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ABSTRACT

Copper Hill5 in the Picuris Mountains of northern New Mexico 9 

is the expression of a west-plunging anticline of Ortega Quartzite, The 

Ortega Quartzite at Copper Hill has been divided into three stratigraph- 

ic units: massive quartzite (Oq^), kyanite quartzite (0^ 2 ) 9  and andalu-

site quartzite (Oqg) „ During structural deformation., the lower two 

quartzite units behaved brittley, while Oq^ and the overlying Rinconada , 

schists behaved ductilely. These ductile units formed an impermeable 

cap to a series of N10°E-trending quartz veins that cut the lower quartz

ite units, Oxidized copper minerals with silver arsenic and antimony 

occur in Oq^and 0 q2  quartzite and in the quartz veins on Copper Hill.

The deposit9 of probable Precambrian age9 has been subjected to consid

erable metamorphism) deformation) and oxidation» Although a genetic 

model involving original strata-bound copper mineralization must be 

considered for the deposit) most evidence supports an origin involving 

epigenetic emplacement of copper minerals from a source at depth.

x



CHAPTER I

INTRODUCTION

Copper Hill is located at the western end of the Picuris Moun

tains Precambrian terrane in north-central New Mexico (Figure 1)• The 

Picuris Mountains, a wedge-shaped, roughly east-west trending range, ex

tend approximately 42 km westward from the main body of the Sangre de 

Cristo Mountainso The range is bounded on the north and west by the 

Rio Grande rift and on the east and south by Tertiary and Paleozoic sedi

ments o The Picuris range is characterized by alternating, east-west 

trending valleys and ridges„ The ridges rise in step-like fashion from 

an elevation of 2666 m on the west to 3333 m at Picuris Peak on the east. 

A detailed description of the physiographic features of the Picuris Moun

tains is given by Montgomery (1953).

Copper Hill lies within Carson National Forest, directly west of 

the Picuris Indian Reservation at the western end of the Picuris Moun

tains o Its access is by Bureau of Land Management unimproved roads from 

Highway 75 approximately 8  km east of Dixon, New Mexico. The hill, 

elongate along an east-west axis, measures approximately 1.5 by 3 km.

It rises gradually in elevation from 2240 m on the west, the approximate 

elevation of the surrounding valleys, to 2385 m on the east. Near its 

western end. Copper Hill is cut by a steep-sided, north-trending canyon, 

locally known as Rattlesnake Gulch. The canyon, -as well as the other 

valleys around Copper Hill, contains running water only during heavy
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Figure 1. Location Map of the Picuris Mountains and Copper Hill. —  
C.H. = Copper Hill.



summer rainstorms. The climate is semiarid with less than 10 inches of 

rainfall per year.

The presence of gold and silver with oxidized copper minerals 

was known at Copper Hill before 1900. The hill was extensively pros

pected between 1900 and 1905, and several unsuccessful attempts were 

made at mining the ore. This early mining history has left much of 

Copper Hill with a blanket of copper-stained talus that has made the 

hill a curiosity and an anomaly in the Picuris Mountains. Between 1970 

and 1980 interest was renewed in the Copper Hill deposit because of the 

possibility that concentrations of copper and silver may exist at depth 

or in the rocks surrounding Copper Hill.

The purpose of this report is to describe the geology of the 

copper occurrence at Copper Hill, to consider the possible ore-forming 

processes which may have been active, and to speculate on the implica

tions of this deposit with regard to future mining in the Picuris 

Mountains.

Methods of Study

Field Research

The geology of Copper Hill was mapped at a scale of 1:3000 dur

ing the summer of 1980. The geology of the rocks adjacent to Copper Hill 

was mapped at a scale of 1 :1 2 , 0 0 0  to provide a regional context for the 

Copper Hill geology. During the summer of 1980 and part of the summer 

of 1981, exposures of the Ortega Quartzite from the Picuris Mountains 

and from parts of the Truchas Mountains and the Rio Mora area of northern 

New Mexico were sampled and studied.



Laboratory Research

Samples collected during the 1980 field season were studied at 

The University of Arizona during the fall of 1980 and the spring of 

1981, a study involving more than 300 thin sections and 50 polished sec

tions. Several quartzite samples were analyzed using cathodoluminescence 

in order to clarify structural and sedimentary relationships. Ore miner

als were analyzed and identified by X-ray diffraction and electron mi

croprobe dispersive analysis. Several heavy mineral separates from the 

Ortega Quartzite were also studied. Funding for field and laboratory 

research was partially supplied by the Anaconda Copper Company.



CHAPTER II

GENERAL GEOLOGY OF THE PICURIS MOUNTAINS 

Stratigraphy

The Precambrian stratigraphy of the Picuris Mountains was de

fined by Montgomery (1953) and modified by Neilson (1972), Long (1976), 

and others, Montgomery described three main rock units which he named 

the Ortega Formation, the Vadito Formation, and the Embudo Granite,

Long (1976) proposed the now accepted group status for Montgomery’s Or

tega and Vadito Formations, Figure 2 is a generalized stratigraphic 

column for the Picuris Mountains modified from Montgomery’s original 

framework. Figure 3 (in pocket) is a generalized geologic map of the 

Picuris Mountains,

From bottom to top, the four formations of the Ortega Group are: 

the Ortega Quartzite, the Rinconada Formation, the Pilar Formation, and 

the Piedra Lumbre Formation, The Ortega Quartzite, a massive grey 

cross-bedded quartzite, has received little attention in the Picuris 

Mountains since Montgomery’s original description. Its thickness is un

certain because its base is not exposed, Montgomery (1953) suggested a 

thickness of approximately 835 m.

The Rinconada Formation has been subdivided, from bottom to top, 

R^ through Rg, by Neilson (1972), The formation consists of two quartz- 

ites (Rg and R^) and four schistose units (R^, R2 ? R^, and Rg)*

Grambling (1979a) has suggested that R^ and R£ are separated by a
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metamorphic isograd and thus may represent a single lithologic unit.

The combined thickness of the Rinconada Formation is approximately 350 m. 

The upper two units of the Ortega Group have been described by 

Long (1976), The lowermost of these, the Pilar Phyllite, is a distinc

tive marker unit composed of black carbonaceous phyllites and slates 

with local garnetiferous layers. Its thickness is approximately 85 m.

The overlying Piedra Lumbre Formation is composed of garnet biotite 

schist with thin quartzite and calc-silicate layers. The Piedra Lumbre 

Formation is approximately 185 m thick.

The Vadito Group contains units of schist, quartzite, metarhyo- 

lite, amphibolite, and conglomerate. Long (1976) divided the Vadito 

Group into three formations: the Marquenas Quartzite and two unnamed

units composed mostly of amphibolite and schist. The combined thickness 

of the Vadito Group is approximately 800 m.

The contact between the Vadito Group and the Ortega Group tradi

tionally has been interpreted as an unconformity, Holcomb and Callender 

(1982) suggest, however, that the Vadito stratigraphy is inverted with 

respect to Ortega Group rocks and that the two groups may be separated 

by a significant structural disconformity, Recent research by Holcomb 

and Callender (1982), Grambling and Codding (1982), and McCarty (personal 

communication, 1981) suggests that the Vadito Group may be stratigraph- 

ically older than the Ortega Group, Thus, the former may represent the 

previously unidentified basement to the Ortega Quartzite, This sugges

tion was first made by Gresens and Stensrud (1974) based on observations 

of "metarhyolite" at the base of the Ortega Quartzite, The implications



of this stratigraphic interpretation are extremely significant with re

spect to the source of economic mineralization in the Ortega Quartzite.

The Embudo Granite is intrusive into both the Vadito and Ortega 

Groups o It is composted of foliated and nonfoliated granitic rocks of 

various types, Long (1976) identified four distinct intrusive phases 

culminating with the injection of numerous pegmatite dikes including the 

economically significant Harding Pegmatite» The Harding Pegmatite, ap

proximately 8  km south of Copper Hill,>was a source of lithium,tantalum, 

and beryllium minerals during World War II. Radiometric ages have been 

determined for the Embudo rocks by Fullager and Shiver (1973), Long 

(1976), Register (1979), and others. Long (1976) interprets field char

acteristics and radiometric ages to indicate span of approximately 300 

m.y. (1673-1400 m.y.) over which the magmas were intruded. Brookins, 

Chakoumakos, and Cook (1979) report an average age for the Harding Peg

matite of 1336 ± 30 m.y. based on Rb/Sr data.

Structural Geology

The structural history of the Picuris Mountains was described 

by Neilson (1972), Neilson and Scott (1979), and Holcomb and Callender 

(1982). Neilson concluded that the region is dominated by four major 

folding events. Evidence for F^, large-scale isoclinal folding, is dif

ficult to discern in the Picuris Mountains. Neilson suggested this 

event on the basis of observations that bedding and foliation are paral

lel in all F£ structures. Grambling (personal communication, 1981) has 

identified structural evidence for F^ folding in the Rio Mora area south

east of the Picuris Mountains.



^ 2  folds are the dominant structural features in the Picuris 

Mountains. They consist of large-scale, open to isoclinal folds with 

axial planes that trend east-west and dip steeply to the southe 1?2 fold 

axes are slightly deformed by gentle north-south trending F3  folds with 

steeply dipping axial planes, Neilson (1972) identifies a final folding 

event (F^) which has axial planes that are subparallel to the axial 

planes of the F£ structures, Holcomb and Callender (1982) find no evi

dence for this F^ folding and questions the regional significance of the 

Fg event.

The Picuris Pecos fault, a large north-striking strike-slip fea

ture, borders the Picuris Mountains to the east, Montgomery (1963) con

cluded that the fault displays right-lateral displacement and suggested 

that the Truchas range to the south may represent the displaced exten

sion of the Picuris Mountains (Figure 4)» Grambling (1979b) showed that 

metamorphic assemblages, F2  fold axes, and lithologic characteristics in 

the Ortega and Vadito Groups correlate across the fault when the dis

placement is removed, Grambling further suggested that faulting along 

the Picuris Pecos fault may be related to the regional compression that 

caused the broad Fg folds in the Picuris and Truchas ranges.

