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ABSTRACT 

The geological aspects that involved emplacement of the La 

Cienega vein in the Sierra Madre Occidental province in the State of 

Durango, Mexico, were analyzed. The physiography and rock units 

that characterize the Sierra Madre Occidental were examined. Two 

important volcanic sequences exist. Historically, the lower has been 

the more important economically. The upper sequence is the youngest 

effusive unit in the province. Although no important orebodies have 

previously been discovered in this unit, the La Cienega vein, which is 

very promising, is associated with the upper sequence. 

The object of this study was to understand the geological 

processes that emplaced the La Cienega vein in the Upper Volcanic se

quence. Results of the investigation suggest that the mineralization is 

related to a major collapse structure and to subsequent magmatic and 

hydrothermal processes. This concept can be useful in providing bet

ter orientation for further exploration in the region. 

xii 



CHAPTER 1 

INTRODUCTION 

The La Cienega vein in Durango, Mexico, was discovered by 

local people many years ago, but no record of the circumstances of the 

find exists. At that time three small holes were opened to explore the 

vein, but obviously the inaccessibility and low grade of the orebody 

were not attractive for further development. 

In 1971, the prospect was offered by Leandro Jaquez to the 

Pefloles Group, which started immediately with an exploration program. 

Preliminary trenching, sampling, and geological mapping revealed a long 

and important mineralized structure. After this reconnaissance, a drill

ing program was begun in 1972 and finished in 1975. This diamond 

drilling program consisted of 29 holes with a total length of 9,300 m. 

From 1975 to the beginning of 1978, exploration work was sus

pended. At the end of 1978, the company began developing the El 

Carmen adit to explore the vein directly at greater depth. The length 

of this adit is 736 m. In 1980, drifting began along the vein, and an 

underground diamond drilling program was started in the second half of 

1981. The object of this current program is to improve the knowledge 

of the tonnage and grade of the ore reserves indicated by the former 

drilling program to start a feasibility study. 

No doubt exists that the La Cienega project will be in a short 

time one of the most important mining operations for metallic minerals in 

1 
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the Pefioles Group. If everything results as expected, the La Cienega 

project will soon become at least a 1500-tpd mine operation. 

Location and Access 

The La Cienega project is located at lat 25°01,18" N. and long 

106°19'00" W. It lies in the northwestern part of the State of Durango 

in the transition zone between the high plateau and western slope of 

the Sierra Madre Occidental within the municipality of Santiago Papa-

squiaro. 

The distance from Durango City to the project is 200 km in a 

straight line N. 55° W. The project is 110 km N. 75° E. from Culiacan, 

Sinaloa (fig. 1). 

Although the area of interest is relatively near these two cities, 

access to the project is difficult. The extremely rugged topography of 

the western slope makes communication and transportation to the Pacific 

Coast so difficult that the area is economically dependent on the 

interior. From Durango City, the La Cienega project can be reached 

over 181 km of highway and 153 km of improved dirt road. The trip 

by pick-up from Durango City to the village of Cienega takes 8 hours, 

and the flying time between these two points is only 1 hour. From 

Culiacan to the project's airstrip, the flying time is only half an hour. 

Purpose of Study 

The main purpose of the present thesis work has been to place 

the La Cienga vein in a regional geologic context, to evaluate the 

information obtained during the project's life, and finally to use the 
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information as a model for future exploration under similar geologic 

conditions. 
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Figure 1. Index map of Durango showing location of the La 
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CHAPTER 2 

GEOLOGICAL SETTING 

Physiography 

Sierra Madre Occidental Province 

The Sierra Madre Occidental province, in which the La Cienega 

project is situated, is the largest area of Tertiary extrusive rock in 

North America. It extends south from the Mexico-U.S. border to the 

so-called Trans-volcanic axis in central Mexico. Paralleling the Pacific 

Ocean coastline, this south-southeast-trending volcanic province is some 

1,100 km long, 200 to 300 km wide, and covers a surface area of 

a p p r o x i m a t e l y  3 0 0 , 0 0 0  k m 2  ( f i g .  2 ) .  

This huge volcanic field has been divided into four subprov-

inces each with its characteristic landform, geology, and elevation. 

From east to west, these subprovinces are the Altas Llanuras, High 

Volcanic Plateau, Barrancas, and Parallel Ranges and Valleys. 

The area of interest is located on the boundary between the 

High Volcanic Plateau and Barrancas subprovinces. The elevation of 

the outcrop of the orebody is about 2,700 m, and the vein extends 

downward to less than 2,300 m. 

High Volcanic Plateau Subprovince. The High Volcanic Plateau 

subprovince reaches the highest elevation in the Sierra Madre Occi

dental province. At the crest the elevation ranges between 2,500 and 

5 
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3,000 m. The subprovince, which averages 150 km wide, ends abruptly 

to the west at the Barrancas subprovince; to the east it slopes gently 

downward toward the Altas Llanuras subprovince. This plateau has a 

mature erosion surface defined by rolling and hilly topography cut by 

canyons extending through to the Pacific Low Lands. Because a thick 

and mostly barren sequence of younger volcanic rocks covers the rocks 

containing mineralization, this subprovince has not been important from 

a mining standpoint. 

Barrancas Subprovince. The western slope of the Sierra 

Madre Occidental province is characterized by flat-lying volcanics 

incised by deep canyons and gorges through which a number of rivers 

drain toward the Pacific Ocean. The Barrancas subprovince shows a 

young erosion surface with a rugged, mountainous zone of jagged peaks 

and V-shaped valleys. In many places these peaks have a relief 

greater than 2,000 m, the median height of the High Volcanic Plateau 

subprovince. The width of this subprovince ranges between 50 and 70 

km; the elevation above sea level is from 300 to more than 2,000 m. 

A number of important mining districts have been discovered in 

the Barrancas subprovince because erosive processes have removed the 

barren Tertiary rhyolitic capping to reveal the mineralization contained 

in the older rock sequences. 

Stratigraphy 

Although a great pile of Tertiary extrusive rock covers much of 

the older units, the stratigraphic column includes rock of Precambrian 

to Mesozoic age. Outcrops of the older rocks are widely distributed in 
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the northwestern part of Mexico (King, 1939) but are found only in a 

few scattered localities in the deep gorges of the Barrancas subprovince 

(Clark and others, 1977). Rocks younger than Mesozoic form the enor

mous Tertiary volcanic plateau. Wisser (1966) divided the stratigraphic 

column of the Sierra Madre Occidental province into basement (all pre-

Tertiary rocks) and Tertiary rocks. The description of the stratig

raphy given below follows Wisser's division but includes a Paleocene 

sequence in the basement rocks. 

Figure 3 shows the general stratigraphic column displayed in 

the Sierra Madre Occidental province. To be objective with correlations 

between the major stratigraphic units of the province and the sequences 

recognized in the area of interest, a description of regional and local 

outcropping rocks is included in this section. 

Pre-Tertiary and Paleocene Rocks 

Precambrian, Paleozoic, and Mesozoic rocks have been described 

by several investigators such as Dumble (1900), Flores (1929), and 

King (1939), mainly in the northwestern part of Mexico. 

From Precambrian to early Mesozoic time, the rocks deposited 

were mainly limestones, quartzites, and shales. Late in the Mesozoic 

Era volcanism became more important, and during early to mid-Tertiary 

time, it became dominant. Both sedimentary and volcanic processes, 

however, have occurred in the region throughout geologic time. Roldan 

and Solano (1978) reported Precambrian volcanic rocks dated as old as 

1320 m.y. B.P. in Sonora. These volcanic rocks consist of andesites 

and rhyodacites with a variable intensity of metamorphism. The same 
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investigators reported a Jurassic volcanic event in central Sonora where 

a thick sequence of volcanoclastic rocks interbedded with graywackes 

and andesitic flows is inferred to be of Jurassic age by its stratigraphic 

position. 

The basement of the Sierra Madre Occidental itself comprises 

Mesozoic volcanic and sedimentary rocks. Two different environments 

prevailed during deposition. In the west, the products of extrusive 

phenomena were deposited into a series of elongated basins, probably 

associated with a volcanic island arc. The resulting rocks are a thick 

volcanosedimentary sequence. At that time the area was covered by a 

shallow sea on whose floor great thicknesses of limestone and clastic 

rocks were deposited. To the east, the area was apparently emergent; 

erosion processes cut the exposed surface and a sequence of continental 

conglomerates and red beds was deposited. 

Jurassic Rocks. The oldest rocks in the region described as 

basement rocks consist of a deformed and metamorphosed sequence of 

black graywackes and slates overlain by sandstones, shales, and con

glomerates. Some isolated coal lenses have also been reported within 

this sequence (Clark and others, 1977). This sequence is poorly 

exposed in the Barrancas subprovince, and very little is known about 

its thickness and age. Clark and others (1977) have correlated this 

sequence on the basis of the coal lenses with the Barranca Formation 

described by Dumble (1900) in Sonora. 

Cretaceous Rocks. During the Cretaceous Period, volcanism 

became more intense and was active through Cretaceous to Early 
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Tertiary time. Several localities in Sonora have rocks with ages 

ranging from 140 to 125 m.y. (Late Jurassic-Early Cretaceous). They 

are composed of water-deposited andesites (Roldan and Solano, 1978). 

In the Barrancas subprovince, outcrops of these volcanic rocks are 

widespread. In the Reforma mine area, which is located 300 km N. 41° 

W. from the project (fig. 2), propylitized andesitic flows and tuffs 

interbedded with wackes and other arenites are covered by 

Aptian-Albian limestones (McAnulty, 1977). In the Cosala mining 

district, located 83 km S. 26° W. from the project (fig. 2), a series of 

tuffs, sandstones, and limestones apparently overlie limestones of 

Aptian-Albian age (Cibula, 1974) and may be tentatively correlated with 

the upper gray wackes of the Reforma area (post-Cenomanian) (Solano, 

1980). 

From the end of the Cretaceous period to the Eocene (Laramide 

age, 80 to 50 m.y.) a major phase of intrusive and extrusive magmatic 

activity took place. 

Paleocene. Although rocks of the Paleocene Epoch belong to 

the Tertiary, they are included in this section because they are part of 

the basement of the Sierra Madre Occidental. Clark and others (1977) 

described a conglomerate of this age, which they named, the Guanacevi 

formation. This erosional-stage formation is a continental conglomerate 

composed of fragments of quartz, quartzite, schists, phyllite, and 

volcanic rocks in an arenaceous matrix. 
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Pre-Tertiary and Paleocene Rocks 
in the La Cienega Area 

Rocks of this age do not crop out in the project area. They 

belong to the lower units of the Barrancas subprovince. The point 

nearest to the La Cienega project from where Jurassic rocks have been 

described is in the San Miguel del Cantil area (Clark and others, 1977). 

This area lies about 15 to 20 km S. 23° E. of the project (fig. 1). 

Rocks of Cretaceous age are widely distributed in the Barrancas 

section, but in the project area no outcrop of this age is reported. 

Tertiary Volcanic Rocks 

The great thickness of volcanic rocks that constitutes the 

Sierra Madre Occident province was erupted during two major volcanic 

events. The older volcanic rocks are intermediate to silicic in com

position; they are mainly andesitic to rhyolitic flows and tuffs. Out

crops of these are extensive and widely distributed in the canyons of 

the Barrancas subprovince. After a quiescence stage a younger and 

more silicic explosive volcanism erupted; it forms the High Volcanic 

Plateau subprovince. 

These two volcanic episodes are subdivided into two major vol

canic sequences: Lower Volcanic and Upper Volcanic. Both sequences 

b u i l t  u p  t h e  l a r g e  v o l c a n i c  p l a t e a u  ( f i g .  2 ) .  

Lower Volcanic Sequence. The Lower Volcanic sequence, which 

is characterized by andesite and subordinate rhyolite flows, tuffs, and 

volcanic breccias, is estimated to be more than 1,500 m thick. Because 

of its association with ore values, several investigators have described 
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this sequence in a number of localities, among which the Tayoltita and 

Topia mining districts are outstanding. 

