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Explanations and Abbreviations

--- (not analyzed or not measured)

AOC (Administrative order on consent)

AVIRIS (Airborne Visible/InfraRed
Imaging Spectrometer)

AWWT (Advanced Waste Water
Treatment facility)

BC (Bitter Creek)

C (Celsius)

CD (Compact disc)

C.I. (Charge imbalance)

COD (Chemical oxygen demand)

DB (Database)

DP-1055 (Discharge permit 1055)

EQP (EQ plot file)

GW (Ground water)

IAP (Ion activity product)

ICP (Inductively coupled plasma)

ID (Identification)

IDL (Instrument detection limit)

J (estimated concentration)

Ksp (Solubility product)

km (Kilometer)

L (Liter)

m (Meter)

MC (Molycorp, Inc.)

meq/L (milliequivalents per liter)

mg/L (milligrams per liter)

mM (millimoles per liter)

MMW (Mine monitoring well)

puS/cm (microsiemens per centimeter at
25 degrees Celsius)

pm (micrometers)

NAD (National American Datum)

ND (Non-detect)

NGVD (National Geodetic Vertical
Datum)

NMED (New Mexico Environment
Department)

NMHD (New Mexico Department of
Health)

No. (Number)

OSE (Office of the State Engineer)

QA/QC (Quality Assurance/ Quality
Control)

QSP (quartz, sericite, pyrite)

PWS (Public water supply)

RGC (Robertson GeoConsultants)

RL (Reporting limit)

SAP (Sampling and Analysis Plan)

SC (Straight Creek)

Spec Cond (Specific conductance)

SD (Standard deviation)

SI (Saturation index)

SMA (Souder Miller and Associates)

SOP (Standard Operating Procedure)

SPRI (South Pass Resources, Inc.)

SRK (Steffen Robertson and Kirsten)

STORET (U.S. Environmental
Protection Agency Storage and
Retrieval database)

TAL (Target analyte list)

Temp (Temperature)

TDS (Total dissolved solids)

TKN (Nitrogen kjedahl)

TSS (Total suspended solids)

U (not detected at the reporting limit)

USEPA (U.S. Environmental Protection
Agency)

USFS (U.S. Forest Service)

USGS (U.S. Geological Survey)

V (volts)

WATEQA4F (Water equilibrium model)



CONVERSION FACTORS, ABBREVIATIONS, AND DATUM

Multiply By To obtain
cm (centimeter) 3.937X 10! in. (inch)
m (meter) 3.281 X 10° ft (foot)
m (meter) 1.094 X 10° yd (yard)
km (kilometer) 6.214X 107! mi (mile)
g (gram) 3.527 X 102 oz (ounce)
km? (square kilometer) 3.861 X 10! mi? (square mile)
L (liter) 2.642 X 10! gal (gallon)
mg (milligram) 3.530 X 107 oz (ounce)

Water and air temperature are given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by use of the following
equation: °F = 9/5 (°C) + 32.

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD29). The geodetic datum was
derived from a general adjustment of the Sea Level Datum of 1929, which is now considered superseded as the national standard
(hitp://water.usgs.gov/usgs/publishing/Memos/memo2002_01.html).

Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 1927), which also is considered superseded
as the national standard.

Factors for converting International System of Units to English Units are provided above to four significant figures. In this report, however,

numerical results are shown to three or fewer figures because sample collection and analysis methodology were not consistently reported
by the original sources where the data were obtained.
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QUESTA BASELINE AND PRE-MINING GROUND-WATER
QUALITY INVESTIGATION. 3. HISTORICAL GROUND-WATER

QUALITY FOR THE RED RIVER VALLEY, NEW MEXICO
By Sara H. LoVetere, D. Kirk Nordstrom, Ann S. Maest, and Cheryl A. Naus

ABSTRACT

Historical ground-water quality data for 100 wells in the Red River Valley between the
U.S. Geological Survey streamflow-gaging station (08265000), near Questa, and Placer Creek
east of the town of Red River, New Mexico, were compiled and reviewed. The tabulation
included 608 water-quality records from 23 sources entered into an electronic database. Ground-
water quality data were first collected at the Red River wastewater-treatment facility in 1982.
Most analyses, however, were obtained between 1994 and 2002, even though the first wells were
developed in 1962.

The data were evaluated by considering (a) temporal consistency, (b) quality of sampling
methods, (c) charge imbalance, and (d) replicate analyses. Analyses that qualified on the basis
of these criteria were modeled to obtain saturation indices for gypsum, calcite, fluorite, gibbsite,
manganite, and rhodocrosite. Plots created from the data illustrate that water chemistry in the
Red River Valley is predominantly controlled by calcite dissolution, congruent gypsum
dissolution, and pyrite oxidation.

