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ABSTRACT OF THESIS 

THE GEOLOGY OF THE TRACY CANYON AREA, 

SAGUACHE COUNTY, COLORADO 

The study area encompasses approximately 30 square kilo-

meters in the Laughlin Gulch and Saguache, Colorado Quadrangles 

about 13 kilometers southwest of the town of Saguache. Conejos For-

mation volcanics of the II early intermediate assemblage" as described 

by Lipma n et al. (1970), are mapped as four separate flow units. 

Pyroclastic rocks, representatives of the second major episode of 

San Juan volcanism, are absent in the study area. The Conejos For -

mation volcanics a re partially capped by olivine basaltic andesites of 

the Hinsdale Formation, and represent the "late bimodal eruptive 

episode. 11 Intrus ive s in the area represent all of the major volcanic 

episodes of the northeastern San Juan Mountains . 

Flows in the study area are commonly tilted gently to the north-

east in response to regional deformation associated with development 

of the Rio Grande block fault system. Faults are expressed as valleys 

and topographic breaks. They tend to be short or gently curved and 

follow northeast and n orthwest trends. Vertical, or steeply dipping 

faults, commonly bound small horst and graben structures. Many of 

the faults have histories of recurrent movement, with the latest 
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activity associated with regional crustal extension and development 

of the Rio Grande Rift. A major northeast-trending lineament, inter -

secting the Beidell volcanic center, 13 kilometers to the southwest, 

and the Klondike mining district, 16 kilometers to the northeast, is 

expressed in the study area by two flow-banded rhyolitic dikes. 

Hydrothermal alteration extends over an area of approximately 

13 square kilometers, centered about an area of small horst and 

graben structures. A high-silica alteration zone, comprised princi-

pally of jasperoid breccias, represents the most intense hydrother -

mal alteration in the study area . These rocks are irregularly en-

veloped by an "advanced argillic alteration zone" as defined by 

Hemley and Jones ( 1964). Non-brecciated, silicified quartz latites 

define a third alteration zone. Hydrolytic decomposition of silicate 

rocks has been interpreted as the most significant hydrothermal 

alteration process. 

Hydrothermal alteration and trace metal geochemistry is not 

consistent with the porphyry ore deposit model (Lowell and Gilbert, 

1970), and it is unlikely that a subsurface orebody of this type exists. 

Therefore , the most likely target for further exploration in the Tracy 

Canyon area are the jasperoid breccia pipes. 

James W. Newman 
Department of Earth Resources 
Colorado State University 
Fort Collins, Colorado 80521 
Spring, 1976 
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INTRODUCTION 

PURPOSE 

The purpose of this study was to map in detail the geology and 

hydrothermal alteration of the Tracy Canyon area. Reconnaissance 

mapping and a soil geochemistry survey of the B. S. claim block 

(Pl. I), acquired in 1969 and properly maintained by W. A. Bowes 

and Associates, indicated the possibility of a porphyry copper-

molybdenum type deposit. The writer has attempted to evaluate the 

geology, alteration, and trace metal geochemistry of the Tracy Can-

yon area with respect to the well-developed exploration model for 

porphyry copper and molybdenum deposits (Lowell and Guilbert, 1970). 

LOCATION OF AREA 

The Tracy Canyon area is located in Saguache County, Colorado, 

approximately 13 kilometers southwest of the town of Saguache ( Fig. I). 

The study area encompasses about 30 square kilometers and lies in 

the eastern portion of the Laughlin Gulch 7. 5 minute quadrangle and 

the western part of the Saguache 7. 5 minute quadrangle. 

Elevations range from 7,900 feet in the northeastern corner of 

the study area to 11,017 feet on Tracy Mountain at the southwestern 

edge of the area (Fig. 2). The topography is moderate, consisting of 

gentle rolling hills throughout much of the central and eastern portions 
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Figure 2. Photograph of North Tracy Canyon and Tracy 
Mountain from the east. 
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of the area and vertical cliffs surrounding the area on the north, 

south, and west. 

At elevations under 10,000 feet much of the area is sparsely 

covered by shrub-like pinon and juniper with occasional stands of 

ponderosa pine. Aspen groves are common above 10,000 feet and 

along drainages. Other flora include a wide variety of wild flowers 

and several kinds of cacti. The Tracy Canyon area supports a num-

ber of different fauna, including blackbear, elk, mule deer, coyotes, 

porcupine, cottontail rabbit, and rattlesnakes. 

The area may be reached from Saguache, Colorado by driving 

ten kilometers south on U.S. Highway 285, five kilometers west on a 

light-duty county road, and then approximately 13 kilometers west 

along an unimproved dirt road that parallels North Tracy Creek. 

PREVIOUS STUDIES 

Within the last century, the San Juan volcanic field has been 

extensively studied by a number of investigators. Whitman Cross 

began a regional study of the San Juan Mountains in 1895. He was 

later joined by Esper Larsen, and their efforts culminated with the 

publication of an except ionally comprehensive report ( Larsen and 

Cross, 1956) encompassing an area of 32,000 square kilometers. 

More recent reports dealing with the geology and lithology of the 

San Juan Mountains and radiometric ages of sparsely fossiliferous 

volcanics have greatly increased our understanding of the petrogenic 
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evolution of the San Juan volcanic field. Among the most notable of 

these papers are those by Steven and Epis (1968), Lipman (1968), 

Lipman et al. (1969). Lipman et al. (1970), and Lipman (1975). In 

spite of these studies , no detailed geologic work within the Tracy 

Canyon area has been published. Considerable attention has been 

given, however, to the rocks of the Bonanza volcanic center, approxi-

mately eight kilometers northeast of the study area, predominantly 

as graduate thesis research by students from the Colorado School of 

Mines. Petrologic relations 13 kilometers south of the study area are 

included in the Geologic Map of the Durango Quadrangle (Steven et al. , 

1974). The Durango quadrangle is remarkably detailed for a scale 

of 1:250, 000. 

An unpublished reconnaissance geologic map of the Tracy Can-

yon area was completed by W. A. Bowes and Associates of Steamboat 

Springs , Colorado in 1969. 

METHODS OF INVESTIGATION 

Field work was conducted during the summers of 1974 and 1975. 

An area of approximately eight square kilometers was mapped on a 

topographic base map enlarged from the U.S. G. S . Laughlin Gulch 

quadrange (1:24,000) to a scale of 1:6,000. To gain a better under-

standing of the geology of the surrounding area, reconnaissance 

mapping of an additional area of approximately 25 square kilometers 

was done on a base map enlarged from the U.S. G. S . Laughlin Gulch 
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and Saguache quadrangles (1:24, 000) to a scale of 1:12, 000. Black 

and white and infra-red high-altitude aerial photographs were also 

used as an aid in mapping. 

W. A. Bowes and Associates graciously provided emission 

spectrographic analyses (Tom Hancock, analyst) of 280 rock chip 

samples collected in the field. 

One hundred-fifty thin sections were examined by standard 

petrographic methods. Plagioclase compositions were determined 

utilizing the Michel-Levy method as described by Kerr (1959, p. 257-

260). Granodiorite and quartz monzonite slabs were selectively 

stained for K-feldspar according to the method described by Bailey 

and Stevens (1960, p. 1020-1025) . 

Lipman' s (1975, p. 5) classification of volcanic rocks was em-

ployed, and Si02 contents were determined by the glass bead method 

as described by Kittleman (1963, p. 1405-1410). 

Cor r elation coefficient matrices were determined by a standard 

S. P. S.S. computer program. 



REGIONAL GEOLOGIC HISTORY 

GENERAL STATEMENT 

Volcanic rocks in the San Juan Mountains represent the largest 

erosional remnant of a once continuous volcanic field that extended 

over much of the southern Rocky Mountains in Oligocene and later 

time (Steven and Epis, 1968; Lipman et al., 1970). Extensive re-

gional s t udies and the correlation of a large number of K-Ar age 

determinations indicate that the gross petrologic evolution throughout 

the San Juan volcanic field was relatively simple ( Lipman et al., 1970). 

Volcanism began with intermediate lavas and breccias erupted from 

numerous local centers, followed closely in time by more silicic ash-

flow tuffs and related lavas. Late -stage volcanism in the San Juan 

volcanic field is characterized by a bimodal association of basalt and 

high-silica alkali rhyolite. 

EARLY INTERMEDIATE LA VAS AND BRECCIAS 

The first evolutionary stage of the San Juan field was charac -

terized by tremendous volumes of intermediate lavas and breccias - -

mainly alkali andesite, rhyodacite, and mafic quartz latite - -erupted 

from numerous local volcanic centers upon a tectonically stable, 

erode d terrane. K-Ar age dates indicate that the early intermediate 

lavas and breccias of the Conejos Formation in the eastern and 
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southeastern San Juan Mountains were erupted during a relatively 

short interval 35 - 30 m. y. ago ( Lipman et al., 1970). 

ASH-FLOW TUFFS 

As the Oligocene epoch came to a close, the nature of the vol-

canic activity changed to violent ash-flow eruptions of quartz latite 

and low-silica rhyolite. More than 16 major ash-flow sheets have 

been recognized, with at least 14 large cauldron complexes identified 

as source areas for these rocks (Lipman, 1975). The original areal 

extent of the ash-flow tuffs was similar to that of the early intermedi-

ate lavas. The pyroclastic rocks, however, are about half as volumi-

nous as the older volcanics. K-Ar dating indicates that the ash-flow 

tuffs were erupted during the interval 30 - 26 m. y. ago ( Lipman et al., 

1970). 

Subordinate volumes of intermediate and silicic lava flows and 

breccias intertongue with and overlie the ash-flow sequence, Many 

are petrographically and chemically similar to the ash -flow tuffs and 

are probably genetically relate d. Others may represent waning phases 

of early intermediate volcanism. 

A few shallow laccoliths and stocks intrude the ash-flow sequence. 

They are most prevalent in the northern, western, and southeastern 

parts of the San Juan field (Lipman et al., 1969). These small in-

trusives are mostly monzonites and granodiorites, distinctly less 

silicic than the ash-flow tuffs and compositionally equivalent to the 
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early intermediate assemblage. They probably represent minor inter-

mittent renewals of the Oligocene activity. 

LA TE BIMODAL ASSOCIATION 

Late volcanic activity in the San Juan Mountains is characterized 

by a bimodal association of alkali olivine basalt to basaltic andesite 

and silicic alkali rhyolites. The basaltic flows occur as a widespread 

thin veneer, far less voluminous than the Oligocene intermediate flows 

and ash-flow tuffs. The rhyolite is a relatively minor phase that oc -

curs predominantly as small volcanic necks and as local welded ash-

flow tuffs. Mixed lava complexes, where rhyolitic and basaltic lavas 

have intermingled, are common. Hybridized basalts often contain 

rounded xenocrysts of quartz and alkali feldspar. Larsen and Cross 

( 1956) mapped the basalts and rhyolites as the Hinsdale Formation. 

Hinsdale volcanism extended from 23 to about 5 m. y. ago ( Lipman 

et al., 1970). 

The final bimodal episode in the evolution of the San Juan vol-

canic field was accompanied by regional crustal extension and the 

development of the Rio Grande Valley block-fault system of southern 

Colorado and New Mexico. Inception of the final episode of bimodal 

volcanism and associated regional extension approximately corre -

s ponds in time with the destruction of the arc -trench system, as the 

North American Plate overrode the East Pacific Rise (Christiansen 

and Lipman, 1972; Lipman et al., 1970). 