Metamorphism

Based on the orientation of poikiloblasts of biotite, garnet, 

and staurolite in the Rinconada Formation, Neilson (1972) and Neilson and 

Scott (1979) concluded that metamorphic conditions in the Picuris Moun

tains increased in intensity during F-j_ and Fg deformation and peaked be

fore the onset of Fg folding, Holdaway (1978) studied the metamorphic
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mineralogy and concluded that all rocks of the Rinconada Formation and 

Ortega Quartzite recrystallized under the same set of metamorphic con- 

ditions, He postulated a peak temperature during metamorphism of 532 ± 

20°C and a total pressure of 3700 bars based upon the coexistence of 

chloritoid and aluminosilicates in the upper Ortega Quartzite with 

staurolite and almandine in the immediately overlying units of the Rin

conada Formationo The proximity of this temperature and pressure to 

those of the aluminosilicate triple point may help to explain the coexis

tence of andalusite, kyanite, and local sillimanite throughout the 

Picuris Mountainso

Age Relationships 

The ages of the main deformational, metamorphic, and intrusive 

events in the Picuris Mountains are summarized in Figure 5« The age of 

the metasediments of the Ortega and Vadito Groups may be taken to be ap

proximately 1700 mvy. (Grambling, personal communication, 1981)„ This 

figure is based on lead ages on galena from the Pecos mine (Stacy and 

others, 1976) and on the maximum age for the Embudo Granite(s) (Fullager 

and Shiver, 1973; Long, 1974) that intrude these metasediments. As 

stated above, four main phases of Embudo Granite are considered to have 

intruded over a considerable period of time, beginning at approximately 

1673 m.y. and ending at approximately 1400 m.y. (Long, 1976)» Neilson ' 

and Scott (1979) interpret this youngest age of intrusion to represent, 

as well, the approximate age of the peak of metamorphism in the Picuris 

Mountains. The subsequent emplacement of pegmatites may have been at

tended by some thermal metamorphism* All deformation and metamorphism
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are considered by Neilson to have terminated by approximately 1200 m.y. 

ago based on Rb-Sr dates from biotite and feldspar separates from the 

Embudo Granite (Fullager and Shiver, 1973; Gresens, 1975).

Tectonic Environment 

Grambling (1979b) summarized the general Precambrian tectonic 

environment of north-rcentral New Mexico. In an interpretation based on 

the possible positions of the Picuris Mountains, Truchas Mountains, and 

Pecos Greenstone Belt before displacement along the Picuris Pecos fault, 

he suggested a general trend from clastic continental sedimentation in 

the northern part of the reconstructed terrane to volcanic-dominated ma

rine sedimentation in the south. Grambling concluded that this transi

tion is the expression of a Precambrian continental margin, although the 

exact nature of this margin is uncertain at present.

Rocks of the Picuris Mountains, according to Gramblingvs. recon

struction, are transitional between the continental and marine environ

ments. Grambling associates the rocks of the Vadito Group with the 

metavolcanic rocks of the Pecos Greenstone Belt (Robertson and Moench, 

1979) southeast of the Picuris Mountains. He suggests that these meta

volcanic rocks may interfinger with the clastic sediments of the Ortega 

Group which were being shed from the continental mass to the north.

This interfingering may help to explain the confusing relationships be

tween the Ortega and Vadito Groups throughout northern New Mexico.



CHAPTER III

THE GEOLOGY OF COPPER HILL 

Introduction

Copper Hill was mapped as an antiformal fold of Ortega Quartzite 

by both Montgomery (1953) and Neilson (1972)0 Because of the erosion- 

ally resistant nature of this unit, the topographic expression of jCopper 

Hill closely approximates the antiformal contact surface between the Or

tega Quartzite and the less resistant Rinconada Formation (Figure 6 , in 

pocket) e Remnants of uneroded Rinconada schists (R-j^) flank Copper Hill 

on its north, west, and south sides« The alluvium-filled valley to the 

east of Copper Hill has been interpreted by Neilson (1972) and 

Montgomery (1953) as the expression of a strike-slip fault which dis

places the eastern continuation of Copper Hill to the north»

Stratigraphy

In this work, the Orgega Quartzite on Copper Hill has been inform

ally subdivided into three main lithologic units designated Oq^ through 

Oq^ (Figure 6 )• These units are best exposed in the main drainage which 

cuts the western end of Copper Hill

Oq^ Quartzite

The lowermost unit of the Ortega Quartzite, Oq^, is a massive, 

light grey to black, vitreous quartzite with common dark bands which re

semble cross-stratification (Figure 7) . Outcrops of Oq-̂  dominate the

14
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eastern half of Copper Hill but are poorly exposed on the western half 

except in prospect pits and adits.

Viewed microscopically, Oq^ consists of interlocking polyhedral 

quartz grains with no distinguishable matrix or overgrowths. Grains 

range in size from 200 to 750 micrometers on a regional scale though the 

range is much narrower in any one outcrop. Although less obvious in the 

finer grained sizes, all quartz grains are characterized by undulatory 

extinction.

Fine muscovite plates are often present on the quartz grain 

boundaries within Oq^ quartzite. Rarely, these plates appear to define 

one or two weak foliation directions though none are apparent in hand 

specimen. The abundance of mica is extremely variable within a single 

sample. Commonly, zones and layers of mica-rich quartzite alternate 

with zones which are mica-poor or mica-free. No obvious relationship 

exists between sedimentary structures and the abundance of mica.

The distinctive dark bands, characteristic of the Ortega Quartz

ite throughout the Picuris Mountains, have been interpreted as heavy 

mineral accumulations that define original cross-bedding (Montgomery, 

1953; Neilson, 1972). On Copper Hill, the dark bands are composed of 

spherical clumps, approximately 500 micrometers in diameter, of fine 

euhedral rutile crystals with locally abundant ilmenite and specular 

hematite. Individual grains are 5 to 10 micrometers in size. The eu

hedral nature of the fine rutile crystals suggests at least some recrys

tallization of the original detrital heavy mineral grains. Although 

many dark bands unquestionably define sedimentary cross-bedding, other 

bands clearly represent concentrations of heavy minerals that have been
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remobilized into secondary structural features<, Several examples of 

crosscutting dark bands have been identified (Figure 8 )» Lindholm 

(1963) noted similar "pseudo-crossbeds” in the Ortega Mountains of Rio 

Arriba County, New Mexico»

Oq^ may be subdivided into two petrographic types based on the 

presence or absence of kyanite along heavy mineral bands (Figure 9).

Where present, the kyanite defines a band several times wider than the 

actual heavy mineral layer. Kyanite occurs as patchy poikiloblastic 

blades on quartz grain boundaries. The blades are commonly iron-stained 

when in actual contact with heavy mineral grains. The kyanite within 

Oq^ quartzite may be derived from the metamorphism of clay minerals that 

accumulated on cross-beds or from the metamorphism of secondary aluminum- 

rich minerals on fractures which were localized along cross-beds. Rare

ly, kyanite-rich layers crosscut the heavy mineral bands and other 

kyanite-rich layers, suggesting that at least some of the kyanite layers 

represent structural, rather than sedimentary, features in the quartzite.

Several attempts have been made to distinguish between primary 

detrital quartz and quartz that formed during cementation and recrystal

lization. The quartz of most samples was found to be homogeneous under 

cathodoluminescence and electron microprobe scanning. This homogeneity 

probably reflects the degree to which the quartzite has been metamor

phosed. Sprunt, Dangler, and Sloan (1977) concluded that trace element 

homogenization occurs in quartzite at approximately staurolite-grade 

metamorphic conditions.

Several observations support the conclusion that significant 

recrystallization involving consolidation and homogenization of the
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Figure 8 . Ortega Quartzite from Copper Ridge Showing Crosscutting Heavy 
Mineral-rich Bands. —  Both orientations of bands are com
posed primarily of rutile, hematite, and ilmenite.



Figure 9. Photomicrographs of Oq, Quartzite Showing the Two Types of
Heavy Mineral-rich Bands. —  (A) Heavy mineral band with ky- 
anite. (B) Heavy mineral band without kyanite. Dark grains 
are clumps of rutile with minor hematite and ilmenite. The 
rock matrix is entirely quartz.
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original detrital quartz grains may have occurred during metamorphism.

In some dark quartzite samples? heavy mineral grains outline spherical 

quartz zones that may represent the original detrital quartz grains (Fig

ure 10). Several of these spherical zones contained within a single op

tically continuous quartz grain suggest that one recrystallized grain 

may represent several original grains. In some samples, areas with 

abundant fine-grained heavy minerals are characterized by quartz grains 

of much finer size than those in clean quartzite. Here, heavy mineral 

grains may have inhibited the homogenization and consolidation of quartz 

grains. Both observations suggest that present quartz grains may not 

represent, in size or number, the original quartz grain distribution.

0 q2  Kyanite Quartz Eye Quartzite

0 q2  is a sugary to vitreous quartzite characterized in the field 

by kyanite-covered weathering surfaces and distinctive opalescent quartz 

megacrysts. It crops out frequently on the western half of Copper Hill 

and may thin or pinch out and then thicken again toward the base. In 

several places, near the middle of Copper Hill, 0 q2  is not apparent be

tween Oq-̂  and Oq^. .

In thin section, large quartz grains approximately 2-3 mm in di

ameter occur disseminated through a matrix of fine polygonal interlock

ing quartz grains that average 100-500 micrometers in size. No size 

grading exists between the large and small quartz grains. Samples of 

0 q2  are cut by parallel kyanite-rich layers which give the unit a vague 

foliation (Figure 11). Local kyanite bands are seen to split and envelop 

the large quartz clasts. As in Oq^, fine muscovite plates are



Figure 10. Photomicrographs of Oq-̂  Ortega Quartzite Showing Grains of 
Rutile and Ilmenite Outlining Quartz Grains. —  Note that 
present, optically continuous, quartz grains overlap the 
boundaries outlined by dark grains. (A) Crossed polars. 
(B) Same field, uncrossed polars.
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Figure 11. Photomicrographs of Quartzite. —  (A) Crossed polars.
(B) Same field, uncrossed polars. Note the large quartz 
megacryst and also the kyanite blades which define a folia
tion in hand specimen.
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sporadically present at quartz grain boundaries. Heavy minerals consist 

almost entirely of fine euhedral rutile crystals. Commonly«> the kyanite 

and quartz grains are iron-stained in the vicinity of rutile groups.

The large quartz megacrysts may represent an original bimodality 

of detrital quartz grain sizes or, alternatively, they may represent a 

local secondary recrystallization of -finer quartz grains. Several ob

servations support the latter explanation. Quartz megacrysts often con

tain zones of fine interlocking quartz grains that resemble the fine 

quartz matrix. Also, quartz megacrysts are randomly distributed through 

the matrix, displaying no distinctive sedimentary characteristics. In

stead they seen vaguely related in distribution to the coarse kyanite 

layers. At present, the mechanism which would allow the selective re

crystallization of restricted zones of quartz grains while leaving the 

surrounding grains unaffected is not clear.

