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INTRODUCTION 
Carbonatites intrude the complex Precambrian terrains exposed in 

the Lemitar and Chupadera Mountains in central Socorro County (fig. 

I). They occur as dikes, veins, and stockworks and exhibit the textures, 

mineralogy, composition, and associated wall-rock alteration charac- 

teristic of other carbonatites. 
Carbonatites are unique carbonate-rich rocks of apparent magmatic 

descent and are characterized by a distinct but variable mineralogy, 

composition, and associated alteration (Heinrich, 1966). Greater than 

50 percent carbonate minerals and varying amounts of apatite, mag- 

netite, pyroxenes, and other accessory minerals are characteristic of 

carbonatites. These unusual rocks are enriched in total iron, CaO, CO2, 

13205, and numerous minor and trace elements and depleted in SiO, 

relative to other igneous rock types. One of the remarkable features of  

carbonatites is the variation in texture, mineralogy, and chemical com- 

position between carbonatites within the same complex. Carbonatites 

range from simple monomineralogic types to varieties containing com- 

plex mineral assemblages and variable compositions. Textures may also 

be diverse and complex. Late-stage hydrothermal mineralization and 

alteration products may occur. Economically, carbonatites are important 

because they may contain large quantities of numerous commodities, 

including "limestone," iron ore, vermiculite, barite, fluorite, phos - 

phate, rare-earth elements, uranium, thorium, niobium, copper, tita- 

nium, strontium, and manganese (Heinrich, 1966). 
Most carbonatites occur as one or more plugs or stocks surrounded 

by cone sheets and ring dikes of carbonatite and alkalic rocks. They 

generally are associated with alkalic or kimberlite provinces. However, 

many carbonatite complexes, including those in the Lemitar and Chu- 

padera Mountains, occur as dike swarms with or without any associated 

alkalic rocks or kimberlites (Heinrich, 1966). 
A halo of fenites, produced by fenitization, typically surrounds car- 

bonatites and may be adjacent to carbonatite dikes. Fenitization is a 

distinct metasomatic alteration associated with carbonatites, kimber- 

lites, and alkalic rocks (Heinrich, 1966; McKie, 1966). Fenites are 

characterized by alkali feldspars, alkali hornblende, aegirine, apatite, 

calcite, and the depletion or absence of quartz. Fenitization is locally 

present adjacent to some Lemitar and Chupadera carbonatites. 

GEOLOGIC SETTING 

The geologic and tectonic setting of the Lemitar and Chupadera 

Mountains are discussed by McLemore (1982) and elsewhere in this 

guidebook. The Lemitar and Chupadera Mountains form part of the 

western edge of the Rio Grande graben and are separated by the Socorro 

cauldron (fig. 1; Eggleston, 1982; Chamberlin, 1981). North-trending 

faults have exposed portions of a complex Precambrian terrain (see 

Bowring and others, this guidebook) consisting of metamorphosed sed- 

imentary rocks, mafic dikes, mafic intrusives (Lemitar diorite/gabbro), 

schists, and granitic rocks (figs. 2 and 3). The Precambrian rocks are 

overlain or in fault contact with Paleozoic sedimentary rocks and Ter- 

tiary sedimentary and volcanic rocks. Carbonatites have intruded only 

the Precambrian rocks, after their metamorphism. Alkalic rocks are 

absent in the Precambrian terrain in the Lemitar and Chupadera Moun- 

tains. Carbonatites also intrude the Precambrian terrains in the Monte 

Largo Hills, Bernalillo County (Lambert, 1961), and in southern Col- 

orado at Iron Hill, McClure Mountain, and Gem Park (Heinrich, 1966; 

Armbrustmacher, 1979). 