The Tertiary volcanic evolution of the San Juan Mountains is 

summarized in Fig. 3 and 4. 
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GEOLOGY OF THE TRACY CANYON AREA 

PRE-TERTIARY ROCKS 

No rocks older than Oligocene have been identified in the thesis 

area. A few low hills and small knobs of Precambrian rocks crop 

out about six kilometers north of the thesis area (James, 1971, p. 35) 

where they occur as small windows in Tertiary volcanics . Outcrops 

of Paleozoic rocks are largely limited to the western San Juan Moun-

tains. A few small exposures of Paleozoic sediments have been re -

ported in the drainage area of Kerber Creek (Larsen and Cross, 1956, 

p. 41), several kilometers northeast of the study area. Mesozoic 

sediments are best exposed in the western and southwestern portions 

of the San Juans. The complete Mesozoic section is well exposed 

near Durango, Colorado in the southwestern San Juan region (Larsen 

and Cross, 1956, p. 48). 

TERTIARY VOLCANICS 

Volcanic flows and flow breccias of the early intermediate 

assemblage are well represented in the study area and include ande-

s ites, rhyodacites, and quartz latites. These rocks, members of the 

Conejos Formation, are partially capped by olivine basaltic andesites 

of the Hinsdale Formation. No pyroclastics crop out in the study area. 
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Because most of the rocks in the study area are glassy or at 

least partly aphanitic, rock names must be based on chemical compo-

sition. The following scheme, employed by Lipman (1975, p. 5), is 

u tilized in this study. 

Basalt .................. . . 
Andesite ................. . 
Rhyodacite ...... , ...... .. . 
Quartz Latite .... , .. . .... . . 
Rhyolite ................. . 

P e rcent Si02 
less than 52 

52-60 
6 0 -65 
65-70 

greater than 7 0 

Silica percentages were determined utilizing the refractive index-

silica technique (Kittleman, 1963). Figure 5 plots the index of re-

fraction for volcanics of Tracy Canyon area on the regression line 

developed by Kittleman (1963, p. 1408). Table 1 shows the Si02 con-

tents for these rocks as determined by the refractive indices of glass 

beads. 

This method has b een employed in previous Colorado State 

University theses with apparent success (Beverly, 1969, p. 54; 

Samuels on, 1971, p. 38). However, as a precaution against possible 

contamination effects, several samples were refused and the R. I. 

redetermined. In each case, the difference in the index of refraction 

was no greater than 0. 002. The regression curve w as tested by fusing 

a standard of known chemical composition. The Si02 content, deter-

mined by the index of refraction of the glass bead, was within the 

2 percent standard deviation given by Kittleman for the regression 

curve. 
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Table 1. Estimated SiO2 percentages of Tracy Canyon area vol-
canics. Percentages are d e termined from regression 
line calculated by Kittleman ( 196 3, p. 1408) . Rocks 
are named according to Lipman's classification (1975, 
p. 5). 

Sample 

RHYOLITE, Trhy 
BS-234 
BS - 239 
BS-2 - 30 

QUARTZ LATITE, Tqlp1 
BS-31 
BS-2-25 
BS-2-27 
BS-2-2 

QUARTZ LATITE, Tqlp2 
BS-2-24 
BS-2-23 
BS-2-22 
BS-2-11 

RHYODACITE, Trdp 
BS - 2 - 18 
BS - 2-19 

ANDESITE, Tap 
BS - 265 
BS-2-29 
BS - 2 - 3 

BASALTIC ANDESITE, Tba 
BS-2-15 
BS-270 

Index of 
Refraction 

1.496 
1.501 
1. 501 

1. 510 
1. 513 
1. 512 
1. 511 

1. 525 
1. 520 
1. 519 
1. 519 

1. 533 
1.520 

1. 555 
1. 549 
1. 558 

1. 562 
1. 560 

Percent SiO2 

72.0 
70.9 
70.9 

68.8 
68.0 
68.3 
68.5 

65.2 
66.4 
66.6 
66.6 

63.3 
66.4 

58.2 
59.6 
57 . 5 

56.5 
57.0 
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Conejos Formation 

Early intermediate lavas belonging to the Conejos Formation 

have been subdivided into four discrete flow units: early porphyritic 

quartz latit es, mafic porphyriti c quartz latites, porphyritic andesites, 

and porphyritic rhyodacites. 

Porphyritic quartz latite (Tqlp 1) -- The oldest rocks exposed 

in the thesis area are purple to brown, porphyritic bi otite -hornblende 

quartz latite flows and flow breccias. Small outcrops are scattered 

throughout the area, but the best exposures occur in the northeast 

and southwest portions of the study area (Pl. 1). To the southwest, 

vertical exposures are greater than 150 meters, but the unit was 

probably originally much thicker. Outcrops are generally tabular 

exhibiting vertical or steeply-dipping joints. 

Megascopically, the rocks are purple to reddish-brown. 

Phenocrysts of plagioclase, biotite, and hornblende are visible and 

common ly demonstrate good flow alignment . The flow breccias con-

sist of angular lithic fragments in a matrix of the same material. 

Microscopically , the quartz latites exhibit a porphyritic to 

glomeroporphyritic texture with 10 - 15 percent of the rock consisting 

of subhedral to euhedral phenocrysts of plagioclase, biotite, oxyhorn-

blende, and minor magnetite (Table 2). 

Subhedral andesine (An
40

) laths are the dominant phenocryst 

phase. They commonly are normally zoned and are up to 2. 5 mm 



Table 2. Modal analyses (v olume percent) for early porphyritic quartz latite. 

Samele 
BS-31 BS-216 BS-221 BS-2-8 BS-2-1 

Groundmass 84 . 5 84.7 87.5 92.3 92.3 

Plagioclas e 10. 2 10 . 5 8. I 5 . 7 6.6 
An40 An44 An44 An38 An35 

Biotite 4.2 3.0 1.9 o. 5 0.7 

Hornblende 0.3 1. 0 0.8 ...... -- -- 00 

Magnetite 0.8 0.8 2. 5 0.8 0. 3 

Apatite tr tr tr tr tr 

Hematite tr -- tr tr tr 
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long. The plagioclase phenocrysts may be found in glomeroporphyritic 

aggregates with other phenocrysts but usually occur as individual 

s ubpa r allel l a ths. 

Reddish -brown oxidized biotite laths are the next most abundant 

phenocrysts (Fig. 6). They commonly have been replaced by magne-

tite along crystal borders and cleavage traces. They are up to 

2 . 5 mm long and exhibi t excellent flow alignment. 

Reddish -brown oxyhornblendes are less abundant than biotite. 

They occur as euhedral to subhedral crystals, up to 2 mm in their 

greatest dimension (Fig. 7), and have been largely replaced by magne-

tite. 

The pilotaxitic groundmass consists of subparallel microlites 

of plagioclas e with interstices occupied by brown volcanic glass, 

flakes of biotite, and granular iron ore. Accessory minerals include 

apatite and hematite. 

Porphyritic m a fic quartz la tite ( Tqlp2) - - This unit is a mafic 

quartz latite that blankets the earlier quartz latites in the north and 

northcentral parts of the the s is area (Pl. 1). It is relatively flat 

lying , and best expo sures occur in the northern portion of the study 

area where it forms cliffs with more than 120 meters of vertical 

relief. The unit pinches out to the south, indicating t he source area 

was probably north or northeast of the study area. Contacts at the 

base of the unit are fairly regular, and the mafic quartz latite was 
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Figure 6. Porphyritic quartz latite (Tqlp 1) Plane 
light. Biotite (B) and plagioclase (P) 
phenocrysts display subparallel flow 
alignment with pilotaxitic groundmass. 

Figure 7. Porphyritic quartz latite (Tqlp 1) Plane 
light. Euhedral hornblende (H) and 
plagioclase (P) phenocrysts display good 
flow alignment with pilotaxitic ground-
mass. 
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probably erupted shortly after deposition of the early quartz latitic 

unit. 

Mega s copically, the unit consists of brown to gray, porphyritic 

flows and breccias . The breccias are auto breccias which appear to 

be restricted to the base of the unit. Phenocrysts include plagioclase, 

biotite, hornblende, and pyroxene. Flow structures are not as well 

developed as in the older quartz latites. 

Microscopically , the younger quartz latites exhibit glomero-

porphyritic to cumuloporphyritic texture . Phenocrysts make up 30-40 

percent of the rock. Modal analyses of five mafic quartz latite sam-

ples are included in Table 3. Subhedral to euhedral laths of calcic 

andesine to sodic labradorite (An44 _
52

), up to 2. 5 mm long, ar e the 

dominant phenocryst. They commonly occur in aggregates with other 

phenocrysts, and less commonly, in aggregates with phenocrysts of 

biotite and pyroxene . The plagioclase phenocrysts are commonly 

normally zoned and possess numerous irregular inclusions of brown 

volcanic glass. Subhedral, reddish-brown, biotite laths are the next 

most abundan t phenoc ryst phase. They are generally less than 1 mm 

in length and demonstrate poor to fair flow alignment. The biotite 

phenocrysts are often largely or completely replaced by magnetite. 

Euhedral, unaltered augite phenocrysts make up 2 -3 per cent of the 

rock. In addition to occurring as a replacement product, equant 

grains of primary magnetite are always present in amoun ts of 2-3 



Table 3. Modal analyses (vo lume percen t) for mafic porphyritic quartz latite. 

Sam;ele 
BS-2-10 BS-2-12 BS-2-9 BS-2-24 BS-2-11 

Groundmass 67.8 66.5 59.7 70.2 67 . 9 

Plagi oclas e 25.6 25.3 28.4 21. 8 24 .3 
An48 An52 An49 An44 An48 

B iotite 1.9 3 . 8 5.6 3. 1 2.8 

Augite 0.9 1. 2 2.2 1. 6 1.5 

Magnetite 2.5 2.3 3. 1 3.2 3 . 1 N 
w 

Hypersthene 1. 4 1.0 

Hornblende -- - - 1.0 

Quartz -- - - -- -- 0.4 

Talc -- -- - - -- tr 
' Hematite - - - - tr tr tr 

Apatite tr tr tr tr tr 
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percent. Reddish-brown oxyhornblende, hypersthene, and quartz 

may be present in small amounts. 

The orthophyri c groundmass consists of stumpy, rectangular 

plagioclase grains, acicular crystals of biotite , and brown, partially 

devitrified, volcanic glass. Accessory minerals include apatite and 

hematite. 

Porphyr i tic andesite (Tap and Tia) - - Dense, dark gray ex-

posures of porphyritic andesite crop out throughout the thesis area , 

Best exposures occur in the east-northeast portion of the study area 

where continuous andesitic flows overlie quartz la ti tic rocks (Pl. 1). 

Throughout the remainder of the area the andesites occur as small 

discontinuous dikes and as lenses and narrow elongate bodies. These 

rocks probably represent vestiges of a thin andesite veneer that once 

covered much of the area. In the southern portion of the study area, 

andesitic lavas have been truncated by younger rhyodacitic flows. 

Cross -cutting relations between the andesitic dike and flow rocks 

we r e not observed and because of similar composition and petrology, 

they have been included together. It is possible that the andesitic 

flow and dike rocks in the study area represent multiple episodes of 

andesite activity. 

Megascopically, the andesitic rocks are dark gray to black. 

They exhibit porphyritic textures with phenocrysts of plagioclase and 

pyroxene being most abundant . Outcrops are blocky and commonly 

exhibit vertical or steeply-dipping joints. 
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Microscopically, the andesites exhibit porphyritic to glomero -

porphyritic textures. Subhedral laths of plagioclas e (An 45 _54 ) up to 

3 mm in their greatest dimension are the dominant phenocryst. They 

commonly are normally zoned and occasionally exhibit oscillatory 

zoning. The feldspar phenocrysts sometimes show a crude flow align-

ment, but most commonly occur as randomly oriented grains, often in 

glomeroporphyritic aggregates with clino- and orthopyroxenes, bio-

tite, and magnetite. Euhedral to subhedral augites are the next most 

abundant phenocryst. They comprise up to 5 percent of the rock and 

often exhibit polysynthetic twinning. Some augite grains rim irregular 

grains of earlier-crystallized hype rsthene ( Fig. 8). Stongly pleochroic 

phenocrysts of hypersthene, or its deuteric alteration products, are 

found in subordinant amounts in most of the andesitic rocks. Reddish-

brown biotite makes up 2-3 percent of the rock and occurs as sub-

hedral laths less than 1 mm long and as irregular, an;hedral flakes, 

commonly partially enclosing small grains of magnetite. 

