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Questa, Red River districts

Caldera volcanism 22.7-28.5 Ma and intrusions 19.3-25.4 Ma (Zimmerer
and Mcintosh, 2012)
Calc-alkaline to slightly alkaline, metaluminous to peraluminous intrusions
Light REE-enriched patterns with Eu anomaly
WPG (within-plate granites ) to VAG (volcanic arc granites), active
continental margins to within plate volcanic zones (Pearce et al., 1984,
Schandl and Gordon, 2002)
Extensive alteration, including acid-sulfate (advanced argillic)
Questa production (porphyry Mo)

e from 1919-1958 0.375 million tons of >4% MoS,

e from Goat Hill orebody from 1983-2000 21.11 million tons of 0.31%

MoS,

e from D-orebody in 2001-2014 unknown
Mo reserves remaining (Questa mine closed in June 2014)
Au and Ag in Red River district, but no Au or Ag from Questa

Elizabethtown-Baldy, Cimarroncito districts

Associated with Cimarron pluton (Palisades sill), trachydacite to rhyolite
Calc-alkalic to slightly alkaline, metaluminous to peraluminous

Low TREE, light REE-enriched patterns with no Eu anomaly
Quartz-pyrite veins (some chalcopyrite, galena), Fe (with Au) skarns
2"d Jargest alkaline-related district in NM in Au production, but much of
gold production was from placer gold deposits

Part of Philmont Boy Scout Ranch, withdrawn from mineral entry

Laughlin Peak district

Older Laughlin Peak-Chico Hills volcanic complex (22.8 Ma)
overprinted by younger Raton-Clayton volcanic field (3.5-9 Ma, Stroud,
1997)

Consists of variety of intrusive and extrusive lithologies including
phonolite, lamprophyre, carbonatite

Alkaline, metaluminous to peraluminous to peralkaline

Light REE-enriched patterns with no Eu anomaly

A-type, WPG, active continental margins zone (Pearce et al., 1984,
Whalen et al., 1987; Schandl and Gordon, 2002)

Carbonatite contains <1.6% TREE, breccias and veins contain <165
ppb Au (Schreiner, 1991; NMBGMR unpublished data)

Ortiz porphyry belt (Old Placers, New Placers, Cerrillos districts)

Early calc-alkaline (34.29-35.79 Ma) and younger slightly alkaline (31.68-
33.27 Ma) phases (Maynard, 2014)

Five intrusive centers: La Cienega (north), Cerrillos Hills (Cerrillos district),
Ortiz Mountains (Old Placers district), San Pedro Mountains (New Placers
district), and South Mountain

Calc-alkalic to alkaline, metaluminous to peraluminous rocks (Shand,
1943; Cox et al., 1979; Frost et al., 2001)

WPG to VAG, active continental margins to within plate volcanic zones
(Pearce et al., 1984, Schandl and Gordon, 2002)

Formed during the transition at the end of subduction (continental arc) and
beginning of extension (Rio Grande rift) (Sauer, 1993)

Mineralization (31.56-32.2 Ma) is along the Tijeras-Canoncito fault system
(Maynard, 2014)

Old Placers is the largest alkaline-related district in gold production in NM,
but much of gold production was from placer gold deposits

See Table 3 for reserves

Organ Mountains district

Organ caldera

Alkaline, metaluminous to peraluminous

WPG to VAG, active continental margins to within plate volcanic zones
(Pearce et al., 1984; Schandl and Gordon, 2002)

Light REE-enriched patterns with negative Eu anomaly

Magmas generated from shallow crustal sources by in situ
differentiation (Zimmerer and Mcintosh, 2013)

Zoned district (Lueth and McLemore, 1998)

Te minerals found in base-metal skarns and veins and Au-bearing
guartz veins and breccias (Lueth, 1998)

Porphyry copper deposit at depth (never developed; Newcomer and
Giordano, 1986)

Orogrande district

Correlates to older pulse of the LCPB

Monzonite to quartz monzonite to granodiorite to syenodiorite
Calc-alkaline to alkaline, metaluminous to peraluminous

VAG to WPG ( Pearce et al., 1984)

Light REE-enriched patterns with no to slight negative Eu anomaly

Na,O + K,0

Na,0+K,0

TAS and REE chondrite-normalized plots for the
Questa rocks (data compiled from various
sources). Red circles are Rio Hondo pluton, blue
triangles Red River intrusions, green sguares
other intrusions.
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Lincoln County Porphyry Belt (LCPB)

TAS (Cox etal. 1979) Spider plot— REE chondrite ( Nakamura 1974)
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TAS and REE chondrite-normalized plots for the Palisades
Sill, Cimarron pluton (data from Kish et al., 1990).
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TAS (Cox et al. 1979) Spider plot - REE chondrite (Nakamura 1974)
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TAS and REE chondrite-normalized plots for the Laughlin
Peak-Chico Hills volcanic complex (data from Potter, 1988;
Schreiner, 1992). Black squares are basalts, red diamonds
lamprophyres, blue circles phonolite and trachyte.
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Spider plot — REE chondrite ( Nakamura 1974 )
TAS (Cox etal. 1979)
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TAS and REE chondrite-normalized plots for the

Ortiz porphyry belt (data from Coles, 1986;
Sauer, 1994; Maynard, 2014). Green triangles

Ortiz open pit in 1984,
New Placers district

are from Ortiz Mountains (Old Placers district),
red circles San Pedro Mountains (New Placers
district), turquoise squares Cerrillos district, pink
diamond La Cienega.
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TAS (Cox et al. 1979)

Spider plot — REE chondrite (Nakamura 1974)
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TAS and REE chondrite-normalized plots for the Organ caldera rocks
(data from Verplanck et al., 1999). Black squares are syenite, red circles
granite/monzodiorite, blue diamonds mafic xenoliths and felsic dikes,
green triangles granites from Ash and Blair Canyons.
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TAS (Cox et al. 1979) Spider plot — REE chondrite (Nakamura 1974)
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TAS and REE chondrite-normalized plots for the Orogrande rocks
(McLemore et al., 2014Db).