INTRODUCTION

Mining activities in the Red River Valley, New Mexico, may have affected ground-water
quality. New Mexico law states that part of a closeout plan for mining sites must include
compliance with ground-water quality standards unless ground-water quality exceeds the
standards prior to mining (S. McKitrick, New Mexico Environment Department, written
commun., 2000). The Questa baseline and pre-mining ground-water quality investigation began
with a Joint Powers Agreement between the U.S. Geological Survey (USGS) and the New
Mexico Environment Department (NMED) on April 30, 2001. The main objective of the USGS
component of the investigation is to infer the pre-mining ground-water quality at the Molycorp,
Inc. Questa molybdenum mine site in the Red River Valley (Nordstrom, 2002). Many ground-
water quality analyses had been obtained prior to the involvement of the USGS, but these had
never been compiled or evaluated for quality assurance and quality control (QA/QC). The
purpose of this report is to compile and evaluate these data for the Red River Valley between the
Questa Ranger Station (USGS streamflow-gaging station 08265000) near Questa, New Mexico,
and Placer Creek southeast of the town of Red River (fig. 1), to identify any spatial and temporal
trends in the data, and to obtain preliminary information on water-rock interactions from
speciation and saturation index calculations through geochemical modeling.
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A considerable number of ground-water analyses are available, but the data are in
numerous unpublished documents, including the mining company’s archived documents,
consultants’ reports, students’ theses, wastewater-treatment facility compliance letters, NMED
files, and individual laboratory reports. Historical ground-water quality information is valuable
because it presents the range of ground-water compositions found in the Red River Valley and
allows for a preliminary evaluation of major mineral controls on ground-water chemistry. In this
report, “historical” data are defined as all data existing from the earliest available record
(November 1982) to August 2002. The collected data were divided into two databases and listed
in two tables. One table (app. 1) contains all water-quality and related data that were compiled;
it is referred to as the “complete database.” The other table (table 6) is a subset of the complete
database that contains selected analyses with documented accuracy information used for
geochemical modeling and evaluation purposes. Both appendix 1 and table 6 are located on the
compact disc (CD) in the back of this report.

The Town of Red River Advanced Waste Water Treatment (AWWT) facility began onsite
annual monitoring of ground-water quality at the facility in 1982, which increased to biannual
monitoring for compliance with the NMED in 1985. The mining company collected water-
quality data from mill wells, private wells, and monitoring wells starting in 1992, 1993, and
1994, respectively. The U.S. Forest Service (USFS) performed preliminary assessments/site
inspections for the Bitter Creek, Placer Creek, and Pioneer Creek watersheds in 2001. The USFS
water-quality results were added to the database described in this report because the wells
represent the most upstream data available even though the wells lie outside the study area.

Aquifer-property and water-quality data for campground, mine monitoring, private,
production, and public-supply wells located within the study area were identified geographically
by subbasin, waste-rock pile, or creek. Named geographic locations include Capulin Canyon,
Columbine Park, the Mill area, Goathill Gulch, Sulphur Gulch, Spring Gulch, and Blind Gulch.
Additional monitoring wells are located within or below rock piles at Sugar Shack West, Middle
Dump, and Sugar Shack South (fig. 2). Private and supply wells are located along Hansen,
Pioneer, Straight, Hottentot, and Bitter Creeks.

Figure 1 is a map of the Red River Valley and study area identifying the creeks, gulches,
alteration scars, well types, and six wells upstream from the study area. Figure 2 is a detailed
map of wells in the mine site. Figure 3 is a detailed map of Columbine Park near the mine site.
Figure 4 illustrates wells near the town of Red River.

Several challenges were encountered during compilation including: (1) non-uniform
collection, reporting, and interpretation of water analyses; (2) missing identification of
employed analytical laboratories and analytical results; (3) incomplete or missing analytical
values in reports; (4) discrepancies in reported aquifer, field, and analytical data; (5) absent
sample collection or analysis methods and QA/QC information; and (6) nearly illegible
analytical data due to small font size and poorly reproduced copies. After all the available data
were obtained and organized, 100 wells with a total of 608 records of water-quality and aquifer
information from 23 sources were catalogued in an Microsoft Access database. Water-quality
data were obtained for 94 wells, and 6 additional wells were installed as dry wells. Only 19 of
the available sources reported original data; the remaining 4 cited analytical results from other
sources.
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Physical Setting

The study area is located in Taos County in north-central New Mexico on the western
slope of the Taos Range of the Sangre de Cristo Mountains within Carson National Forest. The
mountainous area is rugged with steep slopes and V-shaped valleys, and bedrock has been
locally altered by hydrothermal processes. The study reach is in the Red River Valley between
the Questa Ranger Station (elevation 2,280 m) and the town of Red River (elevation 2,646 m).
The Molycorp, Inc. Questa molybdenum mine, referred to as the “mine site,” is located on the
north side of State Highway 38 and the Red River, 13 km east of the Ranger Station. The mine
site is approximately 18 km? and encompasses three tributary valleys to the Red River: Capulin
Canyon, Goathill Gulch, and Sulphur Gulch, from west to east, respectively (fig. 1).