At several.localities on Copper Hill, a distinctive subunit of 

0 q2  has been observed immediately overlying Oq^. It is characterized in 

the field by a more obvious foliation and abundant fine red needles 

which are the expression of hematite-stained kyanite blades. In thin 

section, large po ikiloblas tic staurolite grains, up to .5 cm in diameter, 

are surrounded by matted muscovite which is, in turn, surrounded by 

hematite-stained kyanite blades (Figure 12). These large poikiloblasts 

occur in a groundmass of fine quartz and kyanite similar to that of the 

typical 0 q2  samples. Hematite staining occurs along cleavage perpendic

ular and parallel to the elongation of the kyanite blades, creating a 

net-like appearance in thin section (Figure 13). No hematite was
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Figure 12. Photomicrographs of Staurolite-bearing 0q2 Quartzite
(0 q2 A)• —  (A) Crossed polars. (B) Same field, uncrossed 
polars. Rounded staurolite grain, at left, is surrounded by 
matted muscovite which is surrounded by iron-stained kya- 
nite. The matrix is composed of kyanite and quartz.
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Figure 13. Photomicrographs of Iron-stained Kyanite Blades from
Staurolite-bearing 0 q2 Quartzite (O^A^ ’ —  (A) Crossed 
polars. (B) Same field, uncrossed polars. Note that kya
nite blades are stained primarily along cleavage and 
fractures.
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observed on quartz grain boundaries nor associated with the groundmass 

muscoviteo

The significance of this iron-rich subunit of 0 q2  is unclear at 

presento Although Holdaway (1978) concluded that normal staurolite was 

unstable within the Ortega Quartzite, he did note the presence of some 

zinc-rich staurolite. It should be noted that these staurolite-bearing 

rocks occur as a cap to several of Copper Hill’s mineralized veins and 

fractures, suggesting some relationship between the characteristics of 

this subunit— especially the abundance of iron and the mineralization 

process on Copper Hill.

Oq^ Andalusite Quartzite

The uppermost stratigraphic unit of the Ortega Quartzite on 

Copper Hill consists of clean, sugary, quartzite interlayered with pods 

and lenses of massive andalusite-bearing quartzite. Neilson (1972) ap

parently included this unit within the Ortega Quartzite; however, it may 

also represent the "andalusite biotite hornfels" which Montgomery (1953) 

considered to be the basal member of the Rinconada Formation. Oq^ is a 

distinctive structural and stratigraphic marker unit on Copper Hill. It 

is easily identified by its obvious interlayering of white to tan clean 

quartzite and grey knobby andalus i t e-b ear ing quartzite (Figures 14, 15). 

Individual layers range from several centimeters to several meters in 

thickness. The thickness of any one layer is extremely variable because 

of the lensoid nature of the andalusite quartzite.

Viewed microscopically, the pure quartzite interlayers consist 

of polygonal, interlocking quartz grains approximately 100-700

z .
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Figure 14. Outcrops of Oq^ Andalusite Quartzite. —  Note interlayering 
of pure quartzite (light grey) and andalusite-bearing 
quartzite (blue-grey). See Figure 15.
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Figure 15. Hand Specimen of Oq^ Andalusite Quartzite. —  Note the granu
lar andalusite quartzite interlayered with pure quartzite.



micrometers in diameter. Fine muscovite and rare kyanite blades occur 

within and around the quartz grains with no preferred orientation.

Opaque minerals consist primarily of fine euhedral rutile crystals with 

rare hematite grains. Interlayers of andalusite quartzite are charac

terized by large, lentil-shaped, po ikiloblas tic andalusite crystals ap

proximately 500 by 5000 micrometers in size. The andalusite crystals 

contain up to 50% included quartz grains and typically are surrounded by 

a rim of coarse muscovite. These poikiloblasts occur in a groundmass of 

fine quartz grains with abundant coarse kyanite blades and fine musco

vite plates (Figure 16). Accessory minerals which consist of euhedral 

rutile grains with minor hematite and tourmaline occur exclusively within 

the matrix quartzite.

Structural Geology *

Copper Hill forms the core of a large, west-plunging anticline 

named the "Copper Hill" anticline by Montgomery (1953). The structure, 

an ¥ 2  fold (Neilson, 1972), is considered to have a wavelength of sever

al kilometers. The axis plunges approximately 17° to the west. Al

though the Copper Hill anticline is regionally overturned to the north, 

the folded quartzite on Copper Hill shows only minor asymmetry (Figure 

6).
Several parasitic dextral folds are exposed on the southern 

slope of Copper Hill (Figure 17). These structures are especially visible 

within the layers of Oqg quartzite. Because of its slightly steeper dip, 

the northern limb is poorly exposed except at the nose of the Copper Hill 

structure. The hinge of the Copper Hill anticline is cut by a fault
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Figure 16. Photomicrographs of Oq^ Andalusite Quartzite. —  At left is 
a poikiloblastic andalusite grain surrounded by coarse mus
covite in a matrix of quartz and kyanite. (A) Crossed po-
lars. (B) Same field, uncrossed polars.
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Figure 17. Dextral Fold in Oq^ Quartzite on the Southern Limb of the 
Copper Hill Anticline. —  The fold appears to be sinistral 
because of the necessary orientation of the photograph. The 
fold axis trends east-west and plunges slightly to the west. 
The fold is considered to represent a parasitic structure 
related to the F^ folding of the Copper Hill anticline.
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which trends east-west, subparallel to the axial plane of the structure. 

It is characterized along its trace by abundant tourmaline, mica, and 

iron oxides. This fault may be the result of brittle deformation of the 

competent Ortega Quartzite during F2 folding.

Neilson (1972) described a set of north-south trending open Fg 

folds which deform the F2  structures throughout the Picuris Mountains. 

This deformation is apparent on Copper Hill, although the structural ex

pression of the folding varies depending on the unit involved. Oq^ lay

ered andalusite quartzite displays ductile deformation characterized by 

open folds similar to those observed in the overlying Rinconada Formation 

(Figure 18) (Neilson, 1972). Deformation in the underlying 0 q2  and Oq^ 

quartzites is characterized by north-south trending vertical faults of 

varying displacement. Because of the homogeneity of the Oq^ quartzite, 

many of these faults and fractures were mapped on the basis of the topo

graphic expression of quartzite outcrops. In several localities, how

ever, Fg folds in Oq^ quartzite directly overlie obvious faults in mas

sive Oq^ and Oq^ quartzite. No distinct folds were recognized in Oq^ 

outcrops.

The distinction between brittle deformation in clean quartzite 

and ductile deformation in andalusite-bearing quartzite can be observed 

on a smaller scale within the Oq^ subunit. In that unit, pure quartzite 

interlayers contain abundant vertical fractures that terminate against 

unbroken andalus it e-bearing layer’s (Figure 19). North-trending fractures 

are common in all quartzite outcrops on Copper Hill (Figure 20).
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Figure 18. Outcrop of Oqg Quartzite Showing an Antiformal F3 Fold. - 
The fold axis trends N10°E and plunges slightly to the 
south.
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Figure 19. Outcrop of Oq^ Quartzite Showing Two Styles of Deformation.
—  Note that the pure quartzite layers are highly fractured, 
while the andalusite-bearing layers (dark grey) show very 
few fractures.
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Figure 20. Rose Diagram Showing the Orientation of Fractures in 0q1  

Quartzite. —  All fractures are nearly vertical.



Quartz Veins

Copper Hill is cut by a series of large quartz veins which trend 

north to north-northeast with nearly vertical dip„ Exposed veins range 

in thickness from several centimeters to more than a meter» Individual 

vein systems are remarkably consistent in both trend and thickness along 

strike. The Champion Vein is. the largest and best exposed of these 

quartz veins. It is exposed within the Champion adit on the north side 

of Copper Hill and appears again in prospect pits on the southern slope 

of the hill (Figure 6 ? in pocket). It has been mapped in detail in the 

Champion adit (Figure 21). The Champion Vein consists of two or more en 

echelon quartz veins, each bordered by a several-centimeter-wide "shear 

zone" of micaceous quartzite. In thin section, the vein quartz is com

posed of large, approximately 1  cm in diameter, polyhedral, interlocking 

quartz grains all of which display undulatory extinction. Some samples 

show evidence of at least one period of brecciation and rehealing with 

quartz. Quartz veins throughout the Picuris Mountains are known to con

tain large aggregates ("bow ties") of kyanite blades (Corey, 1960), but 

few were observed within the veins on Copper Hill (Figure 22).

The north-trending quartz veins on Copper Hill are interpreted 

to represent quartz filling of Fg-related fractures and faults in Oq^ 

and 0 q2  quartzites. No veins were seen to cut Oq^ andalusite quartzite 

or the overlying schists of the Rinconada Formation. Instead, quartz 

veins appear to have ponded against these unfractured units. At the 

southern exposure of the Champion Vein, several large lenses of vein 

quartz occur concordant with the layers of Oq^ quartzite (Figure 23).



Figure 21„ Map of the Champion Adit Showing the Location of the
Champion Vein. —  Modified after a field map by R* Johnson 
and Ko Black.
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Figure 22. Hand Sample of a Quartz Vein from Copper Ridge Showing Large
Aggregates of Kyanite Blades (Bow Ties). —  The sample was
collected approximately 1 km east of Copper Hill.
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Figure 23. Vein Quartz Concordant with the Foliation of Oq^ Quartzite 
at the Southern End of the Champion Vein. —  The quartz is 
considered to have been emplaced into the already folded Oq^ 
quartzite.
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These lenses are interpreted as having been emplaced along the foliation 

of the unfractured andalusite-bearing layers of Oq^ quartzite.

Because the north-trending quartz veins are intimately related 

to ore mineralization at Copper Hill, it is important to establish a 

rigorous estimate of the number of veins which are present. Only four 

such quartz veins are exposed on Copper Hill (Figure 6 ). The existence 

of 7 to 1 0  others may be inferred from the presence of quartz float in 

old mine dumps and in association with Fg structures. Perhaps 30.or 

more veins may be considered to exist if it is assumed that all Fg

structures are associated with quartz veins at depth.

Minor quartz veins of an earlier generation than discussed above 

are erratically exposed on Copper Hill. These veins are narrow (1-10 cm 

in thickness) and have diffuse borders. They commonly are discontinuous 

and often folded. The significance of these early quartz veins with re

spect to mineralization is not established, though they are certainly 

important in understanding the deformational history of Copper Hill.

