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PREFACE

"The field and laboratory work for this dissertation was

carried out from 1976 to 1980. Most of the text and

figures were prepared from 1981 to 1984. Due to

unforeseen circumstances, the dissertation was not

completed and reviewed by the members of the committee

until the summer of 1991. References to the literature,

therefore, are current only up to 1984".
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The Huizachal-Peregrina Anticlinorium is a large

NNW-trending structure in the front ranges of the Sierra

Madre Oriental of Mexico (23 45' N; 99 10' W) . The

breached core of the anticlinorium exposes three major

geologic terranes: (1) . A late Precambrian granulite

terrane (Novillo Gneiss) remarkably similar in

composition, appearance, grade and age of metamorph ism to

rocks of the Grenville Province, especially the

Adirondacks; (2) . A mid-Paleozoic low-grade metamorphic

complex (Granjeno Schist) of volcano-sedimentary origin

with ophiolite rock assemblages, that resemble rocks of

the Ouachita-Appalachian inner zones; and (3) . A strongly
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folded and faulted section of Paleozoic fossilifireous

sedimentary strata, more than 1500 m thick, similar to

the rocks of the Ouachita frontal zone exposed in the

Marathon region of Texas. Except for an extensive

subcrop terrain of Permo-Triassic granitic intrusives,

the terranes in the area studied represent "unique

samples" of the Pre-Mesozoic basement framework of

eastern Mexico. These terranes belong to two ancient

superposed orogenic systems: the Late Precambrian Oaxacan

(Grenville) and the Paleozoic Huastecan (Ouachita-

Appalachian) structural belts. Based on the geologic

study of these pre-Mesozoic terranes at Huizachal-

Peregrina, and compared with the widely spaced and

limited outcrops (and sub-crops) of equivalent rock

units of eastern Mexico, a tectonic model is proposed

which interprets the granulite terrane as representative

of continental crust, and the low-grade metamorphic

terrane as rocks that accumulated on top of the ocean

crust of a marginal basin. This latter sequence

experienced a complex history of deformation and

metamorphism as it was subducted towards the east,

culminating 330 m.y. ago. The onset of Carboniferous-

Permian orogenic flysch sedimentation is interpreted to

have occurred when the marginal basin became closed by

vii



an arc-continent collision. The Permo-Triassic granitic

rock terrane of the subsurface of the Gulf Coastal

Plain represents the magmatic roots of that volcanic arc.

The pervasive NW to NNW-trending structural grain, of

the Oaxacan and Huastecan structural belts south of

Huizachal-Peregrina through Oaxaca, when compared to the

NE-trending distribution of Precambrian and Paleozoic

terranes in the United States are compatible with the

existence of a proposed zone of large left-lateral

displacement across northern Mexico.

viii



TABLE OF CONTENTS

PAGE

1 . INTRODUCTION 1

1.1. Purpose of this study 10

PART I. Local Geology

2 . BACKGROUND OF INVESTIGATIONS 15

2.1. Investigations Prior to 1955 15

2.2. Investigations from 1955 to 1976 17

2.3. Recent Investigations 21

3. NOVILLO GNEISS COMPLEX AND ASSOCIATED INTRUSIVE

ROCKS 23

3.1. Novillo Paragneiss 25

3.2. Novillo Orthogneiss 29

3.3. Intrusive Rocks 34

3.3.1. Basaltic Dikes 34

3.3.2. Granitic Intrusives 37

3.4. Structure 38

3.5. Petrography 48

3.6. Age and Origin 67

4 . GRANJENO SCHIST 79

4.1. Pelitic Schist and associated

Metasedimentary Units 82

4.2. Volcaniclastic and Volcanic Schist 86

4.3. Serpentinite 89

ix



PAGE

4.4. Structure 94

4.5. Petrography 102

4.6. Age and Origin 116

5 . PALEOZOIC SEDIMENTARY STRATA 125

5.1. Lower Paleozoic Strata 125

5.2. Carboniferous-Permian Strata 131

5.3. Summary 137

6. SUMMARY OF THE PRE-MESOZOIC GEOLOGIC EVOLU

TION OF HUIZACHAL-PEREGRINA AREA 143

6.1. Late Precambrian 143

6.2. Unroofing and Cooling History of Novillo

Gneiss 145

6.3. Early Paleozoic Sedimentation and

Marginal Basin Formation 150

6.4. Closure of Marginal Basin and Late

Paleozoic Sedimentation and Tectonism 153

PART II. Regional Geology

7. PRE-MESOZOIC TERRANES OF EASTERN MEXICO AND

ADJOINING AREAS 159

7.1. Crustal Structure 160

7.2. Pre-Mesozoic Basement Rocks on

Unattenuated Continental Crust 169

7.2.1. Northern Domain of Coahuila 173

x



PAGE

7.2.1.1. Low-grade Metamorphic Complex ... 175

7.2.1.2. Paleozoic Sedimentary Strata.... 176

7.2.1.3. Permo-Triassic Intrusive Rocks.. 180

2 . Central Domain of Victoria-Huizno-

pala 184

7.2.2.1. Late Precambrian Granulite-

grade Metamorphic Complex 185

7.2.2.2. Low-grade Metamorphic Complex... 187

7.2.2.3. Paleozoic Sedimentary Strata.... 190

3. Southern Domain of Acatlan-Oaxaca.... 192

7.2.3.1. Late Precambrian Granulite-

grade Metamorphic Complex 193

7.2.3.2. Low-grade Metamorphic Complex... 201

7.2.3.3. Paleozoic Sedimentary Strata.... 210

Pre-Mesozoic Basement Rocks on Rifted

Continental Crust 214

1. Gulf Coast Domain 216

7.3.1.1. Late Precambrian ( ? )Metamorphic

Rocks 216

7.3.1.2. Paleozoic Sedimentary Strata.... 219

7.3.1.3. Low-grade Metamorphic Complex. . . 222

7.3.1.4. Permo-Triassic Intrusive Rocks.. 225

2. Yucatan-Chiapas (Maya) Domain 238

xi



PAGE

7.3.2.1. Late Precambrian (?) Metamorphic

Rocks 239

7.3.2.2. Low to Medium grade Metamorphic

Rocks 245

7.3.2.3. Paleozoic Sedimentary Strata.... 248

7.3.2.4. Permo-Triassic Intrusive Rocks.. 249

4. Correlation of Pre-Mesozoic Basement

Rocks 250

7.4.1. Concluding Remarks Precambrian High-

Grade Metamorphic Rocks 250

7.4.2. Paleozoic Low-Grade Metamorphic Rocks 253

7.4.3. Unmetamorphosed Paleozoic Sedimentary

Strata 257

PRE-MESOZOIC TECTONIC EVOLUTION OF EASTERN

MEXICO 261

REFERENCES 273

MAPS In back pocket

VITA 318

xii



LIST OF TABLES

PAGE

Table 3 . 1 Chemical analyses and norm of late-

kinematic intrusive rocks in Novillo

Orthogneiss 36

Table 3.2 Novillo Paragneiss mineral assemblages... 50

Table 3.3 Novillo Orthogneiss mineral assemblages.. 57

Table 3.4 Chemical analyses and norm of Novillo

Orthogneiss representative rocks 58

Table 3.5 Isotopic ages of Novillo Gneiss Complex

and Plagiogranite 70

Table 4.1 Granjeno Schist Metasedimentary mineral

assemblages 105

Table 4.2 Granjeno Schist volcaniclastic and

igneous mineral assemblages 110

Table 4.3 Isotopic ages of Granjeno Schist 117

Table 7 . 1 Lithostratigraphic units of the Acatlan

Complex 203

Table 7.2 Well Data of Permo-Triassic granitic

rocks of the Gulf Coast Domain 231

xiii



LIST OF FIGURES

FIGURE PAGE

1.1 Simplified geologic map of pre-Mesozoic

rocks of northeastern Mexico and Texas .... 3

1.2 Present day configuration of Paleozoic

orogenic belts along the eastern margin

of North America 5

1.3 Simplified geologic map of the Huizachal-

Peregrina Anticlinorium 9

1.4 Simplified geologic cross-sections of the

Huizachal-Peregrina Anticlinorium 12

3 . 1 Contact between the Precambrian

orthogneiss and paragneiss series 27

3.2 Massive quartz-feldspathic paragneiss 27

3.3 Relict cross-bedding (?) in quartz-

feldspathic paragneiss 27

3.4 Alternation of marble, quartz-feldspathic

paragneiss, and amphibolite 27

3.5 Thin dark layers of amphibolite

intercalated with marble layers 27

3.6 Typical layered Novillo Orthogneiss 27

3.7 Injection of mafic material producing a

crude layering 32

xiv



3 . 8 Igneous stratification of Fe-Ti ore and

plagioclase 32

3.9 Basic dike cutting the layered fabric of

Novillo Orthogneiss 32

3.10A Coarse cataclastic plagiograntie texture.. 32

3.10B Coarse unsheared porphyritic plagiogranite

dike texture 32

3.11 Isoclinal similar folding transposing the

original layering of the Novillo

Orthogneiss 32

3.12 Double-folding in Novillo Orthogneiss 32

3 . 13 Contour S-pole diagram of layering in

Novillo Paragneiss 41

3 . 14 Contour S-pole diagram of layering in

Novillo Orthogneiss 44

3 . 15 Contour S-pole diagrams of basic dikes and

shear zones in Novillo Orthogneiss 46

3 . 16 Clinopyroxene and garnet compositions of

mafic granulite CRR-76-84 62

3.17 Raheim and Green Garnet -

Clinopyroxene

geothermometer applied to mafic granulite

CRR-76-84 64

xv



FIGURE PAGE

3.18 ACF diagram with the basic granulite rocks

and garnet and clinopyroxene compositions

of Novillo Orthogneiss 69

3 . 19 Graphic distribution of isotopic ages of

Precambrian and Paleozoic crystalline

rocks of Huizachal-Peregrina and

Huiznopala areas 72

4.1 Simplified geologic map of the Huizachal-

Peregrina Anticlinorium 81

4.2 Slumped block of metaquartzite enclosed

within pelitic Granjeno Schist 85

4.3 Compositionally layered volcaniclastic

Granjeno Schist 85

4.4 Lapilli-like fragments of basaltic lava

enclosed in massive greenstone 85

4.5 Strained pillow-quartz-keratophyre lavas.. 85

4.6 Pumpellyite-zoisite clinozoisite gabbro. . . 91

4.7 Chevron-like folds in serpentinite 91

4.8 Typical F3 phase of asymmetric reclined

folds in pelitic Granjeno Schist 91

4.9 F2 isoclinal folding defined by thin

quartzitic layers 91

xvi



FIGURE PAGE

4 . 10 Crenulation microfolding of the prominent

foliation 91

4.11 Compositional layering transposed by

extreme isoclinal folding 91

4 . 12 Contour S-pole diagram of prominent

foliation of the SW-block of the Granjeno

Schist 98

4 . 13 Contour S-pole diagram of Serpentinite

foliation 101

4.14 Contour S-pole of prominent foliation of

the NE-block of the Granjeno Schist 104

4 . 15 Drawing of two thin sections across the

pillow-lava CRR-78-112 115

4.16 Interpreted plate tectonic scenario for

the deposition of Granjeno Schist

protolith 120

5.1 Tectonic contact between Novillo

Paragneiss and Paleozoic sedimentry strata 129

5.2 Detail of tectonic boulder in

Mississippian beds 129

5.3 Pillow and ball structure in Pennsylvanian

Del Monte Formation 129

xvii



FIGURE PAdE

5.4 Organic trail tracks in Pennsylvanian Del

Monte Formation 129

5.5 Till-like aspect of the "basal" Naranjal

Conglomerate 129

5.6 Orderly distal turbidites of the Permian

Guacamaya Formation 129

5.7 Contour S-pole diagram of Guacamaya beds.. 139

5 . 8 Contour S-pole diagram of fracture

cleavage of Guacamaya beds 141

6.1 Temperature/ time graph for the uplifting

of Precambrian Novillo Gneiss 148

6.2 Interpreted 400 to 340 m.y. old plate

tetonic scenario for the accumulation of

the Granjeno Schist protolith 155

6.3 Interpreted Late Paleozoic plate tectonic

scenario for the origin of the Granjeno

Schist 157

7 . 1 Bouguer Gravity map of Mexico 163

7.2 Crustal models of Eastern Mexico 168

7.3 Domains subdivision of eastern Mexico 171

xviii



FIGURE PAGE

7 . 4 Comparison of pre-Mesozoic rock isotopic

ages from the Coahuila Domain, the Gulf

Coastal Domain and the Chiapas Massif of

the Yucatan -

Chiapas Domain 183

7 . 5 Map of key localities of the Southern

Domain of Acatlan-Oaxaca 196

7 . 6 Graphic distribution of isotopic ages of

Precambrian crystalline complex of the

Southern Domain of Acatlan - Oaxaca 199

7.7 Graphic distribution of isotopic ages of

Paleozoic crystalline complex of the

Southern Domain of Acatlan - Oaxaca 207

7 . 8 Location map of subsurface Precambrian

localities (Pemex Wells) within the Gulf

Coastal Domain 218

7 . 9 Location map of subsurface Upper Paleozoic

Sedimentary rock localities (Pemex Wells)