During the Laramide orogeny, a widespread intense volcanism 

took place, covering a large area. Ages determined by the K-Ar 

method for samples of this sequence from Durango, Sinaloa, Chihuahua, 

and Sonora range between 58 and 27 m.y. (Clark and others, 1977). 

Samples of intrusive rocks that cut this volcanic sequence have been 

dated from 70 to 50 m.y. B.P. (Fredrikson, 1974). Consequently, the 

inferred age for the Lower Volcanic sequence ranges from Late Cre

taceous to late Oligocene, suggesting that volcanism occurred at least 

episodically over a large span of time from Early Cretaceous to the 

Tertiary. Lithological differences between these volcanic sequence in 

different parts of the Barrancas subprovince implies that there were a 

number of sources at different times. The presence of fragments of 

older volcanic rocks in metasedimentary rocks underlying Cenomanian 

limestone in Sinaloa supports Bonneau's idea (cited by Henry, 1975). 

The Lower Volcanic sequence is particularly attractive from a 

mining point of view because the rocks of andesitic composition are an 

important host for mineralization. In addition, erosive processes have 

stripped off the barren capping of the Upper Volcanic sequence to re

veal the geologic evidences of mineralization. 

In the Tayoltita mining district, shown in figure 2, Hersey 

(cited by Henry, 1975) divided the Lower Volcanic sequence into four 

units. He named them, from oldest to youngest: Socav<5n rhyolite, 

Buelna andesite, Portal rhyolite, and Productive andesite. This alter

nating rhyolite-andesite sequence exceeds 1,500 m in thickness. 
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The SocavOn rhyolite, the lowest unit, is a structureless 

rhyolitic quartz porphyry of with abundant volcanic fragments. Ig-

nimbrite beds occur in the lower part, and a large part of the unit 

resembles a lahar deposit. This unit is 700 to 1,000 m thick. 

The Buelna andesite is an indurated tuff with flow-banded rock 

containing fragments of rhyolite. Its thickness does not exceed 75 m. 

The Portal rhyolite is an indurated rhyolitic tuff that was 

emplaced, in part, either as ignimbrite or as a flow-banded tuff. This 

unit exhibits abundant volcanic fragments, and its thickness is 125 m. 

The Productive andesite is, in part, a fine-grained andesite 

flow rock with phenocrysts of augite and zoned plagioclases and with 

small fragments of dark volcanic rocks and, in part, a fragmental in

durated lithic tuff, which includes some water-laid units (Fredrikson, 

1974). Thickness is over 500 m. This unit is the predominant host 

rock for mineralization at Tayoltita due to its competency and reactivity 

(Smith, 1973). 

In the Topia mining district, 50 km northwest of the La Cienega 

project, the favorable host rock for mineralization is also an andesite 

named by Lemish (1955) the Topia andesite. He divided this unit into 

three members known as Santa Ana, Carmen, and Los Hornos. The 

total thickness is about 1,400 m. All three members consist of inter-

bedded augite andesite tuffs and lavas deposited conformably on each 

other. This sequence of tuffs and lavas is believed to be the upper 

part of a very thick section (Lemish, 1955). 

Andesitic rocks show a pervasive propylitic alteration zone 

surrounding the epizonal diorite-granodiorite plutons (Bagby and 



others, 1976). A good summary by Lemish (1955) points out this fact 

and also shows the typical landscape of the Lower Volcanic sequence 

(fig. 4). The nearly horizontal rhyolite strata were erupted late in the 

volcanic history and represent the barren Upper Volcanic sequence. 

Upper Volcanic Sequence. After a quiescent period in which 

erosive processes affected the recently deposited volcanic series, an 

explosive episode of volcanism began, producing the youngest acidic 

eruptive sequence in the volcanic history of the Sierra Madre Occidental 

(fig. 5). Rocks from the explosive episode lie uncomformably on the 

Lower Volcanic sequence; locally there is an angular relationship be

tween the tilted andesites and the flat-lying upper sequence in the 

Topia district (Lemish, 1955). 

Fredrikson (1974) in his description of the geology of the 

Mazatlfin area divided the Upper Volcanic sequence into two subunits, 

which he named the Lower and Upper subunits. The Lower subunit 

rests uncomformably upon the Lower Volcanic sequence and is composed 

of flows and pyroclastic rocks of andesitic composition, cross-bedded 

red beds, sandstones, and boulder conglomerates including lahar de

posits. The clastic rocks of this Lower subunit may represent a lapse 

of time in which erosional processes acted on the andesitic deposits 

before deposition of the first ash-flow tuff sheet of the rhyolitic 

volcanism that corresponds to the Upper subunit. 

This stage of volcanism was characterized by explosive erup

tions represented by a rhyolitic to rhyodacitic series of ash-flow tuffs 

or ignimbrites interbedded with intermediate flows and tuffs, rhyolitic 

domes, air-fall tuffs, and vitrophyres. (The terms "ash-flow" and 
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Figure 4. Typical landscape of the Sierra Madre Occidental 
province. — After Lemish (1955) 

Lower andesitic outcrops, corresponding to Lower Volcanic se
quence, are cut by intrusive rocks surrounded by alteration haloes. 
Flat-lying rhyolite strata correspond to Upper Volcanic sequence. 
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Figure 5. Aerial view of the typical flat-lying Upper Volcanic 
sequence. — This sequence crops out commonly in the highest part of 
the Sierra Madre Occidental province. 
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"ignimbrite" are used interchangeably.) The end of this stage is 

defined by basaltic flows. Total thickness of this unit as a whole is 

believed to be 1,000 to 2,000 m. 

Several students of the University of Texas at Austin have 

been working on these ignimbrites along Highway 40 (Durango-Mazatlan) 

(fig. 1). These studies are the most recent and complete of the Upper 

Volcanic sequence. Waitt (1970), Whal (1973), Keizer (1974), Swanson 

(1974), and Lyons (1975) reached interesting conclusions about age, 

lithology, thickness, origin, source vents, etc. According to them, the 

age of the emplacement of the Upper Volcanic sequence, as a whole, 

ranges between 34 and 21 m.y., i.e., mid-Oligocene to early Miocene. 

Differences in age were found between the rocks ejected in the eastern 

and western parts of the High Volcanic Plateau. Ignimbrites in the east 

were ejected between 31 and 29 m.y. B.P; whereas in the west the 

common age is around 23 m.y. 

Slight chemical differences and degree of welding and com

paction were also found along Highway 40 between both portions. To 

the west, ash-flow tuffs are crystal poor with more calcium, alumina, 

sodium, iron, manganese and titanium and less silica and sodium than 

in the eastern rocks. Hence the eastern ignimbrites lie intermediate 

between a calc-alkalic and an alkalic series (Swanson, 1974) and the ig

nimbrites near the Barrancas subprovince belong to a calc-alkalic suite 

(Waitt, 1970). 

The most striking difference cited by Waitt is in the degree of 

welding and compaction of these two ignimbrites. Highly welded and 

generally well foliated, flat-lying ignimbrites with many basal 
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vitrophyres are present in the west. The eastern ignimbrites are 

moderately compacted and poorly welded. The differences are due, in 

part, to the thickness and emplacement temperature. 

The eruptive centers for the colossal piles of ash-flow tuffs 

that occupy the plateau subprovince are supposed to be at least, in 

part, large oval-shaped structures related to calderas. Lyons (1975) 

described a large caldera near Durango City and named it the Chupa 

deros caldera. Another similar structure, approximately 100 km west of 

the same city was mentioned by Clark and others (1977). MacDowell 

and Clabaugh (1979) believed that 200 to 400 is realistic for the 

number of calderas within the Sierra Madre Occidental. 

Tertiary Volcanic Rocks 
in the La Cienega Area 

Lower Volcanic Sequence. Rocks of this sequence are not 

exposed in the La Cienega project area. Only a few of the deepest 

diamond-drill holes intersected the upper part of the andesitic bulk 

(Souza and Gaytan, 1975). This rock can be seen on the surface 5 km 

south of the project. 

Lavas, tuffs, and volcanic breccias of intermediate composition 

are the main constituents of this sequence. A conglomerate that defines 

an erosional uncomformity between the Lower and Upper Volcanic groups 

rests on the top of the former. This conglomerate has not been found 

in the project area, but is reported in the vicinity. 

The conglomerate reaches 50 m in thickness and is composed of 

subangular to subrounded fragments. The fragments are occasionally 
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larger than 50 cm in diameter, but size more commonly ranges from 5 to 

15 cm. The clastic constituents are andesitic, and they range in color 

from reddish brown to green. The matrix is also clastic, cemented by 

calcareous material (fig. 6). 

During the regional field reconnaissance, andesites were recog

nized as a single unit and no attempt was made to separate individual 

beds. Nevertheless, it was possible to distinguish between lava flows 

and pyroclastic rocks by their intrinsic characteristics. The lavas are 

medium grained with porphyritic texture, and color is either purple or 

green; flow-banding structure is common. Tuffs are greenish gray, 

volcanoclastic, and medium to coarse grained; the lithic fragments are 

generally chloritized. 

Upper Volcanic Sequence. The outcropping rocks of the La 

Cienega project area are completely within flat-lying rhyolite terrain. 

Locally, it is situated on a homoclinal structure with beds gently tilting 

southwest. Dips range from 15 to 42 degrees; however, dips around 

28 degrees are the most common. 

Three major volcanic units were recognized in this area. They 

uncomformably overlie the andesitic unit of the Lower Volcanic sequence 

and will be subsequently referred to as the Oldest, Middle, and Young

est units. The Oldest and Youngest units are composed mainly of ash-

flow tuffs of rhyolitic-rhyodacitic composition. The Youngest unit also 

has ash-fall and vitric tuffs of great thickness that are not seen in the 

Oldest unit (figs. 7 and 8). The Middle unit is represented by 

andesitic flows and tuffs and is easily recognized in the field by its 
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Figure 6. Conglomerate separating the Lower and Upper Voi-
canis sequences in some areas of the Sierra Madre Occidental province 

Figure 7. Ash-flow tuff of Youngest unit. — This tuff is 
characterized by thickness of rock of volcanoclastic texture (lower part) 
and volcanic glass (upper part)* 
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Figure 8. Ash-fall tuff of Youngest unit interbedded with ash-
flow tuffs. — The tuffs are characterized by thin bedding and well-
sorted fragments in each strata 
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dark color and the "onion" structure due to spheroidal weathering (fig. 

9). 

Another important unit, which forms scattered patches of 

exposure and rests on the Middle unit, corresponds to the rhyolitic 

flows that came from a series of aligned subvolcanic domes. 

Comparison of Lower and Upper Volcanic Sequences. Both the 

Lower Volcanic and Upper Volcanic sequences are very similar in com

position, and their sources appear to have been in the same general 

location, but Henry (1975) and Fredrikson (1974) described some basic 

differences. The presence of a large pervasive propylitic halo caused 

by plutonic activity is a basic characteristic of the Lower Volcanic 

sequence, whereas this halo is usually absent in the Upper Volcanic 

sequence. Another feature easily distinguished in the Lower Volcanic 

sequence is the abundant and predominant andesite flows with thick 

lahar deposits. Rhyolites in this sequence are present in subordinate 

amounts and are generally more potassic, showing sanidine and 

anorthoclase megacrysts. Rhyolites of the Upper Volcanic sequence, 

which are mainly deposited rocks with basaltic volcanism, are more cal

cic with no sanidine or anorthoclase. 

Intrusive Rocks 

An important period of plutonic magmatism is revealed in the 

Barrancas subprovince and the Pacific Coast Low Lands. There is no 

available information regarding pluton outcrops in the High Volcanic 

Plateau, but they do occur east of the mountain front (Clark and 

de la Fuente, 1976). 
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Figure 9. Andesitic beds of Middle unit showing the common 
"onion" structure due to spheroidal weathering 
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Plutons vary in composition; the larger group consists of 

quartz-bearing granitic rocks, predominantly granodiorite with major 

but subordinate amounts of quartz diorite and quartz monzonite. Dio-

rite and gabbros make up a second smaller group. 

