material is of high enough quality to be considered a mine, not a 
quarry, based on current geological data and market conditions). 

 

2.0 Airborne Carcinogens 

Airborne carcinogens are indoor or outdoor air pollution that has been evaluated 
in bioassays for genetic and carcinogenic effects and determined by the World Health’s 
Organization International Agency for Research on Cancer (IARC) assessment to be 
potentially carcinogenic.  Most dangerous airborne carcinogens are created from 
combustion (Lewtas, 2002).  However, certain physical properties (sharp or elongated, 
thin minerals) of certain materials may create physical damage in lungs when inhaled that 
can potentially result in long-term deleterious health effects.  Physical disruption of these 
materials, such as through demolition of buildings containing industrially applied 
carcinogenic material or mining of naturally occurring carcinogenic material can loft 
particulates into the air in concentrations or for periods of time that can be potentially 
harmful. 
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Air quality regulations include but are not limited to the following: Section 112(d) of 

the Federal Clean Air Act requires the Environmental Protection Agency (EPA) to regulate 

certain airborne toxicants.  Arizona Environmental Quality Act of 1986 created the Arizona 

Department of Environmental Quality (ADEQ) which regulates air pollution through the 

Air Quality Division.  Air pollution sources can be indirectly regulated in some 

circumstances by Federal Clean Water Act if the sources could impair waterways.  In 

some situations there are local county and municipal regulations (for example, air quality 

is  also regulated by Maricopa, Pima, and Pinal Counties in Arizona except for refineries, 

copper smelters, coal-fired power plants, and Portland cement plants).  Occupational 

exposure is monitored by the Occupational Safety and Health Administration (OSHA) or 

the Mine Safety and Health Administration (MSHA). 

 The three most likely types of airborne carcinogens that could potentially found in 
this type of deposit based on other localities of similar composition and secondary 
alteration are the six asbestos minerals as defined by the EPA, the zeolite mineral erionite 
when it is in fibrous form, and crystalline silica when it has been ground small enough 
from crushing, sanding or blasting operations that it can be inhaled (Cave pers. comm. 
with EPA, ADEQ, AzGS, and USGS).  Asbestos and erionite are secondary minerals and 
may form in volcanic ash if the deposits are exposed to certain conditions, but are not 
necessarily a part of any ash fall deposit, even if it may be present in a deposit with similar 
composition, similar geographic area, etc.  Crystalline silica can be genetically a primary 
component of all rhyolitic to rhyodacite ash fall tuffs at least in trace amounts. 

 

2.1 Respirable crystalline silica 

Crystalline silica is a basic component of soil, sand, granite, and many other rock 
types. Quartz is the most common form of crystalline silica and may become respirable 
size particles when workers chip, cut, drill, or grind objects that contain crystalline silica. 
Crystalline silica has been classified as a human lung carcinogen. Additionally, breathing 
crystalline silica dust can cause silicosis.  The respirable silica dust enters the lungs and 
causes the formation of scar tissue, thus reducing the lungs’ ability to take in oxygen 
(OSHA, 2002).  Crystalline silica is listed as a probable human carcinogen (IARC 1997).   

Rhyolitic volcanic ash is primarily composed of non-crystalline, or amorphous, 
silica, not crystalline silica.  Amorphous silica is similar to diatomaceous earth and is 
regulated as a nuisance dust.  It is not listed as a carcinogen but the carcinogenity has 
been currently deemed as indeterminiate because of the difficulties of separating 
crystalline silica and non-crystalline silica in long-term scientific studies (IARC1997).   

 

2.2 Asbestos 

Asbestos refers to a group naturally occurring of silicate minerals that are fibrous 

in mineral form. They were once used extensively in construction materials because they 

are resistant to heat, electricity, and chemical corrosions and have good sound proofing 

capacity.  The Asbestos Hazard Emergency Response Act (AHERA) of 1986 regulates 
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six asbestos specific minerals: chrysotile (white asbestos), amosite (brown asbestos), 

crocidolite (blue asbestos), anthophyllite, tremolite, and actinolite. 

Asbestos has been classified as a known human carcinogen by the U.S. 

Department of Health and Human Services (HHS), the U.S. Environmental Protection 

Agency (EPA), and the International Agency for Research on Cancer (IARC) (EPA, 1984, 

IARC 2012, Agency for Toxic Substance Disease Registry retrieved 2017, National 

Toxicology Program 2016).  According to IARC, there is sufficient evidence that asbestos 

causes mesothelioma, cancers of the lung, larynx, and ovary (IARC 2012). There is 

limited evidence that asbestos exposure is linked to increased risks of cancers of the 

stomach, pharynx, and colorectum (National Cancer Institute Asbestos Fact Sheet). 

Asbestos is not a common alteration mineral of volcanic ash, but serpentine has 
been identified in the Eyjafjallajökull basaltic ash plume in Iceland in 2010 (European 
Assoc. of Geochemistry Goldscmidt Conference Public Release August 27th, 2013). 

 

2.3 Erionite 

Erionite is a naturally occurring zeolite mineral. It can be 
found in volcanic ash that has been locally altered by 
weathering and ground water. Erionite can form spheres or 
more commonly fibrous masses in the hollows of rock 
formations. Its color varies from white to clear and can have a 
green, gray or orange tint (mindat, webmineral).   