GEOLOGY, PETROLOGY, AND MINERALOGY 
More than 100 carbonatite dikes and veins intrude the Precambrian 

terrain in the Lemitar Mountains (fig. 2; McLemore, 1982) and more 

than a dozen dikes intrude the Precambrian rocks in the Chupadera 

Mountains (fig. 3; Kent, 1982). The carbonatites range in thickness 

from less than 1 cm (veins) to more than 1 m (dikes) and a few dikes  
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can be traced along strike for as much as 600 m (figs. 2 and 3). Some 

carbonatite dikes locally form subparallel dike swarms. Other dikes 

pinch and swell and grade into a system of carbonatite veins or stock- 

work. Alteration, shearing, and brecciation of wall rocks occurs adjacent 

to some carbonatites; however, other carbonatites intrude otherwise 

unaltered country rocks. The dikes are fracture-controlled and vary in 

orientation (figs. 2 and 3). 
Many carbonatites are homogeneous and lack internal structure; 

whereas, other carbonatites are foliated or contain xenoliths or rock 

fragments of varying size and lithology (McLemore, 1982). Foliation 

or banding, formed by mineralogic and textural differences, typically 

is subparallel to dike margins. Fine-grained chilled margins are locally 

preserved. 
In spite of variations in texture of these carbonatites, they can be 

grouped on the basis of mineralogy and mode of emplacement as sil- 

icocarbonatite dikes (figs. 4, 5, and 6); sOvite, rauhaugite, and car - 

bonatite veins (fig. 7); ankeritic-dolomitic carbonatite dikes; and stockwork 
carbonatites (McLemore, 1982). Silicocarbonatite dikes are light- to 

medium-gray or brown and consist of carbonate matrix (>50% calcite 

and dolomite), magnetite (5-15%), mica (biotite, phlogopite, muscov- 

ite, and chlorite, 10-20%), apatite (5-10%), and various amounts of 
fluorite, hornblende, quartz, feldspar, barite, ilmenite, pyrite, sphene, 

sphalerite, galena, pyrrhotite, quartz, and ankerite. Some breccia and 

microbreccia silicocarbonatite dikes contain as much as 40 percent rock 

fragments or xenoliths. SOvite (>90% calcite), rauhaugite (>90% do- 

lomite), and carbonatite (>90% calcite and dolomite) veins range in 

size from less than 1 mm to 5 cm wide and crosscut the silicocarbonatites 
(fig. 7) and country rocks. Some of these veins are highly radioactive. 

Ankeritic-dolomitic carbonatite dikes are dusky red to moderate reddish 

brown and consist of ankerite, dolomite, and calcite (>60%) and vary- 

ing amounts of quartz, barite, fluorite, biotite, chlorite, hematite/goeth- 

ite, apatite (trace), pyrite (trace), galena, magnetite (trace), sphalerite, 

and molybdenite. These dikes are fine- to medium-grained and range 
in size from 1 cm to more than 1 m wide and as much as 500 m in 

length. They may intrude or grade into silicocarbonatites. Thin, light- 

brown, randomly orientated dikelets or veins fill fractures in shattered 

granite and Lemitar diorite/gabbro forming a boxwork or stockwork 

pattern (McLemore, 1982). These stockworks consist of ankerite, cal- 

cite, dolomite, quartz, feldspar, biotite, and hematite and are adjacent 
to, or in the vicinity of, silicocarbonatites or ankeritic-dolomitic car- 

bonatites. 



 

In thin section, two types of textures dominate in silicocarbonatite 

dikes: a primary magmatic texture (porphyritic or hypidiomorphic-gran- 

ular) or a relict replacement texture. Primary magmatic textures are 

typical of most igneous rocks (fig. 4). Relict replacement textures are 

preserved by the partial or complete replacement of original feldspar 

and hornblende phenocrysts by carbonatite minerals. Porphyritic (fig. 

5), ophitic to subophitic (fig. 6), and granitic textures are commonly 

preserved. Replacement carbonatites are not uncommon in the world. 

They are described from the carbonatite at McClure Mountain in Col- 

orado (Armbrustmacher, 1979) and the carbonatite at Sokli, Finland 

(Vartiainen and Paarma, 1979). 

A mineralogic difference exists between the primary magmatic sili- 

cocarbonatites and the replacement silicocarbonatites. Xenoliths or rock 

fragments occur only in primary magmatic silicocarbonatites. Apatite 

is more abundant in primary magmatic silicocarbonatites, whereas mag- 

netite is more abundant in replacement silicocarbonatites, although apa- 

tite and magnetite may be present in both. Accessory minerals vary in 

both types. Fluorite, sulfides, sphene, feldspar, and barite tend to be 

more abundant in primary magmatic silicocarbonatites, whereas he- 

matite, mica, and quartz tend to be more abundant in replacement 

silicocarbonatites (McLemore, 1982). Furthermore, the Lemitar and 

Chupadera primary magmatic and replacement silicocarbonatites are 

similar in mineralogy to primary magmatic and replacement silicocar- 

bonatites at McClure Mountain, Colorado (McLemore, 1982; Arm- 

brustmacher, 1979). 