K-Ar and U-Pb isotopic ages of these plutons reveal that intru

sive magmatism was_ active for about 55 m.y. Older plutons with an age 

of more than 100 m.y. were emplaced near the Pacific Coast. Through 

time, i.iagmatism became younger toward the continent, and 45 m.y. 

corresponds to the youngest data from granodiorite plutons. Magmatism 

probably continued until 20 m.y. B.P. if isotopic ages from later 

ignimbrites are included (Henry, 1975). 

Intrusive Rocks in the La Cienega Area 

Intrusive rocks are not broadly exposed in the La Cienega 

area, but two kinds of intrusive rocks with different depths of cooling 

can be seen in this area. Plutonic activity is represented by a very 

small granodiorite outcrop 4.5 km north-northwest of the village of La 

Cienega de Nuestra Seilora. The outcrop is shaped like a cupola. Its 

largest dimension is 20 m, and its height is 7 m (figs. 10 and 11). 

Several fragments of the ignimbrite country rock appear on the crust of 

this dome-shaped plug. The larger fragments are up to 50 cm. 

The second type of intrusive rock is represented by a dike of 

subvolcanic rhyolite exposed in an arcuate form with a general north

west trend through the village. This dike is interpreted as being a 

segment of an igneous ring dike around a collapsed structure and may 

correspond to an emission conduit. 
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Figure 10. Outcrop of granodioritic pluton (darker zone) sur
rounded by Upper Volcanic sequence.— The longest dimension of this 
intrusive outcrop is 20 m. Timber truck to left provides scale. 

Figure 11. Hand specimen of granodiorite pluton with clearly 
phaneritic texture shown by long crystals of K-spar and biotite 
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Two characteristic features were noted, at least locally, along 

the structure. First, brecciated texture is observed. Repetitive 

pulses of the magmatic chamber appear to have cracked the original 

tabular structure, suggesting different stages of emission. A second 

characteristic is a vertical flow banding parallel to the dike trend. 

Even though it is less conspicuous, it also suggests a vent area (fig. 

12). In other places the dike, which did not reach the surface during 

emplacement and is still concealed, maintains its original subvolcanic 

porphyritic texture (fig. 13). 

Structure 

Regional Lineaments 

The ash-flow tuffs of the Upper Volcanic sequence are excellent 

marker units for the structural pattern of the Sierra Madre Occidental 

province. Because they were originally deposited as flat-lying units in 

a relatively short time span, almost any tectonic disturbance is reflected 

in the attitude of the volcanic rock. 

Two distinct sets of normal faults, oriented at right angle to 

one another, form the structural pattern. The north-northwest-

trending set appears to be dominant, with the east-trending set as a 

subsidary pattern (fig. 14). 

After emplacement the flat-lying Upper Volcanic sequence was 

arched into a broad anticline whose gentle east limb forms the back 

slope of the High Volcanic Plateau (Wisser, 1966). Normal faulting 

along north-northwest-trending lines exists in both limbs of the anti

cline. To the west of the axis (roughly situated in the Barrancas 
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Figure 12. Outcrop of the quartz porphyry dome near the 
village of La Cienega de Nuestra Seflora. — Note the vertical flow 
banding in the central part. 

Figure 13. Concealed quartz porphyry exposed in road cut 
near La Quebradita Creek. — Texture and color of the rock make it 
easy to distinguish from country rock. 
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subprovince) faults dip east. Successive eastern blocks are down-

thrown and tilted toward the west. Major faults occur at regular 

intervals of 5 to 10 km with individual vertical offsets greater than 1 

km. Eastward from the axis, this pattern is reversed. Each eastern 

block is uplifted in relation to its neighbor and tilted east; the major 

faults dip westerly. On the High Volcanic Plateau, this structure fades 

out and only small normal faults with vertical offsets of 100 m interrupt 

the flat- lying ash-flow tuff sequence (Waitt, 1970). 

The second set of normal faults is oriented east-northeasterly. 

This set is not easily observed even though the amount of offset is 

comparable to that of the north-northwest-trending set. In places the 

east-northeast-trending faults offset the north-northwest-trending set, 

but in some other places the opposite relationship holds. The two sets 

are probably roughly coeval (Henry, 1975). 

Ojito de Camellones Caldera 

An aerial photographic study, scale 1:80,000, carried out over 

the region where the La Cienega project is located detected faults and 

fractures featuring a singular pattern: a concentric set of arcuate 

linear structures (fig. 14), the Ojito de Camellones caldera. This large 

oval-shaped structure defined by curved structures was the outstanding 

feature observed in the area of interest. It was developed during a 

major collapse that evidently occurred during mid-Tertiary time. Within 

this large collapse structure several other arcuate fault zones define a 

nested cluster of individual smaller structures. A number of mineral

ized tabular structures appear to be related to the subsidence and 
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subsequent magmatism. The La Cienega vein is the most relevant 

example investigated so far. 

To check the evidences given by the aerial photographs, two 

traverses were made during a preliminary field reconnaissance. Figure 

15 shows the result of these traverses. Even though the real attitudes 

of major structures are not known with certainty, they were inferred 

from the surface information. 

Ring Fault Zone. A well-defined elliptical structure is bounded 

by a ring of long curved fractures and faults. Surface evidence shows 

that all these fractures and faults are vertical or dip steeply inward 

around the major structure (fig. 15). The outermost limits are approx

imately 22 km on the major east-west axis and 18 km on the north-south 

axis (fig. 14). A series of superimposed small circular structures are 

also defined by curved fractures. At least nine of these structures 

have been detected and probably many others remain undetected. 

Diameters of these smaller circular features range from 3 to 9 km. 

All the circular overlapping volcanic subsidence features, in

cluding the largest one, are interpreted as representing source vents 

for the thick pile of ash-flow tuffs and associated lava and breccia flow 

deposits that surround the Ojito de Camellones caldera. 

Resurgence. The oval-shaped structure appears to be related 

to an upward movement during the last stage of magmatism. Several 

lines of evidence suggest doming of the caldera floor. The topographic 

relief shows that the rocks that were deposited horizontally are today 
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Figure 15. Interpreted geologic cross sections through the Ojito de Camellones caldera 
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tilted. As an example, the volcanic beds in the La Cienega area are 

tilted about 30 degrees against the caldera walls. Also, the andesitic 

unit on the western part of the structure is inclined. It crops out at 

levels even higher than the caldera rim. Absence of the younger ash-

flow tuff unit in this portion of the caldera was probably due to the 

vertical uplift during resurgence, and these rocks were probably more 

exposed to erosive processes (fig. 15). 

The fingerlike granodioritic intrusion, mentioned before, implies 

that a shallow major pluton caused the resurgence, and it may demon

strate that magmatism continued after collapse and the eruption of the 

younger ignimbrites. 

Igneous Ring Dike. Smith, Bailey, and Ross (1961) have de

scribed a similar igneous event in the Valles caldera, New Mexico. 

According to them, tensional reopening of the caldera ring fractures 

during doming provided channeling for the magma to form a dike that is 

considered to be the surficial equivalent of the plutonic intrusion. 

At the Ojito de Camellones caldera the igneous ring dike 

complex crops out around the collapsed zone. Figure 14 shows where 

the dike was mapped during the field reconnaissance, but it undoubt

edly continues all around the zone. 

The igneous ring dike can be traced on the surface by a series 

of aligned flow domes along the limit of the subsided block (fig. 15) 

and by outcrops of the tabular structures of porphyritic subvolcanic 

texture that in many places are today concealed by the volcanic rocks 

(fig. 13). 
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Volcanic History of the Caldera 

The mechanism for developing a caldera has been described by 

several authors, and with few exceptions, all reached the same conclu

sions. To explain the events that took place during Tertiary time to 

create the Ojito de Camellones caldera, it is convenient to evoke the 

cycle for the evolution of a resurgent caldera proposed by Smith and 

Bailey (1968). Table 1 summarizes the geologica events of the resurgent 

caldera described by Smith and Bailey. Data gathered during the pre

liminary field study suggest that a similar collapsed structure should be 

proposed. Parallelism to geologic events in other similar volcanotectonic 

structures in New Mexico, Colorado, and elsewhere in the United States 

facilitates a reconstruction of the events in the development of the Ojito 

de Camellones caldera. 

Precollapse Events 

In the mid-Tertiary during Oligocene time, volcanism started 

again in the Sierra Madre Occidental province after magmatism phenom

ena provided a zone of weakness for channeling the volcanic debris 

(fig. 16A). The two principal cooling units extruded during this time, 

which range from rhyodacitic to andesitic, are the Older and Middle 

units, respectively. 

An initial relatively quiet effusion of rhyodacitic lavas was pre

ceded by a more explosive eruption, perhaps a Mount Pelee type, that 

came through a series of central vents, leaving a series of ash-flow 

tuffs and associated pyroclastic rocks. At the end of this initial vol

canism and probably due to magmatic differentiation inside the magmatic 



Table 1. Geologic events of the resurgent-cauldron cycle 

Duration 
in Valles 

Stage Structural Events Volcanic Events Sedimentary Events Plutonic Events Caldera 

I Regional tumescence and 
propagation of ring and 
radial fractures with 
possible apical graben 
subsidence 

Eruptions due to 
leakage along 
radial or ring 
fractures 

Erosion of the 
volcanic highland 

Compositional zonation 
in magma chambers, in
creasing magma pres
sure. Minor intrusion 

4 x 10® yr 

II Major ash-flow 
eruption, 50-500 mi3 

degassing and skim
ming of zoned top 

10 yr 
(estimate) 

III Caldera collapse Overlap with stage 
II in some caldera 

Avalanches and slides 
from caldera walls 

Disequilibrum 10 yr 
(estimate) 

IV Minor pyroclastic 
eruptions and 
lavas on caldera 
floor in some 
caldera 

Caldera fill; talus, 
avalanches, slides, 
fans, lake deposits 
deposits 

Consolidation of magma 
caught in ring frac
tures (residual ring 
dikes). Progressive 
recovery of equilibrium 
Beginning of minor 
ring intrusion. 

10® yr 

V Resurgent doming Possible ring-
fracture 
volcanism and/-
or eruption in 
dome fractures 

Caldera fill con-
(lake overflows 
caldera is breached 

Rise of central pluton 
and perhaps a ring-
intrusion stage 

VI Possible regional 
tumescence and 
reopening of ring 
fractures 

Ring-fracture 
volcanism. 
Possible stage 
II eruption of 
next cycle. 

Caldera continues 
late lake sediment. 
Erosion of fill. 
Fill erosion. 

Final emplacement and 
differentiation of 
intrusion. Possible 
stoping by central pluton 

8 x 10® 

± 10® yr 

VII Terminal fumarolic 
and hot spring 
(hydrothermal 
alteration) 

Erosion. Erosion 
fill 

Crystallization of major 
pluton. Possibly an 
major ore-forming stage 

10® yr 

co 
cn 



A. Erosion of the Lower Volcanic Sequence. 

D. CoiiapM and probable overlap with huge eruption. C. Deposition of Middle Unit 

E. Doming of the caldera floor and tremendous 

eruption leaving thick pile of ignimbrltes. 

E Resurgence and hot spring activity (hydrothermal 

activity). 

Figure 16. Volcanic history of the Ojito de Camellones caldera 
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chamber, an andesitic volcanism followed the acidid volcanism. The 

source vents for this volcanic episode are assumed to have been open 

craters (fig. 16B). 

The foregoing presubsidence history appears to be common in 

the development of other calderas. In the western San Juan Mountains 

of Colorado the old volcanic unit, consisting of rhyodacitic lava flows 

and flow breccias, ash-flow tuffs, tuff breccia, andesitic lava flows, 

and other pyroclastic rocks, was ejected by a cluster of aligned vol

canoes during early Oligocene or probably late Eocene time (Luedke and 

Burbank, 1968). 