Regional Characteristics of 
the Ortega Quartzite

The Ortega Quartzite is commonly exposed throughout the Picuris 

Mountains (Figure 3). The exposures away from Copper Hill, hereafter 

called "district exposures," are usually characterized by beds of vitre

ous, cross-stratified quartzite that appear similar to the Oq^ subunit 

on Copper Hill. There are some discontinuous exposures of schistose 

andalusite-bearing quartzite similar to those of Oq^, which outcrop in 

an exposure of Ortega Quartzite north of Copper Hill. In general, how

ever, the upper two units of Ortega Quartzite, 0 q2  and Oq^, that are
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present on Copper Hill do not appear to be continuous throughout the 

Picuris Mountains,

The nature of the massive (Oq^) quartzite on Copper Hill is un

usual when compared to other exposures away from the h i l l o  The most 

significant difference is the abundance of iron oxides in many district 

exposures of Ortega Quartzite and the relative lack of iron oxides at 

Copper Hill* Dark bands in samples collected outside the Copper Hill 

area are composed primarily of specular hematite, ilmenite, and magne

tite with only minor rutile* Rutile, as already noted, is the dominant 

heavy mineral on Copper Hillo The dominance of iron oxides probably ex

plains the red-brown color of most other exposures of the Ortega Quartz

ite as compared with the grey to grey-black color seen on Copper H i l l o  

Another significant difference between Copper Hill and other 

exposures of the Ortega Quartzite is the lack of quartz veins, with or 

without mineralization, away from Copper Hillo Because the regional ex

posures are dominated by massive Oq^-type quartzite, quartz veins, if 

present, would be expected to be exposed at this level of erosion* How

ever, no large, north-trending quartz veins were observed outside Copper 

Hill and the immediately adjacent Copper Ridge*



CHAPTER IV

ECONOMIC, GEOLOGY 

Introduction

The Copper Hill district is known to contain anomalous silver5 

gold9 copper, arsenic, and antimony» Mineralization at Copper Hill now 

consists primarily of malachite, chrysocolla, and stibiconite with minor 

chalcocite, cuprite, and covellite, Argentite and tetrahedrite have 

been reported (Lindgren, Graton, and Gordon, 1910) but are unverified in 

recent studies» The abundance of oxidized copper minerals within the 

Ortega Quartzite gives Copper Hill its distinctive blue-green color and 

makes it a landmark in the Picuris Mountainso Most visible mineraliza

tion and copper staining, however, does not appear at the present Ortega 

Quartzite surface but rather it occurs on dumps associated with the 50 

or more shafts, prospect pits, and adits on the hill.

Until recently, all significant mineralization was considered to 

be localized in the major north-trending quartz veins that cut Copper 

Hill and Copper Ridge. Lindgren et al. (1910) described the ore from 

the Copper Hill district as "veins of glassy quartz carrying copper, 

silver, and gold." They considered the chalcocite present in some of 

the veins to represent the original sulfide mineralization. Montgomery 

(1953) and Miller et al. (1963, in Montgomery, 1963) concluded that the 

mineralized quartz veins are genetically and spatially related to the 

intrusion of the Embudo Granite and that the veins and associated

42
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mineralization formed during the period of pegmatite emplacement in the 

Picuris Mountains at 1400-1200 m.y.

In the present study, fine clusters of chalcocite, malachite, 

and chrysocolla were identified between the individual quartz grains of 

the Ortega Quartzite in several prospect pits and adits on Copper Hill. 

This is the first such mineralization yet reported in the Ortega Quartz

ite of New Mexico* Because it lacks any obvious structural control, the 

quartzite-hosted copper minerals have been called "disseminated mineral

ization." The presence of disseminated copper minerals in quartzite is 

of considerable economic interest because of the possibility that the 

copper may represent an originally strata-bound accumulation (see Chapter 

V) o

A summary of the copper and silver contents of the major rock 

types in the Copper Hill area is given in Appendix 2. On Copper Hill, 

the grade, even within a single unit, is extremely variable, ranging from 

0 to more than 10% copper and several ounces of silver per ton. No sig

nificant metal values were detected in analyses from material from either 

the Rinconada or Pilar Formations, which overlie the Ortega Quartzite on 

the flanks of Copper Hill.

Mining History of the 
Copper Hill District

The history of the Copper Hill mining district was summarized in 

Lindgren et al. (1910). The property was first developed by the Copper 

Hill Mining Company in 1900. Work was begun in the area of the Champion 

vein on the western half of Copper Hill. The "Champion Mine" consisted 

of two shafts and the 100-meter-long Champion adit. A concentrating
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mill was constructed on the northwest flank of Copper Hill. The mill 

burned soon after its completion and the Copper Hill Mining Company 

failed.

Between 1900 and 19059 several companies tried unsuccessfully to 

mine the mineralized quartz veins on Copper Hill. By 1905, all work on 

the property had ceased. "The district is credited with practically 

no production" (Lindgren et al., 1910). Since 1905, mining activity in 

the Copper Hill district has involved only small-scale quarrying of the 

copper-stained Ortega Quartzite for decorative building stone and for 

jewelry.

Styles of Economic 
Mineralization at Copper Hill

Economic mineralization at Copper Hill may be conveniently di

vided into three main associations: 1) quartz vein-hosted copper min

erals, 2) disseminated copper minerals in quartzite, and 3) oxidized 

copper minerals filling fine fractures in both quartz veins and quartz

ite . In the following discussion, the three types of mineralization 

will be described separately. After each description, any constraints 

or conclusions that can be drawn about the genesis of that particular 

type of mineralization will be summarized. The relationship of the 

three main associations will be discussed in Chapter V along with the 

ultimate implications for the genesis of the Copper Hill deposit.

Quartz Vein-hosted Mineralization

Mineralized quartz veins are exposed within the Champion adit 

and within several other prospect pits and adits on Copper Hill. Vein
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quartz containing copper minerals also occurs on dumps associated with 

several shafts at which no quartz veins are exposed. The mineralized 

veins are characterized by white to glassy quartz with abundant mala-, 

chite and chrysocolla-stained fractures. No alteration has been ob

served in the Ortega Quartzite adjacent to these mineralized veins.

Copper minerals— including malachite, chrysocolla, and chalco- 

cite— occur in three basic settings in the quartz veins on Copper Hill, 

Most of the mineralization is localized in irregularly shaped vugs that 

are completely enclosed within the massive vein quartz. The vugs are 

commonly several centimeters in diameter, although several with diameters 

of up to 10 cm have been observed in the Champion adit (Figures 24, 25), 

Vug-filling miner ali zat ion-̂ -- cons is ting mainly of malachite, chrysocolla, 

stibiconite, and hematite— ranges in color from red-brown to green- 

brown depending on the amount of hematite present. It is characterized 

in hand specimen by a distinctive fine grid-like appearance. Terminated 

quartz crystals have been observed on the walls of several mineralized 

vugs.

Copper minerals also occur in samples of brecciated and subse

quently rehealed vein quartz. In these samples, large, angular fragments 

of quartz approximately 1 mm in diameter showing undulatory extinction 

occur in a matrix of very fine grained quartz less than 50 micrometers 

in diameter. Hematite, malachite, and chrysocolla occur as coatings 

around the large breccia fragments. No copper minerals have been ob

served within the fragments and few have been seen in the later genera

tion of fine-grained quartz (Figures 26, 27),
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Figure 24. Vug-filling Mineralization in the Champion Vein. —  The
photograph is from the Champion Adit. The mineralization 
(black) consists primarily of malachite, hematite, chryso- 
colla, and minor chalcocite.



Figure 25. Hand Specimens of Quartz Vein-hosted Mineralization. —
Mineralization in both samples consists of hematite, mala
chite, and chrysocolla with minor chalcocite and antimony 
oxides. (A) Hematite-rich mineralization. (B) Hematite- 
poor mineralization.
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Figure 26. Photomicrograph of Breccia-filling, Vein-hosted Mineraliza
tion. —  Note that the mineralization, primarily hematite 
and malachite, occurs as a coating on the breccia fragments 
and is enclosed within a later generation of vein quartz. 
(A) Crossed polars. (B) Same field, uncrossed polars.



Figure 27. Photomicrographs of Brecciated Vein Quartz with Copper
Mineralization. —  Note, as in Figure 26, that the mineral
ization coats the breccia fragments and is enclosed within 
later vein quartz. (A) Crossed polars. (B) Same field, un
crossed polars.



50

The third main setting for quartz vein-hosted mineralization at 

Copper Hill involves copper minerals that appear to be replacing kyanite 

and sillimanite crystals within the veins,. Usually9 hematite occurs 

along cleavage and fractures while malachite replaces the actual kya- 

nite and sillimanite blades« In some samples9 zones of partially re

placed kyanite and sillimanite grade into zones which appear very similar 

to the vug-filling mineralization described above (Figures 28, 29)»

Quartz vein samples containing either breccia-filling or re

placement mineralization are extremely rare on Copper Hill, For this 

reason, much of the following description concerns the nature of the vug- 

filling mineralization. It should be noted that the three types of 

vein-hosted mineralization were differentiated in thin section )and that 

the characteristics of all three types are extremely similar in hand 

specimen.

Viewed microscopically, the mineralized vugs, occur exclusively 

between the large optically continuous quartz grains. Fine copper- 

stained fractures cut both the quartz grains and the mineralized vugs.

The fracture-filling oxidized copper minerals will be discussed sepa

rately, The grid-like appearance of the vug-filling mineralization re

sults from the presence of green to tan sub volumes ("compartments11) se

parated by narrow red-brown or opaque features which resemble fine 

fracture fillings (Figure 30), The subvolumes display radial and con

centric color banding which is suggestive of open-space filling (Figure 

31), Because of the opacity of the mineralization and the rarity of 

sulfide phases, it is difficult to identify the distinct mineral
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Figure 28. Photomicrographs of Mineralization Replacing Kyanite Crys
tals in Vein Quartz. —  (A) Slightly mineralized kyanite 
crystals at the bottom of the photograph grade upward into 
pure hematite and malachite mineralization. (B) Different 
view of mineralized kyanite crystals.
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Figure 29. Photomicrographs of Mineralization Replacing Sillimanite in 
Vein Quartz from Copper Hill. —  (A) Uncrossed polars. (B) 
Same field, crossed polars. From left to right, radiating 
aggregates of sillimanite (yellow) are increasingly replaced 
by malachite, hematite, and chalcocite.
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Figure 30. Photomicrograph of Vug-filling Mineralization in Vein Quartz 
from Copper Hill. —  The photograph was taken with uncrossed 
polars. Yellow regions are dominated by malachite and anti
mony oxides, while dark brown regions are primarily hematite.
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Figure 31. Photomicrographs of Radial and Concentric Textures in Vug- 
filling Mineralization. —  (A) Concentric interlayering of 
hematite- and malachite-rich mineralization. (B) Malachite 
(light green) and hematite (brown) displaying radial 
textures.
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components of the vug fillings either petrographically or by ore 

microscopyo

X-ray and Electron Microprobe 
Analyses of Vein-hosted Minerals

Malachite9 stibiconite, partzite(?)* hematite and* in one sam

ple, chalcocite have been identified by X-ray diffraction analysis of 

the vug fillingso Chrysocolla was identified in hand specimen» Except 

for one occurrence of chalcocite, no sulfide phases were identified in 

the quartz veinse As noted above, tetrahedrite and argentite have been 

reported from the Champion Mine (Lindgren et al., 1910) though they were 

not verified.