The groundmass ranges from pilotaxitic, in which the feldspar 

microlites are aligned by flowage, to vitrophyric in texture. One 

sample, BS-2-4, exhibits excellent perlitic structure with concentric 

cracks caused by rapid cooling after extrusion (Fig. 9). Modal anal-

yses of seven andesite samples are presented in Table 4. 

Many of the andesites have undergone slight to moderate pro-

pylitic alteration. The. biotite phenocrysts commonly are replaced by 
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Figure 8. Photomicrograph of porphyritic andes ite 
(Tap) (polarized light). Glomeroporphyritic 
aggregate with clinopyroxene (A), ortho-
pyroxene (H), and magnetite (M) in a vitro-
phyric groundmass. Note the clinopyroxene 
enclosing the orthopyroxene grain. 

Figure 9. Photomicrograph of porphyritic andesite 
(Tap) (polarized light). Phenocrysts of 
plagioclase (P) and augite (A) in a black 
vitrophyric groundmas s with perlitic 
texture. 
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Table 4 . Modal analyses (volume p e rcent) for extrusive and intrus ive Ter tiary andesite s . 

Samele 
BS-2-5 BS-2-4 BS-236 BS-224 BS-28 9 BS-185 BS- 148 

Groundmass 71. 4 68 . 5 84.9 61. 6 80.4 82.2 79. 1 

Plagioclase 20.6 19.8 8.9 26.5 11. 6 10. 3 13.9 
An45 An44 An54 An50 An52 An54 An45 

Augite 3.0 4 . 6 1. 1 5. 1 5. 5 3.3 1. 7 

Hypersthene 1. 6 2.7 3.2 

Biotite 2. 3 2.4 0.4 -- -- -- 2.4 N 
00 

Magnetite 1.2 2.0 1. 2 2.8 2.3 1.9 2.8 

Bastite -- - - -- 1.9 0.3 2.3 

Iddingsite -- -- -- -- -- tr 

Calcite -- - - 0.4 - - tr 

Apatite tr tr tr tr -- tr 
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secondary chlorite and magnetite, and the feldspars and pyroxenes 

have commonly been altered to calcite and epidote. The distribution 

of propylitic alteration shows no relation to the hydrothermal altera-

tion in the study area and is entirely a deuteric process. 

Porphyritic rhyodacite (Trdp) - - The youngest rocks exposed 

in the study area, belonging to the early intermediate Conejos For-

mation, are light gray hornblende rhyodacite flows. Exposures are 

limited to the extreme southern portion of the mapped area (Pl. 1), 

and the unit thickens to the south, indicating the direction of the 

probable source area. Its overall areal extent was not determined, 

but it was probably quite extensive. Outcrops are tabular to angular 

and have vertical or steeply-dipping joints. 

Megascopically, the rocks are light gray and display porphyritic 

textures with tabular phenocrysts of plagioclase and hornblende. Flow 

structures are moderately well developed. 

Microscopically, the rhyodacitic rocks exhibit porphyritic tex-

tures with a cryptocrystalline to pilotaxitic groundmass. The pheno-

crysts comprise between 25and50 percent of the rock and show fair to 

good flow alignment. Subhedral laths of andesine (An41 _44) are the 

dominant phenocryst. They make up between 15 and 20 percent of the 

rock, are commonly normally zoned, and are up to 3 mm long. Sub-

hedral to euhedral, reddish-brown oxyhornblende phenocrysts com-

prise between 5 and 10 percent of the rock. They are up to 2 mm in 

their greatest dimension and are largely replaced by magnetite . 
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Reddish-brown biotite laths make up about 5 percent of the rock and 

have been replaced by magnetite along crystal borders and along 

cleavage planes. The remainder of the phenocrysts include euhedral, 

colorless augite; anhedral quartz; and subhedral, equant grains of 

magnetite. Modal analyses of two rhyodacite samples are presented 

in Table 5. 

Table 5. Modal analyses (volume percent) for rhyo-
dacite prophyry. 

Samele 
BS-2-18 BS-2-17 

Groundmass 55.0 73 .0 

Plagioclase 21, 5 16. 5 
An44 An41 

Hornblende 9.0 4.4 

Augite 4.2 1. 4 

Biotite 3. 5 3.0 

Magnetite 3.9 1. 7 

Quartz 2.8 
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Hinsdale Formation 

Based on composition and stratigraphic position, the basaltic 

andesite flows capping T r acy Mountain on the w estern margin of the 

thesis area and a down-dropped structural graben in the central por-

tion of the area have been mapped as part of the Hinsdale Formation 

(Pl. 1). 

Basaltic andesites (Tba) - The youngest flows exposed in the 

study area are light gray, vesicular basaltic andesites. They occur 

on the extreme western margin of the thesis area and on a structurally 

down-dropped block in the central part of the area, where they over..-

lie quartz latites of the Conejos Formation. Best exposures occur 

near the summit of Tracy Mountain. The unit appears to be relatively 

flat-lying and shows no evidence of hydrothermal alteration. The 

areal extent and thickness of the unit were not determined, as much 

of it lies outside the base map area. 

Megascopically, the rocks are light gray, vesicular, and exhibit 

fine -grained porphyritic textures, Field identtficatiol'l is facilitated 

by the abundance of iddingsite, the conspicuous brownish-red altera-

tion product of olivine. Phenocrysts of plagioclase and augite are 

also visible. 

Microscopically, the basaltic a~desite is a gray, vesicular, 

porphyritic to glomeroporphyritic rock. Subhedral labradorite (A~_
55

) 

laths are the most abundant phenocryst and occur up to 3 mm long. 
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The feldspar phenocrysts make up 20 ~30 percent of the rock and may 

occur in glomeroporphyritic aggregates with clinopyroxene and olivine 

or as individual laths, commonly exhibiting a crude flow alignment. 

Subhedral to euhedral pale brown augite phenocrysts are the next 

most abundant. They are up to 1 mm in diameter and make up 10 -15 

percent of the rock. Subhedral olivine and its alteration products, 

magnetite and iddingsite, comprise 5 -10 percent of the rock. Most of 

the olivine crystal have been almost entirely replaced by secondary 

products. A few of the phenocrysts have escaped the intense altera-

tion, however, and are altered only along the outer iron-rich rims 

and along irregular fractures. The vesicular, intergranular ground-

mass makes up 50-65 percent of the rock and consists of granules of 

clinopy:roxene and iron ore occupying angular interstices between 

plagioclase microlites. Modal analyses of four olivine basaltic ande-

sites are presented in Table 6. 

TERTIARY INTRUSIVES 

Intrusives in the study area represent all of the major episodes 

of San Juan volcanism. Small, discontinuous andesitic dikes may 

represent the oldest intrusive rocks exposed in the area. They are 

similar in chemistry and pet;rology to the andesite flows of the 

Conejos Formation, and are probably equivalent in age. Some of the 

andesites have not been effected by hydrothermal alteration, and 

probably represent a late andesitic event. A small granodioritic 
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Table 6. Modal analyses (volume percent) for basr,ltic andesite. 

Sa,mele 
BS-2-13 ·:as-2-14 BS-2-16 BS-2-15 

Groundmass 50.9 53,2 64.2 68.3 

Plagioclase 29.9 28.5 19. 1 20.4 
An54 An55 An52 An54 

Augite 12.5 14.4 8.7 6.8 

Hypersthene 0.8 

Olivine 1, 3 

Magnetite 2.8 1. 2 6. 1 1.5 

Iddingsite 3. 1 2 .6 0.7 3.0 

Apatite tr 
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stock intrudes andesitic and rhyodacitic lava~ of the early inter -

mediate assemblage. Rocks of the granodiorite stock, and related 

intrusives, are probably representatives of the late Oligocene activity. 

The bimodal episode of volcanism is characterized in the study area 

by small hybridized dikes and two, flow-banded, high-silica rhyolitic 

dikes. 

Late Oligocene Sto~k 

Small laccolithi, and stocks, mostly monzonites and granodiorites, 

are exposed throughout the San Juan volcanic field, They commonly 

intrude or intertongue with ash-flow tuffs and are believed to represent 

minor intermittent renewals of the early intermediate Oligocene mag-

matism (Lipman et al., 1969). 

Granodiorite stock (Tgrd) - - A small, mafic granodioritic 
• • • 1 

stock crops out in the south-central part of the study area (Pl. 1). 

The stock is roughly rectangiJlar in plan view with the longer axis 

oriented to the northeast. The surface dimensions are approximately 

550 by 1, 000 meters. The body is bounded on its eastern and western 

borders by northwest ... trending faults. The stock intrudes both ande -

sitic and rhyodacitic lavas of the early \ntermediate association, The 

field relations, together with the chemical and compositional charac-

ter of the intrusive, support the interpretation that the g:ranodiorite 

stock represents an episode of latf;! Oligocene resurgence of the early 

intermediate volcanic activity. The northern border of the intrusive 
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is in sharp contact with early intermediate andesit~c lavas. Two 

small exploration pits along the contact expose iron-oxide stained, 

brecciated, and altered rocks. The sharp contact between the stock 

and the volcanics probably provided an avenue for later hydrothermal 

fluids. 

In hand specimen, the granodiorite is light gray to olive -green, 

medium-grained, and equigr;;tnular. Field identification is facilitated 

by the tendency of the unit to weather into bouldery outcrops. 

Microscopically, the granodiorite is a gray, medium-grained, 

hypidiomorphic granular rock. Between 40 and 50 percent of the rock 

consists of normally zoned, subhedral andesine (An42 ) grains up to 

3 mm in their greatest dimension. Anhedral orthoclase makes up 

15 -20 percent of the rock. lt occurs as isolated gr-ains, up to 2 mm 

in its greatest dimension, and as granophyric intergrowths with 

acicular webs of quartz. Q'l,lartz makes up about 10 percent of the 

rock and is found as intergrowths with orthoclase and as anhedral 

grains in interstice's between the other minerals. Subhedral to euhe -

dral augite crystals make up 5-10 percent of the rock. They are 

commonly corroded j:i.nd partly altered, Aggregates of chlorite and 

magnetite occur in clusters and conSititute about 15 percent of the rock. 

They are probably the deuteric alteration products of magmatic horn-

blende. Reddish-brown, anhedral biotite flakes make up about 5 per-

cent of the rock. Apatite is a comm.on accessory mineral. Table 7 

presents modal analyses for two of the mafic granodiorite samples. 
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Table 7. Modal analyses (volume percent) for mafic 
granodiorite. 

Sam;ele 
I , 

BS-2-21 BS-2-20 

Plagioclas e 43.0 47.5 
An46 An38 

Orthoclase 16.6 18 . 5 

Quartz 6.9 10.6 

Biotite 5.4 4. l 

Augite 12.6 4.3 

Magnetite 6.9 3.9 

Chlo rite 9,0 11. 1 

Apatite tr tr 

Mafic dike (Tgrdi) -- Hybridized rocks exhibiting a peculiar 

texture crop out in a dike near the northern edge of the granodiorite 

stock. They occur along a northwest-trending fault where they in-

trude Tertiary andesites of the Conejos Formation. The dike is 

approximately 15 meters wide and 60 meters long. 