in the Gulf Coast Domain 220

7.10 Location map of subsurface low-grade

metamorphic rock localites (Pemex Wells)

in the Gulf Coast Domain 224

xix



FIGURE PAGE

7.11a Location map of subsurface Permo-Triassic

Granite rock localities (Pemex Wells) in

the Gulf Coast Domain (South Part) 228

7.11b Location map of subsurface Permo-Triassic

Granite rock localities (Pemex-Wells) in

the Gulf Coast Domain (North Part) 230

7 . 12 Graphic distribution of isotopic ages of

subsurface crystalline rocks of the Gulf

Coast Domain 236

7 . 13 Graphic distribution of isotopic ages of

the Chiapas Massif 241

7 . 14 Graphic distribution of isotopic ages of

the Maya Mountains and Yucatan 243

7.15 Structural trends and distribution of

Precambrian rocks in Mexico 252

7.16 Structural trends and distribution of

Paleozoic low-grade metamorphic rocks in

eastern Mexico 254

7 . 17 Structural trends and distribution of

Carboniferous-Permian Sedimentary strata.. 258

8 . 1 Interpreted reconstruction of the

Paleozoic Huastecan Structural belt 266

xx



FIGURE PAGE

8.2 Proposed megashears, lineaments, and

fracture zones in Mexico 271

xxi



PLATES

PLATE 1 Geologic Map 1: 25,000 in pocket

PLATE 2 Geologic cross sections in pocket

PLATE 3 Stratigraphic Columns of the

Paleozoic Sedimentary Strata in pocket

PLATE 4 Pre-Mesozoic Basement map of Eastern

Mexico in pocket

PLATE 5 Map of localities and sample

localities of Huizachal-Peregrina

Area in pocket

xxii



1 . INTRODUCCION

The pre-Mesozoic geologic evolution of northern and

eastern Mexico has not been easy to interpret because

outcrops of Precambrian and Paleozoic rocks are few and

far apart. The exposures are restricted to the cores

of major northwest-trending Laramide anticlines or to

the edges of uplifted fault blocks that occur within

the eastern Cordillera of Mexico, i.e. the Sierra

Madre Oriental. In addition to these outcrops, several

tens of Petroleos Mexicanos wells in the Gulf Coastal

Plain of Mexico have bottomed in Paleozoic low-grade

metasediments, late Paleozoic marine and continental (?)

strata, and Permo-Triassic granitic intrusives (Flawn et

al. , 1961; Quezadas-Flores, 1961; Lopez-Ramos, 1972;

Madrid-Solis, 1976), (fig. 1.1).

These sporadic outcrop and subcrop findings have

been taken as evidence for the existence of a

concealed Paleozoic orthogeosyncline and orogenic

belt, the Huastecan Structural Belt (Cserna, 1960) ,

which bordered the eastern margin of Mexico as an

extension of the Ouachita-Appalachian system of the

eastern United States (fig. 1.2).

Huastecan low-grade metasediments are remarkably

similar in composition, appearance, grade and age of

1
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Figure 1.1. Simplified subsurface geologic map of pre-

Mesozoic rocks northeastern Mexico and

Texas. Limited outcrops are indicated by

circle, triangle, square, and diamond.

Heavy arrow indicates the area studied.

After Flawn and Diaz (1959) , Quezadas-

Flores (1961) , Lopez -Ramos (1972) , King

(1975), and Alfonso (1978). (See also

plate 4) .
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Figure 1.2. Present day configuration of Paleozoic

orogenic belts along the eastern margin

of North America. Sawteeth point towards

the internal (eugeosynclinal) zones of the

Appalachian-Ouachita-Huastecan belts .

External massifs composed of 1.0 billion

year old metamorphic rocks are indicated

by: solid areas = extensive outcrop (NBR=

Northern Blue Ridge; SBR= Southern Blue

Ridge; L= Llano Uplift; 0= Oaxaca,

southern Mexico) ; solid star = limited

outcrop (V= Ciudad Victoria, area of this

study; H= Huiznopala area) ; white star =

subcrop massif (C= Central Mississippi

Deformed Belt; W= Waco Uplift; D = Devils

River Uplift). After Rankin (1975) and

Nicholas and Rozendal (1975) .
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metamorphism to rocks of the Ouachita interior zone

(Flawn and Diaz, 1959; Flawn et al.
, 1961; Denison et

al.
, 1971). Moreover, the stratigraphy of Huastecan

Paleozoic marine strata is similar to that of the

Ouachita frontal zone in the area of Marathon, Texas

(Flawn and Diaz, 1959; Carrillo-Bravo, 1959, 1961, 1963).

Granulite rocks of "Grenvillian Age" (i.e. rocks

with Rb-Sr and K-Ar mineral ages from 1150 to 750 m.y.)

have been identified as the basement rocks of the

Huastecan Structural Belt at only three widely separated

localities: two small outcrop areas are in east-central

Mexico -

near Ciudad Victoria (c. 35 Km2), and Huiznopala

(c.12 km2); and a larger area -10,000 Km2 - is in

southern Mexico in the State of Oaxaca (fig. 1.2). This

latter area has been designated as the type locality for

the Oaxacan Structural Belt (Cserna, 1971 b) ,
and

regarded as the southernmost extension of the Grenville

Orogenic Belt in North America (Fries et al. , 1962 a;

Fries and Rincon-Orta, 1965; Kesler and Heath 1970;

Cserna, 1971b, 197 Id; Anderson and Silver, 1971; Anderson

et al. , 1972; Fries et al. , 1974; Bloomfield and Ortega-

Gutierrez, 1975; Ortega-Gutierrez et al.
, 1975; Ortega-

Gutierrez et al. , 1977; Garrison and Ramirez -Ramirez,

1978) .

In Mexico, except for Oaxaca, there is only one area
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in which remnants of both the Oaxacan and Huastecan

(inner and outer parts) structural belts can be seen. It

is at the Huizachal-Peregrina Anticlinorium, near Ciudad

Victoria, State of Tamaulipas (c. 23 45' N; 99 10 W) ,

which is a large northwest-trending Laramide structure

located in the front ranges of the Sierra Madre Oriental

(Carrillo-Bravo 1959, 1961, 1963). Baker (1936, 1971)

called this feature Novillo Uplift, and A. Heim (1940)

refers to it as the Huizachal Anticline.

The breached core of the anticlinorium is occupied

by three major geologic terranes of late Precambrian and

Paleozoic age (fig. 1.3).

(1) A late Precambrian high-grade granulite complex

intruded by at least two sets of igneous rocks. Fries and

Rincon-Orta (1965) named this crystalline complex the

Novillo Gneiss, after the exposures at the stream-bed of

the El Novillo Canyon. In Mexico, these rocks are

regarded as the northernmost exposure of the Oaxacan

(Grenville) Structural Belt (Fries et al. , 1962 b) .

(2) A low-grade metasedimentary and metavolcanic

complex associated with masses of alpine-type serpen

tinite, with Rb/Sr and K/Ar mineral ages of 330 35

m.y. Carrillo-Bravo (1961) named this complex the

Granjeno Schist, after the exposures at "Cuchilla (slope)

del Granjeno" in the Peregrina Canyon. This complex is
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Figure 1.3. Simplified geologic map of the Huizachal-

Peregrina Anticlinorium. NC= Novillo

Canyon; CC = Caballeros Canyon; ASC =

Arroyo Seco Canyon; SLC = Santa Lugarda

Canyon; BC = La Boca Canyon; OC= El Olmo

Canyon; GC = Guayabas Canyon; PR=

Purification River. N-N'and C-C'are lines

of generalized geologic cross sections of

figure 1.4, Rectangle = area of map of

plate 1.
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considered a remnant of the inner zone of the Huastecan

(Ouachita) Structural Belt (Cserna, 1971 c, 1976 a) .

(3) A strongly folded and faulted section of

Paleozoic fossiliferous sedimentary strata with NO

indications of metamorphism, more that 1500 meters thick

(aggregate section estimate) . All Paleozoic systems are

represented from mid-Silurian to mid-Permian, with the

exception of the upper Mississipian. This section has

been taken as representative of the foreland zone of the

Huastecan Structural Belt (Cserna, 1960, 1971 c, 1976 a) .

Carrillo-Bravo (1959, 1961, 1963) has provided the

stratigraphic and Paleontological data for this section.

All contacts between these pre-Mesozoic terranes are

interpreted as faults (Carrillo-Bravo 1961; Cserna,

1971c; Ramirez-Ramirez, 1974, 1977).

Fluvial-alluvial redbeds of the Triassic-mid-

Jurassic Huizachal Group (Mixon et al.
, 1959)

unconformably overlie these pre-Mesozoic terranes. The

redbeds are in turn non-conformably overlain by a

carbonate-pel ite marine sequence ranging in age from

Oxfordian to Maestrichtian (Carrillo-Bravo, 1961, 1963)

(figs. 1.3 and 1.4) .

1.1 Purpose of this study.

By virtue of location, the pre-Mesozoic rock

exposures at the core of Huizachal-Peregrina
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Figure 1.4. Simplified geologic cross-sections N-N1

and C-C* of the Huizachal-Peregrina

Anticlinorium. Location indicated in

figure 1.3.
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Anticlinorium represent an important locality within the

continental framework of the Grenville (Oaxacan) and

Appalachian-Ouachita (Huastecan) fold belts.

Thus, the purpose of the first part of this study is

to provide new geological, structural and petrologic data

on the metamorphic terranes of Huizachal-Peregrina, as

well as their tectonic relationships on a local scale,

and its implications and significance on a regional

scale. The Paleozoic marine strata are discussed and

reinterpreted, using published data and my own outcrop

observations.

The second part of this study is essentially a com

pilation of published data on other pre-Mesozoic rocks

around the Gulf of Mexico, from Texas through the Yucatan

peninsula.

This is done in order to present a more

comprehensive tectonic history of the area studied within

a continental tectonic framework. In addition, the

crustal structure of eastern Mexico is interpreted from

gravity and seismic refraction data.

Finally, this compilation will provide constraints

to current interpretations of the late Paleozoic-early

Mesozoic tectonic evolution of the southern margin of the

North American Plate. Such interpretations involve large

strike-slip or transform displacements of crustal blocks
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or microplates that make up the present continental

framework of Mexico and Nuclear Central America (e.g.

Cserna, 1976; Gose et al.,1982; Anderson and Schmidt,

1983) .



PART I: LOCAL GEOLOGY

2. BACKGROUND OF INVESTIGATIONS.

2. 1. Investigations Prior to 1955.

The first report in the literature mentioning pre-

Mesozoic rocks in the core of the Huizachal-Peregrina

Anticlinorium was probably written by Nason (1909) ,

who reported a pre-upper Jurassic unit composed of soft

unctuous shaly beds and serpentinite (?) cropping out in

the stream bed of a canyon west of Estacion Santa

Engracia, Tamaulipas; probably El Olmo or *La Boca

canyons .

Shortly before August 19 2 5, P.A.Robertson discovered

a locality "-11 km N 38 W"1 from Ciudad Victoria in

the Peregrina canyon, in which a metamorphic complex

composed of gneiss and schist of probable Precambrian age

was overlain by fossiliferous strata of probable

Paleozoic age (Muir, 1936). Flawn et a_l. (1961, p. 102)

referred to a 1921 unpublished manuscript of C.L. Baker

discussing the pre-Mesozoic rocks of this area.

Robertson's findings were reported for the first time in

the literature by Girty (1926) ,
who determined an early

Actually, this figure should be 14 km N 70 W from
Ciudad Victoria.

