MINING IN
NEW MEXICO

Photo not available online




Mining in New Mexico: The Environment, Water, Economics, and Sustainable Development
L. Greer Price, Douglas Bland, Virginia T. McLemore, and James M. Barker, Editors

Copyright © 2005
New Mexico Bureau of Geology and Mineral Resources
Peter A. Scholle, Director and State Geologist

a division of

New Mexico Institute of Mining and Technology
Daniel H. Lopez, President

BOARD OF REGENTS

Ex-Officio
Bill Richardson, Governor of New Mexico
Veronica C. Garcia, Secretary of Education

Appointed
Jerry A. Armijo, 2003-2009, Socorro
Richard N. Carpenter, 2003-2009, Santa Fe
Ann Murphy Daily, 1999-2011, Santa Fe
Sidney M. Gutierrez, 2001-2007, Albuquerque
Michaella J. Gorospe, 2005-2006, Socorro

DEsiGN & Lavout: Gina D'Ambrosio
Series Design: Christina Watkins

Epiting: Jane C. Love and Nancy S. Gilson
Series Epitor: L. Greer Price

CARTOGRAPHY & GrapHICs: Leo Gabaldon and Tom Kaus
CartoGraptic SupporT: Kathryn Glesener and Glen Jones
Tastes: Nancy S. Gilson

EDITORIAL ASSISTANCE: James Tabinski

Special thanks to
New Mexico Energy, Minerals and Natural Resources Department
Joanna Prukop, Secretary
and the Mining and Minerals Division
Bill Brancard, Director
for support of the printing of this year's guidebook.

New Mexico Bureau of Geology and Mineral Resources
801 Leroy Place
Socorro, NM 87801-4796
(505) 835-5420
http://geoinfo.nmt.edu

ISBN 1-883905-22-2
First Printing May 2005

Cover Proto: Sangre de Cristo Mountains near Taos
Copyright © Ralph Lee Hopkins



The New Mexico Bureau of Geology and Mineral Resources
wishes to thank the following for their support
of this year’s conference and guidebook:

SUPPORTING AGENCIES

New Mexico Energy, Minerals and Natural Resources

Department (NMEMNRD)
New Mexico Environment Department

New Mexico Institute of Mining and Technology

Los Alamos National Laboratory
U.S. Bureau of Land Management
New Mexico State Land Office

EVENT SPONSORS

American Institute of Professional Geologists
Amigos Bravos

Molycorp, Inc.

New Mexico Geological Society

Phelps Dodge Mining Company

Taos Gravel Products

Vulcan Materials, Inc.

PRINCIPAL ORGANIZERS

Douglas Bland, Technical Program Chair and
Field Trip Leader

Virginia McLemore, Technical Program

John Pfeil, Technical Program

James Barker, Technical Program

Gretchen Hoffman, Technical Program

L. Greer Price, Guidebook

Paul Bauer, Program Coordinator

Susan Welch, Logistics Coordinator

Susie Ulbricht, Administrative Assistance

LOGISTICS

James Barker
Ruben Crespin
Gretchen Hoffman
Mark Mansell
Geoffrey Rawling
Stacy Wagner

PLANNING COMMITTEE

Ernie Atencio, Taos Land Trust

John Bemis, New Mexico State Land Office

Consuelo Bokum, 1000 Friends of New Mexico

Mike Bowen, New Mexico Mining Association

Bill Brancard, Mining and Minerals Division, NMEMNRD

Senator Carlos Cisneros, New Mexico State Legislature

Teresa Conner, Conner & Associates

Bill Dalness, Bureau of Land Management

Dale Doremus, Ground Water Quality Bureau, New
Mexico Environment Department

Ron Gardiner, New Mexico State Legislature

Callie Gnatkowski, Office of U.S. Senator Pete Domenici

Ricardo Gonzales, New Mexico State Legislature

Steve Harris, Rio Grande Restoration

Mike Inglis, Earth Data Analysis Center, University of
New Mexico

Gary King, New Mexico Mining Commission

Mike Linden, USDA Forest Service

Mary Ann Menetrey, Mining Environmental Compliance
Section, New Mexico Environment Department

Charlie Nylander, Los Alamos National Laboratory

John Romero, New Mexico Office of the State Engineer

Peter Scholle, New Mexico Bureau of Geology and
Mineral Resources

Brian Shields, Amigos Bravos

John Shomaker, John Shomaker & Associates, Inc.