Megascopically, the rocks a re light gray to olive -green and have 

a porphyritic appearance with black, rounded, "anhedral crystals" up 

to 5 mm in diameter. 

Microscopically, the dike rocks are medium-grained and holo-

crystalline with an allotriomorphic granular texture. The mafic 
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minerals augite, biotite, hornblende, olivine, and magetite comprise 

approximately 50 percent of the rock; anhedral plagioclase (An42 ) 

and minor orthoclase comprise the remainder of the rock. Reddish-

brown biotite and hornblende crystals and colorless augite grains 

occur as randomly dispersed, anhedral, rounded blebs and as mafic 

clots, along with irregular cummulate aggregates of olivine and an-

hedral grains of magnetite, Anhedral grains of andesine up to 3 mm 

in length are highly corroded and irregular in shape. Apatite is a 

common accessory mineral. 

Similarities in texture, mineralogy, and location between these 

rocks and rocks from the mafic granodiorite stock suggest that they 

may have been co-mc,tgmatic, The dike rocks are probably the pro-

duct of a younger differentiated silicate melt that incorporated earlier-

crystallized mafic xenoliths. The texture and mineralogy of this unit 

probably reflects incomplete attainment of chemical equilibrium be -

tween the two phases. 

Porphyritic quartz monzonite (Tqmp) - - Associated with the 

granodiorite stock are numerous small pods and discontinous out-

croppings of leucocratic quartz monzonite. Small inclusions of quartz 

monzonitic rocks are also found in the mafic dike and in andesitic 

rocks near the northern border of the stock (Pl. 1). These rocks may 

represent satellitic offshooti;; from the granodiorite, Still further 

magmatic differentiation may have yielded the hydrothermal solutions 

that invaded the volcanic rocks in the Tracy Canyon area . 
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Macroscopically, the rocks are light gray to tan and display 

porphyritic to coarse-grained, almost pegmatitic, textures. Pheno-

crysts consist of plagioclase, orthoclase, and quartz. The dearth of 

fe rromagnesian minerals is c onspicuous. The feldspar phenocrysts 

are often argillized, and unweathered exposures are rare . 

Microscopically, the quartz monzonitic rocks display porphyritic 

textures and felsophyric groundmas ses. Plagioclas e phenoc rysts 

make up approximately 40 percent of the rock and occur as anhedral 

grains up to 6 mm in their greatest dimension. They are commonly 

argillized, and the albite twinning has been largely obliterated. Quartz 

phenocrysts make up about 20 percent of the rock and occur as an-

hedral grains up to 5 mm in their greatest dimension. They exhibit 

interlocking and sutured grain boundaries and commonly possess un-

dulatory extinction. Orthoclase occurs as irregular phenocrysts with 

large quartz and plagioclase grains. Sodium-cobaltnitrite staining 

for K-feldspar indicates it is limited primarily to the felsophyric 

groundmass. Biotite phenocrysts make up less than 5 percent of the 

rock. The grains are generally highly corroded and have been re -

placed by magnetite and chlorite. The mosaic-like felsophyric 

groundmass has been argillized and is a heterogeneous aggregate, 

exhibiting various intergrowth and interlocking textures. 

The coarse grain size and the shattered and strained appearance 

of these rocks in thin secti on suggests that they crystallized at depth 

and were subsequently trans ported to the surface by the hypabys sal 
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intrusives. They may be much older than the rocks they are included 

in, and not magmatically related. 

Hybridized Intrusives of the Late Bimodal Association 

Mixed lava complexes, where rhyolitic and basaltic lavas have 

intermingled, are characteristic of late volcanic activity in the 

San Juan Mountains. Four small, hybridized dikes of this nature crop 

out in the Tracy Canyon area. 

Hybridized basaltic andesite (Tbhy) - - Three small, hybridized 

basaltic andesite dikes crop out in the north and northwestern portions 

of the study area (Pl. 1). They intrude unaltered mafic quartz latites 

and highly-altered older quartz l a tites. The dike rocks are unaltered 

and are probably equivalent in age to the Hinsdale Formation of Larsen 

and Cross (1956). They appear in outcrop as angular, unweathered 

elongate bodies. 

Me gas copically, the hybridized dike rocks are dark-gray to 

black and are porphyritic, plagioclase being the dominant phenocryst. 

In thin section, the rocks exhibit a holocrystalline, cumulopor-

phyritic to glomeroporphyritic texture. The felsophyric to orthophyric 

groundmas s gene rally makes up 60 - 70 percent of the rock. Plagioclase 

phenocrysts, up to 5 mm in length, make up 20-25 percent of the rock. 

They are An
40 

_
48 

in composition, normally zoned, and possess nu-

merous resorption pits. Reddish-brown, subhedral to euhedral augite 

phenocrysts are the next most abundant (Fig. 10); the remainder of 



40 

Figure 10. Photomicrograph of porphyritic hybridized 
basaltic andesite (plane light). Phenocrysts 
of plagioclase (P), augite (A), biotite (B), 
and xenocryst of quartz (Q). 
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the phenocrysts include minor amounts of subhedral hypersthene, 

reddish-brown biotite, oxyhornblende, bastite pseudomorphs after 

olivine (Fi g . 11 ), and magnetit e. Corrosively rounded sanidine 

grains in disequilibr ium with the other phenocrysts make up 1-2 per-

cent of the rock, and rounded, embayed quartz xenocrysts make up 

another percent. Apatite is an abundant accessory mineral. Modal 

analyses for five of the hybridized intrusive samples are presented 

in Table 8. 

Hybridized rhyolite (Trhy) -- A small, narrow, discontinuous 

rhyolitic dike crops out near the eastern boundary of the claim block 

(Pl. 1), in the central portion of the study area. It intrudes both the 

early quartz latites and andesites of the Conejos Formation. The dike 

is not particularly resistant to weathering and exposures are small 

and discontinous. 

In hand specimen, the hybridized dike is light brown to purple, 

similar to the color of the early quartz lati te porphyry, and the two 

rock types are often diffi cult to distinguish. Field identificati on is 

facilitated by the la ck of flow structure commonly demonst r ated by 

the quartz latitic rocks, and small roun ded quartz phenoc rysts may 

be recognized in the dike r ocks. 

Microscopically , the rhyolitic rocks exhibit porphyritic to 

glomeroporphyritic textures . Phenocrysts make up about 40 -50 per -

cent of the rock. Subhedral laths of andesine (An26 _34
), up to 5 mm 
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Figure 11. Photomicrograph of same sample as Figure 10 
(polarized light). Phenocrysts of olivine, 
altered to bastite (0), augite (A), plagioclase 
( P), and xenocryst of quartz (Q) . 



Table 8. Modal analyses (volume pe r cent) for hybridized intrusives. 

Sam,ele 

BS-199 
1 

BS-251
1 

BS-2-26 2 BS-2-28 2 BS-239
2 

Groundmass 60 .5 67.3 55.9 59.9 58 . 0 

Plagioclase 24.7 18.6 26. 1 25.9 29.2 
An45 An42 An33 An32 An26-34 

Sanidine 0.9 1. 7 5.2 4 .9 6. 5 

Quartz 0.8 0.6 0.6 1. 2 0 .6 

Tridymite -- -- 6.1 3.8 

Biotite 1. 4 1. 1 1. 7 2.4 2 . 8 w 

Hornblende 0 .4 0 . 3 

Augite 5. 3 4. 1 

Hypershene 1. 6 1. 2 

Bastite 1. 1 1.0 

Magnetite 2.9 4. 1 4.5 1.9 3.0 

Calci te tr tr 

Apatite tr tr tr tr tr 

Ru tile -- - - tr tr tr 

Zircon -- - - tr tr tr 

1Tb 2 
hy Trhy 
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in their greatest dimens ion, comprise 25-30 percent of the rock . They 

are normally zoned and are often partly resorbed. Rounded grains of 

sanidine make up 5 -6 . 5 pe r cent of the rock. They are usually less 

than 1. 5 mm in their greatest dimension and are commonly bordered 

by coronas or reactions rims ( Fig. 12). Subhedral laths of reddish-

brown biotite make up another 2 - 3 percent of the rock. They are up 

to 3. 5 mm in length and have been replaced by magnetite along crystal 

borders and along cleavage traces. Magnetite makes up 2-4 percent 

of the rock, occurring as equant, discrete grains and as a replacement 

product, Highly embayed, rounded quartz xenocrysts comprise up to 

one percent of the rock. The dominant form of SiO2 , however, is as 

fine-grained irregular quartz grains in the felsophyric groundmass 

and as tridymite lining irregular shaped cavities. Accessory minerals 

include apatite, zircon, and rutile. Modal analyses for three of these 

samples are presented in Table 8 . 

Flow-banded rhyoli te (Trfp) - - Two narrow rhyoli tic dikes 

crop out in the southeastern and eastern portions of the study area 

(Pl. 1). They occur along a northeast-trending lineament, which 

although obscure in the field, is readily identified on high altitude 

aerial photographs, They intrude andesitic and rhyodacitic flows 

belonging to the early intermediate assemblage. No other cross -

cutting relationships were observed. According to Lipman et al. 

(1970), their petrologic nature of 74-75 percent SiO2 , and abundant 
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Figure 12. Photomicrograph of hybridized rhyolite (Trhy} 
polarized light. Phenocrysts of plagioclase 
(P) and sanidine (S). Note the large reaction 
co rona surrounding the sanidine grain. 
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phenocrysts of alkali feldspar and quartz is almost uniquely charac-

teristic of the rhyolites of the Hinsdale Formation . 

Rocks from the r hyolite dikes are vesicular , light purple to tan, 

and are commonly coated by black manganese oxides. They are por -

phyritic with phenocrysts of quartz, sanidine, plagioclase, and bio-

tite. Exposures commonly show good flow banding, w ith the prismatic 

phenocrysts and drawn-out vesicles indicating the direction of flow. 

Microscopically, the rhyolitic rocks are porphyritic with a 

microcrystalline groundmass. The phenocrysts make up about 5-10 

percent of the rock and include small, rounded and embayed quartz 

grains; subparallel, dark-brown biotite needles; subhedral, com-

monly Carlsbad-twinned sanidine; subhedral, sodic oligoclase (An14 ); 

and magnetite grains largely altered to hematite. 

JASPEROID BRECCIAS 

According to L overing ( 1972), jasperoid is a rock composed 

dominantly of qua r tz that has formed largely by epigenetic replace -

ment. Jasperoids are most common in limestone and dolomite . They 

do, however, also occur in shale, muds tone, metamorphic rocks, 

and extrusive igneous rocks. Jasperoid bodies tend to be localized 

along faults and fracture zones, and they are often genetically and 

spatially related to s iliceous igneous intrusives. 

The Tracy Canyon a rea is characterized topographically by 

three prominent and several smaller subsidiary jasperoid plugs 
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(Fig. 13 and Pl. 1). The host rocks for the epigenetic replacement 

solutions were dominantly quartz latite breccias. The volcanic 

breccias were probably formed by the sudden venting of volati les 

along localized zones of weakness or low pressure, such as faults 

and fractures. Channel ways created by these structural zones pro-

vided avenues for the subsequent hydrothermal solutions. An alterna-

tive hypothesis is that the breccias represent a sheet-like mass, 

possibly orginating from a detachment fault. However, the apparent 

structural control indicated by the altered rocks, and the pipe-like 

nature of the jasperoid breccias are difficult to explain utilizing this 

argument. The primary source of silica in the jasperoid bodies can-

not be conclusively established. In addition to the silica derived from 

the epigenetic silica-rich solutions, the silica released by the reac-

tions between the hypogene solutions and the silicate wall-rock min-

erals may have also been an important source, 

Although porphyritic volcanic textures in many of the jasperoids 

have been preserved, the volcanic breccias, for the most part, have 

been entirely replaced by Si02 . Table 9 compares the composition 

of 10 representative jasperoid samples (from Lovering, 1972) to the 

composition of Tracy Canyon jasperoids. 