15
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Mississippian age for a fossil collection from the

sedimentary strata overlying the metamorphic basement. A

revised version of Robertson's section was published by

Muir (1936) , who added a mid-Permian unit to the section

on the basis of a tentative identification of

Parafusulina sapperi (Staff) . All contacts between the

pre-Mesozoic units, i.e. gneiss, schist and

Carboniferous-Permian strata were reported as

unconformities (Girty, 1926; Muir, 1936) .

Heim (1940) recognized the faulted nature of the

contact between the metamorphic basement and the

Mississippian strata, (Peregrina Formation of Heim

(1940) ; or Vicente Guerrero Formation of Carrillo-Bravo

(1961)). Furthermore, he reported garnet-rich gneiss,

gneissic granite, amphibole granite, and diabase dikes as

the main lithologies within the gneiss complex. Gabbro

and serpentinite were reported, as well as spotted

phyllites with andalusite (?) upstream in Peregrina

Canyon .

Baker (1971)
2 described similar lithologies to those

reported by Heim (1940) for the gneiss complex, but

several types of micaschist and a large mass of serpenti

nite were found towards the western portions of the El

2 The explorations of Baker and associates were done in

the early 20' s, but not published until 1971 (Baker,
1971, p. 3) .
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Novillo and Peregrina Canyons. Also, Pennsylvanian and

mid-Permian strata were reported, as well as

Mississippian in fault contact with Pennsylvanian strata

(Baker, 1971, p. 59) . Small dikes and sills of decomposed

diabase were observed cutting Paleozoic strata (Baker,

1971, p. 59; Carrillo-Bravo, 1961, p. 83).

Summaries on the pre-Mesozoic rocks of Mexico were

published by R.E. King (1942) and Maldonado-Koerdell

(1954) . Humphrey and Diaz (1953) and Arellano (1953)

briefly described the pre-Mesozoic rocks of the

Peregrina, Santa Engracia and El Olmo canyons. Arellano

(1953) named the mid-Permian strata the Guacamaya Beds,

after the outcrops at Guacamaya Ranch in Peregrina

Canyon.

2.2 Investigations from 1955 to 1976.

Studies over this period of time can be divided as:

(1) Reconnaissance and semi-detailed mapping (Diaz,

1956a; Carrillo-Bravo, 1959, 1961, 1963; Sansores-

Bolivar, 1964; Salas, 1970; Ramirez-Ramirez, 1974);

(2) Geochronology (Fries et al. , 1962b; Fries and Rincon-

Orta, 1965; Denison et al.,1971; Fries et al.,1974); and

(3) petrography of the Paleozoic marine strata (Tellez

and Malpica, 1969; Tellez, 1970).

Among all these investigations, probably the major
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contributions to the knowledge of the local pre-Mesozoic

geology are those of Carrillo-Bravo, Fries and colleagues,

and Denison and colleagues.

Carrillo-Bravo (1959, 1961, 1963) studied mostly

the Paleozoic strata that occur over the central part of

the structure from Peregrina Canyon to the south
, through

El Olmo Canyon on the north (fig. 1.3). Through his

explorations, fossiliferous strata of Silurian and

Devonian age were discovered for the first time in

northeastern Mexico at the Peregrina and Caballeros

Canyons. Cambrian and Ordovician rocks were also

reported, although no paleontological evidence was found.

Fries et al. (1962b) obtained one K-Ar biotite age

of 740 10 m.y. for a Novillo Gneiss sample from

Peregrina Canyon. This age was the first conclusive

evidence that the gneiss was in fact a Precambrian unit.

A late Paleozoic (315 10 m.y.)K-Ar muscovite age for a

Granjeno Schist sample from Caballeros Canyon was also

obtained. Nevertheless, this latter age was considered

as a disturbed age, and the schist was interpreted as

another Precambrian unit, due to the nearby presence of

mid-Silurian fossiliferous rocks in the Peregrina and

Caballeros Canyons. A 150 10 m.y. K-Ar biotite age for a

granitic rock intruding the gneiss in the Caballeros

Canyon was also reported. However, Denison et al. (1971,
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p. 11) noted that this younger age probably was related

to an impure separation or/to an alteration of the

analyzed biotite (it had an abnormally low potassium

content: K20= 1.76 wt. %) .

Fries and Rincon-Orta (1965) obtained an additional

K-Ar muscovite age of 310 10 m.y. for a similar granitic

rock occurring at the gneiss-schist contact in Novillo

Canyon. This age was interpreted to represent a late

Paleozoic magmatic event that was responsible for the low

age reported earlier for the schist. The gneiss-schist

contact was suggested to be a fault zone with a

displacement of several thousand meters, since the

metamorphic facies observed, granulite against

greenschist, should have formed at different crustal

depths .

Three additional K-Ar mineral ages (871 18 and 910

18 m.y. for two hornblendes, and 920 18 m.y. for a

phlogopite) were obtained for the Novillo Gneiss by

Denison et al. (1971) who considered them as indicative

of a metamorphic event about 900 m.y. ago. Moreover, two

K-Ar muscovite ages and one Rb-Sr "two point isochron"

(whole rock and separated muscovites) ranging between 292

and 315 m.y. were reported for the Granjeno Schist.

These latter ages were interpreted as metamorphic. The

remarkable similarities between the Granjeno Schist and
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the low-grade metamorphic rocks of the buried interior

zone of the Ouachita System of Texas were pointed out,

and also that both schists originated farther to the east

and were moved tectonically a considerable distance to

their present positions.

This latter idea was suggested in order to explain

the juxtaposition of Granjeno Schist with granulite Novi

llo Gneiss which show no isotopic disturbance of this

late Paleozoic metamorphism, and with late Paleozoic se

dimentary rocks with NO indications of metamorphism.

Three zircon Pb-alpha ages, 924 100, 1280 130,

1315 140 m.y. were reported for the Novillo Gneiss by

Fries et al. (1974) . However, since a detrital origin was

suggested for the zircons, the older ages were

interpreted as indicative of the time of crystallization

of an older igneous terrain from which the zircons were

derived.

Furthermore, the area has been mentioned and

discussed in numerous regional tectonic syntheses about

the pre-Mesozoic evolution of eastern Mexico and the

origin of the Gulf of Mexico, e.g., Banks 1975;

Cserna, 1956, 1971a, 1971b, 1971c, 1976a; Dengo 1975;

Lopez-Ramos, 1969, 1971; Meyerhoff, 1967; Murray, 1956,

1961; Woods and Addington, 1973, Dickinson, 1981;

Anderson and Schmidt, 1983; and many others.
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2.3 Recent Investigations .

Cserna et al. (1977) proposed an early Paleozoic age

for the tectonic emplacement of the Granjeno Schist in

the area. Their conclusions were based mainly on one Rb-

Sr-model age of 446 m.y. for the schist and on the

increasing cataclastic nature of the Novillo Gneiss as

the contact with the Granjeno Schist is approached at

four localities in the El Novillo Canyon. Garrison (1978)

and Ramirez -Ramirez (1978) discussed some inconsistencies

in the isotopic and geologic data presented by Cserna et

al. (1977) ,
and concluded that a late Paleozoic age for

the tectonic emplacement of the schist was in better

accordance with the revised isotopic and geologic data.

Ortega-Gutierrez (1978) described the petrography

of the Novillo Gneiss, and to a lesser extent of the

Granjeno Schist, in El Novillo and Peregrina Canyons. A

liquid immiscibilibly petrogenetic model was proposed to

explain the conspicuous layering in the gneiss and the

presence of iron-titanium oxide- rich layers found in

the anorthosite masses of the gneiss. Mineral assemblages

in the Granjeno Schist that include stilpnomelane and

glaucophane led Ortega-Gutierrez to suggest a subduction-

obduction related origin for this low-grade metamorphic

complex.

Finally, partial results of this investigation of
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the metamorphic terranes of the area were published by

Garrison, Ramirez -Ramirez and Long (1980) . They reported

Rb-Sr isochron ages of the crystalline rocks, and used

initial 87Sr/86Sr as a geochemical tracer of the

provenance of pelitic and volcanic portions in the

Granjeno Schist. Their results supported the suggestion

of Ramirez -Ramirez (1978) concerning the formation of

Granjeno Schist in a Paleozoic marginal ocean basin,

limited on the west by the cratonic area of Mexico, and

on the east by an island arc complex. A large subsurface

area of granodiorites and granites east of Ciudad

Victoria reported by Lopez-Ramos (1972) , may represent

the preserved arc plutonic complex (fig. 1.1).



3. NOVILLO GNEISS COMPLEX AND ASSOCIATED INTRUSIVE

ROCKS

The central part of the pre-Mesozoic core of Huiza

chal-Peregrina Anticlinorium is occupied by a high-grade

metamorphic complex composed mainly of a wide variety of

garnet-rich banded gneisses ranging in composition from

gabbro-anorthosite to granite, amphibolite, meta-

quartzite, quartz and feldspar-rich gneiss, talc-silicate

rock, and marble, metamorphosed to granulite facies

during a metamorphic event about 900 m.y. ago (Fries et

al.
, 1962b; Denison et al., 1971; Fries et al.

, 1974;

Garrison et al. , 1980) . Rock exposures of this complex

are found in El Novillo, Peregrina and Caballeros canyons

and form a northwest-oriented block which is in fault

contact with Paleozoic Granjeno Schist on the southwest,

and with unmetamorphosed Paleozoic sedimentary rocks on

the northeast (Carrillo-Bravo, 1961; Ramirez-Ramirez,

1974) . Fries and Rincon-Orta (1965) formally named this

complex the Novillo Gneiss, after the exposures of

garnet-rich banded gneiss in the stream bed of El Novillo

Canyon .

Two conspicuous sets of igneous intrusions post-date

the granulite metamorphic event: one is a set of north-

23
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east-oriented basalt dikes that cut the northwest-

trending structural fabric of Novillo Gneiss; the other

is a sheared elongated body of plagiogranite with

subsidiary non-sheared dikes which intrude only the

gneiss block. This sheared body occurs along or near the

contact of the gneiss with the southwestern block of

Granjeno Schist.

Zones of cataclastically deformed augen gneiss sho

wing incipient to extreme degrees of mechanical deforma

tion, are observed everywhere within the complex, but

especially near the contact with the southwestern block

of Granjeno Schist. Here the shear zones and/or augen

structure are oriented subparallel to the northwest-

trending gneissic layering and the schist contact.

Transverse shear zones oriented N 50 E are also common

in the Novillo Canyon.

In this study, all of the late Precambrian high-

grade granulite rocks of the Huizachal-Peregrina

Anticlinorium are placed in the Novillo Gneiss Complex.

This usage conforms to the first usage of the term

Novillo Gneiss by Fries and Rincon-Orta (1965) . Ortega

Gutierrez (1978) recognized that the Novillo Gneiss

Complex consisted of two major rock sequences; 1) an

older (?) metasedimentary sequence composed of marble,

graphitic gneiss, quartz-feldspar gneiss, and
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metaquartzite units, which in turn were intruded before

the granulite metamorphic event by; 2) a layered igneous

suite of gabbroic-anorthositic composition.

Exposures of the metasedimentary sequence, herein

informally named Novillo Paragneiss, occur in Peregrina

Canyon, whereas the layered igneous suite, herein

informally named Novillo Orthogneiss, is documented

mostly in El Novillo Canyon. The Novillo Paragneiss

extends north of Peregrina Canyon into Caballeros Canyon.

Both gneissic sequences meet in a 30-meter-wide breccia

zone in Peregrina Canyon (fig. 3.1). AN 50 W-trending

linear feature seen in aerial photos coinciding with the

measured orientation in the field of the breccia zone, is

interpreted here as the pre-metamorphic intrusive contact

which permits the division of Novillo Gneiss Complex into

two major rocks sequences: Novillo Paragneiss and Novillo

Orthogneiss respectively to the northeast and southwest

of the breccia zone.

3 .1 Novillo Paragneiss.

Exposures of this sequence were observed only in the

Peregrina and Caballeros Canyons. Unlike the well

layered orthogneiss of El Novillo Canyon, layering in

Novillo Paragneiss is poorly developed; instead, rock

units tend to be more "thick-bedded to massive" (fig.
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Figure 3.1.

Figure 3.2.

Figure 3.3.

Figure 3.4.

Figure 3.5.

Figure 3.6.

Breccia zone outcrop interpreted as the

intrusive contact between the orthogneiss
and paragneiss series of the Precambrian

Novillo Gneiss. Locality CRR-78-207,

Peregrina Canyon.