Erionite is not an asbestos mineral.  However, like 
asbestos, erionite may pose health risks to those who breathe 
in the fiberous form.  It is classified as a known carcinogen.  It 
appears to be associated with increased risks of fibrogenic lung 
disease, lung cancer and mesothelioma.  Although toxic effects 

were documented in a study of three small villages in the Cappadocia Turkey in the 
1970s, historically there have been few studies of erionite in the United States (North 
Dakota Department of Health Fact Sheet). Natural deposits of erionite, including fibrous 
forms, have been identified in the past in the western United States. Until recently, these 
occurrences were focused on the potential economic value and have generally been 
overlooked the potential hazard. In the last several years, concerns have emerged 
regarding the potential for environmental and occupational exposures to erionite in the 
United States, such as erionite-bearing gravels in western North Dakota mined and used 
to surface unpaved roads. As a result, there has been an increased interest in identifying 
locations and geologic environments across the United States where erionite occurs 
naturally (Van Gosen et al, 2013).  

Erionite deposits in Arizona 

Sheppard (1996) lists seven erionite localities in a northwest trending belt across 
the Transition Zone of Arizona, all in volcanic tuffs.  Most are volcanic ash and pumice 
airfall associated with lacustrine deposits (i.e., the ash fall may have fallen onto a pre-
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existing lake).  This list also includes the Peeples Valley erionite-type zeolite alteration 
locality reported here, originally identified in Eyde and Irvin (1979). 
 

3.0 Sample Collection Techniques 

The proponent initially contracted multiple instances of geochemical testing of the 
proposed material to be mined from 2015 to 2017 at accredited laboratories for market 
viability studies and to test for the possible presence of any airborne carcinogens.  These 
results found no clearly identified airborne carcinogens.  However, these results 
contained proprietary bulk geochemical information related to market viability and are not 
available for public view.  The proponent agreed to allow the BLM to take additional 
independent samples from both the land surface (managed by the BLM) and from drill 
core samples (collected and owned by the proponent) in order to perform additional spot 
checks of the proposed material to be mined for possible presence of airborne 
carcinogens to be reported in a baseline study to assist with the National Environmental 
Policy Act (NEPA) analysis of the proposed MRPO.  The samples were analyzed at the 
BLM Soils Testing Laboratory in Worland, WY and to EMSL Analytical, Inc.  The surface 
samples were collected from the historical adsorbent mine pit areas and waste piles. The 
drill core samples were chosen from drill holes in the proposed 88-acre pit area in 
extending to the north and east the historical mine area.  These samples were collected 
from strata that will be mined during the life of the proposed mine.  The collection of the 
drill core samples was observed by a representative from the ADEQ Air Quality Division.  
Appropriate chain of custody protocols were followed. 

 

4.0 Geochemical Analysis Techniques 

Please See Appendix A and B for in depth description of geochemical analysis 
techniques.  X-ray diffraction (XRD) coupled with scanning electron microscope (SEM) 
was chosen as the analytical method over transmission electron microscopy (TEM).  
Transmission electron microscopy is very exact and can reveal if a specific needle-like 
crystal also has a specific composition.  XRD can give a bulk composition spectrum that 
can detect the presence of erionite.  Samples that are positive are then viewed with the 
SEM to see if there are fibrous or needle-like crystals present.  It does not definitively 
reveal if those exact crystals are actually of erionite composition.  If the spectrum revealed 
erionite present and the SEM revealed fibrous minerals present, that was considered a 
positive result for the presence of erionite for the purposes of this study.  XRD/SEM is 
also more cost effective and allowed for more samples to be tested within budgetary 
restrictions.  For certain scientific and regulatory applications TEM would be more 
appropriate to reduce the risk of false positive results. Asbestos testing was completed 
using the standard EPA Method 600. 

  

5.0 Results 

No asbestos minerals or erionite crystals, fibrous or otherwise, were identified 
(please see Appendix A, Appendix B).  The geochemical tests do not distinguish 
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crystalline verses non-crystalline silica dioxide.  However, inspection of field lithologic 
units and hand samples reveal only rare to trace (less than 5 volume percent) crystalline 
silica in the form of quartz phenocrysts in some of the tuff units, quartz as a component 
of trace entrained lithic clasts, and in rare, thin (less than 1 meter) volcanoclastic lenses 
intercalated between major tuff units that can contain some trace quartz sand.  This is 
consistent with the unit descriptions of Dewitt et al., 2008. 

Sheppard (1996) and Eyde and Irvin (1979) reported an erionite locality 
approximately seven miles from the proposed Kirkland Mine in a similar, but different, 
lithologic unit.  One sample was collected from this site and also submitted.  Results show 
that this site is strongly zeolite altered and the primary alteration type is erionite (please 
see Appendix A).   

 

6.0 Recommendations 

Even though the risk of respirable crystalline silica (RCS) at this proposed 
operation is significantly lower than at most mining and quarry operations, it is possible 
to create trace, loftable RCS from the proposed mining and crushing operations.  
Appropriate, industry standard dust controls will need to be in place by the operator to 
protect workers and the public from this minor risk, and dust opacity will be actively 
monitored by the ADEQ. 

Multiple erionite-type zeolite alteration localities have been identified in Arizona.  
More work should be done geologically mapping this alteration type by state and federal 
geological surveys, particularly in the ubiquitous Tertiary rhyolite ash deposits found 
throughout the state.  Road and building construction, mining, and quarrying industries in 
Arizona have potential to encounter erionite in naturally occurring settings.   Broader 
implications of the hazards of erionite exposure in earth-moving activities or the use of 
erionite-contaminated products should be investigated and addressed in state and federal 
level air quality and occupational safety regulations.  
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