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ABSTRACT

Assemblages of Paleozoic age and less significant

Triassic and possibly Cretaceous- Tertiary volcanic rocks

constitute the Sierra E1 Aliso, 186 km east- southeast of

Hermosillo, Sonora. The Paleozoic section consists of

approximately 2000 m of allochthonous Ordovician to Permian

pelagic and hemipelagic deposits that accumulated in contin-

ental slope, continental rise and ocean floor ( ?) environ-

ments. The lower Paleozoic is characterized by graptolitic

black shale and radiolarian chert, quartzite, argillite and

local limestone. The upper Paleozoic is predominantly tur-

bidite carbonates rich in benthonic foraminifera, and cono-

dont faunas, subordinate bedded chert, siltstone, sandstone

and chert -clast conglomerate. After Early Permian time, but

prior to the deposition of the Late Triassic Barranca Group

the Paleozoic section was imbricated along south -southeast

vergent thrust faults. The Triassic rocks unconformably

overlie the Paleo -zoic strata and all thrust faults. The

Triassic and older rocks are overlain by the Cretaceous -

Tertiary volcanics.
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CHAPTER I

INTRODUCTION

The Paleozoic was an eventful period during the

geologic history of northwestern Mexico and southwestern

United States. Accumulation of enormous volumes of

sediments in deep basins adjacent to the western continental

margin were subsequently deformed and thrust faulted against

North American miogeoclinal shelf rocks during two major

Paleozoic tectonic events known as the Antler and Sonoma

orogenies.

These orogenically deformed rocks have been widely

recognized in Nevada (mainly), Idaho, and southeastern

California. It has been argued that fragments of these

orogenic belts were displaced southeast towards northwestern

Mexico along the Mojave-Sonora Megashear during Jurassic

time. Fairly recent geologic studies indicates that

Paleozoic deep water and miogeoclinal shelf facies are

presumably in close relationship in central Sonora, Mexico,

although their exact relationship has not been defined yet.

Because of the position of Sierra El Aliso almost in

the center of the basin, its relationship with Late Triassic

sequences, its geographic position south of the Mojave-

Sonora Megashear, and the stratigraphy and structural styles
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developed by the eugeoclinal successions that compose this

range, important information regarding Paleozoic Cordilleran

tectonics is expected.

Local History

San Antonio de la Huerta is a village of about five

hundred people. Electricity, one school, a grocery store

and potable water pumped from the Rio Yaqui are services

provided by the state government. Mining, cattle ranching

and agriculture are the main economic activities of the

area. Geologic exploration in the last few years led to the

discovery of important ore deposits. Mining is now the

primary source of employment in the region. In addition,

small scale gold prospects and placer mines are active in

the area.

Climate and Vegetation

The climate of this area is hot and very humid, with

moderate winters. A large portion of the annual rainfall

occurs during the months of July, August and September, but

also sporadic rains are expected in other seasons of the

year. During the summer, the temperature varies from 5 to

40 Centigrade and commonly exceeds 40 Centigrade degrees.

The vegetation is typical of the southern Sonora

humid lands and is influenced by elevation and type of

bedrock. Intensely weathered rocks are heavily vegetated
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and are difficult, or impossible, to traverse. Underbrush,

some cacti, grass and small shrubs occur in the lower parts

of the range, and encino and pine trees, in the higher

parts.

Ob, ect ives of the Study

The specific goals of the present study includes:

(a) elaboration of the geologic map of the area, (b) identi-

fication of structural styles, (c) the stratigraphic

analysis, emphasizing fossil control and facies, (d) estab-

lishment of a depositional systems model, (e) nature of the

contact relations between Paleozoic strata and adjacent

l i thologies , (f) interpretation of the geologic processes

that acted during and after the formation of the Paleozoic

rocks.

Methods of Study and Laboratory Techniques

Two months of field work were initially planned for

this project, but only 22 days were spent in the field

because of insufficient financial support. In spite of

this, the work accomplished important objectives. Most of

the work in the Sierra E1 Aliso was during May and June of

1986. Minor revisions were made during the fall of the same

year.

Preliminary photo -interpretation was done on ten

1:50,000 -scale stereo pair aerial photos edited by the
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Secretaria de la Defensa Nacional. These photos were

provided by Dr. John Stewart (U.S. Geological Survey).

Because the Sierra El Aliso lies in both the Tonichi

and Tecoripa topographic maps, a topographic map of the

study area was made by using parts of both topographic

sheets at 1:50,000 scale and later enlarging them to

1:25,000 for major geological detail.

Strikes and dips, contacts, and structures were

transferred from the aerial photos to the base map.

In the field, traverses were made generally perpen-

dicular to bedding strike and across the best exposed areas.

Information on 1 ithology , sedimentary structures, thick-

nesses and structural features were recorded, and fossil

material was collected.

Paleontologic Work

Identification of fossils was crucial for the

structural and stratigraphic understanding of these

sequences. This was achieved through help of

paleontologists that cooperated directly or indirectly with

this project.

Graptolites were studied by Dr. Claire Carter, U.S.

Geological Survey, Menlo Park, California. Fusulinids were

determined by Dr. Raymond Douglass, U.S. Geological Survey,

Washington, D.C. Preparation, picking, and identification

of conodonts were done by Dr. Anita Harris and Dr. John
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Repetski of the U.S. Geological Survey, Washington, D.C.

Radiolarians were identified by Dr. Benita Murchey, U.S.

Geological Survey, Menlo Park, California. Bryozoa were

studied by Dr. June P. Ross, Western Washington University.

Bentonic foraminifera were identified by Dr. Charles Ross,

Chevron, U.S.A. Possible burrows were analyzed by Dr. Franz

Fursich, University of Berlin, Germany.

I also dissolved approximately 5 kilos of limestones

in 10% solution of acetic acid, but no conodonts were

recovered. Only the problematic and interesting rock types

were studied in thin sections and polished surfaces. The

remainder were described from hand specimens.

Location and Access Roads

The study area is located in central Sonora, Mexico,

approximately 185 km east- southeast of Hermosillo, the

capital of the state (see figure 1) . The main portion of

the studied area lies along the western side of the road

that links San Antonio de la Huerta (south) with Soyopa

(north) . The farthest southwestern part is close to the

town of San Javier. The area includes 100 square kilometers

of Paleozoic and Mesozoic rocks exposed mainly in Sierra El

Aliso and also in Cerro Hidalgo, Cerro El Real Viejo, Cerro

La Estrella and Las Cendraditas (see figure 2) occupying

part of the Tecoripa and Tonichi 1:50,000 topographic
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Figure 2. Partial View of Study Area
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sheets. It is enclosed by the latitudes 28 38', 28 44', N;

and longitudes 109 38', 109 44' W.

San Antonio de la Huerta and Soyopa can be reached

from Hermosillo (see figure 3) by driving east-southeast on

either of two roads: one extends through Sahuaripa and then

southeast through Rebeico, and the other through Yecora and

then north (about 7.5 km) to San Antonio de la Huerta. Both

roads are paved and in relatively good condition.

Vehicular transportation within the area is

restricted mainly to the San Antonio de la Huerta- Soyopa

road (20 km dirt road). Several smaller roads constructed

during mining operations in the last years, as well as those

made by the ranchers, were of great help during the geologic

work.

The area is covered by a widespread network of good

trails that allow access to the highest parts of the range.

The area can also be reached by light aircraft using a short

landing strip 1.5 km southwest of San Antonio de la Huerta.
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Physiography

The first attempt to describe and outline the

physiographic provinces of Mexico was made by Ordonez in

1936. Based on previously published geologic and mining

literature, he portrayed in a very general way the features

of the Mexican land. Sonora was considered by him as the

Sonora Desert Province, similar to adjacent parts of

Arizona. Previously, Fenneman (1931) had suggested that the

Sonoran Desert Province was only an extension of the Basin

and Range Province of the Western United States. King

(1939) designated the name Parallel Ranges and Valleys

Province for a region located in central- southern Sonora.

This region is limited to the west by the Sonoran Desert

Province and to the east by the Sierra Madre Occidental

Province.

A more accurate and detailed 1:3,000,000-scale

physiographic map of Mexico was published by Raisz (1964)

illustrating the state of Sonora broken into four

subprovinces (see figure 4) known as: The Deltas, The

Sonoran Desert, The Piedmont Ranges and The Sonoran High

Ranges. The latter subprovince consists of N -S trending

ranges with wide alluvial valleys and fits with the general

characteristics of the study area.
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The Sierra E1 Aliso is in the Sonoran High Ranges

Subprovince (Raisz, 1964) and the Parallel Ranges and

Valleys Province of King (1939).

Normal faulting is a fundamental element in the

evolution of the landforms of the area. Horst and graben

structures cut across older structures, and mountains and

valleys are aligned in a NNW -SSE direction along the area

and extend beyond it. Along the San Antonio de la Huerta -

Soyopa road, the sharp contrast between the Rio Yaqui valley

floor and mountain sides are a reflection of normal

faulting.

The summits of the mountainous range are at

elevations from 800 to 1000 m above sea level. The highest

summit of the range is 1340 m at Pico de la Garza. Eleva-

tions in the adjoining valleys are as low as 200 m above sea

level.

The main drainage system of the Sierra E1 Aliso is

controlled by the general attitude of strata. The longest

streams follow the outcrops of weaker rocks (subsequent

streams) ; tributaries are of two kinds: those which flow

down the dip of the formations (resequent streams) , and

those which flow in a direction opposite to the dips of the

formations (obsequent streams). These three genetic types

of streams combine to create a trellis drainage pattern that
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characterizes most of the area. Subordinated dendritic

drainage pattern also occurs.

Drainage is to the Rio Yaqui, which lies east of

this mountain range.

Previous Work

The geology of the central part of Sonora is poorly

known, and this fact is a great obstacle in the understand-

ing of the geologic evolution of the region. Little work

had previously been done in the Sierra El Aliso, besides the

work of King (1934).

The first regional geologic study in Sonora was by

Dumble during two trips in 1900. He assigned a Cretaceous

age for a sequence of granular gray limestone with large

amounts of cherty material exposed in the Picacho Colorado,

Cerro Cobachi, and adjoining hills to the Cerros Las

Tinajas, La Cal, and San Juanico; all 10 km southeast of the

agricultural community of Cobachi. Dumble also designated a

Silurian age to quartzite and marble in Cerro Cobachi, based

only on field relations. Dumble was a pioneer in the study

of geology in Sonora. King (1934) in his geological

reconnaissance of central Sonora visited many of the same

localities as Dumble, and found that the "Silurian" lime-

stones contained Abundant coral species of Richmondian age.

He also collected fusulinids of Leonardian age in the
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northern Sierra de Cobachi from limestones previously

assigned to the Cretaceous by Dumble.

King also noticed the presence of a conglomerate,

limestone, black chert and siliceous shale sequence and

noted their similarity with the siliceous facies of the

Marathon region of west Texas.

He considered rocks in Sierra El Aliso to be the

Barranca Group of Late Triassic age.

Wilson and Rocha (1946) made the best geologic map

and stratigraphic study of the Triassic Barranca rocks with

emphasis in the exploration of coal beds.

Intensely deformed limestones and bedded chert in

the vicinity of Santa Clara Sonora, 4.5 km southwest of

Sierra E1 Aliso, were thought to be Paleozoic ( ?) in age

(Avila de Santiago, 1960) . The goal of his studies was a

continuation of the geologic mapping of the anthracite

deposits, initiated by Wilson and Rocha in 1946.

A synthesis of the Paleozoic geologic framework of

Sonora was published by Fries (1962).

Lopez-Ramos (1962) compilated the descriptions of

all Paleozoic sedimentary exposures of Mexico. Much more

recent geologic work has been published since then.

Menicucci (1975) made a wider recognition of the

geology of a portion of central Sonora and proposed the name

Re alit o Quartzite for quartzarenites of probable Paleozoic
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age. He also studied the Barranca rocks in several

localities, and worked the volcanic stratigraphy in many

other areas.

A more up to date compilation of the Paleozoic

formations of the country was completed by Malpica and De La

Torre (1980). The only data presented regarding the deep -

water facies of Sonora is limited to King's work.

Peiffer -Rangin and others (1980) identified Late

Ordovician graptolites from La Casita -Los Chinos and Cobachi

localities and proposed a prolongation of the Ouachita -

Marathon orogenic belt.

The stratigraphy of metamorphosed siltstones,

quartzite, sandstone and dolomitic mudstone of probable

Paleozoic age was described by Abadie (1981) in the Sierra

de Mo rad i l las , southwest of the town of Moradillas .

Abadie's work was focused mainly to define the stratigraphy

of the Barranca Group at this locality, and the location of

graphite bodies.

Noll (1981) made a detailed stratigraphic study on

the Paleozoic rocks of the northern Sierra de Cobachi,

defining the Guayacan Group, the Vuelta Colorada Formation

and the Picacho Colorado Limestone units.

The Federal Government published the 1:1,000,000

scale geologic Tijuana sheet (Secretaria de Programacion y

Presupuesto, Instituto Nacional de Estadistica, Geografía e

Informatica, 1981), and the 1:250,000 scale map of the
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Tecoripa sheet (Secretaria de Programacion y Presupuesto,

Instituto Nacional de Estadistica, Geografia e Informatica,

1984, Hoja Tecoripa H12 -12, Carta Geologica 1:250,000,

Mexico, D. F.).

Campillo and Montes (1983) contributed interesting

ideas related to the genesis of the stratiform barite of

Cobachi. Cordoba and Montijo (1983) studied part of the

stratigraphy of a small area in Mina de Cobachi. They used

the same lithostratigraphic names proposed by Noll in 1981.

Anderson and Silver (1982) proposed the Mojave -

Sonora Megashear II which presumably displaced the Barita de

Sonora Mine and Cobachi areas from Nevada toward Sonora.

The geology and origin of the Cobachi bedded barite

deposit was done by Pregger (1983). His study included the

use of geochemical and sulfur isotope analysis and that

indicated that the barite precipitated as a sedimentary or

early diagenetic mineral, and therefore, was syngenetic in

origin.

Late Mississippian -Early Pennsylvanian and Late

Devonian ages for stratabound barite in both, Barita de

Sonora Mine (15 east of the Mazatan town) and Cerro Cobachi

areas were obtained by Poole and others (1983). They also

provided a general overview on the Paleozoic stratigraphy of

both areas.
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An attempt to establish the tectonic setting for the

Paleozoic rocks of Barite de Sonora Mine and their role in

the evolution of the southwestern Continental margin was

published by Poole and Madrid (1986).

The widespread distribution of Paleozoic rocks in

the Sierra El Aliso was first recognized by Stewart and

Roldan (in press) on the basis of reconnaissance work and

identification of Ordovician, Devonian, and Mississippian

fossils.
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CHAPTER II

STRATIGRAPHY

The intense vegetation, soil cover, and structural

complexity of the area did not allow for as complete an

investigation of stratigraphy of Sierra El Aliso as desired;

nevertheless, recognition of deep -water Paleozoic rocks

ranging in age from Ordovician to Permian are indeed new

insights into the Paleozoic stratigraphy of Sonora.

The other determinant factor was the tectonic nature

of the stratigraphy, which does not permit the elaboration

of coherent stratigraphic columns.

The Paleozoic rocks were divided into nine unnamed

units that are described from oldest to youngest (see

figure 5) . These units are characterized by fairly well

defined stratigraphy, well constrained ages, and wide

geographic distribution.

In addition, isolated Paleozoic rocks, partially

exposed, with unknown relationships and imprecise ages are

also described but included as units of uncertain assign-

ment. Also, a generalized lithostratigraphic correlation

has been prepared for central Sonora (see figure 12).
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The Paleozoic rocks are unconformably overlain by

the Barranca Group, composed of quartzarenite and chert-

clast conglomerate, quartzose sandstone, and siltstone.

The Tarahumara volcanics consist of andesite flows,

massive agglomerates and breccias which rest unconformably

on older rocks. Both, the Barranca and Tarahumara rocks are

only briefly described.

Thicknesses assigned to the Paleozoic units were not

measured, and only estimated on outcrops.

Limitations of the Correlations

Correlations presented are limited by the lack of

stratigraphic, paleontologic and sedimentologic studies in

this part of the state. Nearby areas studied by other

authors display the same characteristics of deformation,

abundant vegetation and lack of exposures that limit total

knowledge of the Paleozoic stratigraphic column in central

Sonora. It is also possible that facies changes account for

the l i tho l og i c differences between areas and make

correlation uncertain.

Sections used here for the correlation of Paleozoic

rocks from central Sonora include the stratigraphic columns

of Noll (1981) , Pregger (1983) and Poole and Madrid (in

press) . Figure 13 shows approximate location of the

Paleozoic sections mentioned above.
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LOWER ORDOVICIAN

Unit One

Distribution and Thickness

Unit 1 is restricted to the Canada Plomosa (south of

Cerro Plomosas) and to the north side of Cerro Plomosas,

extending from Mina Hidalgo towards the San Antonio de la

Huerta -Soyopa road (see geologic map for distribution of

this unit).