Massive quartzo-feldsphatic paragneisses
interpreted as former arkosic sedimentary
rocks, showing crude stratification

planes, bed thickness 0.5 to 1.5 m.

Locality CRR-78-211, Peregrina Canyon.

Relict cross-beding (?) in quartzo-
feldesphatic gneisses. Type locality of

the Presa Quarzite. Locality CRR-78-214,

Peregrina Canyon.

Alternation of marble, guartzo-

feldesphatic gneiss, and amphibolite,
interpreted as original alternation of

limestone, sandstone, and marly shale.

Beds are 30 to 75 cm thick. Locality CRR-

78-208, Peregrina Canyon.

Detail of figure 3.4 showing thin dark

layers of amphibolite intercalated with

marble layers. Locality CRR-78-208,
Peregrina Canyon.

Typical layered Novillo Orthogneiss
snowing a left-lateral dislocation that

affects the 30 cm thick basic dike

(towards the right of the photo center) .

Scale bar in the upper right is 2 m.

Locality Rancho El Gavilan, El Novillo

Canyon .
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3.2). Highly disturbed units are commonly seen due to

the intrusion of deformed and irregular masses of

aphanitic basic rocks, as well as due to cataclastic

deformation. Deformed coarse-grained granitic pegmatites

and fine-grained aplite veins are also common.

The abundance in this sequence of "thick-bedded"

metaquartzite units showing relict cross bedding (?)

(fig. 3.3), quartz-feldspar gneiss, graphite-rich

gneiss, massive to "thin bedded" phlogopite-rich marble,

and garnet biotite-rich gneiss (sample CRR-78-210) attest

to the former sedimentary origin of this sequence.

Coarse-grained gneisses grading into fine-grained

gneisses resemble an alternation of former conglomerates,

sandstones, siltstones, and limestones, were observed at

locality CRR-78-208 (figs. 3.4 and 3.5).

At localities where a layered structure is well

developed, the gneiss exhibits felsic layers of quartz
-

feldspar rocks with transitional green hornblende-plagio-

clase-garnet-quartz layers grading into mafic amphibolite

layers .

Units of clinopyroxenite and amphibolite were

observed commonly associated with marble units in

Caballeros Canyon and across the divide of Caballeros-

Peregrina Canyons (La Minita Locality) . Also the marble

units seen at "el Risco Prieto" in Caballeros Canyon
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containing veins and pods of high quality talc, overlie a

massive unit of amphibolite.

Despite the well established sedimentary origin for

this sequence, the relative abundance of massive

structureless units containing large (1 to 3 cm) of

broken porphyroblasts of plagioclase within a greenish

aphanitic matrix, (e.g., at Los Banaderos Creek, Ca

balleros Canyon) are interpreted as former andesite lava

flows indicating a volcano-sedimentary origin for this

sequence.

3 . 2 Novillo Orthogneiss.

This unit is exposed mainly in El Novillo Canyon.

In Peregrina Canyon part of the Novillo Orthogneiss

southwest of the breccia zone, is a continuation of the

same lithologies seen in El Novillo Canyon. The Novillo

Orthogneiss is composed of well-banded gneiss (fig. 3.6)

which gradually grades into thicker units of meta-

anorthosite with minor meta-gabbro layers and distinct

lenticular layers of iron-titanium oxides.

Well-banded Novillo Orthogneiss having an

approximate thickness of 1000 m, crops out mainly along

the stream bed of El Novillo Canyon. Typically, it has

a very well defined, rhythmic compositional layering on a

scale of several millimeters to tens of decimeters,
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striking northwesterly, parallel to the regional

structural fabric. The continuity of the layering is

often disturbed by zones of intense mesoscopic folding or

obliterated by transverse zones of extreme shearing.

This layering which resembles relict igneous layering,

consists of an alternation of mafic and felsic

lithologies, generally with sharp contacts, although

locally the boundaries are gradational.

Mafic layers in the well-banded unit are formed of

assemblages of anhydrous minerals, clinopyroxene, garnet

plagioclase, quartz, orthopyroxene ,
Fe-Ti oxide, with

minor amounts of brown-hornblende, Ti-rich biotite and

alkali feldspar. In several localities, however mafic

layers consist almost entirely of brown-hornblende (55%)

and plagioclase (40%) (e.g., samples CRR-N-12; CRR-76-

101) .

At locality CRR-78-200 in Peregrina Canyon mafic

granulite layers were seen as deriving from injection di

kes that trend perpendicular to the layered structure

(fig. 3.7). At the confluence of Los Alamos Creek with

the mainstream of the Novillo canyon, Ortega-Gutierrez

(1978, p. 22) also observed that layered gneisses showing

mesoscopic isoclinal folding are invaded by an intrusion

of mafic granulite.

Felsic layers associated with these mafic layers
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Figure 3.7.

Figure 3.8.

Figure 3.9.

Figure 3.10A

Figure 3.10B

Figure 3.11.

Figure 3.12.

Injection of mafic material producing a

crude layering deriving from mafic dikes

perpendicular to the layered fabric of the

orthogneiss. Both felsic and mafic

materials are granulites. Locality
CRR. 78-200, Peregrina Canyon.

Igneous stratification of Fe-Ti ore and

plagioclase. Locality Las Palmas prospect
mine. El Novillo Canyon. Magnet is 3 cm

across.

Mafic dike 20 cm wide cutting the layered
fabric of Novillo Orthogneiss. Locality
CRR-78-85, Los Alamos Creek, El Novillo

Canyon .

Coarse cataclastic plagiogranite texture.

Locality CRR-79-49, near La Ultima Agua
Ranch, Peregrina Canyon.

Coarse unsheared porphyritic
plagiogranite-dike texture, locality CRR-

78-191 (sample gamma 1, reported in

Garrison, et al.
, (1980) , Peregrina

Canyon .

Isoclinal similar fold transposing the

original layering of the Novillo

Orthogneiss. Locality CRR-78-82, Los

Alamos Creek, El Novillo Canyon. Scale

bar is 0.5 m.

Double-folding in Novillo Orthogneiss.
First isoclinal folds were refolded in

asymmetrical style. Scale bar is 0.5 m.

Locality Rancho El Gavilan, El Novillo

Canyon .
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are of two compositional types: thin layers of

granodiorite-granite composition (e.g. samples CRR-76-1B;

CRR-N-3) containing variable proportions of hornblende,

garnet, clinopyroxene; and thick layers with a

composition of a granite (e.g., samples CRR-78-33C; CRR-

76-70) ,
most of which show relict granophyric textures,

chloritized garnet, and minor amounts of iron-titanium

oxide, clinopyroxene, and zircon. Irregular pegmatite-

veins composed of perthitic potassium feldspar, opaque

minerals and quartz, with large crystals of apatite and

abundant zircons, occur as segregations within the

Novillo Orthogneiss (e.g., samples CRR-77-33A; CRR-77-

35A) . Garnet quartz coronas are common where potassium

feldspar and opaques are in contact.

Towards the east and northeast of the main Novillo

stream (i.e. Los Alamos, Siete Pinos, and Aguita

sections; Plate 2) the typical banded unit changes

gradually, from lensoid gneiss of gabbro composition into

a 1500 m thick body of laminated garnet meta-anorthosite

with minor meta-gabbro layers. This rock in grades into

a massive meta-anorthosite containing only accessory

amounts of mafic minerals and distinct cumulate layers

and lenses of iron-titanium oxides with apatite up to

20 cm thick (fig. 3.8).

Rhythmic layering is evident, and the gradual
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appearance or enrichment of iron-titanium oxides and

apatite appears to indicate a cryptic layering. However

this latter observation should be documented with whole-

rock and mineral chemical data.

In Peregrina Canyon, near "La Poza del Granjeno",

well-banded gneiss is also present. Thus in map view the

meta-anorthosite unit seems to be bounded on both sides

by well banded orthogneiss (cf . the Adirondack Highlands,

Martignole and Schrijver, 1971) .

3.3 Intrusive Rocks .

Within the Precambrian block of the Novillo Gneiss

Complex, several sets of intrusive rocks were recognized.

They occur exclusively within the Novillo Gneiss Complex

block and clearly cut its structural grain and post-date

the granulite metamorphic event. The intrusives are

grouped as basaltic and granitic.

3.3.1. Basaltic dikes.

Along the stream bed of El Novillo and Peregrina

canyons, a conspicuous set of dark dikes cuts the

structural grain fabric of layered Novillo Orthogneiss

(fig. 3.9). Apparently, the dikes do not occur within

Novillo Paragneiss. The dikes range in thickness from

several decimeters to about 30 m.
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Thin dikes (2 m) are typically aphanitic, but a

prominent porphyritic texture is observed where an

increase in dike thickness occurs; such thick dikes have

aphanitic (sheared and/or chilled) margins (e.g. locality

CRR-76-79) . In some instances, thin dikes show unrooted

fold-like shapes suggesting a late-kinematic deformation

(e.g. at Rancho El Gavilan) . Some thin dikes are

completely sheared and have a parallel orientation to a

series of dark NE-trending shear zones which cut the

northwesterly structural fabric of the gneiss.

Porphyritic dikes (sample CRR-77-11) have large (up

to 5 cm) phenocrysts of plagioclase (An40) contained in

a fine grained matrix composed of laths of plagioclase

with an abundance of microcrystals of brown to green

hornblende and opaques. Minor quartz with undulous

extinction is also present in the groundmass, as well as

biotite partially altered to chlorite (also as

microveins) . Ellipsoidal clusters made-up of quartz-

biotite-calcite are also present. A whole rock chemical

analysis of this rock is presented in Table 3.1.

An extremely altered lamprophyre dike (sample CRR-

77-9) was observed in one locality at El Novillo canyon.

It is composed of large clinopyroxene and talc pseudo-

morphs after olivine crystals in a groundmass containing

abundant euhedral hornblende microcrystals. A whole rock
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TABLE 3.1

Chemical analyses and norm of Late-kinematic intrusive rocks in

Novi I Io Orthogneiss

Oxide Basalt Dike Lanprophyre Dike Plagiogranite
CRR-77-44 CRR-77-9 ^ -88

Si02 51.25 42.75 65.72

Ti02 2.74 1.24 0.30

AI2O3 15.65 9.71 17.32

Fe203 2.23 3.51 0.27

FeO 9.95 7.76 1.93

MrO 0.15 0.15 0.02

MgO 3.14 17.45 0.93

CaO 5.49 10.12 2.41

Na20 3.62 0.57 6.72

K2O 1.72 0.32 1.24

H2CH" 2.43 4.99 1.74

H2O 0.15 0.51 0.14

QO2 0.96 0.01 1.19

P2O5 0.69 0.76 0.11

100.17 99.85 100.04

q 6.18 13.81

c 1.73 0.88

or 10.16 1.89 7.32

ab 30.63 4.82 60.32

an 16.66 22.99 11.24

ne

di 17.63

wo 9..26

en 6..86

fs 1..51

hy 20.00 20.61 3.92

en 7,,82 16..89 2.57

fs 12..18 3..72 1.35

ol 17.17

fo 13,.82

fa 3,.36

mt

il

3.23

5.20

5.09

2.36

1.88

0.42

ap 1.63 1.80

cc 2.18 0.02 0.22
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chemical analysis of this rock is presented (Table 3.1).

3.3.2. Granitic Intrusives.

The most important occurrence of this type is the

large elongated mass of sheared plagiogranite with

subsidiary non-sheared dikes that crop out along or near

the contact of the Novillo Gneiss block with the south

western block of Granjeno Schist. Such intrusive rock is

observed at Novillo, Peregrina and Caballeros canyons

and it intrudes only the gneiss block, not the Granjeno

Schist but is itself intruded by the basic dikes

described above (Cserna et al.
, 1977, p. 39).

This rock has a coarse equigranular texture which

shows different degrees of cataclastic deformation

(fig. 3.10A). On the other hand, the subsidiary dikes

have coarse (often porphyritic) textures with minor

indications of cataclastic deformation (fig. 3.10B).

Dike thicknesses do not exceed 3 m.

The outcrop shape and aerial extent of this intru

sive mass shows considerable variation; for instance, it

is very prominent at Caballeros Canyon and becomes

extremely thin to absent at Peregrina Canyon.

