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Erosional scar areas developed along the lower Red
River basin, New Mexico, reveal a complex natural his-
tory of mineralizing processes, rapid chemical weather-
ing, and intense physical erosion during periodic out-
bursts of destructive, storm-induced runoff events.

The scar areas are prominent erosional features with
craggy headwalls and steep, denuded slopes. The larg-
est scar areas, including, from east to west, Hottentot
Creek, Straight Creek, Hansen Creek, Lower Hansen
Creek, Sulfur Gulch, and Goat Hill Gulch, head along

high east-west trending ridges that form the northern and
southern boundaries of the lower Red River basin.
Smaller, topographically lower scar areas are developed
on ridge noses in the inner Red River valley.

Several of the natural scar areas have been modified
substantially as a result of large-scale open-pit and
underground mining at the Questa Mine; for example,
much of the Sulfur Gulch scar was removed by open pit
mining, and several scars are now partially or complete-
ly covered by mine waste dumps.

A number of natural erosional scars are readily visible
in a satellite image of the lower Red River Valley
(Above). Accompanying photographs of most of the
major scars highlight their rugged topography and
scenic beauty. The figure is modified from Ludington and
others (2004). The satellite image is from IntraSearch.

Both historical underground mining and larger-scale
modern open-pit and underground mining at the Questa
Mine (noted on the left central portion of the satellite
image) have extracted molybdenum from mineralized
rocks beneath the Sulphur Gulch and Goat Hill scars.

1 Introduction
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Each scar area has an associated alluvial fan
deposit, which is constructed of material eroded
from the scar and which extends from near the
scar base to the Red River. Most of the debris
fans have pushed the river channel toward the
opposite side of the valley. Also, most of the
fans have impeded the flow of the Red River,
resulting in a shallow river gradient upstream
from the fan and steep gradient immediately
downstream. This is particularly noticeable on
the drive from Questa to Red River, where NM
Highway 38 undergoes a series of climbs over
the Hansen, Straight, and Hottentot debris fans.

Figure modified from Ludington and others (2004)

Approximate scar area outline.

Approximate alluvial fan outline

Hottentot

This photographic essay describes weathering and
erosion processes in the scar areas and their associated
alluvial fans. The photographs provide important
insights into natural environmental conditions that
existed in the lower Red River basin between the towns
of Questa and Red River prior to mining. The
photographs also illustrate the landslide and debris-
flow hazards posed by the scars, especially during large
summer thundershowers.

(Upper photo) View looking north of a road cut in the toe of the
Goat Hill alluvial fan. The grade of NM Highway 38 (lower
foreground) illustrates the steep topographic gradient on the
downstream side of the fan.

(Upper right photo) The Red River has cut through the toe of the
Hansen alluvial fan.
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The scar areas and alluvial fans are developed on bedrock that has
been highly mineralized and altered. Molybdenum mineralization
and related alteration were produced by magmatic-hydrothermal
fluids released during the crystallization of a series of granitic
magmas that intruded older volcanic, intrusive, and Precambrian
rocks in several places along the southern margin of the Questa
Caldera. Two molybdenum ore bodies were partially exposed by
erosion at the ground surface prior to mining, including the ore
body in Sulphur Gulch that became the focus of open-pit mining at
the Questa Mine, and the Log Cabin ore body to the west of the
Questa Mine. Two other ore bodies in the subsurface have been
identified by drilling; of these, the Central Ore Body is currently the
focus of large-scale underground mining at the Questa Mine.
Although granite intrusive rocks similar to those associated with the
Central, Sulphur Gulch, Spring Gulch, and Log Cabin ore bodies
have not been identified beneath the eastern scars (Hansen, Straight,
Hottentot), they are likely present in the subsurface.
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Granite intrusive rocks
Intrusion and crystallization of the magmas that
formed these rocks also produced the hydrothermal
fluids responsible for molybdenum mineralization and
some of the alteration.

Rhyolite intrusive rocks

Rhyolite volcanic ash-flow tuff
Eruption of this tuff created the Questa Caldera.