Mining activities produced extensive underground workings and an open pit of
approximately 7.8 km? near or in Sulphur Gulch. Waste-rock piles cover steep slopes on the
north side of the Red River between Capulin Canyon and Spring Gulch (a tributary valley of
Sulphur Gulch). Hydrothermally altered bedrock is found in Capulin, Goathill, Sulphur,
Hansen, Straight, and Hottentot drainages (fig. 1). Weathering of extensively altered rock has
resulted in steep, highly erosive, sparsely vegetated “alteration scars” that are visible from the
ground and in aerial photographs.

Climate and Vegetation

The Red River Valley is located in a semiarid desert that receives precipitation throughout
the year and sustains moderate biodiversity. Between 1915 and 2002, the annual average
temperature was 4 °C; annual average precipitation and snowfall were 52 cm and 370 cm,
respectively. Daily temperatures generally fluctuated by 18 °C throughout the year (table 1)
(Western Regional Climate Center, 2003).

Table 1. Red River monthly climate summary from January 1915 to December 2002

[C, degrees Celsius; cm, centimeters; Max., maximum; Min., minimum)]

Average Max. Average Min. Average Total = Average Total

Temperature  Temperature  Precipitation Snow Fall Average Snow

Month © © (cm) (cm) Depth (cm)
January 2.5 -15.4 2.7 50.8 22.9
February 4 -13.3 3 541 229
March 6.7 -9.7 4.5 74.4 17.8
April 12 -5.6 44 55.4 5.1
May 16.9 -1.8 4.4 18.5 0
June 22.6 1.8 3.2 0.3 0
July 24.4 4.9 7.4 0 0
August 23.2 4.6 8 0 0
September 20.4 0.9 4.2 1.3 0
October 14.8 -3.8 3.8 21.1 0
November 7.2 -9.9 34 47 5.1
December 3.1 -14.4 2.9 48.3 15.2
Annual 13.2 -5.2 52 371 7.6

Data obtained from the Western Regional Climate Center, 2003.
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Climate and vegetation vary greatly within short distances because of differences in
topography, weather, and sediment composition. The altitude in the study area ranges from
2,280 m at the Ranger Station to 3,277 m at the crest of the Taos Range. Orographic effects of
mountainous topography lead to precipitation on the windward slopes and localized storms
within tributary valleys. Major precipitation events include summer thunderstorms and winter-
spring snowstorms. Thunderstorms are responsible for mass wasting in hydrothermally altered
areas, producing debris flows that potentially affect vegetation, alluvial aquifers, and the Red
River. Winter snowpack contributes to ground-water recharge through snowmelt infiltration and
runoff.

Hillslope composition varies among hydrothermally altered sediments, waste-rock
overburden, and moderate soil development. Some scar areas and hillslopes with soil horizons
support primarily Ponderosa pines (Pinus ponderosa), Limber pines (Pinus flexius), and
Douglas fir (Pseudotsuga taxifolia). Willows (Salix spp.), cottonwoods (Populus spp.), primary
vegetation, and flowering vegetation grow along the riverbank.

Geology

Ground water passes through and may geochemically interact with the various types of
earth materials discussed in this section. These include fractured bedrock, soil and alluvium, and
waste rock. They are discussed separately because they have differing origins, geochemical and
hydraulic properties, and locations in the landscape. This section summarizes the work of
Schilling (1956), Rehrig (1969), Lipman (1981), and Meyer and Leonardson (1997), in addition
to observations made by the USGS scientists currently working at the site.

The Taos Range of the Sangre de Cristo Mountains is composed of Precambrian
metamorphic assemblages and granitic intrusives overlain by Tertiary volcanics. Late Oligocene
to early Miocene granitic plutons and associated hydrothermal alteration were the source of
molybdenite and other sulfide mineralization.