There is no obvious siliceous ignE:ous intrusive genetically and 

spatially related to the jasperoids in the study area. The altered 

rocks in the study area are, howeve r, c rudely distributed about the 
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Figure 1 3. View of pipe -like jasperoid body in the 
fog. 
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Table 9. The observed range and average c oncentrations, in 
percent, of the 8 commonly reported oxides for 10 
representative jasperoid samples (Lovering, 1972), 
compared to jasperoids from the Tracy Canyon area. 

10 representative 
jasperoid samples Tracy Canyon 
{ Loveringz 197 2~ jasEeroid sameles 

Range Average Range Average 

Si02 80.0 - 97. O 92.8 75.0 - 98. O 91.6 

Ti 0 2 0.0 - 0.8 0.2 0. 2 - 1. 7 1.0 

Al2o3 0. 3 - 4.0 1. 4 0. 5 - 13. 2 4.2 

Fe O 0 . 2 - 7.0 0.4 0. 3 - 5. 1 1.6 

MgO 0.0 - 1.0 0 . 4 0 . 0 - 0. 5 o. 1 

CaO o. 0 - 1.0 0.2 0. 1 - 2.8 0 . 4 

Na20 0.0 - 0.3 0. 1 0 . 1 - 2.0 0.4 

K 20 0. 1 - 1.0 0.3 0. 1 - 3.6 0.9 
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granodiorite stock and the jas peroid bodies may be genetically re -

lated to this intrusive. The absence of an igneous intrusive gene -

tically and spatially related to the jasperoids could also imply the 

existence of a deep-seated siliceous intrusive. 

The jasperoid outcrops in the Tracy Canyon area vary widely 

in physical appearance. The unoxidized varieties generally range 

from white through various shades of gray to dark brown. Oxidized 

outcrops commonly exhibit various shades of yellow, orange, pink, 

and red. In addition, the jasperoid bodies commonly exhibit iron 

and manganese oxides as surface stains and fracture coatings. Indi-

vidual jasperoid bodies range in size from pods less than one meter 

in diameter to masses 150 meters in their greatest dimension, Tex-

turally, the jasperoid rocks range from dense and relatively homo-

genous to cavernous and highly brecciated. The vugs in the caver-

nous jasperoids lack any preferred orientation and may be lined with 

crystals of quartz and calcite, and sometimes specular hematite or 

pyrite. Fragments in the jasperoid breccias are angular and range 

in size from several centimeters to less than one millimeter in their 

greatest dimension (Fig. 14). 

Microscopically, the jasperoids exhibit a very fine -grained 

1 
xenomorphic granular to II jigsaw-puzzle" texture (Fig. 15). Quartz 

is the major constituent and occurs as highly irregular, tightly inter-

locking grains less than 1 mm in their greatest dimension. In the 

1 
As defined by Lovering ( 1972) . 
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F igure 14. Outcrop of jasperoid breccia showing 
variation of size and angular nature of 
breccia fragments . 

Figure 15. Photomicrograph of a jasperoid breccia 
sample exhibiting an xenomorphic granular 
to II jigsaw-puzzle" texture. 
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oxidized jasperoids, bright orange crystalline goethite occurs as 

irregular masses associated with amorphous dark brown limonite. 

The iron oxides occur with quartz in late stage veinlets and also along 

fractures and brecci"a fragment boundaries . Minor amounts of pyrite 

are visible in many of the unoxidized jasperoid breccias. Accessory 

minerals include allophane, alunite, and zircon. Allophane is a 

common but minor constituent of the jasperoids and occurs as tiny 

inclusions embedded in the quartz grains. The zircon occurs as small 

rounded detrital grains, remnants of the volcanic host. 

Molybdenite was not identified, in any of the jasperoid samples 

or polished sections. Several of the jas peroids, however, contain 

anomalous molybdenum values up to 100 ppm. Values of this magni-

tude in the unoxidized samples probably indicate the presence of 

molybdenite. 



STRUCTURE 

GENERAL STATEMENT 

Geologic sections across the area is shown in Plate 2. The 

major structural features of the Tracy Canyon area are : (1) rela-

tively flat lying to gently dipping flows and flow breccias; (2) small 

horst and graben structures in the central portion of the study area; 

(3) short, vertical or steeply dipping branch faults and a northwest-

trending strike-slip fault; and (4) a major structural lineament, ex-

pressed in the study area by flow-banded rhyolite dikes . 

VO LCANICS DIPPING GENTLY TO THE 
N ORTHEAST 

Flows in the study area are relatively flat lying with gentle dips 

ranging between 10 and 20 degrees, most often to the northeast. 

Around the upthrown fault block in the central part of the area, how-

ever , the rocks dip, sometimes more steeply, to the northwest. Ac-

cording to Lipman et al. ( 1970), as the episode of violent ash-flow 

eruptions came to a close, the eastern San Juan Mountains, in re -

sponse to the development of the Rio Grande Rift, were faulted, 

broadly warped, and tilted to the east. The preponderance of east-

ward-dipping rocks in the study area is, most likely, an expression 

of this event. 
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SMALL HORST AND GRABEN STRUCTURES 

North- and southwest-trending faults in the central part of the 

study area bound small horst and graben structures. They have 

lengths of up to two kilometers and vary in width from about 60 meters 

to over 600 meters. In most instances, neither the ages of faults nor 

the amount of vertical displacement along them can be determined. 

However, vertical displacements on the northwest-trending faults 

bordering the downthrown basaltic andesite-capped block (Pl. 1) and 

the approximate ages of these faults can be estimated. The composi-

tion and stratigraphic position of the basaltic andesites in the central 

and western portions of the thesis area suggest they are equivalent to 

the Hinsdale Formation of Larsen and Cross (1956). If this is the 

case, the northwest-trending faults must be Miocene or younger in 

age. The position of the unfaulted basaltic andesites to the west im-

plies a vertical displacement along the faults of approximately 200 

mete rs (Pl. 2). 

These faults were probably activated (or reactivated) in the late 

Tertiary in response to regional eastward tilting of the terrain and 

regional crustal extension associated with development of the Rio 

Grande Rift. 

FAULTS 

Faults in th~ study area tend to be expressed as valleys and 

topographic breaks. As a result, they are commonly covered by talus 
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and alluvium and are often difficult to detect. Undoubtedly, some 

le~s obvious faults were not identified. 

The general style of faulting and its relation to hydrothermal 

alteration is shown in Figs. 18-22. The faults in the study area tend 

to be short (less than three kilometers long) and have straight or 

gently curved traces. Angular breaks and branch faults are common. 

Vertical, or steeply-dipping normal faults commonly bound or are 

otherwise associated with small horsts and graben. A northwest -

trending strike -slip fault offsets Conejos Formation andesites and 

quartz latites in the northeastern portion of the study area, with a 

relative displacement of approximately 300 meters (Pl. 1). The lo-

calization of Conejos Formation equivalent intrusives along recog-

nized faults which offset Hinsdale Formation volcanics, and the 

apparent displacement of hydrothermally altered rocks suggest his -

tories of recurrent movement. Most likely, these faults were initi-

ated with the episode of middle and late Oligoc ene volcanism, and 

reactivated in the late Cenozoic as a response to regional crustal 

extension. 

STRUCTURAL LINEAMENT 

Flow-banded rhyolitic dikes within the study area are the ex-

pression of a northeast-trending lineament that intersects the Beidell 

volcanic center (Crystal Hill mining district), 13 kilometers to the 

southwest, and the Klondike mining district, 16 kilometers to the 
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northeast. The petrologic nature of the rhyolitic dike rocks (high 

Si02 content, abundant phenocrysts of alkali feldspar and quartz 

with fewer of plagioclase) is almost uniquely characteristic of the 

rhyolites of the Hinsdale Formation ( Lipman et al., 1970). Displace -

ment along this structural feature is undetermined, but it is, un-

doubtedly, an expression of an extensional feature activated ( or reac -

tivated) during the development of the Rio Grande Rift. 



HYDROTHERMAL ALTERATION AND MINERALIZATION 

GENERAL ST A TEMENT 

Hydrothermal alteration extends over an area of approximately 

13 square kilometers, centered about an area of vertical or high-

angle normal faults and small horst and graben structures, in the 

central part of the study area. Three alteration zones have been 

recognized (Pl. 1): (1) a high-silica alteration zone, composed pri-

marily of jasperoid rocks in the central zones of breccia pipes; 

(2) argillized breccias and volcanics (advanced argillic zone, as de -

fined by Hemley and Jones, 1964) that irregularly envelope the high-

silica rocks; and (3) non-brecciated, silicified quartz latites. With-

in the study area, all lavas of the early intermediate assemblage and 

their hypabyssal equivalents show some degree of hydrothermal al-

teration. The early quartz latites, however, are most severely 

affected. 

In the field, the advanced argillic and high-silica alteration 

zones were distinguished somewhat arbitrarily by the ease with which 

altered rocks could be scratched by a knife blade. The boundary be -

tween the two alteration zones is gradational. Highly-silicified rocks 

often contain abundant kaolinite, and rocks of the advanced argillic 

zone may contain large quantities of hydrothermal quartz , 
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HIGH-SILICA ALTERATION ZONE 

The high..,silica zone is comprised principally of jasperoid 

breccias. Some highly-silicified. rocks containing moderate amounts 

of kaolinitic clays have been included in this alteration zone. Quartz 

is the dominant alteration product, and kaolinite is common in sub ... 

ordinant amounts. Outcrops are often coated by red and orange iron 

oxides, black manganese oxides, and occasional iridescent oxide 

stains. The high-silica rocks are resistant to erosion and protrude 

as chimney- or pipe -like structures above the unaltered and brecci-

ated volcanics (Fig. 13). Chemically, these rocks reflect extensive 

leaching of base cations - -aluminum, magnesium, calcium, sodium, 

and potassium- -and introduction of silica, In the unoxidized high-

silica breccias, small veinlets and scattered disseminations of pyrite 

are common, and minor amounts of molybdenite are also present. 

ADVANCED ARGILLIC ALTERATION ZONE 

The advanced argillic alteration zone consists of altered breccias 

and volcanics. Contacts with the silicified breccias and the unaltered 

and relatively unfractured country rocks tend to be gradational. In 

hand specimen, the rocks are grayish-white to yellow. Kaolinite is 

the dominant alteration product, Quartz is common in subordinant 

amounts, occurring as irregular veinlets and as cryptocrystalline 

silica both in the breccia fragments and in the groundmass. Mont-

morillonite, sericite, jarosite, alu11-ite, and leucoxene are sparse 
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constituents of the advanced argillic assemblage. Rocks of the ad-

vanced argillic alteration zone are less resistant to weather ing and 

commonly fo r m the slopes surrounding pipe -like jasperoid breccias. 

Argillized rocks also occur as irregµlar pods and lenses, commonly 

associated with faults and fracture$. The major chemical changes 

involved in argillization of rocks are leaching of magnesium, calcium, 

and sodium, and introduction of silica 1 Aluminum and potassium re-

main relatively unchanged. Pyrite occurs in veinlets with hydro-

thermal quartz and as scattered disseminations. Molybdenite, al-

though not recognized, probably occurs in small amounts, as indi-

cated by Mo contents of up to 200 ppm, 

SILICIFIED QUARTZ LATITES 

Non-brecciated, silicified quartz latites define a third altera-

tion zone. These rocks are confined predominantly to a small knob 

in the north-cr:eptral part of the study area, and to an apparent early 

quartz latite vent area in the northeastern corner of the study area 

(Pl. 1). Hand specimens generally appear fresh, and biotite and 

plagioclase phenocrysts are -µnaltered . Microscopic inspection, 

however, reveals small veinlets of quartz and a mottled, slightly 

argillized looking groundmass. Contacts with the advanced argillic 

breccias and volcanics, and with the unaltered early quartz latites, 

tend to be gradational. Chemically I the rocks reflect introduction of 

Si02 and a slight leaching of CaO. The average Si02 content of the 



61 

unaltered quartz latites is approximately 68 percent, whereas the 

silicified quartz latites average about 7 3 percent Si02 . The invading 

silicic solutions may have partially decomposed plagioclase feldspars 

in the cryptocrystalline groundmass, and in so doing, liberated CaO. 