Andesite volcanic rocks

Quartz-latite intrusive rocks

Precambrian rocks

Questa Caldera margin
The cross bars point toward the interior of the
caldera.

This geologic map (above) shows the distribution of major rock types,
hydrothermal alteration, underground molybdenum ore bodies, and scar areas
and their associated alluvial fans along the lower Red River valley. The
geologic map is modified from Lipman and Reed (1989).
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Line of section along a scar
See next page for explanation and a schematic
section showing distribution of rock and alteration
types beneath each scar.

Fault
The cross bar and ball are located on the down-
dropped side of the fault.

Areas of hydrothermal alteration
mapped on the ground surface
Also includes some pre-intrusive regional
alteration.

3 Hydrothermally altered and mineralized rocks underlie the scar areas

Known molybdenum ore body
Mostly underground, except for small portions of
the Sulphur Gulch and Log Cabin ore bodies that
were exposed at the ground surface by erosion.
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Different types of hydrothermal mineralization and alteration occur in specific zones around each of the
granite intrusions, as shown in the schematic cross-sectional view above. Erosion of mineralized rocks
around each of the granite intrusions has exposed a variety of mineralization and alteration types in each of
the scar areas. The scars are most prominently developed on andesite volcanic rocks and quartz-latite
intrusive rocks that have been highly altered to a quartz-sericite-pyrite (QSP) alteration assemblage.
Molybdenum ores were first discovered outcropping in lower Sulphur Gulch, where erosion in the lower
portion of the Sulphur Gulch Scar had cut through the QSP-altered volcanics into the underlying granite
intrusion and high-grade molybdenite mineralization (see C–C´ on the cross section above). Erosion has
almost completely removed the QSP-altered volcanics from above the Log Cabin ore body (D–D´ above).

This schematic cross section (above) shows the distribution of hydrothermal alteration
and mineralization zones around a generalized granite intrusion of the lower Red River
Valley. The labeled heavy black lines depict the schematic level of erosion relative to the
alteration and mineralization zones exposed in scar areas identified on the maps on
pages 2 and 3: A–A’ — Straight Creek, Hansen Creek; B–B’ — Goat Hill; C–C’ — Sulphur
Gulch; D–D’ — Log Cabin ore body; E–E’ — Hottentot Creek; F–F’ — various inner valley
scars such as SW Hansen, SE Straight, etc. The cross section is modified from those
presented in Martineau and others (1977) and Ludington and others (2003).

Granite pluton rocks associated
with molybdenite mineralization

Rhyolite intrusive rocks

Alteration and mineralization types

Rock types

Red lettering indicates a high pyrite content
and potential to generate acid-rock drainage.
Blue lettering indicates a high carbonate
content and potential to neutralize acid-rock
drainage. See discussion on pages 6–7.

Kaolinite ± alunite alteration

Propylitic alteration

Quartz-sericite-pyrite (QSP)
± carbonate alteration

Potassic alteration
with molybdenite

Fluorite-carbonate
± galena-sphalerite veins

Granite pluton rocks

Rhyolite ash-flow tuff

Andesite volcanic rocks

Quartz-latite intrusive rocks

Precambrian rocks

The scar areas cut through different alteration and mineralization types 4
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Carbonate-containing
propylitic alteration occurs
on the upper and lateral
fringes of the mineralized
systems along the Red River.
In the photo to the left,
green, propylitically altered
andesites in the uppermost
Questa open pit are cross-
cut by a fracture zone along
which the andesites have
been altered to QSP; oxida-
tion of pyrite to iron hydrox-
ides causes the orange col-
or. QSP alteration of
andesite volcanic rocks is
characteristic of the upper-
most portions of most scar
areas.

QSP alteration is typically
associated with intense
stockwork fracturing of the
rocks. This photograph
shows stockwork fractures
in QSP-altered andesites that
are exposed in a gully bottom
along the Straight Creek scar.
The orange color
highlighting the fractures
results from precipitation of
iron hydroxide minerals by
acid stream waters.