The primary mineralogy of most of these units has been modified by hydrothermal
solutions, producing a variety of secondary mineral phases. The types of minerals formed are a
function of the initial mineralogy and the degree of alteration. The three principal alteration
zones include highly altered quartz-sericite-pyrite (QSP), less altered argillic (dominantly
kaolinite) zones, and mildly altered propylitic zones (containing calcite mineralization). Calcite,
goethite, and sericite are widely distributed in the Red River Valley as revealed by the Airborne
Visible/Infrared Imaging Spectrometer (AVIRIS) study (Livo and Clark, 2002). Calcite is an
important mineral in the Red River Valley because its dissolution effectively neutralizes acid
inflows so that pH values in the Red River tend to be alkaline (pH 7-8). Gypsum is commonly
found throughout the Red River Valley as a secondary product of acid-sulfate weathering from
pyrite oxidation reacting with calcite.

The Red River Valley is located along the southern edge of the Questa volcanic caldera
and contains complex structural features and extensive hydrothermal alteration. In the Red River
Valley, most of the visible rocks are Tertiary volcanics with smaller areas of Precambrian
metamorphics and granitic rocks. The volcanics are primarily of intermediate to felsic
composition (andesites to rhyolites), and they have been intruded by quartz monzonites and
granites. The hydrothermally altered tuffs often contain pyrite mineralization (generally 1-3
percent).



Minerals in subsurface samples collected and described during mineral exploration and
mining are biotite, calcite, chalcopyrite, fluorite, galena, molybdenite, pyrite, quartz,
rhodocrosite, and sphalerite. Mining activities produced approximately 328 million tons of rock
overburden in Capulin Canyon, along the north slope of the Red River, and in Goathill, Sulphur
and Spring Gulches (Steffen Robertson & Kirsten, 1995). The abundant minerals in waste-rock
samples include chlorite, gypsum, illite, illite-smectite, jarosite, kaolinite, and muscovite (Gale
and Thompson, 2001).

Surface Water

The Red River originates at Wheeler Peak at an elevation of 4,098 m, flows about 13 km
north to the town of Red River, and continues for 34 km west to the town of Questa where it
ultimately discharges to the Rio Grande. The drainage area upstream from the Questa Ranger
Station is 293 km?. Streamflow usually peaks from late May to mid-June; snowmelt-related
flows begin to increase in late March through mid-April. Summer thunderstorms are prevalent
in July and August. The mean annual discharge of the Red River at the Questa Ranger Station
ranged from 12.8 to 103 cfs between 1930 and 2001, and the average daily discharge ranged
from 2.5 to 557 cfs between 1965 and 2001 (U.S. Geological Survey, 2002).

The main drainages in the vicinity of the mine site are Capulin Canyon, Goathill Gulch,
and Sulphur Gulch on the north side of the Red River (fig. 1). Upstream from the mine site, Little
Hansen, Hansen, Straight, and Hottentot Creeks drain scar areas, and Mallette and Bitter Creeks
drain non-scar areas on the north side of the Red River. Bear, Columbine, Pioneer, and Placer
Creeks drain largely unmineralized land on the south side of the river.

Seeps and shallow alluvial ground water discharge to the Red River, rendering it a gaining
stream over much of its length (Smolka and Tague, 1989). About 60 ephemeral seeps and
springs arise along the banks of the Red River between the Questa Ranger Station and the town
of Red River (South Pass Resources, Inc., 1994, 1995b; Steffen Robertson & Kirsten, 1995;
Slifer, 1996; Robertson GeoConsultants, Inc., 2000a, 2001a). The majority of seeps and springs
can run acidic (pH 2-4) with high specific conductance, high total dissolved solids (TDS), and
elevated metal and sulfate concentrations. Springs downgradient from scar and mined areas on
the north side of the Red River often have a milky aluminum hydroxide precipitate that affects
the color and turbidity of the river (Vail Engineering, Inc., 1989).

Ground Water

Ground water is influenced by the climate, geology, and anthropogenic activities in the
Red River Valley. Three major types of water-bearing units are present: fractured bedrock,
waste-rock piles, and soil and alluvium, all of which contain variable amounts of acid- and
metal-generating minerals (Kirk Vincent, U.S. Geological Survey, written commun., 2003).
Bedrock constitutes the largest aquifer in the study area in terms of rock mass but probably
contains only small amounts of ground water because of low porosity and hydraulic
conductivity that are controlled by fractures. Waste-rock piles and scars with associated debris
fans are geochemically reactive, have high porosity, and have a fast rate of infiltration.