This unit is probably 75 m thick, as estimated from

field observations.

Litho logy and Age

Unit 1 is the oldest unit recognized in the study

area. On the north side of the Cerro Plomosas, this unit

consist mainly of shales, minor siltstones, and quartz -

arenites. Shales are black and weather to light brown -green

colors. They are highly fissil and extremely fossiliferous

(exclusively graptolites).

Siltstones are yellowish to light brown- weathering

and have a dark gray color on fresh fracture. They are thin

bedded and occasionally sandy.

Quartzarenites are less common than siltstones and

are characterized as being white or colorless and weathering

to light gray, yellow, or beige. They are fine grained and

conglomeratic (only chert fragments) and normally occur in



32

thin beds, except for a massive outcrop near the San Antonio

de la Huerta- Soyopa road. No fossils were found in these

quartzarenites.

Graptolites identified by Claire Carter, consist of

Unduloara_pus sp. , Temnograptus sp., Log. änograptus with

extremely thin stipes, Isograptus sp., Didymograptus cf. D.

cognatus Harris and Thomas, Isogrraptus aft. I. victoriae

divergens Harris, and a poorly preserved specimen that looks

like Dicel lograptus . These fossils are evidence of the

Early Ordovician Zone of Paraglossograptus tentaculatus.

Dr. John Stewart previously collected, and Claire

Carter identified, one specimen of Isograptus sp. from the

same shales outcrop.

In the Canada La Plomosa (south of Cerro Plomosa,

see map) unit 1 consists of shales (95 %) and quartzarenites.

Shales are dark and dark gray to black and weather to light-

green and light brown. They are fissil and sparsely

fossiliferous. The finer grained shales are encountered in

the western part of the creek where a well- developed

fissility is clearly visible. Fissility decreases with

increasing grain size toward the head of the creek in the

same locality.

Rare interbeds of yellowish to light brown or

slightly pink, fine grained, conglomeratic quartzarenites

occur within the shales. These quartzarenites are similar
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texturally to the Middle Ordovician massive quartzarenites

but their stratigraphic position is different however.

Fossil collections made from the highly f issi l

shales have been determined by Claire Carter as:

Undu l o ra tus austrodentatus austrodentatus Harris and

Kelpie, Tetragraptus cf. seup d yobigsbi Skevington and

Paraglossograptus sp. These represent the Early Orodovician

Zone of Paraglossograptus tentaculatus.

Local Correlation

Unit i corresponds with more than 60 m of lower

Ordovician graptolite- bearing argillites, sandstones,

conglomerates and limestones exposed in the Barita de Sonora

Mine (Poole and Madrid, in press) . See figure 12 for

correlation. No correlation is possible between this unit

and exposed Ordovician rocks in Sierra de Cobachi area,

since no reports of an Early Ordovician age is yet known

(Noll, 1981; Pregger, 1983; Ketner and Noll, 1987).
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MIDDLE ORDOVICIAN

Unit Two

Distribution and Thickness

Rocks belonging to unit 2 crop out on the north wall

of Canada La Tinaja, immediately underneath a massive ledge

of quartzareni te . It also constitutes the Canada

Cendraditas (both south and north walls) , crop out near

Rancho La Escondida, and extends along the north side of

Cerro Hidalgo (see geologic map for distribution of this

unit).

The unit is probably 50 m thick.

L i t ho l ogy and Age

This unit, as described from different localities

within the study area, is constituted by black shales,

bedded chert and argillites that show slight lithologic

changes from place to place due perhaps to facies changes.

In the Canada La Tinaja, arg i l l i tes that compose

this unit are very difficult to find due to the abundant

vegetation and their weak nature. The argillites are a

lilac color and weather to either light brown or grayish

brown. They are thick bedded to massive and highly

weathered. Locally, the argillite has distinct yellow and

black color laminations. Graptolites occur in the argillite

and are moderately well preserved, a few of them are intact
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forms that oxidize to a reddish orange color, but mostly are

rhabdosomes conserved in carbon films.

Based on the identification by Claire Carter of

Climacograptus sp. and Orthograptus sp. aff. O.

Amplexicaulis (Hall), the age assigned to these argillites

is Middle Ordovician.

In Canada Las Cendraditas, a monotonous repetition

of shales and chert is exposed on the south wall of this

canyon which is also part of unit 2. The chert is black and

weathers to a dark gray -beige color. It is thin bedded and

strongly indurated. Shales are black and weather to the

same color. They are thin bedded, platy shiny, friable

silky textured and fossiliferous (graptolites).

Grapto l i tes identified by Claire Carter are in an

excellent state of preservation and are classified as:

Glyptograptus cf. G. euglyphus Lapworth and are regarded as

Middle Ordovician.

On the same Canyon Cendraditas, but forming the

north wall, a resistant, steep wall exposes a succession of

rhythmically interbedded s it tstone and chert. The silt-

stones are pale beige to pale yellow on weathered surface

and black on fresh surface, medium bedded (generally less

than 15 cm thick), well indurated, lacking sedimentary

structures and abundantly fossiliferous. The chert is black

and weathers to light gray or grayish yellow, is thin bedded
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and very resistant to erosion. The cherts were not sampled

for paleontologic study, as datable graptolites are

distributed throughout the whole section.

Graptolites contained in the siltstones were

identified by Claire Carter (written communication, 1986)

as: Orthograptus sp., Dicellográptus cf. D. alector Carter

and Ci_imacograptus cf. C. hastatus T. S. Hall, indicating a

latest Middle Ordovician age for these strata.

Although Climacograptus hastatus, recognized by its

four basal spines and prominent virgellar projection, was

initially conceived as a guide to the Late Ordovician

(Ashgi l l ian) , (Berry, 1960; Ross and Berry, 1963; Churkin

and Carter, 1972; Peiffer -Rangin et al., 1980). More recent

studies (Carter, written communication, 1986) confirm that

the combination of Climacograptus hastatus with

Diceliograptus alector constrains a more specific latest

Middle Ordovician age for this sequence, perhaps younger

than the zone of Climacograptus bicornis bicornis.

North of Cerro Hidalgo, the lithology of unit 2 is

very similar to those Middle Ordovician rocks previously

described. The whole section is primarily composed of

intercalated chert and shale with minor siltstone. Shales

and chert are characterized by a very persistent black

color. They are thin bedded (in the order of 9 cm for

individual layers) and highly fractured. Poorly preserved
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g rap t o l i t e rhabdosomes are encountered in the shales.

Siltstones are yellow-gray-weathering and black in fresh

surfaces. Beds are considerably thicker in comparison with

the shales and chert.

The age of these strata corresponds to the Middle

Ordovician Zone of Climaco ra tus bicornis, based on the

taxonomic identification of Dicranoçlraptus sp. ,

Climacograptus bicornis bicornis (Hall) and Orthograptus sp.

(Claire Carter, written communication, 1986).

In Rancho La Escondida area, a sequence of black,

thin bedded siliceous shales corresponding to unit 2 are

thrust upon the massive quartzarenites of unit 3.

This shale outcrop is small and lies approximately

150 m west of Rancho La Escondida, along the trail that goes

to Puerto Colorado (see geologic map and structural section

D -D' for location).

Local Correlation

Unit 2 is equivalent with shales containing

Corynoides sp. , Orthograptus calcaratus acutus ,

Pseud oclimacograptus scharenbergi and Cryptogratpus

tricornis of Middle Ordovician age described by Pregger

(1983) in the Sierra Cobachi area. The unit also correlates

with the lower part of the Guayacan Group (Noll, 1981) in

the Cobachi area. Although the last author only stated a

Late Ordovician age for shales at the top of this unit, more
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recent graptolite findings made by Pregger (1983) proved

that the Middle Ordovician rocks are also present in this

unit. A good correlation can be also established between

unit 2 and Middle Ordovician graptolite- bearing shales

containing sparse quartzarenites that crop out in the Barita

de Sonora Mine area (Poole, written communication, 1986) .

Thickness of the Middle Ordovician section at that locality

was estimated to be over 110 m.
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MIDDLE ORDOVICIAN

Unit Three

Distribution and Thickness

Unit 3 is especially important because it is the
most conspicuous unit in the range and makes up about 80% of

the exposed rocks in the Sierra El Aliso. In addition, the

quartzarenites cap all the topographic highs due to their
resistant nature (see figure 6). The distribution of unit 3
is clearly depicted on the geologic map. The thickness for
this unit is difficult to estimate because the quartz -
arenites always occur in thrust sheets. Quartzarenites are

also everywhere cut by abundant normal faults; the thickness
may range between 80 and 100 m.

L i t ho l óc y j d Age

Unit 3 is a single lithologic unit formed almost
entirely of massive quartzarenites and occasional thin
siltstone layers.

Quartzarenites are very pure, weather yellow -to-
light brown, and are white in fresh surfaces. They are fine
to medium grained, massive and virtually structureless, with
the exception of horizontal parallel laminations of
ferromagnesian minerals. Characteristically, flat siltstone

granules ( "chips ") are disseminated in these sandstones. As

a consequence of weathering of these siltstone "chips,"



Figure 6. Exposures of Massive Quartzarenite (unit 3). 
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slot --like holes are produced in the rock. Siltstones are

rarely seen because of their lower resistance to erosion and

weathering, and also because quartzarenite talus cover them

most of the time. However, thin layers occur at Puerto

Colorado, Cerro Plomosas and also interlayered with the

quartzarenites at Cerro Cendraditas.

I was unable to find fossils in these rocks, but Dr.

John Stewart (written communication, 1988) and Edgardo

Barrera (personal communication, 1988) of the University of

Sonora collected graptolites from the siltstone horizons

that were identified by Claire Carter as Nemagraptus

gracilis of Middle Ordovician age.

In thin section, these sandstones are very well

sorted (see figure 7) and are composed of over 98% mono-

crystalline quartz grains that have straight to slightly

undulose extinction and contain unidentifiable inclusions.

Although some quartz grains display irregular grain to grain

contacts, straight contacts predominate forming a

polygonized texture.

Heavy minerals (mostly zircon and magnetite) and

chert fragments make up less than 2% of the rock.

Quartzarenite of unit 3 have brecciated basal

contacts indicating that slip has taken place along bedding

plane faults. The breccias are exclusively composed of

quartzarenite fragments embedded in a hematite matrix. In



Figure 7. Texture and Mineral Composition of
Middle Ordovician Quartzarenites (unit 3)



43

addition the quartzarenites are highly fractured and
brecciated.

Local Correlation

Quartzarenites of unit 3 are equivalent to the so
called "Realito Quartzite" (Menicucci, 1975). There is no
apparent equivalence with the Middle Ordovician sequences at

Barita de Sonora Mine and Cobachi areas (Poole and Madrid,

in press; Noll, 1981; Pregger, 1983; Ketner and Noll, 1987).

None of the authors have reported the presence of massive
turbidite quartzarenites of deep -marine environments.
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UPPER ORDOVICIAN

Unit Four

Distribution and Thickness

Rocks of unit 4 crop out only in Canada Plomosas

(south of Cerro Plomosas, see figure 19, section A -A').

This unit is very characteristic because it forms a resis-

tant limestone cliff between the underlying unit 1 shales,

and the overlying Middle Ordovician quartzarenites that cap

the Cerro Plomosas. The strata of unit 4 are affected by

normal faults, but in spite of that, the limestone outcrop

is continuous towards the east, 1 km north of Rancho

Cendraditas (see figure 8) , and then near the valley is

covered by volcanic rocks.

This unit is thin and probably does not exceed 20 m

in thickness.

Lithology and Age

Unit 4 consists of a cliff forming sequence of

approximately 13 m of gray, shaly and sandy limestone (see

figure 24) that weathers to a peculiar light brown color

(sometimes yellowish brown) . The limestone is fine,

crystalline and contains small chert nodules and lenses. It

is thin bedded in the lower part, but appears to grade

upward into relatively thicker beds. Inconspicuous parallel

fine laminations and excellent karst weathering are also



Figure 8. Late Ordovician Limestones (unit 4) Overlain

in Thrust Contact by Middle Ordovician Quartzareni tes ,

North of Cendraditas Ranch
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typical features of these rocks. Locally, the limestones

are silicified and mineralized by hydrothermal solutions

which gives the rock a black appearance. Pyrite cubes are

locally abundant..

The limestones are occasionally interstratified with

shaly horizons that ordinarily form topographic depressions.

Apparently the shales are unfossiliferous.

Limestone samples collected by Dr. Stewart and the

writer contain conodonts that were dated by John Repetski

(personal communication, 1988) as Late Ordovician, middle

Maysvillian or Richmondian age.

Local Correlation

Unit 4 at Sierra El Aliso correlates in age with

Late Ordovician graptolitic shales and bedded chert of the

Guayacan Group (Noll, 1981; Pregger, 1983; Ketner and Noll,

1987) at Sierra de Cobachi area. Another correlation can be

also established with approximately 100 m of Late Ordovician

argillites and bedded chert at Barita de Sonora Mine (Poole

and Madrid, written communication, 1986) (see figure 12 for

correlations).

Ordovician Contacts

The contacts between Ordovician units, and the

contacts of these units with all other Paleozoic rocks are

faults, generally, thrust faults.
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Ordovician Conditions of Deposition

Environmental conditions during the formation of the

Ordovician graptolite- bearing black shales, turbidite

limestones and chert succession indicates quiet water

necessary for graptolite rhabdosomes preservation in the

fine grained sediment. Strongly reducing waters prevented

growth of benthonic faunas and enhanced the decaying of

great amounts of organic matter and sulfide -rich mineral

formation. These two last conditions give the rocks their

distinctive character. Furthermore, warm water temperatures

presumably dominated the upper portions of the water column

permitting the proliferation of graptolites.

Skevington (1974) concluded that Ordovician

graptolite faunas, with rare exceptions, were confined to a

tropical zone, bounded by the 30 N and 30 S paleolatitudes.

Graptolitic black shales and associated black bedded

chert have been commonly referred as the "graptolitic

facies" (Moore, 1955). Little is known about the origin of

bedded chert in the Ordovician sequences. Different

hypothesis on chert origin have been proposed.

The most likely theories appear to favor an

inorganic origin (direct precipitation from silica- saturated

seawater), biogenic (accumulation of siliceous oozes), and

dissolution of volcanic ash (Blatt et al., 1980).
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The presence of black chert in association with

grapt o l i t i c shale, seems compatible with a deep -water

environment (see figure 9). In addition, lower Ordovician

pelagic ( ?) or allodapic ( ?) limestones with pelitic

interbeds that lack any features suggestive of shallow -water

deposition also favor deposition at deep depths. Allodapic

limestones of unit 4 are believed to be transported by

turbidity currents and deposited in deeper waters during

periods of tectonic instability.

An important feature of the lower Paleozoic rocks is

the absence of evidence for igneous activity. The lack of

volcanic rocks or arc -derived sedimentary rocks, precludes

sedimentation close to an island arc setting (Dickinson,

1974) and rather, favors sedimentation on a continental

margin setting (Dickinson, 1977).

Paleozoic deep basins with nearly identical

environmental characteristics to the study area are well -

known along the Cordilleran and Appalachian Geosynclines

(Kay, 1951; Ketner, 1969; Churkin, 1974; Stewart and McKee,

1977; King, 1937; Flawn et al., 1961; and McBride and

Thomson, 1970).

Sedimentary processes, lithologic associations,

sedimentary structures, and oceanic realms in deep -sea

modern environments (Potter et al., 1980) are comparable
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with the Paleozoic deep-water associations of Sierra El

Aliso.

Quartzarenites Significance and Origin

The quartzarenites of unit 3 at Sierra El Aliso are

considered to have been deposited in a deep-water environ-

ment, as revealed by the overlying and underlying

foss i l i f erous deep marine strata. These turbidites were

formed by processes that moved sediment downs lope from

shallow waters into the graptolitic shale and chert

depositional sites, probably driven by gravitational forces.

The lower Ordovician quartzarenites are thin bedded,

conglomeratic, laminated and slightly coarse grained, while

the massive Middle Ordovician quartzarenites are essentially

structureless, with the exception of laminations.

Quartzarenites of Early and Middle Ordovician age in

the study area have many characteristics in common to the

quartzarenites in the graptolitic shale and chert belt of

the Cordilleran Geosyncline ( Churkin, 1974) and also the

quartzarenites in the transitional facies of central Nevada

(Stewart and McKee, 1977; Ketner, 1977). In recent studies

(Noll, 1981; Pregger, 1983; Poole and Madrid, 1986) of

central Sonora Paleozoic rocks, quartzarenites of equivalent

age have been interpreted as turbidites.