GEOCHEMISTRY 

The Lemitar and Chupadera carbonatites are significantly enriched 

in CaO and CO2 and depleted in Si02 relative to normal igneous rocks 

(Table 1), but are similar in composition to carbonatites in the Monte 

Largo Hills (Table 1), McClure Mountain, Colorado (Armbrustmacher, 

1979), and elsewhere in the world (Heinrich, 1966; Gold, 1966). A 

chemical difference exists between the various types of carbonatites in 

the Lemitar and Chupadera Mountains. Replacement silicocarbonatites 

contain more Si02, Al20,, Na20, K20, Li, Nb, Ta, and Th and less 

CaO, P205, and CO2 than primary magmatic silicocarbonatites (Table 

1). Replacement silicocarbonatites contain more Ni, Sc, Cu, Ba, Cs, 

and Cr than primary magmatic silicocarbonatites and ankeritic-dolom- 

itic carbonatites. Most of these differences can be attributed to differ- 

ences in mineralogy and assimilation of country rocks. 

The Lemitar and Chupadera silicocarbonatites are similar in chemical 

composition; however, minor differences are noted (Table 1). The Chu- 

 



 

 

 

 
padera primary magmatic silicocarbonatite contains more TiO„ total 
iron, CaO, and 13205 and less Si02, MgO, Na20, and K20 than the 
average Lemitar primary magmatic silicocarbonatites. The Chupadera 
replacement silicocarbonatite contains more SiO2, Al203, CaO, and 13205 
and less total iron and MgO than the average Lemitar replacement 
silicocarbonatite. These differences are typical of carbonatite complexes 
and may be related to differences in the assimilated country rock. 

Eight carbonatites from the Lemitar Mountains were analyzed for 
rare-earth elements (fig. 8; McLemore, 1982). The primary magmatic 
and replacement silicocarbonatites are noticeably enriched in rare-earth 
elements and display steep, light-rare-earth-element-enriched chondrite- 
normalized patterns (fig. 8); such patterns are characteristic of carbon- 
atites throughout the world (Moller and others, 1980; Mitchell and 
Brunfelt, 1975; Loubet and others, 1972). However, the ankeritic- 
dolomitic carbonatites are relatively depleted in rare-earth elements and 
displays a rare-earth-element pattern similar to granitic rocks (fig. 8). 
The Lemitar primary magmatic silicocarbonatites are more enriched in 
rare-earth elements than the replacement silicocarbonatites and the an- 
keritic-dolomitic carbonatites (fig. 8; McLemore, 1982). The ankeritic- 
dolomitic carbonatite rare-earth-elements pattern is atypical of carbon- 
atite patterns in that it is relatively depleted in rare-earth elements. This 
may be due to the replacement of granitic rocks. Anomalous rare-earth- 

element patterns are typical of late-stage carbonatites (McLemore, 1982; 

Mitchell and Brunfelt, 1975; Möller and others, 1980; Loubet and 
others, 1972). 

AGE OF THE CARBONATITES 

A primary magmatic silicocarbonatite dike from the Lemitar Moun- 

tains was dated as 449 ± 16 my. by K/Ar methods on a biotite separate 
(McLemore, 1982). This age is consistent with field observations. The 
similarity in emplacement, texture, mineralogy, and chemical compo- 
sition between the carbonatites in the Lemitar and Chupadera Mountains 
suggest a similar age for these rocks. Carbonatites in southern Colorado 
range in age from 506 m.y. to 578 my. (Fenton and Faure, 1970; Olson 
and others, 1977) further supporting an early Paleozoic age. 