Caldera-forming eruptions at Mount Belknap in the Marysvale 

volcanic field commenced about 30 m.y. B.P. and continued until 17 

m.y. B.P. The initial eruptions were intermediate to acidic, and the 

resulting rocks were accumulated around many scattered and locally 

clustered stratovolcanoes (Cunningham and Steven, 1977). Another 

similar example from a Paleozoic silicic igneous province in Australia was 

described by Branch (1965, p. 46) as follows: 

The sequence of events in the ring complexes is similar to that 
in the cauldron and may be grouped into three phases: 

1. Early volcanic phase, with eruptions of acid volcanics 
from central vents. 

2. Caldera phase, with eruptions of basic to acid air-fall 
pyroclastic and moderately large ash-flows from volcanic ring 
dike filled with fluidized acid magma. 

3. Underground cauldron subsidence phase with intrusions 
of ring dikes and stocks. 

Collapse Events 

When the magmatic chamber at Ojito de Camellones had been 

partially depleted as a result of the initial ejection of pyroclastic flows, 
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the roof of the chamber collapsed, forming an impressive bowl-shaped 

structure. At present, it is difficult to define whether collapse 

occurred as described or if it was concurrent with a tremendous erup

tion during which very large volumes of material were removed. 

Smith and Bailey (1968) pointed out that the major collapse at 

the Valles caldera might have followed the major eruption as the second 

of two events that took place within only a few days, such as in the 

Krakatoa-forming caldera eruption in 1883. According to Smith and 

Bailey the span of time between eruption and collapse is similar to that 

in the classic "cork on the full bottle" effect. 

On the other hand, collapse may occur at the end of the first 

volcanic stage and after withdrawal of magma extruded as pvroclastic 

flows (Branch, 1965). Luedke and Burbank (1968, p. 194) stated in 

regard to the San Juan volcanic depression: "Initial development of the 

depression is thought to have occurred late in the building of the tre

mendous pile of volcanic debris of the old unit; probably partial 

destruction and partial engulfment of the source vents caused a foun

dering of the central crustal block." 

These investigators also suggested the existence of a high-level 

magmatic chamber that was developed during the precollapse episode in 

the San Juan Mountains area. This chamber and the regional uplift 

produced tensional forces on the overlying rocks resulting in a radial 

and circumferential fracturing pattern. Probably some of the regional 

preexisting structures had more influence in developing the fracturing 

and faulting rings before the collapse. 
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Postcollapse Events 

Less intensive intracaldera volcanism probably continued after 

subsidence. Part of the pyroclastic debris was deposited into marginal 

lakes (fig. 16D), which were formed within and around the newly 

developed volcanotectonic depression, producing the water-laid tuffa-

ceous beds seen in La Cienega de Nuestra Seflora village. Also at this 

time the caldera floor began an up-bowing movement caused by renewal 

of magmatic activity in the chamber (Smith and Bailey, 1961). As a 

consequence of this initial doming violent eruption took place (fig. 

16E). 

The turbulent mixture of gases and solids that exploded vio

lently spread out over an extensive area leaving a thick pile of ash-flow 

tuffs. The conduits for this colossal ejection were ring faults around 

the collapsed zone. This fissure-type vent, according to Ross and 

Smith (1961), is the most adequate explanation for the large volume of 

ash-flow tuffs. Nevertheless, at least one central vent was described 

by Luedke and Burbank (1961) as a source vent for nu6es ardentes in 

the western San Juan Mountains, Colorado, during the large eruption. 

The last stage of magmatism activity was perhaps marked by the 

intrusion and eruption of a ring of subvolcanic domes emplaced all 

around the ring faults that once acted as channels for the nu£es ar

dentes. This ring of flow domes worked its way surfaceward and now 

appears as an igneous ring complex with associated flow rocks. It is 

reasonable to assume that the surficial domes are the equivalent of a 

central pluton and associated ring dikes (Smith and others, 1961). 
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The presence of a small outcrop of a plutonic granodiorite on 

the western edge of the Ojito de Camellones structure suggests the 

former presence of a shallow batholitic magma chamber larger than the 

associated subsided structure. Plutonic activity during the final stages 

of extrusive-intrusive activity was accompanied or followed by a hydro-

thermal and mineralizing phase (fig. 16F). The base-metal orebodies 

were emplaced on the normal fault zones that were produced during the 

collapse and reopened by tensional forces during the resurgence. 

Mercury-bearing mantos, however, appear as metasomatic replacements 

in tuffaceous horizons. It is therefore believed that ring faulting 

provided the channels for some mineralizing fluids before the emplace

ment. 

Classification of the Caldera 

Taking into account the above general descriptions, it is con

cluded that the Ojito de Camellones caldera belongs to the resurgent 

caldera class of Smith and Bailey (cited by McDonald, 1972). It was 

classified as a Valles-type caldera by McBirney and Williams (1969). 



CHAPTER 3 

PETROLOGY AND MINERALOGY 

Petrology 

To provide more detailed information about the outcropping 

rocks in the La Cienega area, 70 hand specimens were collected during 

the field reconnaissance and were studied under the microscope by 

Efren Perez S. and Ariel Echavarri P. in their laboratory in Hermosillo, 

Sonora. The petrographic studies shed additional light on the compo

sition of the volcanic units of this area, but the results were, in 

general, as expected from information gathered during the field study. 

The following pages contain a detailed description of the Oldest, 

Middle, and Youngest units. Petrographic studies were also carried out 

on specimens from the flow domes and a small plug of the plutonic rock. 

Oldest Unit 

The Oldest unit, which is the most widely exposed in the 

project area (fig. 17) composed of thick ash-flow tuffs and a few sheets 

of volcanic flows. It is believed to be the first unit of the Upper 

Volcanic sequence. 

To study this unit under the microscope, several samples were 

collected and separated according to their textural appearance. Pyro-

clastic texture is by far the most common, although the texture changes 

locally to vitroclastic, especially in the eastern part of the area. 
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Figure 17. Geological map of the La Cienega project 
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Porphyritic texture, detected in some volcanic flows, is not abundant, 

but it can be noted in the field. 

Rocks with pyroclastic and vitroclastic texture are composed of 

three types of rock fragments that account for 5 to 10 percent of the 

total volume of the rock (figs. 18-21). 

1. Rhyodacitic-rhyolitic fragments exhibit a porphyritic texture 

with phenocrysts of bipyramidal quartz and euhedral plagioclases; some 

of the phenocrysts are zoned. Biotite is also observed in some of the 

lithic fragments. These rock-forming minerals are enclosed within a 

matrix of xenomorphic or microcrystalline quartz (fig. 19). 

2. Andesitic fragments show microlithic texture with abundant 

microcrystals of plagioclase and in some places biotite (fig. 18). 

3. Vitric fragments that in some places make up as much as 87 

percent of the sample volume give the vitroclastic texture to this rock 

and appear as spherulites or shards, generally altered to clay minerals. 

Where glassy products are not altered it is easy, however, to distin

guish them as obsidian or perlite. 

Another rock constituent is relatively abundant quartz pheno

crysts, which always appear broken and corroded, but some show a bi

pyramidal fabric with corrosion pits. The total content of quartz 

phenocrysts in the rock ranges from 8 to 15 percent. Abundance of 

orthoclase, another mineral constituent, ranges in percentage from 3 to 

10, with sericite showing varying degrees of alteration. It also has 

rounded rims caused by corrosion. Individual automorphic crystals are 

very sparse. All potassic feldspar (K-spar) crystals show carlsbad bk 
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Figure 18. Photomicrograph of rhyodacitic ash-flow tuff with 
pyroclastic texture. — Rock sample is composed of corroded quartz 
crystals (central part) and rock fragments, some of which have micro-
lithic texture (lower right) altered to illite. Matrix is composed of 
devitrified material. Sample LC-42; natural light; X2.5. 

Figure 19. Photomicrograph of altered welded tuff of pyro
clastic texture.— Note numerous broken and corroded quartz crystals 
(upper and central part) and rhyolitic fragments altered to clay 
minerals (lower part). Matrix contains shards. Sample LC-46; crossed 
nicols; X2.5. 
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Figure 20. Photomicrograph of partially altered welded tuff of 
pyroclastic texture. — Note quartz phenocryst with corrosion gulfs 
(right) and welded tuff fragment (left). The spherulithic feathers are 
vitrophyric material that composes the matrix. The white globules are 
clay minerals in the matrix. Sample LC-38; crossed nicols; X6.3. 

Figure 21. Photomicrograph of altered welded tuff with por-
phyritic texture. — The devitrified shards are altered to montmorillon-
ite and other clay minerals. Sample LC-48; crossed nicols; X6.3. 
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twinning. Infrequently, K-spar appears as a product of devitrification, 

but it is always corroded. Plagioclases, showing polysynthetic twinning 

and representing 5 percent of the total phenocrysts, also appear broken 

and corroded. Other minor constituents are biotite (l%-5%), dull min

erals (< 5%), and sphene and zircon (< 1%). 

All of these rock-forming minerals are contained in a ground-

mass of xenomorphic and globular quartz and K-spar. In many speci

mens the matrix of the rock is vitrophyric, showing varying degrees of 

devitrification. 

Because of the characteristics mentioned above, it is easy to 

recognize the rock as an ash-flow tuff of rhyolitic to rhyodacitic 

composition. 

Rocks with porphyritic texture are less abundant in this unit. 

They are represented bj' volcanic flows interbedded in the thick se

quence of ash-flow tuffs. Only two thin sections of these flows were 

studied under the microscope. Their appearance was described as fol

lows. 

Quartz phenocrysts make up between 5 and 8 percent of the 

rock and are present as euhedral crystals. K-spar and plagioclases 

represent 60 and 20 percent of the total phenocrysts, respectively. 

They appear as clusters or as individual crystals that are possible to 

identify by their twinning. Plagioclase has polysynthetic twinning and 

exhibits zoning; in some places it is replaced by calcite. 

Hornblende is abundant and constitutes up to 10 percent of the 

crystalline phase. These crystals are generally oxidized from the 
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perimeter to the center of the crystal. Sphene is occasionally iden

tified, but it is rare. 

The matrix is microlithic and globular. Microlites are of plagio-

clases, and globules are of K-spar. Xenomorphic quartz is also present 

in the matrix. 

The volcanic flows are also of rhyodacitic composition, similar to 

that of the pyroclastic-textured rock. 

Middle Unit 

The Middle unit crops out extensively in the project area. The 

geological map (fig. 17) shows the distribution of this unit, which was 

also sampled from the outcrops and drill holes. 

Two distinct textural groups can be found in this unit. Rocks 

with porphyritic texture are the most widely exposed in the area. 

Rocks with clastic texture are less abundant, but they are also 

observed. 

Rocks of porphyritic texture may correspond mainly to the vol

canic flows that are the most abundant constituent of this unit and to 

pyroclastic tuffs. The porphyritic texture is shown in phenocrystals of 

plagioclase in a proportion from 30 to 60 percent of the total content of 

crystals (fig. 22). Polysynthetic twinning, sometimes zoned, is ob

served in the automorphic plagioclases with rounded rims. A variable 

degree of alteration is common in these crystals; calcite is by far the 

most conspicuous product: some of the plagioclases are totally replaced 

by calcite (fig. 23). Illite, sericite, and kaolin are also alteration bk 
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Figure 22. Photomicrograph of andesite flow rock with por-
phyritic texture.— Sample consists of plagioclases with rounded rims 
altered to sericite and kaolinite. Some plagioclase phenocrysts have 
replacement haloes. The dark material is vitrophyric groundmass with 
dull minerals (black dots). Sample LC-21; crossed nicols; X2.5. 

Figure 23. Photomicrograph of altered andesite flow rock. — 
The large crystal corresponds to an automorphic plagioclase replaced by 
calcite. Sample LC-19; crossed nicols; X6.5. 
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products of the plagioclase in a percentage from 10 to 40. Epidote is 

rare; less than 1 percent was observed under the microscope. 

Orthoclase is not abundant; it seldom amounts to more than 5 

percent of the phenocrysts. One sample, however, contained 70% 

K-spar. The alteration assemblage in the K-spar crystals is calcite, 

sericite, and kaolin. Another mineral that is present in this rock is 

quartz, in broken phenocrysts, in an amount that does not exceed 20 

percent. 

Apatite and ferromagnesian minerals occur sporadically in dis

seminated crystals. The ferromagnesian minerals are substituted up to 

100 percent by calcite patches, chlorite, and dull minerals. 