Two pulses of igneous activity, older 30-38 Ma and younger pulse 26-
30 Ma (Allen and Foord, 1991)

Gallinas Mountains district (early pulse at 29.2 Ma)

Metaluminous to peraluminous, alkaline rocks

A-type, WPG (Pearce et al., 1984; Whalen et al., 1987)

Light REE-enriched chondrite-normalized REE patterns

Crustal source

Zoned mineralization, REE-Cu-F veins and breccias, REE-bearing Fe

skarns (McLemore, 2010)

Fenites contain light REE enriched chondrite-normalized REE patterns
(Schreiner, 1993)

Highest Au (1707 ppb) found in breccias (Schreiner, 1993; McLemore,
2014)

Jicarilla district (older pulse at 39.45-40.72 Ma)

Alkaline to calc-alkaline, metaluminous to peraluminous

| or S type granites, VAG, active continental margin (Pearce et al.,
1984; Whalen et al., 1987; Schandl and Gordon, 2002)

Slightly enriched-light REE chondrite-normalized patterns, with no Eu
anomaly

Au veins and Au placers

Nogal-Bonito district (26-33 Ma)

Alkaline to slightly calc-alkaline, metaluminous to slightly peraluminous
to slightly peralkaline

A-type (some | and S), WPA to VAG, active continental margins to
within plate volcanic zones (Pearce et al., 1984; Whalen et al., 1987,
Schand| and Gordon, 2002)

Light-REE-enriched, chondrite-normalized patterns

Sri 0.7038 to 0.7045 and suggest a deep crustal or upper mantle
source

Sulfur isotopes range from -3.1 to -0.3 per mil and also suggest a
mantle-magmatic source

Zoned district and alteration (Goff et al., 2011)

See Table 3 for reserves

Capitan Mountains district (younger pulse 28.3 Ma)

Zoned Capitan pluton

Calc-alkaline to alkaline, metaluminous to peraluminous to peralkaline
I-type to A-type, WPG, within plate volcanic zones to active continental
margins (Pearce et al., 1984, Whalen et al., 1987; Schand| and
Gordon, 2002)

Light REE-enriched patterns with Eu anomaly

Lower crust source

Change from Laramide northeast compression to Tertiary east-west
extension

Th-REE veins derived from magmatic-hydrothermal fluids, low Au

MINERAL DEPOSITS ASSOCIATED WITH TERTIARY ALKALINE IGNEOUS ROCKS IN NEW MEXICO

Virginia T. McLemore, New Mexico Bureau of Geology and Mineral Resources, New Mexico Tech, Socorro, New Mexico, 87801
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CONCLUSIONS

Generally early calc-alkaline followed by younger alkaline volcanism

Small- to medium-sized volcanic fields or porphyry systems, ages 22 to 46 Ma (Table 1)

Typically emplaced as multiple, compositionally diverse magmas, with periodic eruptions of varying volumes and wall rock assimilation

Low Sr isotopes, low La/Nb, Zr/Nb suggests primitive mantle magma sources (Table 5)

Volcanic systems formed during the transition at the end of Laramide subduction (continental arc) and beginning of extension (Rio Grande

rift) (Sauer, 1993; McLemore, 1996; Kelley and Luddington, 2002)

 Waning of Laramide compression ~43-37 Ma and rifting/extension began at ~33-36 Ma (McMillan et al., 2000; Chapin, 2012)
« Different melt regimes exist for Laramide compression and younger rifting/extension: Laramide magmas are derived from the mantle to
lower crust, and shifts to intracrustal melting of heterogeneous sources (McMillan et al., 2000; Anthony, 2005)
Complex, generally older magmatic-hydrothermal breccia pipes and porphyry deposits to generally younger, hydrothermal veins and skarns,
Involving mixing and cooling of magmatic meteoric waters and leaching from host rocks (Table 4)

Structural control

General paragenesis early base-metal veins followed by gold veins or Th-REE veins, Fe skarns and replacements found in most districts,

with high concentrations of gold and/or REE

Style of mineralization in New Mexico differs from Colorado: Te is found in most of the Colorado districts, but most New Mexico districts have
W with little or no Te, except for a few districts (Kelly and Ludington, 2002; this report)

* Note that Te could be found in specific zones within New Mexico deposits
Gold values in alkaline-igneous deposits are generally higher than other deposits in New Mexico and have high gold/base-metal ratios and
low silver/gold ratios than other districts (North and McLemore, 1988; McLemore, 1996)
Deposits of REE are found in several districts, but typically not with gold deposits (Table 1)

Mineral potential
e See Table 2 for known Au historic resources
Mo resources remain at Questa and Nogal-Bonito districts

 REE potential in the Laughlin Peak, Gallinas Mountains, and Cornudas Mountains districts

« Te potential in the Organ Mountains district
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