ALTERATION 
A thin, discontinuous zone of fenitization is locally pronounced ad- 

jacent to some carbonatite dikes, although alteration of country rocks 
adjacent to many carbonatites is negligible. Hematitization, carbona- 
tization, and sericitization may be pronounced adjacent to some car- 
bonatite dikes, although these types of alteration are common in 
Precambrian terrains in New Mexico (Condie and Budding, 1979). The 
zone of fenitization ranges in width from <10 cm in the Lemitar diorite/ 
gabbro to <1 m in granites and schists. The fenitization zone is char- 
acterized by large, orange-pink albite crystals. Feldspars in unaltered 
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rocks in the Chupadera and Lemitar Mountains tend to be white to 

light-pink crystals with labradorite to andesine compositions. Potassium 

feldspars are common in altered and unaltered rocks. In thin section, 

small disseminations of iron oxides coat the fenitized feldspars, thereby 

producing the red color. 
Chemical variations during fenitization are variable and affect mafic 

and salic rocks differently (McKie, 1966; Verwoerd, 1966; Currie and 

Ferguson, 1971, 1972). At the Callander Bay complex in Canada, 

increase in fenitization of mafic rocks is accompanied by increases in 

SiO„ Al203, Na20, and 1(20 and decreases in Ti02, MgO, CaO, and 

total iron. In contrast, increase in fenitization of salic rocks is accom- 

panied by an increase in Si0, and decreases in Na20, Al203, MgO, 

CaO, and total iron (Currie and Ferguson, 1971, 1972). Preliminary 

chemical analyses of the Lemitar diorite/gabbro and Lemitar granitic 

rocks show similar chemical trends as seen at Callander Bay; although 

fenitization is not as pronounced in the Lemitar samples (Table 2, fig. 

9; McLemore, 1982; Currie and Ferguson, 1971, 1972). The fenitized 

diorite/gabbro samples exhibit an increase in Na20 and a decrease in 

CaO relative to unaltered diorite/gabbro samples (fig. 9). The fenitized 

Polvadera granite samples exhibit an increase in MgO and decreases 

in Si02, CaO, and Na20 (Table 2, fig. 9). Changes in other oxide 

concentrations are not as pronounced. Additional chemical analyses of 

the Lemitar rocks are required to adequately define chemical trends due 

to fenitization. 

ECONOMIC GEOLOGY 
Carbonatites may contain economic concentrations of rare-earth ele- 

ments, uranium, thorium, niobium, copper, iron, titanium, barite, and 

fluorite. An unknown amount of barite was produced from the ankeritic- 

dolomitic carbonatites in the Lemitar Mountains in 1979-1981. Barite 

occurs in veins and replacements adjacent to and within the ankeritic- 

dolomitic carbonatites (McLemore, 1982). The Lemitar and Chupadera 

carbonatites are also enriched in phosphate (5-10% apatite), uranium 

(0.001-0.25% U308), thorium (as much as 0.20% Th), rare-earth ele-  

ments (as much as 0.19%), and niobium (0.04% Nb; this report; 

McLemore, 1982; Pierson and others, 1982), although concentrations 

of economic grade are discontinuous and localized. The subsurface 

potential is unknown. 

CONCLUSIONS 
The Lemitar and Chupadera carbonatites are similar in age, texture, 

mineralogy, and chemical composition to the carbonatites in southern 

Colorado, which suggests a similar origin. Strontium-, carbon-, and 

oxygen-isotope studies of carbonatites in Colorado indicate an upper 

mantle source (Olson and others, 1977; Fenton and Faure, 1970; Arm- 

brustmacher, 1979). Carbonatites may be derived from: (1) a primary 

carbonatite magma, (2) differentiation of one of several primary parent 

magmas (ijolite, peridotite, nephelinite, nephelite-basalt), (3) fractional 

crystallization of an alkalic magma, (4) metasomatism of alkalic rocks, 

and (5) immiscibility during later stages of silicate magmas (Heinrich, 

1966). Experimental evidence confirms that magmas of a variety of 

compositions can produce the wide variance in composition found in 

the Lemitar and Chupadera carbonatites (Wyllie, 1966; Heinrich, 1966). 

The strong fractionation and enrichment of light rare-earth elements in 

the Lemitar carbonatites (fig. 8) supports fractionation or metasomatism 

of an upper mantle source. 
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