Controversy on what kind of sedimentary structures

may be found in these turbidites is still a point of
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discussion; some authors agree that the general lack of

structures in these sandstones, especially graded bedding,

is due to the high textural maturity of the quartzarenites

(Churkin, 1974; Ketner, 1966); others , however, have

reported sole markings (Kay, 1966) and internal laminations

(Kay and Crawford, 1964).

Dickinson et al. (1983) concluded that

quartzarenites displaying large scale cross- bedding are not

typical of deep-water facies, instead, they correspond to

the miogeosyncline facies. Of course, no such a sedimentary

structures are present in the quartzarenites of Sierra El

Aliso.

The main petrographic characteristics of detrital

quartz grains in quartzarenites collected from the Middle

Ordovician outcrops include: monocrystalline quartz,

straight to slightly undulose extinction, abundant rounded

grains with quartz overgrowths (see figure 10) and some

sparse inclusions. By using the genetic and empirical

classification of quartz (Folk, 1974), the majority of the

quartz grains can be classified as reworked sediments, and a

less percentage as granite -derived quartz grains. The sedi-

mentary and granitic provenance areas from which sediments

were derived are possibly within the North American craton

and shelf.



Figure 10. Quartz Overgrowths on Reworked 
Quartz Grains 



53

Finally, the question that arises is why the

turbidity currents mostly carried quartz grains, and not

other minerals, rock fragments or particles abundantly

distributed in the shelf?

Ordovician Graptolites Faunal Provinces

According to Dr. Claire Carter (written

communication, 1986) , identified faunas (see appendix A)

from Sierra El Aliso belong to the Pacific graptolite

province; the Pacific province includes western North

America (Alaska, Canadian Cordillera, Washington, Idaho,

Nevada, Texas), Australia, New Zealand and parts of China.

In fact, many of the specimens identified in the

study area were first recognized in Victoria, Australia

(Hall, 1898, 1905; Harris, 1924, 1926). On the other hand,

the presence of Ordovician and Silurian graptolitic shales

and chert in central Alaska (Churkin, 1965) is explained as

a northward prolongation of graptolite zones largely known

in western U.S.A. and the Canadian Cordillera.

Almost all the graptolite species described in

Sierra El Aliso, Barita de Sonora mine, Casita -Los Chinos

and Cobachi areas also have been described from Nevada,

Idaho and Utah (Ross and Berry, 1960) . Berry (1960)

concluded that graptolite faunas of the Marathon region,

west Texas were nearly identical to those at the Great

Basin.
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Regional Correlation of Ordovician Rocks

During the Ordovician extensive deep basins

developed adjacent to the southern and western margins of

North America. Deep water facies contain significant

volumes of siliceous deposits , flysch-type sediments, and

pelagic faunas. The s trat igraphic assemblages that most

resembles the central Sonora sequences are those from the

Great Basin and the Marathon regions (see figure 15) . In

the Marathon region, the Ordovician is recognized by

graptolite- bearing shales, radiolarian chert, limestone,

minor graywacke and conglomerate. These sequences were

grouped into five formations: the Marathon Limestone, the

Alsate Shale, the Fort Pena Formation, the Woods Hollow

Shale and the Maravillas Chert (King, 1931).

I have examined the depositional environments,

s t rat igraphy , and faunal content of these five formations,

and it seems that, though not identical, a similarity exists

between the deep -water Ordovician rocks of central Sonora

and the Marathon sequences. Lower and Middle Ordovician

chert, shale and quartzarenites of units 1, 2 and 3 (this

thesis), lower and middle Ordovician argillites, chert and

quartzarenites in Barita de Mazatan Mine (Poole and Madrid,

in press) and exposed shales of Middle Ordovician age in

Sierra de Cobachi (Noll, 1981; Pregger, 1983; Ketner and

Noll, 19 87) are equivalent to the Marathon Limestone, the
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Alsate Shale, the Fort Pena Formation and the Woods Hollow

Shale.

With respect to the Upper Ordovician, the Maravillas

Chert of the Marathon region appears to be the most likely

formation to be correlated in age with outcrops of Late

Ordovician limestones and shales of unit 4 (this thesis) or

with the upper shales of unit 1 (Noll, 1981; Pregger, 1983)

at Sierra de Cobachi area, with strata containing upper

Ordovician graptolite faunas at the Casita -Los Chinos

locality (Peiffer -Rangin et al., 1980) and also with a

sequence of argillite and chert exposed in Barita de Sonora

Mine (Poole, written communication, 1986).

In the Great Basin, the Ordovician is represented by

shales rich in graptolites, siliceous argillites, quartz -

arenites and sparse limestones. Greenstones are also

present in the Ordovician of central Nevada. These succes-

sions are included in the Valmy and Vinini Formations of

Nevada (Stewart, 1980) , the Phi Kappa Formation of Idaho

(Churkin, 1963) and the Garden City Formation of Utah (Ross,

1949).

Deep -marine Ordovician assemblages of the central

Sonora region, resemble greatly the stratigraphy previously

outlined; nevertheless, the presence of oceanic basalts and

island -arc volcanics within the Valmy and Vinini Formations

of Nevada might be made with reservation since no volcanic
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rocks are yet recognized in the Ordovician section of

central Sonora.

Dr. Stewart pointed out that the volcanic rocks in

Ordovician units in Nevada are not abundant, and in many

areas are scarce or absent. He thinks that quartzarenites

in Sierra El Aliso are very similar to those in the Valmy,

and remarked that the Ordovician of the Marathon region of

west Texas does not contain comparably pure quartzarenites,

and that he would rather consider the rocks in Sonora

similar in some aspects to Nevada, in some aspects to the

Marathon region, and in some other aspects to neither.

Dr. Stewart thinks that no correlations must be

attempted of the quartzarenites of Sierra El Aliso with

Middle and Late Ordovician strata assigned to the Eureka

Quartzite of central Nevada (Stewart, 1980). The Eureka is

a miogeoclinal shallow water deposit within a thick section

of carbonate rock and lacks the graptolite shale, bedded

radiolarian chert, or turbidite limestones of the Sierra El

Aliso section.



57

MIDDLE DEVONIAN

Unit Five

Distribution and Thickness

These rocks crop out only in the south portion of

the study area, forming the Cerro Estrella, Cerro La Ventana

and the lower half of the south flank of Cerro Joachin. The

westward extension of this unit includes exposures at Canada

La B at ea, Canada Aguaje Don Domingo, and north of Luz del

Cobre Mine.

Paleozoic lithologies south of Canada Aguaje Don

Domingo are outside of study area, and therefore considered

as undifferentiated Paleozoic. Geologic studies around the

mine indicate that brecciated siltstones and sandstones are

the host rock for mineralization (Hackman, 1982).

Distribution of this unit toward the south is still

uncertain. The thickness of this unit is certainly diffi-

cult to determine because the whole, or part of the section

is overturned, nevertheless, 60 m were tentatively assigned.

Lithology and Age

Unit 5 is made up of interstratified siltstones and

sandstones, with minor percentage of siliceous shales and

limestones. The siltstones and sandstones are red, or

reddish -brownish red, and weather to the same color. It is

still not known if the color was imprinted by the intense
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oxidation or if it is a depositional characteristic. The

siltstones and sandstones are thin bedded (average 10 cm or

thinner) and show graded bedding, wavy and straight lamina-

tions. In addition, throughout its outcrop length, the

sandstones display ball -shape structures, cross -laminations,

graded bedding and flute casts. The presence of the flute

casts at the bed tops indicates that at least part of the

strata are overturned.

The sequence of siltstones and sandstones vary from

dominantly sandstone to dominantly siltstones throughout the

section.

Under the microscope, the rock is composed of quartz

grains, blocky calcite (replacing quartz) that forms

approximately 35% of the rock, rare feldspar grains

(specially microcline) and less than 1% zircon. Hematite

concretions and disseminated hematite and goethite give the

intense reddish brown appearance to these rocks.

Siliceous shales crop out rarely in a few areas, and

form chips found in the regolithic cover.

Limestones are dark gray and weather light gray or

pale pink. They are thin bedded, fine grained, sandy and

weakly laminated, and have a well developed karst surface.

These limestones crop out forming prominent cliffs due to

their resistant nature.
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These rocks do not have a continuous distribution,

on the contrary, they pinch out laterally into the sand-

stones and siltstones.

Limestone turbidites collected by Dr. Stewart and

the writer contain conodonts that were dated by John

Repetski (personal communication, 1988) as upper Middle

Devonian, Givetian.

Contacts

On the north, unit 5 lies below a thrust plate of

Middle Ordovician quartzarenite. The quartzarenite is

highly brecciated near the thrust. On the south, unit 5 is

intruded by a granodiorite pluton.

Local Correlation

Comparable Middle Devonian turbidites have not been

recognized from other localities of Sonora so far.

Conditions of Deposition

The conditions of deposition in which these rocks

originated is not much different than most of the clastic

turbidites of the study area. The unit is made up of a

thick sequence of fine and medium grained clastic turbidites

and local limestone turbidites containing conodonts that

were deposited in deep water environments and where density

currents played an important role. Flute casts, graded

bedding, laminations, cross -bedding and a monotonous



60

repetition of the detrital lithologies are strong evidences

for a deep -marine environment.
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UPPER DEVONIAN

Unit Six

bistribution and Thickness

Strata of unit six was recognized in a very

inaccessible unnamed range in the vicinity of Rancho El

Tapeste (type section), in the southwest portion of the

study area, about 1.5 km south of Pico de la Garza,

immediately below a thrust plate of Middle Ordovician

guar tzaren i to (see geologic map and section D -D') ; and in

disrupted outcrops covered by soil and a heavy vegetation

north of Cerro El Real Viejo.

At the first locality, the unit is approximately

80 m thick, but the thickness of unit 6 at the other two

localities is difficult to estimate.

Lithology and Age

In the Rancho E1 Tapeste area, unit 6 is mostly

bedded chert, with minor shale. The rocks are well

preserved despite intense hydrothermal alteration due to the

proximity of the Luz del Cobre Mine (porphyry copper

deposit). The chert is dark gray to black and weathers to a

dark gray or pale- beige, is mostly thin bedded, but medium

bedding is fairly common. It is intensely fractured and

contains abundant radiolarians and siliceous sponge

spicules.
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Black shale occurs as laminae separating chert beds.

Samples from this locality were sent to the U.S.G.S.

for fossil identification. Dr. Benita Murchey (written

communication, 1987) reported that radiolarians and sponge

spicules were the only two microfossils found in the chert

at this locality. The radiolarians are unidentifiable, but

sponge spicules were identified as: monaxons (oxeas,

st rongyl es , J--shaped spicules) , abundant (Demospongiae or

hexactinellida) hexactines, common (Hexactinellida)

stauractines, common (Hexactinellida) desmas and

(Lithistida: Suborder Orthocladina), suggesting a general

Middle Cambrian to Devonian age for this association. Dr.

Murchey doubts that this sample is younger than Devonian.

On the other hand, the identification of the radiolarians

Staurodruppa prolata Foreman collected by Stewart (written

communication, 1987) from lower stratigraphic levels in this

unit, confirms a Late Devonian, probably Fammenian age.

North Cerro El Real Viejo, strata belonging to unit

six are characterized by partially exposed outcrops of light

gray or white chert that weathers to the same color. It is

thin bedded and much more well preserved (less fractured)

than cherts of the same unit at Rancho E1 Tapeste. This

kind of chert is immediately recognizable by its color and

the enormous amounts of macroscopic radiolarians.



63

Radiolarians collected by the writer at this

locality were comparatively bigger and better preserved than

in the other chert samples of this unit.

Radiolarians have been determined as: Archocyrtium

sp., Staurodruppa pro1_ta Foreman and Entactinosphaera sp.

(with heavy tri- bladed spines) of Late Devonian to Early

Mississippian age. Sponge spicules includes: oxeas,

hexactines and hemidisc (hexactinellid microsclere) . The

latter one is characteristic of the Middle to Late Devonian

Slaven Chert Formation of central Nevada (Murchey, written

communication, 1987).

Around 1.5 km south of Pico de la Garza, and south

of Puerto Colorado, radiolarian samples selected by Dr. John

Stewart from light gray, thin bedded cherts of unit six

yielded: Staurodru a _Erolata Foreman, assigned to the Late

Devonian, probably Fammenian.

Contacts

Unit 6 occurs as thin thrust slices interleaved with

Ordovician and Mississippian or younger rocks (see

structural sections).

Local Correlation

Unit 6 may be correlated with units two and three of

the Guayacan Group (Noll, 1981; Ketner and Noll, 1987) and,
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with chert and clastic turbidites (Pregger, 1983) at the

Cobachi area.

Unit 6 was dated on the basis of radiolarians,

whereas Devonian rocks were dated by the brachiopod

Dz ieduszycki a Sonora (Noll et al., 1984) , in the Cobachi

area.

Late Devonian strata at Sierra E1 Aliso also

correspond with 130 m of interbedded chert, sandstones and

bedded barite at Barita de Sonora Mine (Poole, written

communication, 1986). Correlations are shown in figure 12.

Conditions of Deposition

Unit 6 is considered to be a deep water deposit.

Evidence that favors a deep water environment for this

bedded chert include: the absence of land-derived detrital

minerals, absence of shallow water fossils or calcium

carbonate particles, absence of current -controlled strat-

ification and presence of skeletal microfossils (in

particular sponge spicules and radiolarians) . Sponge

spicules are specially important because they are abundantly

distributed in all the chert samples (spiculites) and more

abundantly than radiolarian tests (Dr. Murchey, written

communication, 1987).

Dr. Murchey pointed out that this radiolarian -

spicule association is typical of siliceous turbidites

formed by bottom currents. The paleobathymetry of the
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depositional sites in which bedded chert originated is

difficult to assess; nevertheless, sedimentation had to take

place where terrigenous input was minimal, possibly far from

land, as indicated by the lack of terrigenous sediments. It

maybe near or below the calcite compensation depth (the

depth at which calcite goes into solution in ocean water).

This sequence of bedded chert is not believed to be

an ophiolitic chert association, but rather, a continental

margin chert association (see figure 11) like that discussed

by Jones and Murchey (1986).

Devonian Regional Correlation

In view of strong lithic and faunal similarities,

units 5 and 6 and their equivalents in Sonora are correlated

with both the Slaven Chert of Nevada and the Caballos

Novaculite of the Marathon region.

The Slaven Chert has been described as a sequence of

radiolarian chert, with minor siltstone and limestone, of

Middle to Late Devonian age (Gilluly and Gates, 1965).

The Caballos Novaculite is characterized by a series

of radiolarian- bearing bedded chert, siliceous shale and

novacul i to that have been classified as Devonian and

Mississippian in age (Flawn et al., 1961).

Dating of both formations has been done by using

radiolarians, sponge spicules, and conodonts.
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Proximal Basin and
basin slo . e facies

Limestone Turbidites
and debris flow facies

FIGURE 1 1 - DEPOSITIONAL MODEL FOR THE UPPER
PALEOZOIC SEQUENCES OF SIERRA EL ALISO.
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UPPER MISSISSIPPIAN

Unit Seven

Distribution and Thickness

Strata of unit 7 are distributed in the southwestern

part of the study area. The unit crops out along Canada El

Aliso, between La Escondida Ranch and Puerto Colorado

(topographic saddle) . See geologic map for distribution.

The thickness of this unit probably exceeds 50 m.

Lithology and Age

In the Aliso area, this unit consists entirely of

light gray limestones that weather light and dark gray. It

is finely crystalline, thin bedded, partially silicified,

styolitized and abundantly cherty (chert occurs as nodules

and lenses). It displays depositional structures including

horizontal parallel laminations and convolute bedding.

Paleontologic analysis of these limestones (Harris, written

communication, 1987) revealed the presence of the admixed

conodont elements described below:

Redeposited Late Early through Middle Ordovician

Amorphognatus sp., Prioniodus sp., Baltoniodus sp. and

Periodon aculeatus Hadding.

Redeposited Devonian Icriodus sp. and Polygnathus

sp.
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Redeposited and /or indigenous Late Meramecian

through Early Chesterian Cavus_gnathus neviculus ( Hinde) ,

Gnathodus bi 1 i neatus Roundy and Gnathodus texanus Roundy.

The age for unit 7 is Late Meramecian to Early Chesterian

(Late Mississippian) ; the youngest conodonts in this

biostratigraphically mixed assemblage (Harris, written

communication, 1986).

Polygnathus sp . , Gnathodus sp., and different

species of Cavusgnathus have been identified from the

Murcielagos, Represo and Venada Formations in El Bisani

area, Caborca, Sonora (Brunner, 1975; 1976). Conversely to

the conodonts in the Sierra El Aliso, the conodonts in the

Caborca area were deposited in a shallow marine environment,

probably on a platform or bank.

Contacts

This unit is structurally sandwiched by Middle

Ordovician thrust sheets. The basal contact is a thrust

fault with graptolitic, black shales of unit 2 (Middle

Ordovician).