This plagiogranite intrusive is composed mainly of

plagioclase (An22-30) and quartz. Apatite, zircon, sphene,

muscovite and garnet are present in trace amounts as are
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myrmekite intergrowths . Chlorite-biotite aggregates are

common along plagioclase grain boundaries: the latter

have a dusty or turbid aspect due to clay-mineral

alternation. Veinlets of calcite and quartz are also

present. Quartz exhibits obvious indications of

cataclastic deformation, occurring as a microcrystalline

aggregate around coarse plagioclase crystals with bent

twin lamellae. A whole rock chemical analysis of one

plagiogranite sample is presented in Table 3.1.

Minor pegmatite dikes of alkali-granite composition

penetrating marble layers occur at the abandoned ranch of

Vicente Guerrero at Peregrina Canyon. Such dikes are

composed of perthitic microcline, quartz, hornblende,

biotite, opaque minerals and trace amounts of zircon;

no plagioclase was observed (sample gamma-4) .

3.4. Structure .

Layering, foliation, augen and mineral lineation,

and mesoscopic fold structures are uncommon within the

Novillo Paragneiss sequence in Peregrina and Caballeros

Canyons, because the rock units tend to be thick-bedded

to massive. Layering attitudes are observed only where

major lithologic changes occur, i.e. alternation of

marble, amphibolite, and metaquartzite units. Such

lithologic boundaries probably reflect original So
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bedding surface, although small scale layering occurs at

a few localities where granitic layers grade into

amphibolite layers on a scale of centimeters (e.g.,

localities PB-1, and PB-2, at Peregrina Canyon). The S-

pole diagram shown in figure 3.13 is unsuitable for

reliable interpretation of fold geometry within this

sequence, because only 35 layering attitudes were

measured.

Within Novillo Orthogneiss, the most conspicuous

observed structures are its prominent NW-trending

layering and/or foliation, and zones of augen to mylonitic

foliation fabric, commonly along or near the contact with

the SW-block of Granjeno Schist. Mesoscopic folds, with

axial plane traces parallel to the layering-foliation

fabric, are of the isoclinal-similar type (fig. 3.11)

with steep to moderate SE plunging fold axes, but at

some localities a second fold set was recognized (fig.

3.12). The almost constant NW-trending layered fabric is

cut by a transverse set of shear zones that have

converted the orthogneiss into a schistose rock.

The uniform rhythmic layering in Novillo

Orthogneiss strongly suggests a magmatic origin. Typical

layered ortho-gneiss exhibit an alternation, on a scale

of centimeters to decimeters, of felsic and mafic

granulite-layers, which grade into thick units of meta-
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Figure 3.13. Contour S-pole diagram of layering

in Novillo Paragneiss. 35 poles. Equal

area (lower hemisphere projection) .
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anorthosite having a faint layered structure defined by

millimetric laminae of garnet and pyroxene. The original

layered structure and foliation has been transposed by an

extreme isoclinal folding.

An S-pole diagram of 100 layer-foliation attitudes

collected at Novillo and Peregrina Canyons forms a patial

girdle about a beta-axis plunging 46 to S 67 E. This

macroscopic fabric is homogenous with respect to the

second generation of mesoscopic folds like those seen in

figure 3.12. Axial planes and axes of small folds have

almost the same orientation to layering and to the beta-

axis, respectively. Thus, it is believed that a first

generation of extreme isoclinal folds was refolded by a

second generation of tight reclined folds with mean axial

planes and fold axes about N 40 W - 65 NE, and 46 to

the S 67 E, respectively (fig. 3.14). More mesoscopic

fold data should be collected in order to substantiate

this fold-model. Only 10 fold measurements were made,

because folding is not common in the gneiss.

The orientation data for 28 basaltic dikes and 25

shear zones that cross-cut the NW-trending structural

fabrics of the Novillo Orthogneiss are shown in the S-

pole diagrams of figure 3.15. The close correspondence

of pole maxima in both diagrams may indicate that dike

emplacement was favored along tensional fractures that
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Figure 3.14. Contour S-pole diagram of layering in

Novillo Orthogneiss. 100 poles.

Equal area (lower hemisphere) projection.
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Figure 3.15. Contour S-pole diagrams of

basaltic dikes (28 poles) and shear zones

(25 poles) in Novillo Orthogneiss.
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later served as zones of weakness favoring the

development of the shear zones. This could explain the

sheared features seen on the margins and across of some

dikes, especially the thin ones. The mean attitudes for

the dikes and shear zones are N 55 E - 60 SE, and N 52

E - 58 SE, respectively.

In summary, the Novillo Orthogneiss had experienced

at least the following phases of deformation:

-A first phase of plastic deformation that produced

isoclinal-similar folds, and transposed the original

layered structure. This deformational episode

predated a period of intrusion of mafic material,

which in turn preceeded the granulite metamorphism

(Ortega-Gutierrez, 1978 a, p. 22).

-A later phase of cylindrical folding produced tight

reclined folds about a beta axis plunging 46 to S

67 E, with a mean axial plane oriented to N 40 W

65 NE.

-A late period of tensional fracturing favored the

intrusion of the basaltic dikes that cross-cut the

NW-trending structural fabric of the orthogneiss.

Later these tensional fractures behaved in an

inverse manner favoring the development of the set

of transverse cataclastic shear zones that locally

transformed the orthogneisses into schistose rocks.
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None of these events are recorded in the Granjeno

Schist.

3.5 Petrography .

Typically the Novillo Gneiss Complex has a layered

to massive gneissose fabric. Typical textures seen in

thin section are fine to medium grained equigranular

granoblastic with polygonal to interlobate grain

boundaries. In part of the Novillo Orthogneiss relict

cumulate and myrmekitic igneous textures are observed.

In addition, microbands of garnet-pyroxene-opaque

minerals impart a crude layering to the felsic

orthogneisses .

Except for slight bending of plagioclase twin

lamellae and quartz with strong undulose extinction, the

majority of the granulite minerals (i.e. garnet-pyroxene)

show little indication of deformation, although the

gneisses experienced at least two periods of strong de

formation. Probably a late knematic period of

recrystallization was responsible for removing such

strain effects. However f laseraugen-mylonitic textures

are seen elsewhere throughout the gneiss series,

especially in the paragneissic sequence, as well as

along the contact with the SW-block of Granjeno Schist

(Cserna et al. , 1977).
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Within the Novillo Orthogneiss symplectites along

orthopyroxene-plagioclase, opaque-pagioclase, and horn-

blende-plagioclase boundaries are common. Generally such

coronas are made of a wormy intergrowth of garnet-

quartz -clinopyroxene, but in the majority of the thin

sections studied, these coronas are completely

chloritized, i.e. pennine pseudomorphs mainly after

garnet .

Tables 3.2 and 3.3 present the mineral assemblages

recorded for the main lithologies in the paragneissic and

orthogneissic sequences. The following discussion

describes the mineralogy, textural relationships, and

their petrogenetic significance.

The most significant mineral assemblages recorded in

the Novillo Paragneiss are the forsterite-phlogopite and

clinopyroxene dolomitic marbles, and the hornblende

quartz-feldsphatic gneisses that contain either clinopy

roxene or the garnet-biotite pair.

The dolomitic marbles are fine to medium grained

rocks composed mainly of a subpolygonal granoblastic

mosaic of turbid calcite with interpolygonal seams of

clear subhedral to euhedral dolomite, which also may be

present as exsolution lamellae in calcite, which in turn

must have a high-Mg content. The phlogopite crystals

show strong undulose extinction by deformed (001)
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TABLE 3.2

Novillo Paragneiss mineral assemblages in mode % (visual estimate)

Ac-Cc-

Sample No Qz K-spar Pig Cpx Ca Hnb Bio Op Dp

CRR-77-56

Phi Tr

Fo

Sep-Tc Notes

10? 25

CRR-77-62A

CI ino-

pyroxeni te

Hornblendi te

Amphibol i te

Layered Para

gneiss

amphibol i te(a)

trans i t i ona I ( t )
felsic (f)

Meta-

arkose

CRR-77-56A

CRR-76-25

CRR-77-67

CRR-76-22

CRR-76-27

CRR-76-23

CRR-76-24

CRR-77-65

tr

5?

PB-1

PB-2(a)

PB-2(t)
PP-1

PB-2(f)

5

25

25

25

50

CRR-77-64

CRR-78-214

25

40

30

Ca-Bio

paragneiss

CRR-78-210 25

CRR-78-210A 20

25

55

10

65

J J Do as seams around Cc

10 25 Cc cloudy
Do clear

100

7 J J marble?

10

20

30

60

25

10

90

90

80

80

20

25

tr

2

tr

tr

tr

tr

3

2

Chi (10 %);

Sph (tr)

Brown green Hnb;
Bio -> Chi

Brown Hnb;
Chi.

green Hnb.

Chi, Ser, bastite

green Hnb; Ep 3%

25

30

30

5

5

5

30

25

35

55

20

5

~ 10

10

10

5 J

3 -

- V

Chl(10%); Ap(3%);
Hem(3%); Zr

green Hnb; Ap(3%);
Cc + Chi (5%).

Chi

Chi; Cc; green Bio.

Chl+Ser+Cc (20%)

5

45

5

15

Crushed groundmass (20%)
Chi (10%)

Ser, Chi

40

40

10

20 tr

Bio ->Chl

Ser (20%)

o
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cleavage, and are commonly semienclosed by opaque oxides.

The latter occur also as disseminates subhedral and

euhedral crystals. The serpentine-talc pseudomorphs

observed in sample CRR-77-56 are the results of

retrogression by hydration of forsterite. Such

pseudomorphs have rounded grain boundaries, as do the

clinopyroxene crystals. Clusters of K-feldspar (?) are

present in sample CRR-77-56. Blebs of carbonate

(dolomite or calcite) occur commonly inside phlogopite,

diopside, and serpentine-talc pseudomorphs. Euhedral

sphene and rounded zircons are also present in trace

amounts .

In summary, the mineral assemblages of the dolomitic

marbles can be written as follows:

*calcite+dolomite+diopside+phlogopite+K-feldspar (CRR-77-

56) ; and calcite+dolomite+serpentinized forsterite+

phlogopite + opaque (CRR-77-62A) .

Although these paragenesis are not suitable in

dicators of conclusive metamorphic conditions, the forma

tion of forsterite in metamorphosed siliceous dolomites

takes place at relatively high temperatures, and the

assemblage diopside+dolomite requires high mole fractions

of C02 in the metamorphic fluid (Winkler, 1979; Bucher-

Nurminen, 1981) .

The clinopyroxenite sample CRR-77-56A is a medium
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grained polygonal granoblastic rock. The clinopyroxene

crystals meet at almost perfect 120 triple junctions;

the intercrystalline spaces are occupied by sphene. The

clinopyroxene grains have low-birefringence rims. In

sample CRR-76-25 the polygonal granoblastic texture is

shattered and fragmented. The mineral assemblage is

formed of: clinopyroxene+carbonate (calcite/dolomite)

+tremolite+pale brown mica; however the carbonates were

seen only in contact with the clinopyroxene. These

rocks were grouped within the Novillo Paragneiss only

because they occur in close association with marble

units, although their former igneous or sedimentary

origin cannot be determined.

The hornblendite-amphibolite samples are fine to

medium grained rocks with interlobate granoblastic

texture. The hornblendes of the hornblendites are

commonly brown to pale brown as compared with the

yellow-green color of the hornblendes in the

amphibol ites, which also have a crude preferred

orientation. The clinopyroxenes are colorless to pale

green, have good cleavage and are partly altered along

cleavages giving a turbid aspect to the crystals. The

plagioclases are poorly twined or form a microcrystalline

mosaic partly altered to sericite-chlorite. Epidote

(pistachite) occurs as microveins and individual
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crystals. In sample CRR-77-65 the hornblende is partly

transformed into tremolite-actinolite, but the clino-

pyroxenes are partly converted into green hornblende and

epidote.

The hornblende-amphibolite samples were collected

at El Risco Prieto locality which constitutes a large

ultra-mafic mass that apparently underlies a massive

marble unit in Caballeros Canyon. Whether the occurrence

in close association with the marble indicates a former

sedimentary origin cannot be substantiated. It is

interpreted that these rocks are metamorphosed, massive,

basic volcanic rocks.

The mineral assemblage of sample CRR-76-24 & 27 can

be summarized as follows:

*plagioclase+clinopyroxene+hornblende+biotite+quartz+

sphene .

According to Winkler (1979, p. 169-172) diopsidi

clinopyroxene is formed at high temperature instead of

garnet in the labradorite-bytownite amphibolite zone.