The groundmass, where phenocrysts are absorbed, is generally 

vitrophiric-xenomorphic with abundant crystals, microlites, and dull 

minerals. Hematite and other iron oxidation products are abundant in 

the matrix. 

Rocks of this composition are known as propylitized porphyritic 

andesite. 

Rocks in the Middle unit with coarse clastic texture are com

posed of fragments ranging in size from 1 to 30 mm. Their field 

characteristics are those of an unsorted conglomerate with angular to 

rounded fragments (fig. 24). Even though all fragments are andesitic, 

it is possible to differentiate between them. Some fragments are 

volcanic flow rocks and others are pyroclastic tuffs. The petrographic 

description of the fragments is very similar to that of the rocks with 

porphyritic texture. For that reason it is possible to propose that 

these rocks were formed from a new eruption over a crust of recently 



Figure 24. Photomicrographs of andesitic lithic tuff. — Sample 
LC-17; crossed nicols; X2.5 

a. A rock fragment of porphyritic texture (dark color) appears 
in the upper left. The matrix (light color) in the lower right is com
posed of two types of calcite. 

b. Two fragments of different composition and a large quartz 
crystal (white) are shown at the top. 



Figure 24. Photomicrographs of andesitic lithic tuff 



solidified andesite. The matrix is composed almost exclusively of cal-

cite, but volcanic rock is also noted. Two types of calcite that may 

correspond to two epochs of calcitization were observed. Heavy sheets 

of calcite broken into mosaics around fragments are associated with the 

first event and microscopic mosaics filling hollows are associated with 

the second. The volcanic matrix is porphyritic material composed of al

tered plagioclases, ferromagnesian minerals, and pieces of quartz 

crystals. 

Youngest Unit 

The Youngest unit does not crop out in the project area, but it 

constitutes the bulk of the Upper Volcanic sequence. Near the project 

area this unit appears and extend for many kilometers. 

A few samples of the most representative beds were collected on 

this widely exposed unit. In general, the rocks of the unit exhibit 

pyroclastic texture with some individual vitric beds that reach an aver

age thickness of 15 m. Rocks of pyroclastic texture may correspond 

either to ash-flow or ash-fall tuffs. 

Ash-fall tuffs (fig. 25) fragments account for up to 85 percent 

of the total volume, giving a pyroclastic texture to the rock. Volume 

of quartz phenocrysts ranges between 7 and 20 percent. All crystals 

are fractured and irregular in shape. Plagioclases are as abundant as 

phenocrysts, ranging from 15 to 20 percent in volume. The crystals 

are also fractured and exhibit polysynthetic twinning. It is common to 

see zoned plagioclase in which the composition is oligoclase andesine 

(An^Q ^jj). Rare biotite occupies approximately 3 percent of the rock 
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Figure 25. Photomicrograph of an ash-fall tuff of pyroclastic 
texture. — Pieces of quartz crystals and zoned plagioclases are shown 
on the right. The material with a foamy appearance is rock fragments. 
Note the similar size of all the sample constituents. Sample LC-11; 
crossed nicols; X25. 
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volume, and the crystals look like long brown straws. Rock fragments 

appear in great variety. Some fragments are porphyritic with 50 per

cent phenocrysts and 50 percent matrix; 25 percent of the fragments 

are pieces of quartz and 25 percent are plagioclases with polysynthetic 

twinning. The groundmass of these crystals is vitric, and it appears 

weathered. Some fragments are totally vitric. Andesitic and basaltic 

fragments as well as spherolites of quartz are less abundant. Gener-

rally, the matrix occupies a small volume of the rock, approximately 15 

percent of the total, and is composed of quartz, K-spar, and clay 

minerals. 

Beds of this ash-fall tuff are well graded; the fragments seem 

to have remained in the air long enough to allow sorting during 

deposition. 

In the ash-flow tuffs (fig. 26), the texture is more variable 

than in ash-fall tuffs, but the pyroclastic and porphyritic portions are 

more consistent. Beds with porphyritic texture are thinner and less 

abundant; the pyroclastic lithic tuffs are thick and widely exposed. 

In one one section mapped near the village of Ojito de Camellones the 

porphyritic beds are 30 m thick and the others as much as 300 m thick. 

A number of vitric tuffs were also noticed, which had an average thick

ness of 15 m. They consist almost exclusively of volcanic glass with 

some fractured quartz phenocrysts. 

The petrographic nature of the rocks of porphyritic texture 

may correspond to that of a crystal-vitric tuff of rhyodacitic composi

tion. The rocks are composed of 70% phenocrysts of which 25 percent 

are broken bipyramidal quartz with corrosion gulfs. Incomplete, 
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Figure 26. Photomicrograph of a welded tuff. — The white 
pieces are quartz. A piece of plagioclase with polysynthetic twinning is 
shown in the center. Most of the fine phase is composed of shards 
absorbed in a vitrophyric groundmass. Sample LC-12; crossed nicols, 
X2.5. 
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corroded plagioclases make up 15 percent of the rock volume. Ortho-

clase with carlsbad twinning is present to some 3 percent. Twenty-five 

percent of the coarse material is devitrified vitric shards, sometimes 

with spherulitic texture. Occasionally the shards appear as rims 

around the phenocrysts. The rare biotite crystals are long and auto-

morphic. Disseminations of fine zircon and magnetite are included in 

the fundamentally vitric matrix. 

Pyroclastic-textured rocks include 20 percent glass and pumice 

fragments, which show occasional flow banding. Corroded quartz crys

tals, approximately 4 percent, float in the matrix. Plagioclases 

(An1Q_gQ) constitutes 8 percent of the total crystalline phase of the 

rock. They are irregular with rounded rims and polysynthetic twin

ning. K-spar is not abundant (only 1 percent) in the phenocrysts, 

with carlsbad twinning and corrosion gulfs. The groundmass where 

these Iithic and crystal elements were absorbed is composed almost 

exclusively of volcanic ash and glass. The petrographic classification 

of these beds is that of a rhyodacitic ash-flow tuff (lapilli tuff). 

Another rock unit, although different in its geomorphologic ap

pearance, may correspond, at least in time, to the youngest effusive 

phase. At this time it cannot be concluded that this really belongs to 

the Youngest unit, the intracaldera volcanism immediately after collapse, 

or to the flow-dome stage that will be described in the next section. 

In its macroscopic and outcrop appearance, this unit looks like a single 

volcanic flow inasmuch as individual strata are clearly separated. It 

has a water-laid tuff character. Only one petrographic sample (fig. 27) 

was taken from this outcrop. It is described as follows: rock with 
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Figure 27. Photomicrograph of rhyolitic tuff, apparently water 
lain. — Many white elements are broken and corroded quartz crystals. 
The gray material is agglomerates of K-spar. Both K-spar and quartz 
are cemented by opaline-type cryptocrystalline quartz. Sample LC-24; 
natural light; X25. 
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fluidal structure and with two minerals as constituents; 20 percent of 

the fragments of quartz, corroded and irregular, and 20 percent K-spar 

forming crystal agglomerates in a puzzle pattern. All these crystals are 

cemented by xenomorphic globular opaline-type quartz. This rock has 

a rhyolitic composition and fluidal texture. 

Flow Domes 

Three types of flow domes are present in the project area. 

The first represents a subvolcanic intrusive phase, which can be ob

served whether the domes appear in outcrop because of erosion or 

whether they are found underground (figs. 14 and 15). The second 

type has the appearance of an emission conduit during the effusive 

stage, and the third the appearance of true flows of fluidal rhyolitic 

and rhyodacitic beds. All these types can be related to an explosive 

stage of the igneous ring complex. 

The geological map (fig. 17) shows the distribution of the flow 

domes that were recognized during the mapping and drilling programs. 

Note the apparent close relationship between the flow domes and faulted 

zones. 

Subvolcanic Intrusive Phase. Flow domes from the subvolcanic 

phase are represented by porphyritic rock with varying amounts of 

quartz, K-spar, and plagioclase (fig. 28). The phenocrysts range from 

8 to 30 percent in all thin sections. Quartz crystals are the most 

abundant, sometimes as much as 12 percent of the crystals, and they 

are subeuhedral with bipyramidal fabric. All quartz crystals are 

corroded or show rounded rims with reaction haloes. K-spar and 



Figure 28. Photomicrographs of rhyodacitic subvolcanic 
porphyry (quartz porphyry) 

a. Abundant corroded quartz crystals vary in size. An 
obviously polysynthetic twinned plagioclase appears at the bottom. 
Matrix is composed of silicofeldspathic material. Sample LC-53; crossed 
nicols; X2.5. 

b. Long black crystal is an orthoclase with carlsbad twinning. 
White irregular and corroded crystals are quartz. Groundmass is 
feldspathic with some spherulites. Sample LC-2; crossed nicols; X2.5. 



Figure 28. Photomicrographs of rhyodacitic subvolcanic 
porphyry (quartz porphyry) 
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plagioclase also contribute to give the rock a porphyritic appearance 

inasmuch as phenocrysts of these minerals are also abundant. Ortho-

clase crystals, which range from 3 to 6 percent in volume, are auto-

morphic or rounded with carlsbad twinning. Sanidine is occasionally 

seen under the microscope as long tabular crystals, which sometimes 

make up 2 percent of the volume. Plagioclase crystals, which range 

from 5 to 8 percent of the total volume, are generally totally replaced 

by xenomorphic quartz and kaolin. 

The groundmass, commonly recrystallized, is composed of xeno

morphic quartz, K-spar, and plagioclase. Plagioclases, in some places, 

are replaced by supergene kaolin. Grains of zircon, pyrite, and micro-

spherulites are present. 

From the above description, it may be concluded that the com

position of this type of rock ranges from rhyolitic to rhyodacitic por

phyry (quartz porphyry). 

Emission Conduit Phase. Rocks that correspond to the emission 

conduit phase were classified as explosive breccias with textures 

ranging from porphyritic to volcanoclastic (fig. 29). Rocks of vol-

canoclastic texture are composed of up to 85 percent irregular frag

ments. These fragments correspond petrographically with rocks of the 

subvolcanic intrusive phase. The size of the fragments varys, and 

some are larger than 20 cm. The fragments are composed of abundant 

subeuhedral bipyramidal quartz phenocrysts. All quartz crystals are 

corroded and are, in some places, broken by the cataclastic processes. 
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Figure 29. Photomicrograph of explosive breccia in a rhyolitic 
dome. — Spherulites have fibroradial structure, and crystals of quartz 
(white fragments) are broken and deformed. Other rock fragments can 
also be seen around spherulites. Sample LC-3; crossed nicols; X2.5. 
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Spherulites with fibroradial structure are abundant and can make up as 

much as 70 percent of the rock volume. These spherulites are com

posed of quartz and K-spar; many, however, show recrystallization. 

Orthoclase and plagioclase also appear as complete phenocrysts or as 

fragments of crystals. Orthoclase is euhedral with carlsbad twinning. 

Plagioclase, which shows double twinning and is occasionally replaced 

by kaolin, is composed of oligoclase- andesine (An^^^). Not more 

than 1 percent biotite is seen in the rock samples. 

The matrix of this explosive breccia has the same composition as 

the fragments and is sometimes clastic, composed of quartz and K-spar. 

Flow Phase. Rocks recognized as flow rock from the flow domes 

were further divided into two types according to their textural charac

teristics (figs. 30 and 31). Rocks of porphyritic texture are composed 

mainly of quartz phenocrysts, which account for 35 percent of the total 

rock volume, and in lesser amounts of K-spar and plagioclases. Quartz 

is present as fragments of corroded fractured euhedral crystals; only 

occasionally it it possible to find a complete crystal. The plagioclases 

are fresh and are also observed as fractured and fragmented euhedral 

crystals showing polysynthetic twinning. 

Other crystals that also give the rock a porphyritic texture are 

the 5 percent biotite with an automorphic habit, the less than 4 percent 

sanidine, and the ferromagnesian minerals, which are commonly so oxi

dized that they are difficult to identify. 