The components of the vug- and breccia-filling mineralization 

were analyzed using electron microprobe dispersive analysis. The green 

subvolumes were found to contain primarily copper with variable amounts 

of antimony, arsenic, aluminum, silver, sulfur, and iron. No consistent 

stoichiometry of the substances analyzed was observed. The red-brown 

dividers (fractures?, boxworks?) between the subvolumes are similar to 

the subvolumes in composition except for increased amounts of iron and 

antimony. No silver-bearing phase or distinct silver-bearing environ

ment was identified within the vugs.

Discussion: The Genesis of
Vein-hosted Mineralization

It is difficult to draw conclusions about the nature of the orig

inal suite of unoxidized ore minerals that filled the veins on Copper 

Hill. Lindgren et al. (1910) concluded that chalcocite was too common 

in the veins to have formed from supergene enrichment during weathering
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and oxidation and therefore was an original component of the veins.

Based on the abundance of iron oxides, he also suggested that pyrite 

was originally present in the veins. These suggestions seem possible, 

although in the present study, chalcocite was found to be a very minor 

component of the exposed mineralization. The ubiquitous presence of 

copper, silver, iron, arsenic, antimony, and minor amounts of sulfur in 

all of the veins supports the suggestion that tetrahedrite may once have 

been present in the unoxidized quartz veins on Copper Hill.

Two immediate conclusions can be drawn from observed relation-- 

ships about the genesis of the vein-hosted .mineralization at Copper Hill. 

First, the mineralization was introduced into the quartz veins between 

two successive phases of vein quartz generation, strongly suggested by 

samples of brecciated quartz veins in which the mineralization covers 

the breccia fragments and is covered, in turn, by more vein quartz. 

Second, the mineralizing process probably involved both open-space fill

ing and replacement of receptive minerals. As already noted, vein miner

alization has been observed to fill vugs containing terminated quartz 

grains, suggesting open-space filling, and it is also seen to partially 

replace both kyanite and sillimanite in the veins on Copper Hill.

Grade and Reserves of Quartz 
Vein-hosted Mineralization

It is considered that between 0.2 and 3.5 million tons of miner

alized vein quartz are present to a depth of 150 m on Copper Hill. This 

range is based on four estimates by the author of the number of quartz 

veins that cut the hill, assuming an average value for the thickness and 

longitudinal area of the veins (Appendix 1). It is considered that 3.5
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million tons represents the most realistic estimate at present. This 

value is accepted because it is believed that many F.-related struc- 

tures are actually associated with mineralized quartz veins at depth. 

These veins' would not be apparent through the younger cover of Oqg an- 

dalusite quartzite on Copper Hill against which the veins terminate.

Geochemical analyses from 16 quartz vein samples are summarized 

in Table 1 and listed in Appendix 2. The grade of these samples is ex- . 

tremely variable, from 0.2 to 8% copper and from 1.4 to 335.ppm silver. 

Although the values for copper and silver in any one sample show a rough 

correlation in relative amount, the ratio of copper to silver is quite 

variable. This latter variation is not surprising considering the ex

tensive oxidation of the vein-hosted mineralization.

The average grade, 2.6% copper and 2 oz silver/ton, of the 16 

quartz vein samples (Table 1) represents an overestimate of^the bulk 

Vein grade on Copper Hill, as most of these samples were collected be

cause they contain visible mineralization. The values for.these high- 

grade samples are not balanced by the values for the nearly barren vein 

quartz between the mineralized vugs/ A second average using only the 

assay values from samples containing small mineralized vugs and abundant 

gangue quartz probably represents, a more realistic estimate of the bulk 

vein grade. The average grade for eight such samples is 1.1% copper and 

0.25 oz silver/ton of vein, material.

The variation in bulk grade of the vein samples from Copper Hill 

is, at least partially, the result of the large size and sporadic ap

pearance of the mineralized vugs which allow the preferential sampling 

of virtually pure vug-filling mineralization and also of almost barren



Table 1* Summary of Copper and Silver Geochemistry for Quartz Vein-hosted Minerali
zation at Copper Hill, —  All values are in parts per million and represent 

__________ the 16 samples listed in Appendix 2,___________________________
G R A D E

Average Average Average
Range (High-grade Samples) (Low-grade Samples) (All Samples)

Cu 2,000-83,000 60,000 11,820 29,800 (2.9%)

AS . 1.4-335 160 9.2 66.0 (2 oz)

Cu/Ag 186-8,750 1,119 2,762 2,146

U i00
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vein quartz. If exposure or a drill hole permitted, a channel sampling 

program would provide a reliable average grade for Copper Hill's miner

alized veins.

Disseminated Mineralization in 
in Ortega Quartzite on Copper Hill

Small heterogeneous grains containing oxidized copper minerals 

and hematite with rare chalcocite and covellite occur within the massive 

quartzite (Oq^) member of the Ortega Quartzite on Copper Hill. The up

per limit of distribution of this mineralization, henceforth called 

"disseminated mineralization," lies, with one exception, at the contact 

between Oq^ and 0q2 quartzite. The exception occurs on the southwest 

flank of Copper Hill where disseminated copper mineralization has been 

observed in a prospect pit within Oq^ andalusite-bearing quartzite (Fig

ure 32). Neither disseminated mineralization nor significant fracture- 

controlled copper staining occurs within a meter of the present outcrop 

surface on Copper Hill.

Viewed microscopically, the disseminated ore minerals occur in 

small voids between the optically continuous quartz grains of Oq^ quartz

ite. The voids are equant and often star-shaped. They range in size 

from several hundred to several thousand micrometers. The minerals 

within the voids are usually opaque, although with intense transmitted 

light some show an intermixing of red-brown and green-brown color (Fig

ures 33, 34). Fine malachite- and chrysocolla-filled fractures, dis

cussed below, cut both the optically continuous quartz grains and the 

grains of disseminated mineralization. Muscovite plates in the vicinity 

of the copper minerals often show a faint green tint. These stained
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Figure 32. Map Showing the Location of the Prospect Pit in Oq^ Quartzite Containing Quartzite- 
hosted. Disseminated Mineralization.
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Figure 33. Photomicrographs of Disseminated Mineralization in Oq
Quartzite. —  (A) Uncrossed polars. (B) Same field, crossed
polars. Dark grains are composed primarily of hematite, 
malachite, and chalcocite. Note that the grains of mineral
ization occur between the optically continuous quartz 
grains.
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I 0.15 m

Figure 34. Enlargement of Disseminated Mineralization Shown in Figure 
33. —  Note the fine muscovite at the edges of and possibly 
being replaced by the ore minerals. (A) Crossed polars.
(B) Same field, uncrossed polars.
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muscovite needles are responsible for the green tint characteristic of 

some samples of Oq^ quartzite on Copper Hill.

Most grains of disseminated mineralization on Copper Hill con

tain no metallic minerals. Several small flecks of chalcocite and co- 

vellite were observed9 however«, in polished samples from the Champion 

adit and from the one region of mineralized Oq^ quartzite. Cuprite was 

also found in one sample. These metallic minerals occur scattered within 

an earthy matrix of hematite and malachite which are the dominant mineral 

phases of the disseminated mineralization.

Hematite, malachite, and possibly other copper minerals also 

have been observed in association with small clumps of matted muscovite 

plates and kyanite blades in Oq^ quartzite (Figures. 35, 36). These 

clumps are approximately 500 micrometers in diameter and are similar in 

shape to the opaque grains of disseminated mineralization described 

above. The extent of mineralization in these samples ranges from minor 

iron and copper staining of obvious kyanite and muscovite to nearly 

opaque, totally stained, zones with barely visible kyanite or muscovite. 

Where they are extensively mineralized, these clumps of kyanite and mus

covite are nearly identical to the disseminated mineralization.

The disseminated copper minerals are apparently unrelated to 

sedimentary structures on Copper Hill. Most grains of disseminated min

eralization appear to be spatially distinct from the cross-bed layers of 

heavy minerals, which are common in the Ortega Quartzite. Mineraliza

tion usually occurs in the regions of fairly pure quartzite between two 

heavy mineral bands. No disseminated mineralization has been found in
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.
Figure 35. Photomicrographs Showing Mineralization Replacing Kyanite 

Crystals in Oq^ Quartzite. —  (A) Uncrossed polars. (B)
Same field, crossed polars. The mineralization (dark brown) 
contains both iron and copper. The specific ore minerals 
could not be identified.
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Figure 36. Photomicrographs Showing Copper and Iron Mineralization Re
placing Muscovite within Oq^ Quartzite. —  The specific ore 
minerals could not be identified. (A) Uncrossed polars.
(B) Same field, crossed polars.
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samples that contain kyanite in association with the heavy mineral 

bands

X-ray arid Electron Microprobe 
Analysis of Disseminated Minerals

Several mineral grains were excavated from the quartzite and 

analyzed by X-ray diffraction using the Gandalfi camera» Malachite was 

identified in virtually all samples. Hematite and muscovite also were 

commonly present. In samples from the Champion adit and from the region 

of mineralized Oq^ quartzite, chalcocite and covellite were identified 

along with the usual malachite and hematite. As noted, chalcocite and 

covellite were also found in polished sections from these two localities. 

Cuprite, identified in one polished section, was not identified by X-ray 

analysis.

Approximately 40 clusters of disseminated minerals were analyzed 

using electron microprobe dispersive analysis. The grains were found 

to contain 10-70% copper with varying amounts of silver, gold, arsenic, 

antimony, sulfur, and aluminum. No consistent stoichiometry was ob

served. The lack of titanium supports the petrographic observation that 

the disseminated mineralization is spatially distinct from the accumula

tions of rutile which comprise the heavy mineral bands.

Distribution and Reserves of 
Disseminated Mineralization

Approximately 300 million metric tons of Ortega Quartzite exist 

on Copper Hill to a depth of 150 m. The total tonnage of mineralized 

quartzite cannot be calculated at present. To date, all samples con

taining disseminated mineralization have been collected from prospect
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pits and adits which are aligned along quartz veins and other structural 

features on Copper Hill. No information is available concerning the 

continuity of mineralization between these structures because, as noted, 

no disseminated mineralization exists within several meters of the pres

ent outcrop surface on Copper Hill.

Several observations imply that disseminated mineralization may 

not be uniformly distributed throughout the Oq^ quartzite on Copper Hill. 

It has been observed that kyanite-bearing Oq^ quartzite contains virtu-. 

ally no disseminated copper minerals (Appendix 2). The stratigraphic 

significance of this subunit is obscure (see Chapter III), though some 

discontinuities in the grade of mineralization with depth may be implied. 

Also, exposures of mineralized quartzite are not common on the eastern 

half of Copper Hill. This observation may reflect a decrease in the 

grade of mineralization along strike of the Ortega Quartzite or it mere

ly may be related to the lack of prospect pits and adits penetrating the 

quartzite surface on this part of the hill.