No sulfide minerals have been identified in any silicified quartz latite 

sample. 

THE HYDROTHERMAL ALTERATION PROCESS 

Hydrothermal alteration has been interpreted to have resulted 

from hydrogen ion metasomatism as described by Hemley and Jones 

( 1964). Fig. 16 depicts hypothetical diffusion gradients and alteration 

zones for hydrolytic .. type alteration of silicate rocks. The pattern of 

alteration is one of decreasing hydrogen ion activity away from the 

center of the major fluid conduit. Development of the sericite -quartz 

zone is characterized by extensive leaching of magnesium, calcium, 

sodium, potassium, and aluminum and introduction of an equivalent 

amount of ionized hydrogen. The argillic zone reflects removal of 

calcium, sodium, and magnesium and introduction of hydrogen. 

Aluminum and potassium (not shown on the diagram) remain rela-

tively constant. 

According to Hemley and Jones ( 1964), a dominant alteration 

process in the argillic zone is the hydrolytic decomposition of andesme 

to kaolinite. 
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andesine kaolinite 

In the sericite -quartz alteration zone, hydrogen ions are consumed in 

leaching Al+ 3 and the ultimate product may be nothing more than a 

porous mass of quartz. 

kaolinite quartz 

The chemical changes for progresE;ively altered quartz latites 

from Tracy Canyon are depicted in Fig. 17. Other than the fact that 

sericite is not an important phase in the alteration assemblage, the 

salient features of Hemley and Jones' (1964) hypothetical model are 

well displayed, and the previously established chemical reactions are 

probably applicable. 

Many of the jasperoid bre ccias occur along faults recognized 

in the field and the occurrence of others is undoubtedly c ontrolled by 

simi lar, less obvious structures that have acted as channelways for 

the altering hydrothermal solution,s. Core taken from shallow drill 

holes in the jasperoid pipes indicates that the highly-silicified rocks 

and breccias are prevalent only at shallow depths. With incre asing 

depth, these give way to an advanced argillic assemblage charac-

teri zed by less intense base cation leaching and hydrogen ion metaso-

matism. The general pattern of hydrothermal alterat i on is, therefore, 
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one of decreasing hydrogen ion metasomatism away from the jasperoid 

breccias, the major sources of fluid emanations. 



TRACE METAL DISTRIBUTION 

GENERAL STATEMENT 

Two hundred-eighty rock chip samples were collected in the 

field. Emission spectrographic analyses of 35 elements for each of 

the rock chip samples were provided by W. A. Bowes and Associates. 

Maps showing the distribution of anomalous concentrations of Cu, Pb, 

Zn, Mo, and As are presented in Figs. 18-22. Sample locations are 

shown on Pl. 3, and the values for Cu, Pb, Zn, Mo, and As are 

listed in the Appendix, Table A-1. Histograms showing concentra-

tions of Cu, Pb, Zn, and Mo in rocks from the Tracy Canyon area 

are included in Fig. 23. Mean concentrations of Cu, Pb, Zn, and 

Mo in different rock and alteration types are indicated by the histo-

grams in Fig. 24. 

THE DISTRIBUTION OF COPPER 

Rocks collected from the study area range in Cu content from 

10 -200 ppm (Fig. 23). The highest Cu value, 200 ppm, is for an ad-

vanced argillic breccia sample (Fig. 18 and Table A-1). The next 

highest values, 70-100 ppm, are most common in the andesitic flow 

and dike rocks. Hawkes and Webb (1962) give the average copper 

content of igneous rocks as 70 ppm. The average Cu concentration 

of the andesitic rocks in the study area (40 ppm) is identical to the 
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Figure 18. Cu anomaly distribution map. High-silica rocks 
indicated by solid lines. Dashed lines indicate 
rocks of advanced ar gillie zone and shaded pattern 
indicates silicified quartz latites. Triangles 
denote breccias. 
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Figure 22. As anomaly distribution map. High-silica rocks 
indi cated by solid lines. Dashed lines indicc;1,te 
rocks of advanced argillic zone and shaded pattern 
indicates silicified quartz latites. Triangles 
denote breccias. 
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value given by Ahrens (1968) for average andesite. Copper contents 

of the order of 200 ppm, in the advanced argillic rocks, probably 

indicates the presence of chalcopyrite. The source of the anomalous 

Cu could have been either Cu leached from the country rocks, or the 

Cu might have been a component of the "original" hydrothermal solu-

tions. 

THE DISTRIBUTION OF LEAD 

Pb values range from below the detection limit (10 ppm) to 70 

ppm. Values of 30 ppm or less prevail (Fig. 23). The highest Pb 

concentrations occur in unaltered and silicified quartz latites and in 

rocks from the advanced argillic alteration zone (Fig. 19 and Table 

A-1). Hawkes and Webb (1962) give the average Pb content of igneous 

rocks as 16 ppm. The distribution of Pb apparently reflects slight 

leaching in the advanced argillic alteration zone and intense leaching 

in the high - silica zone. 

THE DISTRIBUTION OF ZINC 

Zn values range from below the detection limit ( 10 ppm) to 300 

ppm (Fig . 23). The distribution of Zn in Fig . 23 is somewhat mis -

leading because the value 100 ppm was arbitrarily assigned to those 

samples in which Zn was detected but was below the lower limit of 

determination, and 10 ppm was assigned to samples in which Zn was 

not detected. In the majority of the analyses, Zn was either not 
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detected or was below the lower limit of determination (Table A-1). 

The highest Zn value (300 ppm) belongs to an advanced argillic breccia 

sample (Fig. 20 and Table A-1). Zn values of 200 ppm are found both 

in advanced argillic zone rocks and in unaltered volcanics. According 

to Hawkes and Webb (1962), the average Zn content in igneous rocks 

is 80 ppm. The behavior of Zn is best illustrated in Fig. 24, which 

shows that Zn is strongly depleted in the altered rocks relative to the 

unaltered volcanics, and high-silica rocks contain much less Zn than 

do advanced argillic rocks. Anomalous concentrations of Zn in the 

advanced argillic zone probably represent accumulations derived by 

earlier strong leaching of rocks in the high-silica alteration zone. 

THE DISTRIBUTION OF MOLYBDENUM 

Mo values range from below the lower limit of determination 

(5 ppm) to 200 ppm (Fig. 23). In most analyses, Mo was either not 

detected or was below the limit of determination. Hawkes and Webb 

( 1962) give the average Mo content of igneous rocks as about 1. 7 ppm. 

The highest value, 200 ppm, ~ome s from a single advanced argillic 

breccia sample (Fig. 21 and Table A-1). Mo values of 100 ppm are 

found in rocks from both the high-silica and advanced argillic zones, 

and anomalous Mo concentrations of 10 ppm or greater are restricted 

to high-silica and advanced argillic rocks. Most likely, the Mo was 

introduced by the invading hydrothermal solutions, and it is unlikely 
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that anomalous concentrations of Mo resulted from leaching of the 

wallrocks. 

THE DISTRIBUTION OF ARSENIC 

As values range from below the detection limit (200 ppm) to 

1500 ppm (Fig. 23). In most of the samples from the study area As 

was not detected. According to Hawkes and Webb (1962), the average 

As content of igneous rocks is about 2 ppm. Samples in which As was 

detected are restricted to rocks of the high-silica and advanced 

argillic alteration zones (Fig. 23 and Table A-1). Most likely, the 

As, like the Mo, was derived from the hydrothermal solutions and 

not from the altered volcanic wallrocks. 

SUMMARY AND CONCLUSIONS 

The highest Cu, Pb, and Zn values are associated with rocks 

of the advanced argillic alteration zone. Highest mean concentrations, 

however, are restricted to unaltered quartz latites and andesites. 

The anomalous concentrations of Pb, Zn, and probably Cu in the ad-

vanced argillic rocks were most likely introduced by mobilization of 

these elements from rocks in the high-silica alteration zone. 

Anomalous concentrations of Mo and As are associated exclu-

sively with the advanced argillic and high-silica alteration zones. Mo 

and As are chalcophile elements and, unlike Cu, Pb, and Zn, are not 

. readily incorporated into the crystal lattices of most silicate minerals. 
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The anomalous Mo and As concentrations in the advanced argillic 

breccias and volcanics are dUficult to account for by leaching of the 

volcanic wallrocks. More likely, these elements were introduced 

with the invading hydrothermal solutions. 



ALTERATION GEOCHEMISTRY 

CORRELATION COEFFICIENT MATRICES 

The correlation c oeffic ient is a useful tool that can be utilized 

1n searching for geochemically meaningful relations among various 

elements. When large masses of geochemical data are available they 

can be particularly valuable for discerning pathfinder elements that 

can be used as gu i des in the search for ore deposits. Correlation 

coefficients can also be applied to hydrothermal alteration studies 

where it is important to distinguish the relative behavior between 

different el~ments. 

The correlation coefficient ( r) is calculated by: 

r = LXY - (LX) (LY) / 
n 

It can be defined as simply the measure of the mutual relationship be -

tween two variables. The value r always lies between -1 and +l. 

Positive r values indicate a tendency for two variables to increase 

together, whereas negative r values signal inverse variation of the 

parameters tested. An r value of+ 1 indicates a perfect linear r e -

lation between t w o variables and an r value of O denotes no relati on 

between t w o variables. For a more comprehensive discussion of the 

deri vation and application of correlati on coefficients, the reader is 

referred to Krumbein and Graybill ( 196 5) or any standard statistics text. 
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Correlation coefficient matrices have been computed from 

emission spectrographic analyses of rocks from the high-silica, ad-

vanced argillic, and silicified quartz latite alteration zones, and are 

included in Figs. 25, 29, and 30. Coefficient values not significant 

at the . 05 significance level have been listed as zero. 

Correlation Coefficient Matrix for the High-
' Silica Alteration Zone 

The matrix in Fig. 25 is based on 63 emission spectrographic 

analyses. Zn was not detected in any of the samples and is not in-

eluded in the matrix. The most conspicuous linear relationships are 

those exhibited by Pb, Sr, and Na. The plot in Fig. 26 illustrates the 

linear relationship between Na and Pb. The mutual relationships 

demonstrated by these elements can easily be explained by evaluating 

their crystal chemistry and geochemical behavior. Sr and Na are 

lithophile elements, concentratE;!d in the feldspars in silicate rocks; 

Pb is dominantly chalcophile in nature, and is concentrated in residual 

magmatic solutions. However, Pb also exhibits some lithophile ten-

dencief;l, and because Pb and K have similar ionic radii (Pb +z 1. 201, 

K+ 1. 331), Pb is able to substitute for K in feldspars. According to 

Goldschmidt (1958), Pb may substitute for Kin amounts up to 100 ppm 

in high-temperature potash feldspars. Potassium correlation co-

efficients were not calculated because K content was determined for 

only a limited number of samples. A plot of the available K analyses, 
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for rocks of the high-silica alteration zone, against Pb, however, 

demonstrates an excellent linear relationship (Fig. 27). Therefore, 

the c lose c ovariat ion of thes e elements indica tes that the behavior of 

Pb in the high - silica alteration zone is primarily lithophile in charac-

ter. 