Gary Stephens, Bureau of Land Management

Representative Mimi Stewart, New Mexico State
Legislature

Ron Thibedeau, USDA Forest Service

Tony Trujillo, Phelps Dodge Mining Company

Rod Ventura, New Mexico Environmental Law Center

Allen Vigil, Taos County

Anne Wagner, Molycorp, Inc.



iv

Contents

DECISION-MAKERS FIELD GUIDE 2005

Preface . . . vii
An Introduction from the State Geologist — Peter A. Scholle. . . 1

CHAPTER ONE
THE PHYSICAL AND HISTORICAL FRAMEWORK

The Geology and Landscape of the Taos Region —
Paul Bauer. . . 7

Hydrology and Water Supply in the Taos Region —
John W. Shomaker and Peggy Johnson. . . 12

A History of Agricultural Water Development in the Taos Valley —
Peggy Johnson. . . 16

Taos County’s Mineral Heritage — Robert W. Eveleth. . . 21

The History and Operating Practices of Molycorp's Questa Mine —
Anne Wagner. . .26

Metal Deposits in New Mexico—How and Where They Are —
Robert M. North and Virginia T. McLemote. . . 29

Industrial Minerals in New Mexico —
Peter Harben. . . 34

CHAPTER TWO
ENVIRONMENTAL AND WATER QUALITY ISSUES

Public Perspective on Mining —
Stephen D'Esposito. . . 41

The Environmental Legacy of Mining in New Mexico —
James R. Kuipers. . . 46

Addressing Abandoned Mine Lands Issues in New Mexico. . . 50

Watershed Protection and Restoration in New Mexico —
David W. Hogge and Michael W. Coleman. . . 55

Acid Rock Drainage — Kathy Smith. . . 59

A River on the Edge — D. Kirk Nordstrom. . . 64

Water Quality Regulation of Mining Operations in New Mexico —
Mary Ann Menetrey. . . 68

Engineering Challenges Related to Mining and Reclamation —
Terence Foreback. . . 73

Environmental Impacts of Aggregate Production — William H. Langer;
L. Greer Price, and James M. Barker. . . 78

CHAPTER THREE
POLICY, ECONOMICS, AND THE REGULATORY FRAME-
WORK

An Industry Perspective on Mining in New Mexico —
Patrick S. Freeman. . . 85

Economic Impact of Mining on New Mexico — John Pfeil. . . 90

The Economic Anomaly of Mining — Thomas Michael Power. . . 96

Significant Metal Deposits in New Mexico—Resources and Reserves —
Virginia T. McLemore. . . 100

An Overview of the Regulatory Framework for Mining in New Mexico —
Douglas Bland. . . 108

The New Mexico Mining Act — William Brancard. . . 112



Planning for Mine Closure, Reclamation, and Self-Sustaining Ecosystems
under the New Mexico Mining Act — Karen Garcia and
Holland Shepherd. . . 117
Financial Assurance and Bonding — Warren McCullough. . . 121
Financial Assurance for Hard Rock Mining in New Mexico —
Ned Hall. . . 125
Will There Be Water to Support Mining's Future in New Mexico? —
John W. Shomaker. . . 128

CHAPTER FOUR
SUSTAINABLE DEVELOPMENT, TECHNOLOGY, AND A
LOOK TO THE FUTURE

Sustainable Development and Mining Communities —
Dirk van Zyl. . . 133
Sustainable Aggregate Resource Management — William H. Langer. . . 137
New Research and Technology for Mining and Mine Clean-up —
R. David Williams. . . 141
How Science Can Aid in the Decision-Making Process —
Peter A. Scholle. . . 145
Finding Solutions — Julia Hosford Barnes and Mary Uhl. . . 149
The Role of Non-Government Organizations — Brian Shields. . . 152
The Future of Mining in New Mexico — Editors. . . 156

List of Contributors. . . 160

Photo Credits. . . 166

Acronyms. . . 167

Generalized Stratigraphy of the Taos Region. . . 168

Generalized Geologic Map of the Taos Region. . . Inside back cover

MINING IN NEW MEXICO






vii

Preface

This is the fourth volume we've produced in conjunc-
tion with our Decision-Makers Field Conferences.
These conferences are designed to provide decision
makers with an overview of earth science and related
policy issues of interest and importance to all New
Mexicans. We produced the first volume in 2001 on
Water, Watersheds, and Land Use in New Mexico. This
was followed by volumes on New Mexico’s Energy,
Present and Future in 2002 and Water Resources of the
Lower Pecos Region in 2003.