Grade of Disseminated Mineralization

Geochemical analyses of 22 samples containing the disseminated 

copper minerals are summarized in Table 2 and listed in Appendix 2. The 

bulk grade of Oq^ quartzite ranges from several hundred parts per mil

lion to several percent copper and from several parts per million to 

several ounces of silver per ton. As with the vein-hosted mineraliza

tion, copper-to-silver ratios in quartzite show considerable variation. 

The average grade of the 22 quartzite samples (Table 2), 0.5% copper and 

0.5 oz/ton silver, may approximate the overall grade of mineralized
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Table 2. Summary of Copper and Silver Geochemistry for Mineralization
Disseminated in Quartzite at Copper Hill. —  All values are in
parts per million and represent the 22 samples listed in 

__________ Appendix ______________________________________________________ _
GRADE .

Range_______  Average_________
15-40,500 ppm 6960 ppm (0.7%)

0.2-125 ppm 18 ppm (0.5 oz)

70-2265.6 666

Cu

Ag
Cu/Ag
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quartzite on Copper Hill. The grade for all Oq-̂  quartzite probably 

would be much lower because the unit may not be uniformly mineralized* 

Also, it should be noted that part of the total grade of any one sample 

is contributed by malachite and chrysocolla which fill fine fractures 

in the quartzite. The relative contribution to grade of fracture- 

related and disseminated copper minerals varies from sample to sample*

Fracture-filling Copper Mineralization

Narrow fractures containing malachite and chrysocolla are char

acteristic of most samples of Oq^ quartzite and of most quartz veins on 

Copper Hill (Figure 37)* Viewed microscopically, these mineralized 

fractures cut across optically continuous quartz grains and also cut the 

disseminated and quartz vein-hosted copper minerals* The fracture- 

filling copper minerals can be distinguished from the above two types be

cause of their restricted mineral composition of only malachite and 

chrysocolla with little hematite and no sulfide phases and because of the 

relative lack of elements such as silver, arsenic, and antimony which are 

characteristic of the vein-hosted and disseminated types of mineraliza

tion on Copper Hill.

Discussion: Genesis of
Fracture-filling Mineralization

The fracture-filling copper minerals probably represent one of 

the youngest features on Copper Hill. These fractures cut all quartz 

veins, quartz grains and all other forms of copper mineralization on the 

hill* The fracture-filling copper minerals are separated in time from 

the vein-hosted and disseminated copper minerals because both the
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Figure 37. Hand Specimens Showing Fracture-controlled, Oxidized Copper 
Minerals in Vein Quartz and in Oq^ Quartzite. —  (A) Vein 
quartz. (B) Oq^ quartzite.
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vein-hosted and disseminated types have been affected by a later period 

of vein quartz generation or of quartz recrystallizationo Because of 

its crosscutting nature and oxidized mineralogy, the fracture-filling 

copper minerals possibly may represent a remobilization of the vein- 

hosted or disseminated minerals«, The relative proportion of the bulk 

grade at Copper Hill that now exists as fracture-filling oxidized copper 

minerals is not known. Dump material from several shafts suggests that 

this oxidation and remobilization has affected the Ortega Quartzite to 

a depth of several hundred meters or more on.Copper Hill.

Regional Extent of Mineralization 
in the Picuris Mountains

Mineralization, similar to that which occurs on Copper Hill, is 

found directly to the east on Copper Ridge (Figure 3, in pocket). In 

addition to minerals containing copper, silver, gold, arsenic, and anti

mony, some tungsten, primarily in wolframite, is known to occur at this 

locality (Montgomery, 1953). Ore minerals on Copper Ridge occur in the 

same basic associations as described for Copper Hill: 1) vug fillings in

north-trending quartz veins, 2 ) disseminated copper minerals in quartz

ite, and 3 ) crosscutting fractures containing malachite and chrysocolla. 

The age of the strike-slip fault which separates Copper Hill and Copper 

Ridge is not specifically known. Perhaps at the time of mineralization, 

these two hills were not yet separated by this structural feature. •

Neither disseminated nor vein-related mineralization has been 

identified in any other exposure of the Ortega Quartzite in the Picuris 

Mountains. Grambling (personal communication, 1981) has not observed 

copper staining in either the Truchas Mountains or the Rio Mora area of
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northern New Mexico, As mentioned above, the Truchas Mountains may have 

been directly adjacent to the Picuris Mountains before faulting along 

the Picuris Pecos fault.

Several occurrences of copper mineralization have been reported 

in other stratigraphic units within the Picuris Mountains. Pods of vein 

quartz with oxidized copper minerals occur within the Embudo Granite and 

rarely within the Vadito Group (Long, 1976). Minor amounts of copper 

were also reported to be associated with the Harding Pegmatite (Miller 

et al., 1963, in Montgomery, 1963). Malachite and chrysocolla are the 

dominant copper minerals reported in all exposures of mineralization in 

the Picuris Mountains. Chalcocite, in minor amounts is the only sulfide 

mineral reported. Long (1976) concluded that these copper-bearing 

quartz pods formed during the period of pegmatite emplacement soon after 

Fg deformation in the Picuris Mountains.

Constraints on the Age 
of Mineralization at Copper Hill

The vein and disseminated types of mineralization appear to have 

been present in the Ortega Quartzite prior to the close of metamorphism 

approximately 1200 m.y. ago. Grains of disseminated minerals are pres

ently sealed between optically continuous quartz grains in the Ortega 

Quartzite, suggesting that at least some quartz recrystallization oc

curred after the emplacement of mineralization. Also, as noted, the 

vein-related ore minerals appear to have formed between two periods of 

vein quartz formation. No significant metamorphism is considered to 

have affected the rocks of the Picuris Mountains during Phanerozoic time 

nor were quartz veins formed (Montgomery, 1953).
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Based on the assumption that the major north-trending quartz 

veins on Copper Hill fill fractures which are associated with defor

mation, a maximum age can be concluded for the quartz vein-type of min

eralization (Figure 38)„ Neilson and Scott (1979), Long (1976), and 

others ascribe an age of approximately 1400 m,y„ to the Fg deformation 

in the Picuris Mountains „ The vein mineralization on Copper Hill prob

ably was emplaced during or soon after this event« This age corresponds 

closely with the proposed age of emplacement of the pegmatites and _ 

copper-bearing quartz veins within the Embudo Granite (Long, 1976)„

The exact age of the disseminated copper minerals in the Ortega 

Quartzite, especially with respect to the vein-hosted mineralization, 

is extremely important for the origin and implications of the Copper 

Hill deposito Unfortunately, there are no direct constraints on the 

age of this mineralization in relation to important metamorphic and 

deformational features on Copper Hill. Therefore, it must be considered, 

at least initially, that the disseminated copper minerals may have en

tered the Ortega Quartzite at any time between its deposition and the 

close of metamorphism. In Chapter V, several features which may indi

rectly suggest the age and ultimate origin of the Copper Hill minerali

zation will be discussed.
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Disseminated Mineralization
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Figure 38. Constraints on the Age of Disseminated and Vein-hosted Min
eralization with Respect to Metamorphic and Deformational 
Events in the Picuris Mountains. —  Modified after Neilson 
and Scott (1979). Solid lines represent the preferred ages 
for mineralization. CMD = Cerro Alto Metadacite, PG = 
Puntiagudo Granite, RQM = Rana Quartz Monzonite, PQM =
Penasco Quartz Monzonite, PEGS = pegmatites including the 
Harding Pegmatite.



CHAPTER V

GENESIS OF THE COPPER HILL DEPOSIT 

Introduction

At the outset of this study9 the Copper Hill deposit was consid

ered to have been ultimately formed by one of the following three pro

cesses: 1 ) downward leaching of mineralization from overlying eroded

formations; 2 ) mobilization from and reprecipitation of a syngenetic or 

diagenetic, strata-bound metals deposit in the Ortega Quartzite; and 

3) upward9 epigenetic migration from a copper source at depth» As dis

cussed below9 even the most obvious characteristics at Copper Hill ren

der the first alternative unlikely. Field characteristics cannot un

equivocally distinguish the remaining two alternatives because of the 

effects of recrystallization and oxidation. In the following discussion9 

the relative compatibility of the three suggested processes with the 

characteristics of the Copper Hill deposit are compared.

Downward Mobilization 

The^obvious fracture control and oxidized nature of much of the 

Copper Hill mineralization has led some workers to postulate that it was 

emplaced during the weathering of the overlying Rinconada Formation and 

Vadito Group. The possibility that these overlying formations once may 

have contained massive volcanogenic sulfide deposits is suggested by the 

presence of felsic volcanic rocks in the Vadito Group and the fact that 

this group may correlate with the host rocks of the Pecos massive sulfide
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deposit southeast of the Picuris Mountains«, If this model could be 

shown to be applicable, the main exploration target would shift from the 

Ortega Quartzite to the overlying formations.

Discussion: Evidence.against a
Downward Mobilization Model

Field and geochemical evidence do not support a downward- 

leaching model for the emplacement of the Copper Hill mineralization. 

Although the fracture-controlled oxidized copper minerals are not incon

sistent with such an origin, the disseminated and vein-related minerali

zation have been affected by recrystallization and further vein formation 

in obtaining their present characteristics. As noted, it is likely that 

these two types of mineralization were present in the Ortega Quartzite 

by approximately 1 2 0 0  m.y. ago.

Geochemical samples from throughout the Rinconada Formation con

tain no anomalous copper or silver. The Rinconada Formation is basically 

a metamorphosed pelitic sediment with no volcanic component. It is not 

considered to represent a likely host for mineralization. The Pilar 

graphitic phyllite, because of its reduced nature, might be considered a 

more likely host, but it also contains no anomalous mineralization in 

the Copper Hill area.

No evidence exists for the migration of mineralizing solutions 

through the Rinconada Formation from a stratigraphically higher source. 

Few vein structures or copper-stained fractures have been observed in 

Rinconada rocks. Mineralized quartz vein systems in the Ortega Quartzite 

do not extend into the overlying formations. As noted above, the veins 

did not penetrate the unfractured andalusite layers of Oq^ quartzite.
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The vein relations on Copper Hill are much more consistent with forma

tion from upward-rising quartz-rich liquids than with downward-flowing 

fluidso

Strata-bound Models for 
Mineralization at Copper Hill

The strata-bound and disseminated nature of some of Copper Hill’s 

mineralization might suggest a syngenetic or diagenetic model of em

placement , Original disseminated mineralization could then have been 

the source for the subsequent remobilization of copper and silver into 

later quartz veins» A syngenetic or diagenetic accumulation of copper 

minerals bears important implications for the regional exploration poten

tial of the Ortega Quartzite. Most significant is the possibility that 

other9 perhaps larger, deposits similar to that which occurs at Copper 

Hill exist along the strike of the Ortega Quartzite or in units that cor

relate with it.