The calcic composition of plagioclase must be documented.

In the layered paragneisses of localities "Vuelta

de las Burras-el Pitayo", downstream of the La Joya ranch

in Peregrina Canyon, each layer has a bulk composition of

its own, and different mineral assemblages occur at

outcrop, hand specimen, and thin section scale (e.g.,
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thin section of sample PB-2) . The mineral assemblages of

these layered gneisses can be summarized as follows:

*quartz+plagioclase+hornblende+opaque+clinopyroxene

*quartz+plagioclase+hornblende+opaque+gamet+K-feldspar

+biotite

?plagioclase+hornblende+opaque

Except for the apparent non-contact relationship

between garnet and clinopyroxene, the average mineral

assemblage for this outcrop (i.e., "Vuelta de las Burras-

el Pitayo") could be expressed as:

*quartz+plagioclase+clinopyroxene+garnet+hornblende+

biotite+K-feldspar+opaque

According to Winkler (1979, p. 267) this mineral

assemblage represents a transitional stage between the

hypersthene-plagioclase granolite subzone into the higher

pressure (?) clinopyroxene-almandine-quartz granolite

subzone of the regional hypersthene zone of granolite

high-grade metamorphism. Sample CRR-76-24 collected at

"El Risco Prieto" locality bears the following mineral

assemblage:

*quartz+plagioclase+orthopyroxene+clinopyroxene+

hornblende+biotite+opaque

which represents the hypersthene-plagioclase granolite

subzone. These mineral assemblages are similar to those

reported by De Waard (1965, p. 176) for the charnockites



55

and K-feldspar gneisses of the Adirondacks, which he

considered as part of the hornblende-granulite subfacies.

The garnet-biotite and biotite granitic gneisses

represented by samples CRR-77-64, CRR-78-210 & 210 A &

214, and the felsic layer of sample PB-2 have the

following average mineral assemblage.

*quartz+K-feldspar (perthitic microcline) +plagioclase+

garnet+biotite+opaque

Sample CRR-78-214 was collected at the type

locality of La Presa Quartzite (Carrillo-Bravo, 1961) ,

which should be named more properly as a meta-arkose.

Samples CRR-78-210 & 210-A have large poikilitic (up to

3 cm) garnet porphyroblasts.

The main lithologies recorded within the Novillo

Orthogneiss sequence can be grouped as: layered orthog

neiss, alkali-granophyric orthogneiss, gabbroic orthog

neiss, and meta-anorthosite with lenticular bands of Fe-

Ti ore. Except for the occurrence of a few amphibolite

layers, all these lithologies are characterized by anhy

drous mineral assemblages that generally contain orthopy-

roxene, clinopyroxene and garnet, which are diagnostic

minerals of the regional hypersthene zone of the

granolite high-grade metamorphisms defined by Winkler

(1979, p. 260) . Typically these rocks have fine to

medium grained equigranular granoblastic textures with
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polygonal to interlobate grain boundaries.

Flaseraugen-mylonitic textures are seen locally

within the series.

Similar to the layered paragneisses, in the layered

orthogneisses each layer has a unique bulk composition

and different mineral assemblages occur at outcrop,

hand specimen, and thin section scale.

The hydrous mafic layers (i.e. amphibolites) bear

the following mineral assemblage on average (see Table

3.3) :

*plagioclase+hornblende+opaque+garnet+biotite.

The hornblende and biotite are regarded as titani-

ferous since they show a strong reddish brown

pleochroism. Some of the hornblendes are altered to

chlorite-calcite. The plagioclases have a turbid aspect

due to an extensive alteration to chlorite-calcite. The

hornblende-plagioclase contacts seem to indicate the

development of coronitic minerals, but are too

extensively chloritized for identification. A whole-rock

chemical analysis of one amphibolite layer (sample CRR-

76-1A) has the composition of an alkali-olivine basalt

(Table 3.4) .

The anhydrous mafic layers are characterized by the

following mineral assemblage:

*quartz+plagioclase+clinopyroxene+orthopyroxene+opaque
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TABLE 3.3

Novillo Orthogneiss mineral assemblages in mode % (visual estimates)

Lithology Sample No. Qz P-Mic Pig Cpx Opx Ga Opaque Hnb Bio Ap

Amphibolite CRR-76-1A* 40 tr tr 45 tr tr

Layers
1 CRR-76-47 __ 15 _ _ __ 3 75 __ 1

CRR-76-101 35 10 3 45 tr 1

Basic CRR-76-84 5 tr 30 25 2 35 3 tr tr

Layers
* CRR-76-83A tr 1 25 25 5 15 3 tr tr

CRR-77-6 10 5 60 20 1 tr

CRR-77-10 5 30 20 20 20 2 1

Alternation CRR-76-68(b) <5 _ 60 25 5 3 tr

of basic (b). CRR-76-68(f) 30 <5? 60 tr 1 1 2

amphibolitic(a) ,

and felsic (f ) CRR-78-35D(b) <5 5 45 20 10 10 5 tr

layers
^ CRR-78-35D(f) 30 <5 60 3 tr 2

CRR-77-13(b) 75 5 20 1 1 tr

CRR-77-13(f) 5 80 8 5 1 1

CRR-77-13(a) 30 10 tr 55 5 tr

Granitic CRR-76-1B 45 20 35 ^ _ tr tr tr tr 5 tr

Layers
1 CRR-77-5 10

i

45 25 15 3 2

CRR-76-4A* 1 12 49 23 10 4 1 <1

CRR-76-75
1
10 50 10 15 10 3 tr 1

N-3* 10 45 tr 5 5 2 30 1

CRR-77-8
'

5
I

35 35 15 1 3 1

Alkali grano- CRR-76-70B j 15 85 __ ^_ _ ^ tr __ , , _

phyric units CRR-76-70C 120 80 tr tr

CRR-78-33C 15

1

80 tr " 3 tr tr tr

Gabbrioc CRR-76-48

i

! i 2 80 10 _ _ 5 2

Greissic CRR-76-49 ! 5 8 50 10 3 15 2 tr 5 2

Units CRR-76-51 5 tr 70 15 5 3

CRR-76-52 5 5 75 10 ? 3 tr 2

Anorthosite N-2* 10 ,, 70 tr ^ ^ 20 tr

Fe-Ti ore FT 17 80 2 1

Pegmatite
CRR-77-35-A 15 30 25 5 tr 25 tr

Vein

Qz = quartz; P-Mic = perthitic microcline; Pig = plagioclase; Cpx clinopyroxene;

Opx = orthopyroxene; Opaque * magnetite + ilmenite; Hnb = brown hornblende; Bio =

red biotite; Ap = apatite; Sph = sphene; Ep = epidote; Chi = chlorite; Cc =

calcite; Zr = zircon; Ac = actinolite



TABLE 3. U

Chemical analysis and norm of representative rocks of the Novillo Orthogneiss

Oxide

Amphibol i te

CRR-76-4A

Anorthosite

N-2

Hnb-ga gneiss
N-3

ga-gneiss
CRR-76-4A

Si02 45.54 50.77 53.97 61.20

Ti02 1.43 1.47 2.81 0.89

AI2O3 13.02 21.79 14.26 14.67

Fe203 2:37 2.17 4.30 6.31

FeO 8.91 7.41 6.30 4.10

IWtO 0.14 0.13 0.13 0.03

MgO 11.50 3.02 3.22 1.02

CaO 10.23 7.87 5.60 0.84

N02O 2.20 3.49 2.36 2.94

K2O 1.33 0.44 3.30 4.53

H2O+ 1.68 0.61 2.11 1.94

H2O- 0.10 0.11 0.25 0.32

CO2 0.25 0.32 0.01 0.05

P2O3 0.37 0.30 1.31 0.48

99.07 99.90 100.93 99.32

13.02 24.52

c 2.72 4.67

or 7.86 2.60 19.50 26.77

ab 15.97 29.53 19.97 24.88

an 21.73 35.06 18.57 0.72

4.75

2.72

7.86 2.60

15.97 29.53

21.73 35.06

1.43

20.18

10..45

6..81

2..92

ne

di 20.18 0.47

wo 10.45 0.25

en 6.81 0.16

fs 2.92 0.07

hy 17.15 11.41 3.44

en 7.52 7.86 2.54

fs 9.63 3.55 0.99

ol 22.54

fo

fa

mt

il

ap

cc

15.30

7.24

3.44 3.15 6.23 9.15

2.72 2.79 5.34 1.69

0.88 0.71 3.10 1.14

0.57 0.73 0.02 0.11
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K-feldspar +biotite

The orthopyroxene has a pinkish to greenish

pleochroism, but is partly altered to bastite arround its

borders. The garnet is altered to chlorite along

microfractures. Symplectites of chlorite are seen along

contacts of extemely altered clinopyroxene and

plagioclase; the latter showing advanced corrosion along

its boundaries. The clinopyroxenes are extensively

altered to microcrystalline calcite and pale green

asbestiform minerals (actinolite ?) .

In spite of the advanced effects of a retrograde

metamorphism, this mineral assemblage represents a

transitional stage between the hypersthene-plagioclase-

granolite subzone into the higher pressure clinopyroxene-

almandine-quartz granolite subzone or the regional

hypersthene zone of high grade metamorphism defined by

Winkler (1979, p. 266).

This mineral paragenesis is of special importance

since through experimental investigations Green and

Ringwood (1967) have documented that the five-phase

assemblage of the reaction orthopyroxene+plagioclase =

clinopyroxene+garnet+quartz stabilize at 700C at

pressures of 8 to 10 Kb. Raheim and Green (1974) have

experimentally calibrated the temperature and pressure

dependence of the Fe-Mg partition coefficient of
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coexisting garnet and clinopyroxene at high temperature

and pressure (the effect of pressure is usually small) .

These data have been extrapolated to lower temperatures

and pressures and used as a quantitative geothernometer

in high-grade metamorphic terranes (e.g., Oliver,

1977) . Bohlen and Essene (1980) have suggested that

considerable caution should be taken in the use of

this exchange thermometer in metamorphic rocks.

The composition of garnet-clinopyroxene pairs in

sample CRR-76-84 was determined with the electron probe

microanalyser. The data is are shown in figure 3.16.

Following the Raheim and Green geothermometer method

and assuming a range of pressure of 8 i 2 Kb these

mineral pairs would have equilibrated at 701 14 C

(fig. 3.17).

The statement that each layer has a bulk composition

of its own is best exemplified on thin section scale by

samples CRR-76-68, CRR-77-13, and CRR-78-35D, grouped

in Table 3.3 under the name "alternation of basic-amphi-

bolitic-felsic layers" .

In the amphibolitic layers the mineral assemblage is

composed of :

*plagioclase+orthopyroxene+hornblende+biotite+opaque

The plagioclase are altered to sericite-calcite,the

biotites are chloritized, and the orthopyroxenes have
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Figure 3.16. Clinopyroxene and garnet compositions

(electron probe analyses in weight

%) of mafic granulite CRR-76-84.
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Figure 3.17. Raheim and Green Garnet -clinopyroxene

geothermometer applied to mafic

granulite CRR-76-84.
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actinolite-chlorite coronas.

The anhydrous basic layers are typified by

the following mineral assemblages:

*quartz+plagioclase+orthopyroxene+garnet+opaque+

K-feldspar clinopyroxene

*plagioclase+clino & orthopyroxene+opaque+hornblende

The orthopyroxenes commonly have bastite-chlorite

or actinolite-chlorite coronas, and the plagioclases

are sericitized.

The felsic layers are free of mafic minerals except

for small amounts of clinopyroxene and/or orthopyroxene.

Quartz and feldspars make usually up to 95% of the layer.

The following mineral assemblage characterizes these

layers :

*quartz+K-feldspar+plagioclase+opaqueclinopyroxene

orthopyroxeneibiotite

K-feldspars are perthitic microcline,and the plagioclases

are altered to sericite-chlorite. The orthopyroxene,

when present, has actinolite-chlorite coronas.

The felsic layers at outcrop scale are characterized

by having garnet or the garnet-clinopyroxene pair in

their mineral assemblages, which are listed Table 3.3 and

can be grouped as follows:

*quartz+K-feldspar+pagioclase+garnet+opaquebiotite

hornblendeorthopyroxene
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*quartz+K-feldspar+plagioclase+clinopyroxene+garnet+

opaquehornblendebiotite

*quartz+K-feldspar+plagioclase+clinopyroxene+

opaque+biotite

The plagioclases very often have a turbid aspect and

in some instances the assemblage plagioclase-garnet is

partly chloritized, as well as clinopyroxene which is

partly transformed into actinolite. Besides there are

large mimetic zircons, sphene and calcite microveins.