The conferences have been a resounding success.
One of the highlights has been the guidebooks, which
have taken on a life and significance that extends well
beyond the conferences themselves. Designed to pro-
vide a broad overview of the topic at hand, with a
focus on how science can aid in the decision-making
process, these books have become references for deci-
sion makers, policy makers, industry, the environmen-
tal community, and the general public. Written for a
non-technical audience, the books are intended to
provide information that is otherwise not easily found
in an accessible style and format.

This year we tackled the topic of Mining in New
Mexico, with a focus on the Taos region. But, as in
previous years, the issues at hand are statewide issues.
In particular we wanted to address those mining-relat-
ed issues that face all of us in the years ahead: envi-
ronmental and social concerns, policy and economics,
regulation, and the issue of sustainability. We've tried
to provide a balanced view rather than a comprehen-
sive one, and if we've not provided answers to all of
the questions, perhaps we have at least provoked sig-
nificant thought and discussion.

We tried hard to focus on science, as always,
because science and policy are (and should be) closely
linked, particularly with regard to mining. So this
year’s volume includes a little more in the way of poli-
cy and regulation. Our authors were chosen for their
ability to address these topics broadly, and with
authority, based on their expertise and experience. We
asked authors to rely on fact rather than opinion, but
the papers invariably reflect to some degree the views
of their authors. Those views do not necessarily repre-
sent the voice of the New Mexico Bureau of Geology
and Mineral Resources or our partner agencies. This
year’s contributors are listed in the back of the vol-
ume, along with information about who they are and
what they do. The contributors themselves are an

)

important resource; many of them will remain
involved with shaping the future of mining in New
Mexico.

Whatever that future may hold, it will require
tough—and informed—decisions on the part of deci-
sion makers, industry, and the general public. It is our
hope that this compilation will go far toward helping
us all make informed decisions, based on an under-
standing of the science, as well as the social, policy,
and economic issues, that are involved. Our economic
health, our environmental well-being, and the quality
of life that we have come to take for granted in New
Mexico all depend upon it.

—The Editors
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An Introduction from the State Geologist

Peter A. Scholle, New Mexico Bureau of Geology and Mineral Resources

Welcome to this decision-maker field conference,
the fourth in our ongoing series of meetings
dealing with geological and hydrological issues in
New Mexico. These conferences—and this volume—
are designed to provide New Mexico decision makers
with the opportunity to see first-hand the influences
and impacts of natural phenomena and human actions
on our resources and landscapes. The conferences also
provide an opportunity for participants to hear, see,
and interact with leading scientific and technical
experts from a wide range of partner organizations
who will present material essential for an understand-
ing of the relevant issues and their potential solutions.
Those experts are the source of most of the papers in
this volume. We strive to present a balanced program
and to educate rather than lobby for specific legisla-
tion. Along with our many partners, however, we also
hope that the information presented, the contacts
made, the discussions engaged in, and a future of con-
tinued interactions after the trip all will lead to useful
future legislation for New Mexico.

This year’s meeting on mining-related issues deals
with some of the most difficult and contentious topics
we have tackled. Because mining issues revolve more
around emotion-charged conflicts between differing
societal values than around scientific disagreements, it
is difficult to be dispassionate, and difficult to focus
primarily on science. The social issues center on the
differences between economic and environmental val-
ues. Clearly our society needs mining—it adds sub-
stantially to the economic welfare of the state and the
nation (jobs, taxes, royalty revenues) and provides
vital materials needed for our industrial economy.
None of us, no matter how spartan our lifestyle,
makes do without mined metals or industrial miner-
als. Such materials are found in our foods, our vehi-
cles, our houses and appliances, our office buildings,
our roads, and virtually everything else we use.

At the same time, however, we all want a clean and
healthy environment, with safe water supplies, clean
air to breathe, and pristine scenery to enjoy. Mining
by its very nature impinges on some of those environ-
mental values, at least during the working life of a
mine.