The upper contact is a thrust fault with the massive

quartzarenites of unit 3.

LocalCorrelation

A tentative correlation can be attempted between

unit 7 and limestone turbidites of the lower half of the
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Vuelta Colorada Formation at Sierra de Cobachi (Noll, 1981;

Ketner and Noll, 1987) . A similar Mississippian section

composed of more than 50 m of sandy and conglomeratic

limestones, and argillites crop out in the Barita de Sonora

Mine (Poole, written communication, 1986) . See figure 12

for correlation.

Conditions of Deposition

A deep -water environment prevailed during the

sedimentation of unit 7. Conodonts of Late Early- Middle

Ordovician and Devonian age were possibly eroded from the

substratum during deep erosion by density currents, and

transported downslope into deeper waters to accumulate with

younger turbiditic material containing the indigenous Late

Meramecian through Early Chesterian age forms.

Since it is almost impossible to differentiate

between shallow or deep depositional environments using

conodonts, the coexistence of redeposited, and indigenous

conodonts of unlike ages is the most important criteria in

recognizing this kind of limestone turbidite (harris,

written communication, 1986).

Slumps and convolute bedding record those beds that

have suffered downslope mass movement soon after deposition.

Unconsolidated plastic sediments resting on a slope within

the basin of deposition can eventually become unstable at

any moment, producing folded bedding. These structures help
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to indicate the direction of the paleoslope when plotted on
a stereonet.

Additional evidence for a deep -water environment is

supported by microscopic, parallel, uneven laminations of
limestones; a monotonous repetition of the lithologies; and

finally, the dark gray color of the rocks that reveals
anoxic conditions of deposition.

The author decided to elaborate a generalized facies
model (see figure 11) that will be valid not only for the

deposition of the Mississippian but also for the

Pennsylvanian and Permian sediments.
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LOWER PENNSYLVANIAN

Unit Eight

Distribution and Thickness

Exposures of unit 8 are on the north side of Cerro

El Real Viejo, near the power lines. Portions of this unit

are also found north of the first locality in a north -south

elongated, small ridge covered by intense vegetation. The

thickness is uncertain but I would suggest that it is more

than 200 m for this section.

Lithológy änd Age

The section starts with a chert-clast conglomerate

composed of subangular to subrounded, black chert fragments

and rare quartzarenite clasts. The conglomerate is not

stratified and is approximately 4 m thick. Resting on the

conglomerate, are approximately 8 m of dark gray limestones,

light gray in color upon weathering. The limestones are

fine grained, thin bedded, finely laminated and abundantly

cherty. Chert occurs in nodules and lenses, the latter

often extending as thin "layers."

Recumbent slump tight folds and soft -sediment

deformation (convolute bedding) are very common in these

limestones. Most of the folds are small scale and confined

to individual beds. Some folds are sharply truncated by the

overlying beds.
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The middle and upper part of the section consists of

a variety of limestones showing a dull appearance, dark gray

and black colors, thin bedded, sandy, conglomeratic, cross -

laminated, convoluted laminae, fossiliferous (calcirudites)

and occasional shaly, silty and cherty layers.

I collected samples from the bioclastic limestones,

motivated by the amount of fossil debris (brachiopod,

cr inoid , bryozoan and other fossils fragments) . On the

recommendation of Dr. Stewart, a couple of thin sections

were sent to Dr. June R. P. Ross for bryozoan studies.

Bryozoan were too sparse to make any identification other

than to say that they are Late Paleozoic; however, in

looking through the slides, Dr. Ross found a small foram and

sought Dr. Charles Ross' advice. He identified the species

Eolasiodiscus ex. gr. donbassicus Reitlinger which is in the

upper part (not top) of Serpukhovian. D5- Zapaltjabinskii =

horizon upper part of Gnathodus girtyi girtyi range of Late

Mississippian or possibly Early Pennsylvanian age.

During our last field trip to Sierra El Aliso in

1987, Dr. Stewart and I collected samples from limestone

layers stratigraphically below the limestone beds dated

above (in the same Cerro El Real Viejo locality) that

yielded an upper Early to lower Late Mississippian, latest

Osagean or Meramecian age on the basis of conodonts identi-

fied by John Repetski (1988) .
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In spite of the Mississippian and Pennsylvanian ( ?)

age for unit 8 indicated by this paleontological informa-

tion, an Early Pennsylvanian age is shown here. This

apparent inconsistency developed because the conodont

information became available late in the preparation of the

thesis. An Early Pennsylvanian age is originally accepted

because of a possible correlation of a conglomerate unit at

the base of unit 8 with a conglomerate at the base of a

Pennsylvanian unit in the Barita de Sonora area. If the

conodonts from unit 8 are reworked, this correlation could

still be valid.

Contacts

The lower contact is apparently a thrust fault with

cherts of possible Devonian age below.

The upper contact is a thrust fault with Middle

Ordovician quartzarenites above.

Local Correlation

The amount of limestone turbidites in this unit are

very similar to the Mississippian-Pennsylvanian sequences

described in the Barita de Sonora Mine and Cobachi areas

(Noll, 1981; Pregger, 1983; Ketner and Noll, 1987; Poole and

Madrid, in press) . In addition, Poole et al. (1983)

recognized Late Mississippian -Early Pennsylvanian stratiform
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barite in the Barita de Sonora area, so, correlation in

figure 12 is basically chronostratigraphic.

Conditions of Deposition

Conditions of deposition for unit 8 are very similar

to those of unit 7, except for the influx of clastic

detritus deposited by intermittent density currents in

unit 8. Calcareous turbidites of this unit are typical deep

water deposits containing detritus from shallow water

environments. Identified small benthonic foraminifera are

possibly turbiditic in origin as well as coated grains,

peloids, intraclasts, bioclasts and few offshelf terrigenous

minerals.

Convolutions and slump features shown by these rocks

are evidence of lateral mass movement of unconsolidated

sediments along a inclined surface, producing NE -SW oriented

fold axes.

This type of resedimented biogenic material and

carbonate slump deposits have been recognized from many

ancient slope and basinal systems (Mcllreath and James,

1979).

Absolute water depths are unknown, although

deposition may have taken place below wave base. The dark

color of limestones suggest that water near the bottom was

restricted and somewhat euxinic.
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LOWER PERMIAN (WOLFCAMPIAN)

Unit Nine

Distribution and Thickness

The youngest rocks of Paleozoic age in the area

correspond to those of unit 9. This isolated outcrop is on

the south side of Cerro El Real Viejo, which essentially is

the most western extension of Cerro Hidalgo in the north-

western part of the study area. The proximity of Cerro El

Real Viejo to the San Antonio de la Huerta - Soyopa road is an

advantage for the study of its stratigraphy. Nonetheless,

the best way to find the outcrop of unit 9 is to walk

westward up a very bad dirt road to an abandoned small

mining project on the same hill.
This unit is only 3 m thick and it is exposed in an

area of approximately twenty square meters (see figure 14).
Due to the insignificant magnitude of the outcrop, its size
is exaggerated in order to include it in the structural
section and geologic map.

Lithology and Age

Unit 9 consists entirely of medium light -gray-

weathering, partially recrystallized, coarse to very coarse

grained and conglomeratic'(chert and limestone intraclasts

fragments) limestone (calcirudite) that occurs in relatively



Figure 14. Wolfcampian Limestones Thrusting Upon
Early Ordovician Rocks
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thin beds. Styolites are widely developed parallel to

bedding planes.

The main constituents of these limestones are

fusulinids, chrinoid stems, bryozoa and other biogenic

debris. Quartz and microcline are also significant in the

sample. Alignment of the fusulinids, and other elongated

grains as well, is a very peculiar clastic texture exhibited

by this rock observable in hand samples.

Collected fusulinid specimens from this section were

identified by Dr. Ray Douglas as:

Schubertella sp., Tricites sp., Pseudofusulina sp.,

Schwagerina sp., Pseudoschwagerina sp., Schubertella cf. S.

ki` ngi , Parafusulina sp. and a smaller foram Climacammina

sp., suggesting an Early Permian (Wolfcampian) age.

Sketches of these fusulinid species are shown in

appendix C.

These assemblages are characteristic of basinal

facies of the western Canadian Cordillera and are a non -

Tethyan fauna. Such fusulinids are commonly associated with

brachiopods, bryozoa and solitary corals (Bostwick and

Nestell, 1967).

Identified fusulinids from unit 9 are identical to

the Permian fusulinacean faunas in the western Canadian

Cordillera which are assemblages dominated by the genera of

the family Schwagerinidae, particularly schwagerina,
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Para fusu l ina and Pseudofusulina (Monger and Ross, 1970).

The faunal distributional pattern of these marine realms is

expected to extend southwards along the southwestern margin

of North America.

Contacts

Unit 9 is in thrust contact with underlying lower

Ordovician graptolitic shales of unit 1 (see structural

section B -B'). The upper contact is not exposed.

Local Correlation

Carbonate turbidites containing fusulinids of Early

Permian age were not reported by Poole and Madrid (in

press), nonetheless, a tentative correlation can be estab-

lished among the upper most layers of cherty limestones with

fusulinids, of La Vuelta Colorada Formation (see figure 12)

exposed in the Sierra de Cobachi area (Noll, 1981; Ketner

and Noll, 1987).

Conditions of Deposition

Limestones of unit 9 probably were deposited by

turbidity currents. The abundance of skeletal debris,

peloids, coated grains, oolites and minor intraclasts of

shallow water origin, indicates that these rocks resulted

chiefly from clastic deposition of shelf materials. The

grains are poorly sorted and have practically no
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interparticle matrix because of the advanced state of

recrystallization.

Walter (1967) considered thick bedded, coarse

grained, poorly sorted, immature and non -bioturbated

sediments as diagnostic characteristics of proximal

turbidites.

The source from where these grains were derived

remains uncertain. The closer Permian (Wol fcampian )

platform areas that have been recognized are: Sierra de la

Campaneria (Vega and Arauz, 1985), northeast from the study

area; and Cerro Las Rastras, Cerro Martinez, Cerro Valuarte

and Cerro Tinaja, north of study area (Menicucci, Mesnier

and Radelli, 1982). In the last four localities, abundant

species of Parafusulina, Pseudofusulina, Schwagerina,

Tricites and Pseudoschwa2erina were identified.

The alignment of fusulinids evidences paleocurrent

direction.

Colton (1967) noted that both inorganic and organic

linear current structures abound in Late Devonian turbidites

of western New York, and that most of these features are

preferentially oriented parallel to the direction of current

flows.

Appositional fabrics of Middle Ordovician graywacke

turbidites were studied by Parkash and Middleton (1970) ,

concluding that grain orientation and other internal
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current -direction indicators such as graptolites and intra-

bed lineations are typically aligned parallel to the current

direction.

Carboniferous- Permian Regional Correlation

The regional correlation of the upper Paleozoic

sequences of Sonora seems to be highly complex. Correla-

tions so far presented are perhaps speculative, as informa-

tion is still lacking in most of the critical areas of

northwestern Mexico. In the same way as the lower

Paleozoic, the upper Paleozoic rocks of central Sonora are

either correlative with the stratigraphy of the western

Basin of with Marathon of west

Texas (see figure 15), showing similarities and differences

to both.

In Nevada, the most similar lithostratigraphic units

is the Havallah sequence of the Golconda allochthon except

that the Havallah contains basaltic lavas and possibly

correlative rocks in Sonora do not. The Havallah sequence

is Mississippian, Pennsylvanian and Permian, therefore, it

could be correlated with the upper Paleozoic sequences in

Sierra E1 Aliso, and with hemipelagic and turbidite deposits

at Barita de Sonora mine (Poole, written communication,

1986), and also with rocks of the Vuelta Colorada Formation

(Noll, 1981; Ketner and Noll, 1987).
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Equivalence with the upper Paleozoic rocks of the

Marathon region is less clear. Apparently, the sequences of

central Sonora are broadly compatible with the Tensus

Formation, Dimple Limestone, Haymond and Gaptank Formations

of Pennsylvanian age. Regarding the Permian, fusulinid-

bearing carbonate turbidites of the Wolfcamp Formation

(Flawn et al . , 1961) are identical to the Wolfcampian

turbidite limestones of unit 9, and even contain the same

fusulinid species.
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UNITS OF UNCERTAIN ASSIGNMENT

Middle Ordovician

Distribution and Thickness

Poor exposures of this unit are barely visible in a

north -south oriented narrow gully which runs parallel to the

west flank of Cerro El Halcon. Most of the section is

virtually covered by coalluvium and a thick layer of soil

and for this reason the real thickness is undetermined. As

much as 10 m ( ?) of the section is exposed, but the chances

of finding a more complete sequence seems remote.

Outcrops of this unit are exaggerated in order to

include them in the geologic map.

L ithology and Age

Interbedded limestones and argillites constitute the

bulk of this unit. The limestones are medium -gray to dark

gray on fresh surface. They weather to either dark gray or

light gray, and are very fine grained, thin bedded, finely

laminated, not well indurated.

Argillites are siliceous, black and weather to the

same color. They are thin bedded, dense, well indurated and

apparently devoid of fossils. Conodonts obtained from a

limestone sample collected by Dr. Stewart were identified by

Dr. Anita Harris as:
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Redeposited Cordylodus sp. and Paroistodus sp. of

Early Ordovician age, and also redeposited or indigenous

Dapsilodus sp., Panderodus sp., and Protopanderodus sp. that

indicate a Middle Ordovician age for these rocks.

Sketches of these genera of conodonts from other

localities (Great Basin and Texas) are shown in appendix B.

No rocks with such faunal characteristics and facies

have bene previously reported in Sonora and seemingly no

equivalent unit exist in Middle Ordovician graptolitic

sequences elsewhere in Sierra El Aliso.

An interesting observation made by Dr. Stewart

(written communication, 1988) is that probably this unit

could actually be the same Late Mississippian sequence

(unit 7) exposed in the Canada El Aliso. Both contain

reworked conodonts (Ordovician) but probably the locality at

Cerro El Halcon did not receive the latest Mississippian

conodonts.

Conodont faunas of the same age occur in Ordovician

rocks of the San Marcos region, Baja California, Mexico

(Gastil and Miller, 1981).

Contacts

The basal contact is missing.

The upper contact is uncertain. Observed. field

evidence at this specific locality only permits one to

affirm that Late Triassic rocks of the Barranca are



87

topographically above this unit, regardless of the possible

existence of a stratigraphic or tectonic contact.

Upper Devonian ?l

Distribution and Thickness

This lithologic unit crops out on and near the road

to the Hidalgo Mine. It is bounded on the south by Early

Ordovician rocks (unit 1) and on the north by possible

Carboniferous rocks ( ?). The Carboniferous ( ?) rocks extend

along the south flank of Cerro Hidalgo, immediately under-

neath the massive quartzarenites. This unit is shown in the

geologic map and structural sections as LD ( ?).

Outcrops of this unit are very poor and no thickness

for it could be determined.

Lithology and Acme

This unit is mostly covered and only isolated

partial exposures can be observed along washes, steep slopes

or road cuts. Because of this, not enough information was

available to properly evaluate the stratigraphy of this

unit. Chert, siltstones and limestones are the dominant

however.

Chert is black and weathers light gray; siltstones

are dark gray and weather to an oxidized yellow -light brown

color. Both rocks occur in thin beds. Limestones are dark

gray and weather to brown. Primary sedimentary structures
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are apparently absent in these rocks, although this is

possibly due to the small number of well exposed outcrops.

No ages were obtained from these rocks, but because

the lithologic resemblance with the chert and shale of

unit 6, strata at this locality were tentatively assigned to

the Late Devonian.

Contacts

The lower and upper contacts are nowhere exposed in

the study area, however, contact with under and overlying

units are believed to be thrust faults.

Carboniferous ( ?}

Distribution and Thickness

Strata of this unit are exposed in the Cendraditas

Ranch area (eastern part of study area) and along the south

flank of Cerro Hidalgo, underlying the massive quartz -

arenites that cap the same ridge. The westward extension of

this unit at the last locality is uncertain.

These rocks are labelled C ( ?) in the geologic map

and structural sections.

Litholog and Age

In the Cendraditas Ranch area, the bottom of the

section is covered, but the lowest exposures consist of 2 m

of gray siltstones that weather both brownish -gray and dark
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brown. They are thin bedded to laminated (never thicker

than 6 cm).

Graded bedding and parallel laminations are also

common. The next overlying four meters consist of

recrystallized, gray limestones that weather to dark gray or

black. They are fine to medium grained (locally

conglomeratic chert fragments), thin bedded and sandy. The

sand particles are mostly quartz grains which commonly are

medium grained, very well rounded and sorted. Resting on

the limestones is a sequence of interbedded chert, siltstone

and limestone which is 10 m thick. Chert and siltstone are

reddish -black on weathered surface and are black on fresh

fracture. The limestone is gray, weathers yellowish -gray,

is laminated, generally arenaceous (quartz grains), and

locally cross -bedded. Bedding ranges from a few millimeters

in the siltstones to medium bedded in the limestones.