The Belt Series in North America (Harrison, 1972; Balia, personal 

communication, 1982) and the Zambian Copper belt (Fleischer, Garlick, 

and Haldane, 1976) are two important mining districts for which a synge

netic or diagenetic model has been proposed for the emplacement of min

eralization, Both of these districts are characterized by disseminated 

copper and silver mineralization in Precambrian quartzite with cross

cutting mineralized quartz veins. In Zambia and the Belt Group of North 

America, anomalous amounts of copper and silver occur throughout a re

gional extent of thousands of square kilometers in the host quartzite. 

Within these broad regional anomalies, many subeconomic and economic de

posits have been discovered.



78

Syngenetic or diagenetic processes have been demonstrated for 

the Zambian Copper Belt and for the Belt Group in North America because 

of the great extent of mineralization in fairly thin stratigraphic units 

and because of the close relationship between mineralization and sedi

mentary features in the host quartzite. Disseminated copper minerals 

are usually associated with accumulations of heavy minerals on cross

beds, scour surfaces, and other sedimentary structures. Zoning of sul

fide minerals, including chalcopyrite, bornite, chalcocite, digenite, 

and pyrite, is commonly related to the geometry of the depositional basin 

or to depositional features in the basin. Ore-bearing quartz veins show 

few features, suggesting that they acted as feeders of disseminated min

eralization, Instead, the veins are typically mineralized only when 

they cross stratigraphic units which contain disseminated mineralization, 

implying a very local, lateral secretion origin for the vein 

mineralization.

Comparison of Copper Hill with 
Known Strata-bound Copper Occurrences

The Zambian Copper belt and the Belt Group of North America, as 

well as other strata-bound copper occurrences, present a framework 

within which the characteristics of a possible strata-bound deposit such 

as Copper Hill can be compared. Three main features do, at first, sug

gest a syngenetic model for the origin of the Copper Hill mineralization:

1 ) the presence of disseminated mineralization with no obvious 

structural control;

2 ) the apparent strata-bound nature of the deposit;
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3) the association of copper and silver mineralization with very 

little lead or zinc, as in the Belt Group and several other 

depositso

However, when these features are compared to the apparently similar fea

tures in the Belt Group and Zambian Copper belt, major differences are 

found which ultimately argue against the syngenetic origin of the miner

alization at Copper Hill*

Relationship between Mineralization and Sedimentary Structures. 

Although disseminated mineralization is present in the Ortega Quartzite 

at Copper Hill, it is not controlled by any obvious sedimentary features» 

Unlike the deposits in Zambia and the Belt Group, the mineralization at 

Copper Hill is not associated with the accumulations of heavy minerals 

which define bedding planes and cross-bedding. Instead, mineralization 

usually occurs in regions of fairly pure quartzite between two heavy 

mineral bands, suggesting that disseminated copper minerals were not de

posited as heavy mineral grains nor did they diagenetically replace 

heavy mineral grains in the quartzite, A syngenetic or diagenetic model 

for the Copper Hill deposit, involving an interaction with detrital min

erals, would require that the copper minerals were deposited as or re

placed grains which were in hydrostatic equilibrium with quartz. No 

such suggestion has been made for other known syngenetic or diagenetic 

deposits in quartzite.
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Strata-bound Appearance of the Copper Hill Deposit, For several 

reasonsj the strata-bound appearance of the mineralization at Copper 

Hill may not be the result of syngenetic or diagenetic processes. First, 

strata-bound features are found only near the top of the Ortega Quartz- 

ite» Because neither the lower contact of the Ortega Quartzite nor the 

lower limit of mineralization is exposed in the Copper Hill area, no 

evidence exists to suggest that the deposit is actually stratiform in 

shapeo Second, the upper limit of mineralization, particularly vein min

eralization, may be structurally controlled in the Ortega Quartzite.

The quartz veins do not penetrate the overlying, unfractured Oq^ quartz- 

ite„ Therefore, the strata-bound appearance of the deposit may be a 

structural rather than a depositional characteristic.

Perhaps the most telling evidence against a strata-bound, syn

genetic or diagenetic origin for the Copper Hill deposit is the presence 

of disseminated mineralization in one small region of the normally un

mineralized Oq^ quartzite on the southwest flank of Copper Hill (Figure 

32)o This exposure occurs at least 20 m stratigraphically above the 

copper-bearing Oq^ horizon and is adjacent to a north-trending, possibly 

Fg-related structural feature, seen as a lineation on aerial photographs 

and in the field as a two-meter-wide fractured zone. The disseminated 

mineralization in this Oq^ exposure appears identical to that which is 

found in the Oq^ quartzite below. It seems unlikely that this small ex

posure of mineralization was formed from a sedimentary or diagenetic pro

cess and yet it seems equally unlikely that identical mineralization 

would form from two different processes, one involving sedimentation and 

the other involving epigenetic emplacement. This strongly suggests that
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the mineralization was emplaced at some time after all three subunits of 

the Ortega Quartzite were deposited»

Regional Extent of Copper Mineralization, Another feature which 

argues strongly against a strata-bound explanation for Copper Hill is 

the lack of a regional copper or silver anomaly in the Ortega Quartzite 

around the hill. Except for the adjacent Copper Ridge, no copper or 

silver mineralization has been detected in the exposures of Ortega 

Quartzite which surround Copper Hill. Further, no copper minerals have 

been observed in the Ortega Quartzite of the Truchas Mountains which are 

suspected to have been adjacent to the Picuris Mountains before faulting 

along the Picuris Pecos fault« The limited regional extent of minerali

zation in the Ortega Quartzite contrasts sharply with the extent of 

anomalous mineralization characteristic of known strata-bound, strati

form, copper-silver deposits.

Geochemistry. The association of copper and silver and the lack 

of lead or zinc appears to be a characteristic of several quartzite- 

hosted, strata-bound ore deposits including the Belt Group in North 

America, the White Pine Deposit in Michigan, and the Zambian Copper 

belt. Although copper and silver are also associated at Copper Hill, 

the additional elements present— -including gold, arsenic, antimony, 

iron, and in places tungsten— are not commonly found in known strata- 

bound syngenetic deposits. Also, neither mercury, which is common in 

the Belt Group, nor cobalt, which is ubiquitous in both the Belt Group 

and Zambian deposits, is present at Copper Hill. It would be very in

formative to compare the ore mineralogy at Copper Hill to that of known
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strata-bound deposits» Unfortunately9 the almost total overprint of 

oxidation at Copper Hill precludes the use of detailed mineralogy and 

mineral zoning in evaluating, the deposit.

Epigenetic Mineralization

Evidence for Epigenetic 
Processes at Copper Hill

The Ortega Quartzite and the north-trending quartz veins on 

Copper Hill may both have been mineralized epigenetically. Copper- 

bearing fluids could have risen along the Fy-related quartz veins 9 faults, 

and fractures, simultaneously mineralizing the structures and the adja

cent quartzite. If this model is applicable, the structural control of 

the disseminated mineralization has been destroyed by later recrystalli

zation of the Ortega Quartzite. Such an epigenetic model is favored for 

the mineralization at Copper Hill. Much of the evidence supporting this 

model stems from the lack of supporting evidence and the presence of con

tradicting evidence for alternative models.

Spatial and Temporal Evidence for Epigenetic Mineralization.

The vein-related mineralization at Copper Hill does not display any 

characteristics to suggest that it has been remobilized from the dissem

inated ore. As noted in Chapter III, the mineralization is not associ

ated with the earliest episodes of vein generation in the area. It never 

occurs within the breccia fragments in the north-trending veins or within 

the early folded veins on Copper Hill. If diagenetic or syngenetic cop

per were present in the Ortega Quartzite since its lithification, it 

seems unlikely that the early quartz veins could completely escape
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mineralizationo The peak of metamorphism in the Picuris Mountains is 

considered to have occurred before the onset of deformation which9 in 

turn, predates the emplacement of the mineralized quartz veins*. It 

would be necessary to postulate that copper and silver mineralization 

was remobilized during low-grade metamorphism (after deformation) but 

that none was moved during a higher grade event (before Fg deformation)* 

It seems more likely that all of the mineralization was introduced from 

an outside source after the Fg event * Further, no decrease in the grade 

of disseminated mineralization has been observed adjacent to the quartz 

veins to suggest a lateral secretion origin for the vein mineralization* 

However, such a leached zone might not be apparent because of the lack 

of between-vein exposure of Oq^ quartzite on Copper Hill*

Geochemistry* There is no geochemical evidence to suggest that 

one type of mineralization on Copper Hill has been remobilized from the 

other type* Both the vein-hosted and disseminated mineralization contain 

the same suite of metallic elements: Cu, Ag, As, Sb, Au* Further,

copper-to-silver ratios have a similar peak and distribution in both en

vironments (Figure 39) * During metamorphism, one element might be ex

pected to remobilize preferentially over another. The similarity of 

vein and disseminated mineralization at Copper Hill suggests that both 

were mineralized simultaneously, causing similar suites of ore minerals 

to be produced.

Hydrothermal Alteration* The presence of mineralization at Cop-, 

per Hill may be related to the distinctive appearance and composition of 

the Ortega Quartzite there as opposed to that which is exposed
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Figure 39. Comparison of Copper to Silver Ratios from Mineralized Vein 
Quartz and Mineralized Ortega Quartzite. —  Each box repre
sents one sample.



throughout the Picuris Mountains (Chapter II)» It seems unlikely that 

the depositional environment in the* several-square-kilometer Copper Hill 

area was distinctly different from that of all surrounding exposures» 

Lindholm (1963) suggested that, in the Ortega Mountains, original ilme- 

nite may have altered to iron oxides and leucoxene» Perhaps such a 

process can explain the abundance of rutile in the Ortega Quartzite at 

Copper Hill compared with the dominance of iron oxides in surrounding 

exposureso As noted in Chapter II, an iron-rich subunit occurs directly 

above several of the mineralized veins on Copper Hill. It is suggested 

that some iron, originally present in the Oq^ quartzite, may have remo

bilized upward into 0 q£ quartzite along the same structures that local

ized the vein mineralization. The iron-flooded staurolite-bearing re

gions of Oqg quartzite may be the expression of hydrothermal alteration 

at Copper Hill. Both Neilson (1972) and Montgomery (1953) have sug

gested that hydrothermal alteration may have been responsible for some 

of the characteristics of the rocks in the Copper Hill area.