This dichotomy between economic and environ-
mental values is at the heart of the conflicts over regu-

lation, permitting, and cleanup in the mining arena.
So where does science fit into such values conflicts?
The young field of environmental science has clearly
increased public concerns about ecological and
health-related issues. Epidemiological studies on
health effects of pollutants, long-term air- and water-
quality monitoring studies, ecosystems investigations,
and other scientific investigations have defined the
hazards associated with a wide variety of industrial
activities, including mining. But science does not real-
ly inform the debate, as long as the debate is focused
on the relative merits of two sets of social priorities.
The question of which is more important, generating
economic benefits or protecting the environment, is
not one for which science can provide an answer. But
science can provide background information to make
that decision more rational and less emotional. How
much ore is present in a prospect area, how much will
it cost to extract, how long can the deposit be mined
at certain rates, how much revenue will it add to state
or local coffers—these are questions that science can
help to answer. On the environmental side, how much
air or water pollution will be generated, how can pol-
lution most effectively and economically be mini-
mized, what substitutes can be found for especially
scarce or polluting materials are all questions for
which science and technology can offer at least partial
answers. Equally significant, it is the growth of sci-
ence, especially environmental and medical sciences,
that has also led to a profound shift in societal percep-
tions in the economic-environmental values discus-
sion.

Companies, including those in the extractive indus-
tries, work to societal standards of their time, and
those standards have changed dramatically in the past
century. I happen to collect postcards of the oil indus-
try and so will illustrate this point with several such
images, but the same point could also be made using
illustrations from the mining industry. Images on post-
cards generally reflect things of which we are proud.
Today beautiful scenery, wildlife, modern buildings or
monuments, and similar themes grace our postcards.
It is not easy to find modern cards depicting oil wells,
refineries, storage tanks, or other symbols of the
petroleum industry, even in areas that have been or
now are major oil producing regions. The same is true

MINING IN NEW MEXICO



for mines, smelters, and other factories.

Postcards of the late nineteenth and early twentieth
centuries, however, were very different in this regard.
Thousands of towns across the nation, from
Pennsylvania to California, issued postcards depicting
oil fields. The scenes are perhaps horrific to the mod-
ern, environmentally conscious eye: forests of wooden
derricks on deforested hillslopes, open lakes of oil,
gushers and torpedoed wells spouting oil skyward,
flaming storage tanks and oil fields. But the scenes
also commonly show proud citizens in their finest
clothing, walking under parasols through a rain of
black gold or gazing at burning tanks. Identical scenes
of environmental devastation are commonly claimed
by multiple towns, each vying to become the industri-
al hub of their region. The inscriptions on the cards
proclaim the manifest destiny of this nation, laud oil
exploitation as a key part of the industrial revolution,
and use the scenes to draw new population to the
region. “Wish you were here” is a common, and sin-
cere, sentiment expressed in the writings on the cards.

The point to b.e made here is that it 15. not reauy fair western Ohio from around 1910. Note the well-
to hold modern 1ndu5try SOlely resp0n51ble for the dressed citizens who have come out to have their
sins of earlier days. There is indeed a legacy of spoiled group portrait taken in front of the billowing
landscapes, air and water pollution, collapsing mine plume of black smoke.
shafts, and other problems associated with past min-

A postcard depicting a burning oil storage tank in

ing, in New Mexico and throughout the nation. But in
earlier days there was no widespread recognition of
the potential problems, no scientific information on
the health effects of pollutants. Instead, there was
widespread jubilation at the jobs and wealth that min-
ing and other extractive industries brought to the
economy of a struggling and growing nation.
So how do we move forward more intelligently
with mining today and in the future? We cannot
expect companies working in a free-market economy,
whether in the nineteenth century or today, to sub-
stantially exceed mandated environmental standards.
It is those scientifically established and legislatively
mandated standards that set the benchmark those
companies must achieve. Regulations, which apply to
all companies, really provide a level playing field for
everyone by incorporating environmental costs into
the price of doing business. In economic terms, such
A postcard view of a raging oil field fire from around 1900. regl,ﬂation in_ternahzes the costs of epvironmental pro-
Such fires were common occurrences given forests of wooden tection (makmg them part of the price a consumer
derricks that virtually touched at their bases, uncovered rivers pays for the product) as opposed to extemahzing the
and lakes of oil (foreground), and the common use of open costs (making all citizens pay the costs later in the
blacksmit'h fires for dressing the cable tools u§ed to dfﬂl these form of hi gh er taxes for environmental cle anup or
wells. This postcard is from Baku in the Russian Empire (now i . . . .

public health services). The playing field is only com-

Azerbaijan), but comparable scenes were common in U.S. oil
fields of the time. pletely level when everyone has to play by the same
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A postcard from around 1910 from the oil region of western
Pennsylvania (encompassing the towns of Franklin, Oil City,
Titusville, Warren, and others). This card is typical of many
from that time period, reflecting pride in the accomplishments
of a dynamic young industry. Individual vignettes on the card
show oil erupting from a torpedoed well, a tank fire, and some-
what more environmentally benign views of derricks and
refineries.

rules, and because many environmental regulations
are formulated on a state by state basis, that level field
does not exist for the nation as a whole, let alone the
world.