On the other hand, the alkali-granophyric orthog

neisses are characterized in the field by the bluish

color of the quartz and its relict granophyric igneous

texture. Plagioclase is present only as exsolution

lamellae in the microcline. Mafic minerals like opaques

and chloritized garnet and biotite are present in trace

amounts (see Table 3.3).

The gabbroic orthogneisses are characterized by

elongated clusters of mafic minerals giving to the rock

a spotted aspect in the field. The following mineral

assemblage was recorded in this lithology:

*quartz+feldspar+plagioclase+clinopyroxene+opaque+

apatite+garnetorthopyroxenehornblendebiotite

Some of the plagioclase is antiperthitic and apatite

crystals make up as much as 3% of this assemblage.

In the meta-anorthosite units the common mineral
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assemblage is:

*plagioclase+garnet+quartz+opaque+clinopyroxene.

Finally there are granulitized pegmatite veins of

granitic composition that have garnet-quartz coronas

around contacts between opaque-feldspar mineral pairs.

The occurrence of similar pegmatite veins has been docu

mented in granulite terranes, and explained as originated

by limited partial melting of hornblende-rich granulites

at 750C, 8 Kb, and 5 Kb H20 pressure (Oliver, 1977) .

The ACF diagram of figure 3 . 18 compares the limited

chemical data of basic granulites and garnet and clinopy

roxene compositions from the Novillo Orthogneiss with

granulite rocks of the Adirondacks (De Waard, 1965) and

New Zealand (Oliver, 1977) .

3.6. Age and Origin.

Table 3.5 and figure 3.19 summarize previously

published K-Ar and Pb-alpha mineral dates for the Novillo

Gneiss Complex (Fries et al. , 1962 b; Denison et al.
,

1971); Fries et al. , 1974). Even with their wide spread,

all these dates clearly indicate a late Precambrian age.

Denison et al.
, (1971) considered these dates as

indicative of a metamorphic event occurring about 900

m.y. ago.

During the course of this study 6 new whole-rock
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Figure 3 . 18 . ACF plots of rocks and minerals of

granulitie rocks from Victoria,

Adirondacks, and Doubtful Sound, New

Zealand (after De Waard, 1965, and Oliver,

1977) . Black dots labeled a, b and c are

samples N-2, N-3, and CRR-76-1A of Novillo

Orthogneiss; Garnet composition of

sample CRR-76-84; + clinopyroxene

compositions of sample CRR-76-84; stippled

fields 1, 2 and 3 are feldspathic
-

hornblende granulites, feldspathic

garnet granulites, and amorthosites

respectively, of Doubtful Sound,

Fiordland, New Zealand (Oliver, 1977) ;

Dashed fields A and B are charnockites

and metabasites respectively of the

Adirondack Highlands (De Waard 1965) .

Full-line (Adirondacks) and

finedotted (Doubtful Sound) fields are

compositions of garnets, hornblendes, and

pyroxenes .
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Table 3.5. Isotopic ages of the Novillo Gneiss Complex
and Plagiogranite.

Rock Unit Mineral Locality Method Age (m.y.) 87Sr/86Sr0 Reference

Novillo Paragneiss
Micaceous Marble phlogopite Peregrina Canyon K-Ar 92818 vr
Granitic Gneiss hornblende Peregrina Canyon K-Ar 880117 0>*
Granitic Gneiss biotite Peregrina Canyon K-Ar 774125 (2)*
Mesocratic Gneiss zircon Peregrina Canyon Pb-a 135-11140 (4)

Metaquartzite zircon Peregrina Canyon Pb-a 12801130 (4)

Novillo Orthogneiss
Meta-anorthosite zircon Novillo Canyon Pb-a 9241100 (4)
Granitic Gneiss hornblende Novillo Canyon K-Ar 919118 or
Layered Gneisses 6 whole-rocks Novillo Canyon Rb-Sr isochron 1 1 40180 0.7061 (5)

5 whole-rocks Novillo Canyon Rb-Sr isochron 860177 0.7070 (5)

Plagiogranite
muscovite Novillo Canyon K-Ar 313110 (3)*
5 whole-rocks Novillo-Peregrina Rb-Sr isochron 7741256 0.7037 (5)

References:

(1) Denison etal. (1971)
(2) Fries et aJ. (1962b)
(3) Fries and Rinoon-Orta (1965)
(4) Fries etaJ. (1974)
(5) Garrison et al. (1980)

*: ages were recalculated by Garrison et al. (1980) and therefore differ from the ages originally published.
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Figure 3.19. Distribution of isotopic ages of

Precambrian and Paleozoic crystalline

rocks of Huizachal Peregrina,

Aramberri, and Huiznopala areas, along

the eastern cratonic margin of Mexico.

Center of bars represent the age with the

error expressed as the width of bars.

Solid bars are K-Ar mineral dates (M=

white mica, with subindex "A" are from

the Aramberri Schist; h= hornblende; P=

mica from plagiogranite; b= biotite. White

bars are Rb-Sr isochron ages (w= whole

rock, m= white mica) . Diagonal ruling

pattern indicate overlaps of Pb-alpha

ages; N= Novillo gneiss, H= Huiznopala

gneiss.
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Sr analysis were determined for the Novillo Orthogneiss.

The results of this investigation were discussed and

published by Garrison, Ramirez -Ramirez, and Long (1980).

Therefore only a brief discussion is given.

A reference isochron calculated for all data gave

an age of 1140 80 m.y. and initial 87Sr/86Sr of 0.7061

0.0011, but an age of 860 77 m.y. and initial

87Sr/86Sr = 0.7070 0.0006 was obtained by rejecting one

of the data points, because the fit of the data pointing

to a straight line was better. The concordance of

this latter age with previously published K-Ar mineral

dates was interpreted as an indication that both the K-

Ar and Rb-Sr isotopic systems became closed in whole

rocks and mineral components at about the same time,

i.e. the age of metamorphic rehomogenization.

However, if the K-Ar mineral dates are interpreted

as cooling ages recording the uplift of the complex to

shallower crustal levels than those for the granulite

metamorphic peak, then this latter event should have

occurred earlier and at deeper crustal levels.

In spite of the limitations of the Pb-alpha method,

the zircon dates reported by Fries et al.
, (1974) may

best interpreted in the following manner. The older

dates of about 1300 m.y. were obtained from rocks

collected in Peregrina Canyon (the Novillo Paragneiss)
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and are interpreted as indicative of the crystallization

of an older terrane from which the zircons were derived

and incorporated into the paragneissic protolith. The

younger age of about 920 m.y., obtained from a Novillo

Orthogneiss sample collectec in El Novillo Canyon, could

be interpreted as the age of intrusion of this meta-

igneous complex.

In the correlative Oaxacan Complex of southern

Mexico (see section 7.2.3.1), Ortega-Gutierrez et al.
,

(1977) have reported a U-Pb age of 1060 m.y. for the

granulite metamorphic peak for an assemblage of

granulitized gneiss and syntectonic pegmatite.

Anderson and Silver (1971) reported a U-Pb age of 960

m.y. for the post-granulite intrusion of pegmatite

veins, which are concordant with previously reported K-

Ar mineral dates for some of the same pegmatite rocks.

However Ruiz-Castellanos (1979, p. 36) has calculated a

9 whole-rock Rb-Sr isochron age of 1500 m.y. for the

paragneissic rocks of the Oaxaca Complex, implying that

they constitute older basement reworked by the 1060 m.y.

old granulite metamorphism.

By analogy with the correlative granulites of

the Oaxacan Complex of Southern Mexico (Ortega-Gutierrez,

1981 b) ,
and those of the Grenville Province in

northeastern U.S.A. and Canada (Wynne-Edwards, 1972),
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the following discussion gives an interpretation of

the origin of the Novillo Gneiss complex.

The Novillo Paragneiss, i.e. the supracrustal rocks,

could be interpreted as originating from a sequence of

miogeoclinal sediments consisting of arkose, quartz ite,

and shale with beds of dolomitic limestone and marl.

The sediments wer interbedded with intermediate to basic

volcanic rocks or intruded (?) by basic igneous rocks.

this sequence may have begun its deposition in a

continental rift that evolved into a passive Atlantic-

type continental margin. An older 1500 m.y. (?)

cratonic source supplied the detrital sediments. By the

time of the intrusion of the anorthosite and related

rocks that form the Novillo Orthogneiss, which are

believed to have completed solidification under a high

load pressure of the order of 8 kb (cf . Martingole and

Schrijver, 1971) ,
the paragneissic sequence was already

polydeformed and metamorphosed forming a deep buried

crystalline complex. Thus, it is postulated that the

granulite metamorphism and the anorthosite intrusive

event took place at about the same time, i.e. 1050 m.y.

ago, in a deep crustal environment, typical of the lower

crust.

The range of initial 87Sr/86Sr ratios between

0.706 to 0.708 for the Novillo Orthogneiss granulites
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(Garrison et al. , 1980) are about the same as the higher

values reported for pyroxene granulites of igneous

origin from several parts of the world by Spooner

and Fairbairn (1970) .

The mineral assemblages of the Novillo Gneiss

Complex indicate a transitional stage between the

hypersthene-plagioclase subzone and the clinopyroxene-

almandine-quartz subzone of the regional hypersthene zone

of the high-grade metamorphism. For instance the

development of garnet-quartz- (clinopyroxene) coronas have

been interpreted, based on experimental investigations

(e.g., Green and Ringwood 1967), as the result of

conditions of increasing load pressure under constant

or slightly increasing temperature (cf. Martingnole and

Schrijver, 1971) .

From the data presented in the preceding section

the following generalizations are postulated for the

granulite metamorphic conditions of the Novillo Gneiss

Complex:

The metamorphic temperature and pressure were

about 700C and 8 1 kb as indicated by the

mineral assemblages, especially those of the mafic

layers of the Novillo Orthogneiss.

With the exception of few amphibolite layers in

the Novillo Orthogneiss that indicate restricted
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zones of high PH20; the metamorphism occurred

almost under anhydrous conditions, i.e. PH20

P-load.

In the paragneissic sequence the relatively

greater abundance of amphibolite lithologies, and

the common presence of biotite, could indicate

that the pre-metamorphic H20 of the original

sediments was trapped and unable to leave the

system during an earlier stage of the prograde

metamorphism. However the presence of marble and

its associated high PC02 probably diluted the H20

phase leading to the condition PH20 < Pload

required for the granulite metamorphism.

The metamorphic retrogression of the

granulite mineral assemblages, especially the

formation of chlorite-actinolite, occurred during

the uplift of the complex, and the shearing event

that post-dated the emplacement of the late-

kinematic intrusion of basic dikes.

The age and origin of the plagiogranite body that

intrudes only the Novillo Gneiss Complex remains a

problem to be clarified. Five Rb-Sr whole-rock analyses

of this plagiogranite gave an isochron age of 774 256

m.y. with initial 87Sr/86Sr = 0.7037 0.0003; the

large error of this age is due to the extremely low
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Rb/Sr ratios of the rocks (Garrison et al.
, 1980).

Comparison of the Rb/Sr ratios and the An-Ab-Or

normative content of the plagiogranite gamma-188 of

table 3.1, with the data presented by Coleman and

Peterman (1975) for distinguishing oceanic

plagiogranites from similar continental plagioclase-rich

leucocratic granites are best reconciled with the so-

called continental trondhjemite or quartz-diorite.

Although the Precambrian age of this intrusive is not

well constrained with the Rb-Sr dating method, the low

initial Sr ratio indicate a mantle source for the

plagiogranite magma.

The K-Ar mineral age of 310 m.y., reported by

Fries and Rincon-Orta (1965) for a sample of

plagiogranite collected at "la Y-Griega locality"

(Novillo Canyon) in contact with the Granjeno Schist,

may represent the age of the faulting or tectonism that

juxtaposed the Precambrian Novillo Gneiss with the

Paleozoic Granjeno Schist.

The numerous unmetamorphosed basic dikes that

intrude the Novillo Orthogneiss and the plagiogranite

(Cserna, et al. , 1977), could be interpreted as being

related to a late Precambrian-early Paleozoic tensional

episode, that heralded the opening of the Paleozoic

Atlantic Ocean, i.e. Iapetus Ocean (?) .