The following 17 m consists of interbedded shales,

chert and limestones. Shales are a minor component of this

sequence, but are widely exposed.

Chert is black, thin bedded, highly fractured and

contain radiolarians, ostracods and siliceous sponge

spicules. I collected chert samples from this locality

(Rancho Cendraditas) . Dr. Benita Murchey recognized

abundant monaxon (oxea) , rare hexact ine , and one possible

anatriaene sponge spicule of Mississippian ( ?) age or
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younger, rare ornamented ost racods , a black conodont bar

fragment, a few spheroids (radiolarians ?) and one possible

bladed radiolarian spine of Middle Devonian ( ?) age or

younger. This data only tell us a very uncertain Paleozoic

age probably Middle Devonian ( ?) or younger.

Limestones are recrystallized, dark gray, thin

bedded, sandy and fine to coarse grained. They also exhibit

laminations, occasional cross- bedding, chert nodules and

lenses.

Overlying the last sequence, are 4.20 m of a non -

bedded, resistant, black conglomerate composed primarily of

chert clasts and to a lesser degree of limestones and

yellow-gray quartzite clasts. The conglomerate is poorly

sorted and the subangular to subrounded fragments reflect

little transportation of the clasts. Chert fragments are of

two types: chert characterized by an intense black color

and apparently non- fossiliferous (the most abundant) , and

chert fragments with a characteristic light gray, color and

containing radiolarians replaced by chalcedony (see

figure 16).

The black chert fragments are lithologically similar

to black chert in Ordovician rocks in Sierra El Aliso, and

may have been derived from such rocks. On the other hand,

the light gray clasts are similar to chert in dated Late
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Devonian rocks in Sierra El Aliso, and may have been derived

from these rocks.

Petrographically, the bulk of the limestones in the

whole section are made up of shallow water organic and

inorganic debris.

Coated grains, intraclasts , ooliths, casts of

skeletal organisms, quartz grains and occasionally micro-

cline compose this debris. Blocky calcite has largely

replaced the original constituents.

The conglomerate is succeeded by 70 cm of finely

laminated gray chert and shales. The chert weathers to a

yellowish tone. The shales to a light green color.

The last sequence is in turn overlain by a 8.40 m

yellow chert, that contrasts with the typical black and gray

cherts elsewhere in the study area. This chert ranges from

thin to medium bedded, and laterally is interbedded sandy

and conglomeratic layers. In addition, thin conglomerate

layers seem to occasionally separate the chert beds. These

conglomerates are composed of well rounded chert pebble

clasts in a sandy matrix. Interfingering of limestone and

chert, and the presence of limestone patches within the

cherts, are possible evidence of the formation of the chert

by replacement of the limestones (Stewart, field comments,

1987) . Slumps folds in chert beds have axis that trend

northwest.
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Above the yellow chert (walking toward the west) ,

the section is dominated mostly by turbiditic limestones

that are very coarse grained and contain abundant detrital

particles and bioclastic debris. Convolute bedding,

parallel and cross laminations, and graded bedding are

common within the limestones.

The limestones are regularly succeeded by intervals

of gray shales, light brown siltstones with unidentified

primary structures, and minor black chert with white bands.

Measurement of the section was suspended at the top of the

yellow chert because of the intense deformation of this part

of the sequence.

The age for the sequences exposed in the Rancho

Cendraditas is still subject to discussion. On the basis of

the ages obtained on sponge spicules and radiolarian

fragments, this section can be roughly considered to be of

Devonian or younger. Of course this age is very incon-

sistent and only say that the rocks are younger than Mid-

Paleozoic. On the other hand, Edgardo Barrera (personal

communication, 1988) collected graptolites from the lower

level shales in the two localities mentioned before, and

were identified by Claire Carter as: Dicellograptus ornatus

of Late Ordovician age.

I would suggest that two or more thrust plates are

involved in these areas (Late Ordovician and probably Late
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Paleozoic ( ?)) and based on what we know so far about the

stratigraphy of Sierra El Aliso, it is probable that at

least the thick section of limestone turbidites that

constitute the upper part of the section in the Cendraditas

locality are Late Paleozoic in age, and it is also possible

that it is the same succession exposed in the north side of

Cerro E1 Real Viejo, where the section is in part

Mississippian and part Pennsylvanian in age.

Exposures at the Cerro Hidalgo locality include at

least the lower portion of the section already described in

the Cendraditas Ranch. I recognized the same black chert-

clast conglomerate and the overlying yellow chert layers in

diverse parts of the south flank of Cerro Hidalgo, however,

the thick sequence of limestones that constitute the upper

part of the section in the Cendraditas Ranch is not present

in Cerro Hidalgo.

Contacts

The lower contact is not exposed. The upper contact

is inferred to be a thrust fault below the Middle Ordovician

massive quartzarenites (unit 3) of the most northeastern

edge of Cerro Cendraditas.
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Upper Triassic ( Barranca Group)

Introduction

The upper Triassic rocks of the Barranca Group

extend across east -central Sonora and are more widely

distributed in Sierra de Tecoripa, Sierra Cobachi, Sierra de

Moradillas, Sierra San Marcial and Sierra de San Javier, the

latter one is considered the type locality for the Barranca

Group. This Group is made up of thick sequences of fluvial

and marine- delta, sandstones, siltstones, shales,

conglomerates and less coal and silicic volcanics embraced

in the Arrayanes, Santa Clara and Coyotes Formations that

forms this group. The age for these rocks was given by

fossil flora and brackish water invertebrates. Dumble

(1900) first recognized the widespread distribution of the

Triassic rocks in the Sierra de San Javier, on the basis of

abundant fossil flora preserved in carbonaceous shales and

coal beds, and assigning the Barranca Division name for

these successions. The regional geologic aspects, as well

as the change of terminology to Barranca Formation were

added by King in 1939. Wilson and Rocha (1946) studied in

detail the stratigraphy and structural geology of the

Barranca Formation in the region of Santa Clara Sonora, and

divided it into three unnamed lithologic divisions. These

divisions were subsequently named the Arrayanes, Santa Clara

and Coyotes Formations, and elevated to the Barranca Group.
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The most recent geologic study of the Barranca Group

in the Sierra de San Javier (Stewart and Roldan, in press)

yielded new insights on the stratigraphy, depositional

environments, paleocurrents, provenance of detrital sedi-

ments and the tectonic framework proposed by the authors,

and need not to be repeated here.

In the study area, the only Triassic outcrops are

limited to Sierra El Halcon and the range that extends

westward of it, in the southwestern part of the area (Rancho

El Aliso area), where the contact between the Paleozoic and

Triassic rocks is present. The Barranca outcrops are

basically the N -NW prolongation of the Sierra de San Javier.

The proportions of exposed Triassic rocks in the Sierra El

Aliso are insignificant, and often characterized by poor

exposures due to soil and vegetation cover. Rocks cropping

out in the already mentioned localities were ascribed to the

Arrayanes Formation (Stewart and Roldan, in press).

Sediments mapped as Arrayanes Formation in the range

that extends westward of Cerro El Halcon are mostly con-

glomerates and sandstones. The conglomerates are made up of

varicolored chert clasts in a sandy matrix of quartz grains,

with assorted weathering colors, and are thin to thick

bedded. The sandstones are in general medium grained but

locally grade into fine or coarse grained.
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The amount of conglomerate contained in these

sequences fit more with descriptions of the Coyotes Forma-

tion. I f however, they correspond to the Arrayanes

Formation, the lithostratigraphic position of these

conglomerates within that unit is unknown, as stated by

Stewart and Roldan (in press).

Despite the stratigraphic position of these rocks

within the Barranca Group, they rest depositionally on the

Paleozoic sequences.

Contacts

The contact relationships between the upper Triassic

rocks of the Barranca Group and the Paleozoic deep -water

assemblages in the Sierra El Aliso is considered to be an

unconformi ty . Although the physical contact has not been

directly observed in the field, the contrast in general

attitude of rocks above and below the contact support this

conclusion.

This contact was first defined by Stewart and Roldan

(in press).

An unconformable contact between the Barranca rocks

and the Paleozoic Realito Quartzite and Paleozoic limestones

in San Jose de Moradi l las and Onavas was proposed by

Menicucci (1975).

Menicucci, Mesnier and Radelli (1982) extended the

age of the Barranca Group into the upper Permian and
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postulated a transitional contact with lower Permian

clastics of central Sonora, a conclusion not supported by

this study or that of Stewart and Roldan (in press).

Conditions of Deposition

A depositional analysis of the Barranca Group is not

contemplated in this report, however, because the text

refers to this group regularly, I decided to review

literature already published.

Wilson and Rocha (1946) recognized that parts of the

Barranca Formation were of continental origin as evidenced

by abundant plant remains, although other layers may be of

marine origin to judge by the presence of marine molluscs.

Avila de Santiago (1960) suggested a transitional

environment where marine and continental facies joined to

define the a l t ernance of mixed environments, envisaging a

coastal plain as the ideal site for the deposition of these

sequences.

The depositional setting for the Barranca Group was

considered as that of a bay as well as continental

(Alencaster, 1961).

Using the stratigraphic nomenclature proposed by

Alencaster (1961), Stewart and Roldan (in press) determined

the Arrayanes and Santa Clara formations as fluvial and

marine -delta deposits; and the Coyotes Formation as

alluvial-fan deposits.
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Correlation

The Barranca Group is one of the most uniformly

distributed units throughout central Sonora.

Fossiliferous marine strata of the same age are only

exposed in El Antimonio region Alencaster (1961b) and in the

Sierra E1 Alamo, northwestern Sonora (Gonzalez -Leon, 1982).

A more questionable correlation could be possible

with Triassic meta -sediments grouped into the Formacion de

la Colorada and Formacion Matape (Menicucci, 1975).

More regionally, the Barranca Group is coeval and

depositionally compatible with the Huizachal and

Huayacocotla Formations of northeastern Mexico. Yet there

are many zones completely unknown geologically in Mexico,

and correlation between distant areas should be made with

caution.

This group correlates in age with the Late Triassic

Chinle Formation of southwest United States and it is

somewhat analogous to the upper Triassic and lower Jurassic

Newark Supergroup of eastern United States (Stewart and

Roldan, in press).
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Summary

1. The lower Paleozoic is constituted by black
shales, quartzarenites, argillites, siltstones,

limestones and siliceous shales. The upper

Paleozoic is chiefly formed by carbonate

turbidites and siltstones, shales, conglomerate

and cherts.

2. The faunistic content of the Paleozoic section

comprises conodonts, radiolarians, siliceous

sponge spicules, graptolites, fusulinids and

other benthic forms.

3. Unquestionable evidences supporting a deep -water

environment are listed below:

a. Abundance of deep -waters fossils

(graptolites, radiolarians, siliceous sponge

spicules, conodonts, etc.).

b. Coexistence of indigenous and reworked

fossils of unlike ages.

c. Presence of flute casts, convolute bedding,

slump structures, graded bedding, crossbedd-

ing, straight and wavy laminations.

d. Absence of shallow water fossils (except

reworked forms) and sedimentary primary

structures related to shallow water environ-

ments.
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e. Beds have wide lateral extent.

4. The upper Paleozoic is much thicker than the

lower Paleozoic section. Both added probably

attain up to 2000 m.

5. No volcanics or volcaniclastics are contained in

the Paleozoic section.

6. The source areas for carbonate and siliclastic

turbidites were located perhaps in the North

American continent.

7. Silurian sedimentation was not confirmed. The

Silurian is considered a hiatus.

8. The lithologic associations of Sierra E1 Aliso

are similar to those at Bari to de Sonora and

Cobachi areas, however, the presence of sedi-

mentary bedded barite in the other two locali-

ties differ markedly to the Sierra El Aliso.

9. Microcline is the most common feldspar preserved

in the upper Paleozoic turbidites. No feldspars

are preserved in the lower Paleozoic detrital

rocks.

10. Approximately 90% of the rocks exposed in the

Sierra El Aliso correspond to the lower

Paleozoic, and the rest to either upper

Paleozoic, Triassic and Laramide volcanics.
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CHAPTER III

CRETACEOUS -TERTIARY IGNEOUS ROCKS

Volcanic and intrusive rocks of uncertain age are

widespread in central Sonora. These rocks were first

described by Dumble (1900) in several localities near the

Sierra E1 Aliso. He proposed the name Lista Blanca Division

for a sequence of agglomerates, tuffs and andesitic lavas

unconformably overlying the Triassic rocks of the Barranca

Group, in the Cerro Lista Blanca, San Marcial, Sonora. He

considered these rocks as an integral part of the Barranca

Group, but emphasized that they could be younger than

Triassic.

King (1934), based on interstratified limestones in

the volcanic section, suggested a Cretaceous age for these

strata and postulated they formed during a Mesozoic marine

cycle. Because the uncertain age and dissimilarity with

volcanics in the Santa Clara district, Wilson and Rocha

(1946) named the Tarahumara Formation for highly altered

andesi tes , agglomerates and latites. Sills and dikes of

similar composition, as well as dioritic plutons, were

assigned to the lower Cretaceous.

In this report on Sierra El Aliso, volcanic rocks,

sills and plutons or stocks are considered as Cretaceous or



103

Tertiary in age, using only the relationships observed in

the field, and hence the ages should be regarded with doubt.

The volcanic sequence resembles greatly the volcanic

stratigraphy described by Dumble (1900) , and consists of

intensely weathered purple to reddish andesite flows,

massive agglomerates showing a great variety of volcanic

rounded c l as i s embedded in a purple ground-mass, and

breccias composed of unidentifiable phaneristic and

aphanitic volcanic angular fragments.

These rocks rest unconformably on Paleozoic

sequences in the western part of the area, along the San

Antonio de la Huerta graben, occurring in a series of

continuous small rounded hills (see figure 17) covered by

grayish to red soils. Near the southwestern edge of the

area (arroyo Las Cendraditas), reddish brown, thin layered,

non-weathered andesites rest in angular discordance on

Ordovician rocks.

The same volcanic rocks show identical stratigraphic

relationships with Triassic rocks exposed in the Sierra de

San Javier, south of the study area (Stewart and Roldan, in

press).

Correlation

A general comparison can be drawn between the

Tarahumara vol cani cs and the porphyr i t i c andesites, ash

tuffs and breccias of andesitic nature described by



Figure 17. Volcanic Outcrops in Areas of Lower Relief
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Menicucci (1975) in the Novillo- Rebeico region, north of

study area.

Isotopic ages supporting a Laramide age for a

similar volcanic sequence in the vicinity of Arivechi,

Sonora (NE from study area) was provided by Pubellier

(1987).

Furthermore, Damon (personal communication, 1987)

obtained Laramide K /Ar dates from porphyry andesites in the

Sahuaripa Valley, northeast from Sierra El Aliso.

Volcanic rocks described here are believed to be an

integral part of a continental margin volcanic belt situated

along the western margin of North America during the

Laramide Orogeny (Damon et al., 1983; Anderson and Silver,

1969; Anderson and Silver, 1974).

Intrusive rocks occur as sills and small plutons or

stocks. Sills were petrographically identified as andesite

prophyry and diorite and are emplaced along the bedding

planes of Ordovician rocks. The length and thickness of

these linear features is not constant. Sometimes they

occupy relatively large areas and extend laterally for

dozens of meters but normally do not exceed more than fifty

meters.

The age of the sills cannot be determined with

precision because no radioactive age dating is available;

what we know, is that they are younger than Triassic since
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they intruded the Barranca Group (Wilson and Rocha, 1946;
3

Stewart and Roldan, in press; Bartolini, this thesis).

Hackman (198 2) mapped northeast- trending dikes in

the Luz del Cobre Mine, but seemingly they do not extend

farther north of the mine.

Remnants of diorite plutons were only mapped in the

El Aliso locality, on the arroyo of same name and near

Puerto Colorado; but unaltered outcrops are also well

exposed in the road cuts of the old road to Los Bronces

Mine, San Javier Sonora district. In addition, the referred

intrusive constitute all of Cerro Coyotes. The diorite is

gray on weathered surface and green on fresh fracture,

medium grained, granitoid texture and well-developed

spheroidal weathering. These small intrusives are probably

representatives of the upper levels of a large batholith

emplaced during the Laramide orogeny (Damon et al., 1983).

Dior i t i c plutons are responsible for low grade

metamorphism of Barranca rocks in the Sierra de Moradillas

(Abadie, 1981), Santa Clara region (Wilson and Rocha, 1946),

and other several localities of Sonora (Dumble, 1900).