The matrix, which was originally vitrophytic, is devitrified and 

appears as an aggregate of microcrystals of K-spar plagioclase and 
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Figure 30. Photomicrograph of quartz porphyry with typical 
porphyritic texture. Rock is composed of subautomorphic quartz 
phenocrysts (white crystal) and K-spar (gray crystal). Matrix, which 
has an aphanitic texture, also contains quartz and K-spar. Sample 
LC-6; crossed nicols; X2.5. 

Figure 31. Photomicrograph of rhyolitic flow rock with spheru-
litic texture from near emission center. — Fibroradial spherulites are 
probably derived from K-spar. The light material is quartz. Sample 
LC-5; crossed nicols; X2.5. 
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sparse quartz. The K-spar accounts for 40 to 60 percent of the rock 

volume, and it is included in the groundmass. 

Rocks of felsitic texture, in the strict sense, correspond to 

flows in which phenocrysts composed of quartz and plagioclase total less 

than 7 percent. Clay minerals and sericite appear as alteration prod

ucts. The groundmass is banded and fluidal; some bands are inter

preted as possibly perthitic with quartz feldspar and some other bands 

consist of abundant fine-grained K-spar. The matrix also appears to 

be composed of spherulites engulfing the quartz phenocrysts. These 

spherulites were probably zeolites derived from K-spar alteration. 

Boxworks from pyrite are also observed. 

Plutonic Intrusive Rocks 

Only one sample of this rock was studied under the microscope. 

Unfortunately, this rock appears highly affected by weathering and no 

good thin section was obtained. This phaneritic-textured rock is com

posed of quartz crystals, weathered plagioclases, and biotite. K-spar 

crystals are less abundant. This intrusive rock is granodioritic and 

may correspond to a facies near the surface. 

Ore Deposit Mineralogy 

Ore deposits at the La Cienega project consist of a series of 

almost parallel, northwest-trending veins and two mercury mantos with 

the same trend. Silver has been the main resource in the area. 

Mercury mining was carried on by gambusinos on a small scale several 

years ago. 
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It is of interest to note that veins were emplaced in rocks of 

the Upper Volcanic sequence and that at least the principal vein ex

tends deeper into the Lower Volcanic sequence. It is believed that the 

veins occupy tensional fault zones formed during early to mid-Tertiary 

time as a result of collapse of the Ojito de Camellones caldera. 

Mineralogy of the veins is simple. Sulfides and sulfosalts of 

lead, zinc, silver, and copper are present, but there is a complex rela

tionship between them. Quartz is the dominant gangue mineral. 

Depending on host rock type, hydrothermal mineral assemblages may be 

different from each other. Silicification and sericitization are pre

dominant in silicic rocks; propylitic alteration and silicification are 

observed in andesitic rocks. 

At least two hypogene stages of mineralization have been re

ported, but supergene processes were the dominant factor in formation 

of the silver-rich ore in the La Cienega vein. 

Descriptions of Veins 

Seven veins have been recognized in the project area during 

the preliminary reconnaissance. The local geological map (fig. 17) 

shows the spatial distribution. All veins and mercury mantos have the 

same general strike, except one vein that is normal to the others. 

Only the la Cienega vein will be discussed in detail; further discussion 

of the other structures is not within the scope of this study. 

La Cienega Vein. The La Cienega vein is the principal orebody 

in the project. It has been recognized on surface for about 3,200 m 

along strike with an average elevation of 2,650 to 2,700 m. Its general 
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strike is N. 60° W. and its dip is nearly vertical. All rock units have 

been cut by this structure, apparently with same intensity of mineral 

content. Almost all exploration has been carried out on this vein. 

Jessica Vein. The Jessica vein is a branch of the La Cienega 

vein. The outcrop runs for about 250 m N. 80° W. with an average dip 

of 70° SE. The vein is about 3.66 m wide. The vein structure is 

brecciated with silicified fragments in a quartz matrix containing ore 

values. The vein is considered highly attractive for future exploration 

drilling. 

Rosario Vein. The Rosario vein is exposed for approximately 

600 m along strike, with an attitude of N. 70° W., 40° NW. Average 

width is 2 m. Mineralization of this vein, which is similar to that of 

the La Cienega vein, will be discussed later. 

Las Casas Vein. The Las Casas vein has been recognized for 

about a thousand meters from an interrupted outcrop and trenches. It 

strikes N. 35° VV. and dips 45° NE. The vein is composed of a breccia 

with angular fragments of silicified volcanic rocks. The cementing 

material is quartz and barite. The ore minerals consist of finely dis

seminated pyrite, sphalerite, galena, and argentite. 

Arroyo de Plata Vein. The Arroyo de Plata vein is 20 to 40 cm 

wide with a stringer zone up to 2 m in total. Ore minerals are 

contained in in a crystalline quartz-cemented breccia. The general 

strike is N. 80° W. and the average dip is 82° NE. This structure can 

be traced for approximately 200 m. 
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Transversal and Del Arco Veins. The Transversal and Del 

Arco veins have been recognized; however, no special attention has 

been focused on them. They are considered a target for future explor

ation . 

Nuestra Seftora Mantos. Two mercury mantos in this area were 

mined out several years ago. The mines are now caved and examination 

is not possible. However, according to local people, the mantos were 

mined for more than 100 m on strike and 50 m downdip. At that point 

water flooded the mines and production was suspended. The general 

strike of the mantos, which are 2 m apart, is N. 45° W. and the dip is 

30° SW. Thickness ranges from 50 cm to 1.5 m. Cinnabar and native 

mercury were the principal ore minerals extracted. 



CHAPTER 4 

STRUCTURE OF THE LA CIENEGA VEIN 

Attitude 

The La Cienega vein is emplaced in a N. 80°-60° W.-trending 

arcuate fault zone, regionally associated with the southeastern edge of 

the Ojito de Camellones caldera. It shows an impressive silver-rich 

outcrop that runs for more than 3,200 m (fig. 17). Dip of the miner

alized structure ranges from vertical to 60° NE; 80° NE. is the most 

common. On a transverse section through the El Carmen adit, the vein 

is depicted as an arc showing a dip of 78° NE. at surface and 80° SW. 

in the adit (fig. 32). The deepest diamond drill hole intersected the 

vein at an elevation of 2,300 m, 400 m below the surface. The average 

width of the vein is 6.9 m. 

Texture 

The small amount of information about the La Cienega vein 

makes a good interpretation of the textural characteristics of the vein 

difficult, but the information gathered from drill cores and the drifts 

gives some idea of its texture. 

The vein is composed basically of brecciated material. In places 

it is possible to recognize a parallel banding arrangement. A good ex

posure of this is seen where the El Carmen adit intersects the vein. 

At this point, the mineralization has a roughly symmetrical pattern, 

which can be divided into four zones (fig. 33). 
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Figure 33. Sketch of vein texture at the intersection of the El 
Carmen adit and La Cienega vein. — Numbers at bottom are sample 
numbers. 
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Zone A shows mineralized brecciated material with fragments of 

quartz. Zone B shows fragments of quartz and abundant fragments of 

rock. The quartz fragments are angular and range in size up to 5 cm. 

In zone B, large andesitic fragments are abundant; these are sub-

rounded to rounded, and it is common to observe them as large as 50 

cm in diameter. Within zone B large coarse- to fine-grained blebs of 

massive sphalerite and galena are common. A gray quartz with 

precious-metal content cements zones A and B. 

Zone C is similar to the others but contains small crystals of 

barite. The relative position of this zone is not clear because barite 

appears in many places in the vein. Two rock bands correspond to 

zone D. They are large blocks of andesite similar to those described 

for the Lower Volcanic sequence. Disseminations and narrow veinlets of 

sulfides are contained in this zone. 

Multielement analysis was carried out on samples from different 

bands to establish the relationship between them and their mineral con

tent. Table 2 gives the results of this analysis. 

The texture of the vein was also studied in core recovered from 

the drilling program. The northwestern part of the vein trend inter

sected by DDHs 11, 14, and 16 contains a breccia with characteristics 

similar to that described above, but the vein is wider. DDH 14 gives a 

good index; the structure is 18.5 m wide but has several unmineralized 

zones. Individual veins in the structure, ranging from 0.3 to 4.2 m 

wide, are observed, and a stockwork of quartz veinlets of a few milli

meters occupies the space between two major veins. Some of these 

stringers are of brecciated material with quartz and andesitic fragments 



71 

Table 2. Multielement analysis of samples from bands in the La Cienega 
vein 

Sample Au Ag Pb Cu Zn Sb CaF„ Fe Mn 
No. g/t g/t % % % 

Q. 
T> % 2 % % 

7601 1.2 394 1.83 0.31 0.92 0.28 0.97 6.54 0.02 

7602 .5 110 2.87 .10 2.44 .09 .67 3.75 .02 

7603 .7 38 1.18 .08 1.11 .06 1.05 4.70 .11 

7604 1.0 122 2.22 .04 1.41 .11 .46 3.17 .01 

7605 1.0 385 .90 .03 .41 .13 ,61 3.23 .01 

7606 1.1 333 34.3 .03 .82 .08 .34 2.56 .02 

7607 2.8 178 1.76 .04 1.12 .06 .55 6.39 .04 

7608 .4 30 .51 .02 1.10 .18 .59 5.24 .65 

7609 1.3 102 2.31 .13 3.45 .14 .58 4.50 .44 

7611 1.0 96 1.52 .15 4.43 .26 .30 4.35 .04 

7612 .7 121 .38 .08 1.68 .28 .45 4.28 .12 

Mean 0.87 137 2.59 0.07 1.98 0.24 0.57 4.29 0.29 

included in a quartz matrix. Blebs and narrow veinlets of medium- to 

coarse-grained sulfides are also observed. Some other stringers are of 

massive gray quartz with small druses containing minor crystals. 

Macroscopic mineralization consists of sulfide as blebs or veinlets. 

DDHs 11 and 16 do not exhibit the stringer appearance. In these holes 

the vein is an individual structure but with bands of breccia and of 

massive drusy quartz. 

In the southeastern part of the vein trend, the vein narrow but 

has similar texture. At the DDH 22 intersect, the vein consists of two 

stringers of 15 cm of gray massive quartz with small druses not larger 
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than 3 cm. These stringers are separated by a horse of andesitic rock 

belonging to the Middle unit. Mineralization is contained within 1-cm 

wide veinlets showing fine-grained sphalerite, galena, and pyrite. At 

the DDH 9 intersect the vein has a brecciated texture similar to the 

others described. 

Another different manifestation of mineralization is shown in 

DDH 20. In this drill hole the vein appears as a single structure com

posed of altered andesitic fragments with abundant sulfide mineralization 

as a matrix of the breccia and with veinlets of medium- to coarse

grained sphalerite, galena, and pyrite. 

Mineralogy 

The minerals that occur in the La Cienega vein are rather com

mon, but they have a complex relationship that suggests at least two 

hypogene mineralization stages and a supergenic process as dominant in 

the formation of the vein. 

Sphalerite, galena, chalcopyrite, and pyrite occur in a complex 

association with conflicting apparent age relationships. These sulfides 

appear to have crystallized continuously during the crystallization of 

the matrix. The paragenetic sequence has not been possible to estab

lish because it ranges from obvious to enigmatic from place to place. 

Kamilli (1976, p. 3) observed: 

It was not possible to correlate a paragenesis where apparent, 
from one drill hole to another for several reasons. In most 
drill holes, supergene processes plus the multiple fracturing 
made any paragenesis undecipherable. The character of the 
ore, even where it was not much affected by alteration varied 
considerably from drill hole to drill hole. D.D.H. 20, for 
example has a very well defined paragenesis, while D.D.H. 12 
has a non-banded nature, highly siliceous ore that is not 
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obviously related to the D.D.H. 20. D.D.H. 20 is unique in its 
character. D.D.H. 12 ore appears to be more typical in its 
highly siliceous, non-banded nature. 