1 
Plots of Pb and Na against SiO2 demonstrate good inverse 

linear relation$hips (Fig. 28). Evidently, the strong correlations ex-

hibited by Pb and Na reflect the hydrolytic decomposition of feldspars 

by the invading hydrothermal solutions. 

It has been shown that the dominant alteration process in the 

high-silica alteration zone is the hydrolytic decomposition of the 

silicate minerals and the resultant base cation leaching such that 

SiO
2 

is the ultimate alteration product. Other elements that exhibit 

positive correlation coefficients in Fig. 25 (e.g. Ca, Sr, La, and Fe) 

also demonstrate inverse linear relationships with SiO
2

, and in so 

d o ing, nicely illustrate the above mentioned process. 

If Mo had been introduced with the invading hydrothermal solu-

tions, negative values of correlation coefficients with the lithophile 

elements would be expected. To the contrary, Mo demonstrates posi-

tive coefficient values with Na, Sr, Sc, La, Ba, V, and Ni. However, 

this apparent contradiction can be explained in terms of the distribution 

1 
SiO2 was determined by calculating oxide weight percents from the 
emission spectrographic analyses of Al, Ti, Fe, Mg, Ca, Na, and 
K; and subtracting from 100. 
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of the anomalous Mo values. Highest concentrations of Mo in rocks 

from the high-silica zone are restricted to vuggy cavernous samples. 

Chemical analyses indicate that the dense jasperoidal rocks generally 

have a higher Si02 content than do the vuggy, cavernous high-silica 

zone samples. The chalcophile nature of Mo, as a result, is camou-

flaged, and its geochemical behavior is not distinguished from that of 

the lithophile elements. 

Correlation Coefficient Matrix for the Advanced 
Argillic Alteration Zone 

The matrix in Fig. 29 is based on 86 emission spectrographic 

analyses. It is very difficult to discern geochemically meaningful 

relations among various elements in this matrix. Two factors may 

serve to dilute or confuse the geochemical relations with respect to 

the geochemistry of this alteration zone: (1) Since the distinction be-

tween the high-silica and advanced argillic alteration zones is some -

what arbitrary, rocks from these zones are widely varied in composi-

tion and extent of alteration; (2) Even though the highest values for 

various elements (Cu, Pb, Zn) occur in the advanced argillic zone, 

these rocks demonstrate an overall tendency to be depleted of these 

elements with respect to unaltered rocks. 

Zn exhibits positive correlation coefficient values with Mn, Ni, 

and Co. The geochemistry of Zn is discussed in some detail in the 

discussion of the silicified quartz latite matrix (Fig. 30). Briefly, 



Cu Pb Zn Mo Fe Ni Co Cr Mn V Zr B Ba Be La Sc Sr Y Ca M Ti 
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Figure 29. Advanced ar gillic alteration zone correlation coefficient matrix. 
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Figure 30. Silicified quartz latite alte ration zone correlation coefficient mat rix . 
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Zn, Mn, Ni, and Co each substitute for Mg and ferrous Fe in ferro-

magnesian silicate minerals. Evidently, Zn was not introduced by 

t he hydrothermal solutions, and its concentration in the advanced 

argillic rocks is dominantly a function of the extent to which ferro-

magnesian minerals were decomposed and the degree to which Zn 

was subsequently leached from the altered rocks. 

Pb is most strongly correlated with Na in the matrix for the 

advanced argillic alteration zone, The concentration of Pb in the ad-

vanced argillic rocks must be a function of the degree of decomposi-

tion of potash-bearing silicate minerals and the mobility of Pb after 

its liberation. 

The chalcophile nature of Mo is weakly reflected in Fig. 29. 

Mo exhibits positive correlation coefficient values with only Fe and 

Cu. Mo, Fe, and Cu probably all occur as sulfide minerals in the 

advanced argillic assemblage. 

Correlation Coefficient Matrix for the Silicified 
Quartz Latite Alteration Zone 

The correlation coefficient matrix for sili cified quartz latitic 

rocks (Fig. 30) is based on 16 analyses ~ Several of the elements 

demonstrate excellent linear correlation coefficient values that allow 

some useful geochemical interpretations regarding the nature of the 

altering hydrothermal solutions. 

Most conspicuous are a group of six elements--Mg, Zn, Fe, 

Mn, Ni, and Sc - -all of which exhibit positive correlation values 
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greater than 0. 70. The behavior of Zn, Sc, Mn, and Ni is each 

closely related to the geochemii,try of magnesium and ferrous iron. 

Because of similar ionic radii, each of the former elements is capable 

f • h b • • £ M +2 d F +2 • f • o 1somorp ous su stitution or g an e 1n many erromagnes1an 

silicate minerals. The governing factor in atomic substitution is the 

size of the ions and it is not essential that the substituting ions have 

exactly like charges (Mason, 1966). The ionic radii of these elements 

are compared below: 

+3 o +2 o N1.+20.78Ao, +2 o +2 o Sc 0. 83A, Mg 0. 78A, Mn 0. 80A, Fe 0. 83A, 

+2 0 
Zn 0. 83A. 

The elements Fe, Ni, Mn, Sc, and Mg ui,ually are not strongly frac-

tionated to residual fluids during magmatic crystallization. It is ap-

parent, by the strong linear relationship Zn exhibits with each of 

these elements that its abundance in the silicified quartz latites is 

entirely determined by the degree to which it has substituted for Mg 

and Fe in the crystal lattices of the biotite and hornblende crystals 

in the quartz latitic rocks. 

Pb is most highly correlated with Na. The Pb content in these 

rocks is apparently a function of the degree to which Pb has isomor-

phously replaced K in potassic silicate minerals. 



SUMMARY AND CONCLUSIONS 

GEOLOGIC HISTORY 

The oldest rocks exposed in the study area are flows and 

breccias belonging to the Conejos Formation. Ash-flow tuffs, repre -

senting the second stage of volcanism in the San Juan Mountains, do 

not extend into the thesis area. The final episode of volcanic activity 

is characterized by olivine basaltic andesite flows; silicic flow-banded 

rhyolite dikes; and small, hybridized dikes. 

The first evolutionary stage of Tertiary San Juan volcanism is 

characterized by large volumes of intermediate lavas and breccias. 

These rocks, members of the Conejos Formation, have been mapped 

as four discrete units according to texture, composition , and strati-

graphic pos ition . Field relations indicate that the Conejos volcanics 

originated from numerous local centers. Early quartz latites were 

derived from a small, silicified plug in the northeastern corner of the 

study area. Andesitic and mafic quartz latitic lavas were apparently 

derived from a center northwest of the study area, and rhyodacitic 

lavas were derived from a center south of the mapped area. 

The second episode of volcanism in the San Juan Mountains is 

represented by a series of ash-flow tuffs. There are no exposures 

of pyroclastic rocks in the study area, however, a small granodiorite 

stock intrudes andesitic and rhyodacitic flows of the Conejos Formation 
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and may be equivalent in age to ash-flow tuffs, exposed farther to the 

west. Associated with the granodioritic stock are small discontinuous 

outcroppings of quartz monzonite, and a small mafic dike that may 

have been co-magmatic with the granodioritic rocks. 

Late -stage volcanism in the San Juan region is characterized by 

a bimodal association of alkali olivine basaltic andesite and silicic 

alkali rhyolites. Mixe d lava complexes, where rhyolitic and basaltic 

lavas h ave in termingled, are also distinctive of the final episode of 

volcanism. Based on composition and stratigraphic position, basaltic 

olivine andesite flows on the western and in the central portions of the 

study area have been mapped as part of the Hinsdale Formation, and 

are believed to be representatives of the latest San Juan volcanic ac-

tivity. Small, hybridized dikes, commonly with an assortment of 

phenocrysts, crop out in the study area and a re vestiges of the late-

stage activity. 

Faults in the study area tend to be short, and straight or gently 

curved. Angular breaks and branch faults are common. Steeply-

dipping normal faults, or vertical faults, commonly are associated 

with or bound small horst and graben structures. Field relations 

indicate histories of recurrent movement, with the latest activity 

associated with r~gional crustal extension and the development of the 

Rio Grande Rift . 
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All of the Conejos Formation lavas show some hydrothermal 

alteration effects. The mafic granodiorite stock is unaltered, except 

along its northern border, whe r e it is in contact with ear ly intermedi -

ate andesitic la vas. Lavas and intrusives of the late bimodal associa-

tion have not been affected by the hydrothermal solutions. Therefore, 

it is apparent that the mineralizing and altering solutions must have 

been introduced concomitantly with, or shortly after emplacement 

of the granodiorite intrusive. 



SUGGESTIONS FOR FURTHER EXPLORATION 

Early day prospectors, in the search for gold, left their mark 

on the Tracy Canyon area. The area is dotted by small exploration 

pits where bright orange and red iron oxides, black manganese oxides, 

and occasional iridescent oxide surface coatings aroused the explorer's 

curi osities. In the south-central part of the thesis area, two vertical 

shafts and a long since caved adit are the testimony to some of the 

more ambitious of these prospectors . There was no recorded pro-

duction from any of these working$ and no surficial mineralization of 

economic significance has been recognized. 

In 1969, W. A. Bowes and Associates of Steamboat Springs, 

Colorado located 84 claims which included most of the altered rocks 

in the area. As the claims were being staked, a detaile d soil geo -

chemistry survey was conducted on a gri d system and a reconnais -

sance geologic map wa$ compiled, In addition, three short ( 1 S -26 

meters) test diamond drill holes were placed in the jasperoid breccia 

targets. 

The irregular alteration and the geochemical characteristics 

associated with the breccia pipes in the T r acy Canyon area are typical 

of the alteration pattern and geochemistry of breccia pipes in other 

mining districts (Fisher and Leedy, 1973 ; Armbrust, 1969; Perry, 

1961; and Barrington and Kerr, 1961). In addition to being important 
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producers of sulfide minerals, mineralized breccia pipes are signifi-

cant because they are often closely related to large orebodies, most 

notable a r e the po r phyry copper -molybdenum deposits. No intrusives, 

demonstrating a close affinity with the jasperoid breccia pipes, have 

been identified in the study area. This could imply the existence of a 

deep - seated intrusive which might be a possible porphyry copper-

molybdenum exploration target. The nature of the alteration and geo-

chemistry, overall, is not consistent with the porphyry ore deposit 

model ( Lowell and Gilbert, 1970), however, and it is unlikely that a 

subsurface ore body of this nature exists. 

The most likely targets for further exploration in the Tracy 

Canyon area are, therefore, the mineralized breccia pipes. None of 

the three test drill holes, placed in the breccia pipe targets, have 

penetrated unaltered volcanics. Further exploration and drilling could 

reveal economic concentrations of molybdenum and/ or gold in the 

breccia pipes in deposits similar to the breccia pipe deposits of the 

Red Mountain d i strict, northwest San Juan Mountains, Colorado 

(Fisher and Leedy, 1973). 
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GENERAL STATEMENT 

Two hundred-eighty rock chip samples were collected while in 

the field for geochemical analyses. Semiquantitative spectrographic 

analyses for 35 elements were ge:nerously provided by W. A. Bowes 

and Associates, Steamboat Springs, Colorado. 

Analysis results for Cu, Pb, Zn, Mo, and As are presented in 

Table A-1. N denotes not detected. L indicates an element was 

detected, but was below the limit of determination. The lower limit 

of determination for Cu, Pb, Zn, Mo, and As is given below: 

Cu 
5 ppm 

Pb 
10 ppm 

Zn 
200 ppm 

Mo 
5 ppm 

As 
200 ppm 
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Table A-1. Bedrock chip samples (values are in parts per million). 