These plutons are Laramide in age in four localities

near the study area (Damon, 1983) . The microdiorite

prophyry at the Luz del Cobre Mine yielded in particular a

57.1 m.y. old age.
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Whether the plutons and sills are contemporaneous in

age is hard to assess, since no field relationships or ages

exist, but a significant point is their nearly identical

mineralogic composition.
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CHAPTER IV

STRUCTURAL GEOLOGY

Introduction

Knowledge of the regional tectonic relationships and

internal structural complexity of the Paleozoic allochtonous

terranes from central Sonora is still in its infancy. The

information available so far has been derived from recent

geologic studies which reveal that these rocks have a

distinctive structural style. This deformation has not been

fully described and therefore demands a more detailed

analysis

Regional Statement

The southeast displacement of the Cobachi Paleozoic

allochton along the Mojave -Sonora Megashear II was proposed

by Silver and Anderson (1982). Using this model, a thrust

relationship between Paleozoic oceanic facies with Paleozoic

North America miogeoclinal strata may be expected.

Stewart, McMenamin and Morales (1984) depicted that

somewhere in the State, a thrust relationship between

Sonora's miogeoclinal and basinal Paleozoic sequences might

occur.

Ketner (1986) concluded that an Ordovician to

Permian carbonate and quartzite miogeoclinal assemblage is
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tectonically juxtaposed with a depositionally coeval

siliceous deep -water association in Cerro de Cobachi,

Sonora.

More recently, (Ketner and Noll, 1987) depicted

imbricated thrust sheets developed in deep-water sequences

in Sierra de Cobachi area.

The idea that Sonora's Paleozoic carbonate shelf was

once contiguous to an ocean -basin, and that the latter one

was thrust against the carbonate shelf was also conceived by

Poole and Madrid (1986) . They also recognized a complex

system of thrust faults affecting deep- marine sediments in

Barita de Sonora Mine.

Permo- Triassic Structural Style

The insufficient exposures, the heavy vegetation,

the questionable age of some parts of the strata, plus the

tectonic nature of the Paleozoic stratigraphy prohibit a

total knowledgment of the structure affecting these rocks.

Based on the combination of field work and

paleotologic determinations, it is possible to recognize a

major Late Paleozoic orogenic episode. In addition, a Basin

and Range deformational episode is also defined.

The timing of the Paleozoic orogenic phase has been

constrained to the Middle Permian -Early -Middle Triassic, and

during this time span, a complex system of east -west and

southwest -northeast striking, south -southeast vergent thrust
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sheets were tectonically emplaced throughout the area. At

least 13 imbricated thrust plates carrying rocks ranging in

age from Ordovician to Permian constitute the Sierra El

Aliso.

The younger thrust slivers involved in this deforma-

tion carry Early Permian (Wolfcampian) rocks and constrain

the initiation of this deformational periods to the post -

Wolfcampian.

Late Triassic rocks were not involved in the

deformation, and consequently restrict the end of this

orogenic episode to the Early -Middle Triassic.

In fact, the Sierra E1 Aliso constitutes an

imbricate stack of fault bounded thrust sheets. This large

scale deformation is the essential characteristic of the

Paleozoic structural style.

Motion of thrust slices occurred parallel to the dip

direction forming an imbricate pile of closely spaced, thin

and subparallel thrust sheets bounded by planar, layer-

parallel thrust faults where tectonic juxtaposition of

younger -over -older and older -over- younger is typical (see

figure 23, section E -E').

Most of the rocks involved in this structural stack

are largely Ordovician in age and to a lesser extent

Devonian and Late Paleozoic. Despite the distances these

thrust plates traveled, and the multiple imbricate thrusting
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they were subjected to, the slices are remarkably coherent

and the stratigraphy within the thrust panels is intact,

defining thus, a very peculiar deformational style (see

figures 19 and 23, sections A -A', E -E').

No s trat igraphic column represents the real

Paleozoic section because of the tectonic nature of the

stratigraphy. Tops and bottoms of all sections are fault

contacts, generally thrust faults, where incomplete

lithotectonic units overlap one on other obscuring the

overall sequence of the strata. It is not exactly known

whether the numerous fault slivers are chiefly laterally

equivalent or sequential, and if sequential, in what order.

Most of the thrust sheets are very thin probably not

exceeding 100 m except for variations in thickness of the

quartzarenites induced by extension faults (see figure 22,

section D -D'). These thin slices are often constituted by

no more than three lithologies, but consistently of one or

two.

Rock types of the same age change from slice to

slice within the imbricate thrust system revealing tectonic

juxtaposition of different deep -water facies of the same

depositional basin.

Although it is still too premature to assure it, it

is probable that the whole imbricate system is floored by a

basal sole thrust like most compressive belts (Dennis, 1967)
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or a tectonic ramp as depicted in figure 18 (Suppe, 1985).

If this assumption is correct, then the mentioned basal

regional structure could tectonically juxtapose the

Paleozoic deep -water allochthonous assemblages against

coeval autochthonous platform carbonates somewhere in

central Sonora.

Slip direction was from the north- northwest

(assuming no rotations) generating a south- southeast vergent

thrust system, in which dips are consistently toward the

northwest and north (see geologic map) . In the massive

quartzarenites on the other hand, in the western part of the

range, due to intense faulting and massiveness of the

strata, dips were not measured with confidence. Minor north

and southwest-verging thrusts were also recognized in the

Cerro El Real Viejo and the Aliso Ranch area respectively.

Some of these small thrust plates behave structurally

different as shown in figure 20. Section B-B', shows a

disrupted Wolfcampian thrust slice structurally juxtaposed

upon an intensely deformed Early Ordovician thrust plate.

This Wolfcampian broken fragment was probably part of a once

continuous thrust sheet composed of lower Permian rocks that

was perhaps dispersed during its emplacement. Field

evidence suggests that this fragmented slice might have

traveled long distances causing the total destruction of the

thrust sheet.
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The width of the Paleozoic thrust system is

approximately 12 km using the Cerro Hidalgo as the most

northern limit and the Luz dei Cobre Mine area as the

southern edge. The maximum length of thrust traces is about

9 km; since they are buried below the volcanic rocks in the

eastern side of the study area and truncated by high angle

faults in the western part of it.

Folds

Tectonic folding is not significant in the Sierra El

Al iso . Most of the folds recognized in the Paleozoic

sequences are syndepositional and consequently do not yield

on the structural evolution of the area. The

only evidence for a large scale southwest -northwest trending

fold that was probably overturned toward the southeast was

found in Cerro Estrella and Cerro La Ventana where Middle

Devonian rocks display flute casts at the top beds and

overturned cross -bedding throughout the section.

Unfortunately, it is impossible to determine if it was

either an overturned syncline or an overturned anticline

because most of the fold is not well exposed or has been

eroded away. In addition, the section is intruded by a

graniodiorite in Cerro Coyotes (see figure 21, section

C -C').

The trend of a possible fold axis in Cerro Estrella

and Cerro La Ventana may be southwest-northeast, which is



114

parallel to the trend of the major thrust faults. The fold

is therefore interpreted as being formed contemporaneously

to the tectonic phase that originated the thrust faulting.

The entire thrust system is cut by younger NW -SE and

SW -NW oriented high angle normal faults that evidently

truncated the general trend of the thrust faults and made

the thrust faults to rotate. In the most northern part of

the area, hidden faults also complicate mapping at 1:25,000

scale. This problem can be resolved if a larger scale

mapping is performed. Structural sections presented in this

chapter were constructed using the average regional dip and

not actual dips on every outcrop in the area. As more

information is obtained, the thrust faulting will probably

be seen as more imbricated than shown here and the sections

and map would be improved.

The structural model that most likely satisfies the

genesis and geometry of the stacks of thrust sheets in

Sierra El Aliso is that proposed by Suppe (1985) . This

kinematic model for regional imbricate thrust sheets

involves in the initial stage a basal tectonic ramp (or

basal thrust fault) that has climbed upward in the section

from a lower to an upper glide horizon, cutting rather

steeply through a more competent sequence (the autochthon

making a footwall ramp) . A new fault propagates from the

base of the ramp, cuts upsection to a higher glide horizon
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where it rejoins the preexisting major thrust. Movement is

again transferred to a new branch fault and the process is

repeated.

The geometric disposition of thrust sheets in this

model allow the accumulation of multiple imbricate thrust

slices with no significant internal stratal disruption (see

figure 18).

The timing of structural deformation is still in

discussion. Southeast-vergent, northeast- trending thrust

faults in Barita de Sonora Mine area were proposed to have

been formed in the latest Mississippian (Poole and Madrid,

1986) . North- vergent thrust faults were assigned by the

same authors to the Permian or Triassic.

In a different vein, Ketner (1986) stated that the

timing of thrusting of Paleozoic deep-water siliceous

assemblages in Sierra de Cobachi area occurred sometime

during the Mid -Permian to the latest Cretaceous. In Sierra

E1 Al i so , field evidence suggests that the Ordovician and

Devonian sections have been structurally interlayered along

with Late Mississippian strata in a complex system of

imbricate thrust faults. In addition, lower Pennsylvanian

sedimentation is known from the study area, the Barita de

Sonora Mine as well as from the Cobachi area (Noll, 1981;

Pregger, 1983; Ketner, 1986; Ketner and Noll, 1987; Poole

and Madrid, 1986; Bartolini, this thesis).
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FIGURE 18.- KINEMATIC MODEL FOR REGIONAL IMBRICATED

THRUST SHEETS (after Suppe,1983).
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These facts make difficult to accommodate a Late

Mississippian orogenic event, same that it has never been

documented in western United States or northern Mexico.

Geodynamic processes that originated structural

deformation and telescoping of the Paleozoic allochthonous

assemblages are certainly unknown, however, it seems

reasonable, though, in view of the structural style, facies,

and lithologic character possessed by this eugeoclinal -type

deposits to suggest that they are perhaps part of terranes

that have been interpreted as being outboard of the

Paleozoic North American continental margin. These

terranes, also called Cordilleran suspect terranes (Coney,

et al . , 1980; Coney, 1981) may have traveled far before

being attached to their present positions within the

continent. Eugeoclinal deep- marine rocks in Sierra E1 Aliso

are not much different to some of the Paleozoic accreted

terranes of the Cordillera like the Roberts Mountain

al lochthon , the Golconda Allochthon and the Sylvester

Allochthon (Canadian Cordillera).

The internal structure of the Roberts Mountains

allochthon in central Nevada (Kay and Crawford, 1964;

Dickinson et al., 1983) and central Idaho (Churkin, 1963b)

is characterized by a complex system of imbricate thrust

sheets where involved lithologies range in age from Cambrian

to Devonian and which accumulated initially in deep -water
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environments. If the descriptions of structural deformation

in the study area are compared with the structures described

above, only slight differences will be noted. Tectonic

interlayering of Mississippian to Permian deep -water rocks

of the Havallah sequence of the Golconda allochthon in

central Nevada (Stewart et al . , 1986) display similar

structural deformation to the rocks described in the study

area. Upper Paleozoic rocks are arranged in a complex

tectonic pile of thrust sheets that were recognized only

through detailed paleontologic studies. Likewise in Sierra

El Aliso, the stratigraphic section appears to be an

underformed normal sedimentary sequence.

Harms (1986) described the Sylvester allochthon

(Canada) as a terrane of Late Paleozoic to Triassic age

characterized by stacks of innumerable, interleaved tectonic

slices bounded by tabular sheets where it is common to find

the tectonic juxtaposition of unrelated deep- marine

l i tho l og i e s . All thrust slices are disposed as a pancake

pile, the bedding planes providing the slip surfaces upon

which thrusts were emplaced.



to S mbols Shown on Structural Sections

119

C -T . . Cretaceous -Tertiary, andesite, agglomerate, breccia,
granodiorite.

TR. . . Upper Triassic,

LP. . . Lower Permian,

conglómerate, sandstone.

limestone.

LPP -M . Lower Pennsylvanian - Mississippian limestone,
chert, conglomerate, siltstone, shale.

C( ?) . . Carboniferous ( ?) , limestone, chert -clast
conglomerate, siltstone, shale, chert.

UD. . Upper Devonian, chert, shale.

MD. . . Middle Devonian, sandstone, siltstone, limestone,
shale.

D( ?). . Devonian ( ?), chert, shale.
UO. . Upper Ordovician, limestone, shale.

MO. . . Middle Ordovician, quartzite, chert, shale.
LO. . Lower Ordovician, shale, siltstone.
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Basin and Range Deformation

Extensional structures caused by the Basin and Range

orogeny during the Middle Tertiary are some of the most

striking features of Sierra El Aliso. As a matter of fact,

the present physiography of the range is largely dominated

by faulted blocks. Stretching of the crust forced a series

of large blocks to move upward or downward along high angle

normal faults during this distensive orogenic period. The

structural development of hors t s and grabens by the

fragmentation of the upper crustal levels extended and

attentuated the entire range. East -west oriented crustal

tension (active from middle Tertiary) resulted in the

development of a system of almost linear, northeast and

northwest trending normal faults extended throughout the

whole area (see geologic map) defining a typical structural

domain characteristic of an extensional tectonic regime.

The set of northwest -striking faults is the most

important because of the length and number of faults of this

trend. Fault trends generally range from 35 to 50 degrees

northwest, and in most of the cases faults dip northeast.

The longest fault is 7.5 km, but others range from 2

to 5 km long, and still some others are shorter than 2 km.

Some of these structures are longer than the numbers given

above because they extend outside the study area, affecting

also the surrounding ranges.
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The second set of faults are characterized by being

less numerous, shorter and northeast oriented. Fault trends

generally vary from 15 to 40 degrees northeast and dips are

to the southeast. The maximum length reached by these

structures is 2 km, but most of them average less than 1 km.

This group of faults displays a minor component of

horizontal separation.

Both sets of block faulting are considered to have

formed simultaneously, and are related to Basin and Range

structure.

The Sierra E1 Aliso is one of the many ranges in

Sonora that forms part of the southern most extension of the

Basin and Range province of western North America that

extends from northern Nevada and western Utah, into

southeastern California, Arizona and northwestern Mexico

(Stewart, 1978).

Stewart (1971) interpreted the Basin and Range

structure of the Great Basin as related to deep- seated

extension, resulting in the fragmentation of the overlaying

crust in a series of horsts and grabens. Extension related

to this distensive orogenic episode is presumed to be

culminated in the last 7 to 11 m.y.
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Summary

1) A compressive orogenic phase occurred during the

Middle Permian to Early Triassic, as evidenced by thrust

slivers containing lower Permian rocks and the relatively

undeformed nature of the Late Triassic Barranca rocks.

2) The piles of thrust sheets are east -west and

southwest -northeast oriented, and with a south -southeast

vergence.

3) The thrusts are remarkably parallel, have

distinctive stratigraphy, and occur in thin thrust plates

(thin skin).

4) Although the complex internal structure of these

Paleozoic allochthonous involve multiple imbricate thrusts,

the stratigraphy inside the thrust panels is intact, thus

characterizing, the structural styles developed by these

orogenic sequences.

5) Structural styles are also distinguished by

tectonic slices bounded by bedding -plane -parallel, sub -

horizontal faults where older -over- younger and younger -over-

older sequences are typical.

6) Despite the possible long distances that the

thrust sheets travelled, individual sheets remain virtually

coherent and relatively undeformed.

7) Structural imbrication of thrust sheets took

place along weak layers that acted as decollement surfaces.
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8) Much less can be ascertained regarding the

amount of crustal shortening. I consider that it may had

been important given the number of imbricated thrust sheets

involved, however, it is difficult to predict because of the

extension suffered by this region during Basin and Range

orogeny.

9) All the thrust sheets probably form part of a

large -scale geometric framework dominated by one particular

large frontal thrust sheet characteristic of imbricate

thrust systems.

10) The deformational styles displayed by the

Paleozoic rocks at Sierra El Aliso evidently come to

supplement a regional structural system where stacks of

thrust sheets become an important Paleozoic structural

domain (Poole and Madrid, 1986; Ketner and Noll, 1987;

Bartolini this thesis).

11) Extensional deformation took place sometime

during the Middle Tertiary and was caused by the Basin and

Range orogeny.

12) Basin and Range deformation is reflected by

southeast- northwest striking normal faults. Other

southwest -northeast trending normal faults are also Basin

and Range related.
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13) Normal faults dip toward the northeast and

southeast. Brecciation along these fault planes is very

characteristic.
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CHAPTER V

TECTONICS

During the Paleozoic, extensive sedimentary basins

filled with enormous amounts of sediments developed around

the edges of the North American craton. These basins were

subsequently involved in tectonism and deformed at variable

times.

The Ouachita orogenic belt (in the Marathon region)

is a belt of highly deformed Paleozoic rocks that borders

the southern edge of North America and which has undergone

intense phase of tectonism during Late Paleozoic time.