The matrix where ore minerals are contained is largely composed 

of quartz. It occurs as microcrystalline and almost cherty material, re

peatedly brecciated and veined alternatively with granular quartz or 

coarser prismatic quartz. Fluorite is minor; at least locally it fills the 

interstices. Fluorite appears to have steadily diminished during the 

growth of the quartzose matrix, and it is absent in the youngest quartz 

(Williams, 1974). Barite is also present; it occurs in late voids lined 

with quartz. 

A brief description of the outstanding macro and micro charac

teristics of the important minerals is given below. 

Sphalerite 

Sphalerite, the most common ore mineral, occurs as anhedral 

intergrowths with abundant inclusions of other sulfides. Kamilli (1976) 

reported on at least two stages of sphalerite mineralization in a sample 

from DDH 20. Medium- to coarse-grained sphalerite and galena are 

more common in deep drill-hole intersections, whereas finely 

disseminated sulfides within milky or gray-yellowish quartz are present 

at shallower depths. 

The most widely distributed sphalerite variety has a yellowish-

brown resinous appearance, and under the microscope it shows strong 

internal reflection. 
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Galena 

Galena has the same distribution as sphalerite but is less abun

dant. Both sulfides are commonly intimately associated. Galena occurs 

as anhedral intergrowths corroded by sphalerite, perhaps of the second 

stage of mineralization. In one polished section galena appears as 

xenomorphic islands included in sphalerite of the first stage. Medium-

to fine-grained galena is occasionally found filling quartz interstices as 

individual veinlets of pure galena. 

Chalcopyrite 

Chalcopyrite is the principal copper ore mineral, but is very 

rarely visible in the ore. Generally, it occurs as exsolution blebs in 

sphalerite and occasionally as isolated grains. Chalcopyrite is present 

in only the sulfide zone, and in some areas it is replaced by covellite. 

Isolated crystals of chalcopyrite occasionally have coronas of chalcocite 

and bornite, but in blebs it is fresh. 

Pyrite 

Pyrite occurs as separate euhedral to subeuhedral crystals. In 

many places pyrite is completely replaced by hematite in veinlets or 

vugs. It is also abundant as isolated fine-grained cubes or 

pyritohedrons, especially in the wall rock as a product of hydrothermal 

alteration. Masses of sphalerite and galena are commonly rimmed by 

subhedral pyrite and are occasionally cut by veinlets of pyrite 

(Williams, 1974). 
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Argentite 

The most prominent silver mineral is argentite, but it is ob

served only under the microscope. It occurs as tiny cubes and octa

hedrons in voids lines with drusy quartz and as hairline veinlets on 

cleavage planes in galena (Williams, 1974). 

Native Silver 

Native silver is very rare, and it is a product of supergene 

processes. Native silver occurs along fractures, on rims of vugs, 

which are sometimes filled with wad, and as isolated grains of high 

reflectivity. Supergene processes have apparently been the dominant 

factor in the formation of the silver-rich ore in the enriched La Cienega 

vein. 

Gold 

No free gold has yet been reported even though almost all 

assays show the presence of this element. Gold and silver are included 

in gray quartz, probably as tellurides. 

Covellite and Chalcocite 

Covellite and chalcocite are the two most abundant supergene 

minerals considered to have been formed from chalcopyrite. It is com

mon to see coronas of covellite, chalcocite, and bornite around isolated 

grains of chalcopyrite, and often these supergene minerals totally 

replace the grains of the hypogene copper mineral. 
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Quartz 

Along with sphalerite and galena, quartz forms the bulk of the 

vein minerals. In general, the two types of quartz most common in the 

vein are a dark-gray fine-grained variety and a white milky fine

grained variety. 

The dark-gray quartz is commonly associated with silver and 

gold minerals, probably tellurides. Scattered base-metal sulfides are 

generally seen as small specks in the dark-gray quartz. The white 

quartz appears as veinlets cutting the gray quartz or as the matrix of 

gray quartz breccia. Chalcedony and amethyst quartz are also seen 

cutting the gray quartz. 

Mineral Resources and Ore Reserves 

Two important ore shoots, zones with mineralization, have been 

identified along the La Cienega vein. The full lateral and vertical 

extent of the shoots is not known with accuracy because of insufficient 

information; nevertheless it is possible to roughly outline their limits 

from the information obtained by the drilling programs. Figure 34 

shows the estimated dimensions of the mineralized zones. The largest 

ore shoot is approximately 1,000 m long and 450 m deep. The second 

shoot is approximately 300 m long and 450 m deep. 

In the vertical direction, some changes have been noticed; 

near the surface the vein is composed mostly of quartz gangue with a 

high silver content. Below an elevation of 2,350 m, the sulfide content 

increases and gangue minerals other than quartz, such as calcite and 

actinolite, are abundant. This is probably a reflection of the host 
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rock. Where minerals are contained in rocks of the Upper Volcanic se

quence, quartz is abundant and sulfides appear in small amounts. 

Where the Lower Volcanic sequence is the host rock the opposite rela

tionship holds. 

Another vertical variation, due to supergene effects, is possible 

to differentiate between the two zones. The oxidized zone extends from 

the surface to depth of approximately 150 m. In this zone the 

precious-metal content is high and the sulfide content is low. The sul

fide zone extends below the oxidized zone to a depth of at least 400 m. 

In the sulfide zone the base-metal content increases and precious-metal 

content diminishes. 

With the information from the drilling program, an attempt was 

made to identify the ore reserves within mineral resource category. 

The data for this calculation are not yet completed, and more informa

tion will be required for an acceptable degree of certainty in identifying 

ore as measured or proved reserves. Future exploration programs will 

provide the parameters to obtain more accurate calculations. 

The classification of ore reserves and mineral resources used at 

the La Cienega vein is that used by the U.S. Bureau of Mines, by the 

U.S. Energy Research and Development Administration, and by several 

national geological surveys. The terms employed are "indicated" and 

"inferred" (U.S. Geological Survey, 1980). 

Souza and Gaytdn (1975) calculated and published the figures 

in this preliminary calculation, and the further exploration work needed 

to improved these figures has not yet been completed. At this time a 
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direct exploration program, including drifting and underground drilling, 

is being carried on. 

Ore reserves and mineral resources were calculated in 

irregular-shaped blocks around drill holes with similar geologic charac

teristics. The width of the mineral block was determined by the aver

age width of the drill intercept in that block. Specific gravity for each 

block was computed using the average specific gravity obtained for each 

drill hole in the block. 

Figure 34 shows the distribution of the blocks that resulted 

during this preliminary ore-reserves calculation, and table 3 shows the 

results. Indicated reserves and inferred and hypothetical resources 

were the only categories that may be accepted with the information 

currently available. 



Table 3. Summary of mineral resources 

Tonnage Width Au Ag Pb Zn 
Block (m ton) (m) g/ton g/ton % % 

Indicated Ore Reserves 

1 161,260 4.89 0.17 195 0.70 0.08 

2 1,613,080 10.07 0.36 200 0.72 1.48 

3 202,58000 7.00 0.74 190 2.19 4.80 

5 1,261,090 6.38 9.71 66 1.26 3.68 

14 178,450 3.00 0.36 270 1.14 0.40 

3,416,440 7.91 3.82 153 1.03 2.35 

Indicated Submarginal Sulfide Ore Resources 

4 248,910 3.13 0.25 116 0.80 0.14 

13 124,630 1.76 0.66 79 0.80 0.28 

373,540 2.60 0.56 104 0.80 0.28 

Indicated Submarginal Oxide Ore Resources 

9 458,18016 6.16 0.65 237 — -

10 359,740 6.25 0.67 232 — — 

11 547,450 6.06 0.70 251 — -

12 169,870 5.68 0.61 125 — — 

1,535,190 5.68 0.61 228 — — 

Inferred Ore Resources 

6 487,849 4.00 — — — — 

7 1,135,130 5.00 — — — — 

8 521,010 5.36 — — — — 

2,043,980 4.86 — — — — 

Hypothetical Ore Resources 

1,030,000 1.76 

TOTAL 8,499,150 



CHAPTER 5 

EXPLORATION PROGRAM 

Regional Reconnaissance 

By considering the geologic characteristics of the region and 

using the La Cienega vein as a model, a general exploration program 

for similar terrain can be suggested. The main objective of the sug

gested exploration program, if applied to the La Cienega area, would be 

to find other similar veins related to the collapsed major structure. 

A sequence proposed by Peters (1978, Fig. 18.3, p. 526) shows 

the steps to follow for a regional exploration program. The proposed 

program would start with a regional reconnaissance of the Ojito de 

Camellones caldera and a prospect evaluation of the La Cienega vein. 

Geochemistry is envisioned in two separate stages: an orien

tation survey and a semi-detailed sampling program. Depending on the 

results of the orientation survey, the best type of sampling medium will 

be chosen. Considering the geomorphic characteristics of the area and 

the lack of stream sediments and soil, rock chips might best reflect 

possible mineralization. Rock-sampling geochemistry is a field explor

ation method that can be expected to give quick information at a 

relatively low cost. Detailed exploration of probable targets would 

require use of additional methods. 

The procedure of the rock-sampling program would be to collect 

a sample from each square kilometer to outline the most favorable site. 
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Approximately 578 samples would be collected in this reconnaissance 

stage. Sampling should be oriented to the fault zones or igneous ring 

dikes already defined through photogeology. Another important aspect 

during geochemical sampling would be to locate all the older mines and 

prospects to see if they fit into any of the radial or annular patterns. 

Prospect Evaluation 

The main objectives of the exploration, as a possible programs 

as well as an actual plan now underway at the La Cienega project, is to 

evaluate the first ore shoot and to determine the ore reserves in the 

3.5 million metric tons in the sulfide zone. 

The proposed program, which consists of direct mine develop

ment workings and diamond drilling (fig. 36), is now being carried on. 

Table x shows the amount of work to be done. 

1. El Carmen adit. The purpose of the El Carmen adit was to in

tersect the La Cienega vein about 300 m below surface and from this 

point to develop the 2430 level. The adit is completed. 

2. Nuestra Seflora adit. The main objective of this work is to 

intersect the vein at an altitude of 2,520 m. From this point the 2520 

level with 1,000 m of drifts to the southeast will start. 

3. 2430 level. The purpose of this work is to explore the vein; 

the planned length is 1,000 m: 500 m will be driven northwest and 500 

m southeast from the El Carmen adit. 

4. 2520 level. The purpose of the work on this level is also to 

explore the vein. With this level it will be possible to study the 
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Table 4. Proposed program and current status 

Item Extent Current Status 

1. El Carmen adit 730 m finished 

2. Nuestra Seflora adit 190 m under development 

3. 2430 level 1,000 m under development 

4. 2520 level 1,000 m programmed 

5. Crosscuts 450 m programmed 

6. Raises 870 m under development 

7. Drilling 

First stage 3,000 m under development 

Second stage 2,000 m programmed 

oxidized zone from about 250 m; the remaining length will continue in 

the sulfide zone. 

5. Crosscuts. For the subsequent drilling program, it will be 

necessary to develop six crosscuts 75 m each. From the ends three 

diamond drill holes will be drilled, except in the El Carmen adit where 

four holes will be drilled (fig. 36). 

6. Raises. Three raises will be bored to provide ventilation for 

the mine workings. The first is already finished to a total height of 

280 m. Two more will be bored at a spacing of 300 m from the first 

raise. 



7. Drilling program. The drilling program will be divided into two 

stages. The first stage is to total approximately 3,000 m. Three holes 

will be drilled in the same cross section from each crosscut. The 

purpose of the first stage is to obtain information on the vein 50 m 

above and 100 m below the 2430 level in all except the El Carmen adit. 

In the El Carmen adit, the vein will also be cut 150 m below the 2430 

level. The purpose of the second stage is to obtain closer information 

50 m below the 2430 level, with each drill hole at a 50-m interval. The 

total length of drilling in the second stage to be 2,000 m. 



CHAPTER 6 

CONCLUSIONS 

From its characteristics, the La Cienega vein could be a very 

important orebody. The length of its outcrop, the interesting results 

obtained during the surface drilling program, the size of possible ore 

shoots, and the number of subsidiary veins make this project an attrac

tive target for exploration and possibly a future large mine operation 

for the Pefioles Group. 