This photo of the
Questa open pit and

uphill remnants of the
Sulphur Gulch scar

reveals a cross
section of mineral

zoning across one of
the mined ore bodies.
Quartz-sericite-pyrite

(QSP)-altered
andesites are

exposed in the
unmined scar and the
upper portions of the

pit highwall. At
intermediate levels is
a transitional zone of

QSP alteration with
some carbonate-

fluorite veins. The
foreground shows

pink, molybdenite-
mineralized,

potassically altered,
granite intrusive

rocks crosscut by
carbonate-fluorite

veins; iron in these
carbonates is being

oxidized to orange
iron hydroxides.

Dark gray
molybdenite

veins crosscut
light pinkish-
gray, granite

intrusive rock
in the under-

ground ore
body at the

Questa mine.
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Stockwork fractures filled
with pyrite (green-gold) and
quartz (gray) cross-cut QSP-
altered andesite in this photo
of a sawed rock sample
collected from Straight Creek.
The white blebs are crystals
of feldspar that have been
hydrothermally altered to
sericite (a fine-grained white
mica).

Unmined scar

Pit highwall
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Andesite slump block
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Ferricrete deposits also formed in the past, most
typically at the breaks in slope between the paleo
stream channels and adjacent ridges. Cliff-forming
erosional remnants of these ferricrete deposits are
present in each of the scar areas, such as Lower
Hansen (left photo) and lower Straight Creek (above
photo). Large ferricrete blocks that have broken off
from these deposits are common in the scar chan-
nels and debris fans.
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Runoff from a storm in early
fall, 2002, caused extensive
erosion of the banks of the
main Hottentot Creek chan-
nel. This erosion led to the
collapse of several large
trees into the channel (left),
and caused a 5-meter wide
boulder to topple into the
channel (right). Note the tree
growing from what used to
be the boulder top. Photos
were taken around two
weeks after the storm event.

13



(Right) Two of three
culverts under
Highway 38 at

Hottentot Creek were
completely filled by

material from the
debris fan, as of this
February 2002 photo.

(Left) The front-end loader for
scale provides an indication of
the amount of sediment that
collected in the Lower Hansen
channel at Highway 38 during
storm runoff events in the summer
of 2001.
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Summary

Scar areas developed in mineralized rocks along the Red River between the
towns of Questa and Red River, New Mexico, reflect a dynamic environment
of rapid chemical weathering and physical erosion.

Pyrite oxidation, generation of acid-rock drainage, acid weathering of the
rocks to clays, and precipitation and dissolution of evaporative sulfate salts are
the dominant chemical weathering processes in the scar areas. The chemical
weathering creates a relatively thin (6–30 meters) veneer of weakened, clay-
rich material that is substantially more prone to erosion than much less readily
weathered bedrock in unmineralized areas. This weakened material has
allowed the development of steep, denuded slopes in the scar areas, which
grow upslope and laterally by oversteepening, landsliding, and slumping of
material in the scar headwalls.

Most physical erosion of the weathered veneer in the scar areas occurs
during periods of prolonged moisture such as snowmelt or steady, gentle rain
over several days. Increased infiltration during these prolonged wet periods
allows for greater dissolution of sulfate salts (which cement the weathered
material), and allows material to be washed more easily from the denuded scar
slopes into the scar channels. In contrast, short, intense rainstorms primarily
result in the erosion of loose sediments from the scar channels, with lesser
erosion of material from the adjacent channel walls and denuded slopes.

Material eroded from the scar areas has created a series of extensive allu-
vial fans in the Red River valley and adjacent tributaries. Intense rainstorms
create debris flows that result in massive movement of debris and sediment
(often including mature conifer trees and car-size boulders) within the scars
and debris fans. The debris fans are marked by spatially and temporally
dynamic erosion, transport, and alluvial-deposition patterns.

Because of the extreme mass transport that can occur, the scar areas and
debris fans are potentially hazardous places to be in or immediately down-
stream from during intense rain storms.

Storm events in the scar areas also produce acidic and metal-rich, sedi-
ment-laden runoff that severely but transiently degrades water quality along
the Red River.

For further information
This report is one of a series summarizing results of an independent USGS

investigation to determine baseline and pre-mining ground-water quality in the
Red River Basin. An overview of the project is presented by Nordstrom
(2008).
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