Deformation is represented by northward imbricated thrust

sheets that were tectonically transported over the craton

(Flawn et al., 1961; King, 1978). These Paleozoic

allochthonous assemblages, also known as the Ouachita

Facies, consist of siliceous shale, argillite, chert,

sandstone, limestone as well as a great variety of clastic

turbidites containing faunas of graptolites, conodonts,

siliceous sponge spicules and radiolarians (Berry, 1960,

1978; McBride, 1978).

The Antler orogenic belt as defined by King (1980)

is a belt of rocks orogenically deformed in Mid -Paleozoic

time that extends south -southwestward across Idaho and
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into the Mojave- Sonora Desert region of

southeastern California. It is constituted of eugeoclinal

lower Paleozoic sequences characterized by graptilotic

shale, radiolarian chert, conodont- bearing limestone,

quartzite and argillite that were thrust eastward over

adjacent coeval miogeoc1 na1 rocks along the Robert

Mountains thrust. This tectonic event was not generally,

either accompanied by plutonism or severe metamorphism.

The Golconda orogenic belt is a structurally

deformed oceanic terrane constituted by chert, argillite,

minor limestone and local volcanics of Mississippian to

Permian age that extends from central Nevada to southern

California. The timing of orogenic deformation was

constrained to the Permo -Triassic (Stewart et al., 1978 ;

Coney et al., 1980; Snyder and Brueckner, 1983).

As a paradox, the Sierra El Aliso lies almost at the

center (see figure 25) between these three orogenic belts

previously described and possesses many features in common

to those belts such as similar stratigraphic sequences,

identical faunistic content (radiolarians, siliceous sponge

spicules, conodonts and graptolites) , same l i tho f ac i es and

petrofacies, alike depositional environments and comparable

structural styles. This supports unquestionable evidence of

the linkages between the regions.
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0

STUDY AREA
(exaggerated)

500 1000

Scale in Kilometers

A-OUACHITA OROGENIC BELT
B- ANTLER -- SONOMA

OROGENIC BELT

FIGURE 25.- DEPICTS THE DISTRIBUTION OF ANTLER AND
OUACHITA OROGENIC BELTS OF WESTERN
AND SOUTHERN U.S.A. (after POOLE 1974).
LOCATION OF STUDY AREA ALSO INCLUDED
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Whether the eugeoclinal deep -water Paleozoic rocks

of Sierra E1 Aliso are the southwestern most extension of

the Ouachita orogenic belt, or perhaps an integral part of

southeastward displaced fragments of the Antler -Sonoma

orogenic belt it is unknown to this point, although it would

be an interesting problem to unravel. Unfortunately the

trend of the Ouachita structural belt is truncated in its

southwestern portion by the Laramide Mexican fold and thrust

belt, eliminating thus, all evidences of its presence in

northern Mexico. Similarly, outcrops of the Antler -Sonoma

orogenic belt are non -continuous further south of the

Mojave -California region where they extraneously disappear.

The presence of Paleozoic orogenic facies in thrust

sheets in central Sonora, Mexico and their remarkable

resemblance to both the Antler- Sonoma and Ouachita orogenic

belts poses one of the hardest puzzles in northern Mexico

regional tectonics.

Because the study area is only a small portion of a

huge Paleozoic basin that occupies a significant part of

central Sonora, and because geologic work done in

eugeoclinal sequences is very scarce, the writer will only

refer to the existent geologic models that most will help to

understand the origin of Paleozoic deep- marine sequences

exposed in Sierra El Aliso and surrounding areas of central

Sonora, Mexico.
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Märshal Kay Hypothesis

In 1951, Kay published his book on North American

Geosynclines. Since then, profound changes in the knowledge

of the geosync l ine concept have been achieved. He stated

that during the lower Paleozoic North America (hedreocraton)

was bordered by the Cordilleran and Appalachian geosynclines

which at the same time would split into two distinct

stratigraphic belts called miogeosynclines and

eugeosynclines.

The Miogeosynclines (called Millard and Champlain)

were considered subsiding areas where carbonate and

siliclastics of relative shallow water environments existed

in the absence of volcanism.

Eugeosynclines were classified as areas of deep-

marine sedimentation (turbidites and pelagic sediments) and

associated volcanism.

As depicted by Kay's model, these paired Paleozoic

belts are shown adjacent to both western and eastern margins

of North America extending southward into Mexico (see figure

26). It is comprehensible that because of the insufficient

Mexican literature at that time, the southern most

continuation of these belts was not determinable; however,

it is quite conspicuous that Kay's idea was to connect them

somewhere in northern Mexico.
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Kay believed that the Appalachian miogeosyncline

passed beneath coastal Texas, then more southward down into

Coahuila.

Now we know that his idea was not wrong at all, as

recent discovery of Grenville basement extending southward

into Mexico (Ruiz et al., 1988).

Similarly, the western facies belts were thought to

extend throughout Baja California and Sonora Mexico. As a

matter of fact, Late Precambrian -Early Paleozoic

miogeoclinal strata were studied by Stewart et al. (1984) in

northwestern Sonora, and associations of chert, quartzite

and argi l l i to of the eugeoclinal belt have been also

recognized in central Sonora (Peiffer -Rangin et al., 1980;

Noll, 1981; Pregger, 1983; Poole et al., 1985; Ketner, 1986;

Poole and Madrid, 1986; Stewart and Roldan in press and

Bartolini, this thesis).

It should not be forgotten that construction of this

North American Paleozoic paleogeographic model was done

before plate tectonics was formulated and therefore is quite

limited; nevertheless, it has been retaken recently (Ketner,

1986) to propose again that the facies belts of the western

Cordillera initially wrapped around the southwestern extreme

of the continent through northern Mexico.

Elements that are consistent with Kay's idea are the

poorly known quartzite, shale, bedded chert and limestone
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exposures of Early Ordovician age at the San Marcos region,

Baja California, Mexico (Gastill and Miller, 1981), and also

a series of clastic and limestone turbidites of

Carboniferous and Early Permian age (Wolfcampian) described

from Sierra del Cuervo, Chihuahua, Mexico (Handschy and

Dyer, 1987) as well as the sequences of Sonora described

earlier.

The model proposed by Kay is similar to the

paleogeographic proposed by Peiffer -Rangin et al. in 1980).

In addition, Ketner (1986) suggested basically the

same idea as Kay as an alternative explanation to the

eugeoclinal deep -marine rocks of central Sonora (as

discussed before).

The Mojave -Sonora Megashear Hypothesis

The Mojave- Sonora Megashear (see figure 27), one of

the most controversial theories of the last years in the

Paleozoic southern Cordillera was postulated by Silver and

Anderson (1974) and Anderson and Silver (1979). According

to the authors, a southwestern piece of the North American

craton margin was tectonically transported from northwest to

southeast approximately 700 -800 km along the Mojave -Sonora

megashear in Mid-Jurassic time. This zone of dislocation

has been recognized as a left lateral fault or possibly a

transform fault that extends from the southern Inyo

Mountains, California, across the Mojave-desert region,
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Sonoran desert, into Sierra Madre Occidental of Sonora

passing northeast of Hermosillo. The displaced fragment of

crust may include Precambrian basement and its Late

Precambrian -Early Paleozoic miogeoclinal cover and Late

Triassic continental- marine strata which now form part of

Sonora.

The Mojave- Sonora megashear (Silver and Anderson,

1974; Anderson and Silver, 1979) is based in the following

ideas:

a) The megashear is a curvilinear northwesterly

trending zone characterized by highly brecciated and sheared

rocks (seen in only one place) where Precambrian rocks are

juxtaposed over strongly folded sedimentary strata and

associated quartz porphyry of presumably Mid -Jurassic age.

b) Stratigraphic columns in the Inyo Mountains-

Death Valley region of southeastern California show great

similarities to coeval rocks exposed in _the Caborca, Sonora

region, in the opposite side of the megashear. This implies

a 700 -800 km of offset.

c) No outcrops of the upper Triassic -lower Jurassic

Barranca Group have been found northeast of the megashear.

d) Younger Precambrian (1700-1600 m.y. old )

metamorphic rocks occur northeast of the megashear. Older

Precambrian (1800 -1700 m.y. old) metamorphic rocks lie

southwest of the megashear.
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FIGURE 27 -MOJAVE - SONORA MEGASHEAR MODEL. (After Anderson
and Silver, 1979).



141

e) Volcanic and plutonic Laramide rocks are

abundant and ubiquitously distributed on both sides of the

megashear and do not record movement along the transform.

This volcano -plutonic belt has been used as an evidence for

a return to a convergent plate boundary.

f) A 150 km -wide belt of lower and Middle Jurassic

plutonic, hypabyssal and associated volcanic rocks consti-

tutes an elongated terrane extending 600 km across northern

Sonora. The southwestern limit of this belt is tectonically

truncated and juxtaposed against an unlike Pre -Mesozoic

block and consequently, no plutonic or volcanic rocks of

Jurassic age have been recognized south of the megashear.

This magmatic segment is probably a portion of a larger-

scale Jurassic orogenic belt originated prior to the

beginning of the displacement along the Mojave- Sonora

megashear.

g) The lack of a provenance area for the abundant

volcanic detritus contained in the terrigenous rocks of the

Chinle Formation of the Colorado Plateau region. No

volcanic or intrusive rocks of Late Paleozoic age have been

recognized in Arizona and southeastern California,

evidencing the displacement of the source area somewhere

else after deposition of the Chinle Formation (Stewart et

al., 1986).
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h) Paleomagnetic data have been also used to

support the Mojave- Sonora Megashear. In order to test the

postulated megashear, Cohen, Anderson and Schmidt (1986)

realized paleomagnetic investigations in two sets of

formations on opposite sides of the megashear in south-

western United States and northwestern Mexico. However,

paleomagnetic results are not conclusive in restoration of

about 800 km of simple, left- lateral displacement along the

Mojave-Sonora megashear in the Late Jurassic. Confidence

level is believed to be 95 %.

A second Mojave-Sonora megashear (Silver and

Anderson, 1982) , south of and parallel to the first one,

with the same sense of displacement was inferred to be

responsible for the southeastward displacement of Paleozoic

bedded barite- bearing terranes from Nevada down into Barita

de Sonora, Cobachi areas, Sonora, Mexico. Additional

supporting evidence was added to the second megashear when

brachiopods of the generus Dzieduszyckia, typical of

eugeoclinal rocks of central Nevada (Cloud and Boucot, 1971)

were identified from stratabound barite in La Casita -Los

Chinos, Cobachi area (Noll, 1981).

The writer shares the idea that not only the

Paleozoic allochthonous assemblages of the two localities

mentioned above, but also the Paleozoic eugeoclinal deep -

water successions of Sierra El Aliso and many other
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Paleozoic undated areas of central Sonora are indigenous to

the Antler -Sonoma orogenic belt. The Sonora and western

U.S. rocks possess the same stratigraphy, sedimentology,

faunas and styles of deformation and originated under the

same prevailing conditions in the Cordilleran belt before

their displacement to Sonora, Mexico. The writer also

recognizes that there are some contradictory facts that

obstaculize the Anderson and Silver hypothesis, as seen

below.

a) The relationship between the Caborca's

miogeoclinal strata and the Paleozoic shelf assemblages of

central sonora is unknown in Sonora. Are the latter ones

part of the Caborca's miogeoclinal?

b) The disposition of lower Paleozoic shelf and

deep -water facies in Sonora does not fit with that of

Nevada. Both lower Paleozoic shelf carbonates and siliceous

assemblages in Sonora have a random distribution, opposite

to the well defined belt -like arrangement of Nevada's lower

Paleozoic miogeoclinal and Antler facies. In addition,

upper Paleozoic platform carbonates of uncertain origin are

widely distributed within the eugeoclinal terrane in Sonora

with cryptic relationships to it and with no absolute

relationship to the miogeoclinal rocks.

c) Volcanic rocks occur at least in some of the

Paleozoic eugeoclinal sections of Nevada (as discussed in
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the regional correlations) . The Paleozoic assemblages at

Barita de Sonora Mine (Poole and Madrid, 1986), at Sierra de

Cobachi (Noll, 1981; Pregger, 1983; Ketner and Noll, 1987)

and at Sierra El Aliso (Bartolini this thesis) are devoid of

volcanic or volcaniclastic rocks.

d) There exist some differences among the Havallah

sequence of the Golconda t er rane and the upper Paleozoic

sediments exposed to central Sonora. The Golconda allochthon

comprises locally tholeitic basalts.

e) A satisfactory equivalent to the Triassic

Barraca Group of Sonora is unknown from Nevada or southern

California.

f) Paleomagnetic results are not conclusive in

restoring 800 km of horizontal displacement.

Dickinson Hypothesis

Dickinson (1977) discusses Middle -Late Paleozoic and

Triassic orogenies that affected the western margin of North

America and their relationships to plate tectonic regimes.

Figure 28 depicts the distribution of continents and oceans

during the formation of Pangea in the latest Permian -

Triassic. Gondwalanda is separated from Laurasia by the

Appalachian -Hercynian orogenic belt, and the Tethys sea is

comprised among the eastern continental blocks. The

Pa leopac i f i c ocean occupies a wide surface in the western

area, extending north and southward of the Paleo- Equator
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while the Ouachita-Appalachian-Hercynian orogenic belt is

drawn somewhere in Mexico. Although this map is only

advocated to constrain the position of large crustal blocks

and not precisely to determine the paleotectonic setting of

Mexico, it is interesting to observe that it displays a very

useful scenario with the necessary paleogeographic elements

that could help us to interpret the paleotectonic framework

in which the Paleozoic deep -marine strata of central Sonora

might have been created. Dickinson did not make much

allusion to the Ouachita -Appalachian -Hercynian belts

sandwiched by the Africa, South and North America blocks,

inversely, he was much more explicit with the geologic

evolution of the western margin of North America (Pacific

domain) where it is believed to be the clue to the

Cordilleran tectonic evolution. According to Dickinson

(1977) , many of the Paleozoic eugeoclinal terranes of

oceanic and island -arc affinity widespread on the ancestral

Pacific Ocean swept against the western continental margin

of North America sometime during the Late Paleozoic -Early

Mesozoic. Excellent examples of Paleozoic accreted terranes

into the Cordilleran belt that keep very close similarities

to the eugeoclinal allochthonous assemblages of central

Sonora include: The Roberts Mountains allochthon (Roberts,

1949; Stewart and Nilsen, 1980; Dickinson et al., 1983;

speed and Sleep, 1980) . the Golconda allochthon (Speed,
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1977a; Stewart et al . , 1978; Snyder and Brueckner, 1983) ,

the Sylvester allochton ( Gabrielse, 1963; Gabrielse et al.

1983; Harms et al., 1984) and many other Paleozoic accreted

terranes along the Alaskan- Mexico Cordillera (Coney et al.,

1980; Coney, 1984).

Since an equivalence with both the Antler - Sonoma and

Ouachita orogenic belts has been suggested, then it is

assumed that the Paleozoic eugeoclinal deep- marine

assemblages of Barita de Sonora Mine, Sierra de Cobachi and

Sierra El Aliso are vestiges of a fossil continental margin

located on either the Paleopacific ocean (Panthalassa) or on

the Proto- Atlantic domains. In both instances, strata was

subsequently accreted to the western or southern margins

(depending on the domain) or North America. These tectonic

emplacements were perhaps the result of a major

reorganization of tectonic plates during the assembly of

Pangea in the Permo- Triassic.

Peiffer -Rangin et al. Hypothesis

Peiffer -Rangin et al. (1980) first recognized a

sequence of radiolarian bedded chert, siliceous shales, and

graptolitec argillites locally interbedded with calcarenites

and synsedimentary barite near La Casita -Los Chinos and

Cobachi areas. These rocks were dated as Late Ordovician on

the basis of identification of graptolites. The sequence

was described as highly fractured and deformed into
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northeast- southwest trending folds. These deep -water

associations were described as unconformably covered by

upper Paleozoic shelf carbonates in diverse parts of the

areas mentioned before.

The wide distribution of these platform carbonates

throughout central Sonora has long been recognized but

present ideas seem to suggest that the nature of the contact

between the upper Paleozoic carbonates and the coeval deep-

marine facies is a thrust fault rather than a depositional

contact.

Encouraged by the similitude in lithofacies, faunas,

fold orientations and the belief that the siliceous

successions were solely Ordovician in age, Peiffer -Rangin et

al. (1980) proposed the prolongation of the Ouachita -

Marathon orogenic belt across Chihuahua into Sonora (see

figure 29) and postulated besides a deformational phase of

the Taconic orogeny. The writer considers however, that the

Peiffer -Rangin's model faces the following contradictions.

a) Paleoccurent patterns in Barita de Sonora and

Cobachi areas (Poole and Madrid, 1986) indicate that major

directions of sediment transport were basically toward the

southwest.