The project is located in a zone that does not appear particu

larly attractive from its rock relations. Historically, the rocks of the 

Lower Volcanic sequence that crop out in the Barrancas subprovince are 

favorable host rocks for mineralization in a very rich mining district. 

The obvious geologic manifestation of this mineralization led to the 

discoveries. On the other hand, no significant orebody has previously 

been discovered in the apparently barren Upper Volcanic sequence that 

crops out in the High Volcanic Plateau. 

The uncommon relationship between the Upper Volcanic sequence 

and mineralization in the La Cienega project area requires further 

search for a geological explanation. One of the results of this study 

was the delineation of singular concentric patterns of fractures and 

fault zones that strongly suggest a large collapsed structure. This 

structure was formed in mid-Tertiary time during the eruptive stage of 

the Upper Volcanic sequence. 
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Evidence such as the ring of fractures, the ring of dikes, and 

the small pluton of granodiorite support the concept of a caldera devel

opment. This kind of evidence has been described in many similar 

structures, especially in the United States of America. Also the typical 

rock association, well defined by petrography, helped very much in the 

interpretation of this oval-shaped structure. 

Possibly during the last stages of the caldera development 

hypothermal and mineralizing activity took place to form the La Cienega 

and other veins in the project area. 

Mineralogy of the La Cienega vein is quite simple, but the 

several stages of mineralization make their relationship complex. Sphal

erite and galena are the most abundant sulfides; silver, however, will 

be the main product. Silver is present associated with galena, as 

argentite, as native silver, and associated with gold, probably as elec-

trum. The principal gangue mineral is quartz, which can be differen

tiated into four types: gray quartz associated with precious-metal 

mineralization; milky quartz; chalcedony quartz; and amethyst quartz, 

the youngest mineral in the paragenetic sequence. 

Preliminary calculation of ore resources shows the importance of 

this orebody; 8.5 million metric tons of ore is estimated for the La 

Cienega vein, and this tonnage can be increased with tonnage from the 

other veins. Hence, it is of interest to the Peftoles Group, developers 

of the property, to continue exploration in the area and to start a 

regional exploration program to find new targets. 



REFERENCES 

Bagby, W. C., Cameron, K. L., Cameron, M., and Gill, J. B., 1976, 
Petrology of Tertiary ash-flow tuffs and related volcanics from 
the Batopilas and Creel regions of the Sierra Madre Occidental, 
Chihuahua, Mexico: Geological Society of America, Rocky 
Mountain Section Meeting. 

Bethke, P. M., Barton, P. B., Jr., Lanphere, M. A., and Steven, 
T. A., 1976, Environment of ore deposition in the Creede 
mining district, San Juan Mountains, Colorado: II. Age of 
mineralization: Econ. Geology, v. 71, p. 1006-1011. 

Branch, C. D., 1965, The source of eruption for pyroclastic flows: 
Cauldron or calderas: Bull, volcanol. v. 30, p. 41-49. 

Burbank, W. S., and Luedke, R. G., 1968, Geology and ore depos
its of the western San Juan Mountains, Colorado, in Ridge, 
J. D., ed., Ore deposits of the United States, 1933-1967 
(Graton-Sales Volume): New York: A.I.M.E., p. 715-732. 

Cibula, D. A., 1974, The geology and ore deposits of the Cosala 
mining district, Sinaloa, Mexico: Geological Society of America, 
Rocky Mountain Section, Flagstaff. 

K .  F . ,  C a r r a s c o ,  M .  L . ,  D a m o n ,  P .  E . ,  a n d  S a n d o v a l ,  H . ,  
1977, Posicion estratigrafica en tiempo v espacio de la minerali-
zacion en la Provincia de la Sierra Madre Occidental en 
Durango, Mexico, in Memoria tecnica, XII Convencion Nacional, 
A.I.M.M.G. de Mexico, pp. 197-244. 

K .  F . ,  a n d  d e  l a  F u e n t e ,  F .  E . ,  1 9 7 6 ,  D i s t r i b u t i o n  a n d  m i n 
eralization in time and space in the Sierra Madre Occidental 
Province, Chihuahua, Mexico: International Geological Con
gress, Sydney. 

K .  F . ,  D o w ,  R .  R . ,  a n d  K n o w l i n g ,  R .  D . ,  1 9 7 9 ,  F i s s u r e -
vein deposits related to continental volcanic and sub-volcanic 
terraines in Sierra Madre Occidental Province, Mexico, in 
Papers on mineral deposits of western North America: Reno: 
Nevada Bureau of Mines Rept. 33, pp. 189-201. 

Cunningham, C. G., and Steven, T. A., 1977, Mount Belknap and 
Red Hills calderas and associated rocks, Marysvale Volcanic 
Field, west-central Utah: U.S. Geolog. Survey, Preliminary 
Rept. 

Clark, 

Clark, 

Clark, 

88 



89 

Dumble, E. T., 1900, Notes on the geology of Sonora, Mexico: 
A.I.M.E. Trans., v. 29, p. 122-152. 

Fisher, R. D., 1976, Mechanism of deposition from pyroclastic flows: 
Amer. Jour. Sci., v. 264, p. 350-363. 

Flores, T., 1929, Reconoeimientos geologicos en la region central del 
Estado de Sonora: Inst. Geol. Mexico Bull. 49. 

Fredrikson, G., 1974, Geology of the Mazatlan area, Sinaloa, western 
Mexico: unpublished Ph.D. dissertation, University of Texas, 
Austin. 

Henry, C. D., 1975, Geology and geochronology of the granitic 
batholithic complex, Sinaloa, Mexico: unpublished Ph.D. dis
sertation, University of Texas, Austin. 

Kamilli, R. J., 1976, Report on the mineralogy and petrography of 
the La Cienega vein, Durango, Mexico: unpublished report in 
f i l e s  o f  S e r v i c i o s  I n d u s t r i a l e s  P e f t o l e s ,  S . A .  d e  C . V . ,  
Durango, Durango. 

Keizer, R. P., 1973, Volcanic stratigraphy, structural geology, and 
K-Ar geochronology of the Durango area, Durango, Mexico. 
Unpublished M. A. thesis, University of Texas, Austin. 

Keller, P. C., 1974, Mineralogy of the Tayoltita gold and silver 
mine, Durango, Mexico: unpublished M.A. thesis, University 
of Texas, Austin. 

King, R. E., 1939, Geological reconnaissance in northern Sierra 
Madre Occidental of Mexico: Geolog. Soc. America Bull., v. 
50, p. 1625-1722. 

Lemish, J., 1955, The geology of the Topia mining district, Topia, 
Durango, Mexico: unpublished Ph.D. dissertation, University 
of Michigan, Ann Arbor. 

Lipman, P. IV., Fisher, F. S., Mehnert, H. H., Naeser, C. W., 
Luedke, R. G., and Steven, T. A., 1976, Multiple ages of 
mid-Tertiary mineralization and alteration in the western San 
Juan Mountains, Colorado: Econ. Geology, v. 71, p. 571-588. 

Luedke, R. G., and Burbank, W. S., 1968, Volcanism and cauldron 
development in the western San Juan Mountains, Colorado: 
Colorado School of Mines Quart.,,*v. 45, p. 175-207. 

Lyons, J. T., 1975, Volcanogenetic iron ore of Cerro de Mercado 
and its setting within the Chupaderos caldera, Durango, 
Mexico: unpublished M.A. thesis, University of Texas, Austin. 



90 

MacDonald, G. A., 1972, Volcanoes: Englewood Cliffs, New Jersey, 
Prentice Hall, Inc. 

McDowell, F. W., and Claubaugh, S. E., 1979, Ignimbrites of the 
Sierra Madre Occidental and their relation to the tectonic 
history of the western Mexico, in Ash-flow tuff: Geol. 
Soc. America Special Paper 180, pp. 113-124. 

McAnulty, 1977, Unpublished consultant's report: Durango, 
D u r a n g o ,  M e x i c o ,  S e r v i c i o s  I n d u s t r i a l e s  P e f t o l e s  S A  d e  C V .  

Nemeth, K. E., 1976, Petrography of the Lower Volcanic group, 
Tavoltita—San Dimas district, Durango, Mexico: unpublished 
M.A. thesis, University of Texas, Austin. 

Peters, W. C., 1978, Exploration and mining geology: New York, 
John Wiley & Sons. 

R o l d a n ,  J . ,  a n d  S o l a n o ,  1 9 7 8 ,  C o n t r i b u c i o n  a  l a  e s t r a t i g r a f i a  d e  l a s  
rocas volcanicas del Estado de Sonora: University of Sonora 
Bull. 2, No. 1, p. 19-26. 

Ross, C. S., and Smith, R. L., 1961, Ash-flow tuffs: Their origin, 
geologic relations and identification. U.S. Geol. Survey Prof. 
Paper 366. 

Rytuba, J. J., 1976, Geology and ore deposits of the McDermitt 
caldera, Nevada-Oregon: U.S. Geol. Survey Preliminary Rept. 

Smith, D. M., 1973, Geol6gia de la Mina Tayoltita Distrito de San 
Dimas, Durango, Mexico: in Algunos yacimientos minerales de 
la Reptiblica Mexicana. Geologfa m£todos de extracci&n y de 
beneficio: A.I.M.M.P.E., pp. 159-167. 

Smith, R. L., and Bailey, R. A., 1968, Regurgent cauldrons, in 
Coats, R. R., and others, eds.: Geol. Soc. American Memoir 
116, pp. 613-662. 

S m i t h ,  R .  L . ,  B a i l e y ,  R .  A . ,  a n d  R o s s ,  C .  S . ,  1 9 6 1 ,  S t r u c t u r a l  
evolution of the Valles caldera, New Mexico, and its bearing on 
the emplacement of ring dikes. U.S. Geol. Survey Prof. Paper 
424-D, p. D145-D149. 

Solano, B., 1975, Some geologic and exploration characteristics of 
porphyry copper deposits in a volcanic environment, Sonora, 
Mexico: unpublished M.S. thesis, University of Arizona, 
Tucson. 

Solano, B., 1980, Personal communication. Exploration geologist, 
Servicios Industralias Peftoles, Durango, Durango, Mexico. 



Souza, J., and GaytSn, 1975, Evaluaci6n y genesis del yacimiento 
La Cienega, Dgo., in Memoria de la XI Convencion Nacional de 
la A.I.M.M.G.M., pp. 625-665. 

Steven, T. A., 1968, Ore deposits in the central San Juan Moun
tains, Colorado, in Ridge, J. D., ed., Ore deposits in the 
United States, 1933-1967 (Graton-Sales Volume): New York, 
A.I.M.E., pp. 706-713. 

Steven, T. A., and Eaton, G. P., 1975, Environment of ore deposi
tion in the Creed mining district, San Juan Mountains, 
Colorado: I. Geologic, hydrologic, and geophysical setting: 
Econ. Geology, v. 70, p. 1023-1037. 

Swanson, E. R., 1974, Petrology and volcanic stratigraphy of the 
Durango area, Durango, Mexico: unpublished M.S. thesis, 
University of Texas, Austin. 

U . S .  G e o l o g i c a l  S u r v e y ,  1 9 8 0 ,  P r i n c i p l e s  o f  a  r e s o u r c e / r e s e r v e  c l a s 
sification for minerals: U.S. Geol. Survey Circular 831, 5 p. 

Waitt, R. B., 1970, Ignimbrites of the Sierra Madre Occidental 
b e t w e e n  D u r a n g o  a n d  M a z a t l a n ,  M e x i c o :  u n p u b l i s h e d  M . S .  
thesis, University of Texas, Austin. 

Whal, D. W., 1973, Geology of the El Salto strip, Durango, Mexico: 
unpublished M.S. thesis, University of Texas, Austin. 

Williams, 1974, Some petrographic descriptions of the La Cienega 
rocks. Unpublished report: Durango, Durango, Mexico, 
S e r v i c i o s  I n d u s t r i a l s  P e f t o l e s ,  S A  d e  C V .  

Wisser, E., 1966, The epithermal precious-metal province of north
west Mexico: Nevada Bureau of Mines Report 13, p. 63-92. 