Nonetheless, regulation remains important (and is a
major focus of this conference), because it is not rea-
sonable to expect that there will be less environmental
disturbance associated with mining in the future than
in the past. On the contrary, we have already mined
the richest and easiest-to-mine deposits. Future min-
erals exploitation will necessarily involve lower-grade
ores and deeper, or otherwise harder-to-mine deposits.
In our copper mines, for example, we are now mining
ore containing only 0.1-0.3 percent copper (and that
represents the ore, not all the associated waste rock
that must be removed to get to the ore). Mining
lower-grade ore will entail blasting and moving more
rock and creating more environmental disturbance.
But offsetting that, we now know much more about
how to mine in ways that protect the environment.
Can we mine a deposit like Questa's molybdenum ore
today in a sustainable fashion that meets all current
and future environmental concerns? The answer is a
resounding “maybe.”

The answer is “maybe” because we clearly cannot
anticipate every potential future consequence of pres-
ent day actions (any more than the citizens of the
early twentieth century were able to predict the envi-
ronmental consequences of the industrial activity of

their era). The maybe also comes because we may not
have the will or the economic resources to finance
projects that preclude all pollution. But we can take
(and in many cases, have taken) sensible and cost
effective steps in that direction. Requiring imperme-
able liners around and beneath potential sources of
pollutants, clay caps above such sources to prevent
water infiltration, and similar steps can prevent trans-
port of virtually all potential pollutants, not just those
elements for which we have current concerns.
Beyond environmental issues there remain the social
questions surrounding the aesthetics of mines and
mining. Because of the nature of ore-forming process-
es, metallic ore deposits generally occur in mountain-
ous terrain, not in flatland areas. Thus, a conflict
between the aesthetics of pristine mountain regions
and mines will always exist. Mines and their infra-
structure of haul roads, waste rock piles, stockpiles,
mills, and tailings ponds are no longer seen by many,
perhaps most, citizens as acceptable consequences of
mining. Papers submitted for this volume from envi-
ronmental groups go so far as to say that no responsi-
ble mining company should even submit plans for
mines in the vicinity of parks, monuments, or wilder-
ness areas. We are, however, willing to accept sprawl-
ing clusters of fast-food restaurants, motels, condos,
and housing developments at or near the entrances to
many of our parks. Denver, Salt Lake City, Colorado
Springs, Aspen, Las Vegas, Albuquerque, and other
large cities in the West spread their smog throughout
the region and consume vast amounts of habitat in
proximity to gorgeous mountains, and we accept and

A postcard from around 1900 showing a forest of oil derricks in
an otherwise deforested landscape near Titusville in western
Pennsylvania. The grim vista, from an area close to the original
Drake well discovery in 1859, is captioned as a “scene of early
oil excitement.”
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even encourage that growth. Why are sprawling cities
and towns and their pollution acceptable, whereas
mines and their attendant impact on scenery unac-
ceptable?

I am not advocating despoiling the surroundings of
parks. I am questioning the values that allow urban
sprawl but disallow mining of major mineral deposits.
People can settle elsewhere, but minerals must be
mined where the deposits are found.

At some point we will need to assess where we are
going as a nation and how we plan to retain our eco-
nomic viability. The industrial zeal of previous cen-
turies is clearly gone. But how will we maintain the
standard of living that we all love while producing few
raw materials and even fewer manufactured goods?
We cannot live on imports and service industries
alone, and current trends of declining production and
soaring international trade deficits are clearly unsus-
tainable in the long run.

As we work toward creating a nation (and a state)
that has safe pollution standards and that maintains its
scenic beauty and natural habitat, we also need to
develop a better concept of where mining and manu-
facturing fit into that picture. Our regulations need to
protect and conserve natural settings, but they also
need to recognize the unique opportunities provided
by world-class mineral deposits such as those at
Questa and Silver City. Even more importantly, we
need to find ways to consume fewer resources, recycle
and reuse materials effectively, and minimize the fre-
quent “conserve versus develop” clashes that result
from rampant consumption. European nations are far
ahead of us in demanding recycling of consumer
products and reuse of raw materials, a natural conse-
quence of having a far higher population density than
the U.S. More scientific information and the develop-
ment of new technologies will clearly be needed to
guide us in finding the balance between these three
end members: conservation of our habitats, develop-
ment of our natural resources, and sustainable reuse
and recycling of industrial materials.
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