Contrarily, paleocurrent data in the Marathon region

of Texas suggest that most detritus in Early Paleozoic time

came from the north and northwest (McBride, 1978). On the
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other hand, provenance areas for siliclastic terriaenous of

the upper Paleozoic sequences in the same region of Texas

were proposed to be located in the southwest (Thomson and

McBride, 1978).

b) The Late Mississippian tectonism (Poole and

Madrid, 1986) that affected the Barita de Sonora Mine is

unknown in the Ouachita- Marathon belt.

c) Taconian deformation has been never recognized

in northwestern Mexico.

d) Paleozoic lithofacies distribution in Sonora,

Mexico do not match with the paleogeographic arrangement of

Paleozoic facies in the Marathon region of west Texas. In

Sonora, both the Paleozoic deep -marine and shelf facies have

no specific arrangement. Paleozoic shelf carbonates are

distributed south as well as north of the Paleozoic deep-

marine rocks. In the Ouachita region of Texas, the

Paleozoic marine facies are perfectly defined; Paleozoic

shelf facies lie always in the north and Paleozoic deep -

water facies lie on the south.

e) The Late Paleozoic tectonic episode in Sonora is

not even synchronic with that of the Marathon region.

Multiple evidence support that tectonism in Sonora occurred

during the Middle Permian to lower Triassic times (Noll,

1981; Poole and Madrid, 1986; Bartolini, this thesis). The

final Paleozoic orogenic phase in the Marathon region took
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place in the Late Pennsylvanian and possibly Early

Wolfcampian (Flawn, 1961).

The only possible linkages between the Paleozoic

regions of central Sonora and the southwestern edge of the

Ouachita orogenic belt of west Texas is the existence of

Late Paleozoic flysh -like rocks at Sierra del Cuervo,

Chihuahua, Mexico (despite the lack of Early Paleozoic

rocks).

Handschy and Dyer (1987) described the Rara

Formation as a sequence of limestones, shales, sandstones

and subordinated bedded chert, conglomerates and bentonite

layers. Deformation of the Rara Formation may have occurred

in the latest Early Permian. This is contemporaneous to the

tectonic event in Sonora and partially synchronic with the

last stages of tectonic deformation in the Marathon region.

Unfortunately, the westward tracing of the Chihuahua

Paleozoic rocks is obscured by strong Laramide deformation,

overlying younger volcanics, and general lack of informa-

tion. If however, the Paleozoic sequences of Chihuahua are

proven to be the same and continuous with the Ouachita belt

and the Sonora ' s Paleozoic successions, then the tectonic

evolution of northern Mexico would be Ouachita- Appalachian-

related, but still with similarities to western United

States.
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The possible presence of the Ouachita structural

belt in Mexico is not new. Many years ago, King (1944) ,

Eardley (1951), King (1951) and Flawn (1961) had discussed

that possibility.

Coney 's Susaect Terranes

Coney et al. (1960) proposed that over 70% of the

North American Cordillera is made up of suspect terranes.

These geologic provinces are supposed to be accreted to the

North American continent and somehow have traveled

relatively long distances from unknown sites in the

Paleopacific ocean before their collision and accretion into

the cordilleran margin. The suspect terranes are very

diverse and include pieces of oceanic island -arcs, submarine

plateaus, fragments of oceanic crust and some others of

uncertain assignment. Terranes are characterized by

tectonic style, stratigraphy and internal homogeneity. Most

of the boundaries between terranes are faults. From the

terranes described by Coney et al. (1980), the Roberts

Mountains and Golconda terranes most closely resemble the

Paleozoic eugeoclinal assemblages of Barita de Sonora and

Cobachi areas and Sierra El Aliso, central Sonora.

The Roberts Mountains terrane is a structurally

complex assemblage of chert, argillite, sandstone, basalt,

and minor limestone of Cambrian to latest Devonian or Early

Mississippian age.
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The Golconda terrane is a structurally deformed

assemblage of chert, argillite, minor limestone and

volcanics of Mississippian to Permian age. Despite minor

differences, the two terranes already described and the

Paleozoic deep- marine associations of central Sonora share

the same suite of rocks, have similar faunistic content,

reflects nearly identical depositional environments and

petrofacies, and display similar structural styles.

All these features are very important in the light

of dispersed suspect terranes along the North American

Cordillera, since tectonic disruption of terranes posterior

to accretion is also considered important.

Coney (1984) defined the tectonostratigraphic

terranes of Mexico (see figure 30) concluding that

approximately 80% of the country is constituted of suspect

terranes whose relationship to cratonic North America is

uncertain. In this occasion, Mexico was divided into sixteen

suspect terranes of which four compose the Sonora State.

These terranes are: the Chihuahua, Caborca, Guerrero and

Cortez Terranes, the latter being the one where the study

area is located. The Cortez terrane also includes Paleozoic

platform carbonates, Triassic strata and Laramide igneous

rocks.

The geologic processes that most likely disclose the

possible evolution of the Paleozoic allochthonous
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eugeoclinal deep -water assemblages of central Sonora are

shown below:

a) Paleozoic eugeoclinal deep-water sequences of

central Sonora were formed during deep -marine sedimentation

(continental slope and rise) on a ancient continental margin

of the Paleopacific ocean.

b) Sometime during the Late Paleozoic, these

assemblages were tectonically emplaced above the adjacent

coeval miogeoclinal carbonates of North America.

c) Rifting events during the Early- Middle Triassic

allowed the sedimentation of the Late Triassic Barranca

rocks upon both Paleozoic allochthons and miogeoclinal

strata.

d) During the Middle Jurassic, a fragment of the

already mentioned Paleozoic continental margin, including

the Precambrian basement and its miogeoclinal cover plus the

Paleozoic allochthonous and the Triassic rift -related

sediments were brought southeastward over 800 km along the

Mojave -Sonora megashear into northwestern Mexico where they

now constitute a large portion of Mexico's crust.

The above series of proposed steps in Sonora's

geologic evolution was put together using a combination of

the ideas separately proposed by Anderson and Silver (1979),

Coney et al. (1980), Coney (1984) and Stewart and Roldan (in

press).
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Ruiz, Patchett and ortega Hypothesis

The best approach to the origin of Precambrian and

Paleozoic basement terranes of Mexico was done by Ruiz et

al. (1988). Through Nd isotopic studies of lower crustal

xenoliths and crystalline rocks of southern, eastern and

north central Mexico, they intended to determine whether the

Mexican basement was formed by Cordilleran tectonics or if

it is a prolongation of the Appalachian -Caledonian belt.

Preliminary isotopic data from rocks in the vicinity of

Chihuahua (Los Filtros), Ciudad Victoria (Novillo), Malang()

and Oaxaca reveals that 0.90 to 0.97 Ga results implies that

this part of Mexico was probably involved in the Grenville

orogeny. If that is correct, then a large portion of Mexico

would be indigenous to the Appalachian -Caledonian domain, by

joining the rocks of central Mexico and Acatlan complex

(southern Mexico to the rocks of Llano Texas).

The other alternative is that basement rocks of

Mexico are suspect terranes that would record similar

histories of accretion to those terranes that compose the

western Cordillera of North America. In both cases, the

Mojave- Sonora megashear is thought to displace the basement

terranes of Mexico.
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CHAPTER VI

ECONOMIC ASPECTS

The development of mining activities in Sonora is,

of course, intrinsically related to the complex historic
changes that have occurred in the Mexican nation the last
two centuries.

In the pre- 1900's, this activity was dominated

almost exclusively by the Spanish. After the 1910 Mexican

revolution, Americans became the indirect owners of most of

the bigger mines in the country. Legally, mines are the
property of the Mexican or mexicanized private companies.

The history of mining in the region dates from the

middle of the 18th century when the first placer gold

deposit prospectors or gambusinos established themselves in

this area and founded the town of San Antonio de La Huerta.

A significant part of the population still looks for gold
along the Rio Yaqui.

According to sources consulted by Hackman (1982), by

1759, the town had a population of 5,000, but currently, the
population has dropped to less than 800.

All the mineralization in this area appears to be
associated with a prophyry copper deposit. Rectilinear
features, breccia pipes and veins originated
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contemporaneously with the emplacement of the porphyry

during Laramide times.

Hackman (1982) considered the main ore deposits at

San Antonio de La Huerta district to be of three types:

1. A porphyry copper system.

2. Silver- bearing veins.

3. Placer gold deposits

Porphyry Copper System

The central part of this system is the relatively

uraniferous porphyry copper deposit of Luz del Cobre Mine.

Mineralization and alteration was generated by hydrothermal

fluids associated with a pluton of microdiorite porphyry

which intruded Paleozoic host rocks approximately 56 m.y.

ago (Damon et al., 1983). Supergene fluids favored by the

existing high permeability of previously fractured and

brecciated rocks, infiltrated down into lower levels,

concentrating an important portion of the ore body.

The zone of significant supergene alteration (mainly

oxidation) measures about 25 square kilometers on the

surface and extends as much as 60 m underground.

Characteristic of this zone, which includes disseminated

gold, are the minerals: limonite, hematite, jarosite,

kaolinite, quartz. This alteration phenomena is

unquestionably related to the ore deposit (Peter Megaw,

personal communication, 1987).
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Hypogene mineralization consists of magnetite,

chalco py rite, quartz, sericite, siderite, barite, specular

hematite, pyrite and arsenopyrite. Oxidation and weathering

of the arsenopyrite released free gold in very fine

particles. The highest gold values are found in both the

breccia pipes and intensely fractured siltstones.

Persistent red staining reflects significant

chemical alteration in all rocks adjoining the Luz del Cobre

Mine, making distinction among different lithologies a

arduous task.

Subsequently, the area was uplifted and eroded,

exposing porphyry copper system as it is today.

Silver- Bearing Views

Triple siete, Las Chivas, and Las Prietas are some

of the silver- bearing view deposits known in San Antonio de

La Huerta district. Apparently, all of them have undergone

oxidation and supergene enrichment. Silver- bearing galena is

the ore mineral more frequently observed in these

mineralized bodies, and basically contains nearly all the

silver. However, other minerals also contain sufficient

silver in the ore.

The veins are thought to be emplaced in a possible

annular pattern related to the circular intrusion (less

probable) or to a previous extension event that created

northwesterly trending fractures (Peter Megaw, personal
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communication, 1987) . The fractures produced propitious

conducts for the transport of hydrothermal solutions.

Neither one of these hypothesis has been proven, since no

detailed fracture mapping of structural analysis has been

done yet.

Similar silver veins are being mined in Mine Santa

Rosa, southwest from my study area (Manuel Ramirez, personal

communication, 1986). In the referred locality, Triassic

sediments of the Barranca Group are cut by silver veins with

no particular direction being dominant. This relationship

constrains to some extent the time of emplacement of these

veins, defining clearly a post -Triassic age for them, but

fails to provide a more precise age.

Whether if these veins are the same or in some way

related to those cropping out in San Antonio de La. Huerta

district, is not known.

Placer Gold Deposits

The placer gold now found in the sands of the

innumerable washes and floodplains of the Rio Yaqui almost

surely has been derived from the bounteous gold deposits

widespread along the mountain ranges adjacent to the river.

La Higuera, El Realito, La Uvalama and La Isabel washes are

examples of sites that ever have been searched for gold.

During visits to La Higuera, I was told by gambusinos that

they were recovering three grams of gold per day. Gold
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particles extracted here are high in impurities (Peter

Megaw, personal communication, 1987) which amounts to about

20% of the sample.

Gold in the district has always been an attraction

for both individuals and corporations. Dragging of sands on

the Rio Yaqui, north of San Antonio de La Huerta by a

private company commenced very recently. Also, a great

scale project known as E1 Aguila is run by the Mexican

Federal Government, south of the same town.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This work contributes information on the structure

and stratigraphy of Paleozoic rocks of central Sonora.

Unfortunately, due to the complexity of the deformation and

inaccessibility of the area, it was inevitable to leave some

problems unresolved.

Sierra El Aliso is formed almost entirely by

allochthonous Paleozoic sequences ranging in age from

Ordovician to Permian (excluding the Silurian) . The

Paleozoic section is probably over 2000 m thick and consists

of pelagic and hemipelagic sediments that were originally

accumulated on continental slope, continental rise and

possibly ocean floor ( ?) environments.

The lower Paleozoic is characterized by graptolitic

black shales, quartzite, radiolarian chert, argillite and

local limestone. The upper Paleozoic is primarily carbonate

turbidites, minor bedded chert, siltstone, sandstone and

cher t -clas t conglomerate. Radiolarians, conodonts,
fusulinids and other benthonic faunas were identified from

these sequences. In addition, nineteen graptolite species

were also discovered.
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Petrographic studies of the mineral composition of

sandstones and conglomerates revealed that provenance of

Paleozoic detritus was predominately from sedimentary and to

a lesser extent from granitic terranes, probably from the

North American continent. Since no arc -type volcanics and

arc -derived terrigenous were recognized, a marginal basin

setting for these successions is precluded. There is no

contemporaneous or associated regional metamorphism.

Conglomerates and sandstones of the Arrayanes

Formation (the basal formation of the Barranca Group) rest

unconformably on both the lower and upper Paleozoic

sequences.

Igneous rocks exposed at Sierra El Aliso are

andesites, agglomerates, breccias, tuffs and granodiorites.

The volcanics correspond to the Tarahumara Formation of

presumably Laramide age. Field evidence suggests that these

extrusive rocks rest in angular unconformity on Paleozoic

and Triassic rocks. The granodiorite is believed to be

contemporaneous to the volcanism.

Both the lower and upper Paleozoic assemblages were

involved in a major compressive orogenic event sometime

during the Middle Permian to Early- Middle Triassic,

resulting in complex structural imbrication of the strata.

This orogenic episode is contemporaneous to the Sonoma

orogeny.
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Structural styles developed by the Paleozoic deep-

water associations in Sierra E1 Aliso can be compared to the

style of deformation displayed by similar Paleozoic

Cordilleran suspect terranes of North America.

There is no evidence of Antler deformation (Late

Devonian -Early Mississippian) in the study area.

Another puzzling aspect is the absence of Laramide

deformation. Apparently, the Paleozoic eugeoclinal deep -

water rocks are not affected by the Laramide orogeny.

Regardless what geodynamic processes acted during

the evolution of the Paleozoic eugeoclinal deep- marine

of the study area, the

favors a Cordilleran tectonic setting rather than an

Ouachita- Marathon domain.

The lithologies cropping out in the Sierra El Aliso

are not a southwestern prolongation of the Ouachita belt,

rather, the writer proposes that these Paleozoic sequences

are in fact fragments of the Antler- Sonoma Orogenic belt

that have been transported along the Mojave - Sonora Megashear

from Nevada or California down into Sonora, Mexico.

Recommendations

Paleozoic st.ratigraphy is very complex and still not

totally understood. Major efforts should be directed at

delineating a whole stratigraphic picture that would
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represent the Paleozoic stratigraphic section of Sonora and

its spatial distribution.

Careful petrofacies studies as well as primary

sedimentary structures analysis will provide vital data with

respect to the Paleozoic provenance source areas and major

directions of transport.

More detailed mapping will indeed yield additional

insights on the structural geology. Microfabrics analysis is

also recommended.

Of particular interest is the nature of the

Mississippian -Pennsylvania- Permian boundaries. We are still

ignorant if it is a single allochthonous block or if the

thrust slices arrived separately.

Isotopic dating of the Tarahumara volcanics is

important in determining the time span during which these

rocks were generated as well as the tectonic framework that

gave rise to them.
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APPENDIX A



PLATE ONE

(a) Glyptograptus cf. G. euglyphus Lapworth

(b) Dicranograptus Carter

(c) Paraglossograptus; modified from Cooper

(d) Tetragraptus Skevington
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PLATE ONE

b)

d)



PLATE TWO

(a) Temnograptus; modified from Bulman

(b) Orthograptus amplexicaulis (Hall)

(c) Undu1ograptus austrodentatus austrodentatus

(Harris and Keble)

(d) Dicellograptus cf. D. alector Carter
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PLATE TWO

b)

d)



PLATE THREE

(a) Didymograptus cf. D. cognatus Harris and Thomas

(b) Climacogra tus hastatus var. americanus

Ruedemann

(c) Dicellograptus Hall

(d) Isograptus



169

PLATE THREE

b)
cl)



PLATE FOUR

(a) Climacograptus bicornis bicornis Hall

(b) Orthograptus

(c) Isograptus victoriae divergens Harris

(d) Loganagraptus modified from Bulman
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PLATE ONE

a)-Periodon aculeatus Radding b)'Icriodus Sp.

c)- Cordylodus Sp.

d)- Protopanderodus Sp. e)Gnathodus

bilineatus Roundy
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b)-Cavusgnathus naviculus
(Hinde)
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a)-Prioniodus Sp.

b)-Baltoniodus Sp.

PLATE THREE

c)- Paroistodus Sp.
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APPENDIX C
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o) Pseudoschwogerino sp.

PLATE ONE

b) Schubertello kingi sp.

c) Porofusulino sp.
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