Alluvial aquifers are restricted in area and thickness compared with bedrock aquifers and
have variable compositions. Streamflow and hillslope processes have been eroding the
mountainous study area throughout the late Cenozoic age; deposits of unconsolidated sediments
are found in only specific locations and are relatively small in volume. Rock outcrops are
relatively rare, and hillslope soils are thin and composed of materials eroded from immediately
upslope. Debris fans are located at the mouths of most tributaries and are composed of sediments
shed from their tributary watersheds. Where the tributary watersheds contain alteration scars,
the debris fans are large, active and contain both coarse- and fine-grained debris-flow sediments.
The chemistry of these sediments likely reflects the chemistry of their rapidly eroding and
altered erosion scars. Sediments deposited by the Red River, in contrast, generally consist of
well-washed sandy gravel and are composed of a mix of the lithologies found in the entire Red
River watershed. The largest debris fans caused the aggradation of the riverbed behind the fans
during the Quaternary age. Thus, water flowing in the shallow alluvial aquifers likely passes
alternately through Red River alluvium and debris-fan alluvium. Both the Red River alluvium
and debris-fan alluvium are less than several hundred meters wide and less than 60 m thick (Kirk
Vincent, written commun., 2003).

Alluvial ground water is calcium-sulfate water, whereas bedrock ground water is generally
calcium-magnesium-sulfate water. Ground water downgradient from the waste-rock dumps and
scars has acidic pH values and elevated metal concentrations compared with ground water
upgradient from the altered areas. Most wells developed in the Red River Valley were installed
to monitor water quality downgradient from mining operations (waste-rock dumps and tailings
piles) and (or) scar areas.

Mine History and Ground-Water Development

A pair of prospectors first discovered molybdenite in Sulphur Gulch in 1914. Small-scale
underground mining took place until 1956 when a “large tonnage, low-grade ore body” was
discovered in Sulphur and Goat Hill Gulches (URS, 2001), at which time operations switched
to exploration and development of an open-pit mine.

In 1962, the first mining-related wells were installed. Designed to produce water for mill
operations, Mill Wells #1 and 1A were dug less than 500 ft north of the Red River at the mill
site. Rock overburden of Sulphur Gulch first was removed for open-pit operations in 1964, and
molybdenite was extracted from the open pit within a year.

During 1965, production wells were installed in Columbine Park to supply cleaner water
to the mill site than that produced at the mill wells. The mill was soon expanded to process
10,000 tons of rock per day. A pipeline was constructed to transport tailings slurries about 23
km off site to an area west of the town of Questa in the Rio Grande Valley. The increased activity
at the Questa mine spurred Federal regulatory agencies to begin inspecting the site in 1966
through baseline and surface-water surveys (Slifer, 1996).

In 1983, open-pit mining ceased and operations in the new phase of underground mining
were initiated, which effectively halted the dumping of waste rock in the valley. An estimated
328 million tons of overburden were deposited in Capulin Canyon, along the north slope of the
Red River, and in Goathill, Sulphur, and Spring Gulches between 1964 and 1983 (Steffen
Robertson & Kirsten, 1995).
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NMED requested that the mine operator submit discharge-plan applications in 1992 for
(1) the mine waste-rock piles and (2) the reintroduction of ground water into the mine (S.
McKitrick, written commun., 2000). The discharge permit preparation served as the impetus for
the installation of monitoring wells on the mine site (Slifer, 1996). In 1994, Molycorp installed
12 monitoring wells on the mine site to characterize and compare water quality between scar
areas (hydrothermally altered zones) and areas affected by mining activities (South Pass
Resources, Inc., 1995b). The U.S. Environmental Protection Agency (USEPA) and the mine
operator conducted an expanded site inspection in 1994. Sample splits were collected from the
wells and sent to three different laboratories. Because trace metals were discovered in the
ground water in concentrations exceeding New Mexico standards, the mine operator continued
to sample the wells.

A discharge permit, DP-1055, was issued for the mine site in November 2000. Quarterly
sampling of wells commenced in June 2001 when the USEPA defined the appropriate methods
for sample collection and analysis in the Standard Operating Procedures (SOP) and Remedial
Investigation and Feasibility Study (U.S. Environmental Protection Agency, 2002).
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GROUND-WATER QUALITY DATABASE

To create a complete database of historical ground-water quality data, the USGS accessed
the Molycorp archives, requested pertinent information from the USFS and NMED, and
searched GeoRef, Chemical Abstracts, and USEPA Storage and Retrieval (STORET) databases.
The gathered reports were then organized into a bibliography, and water-quality information was
extracted and entered into a new database. Information related to sample collection, handling,
preservation, laboratory, and methodology were compiled for each data source (table 2).
Specific well information, including geographic location, aquifer type, completion date, and
well type, can be found in table 3. A subset of the complete database (table 6, on CD) contains
selected analyses that were used for geochemical modeling and evaluation in this report.
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