Sample Rock Type Cu Pb Z:p. Mo As 

1 High Silica 10 30 N N N 
2 High Silica 15 L N N N 
3 Silic. Tqlp1 15 70 N N N 
4 Tqlp1 20 20 N N N 
5 Adv. Arg. 30 10 N N N 
6 Adv. Arg. 20 20 N N N 
7 Adv. Arg. 30 20 N N N 
8 Adv. Arg. 30 30 N N N 
9 Adv. Arg. 20 20 N N N 

10 Tqlp2 20 30 N N N 
11 Adv, Arg. 60 20 N N N 
12 Adv. Arg. 20 20 N N N 
13 Tap 20 30 N N N 
14 Tap 30 30 N N N 
15 Adv. Arg. 60 30 N N N 
16 Adv. Arg. 30 30 N N N 
17 Adv. Arg. 20 20 N N N 
18 Adv. Arg. 50 20 N N N 
19 Adv. Arg. 30 10 N N N 
20 High Silica 20 10 N N N 
21 High Silica 50 10 N N N 
22 High Silica 50 N N N N 
23 High Silica 10 N N N N 
24 High Silica 15 10 N N N 
25 Adv. Arg. 40 10 N N N 
26 Adv. Arg. 30 10 N N N 
27 Adv. Arg. 20 10 N N N 
28 Adv. Arg. 20 20 N N N 
29 Adv. Arg. 20 10 N N N 
30 High Silica 10 N N N N 
31 Tqlp 1 10 30 L N N 
35 High Silica 20 N N N N 
36 High Silica 30 N N N N 
37 High Silica 30 10 N N N 
38 Adv. Arg. 20 20 N N N 
39 High Silica 30 30 N N N 
42 Tap 70 20 200 N N 
43 Adv. Arg. 200 10 L N N 
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Sample Rock Type Cu Pb Zn Mo As 

45 Tap 50 10 L N N 
46 High Silica 30 N N N N 
47 High Silica 70 30 N N N 
48 High Silica 30 20 N N N 
49 Silic. Tqlp1 20 30 N N N 
50 High Silica 30 30 N N N 
51 Silic. Tqlp1 20 30 N N N 
52 Adv. Arg. 15 20 N N N 
53 High Silica 10 N N N N 
54 Silic. Tqpl1 10 30 N N N 
55 High Silica 30 10 N N N 
58 Silic . Tqlpl 15 30 N N N 
60 High Silica 15 30 N N N 
61 High Silica 15 10 N N N 
63 High Silica 20 10 N N N 
64 High Silica 30 10 N N N 
65 High Silica 15 10 N N N 
66 Adv. Arg, 20 30 N N N 
67 High Silici:i- 20 10 N N N 
68 Adv. Arg. 20 10 N N N 
69 Adv. Arg. 20 10 N N N 
70 Tqlp1 10 20 N N N 
71 High Silica 10 10 N N N 
72 High Silica 10 N N N N 
73 High Silica 30 30 N L N 
74 High Silica 15 N N N N 
75 High Silica 10 N N N N 
76 High Silica 15 N N N N 
77 High Silica 30 30 N N N 
78 High Silica 15 N N 10 N 
79 High Silica 15 N N 5 N 
80 High Silica 10 N N 5 N 
81 High Si lica 20 N N L N 
82 Adv. Arg. 15 N N 20 N 
83 High Silica 20 N N L N 
84 Adv. Arg. 30 50 N 10 N 
85 Adv. Arg. 15 50 N L N 
86 Tqlp1 20 30 N L N 
87 Adv. Arg. 20 N N 5 N 
88 Tap 30 20 N L N 
89 High Silica 20 10 N 50 700 
90 Adv. Arg. 20 20 N L N 
91 High Silica 20 10 N N N 
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Sample Rock Type Cu Pb Zn Mo As 

92 Tqlpl 20 20 N L N 
93 Adv. Arg. 30 10 N N N 
94 Adv. Arg. 20 20 N N N 
95 Adv. Arg. 30 10 N N N 
96 Tap 20 20 N N N 
97 Adv. Arg. 30 10 N N N 
98 Tqlp1 30 20 N N N 
99 Tqlp1 15 30 N N N 

100 Adv. Arg. 10 10 N N N 
101 Adv. Arg. 10 L N N N 
102 Adv. Arg. 30 10 N N N 
103 Tgrdi 20 10 N N N 
104 Tba 50 10 L N N 
105 Adv. A;rg. 50 20 N N N 
106 Tqlp1 15 50 N N N 
107 'rap 50 20 L N N 
108 Tap 20 30 L N N 
109 Adv. ,Arg. 60 20 L N 300 
110 Tqlp1 60 20 200 N N 
112 Tqlp1 20 40 N N N 
113 Tqmp 20 20 N N N 
114 Tqmp 15 30 N N N 
115 Adv. A:i;-g. 60 20 N 200 1500 
116 Adv. Arg. 10 10 N N N 
117 Adv. Arg. 50 30 N N N 
118 Adv. Arg. 30 50 N N N 
119 Adv. Arg. 100 70 N 100 1500 
121 High Silica 30 20 N N N 
122 High Silica 20 10 N N N 
123 Adv. Arg. 20 30 N N N 
124 High Silica 40 30 N 100 L 
125 Tqlp1 20 50 N N N 
126 High Silica 30 30 N N N 
129 Tqlp2 20 30 N N N 
130 Adv. Arg. 70 30 N 100 N 
131 Tba 100 30 N N N 
132 Tap 50 20 N N N 
133 Tap 100 30 N N N 
134 Tgrd 70 30 N N N 
135 Adv. Arg. 30 30 N N N 
136 Tap 50 30 N N N 
137 Adv. Arg. 30 70 N N N 
138 Tap 30 50 N N N 
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139 Tgrd 40 30 N N N 
140 Tap 50 30 N N N 
142 Tap 5 10 N N N 
143 Tap 15 20 N N N 
144 Adv. Arg. 10 10 N 10 N 
145 Tqlp1 20 10 N N N 
147 Tba 50 10 N N N 
148 Tap 30 10 N N N 
149 Adv. Arg, 60 20 N N N 
150 Tap 20 10 N N N 
151 Silic. Tqlp1 15 20 N 5 N 
152 Adv. Arg , 50 10 N N N 
153 Tap 5 20 N N N 
154 Adv. Arg. 20 20 N L N 
155 High Silica 20 lO N N N 
157 Adv. Arg. 70 10 N 20 N 
158 Tap 50 10 N N N 
159 Adv. Arg. 20 30 N N N 
160 High Silica 20 10 N N N 
161 Adv. Arg. 15 20 N N N 
162 Adv. Arg. 15 10 N N N 
163 Adv. Arg. 5 N N N N 
164 Adv. Arg. 20 10 N N N 
16 5 Adv. Arg. 20 10 N N N 
166 Adv. Arg. 15 N N N 
167 High Silica 15 N N N N 
168 High Silica 20 30 N N N 
169 Adv. Arg. 10 10 N N N 
170 Adv. Arg. 20 20 N N N 
171 Sili c. Tqlp1 15 15 N N N 
172 Silic, Tqlp1 15 30 N N N 
17 3 Silic. Tqlp1 15 30 N N N 
174 Silic. Tqlp1 20 50 N N N 
17 5 Tqlp1 15 50 N N N 
176 Tqlp1 15 50 200 N N 
177 Tap 100 30 200 N N 
179 Adv. Arg. 50 30 N N N 
180 High Silica 20 10 N N N 
181 High Silica 30 10 N N N 
182 Adv. Arg, 30 20 N N N 
183 High Silica 15 N N N N 
184 Adv. Arg. 50 30 N N N 
185 Tap 50 30 200 N N 
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Sample Rock Type Cu Pb Zn Mo As 

186 • High Silica 15 10 N N N 
187 High Silica 15 10 N N N 
188 High Silica 20 10 N N N 
189 High Silica 30 10 N N N 
190 High Silica 20 20 N 5 N 
191 Tqlpl 20 30 200 5 N 
192 Tap 40 30 200 5 N 
193 Adv. Arg. 20 50 L N N 
195 Adv. Arg. 15 50 N N N 
196 Tap 40 20 L 5 N 
197 Adv. Arg. 20 50 N N N 
198 High Silica 20 10 N L N 
199 Tbhy 30 30 L L N 
200 Tqlp1 20 50 N L N 
201 Tqlp1 15 50 L L N 
202 Adv. Arg. 20 10 N 5 N 
203 Ady. Arg. 15 50 L N N 
204 High Silica 15 10 N 10 N 
205 Tap 50 20 200 10 N 
206 Adv. Arg. 20 10 N 10 N 
207 Adv, Ar~ . 10 10 N 5 N 
208 Adv. Arg. 30 50 N L N 
209 Adv, Arg. 20 $0 N L N 
210 Adv. Arg. 20 20 N 100 N 
211 Adv. Arg. 20 50 N N N 
212 High Silica 20 50 N N N 
213 Silic. Tqlp1 20 50 N N N 
214 Tqlp1 50 ~o L N N 
215 High Silica 20 N N N N 
216 Tqlp1 20 50 200 L N 
217 High Silica 15 N N N N 
218 Tqlp1 60 30 L L N 
219 Tap 20 30 L L N 
220 Tap 50 30 L L N 
221 Tqlp1 10 30 L L N 
222 High Silica 20 50 N N N 
223 High Silica 10 N N N N 
224 Tap 30 30 1 5 N 
225 Tap $0 20 L 5 N 
226 Adv. Arg. 50 30 L 5 N 
229 Adv. Arg. 50 30 L 5 200 
230 Adv. Arg. ~00 30 N 5 N 
231 Tap 30 50 L 5 N 
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Sample Rock Type Cu Pb Zn Mo As 

232 Tap 50 30 L 5 N 
233 Tqlp1 30 30 L L N 
234 Trhy 15 30 N L N 
235 Adv. Arg. 30 30 N N N 
236 Tap 50 20 L L N 
237 Tqlp 1 43 30 L L N 
238 Tqlp1 30 30 L L N 
239 Trhy 30 30 L L N 
240 Tqlp1 30 30 L L N 
241 Silic. Tqlp1 30 20 L L N 
244 Adv. Arg. 15 30 N L N 
245 Adv. Arg. 15 50 N L N 
246 Silic. Tqlp1 40 50 N L N 
247 High Silica 15 N N N N 
248 Silic. Tqlp1 15 50 N L N 
249 Tbhy 40 30 L L N 
250 Tbhy 40 30 L L N 
251 Tbhy 40 30 L L N 
252 Tqlp1 30 30 L L N 
253 Adv. Arg. 50 20 L 5 N 
254 Tqlp1 20 70 L N N 
255 Tap 30 30 200 L N 
256 Tap 50 30 L L N 
260 Tap 40 30 L L N 
261 Tap 40 30 L L N 
262 Tap 30 30 L L N 
263 Tap 50 30 L L N 
264 Tap 50 30 L L N 
265 Tap 50 70 L L N 
266 Tap 40 50 L L N 
267 Adv. Arg. 15 50 N N N 
268 Adv. Arg. 30 70 300 L N 
269 Adv. Arg. 50 30 L L N 
270 Tba 50 30 L 5 N 
271 Tqlpl 20 50 N L N 
272 Tqlp2 30 20 N L N 
27 3 Adv. Arg. 30 50 L L N 
274 Tap 40 50 L L N 
27 5 Tap 40 30 L L N 
276 Tap 40 30 L L N 
277 Tap 15 30 L L N 
278 Adv. Arg. 15 30 N L N 
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Sample Rock Type Cu Pb Zn Mo As 

279 High Silica 20 50 N L N 
280 High Silica 30 -30 N L N 
281 Tap 20 30 L L N 
282 Silic. Tqip1 20 30 L L N 
283 Silic. Tqlp1 20 30 N L N 
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