Textural Evidence for Epigenetic Mineralization. An epigenetic 

model for the mineralization at Copper Hill must explain the presence 

of disseminated mineralization, without apparent structural control, in 

the Ortega Quartzite. The observation that the disseminated mineraliza

tion occurs only between, but not within, the optically continuous quartz 

grains of Oq^ quartzite may be helpful in understanding the history of 

this mineralization. Because the present quartz grains appear to repre

sent homogenized groups of original detrital quartz grains, diagenetic 

or syngenetic mineralization, if present, might be expected to occur both
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around and within the present quartz grains— thus the mineralization 

probably entered the quartzite after'some recrystallization had occurred» 

Also, in several samples, mineralization appeared to be replacing small 

clumps of kyanite and muscovite in the Ortega Quartzite, suggesting that 

at least some of Copper Hill’s disseminated mineralization was emplaced 

epigenetically after the growth of metamorphic minerals <,

Regional Structural Control of Disseminated Mineralization„ Al

though the grains of disseminated minerals in the Ortega Quartzite do 

not exhibit a structural control, a large-scale relationship may exist 

between the large north-trending mineralized structures and regions con

taining disseminated mineralization, A. large photolineation and sheared 

zone intersects the region of mineralized Oq^ quartzite (Figure 32) and 

may also control the location of Rattlesnake Gulch, the main north- 

trending drainage south of Copper Hill, Because of its northerly trend 

and lack of deformation, this feature is considered to represent the ex

pression of an Fg-related fault which cuts the usually unfractured Oq^ 

quartzite. It is suggested that this fault may have acted as a feeder 

for mineralizing solutions, thus explaining the presence of anomalous 

disseminated minerals in this exposure of Oq^ quartzite.

All samples of Oq^ quartzite containing disseminated mineraliza

tion were collected from prospect pits and adits that are aligned along 

mineralized north-trending quartz veins because the mineralized veins 

were the target of the early exploration on Copper Hill, Little is 

known about the continuity of the disseminated mineralization between 

these structures. Shallow drilling between known mineralized structures
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on Copper Hill would be extremely helpful in understanding the distri

bution of disseminated copper minerals and9 therefore, in understanding 

the ore-forming process at Copper Hill.

Possible Sources of Epigenetic 
Mineralization at Copper Hill

Until recently, very little was known about the nature of the 

rocks below the Ortega Quartzite of northern New Mexico. From this 

study it is clear that these rocks may be very important with respect to 

the exploration potential of the Picuris Mountains. Three possible 

source rocks might be postulated for epigenetic mineralization in the 

Ortega Quartzite at Copper Hill: Embudo Granite, Vadito Group metavol-

canics, or sedimentary source rocks at depth.

Lower Ortega Quartzite. Although the mineralization exposed at 

the surface of Copper Hill does not appear to represent a strata-bound 

and stratiform copper-silver deposit, it may have been remobilized from 

such a deposit in the lower Ortega Quartzite or in sediments below the 

Ortega Quartzite. The fact that all reported copper-silver mineraliza

tion in the Picuris Mountains is restricted to the Copper Hill area, 

however, argues against a widespread strata-bound source. Further, the 

Copper Hill deposit does not have the same geochemical signature as 

known strata-bound deposits, although some similarities do exist.

Vadito Group Metavolcanics. Recently, Grambling and Codding 

(1982), Holcomb and Callender (1982), and others have concluded that the 

Vadito Group may stratigraphically underlie the Ortega Quartzite. The 

Vadito Group traditionally has been considered to occur above the



Rinconada Formation and* therefore* above the Ortega Quartzite., This 

new interpretation leads to the suggestion that the mineralization at 

Copper Hill may be remobilized from a massive sulfide deposit within 

metavolcanic rocks of the Vadito Group below Copper Hillo Such a remo

bilization might have occurred during the intrusion of the Embudo Gran

ites south of and possibly beneath Copper Hill, It must be noted* how

ever* that the association of copper and silver and the lack of any lead 

and zinc would be unusual characteristics of a remobilized massive sul

fide terrane. Also* the Ortega Quartzite is known to be at least 1000 m 

in thickness, A massive sulfide deposit that might occur below this 

quartzite would seem an unappealing target for exploration if compared 

to areas in which the Vadito Group occurs at or near the present surface,

Embudo Granites, As a third alternative* it is suggested that 

the mineralization at Copper Hill may be related to the mineralized 

quartz veins and pods that occur in the Embudo Granite and the Vadito 

Group south of Copper Hill and that* as Montgomery (1963) and Long (1976) 

suggest* the mineralization originated within the Embudo Granite and is 

oogenetic with the pegmatites of the Picuris Mountains, Geophysicists 

of the Anaconda Company have concluded that a lobe of the Embudo Granite 

may be present at a fairly shallow depth of approximately 400 m below 

Copper Hill, A local magmatic source might help to explain the limited 

regional extent of this mineralization in northern New Mexico,

The final stages of intrusion of the Embudo Granite* including 

the period of pegmatite emplacement * correspond closely with the sug

gested age of vein-hosted mineralization on Copper Hill, No other
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igneous activity has been identified in the Picuris Mountains from this 

time periodo Regardless of the actual source of the ore metals, it 

seems likely that the intrusion of the Embudo Granites was involved with 

the process by which the mineralization was deposited in the rocks at 

Copper Hill.

Summary of Conclusions 

The mineralization present at Copper Hill is almost totally oxi

dized, consisting mainly of malachite and chrysocolla with very minor 

amounts of chalcocite, cuprite, and covellite. In this study, three 

main types of mineralization were differentiated based on the particular 

environment in which they occur: 1 ) vug-filling mineralization in quartz

veins; 2) disseminated mineralization in quartzite; and 3) crosscutting, 

fracture-controlled malachite and chrysocolla in both quartzite and 

quartz veins. It seems most likely that both the vein-hosted and dissem

inated types of mineralization formed epigenetically after the Ortega 

Quartzite was subjected to at least one period of deformation. The mala

chite and chrysocolla-filled fractures are considered to represent a re

cent remobilization of the disseminated and quartz vein-hosted types. 

Based on the proposed geologic history of the Picuris Mountains (Neilson 

and Scott, 1979), the main mineralizing event probably occurred between 

1400 and 1200 m.y. ago (Figure 38). Although the actual source of the 

metals is unknown, it seems likely that the process of mineralization 

was related to the latest stages of intrusion of the Embudo Granite in 

the southern Picuris Mountains.



APPENDIX 1

CALCULATION OF THE VOLUME AND 
TONNAGE OF VEIN QUARTZ ON COPPER HILL

The total tonnage of vein quartz on Copper Hill is equal to the 

product of the following four values:

1) cross-sectional area of Copper Hill,

2 ) the average thickness of the quartz veins,

3 ) the number of veins which cut the hill,

4 ) conversion from volume to weight of quartz.

Cross-sectional Area of Copper Hill

460 m

£
o

550 m

Area = 73>200 m'

Thickness of Quartz Veins on Copper Hill 

The Champion vein on Copper Hill ranges from 30 to approximately 

60 cm in thickness. All other veins on the hill are equal to or less 

than 30 cm in thickness. For the purpose of the calculations, first a

90
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value of 30 cm, and then a value of 60 cm will be assumed for all the 

veins.

Number of Veins Cutting the Hill 

Three estimates will be used for the total number of quartz 

veins that cut Copper Hill: 4 veins, 15 veins, or 30 veins. The deri

vation of these figures was discussed in Chapter III.

Calculation

The following table shows the weight of quartz in metric tons as 

a function of the thickness and number of quartz veins assumed to exist 

on Copper Hill.

Conversion from Volume 
to Weight of Quartz

o1 m of quartz = 2.65 metric tons

Thickness 
of Veins

Estimated Number of Quartz Veins
4 15 30

60 cm

30 cm 2.3 x 105  8.7 x 105  1.7 x 106

4.6 x 105  1.7 x 106 3.5 x 106



APPENDIX 2

GEOCHEMICAL DATA1  ,

Quartz Vein Samples from 
Copper Hill and Copper Ridge

Low-grade Vein Samples (in ppm)

Sample Number Cu Ag . Au Sb As

C-4 15,000 4.6 0.5 540 -

C-16 8 , 0 0 0 26.0 0.9 1 0 , 0 0 0 -

C-17 1 1 , 0 0 0 19.0 0 . 1 — -

C-26 14,000 1 . 6 0.25 - -

C-35 2 , 2 0 0 4.6 0.17 — -

C- 8 8 1 1 , 0 0 0 1.4 0.04 8 -

C-4 07 26,500 18.0 4.8 17,500 1600

C-316 5,500 2 . 8 0.4 . 440 -

1. Samples listed represent only mineralized samples from the 
Copper Hill area. Most exposures of Oq^ andalusite quartzite and all 
samples from the overlying Rinconada Formation are unmineralized. Copper 
values are seldom greater than 50 ppm, and silver values are usually 
undetectable.
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High-grade..Vein Samples (in ppm)

Sample Number Cu Ag Au Sb As
C-403 83,000 190 0.59 27,000 4400

C-404 44,000 55 0.4 9,600 1600

C-406 46,000 1 2 2 . 1 35,000 1900

C-409 73,000 330 1.5 2,800 1300

C-416 62,500 335 0.97 7.10 610

C-410 52,000 42 1 . 1 38,500 3500

i Vein-hosted Mineralization (in ppm)

Sample Number Cu . . Ag Au Sb As
C-400 55% . 2 2 2 0 0.44 880 2800

C-401 41% 1730 0.08 960 1700

Ortega Quartzite Samples from Copper Hill

Oq^ Quartzite Samples (in ppm)

Sample Number Cu Ag Au Sb As
C-l 1,050 15.0 0.06 600 -

* C-2 14,500 6.4 0.31 65 —

C-3 2,750 3.0 0.31 7 -

C-19 40,500 125.0 0.62 - -

C-34 215 0.4 0 . 0 2 - -

C—36 850 1 . 8 0 . 0 2 - -

C-405 26,000 18.0 0.49 235 70
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Sample Number Cu .... Ag Au Sb As
C-411 5,400 4.9 0.23 2 0 0 0 360

C-412 2,900 3.4 0.38 75 370

C-413 2 , 2 0 0 1.3 0.24 345 350

C-414 1 0 , 0 0 0 42.0 0.48 65 90

C-415 10,500 24.0 0.42 1 0 60

Samples of Oq-̂  Quartzite with 
Kyanite Layers (Possibly Oqg)

Sample Number Cu Ag Au Sb As

C-52 90 0.4 : 0 . 0 2 28 -

C-92 15 0 . 2 0 . 0 2 2 —

C-10 75 3.2 0 . 0 2 1 -

C-122 2 0 0 . 2 0 . 0 2 - -

C-18 650 1 . 8 0 . 0 2 - -

C-20 1 0 0 0.4 v 0 . 0 2 — —

2. These samples were not used in the geochemical calculations in 
Chapter IV.
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Samples from the Mineralized Region 
of Oqg Andalusite Quartzite

Sample Number Cu Ag Au Sb As

C-28 9,500 34.0 0.28 1 -

C-29 7,500 6 . 6 1-5. - -

C-39 1,750 3.8 0.14 4 -

C- 8 6 16,500 105.0 0 . 1 1 — —
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