4. GRANJENO SCHIST

A low-grade memorphic complex crops out as two major

northwest-trending blocks in the core of Huizachal-

Peregrina Anticlinorium (fig. 4.1), and was named

"Granjeno Schist" by Carrillo-Bravo (1961) after its

exposures at "Cuchilla del Granjeno" towards the

headwaters of Peregrina Canyon.

Exposures of the southwestern block occur towards

the headwaters of El Novillo, Peregrina and Caballeros

Canyons. It is in fault contact, at steep angles toward

SW, with the elongated body of plagiogranite and the

Novillo Gneiss on its east side. On the west, it is

either in normal fault contact or uncomformable overlain

by the Triassic-Jurassic redbeds of the Huizachal Group.

Outcrops of the wedge-shaped northeastern block

occur at the low parts of the Arroyo Seco, Santa Lugarda,

La Boca and El Olomo Canyons where the Precambrian gneiss

is not present. The only canyon in which both blocks

of schists can be observed, is Caballeros Canyon (fig.

4.1). In Arroyo Seco and Caballeros Canyon, the

northeastern block is in fault contact with the central

block of unmetamorphosed Paleozoic sedimentary rocks on

the west, and in fault contact or uncomformably overlain

79
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Figure 4.1. Simplified geologic map of the Huizachal-

Peregrina Anticlinorium.
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Huizachal redbeds on the east. In Santa Lugarda, La Boca

and El Olmo canyons, the stratigraphic or tectonic

relationships of this block with Paleozoic sedimentary

rocks and/or redbeds are vague and need to be clarified

(see fig. 1.3). In La Boca canyon the NE-schist block is

bounded on both sides by Paleozoic sedimentary rocks

(Ramirez -Ramirez, 1974).

The southwestern Granjeno Schist block consists of

an interlayered sequence of quartz + albite + muscovite

+ graphite phyllite and schist with minor units of

metachert and impure marble containing abundant deformed

quartz veins (40%) ,
albite + actinolite + epidote+

chlorite greenschist and greenstone, with minor units of

pillowed metabasalts and basic intrusive rocks (30%) ,

and serpentinite (30%) . Interlayering of muscovite-

bearing schist and greenschist occurs on a scale of

centimeters to hundreds of meters.

4. 1. Pelitic Schist and Associated Metasedimentary Units.

The most common lithologies of sedimentary origin

recognized within the Granjeno Schist, are rich in mica

and graphite. They have a well developed foliation, meso-

and microfold (crenulation and kink bands) structures,

and numerous deformed quartz-veins. Outcrop and hand-

specimen colors vary from tan to several tones of gray
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through black where graphite is abundant.

Typical pelitic schist is tan and composed of albite

porphyroblasts in a foliated matrix of white mica and

quartz. It has a well developed foliation defined by an

alternation of "thinbeds" and/or laminae with different

"clay" (now micaceous minerals) and "sand" content. In

some localities these thin beds have a fining-upward

character which suggests a relict sedimentary struc

ture, i.e. graded bedding. A slumped (?) block 3 m

across of metaquartzite within the pelitic schist was

observed at locality CRR-78-108, (fig. 4.2) suggesting

that turbiditic sedimentary processes were active during

the deposition of the schist protolith.

Highly deformed and crumpled units of graphite-

pyrite-rich micaschist, up to 20 m thick, are usually

inter layered with units of pelitic schist. Also minor

units of metachert and metalimestone are commonly present

near to the serpentinite mass.

Representative outcrops of these lithologies can

be observed along the abandoned roads "La Y Griega"

through Las Latas and El Tigre Mines at El Novillo

Canyon .

Coarse-grained gray to reddish-gray schists with

thin lenticular laminations of quartz occur elsewhere

within the schist series, but especially in the NE-
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Figure 4.2.

Figure 4.3.

Figure 4.4.

Figure 4.5.

Slumped block of metaquartzite enclosed

within pelitic Granjeno Schist. Scale

is encircled pick-rock hammer. Locality
CRR-78-108 along La Y Griega- El Tigre
mine road. El Novillo Canyon.

Compositionally layered volcaniclastic

Granjeno Schist. Locality CRR-78-28,
El Tigre Creek, El Novillo Canyon. The

photo is 70 cm across.

Lapilli-like fragments of basaltics lava

enclosed in massive greenstone.
Locality CRR-78-112, El Barbon Creek, El

Novillo Canyon.

Strained pillow-quartz-keratophyre lavas

of locality CRR-78-112. The pillow-rock
retains its original variolitic texture

(seen in thin section) .
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block. In spite of the massive character these units

show evidence of mesoscopic isoclinal folding defined by

thin quartz itic layers. The mica content in these units

decreases as the quartz content increases, but albite

porphyroblasts persist in all types of pelitic schist.

The most prominent structural feature depicted by

the pelitic schist series is its prominent foliation

sub-parallel to all major formational or compositional

contacts, which show an asymmetrical style of meso-

folding with axial planes dipping steeply to the SW.

Microfolds, kink-bands, conjugate kinks, crenulation b-

lineations, and a folded mineral lineation (seen only at

few localities) are the most common observed metamorphic

structures. These latter features are less frequently

observed in the thick units of greenschist and

greenstone.

Minor (outcrop scale) faults dipping steeply to the

SW are, commonly seen throughout the schist series, but

sub-horizontal faults or former synsedimentary

truncations (?) are a common feature of the pelitic

schists.

4.2. Volcanic and Volcaniclastic Schist.

These rocks are easily identified in outcrop by

their characteristic green color, due to the abundance
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of chlorite, actinolite, and epidote.

The volcaniclastic portions have a typical composi

tional layering parallel to the prominent foliation

developed throughout the schist series. Such layering is

especially enhanced when portions of tuffaceous origin

share almost equal proportions with pelitic layers, i.e.

inter-layering on a scale of 5 to 10 cm (fig. 4.3).

The relative abundance of muscovite and foliation

development are useful indicators of the pelitic

proportions in the volcaniclastic schist, that are

greenschist s.s. (Mason, 1980, p. 35) .

When thick units of volcaniclastic schist are

interlayered with pelitic schist, it is common to observe

a transitional interlayering on one of the zones of

contact, whereas the other volcaniclastic-pelitic schist

contact is quite sharp. In other words, when

volcaniclastic schist units are thick enough (several

tens of meters) ,
the compositional layering tends to

diminish or completely disappear towards the other side

(top (?)) of the unit, leading to the formation of

poorly-foliated or massive greenstones. Another

characteristic of the compositionally layered greenschist

is the conspicuous spotted aspect (epidote

porphyroblasts, up to 3 cm across: probably the

andalusite schist of Heim, 1940) , of the tuffaceous
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layers, and the presence of muscovite (up to 10%) within

a mineral assemblage of chlorite, actionolite, albite,

quartz of the "pelitic" layers. The mineralogy of the

greenstone is essentially the same, but the proportions

of green minerals (chlorite, actino-lite, epidote)

increases considerably relative to the amounts of quartz

and albite. The muscovite appears in trace amounts. In

thin section the occurrence of mosaic patches of albite,

epidote, and actinolite suggest recrystallized rock

fragments .

Typical outcrops of greenschist-greenstone are

observed along El Gavilan, El Tigre, and El Barbon creeks

at El Novillo Canyon.

It is not uncommon to find lenticular sheared bodies

(several meters across) of serpentinite included in the

greenstone portions of the Granjeno Schist. They are

interpreted as olistrostomal blocks derived form subsea

exposures (?) of ophiolitic material.

At locality CRR-78-112 (El Barbon Creek) , the

peculiar presence of small ellipsoidal to spherical (5

to 10 cm across) dark-colored fragments within the

green-stones, (fig. 4.4). These grade into truly

strained pillow-structures (fig. 4.5) having chilled

margins, variolitic texture in thin section. These are

enclosed in a highly sheared green aphanitic matrix
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(hyaloclastite) , and are interpreted as "protusions" of

basaltic lavas (now quartz-keratophyre) into unlithified

sediments. The "protusion" interpretation is based on

its restricted occurrence at only one locality.

Downstream of the locality CRR-78-112, the pillow lava

unit grades (?) into a coarse grained green rock

(metagabbro ?) having zones of brecciation, and a 10 m

unit of sheared serpentinite. This rock has large

conspicuous crystals of pumpellyite and bluish green

actinolite (samples CRR-78-116 & 116 B) (fig. 4.6).

At the type locality of Granjeno Schist, i.e. along

the crest of Cuchilla del Granjeno in Peregrina Canyon,

the occurrence of greenschist and greenstone is more

abundant .

4.3. Serpentinite.

Within the southwestern block of Granjeno Schist

a large mass of alpine-type serpentinite crops out from

Las Burras creek at El Novillo canyon throughout La

Borrega hill at Peregrina canyon. It is approximately

10 km long, in a N 30 W direction, and ranges in width

from 0.5 km to 1 km. The mass has several elongated

lobes (folds ?) that protrude always toward the north.

Smaller lenticular masses, 10 to 20 m in width, occur

elsewhere within the schist sequence. Such a mass
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Figure 4.6.

Figure 4.7.

Figure 4.8.

Figure 4.9.

Figure 4.10.

Figure 4.11.

Pumpellyte-zoisite/clinozoisite gabbro of

locality CRR-78-116, El Barbon Creek; El

Novillo Canyon.

Chevron-like folds in serpentinite
showing relict (?) layering. Locality
El-Cinco (CRR-78-107) along the road

La Y-Griega
- El Tigre Mine; El Novillo

Canyon .

Typical F3 phase of asymmetric reclined

folds in pelitic Granjeno Schist.

Locality CRR-77-27, along the road La Y-

Griega-Las Latas mine; El Novillo Canyon.

F2 isoclinal folding defined by thin

quartz itic layers in massive psammitic
gray schist. Locality CRR-78-160; Arroyo
Seco Canyon.

Crenulation microfolding of the prominent
foliation of pelitic Granjeno Schist

produced by the F3 phase of folding.
Locality CRR-77-17, near Las Latas Mine

along the road; El Novillo Canyon.

Compositional layering transposed by
extreme isoclinal folding in

volcaniclastic schist. Locality CRR-78-

144; Arroyo Seco Canyon.
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is easily identified in the field and in aerial photos

because it is less-resistant to erosion than the schist,

and supports exclusively grassy vegetation.

Contacts between serpentinite and schist have an

almost constant high angle dip (60 to 80 towards the

southwest. However, a much shallower dip (30) has been

documented at two localities, around "Cerro La Zacatosa"

between El Barbon and Las Latas creeks, through diamond

drilling exploration for asbestos minerals (Salas, 1970) .

On a larger scale, the serpentinite mass constitutes

a thick, sheet- like body dipping to the southwest, and

is approximately concordant with the prominent foliation

developed in the schist.

At the scale, of an outcrop, the serpentinite is

varied in aspect, and can be grouped according to its

color, hardness, compactness asbestos mineralization,

and tectonic fabric, as follows:

-light-green serpentinite with slip-fiber asbestos

along surfaces of a well developed slip-foliation;

-brittle dark-green to black vitrous, low-density

serpentinite with cross-fiber chrysotile veinlets

parallel to foliation surfaces;

-massive non-sheared-cliff-forming-dark-colored

serpentinite with cross-fiber chrysotile veinlets

(e.g. El Tigre Mine) ;
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-spotted dark-green serpentinite;

-blackwall chlorite-nephrite rock, talc rock, and

talc-carbonate rock that commonly occur around the

margins of the main body of serpentinite.

The average length of chrysotile cross-fibers is 3

to 5 cm throughout the serpentinite mass (Sansores-

Bolivar, 1964) . Actinolite fracture-veins and talc veins

are common, as well as brittle-fibers of bluish-green

amphibole along slickenside-surfaces. Cr and Ni content

are in the order of 2000 to 3000 ppm. in several parts of

the mass (Ramirez-Ramirez, 1974, p. 71).

Outcrops of serpentinite along the abandoned road

from El Barbon to the El Tigre mine in the El Novillo

Canyon exhibit chevron-like folds defined by an

alternation of layers (30 cm) of light-green and dark-

green serpentinite (locality CRR-78-107) ,
which Ortega-

Gutierrez (1978) interpreted as relict cumulus magmatic

layering (fig. 4.7). X-ray diffraction analysis of

these two types of serpentinite layers revealed patterns

like those of the serpentine polymorph lizardite (cf.

Aumento, 1970) .

Pillow-like structures defined by non-sheared

ellipsoidal masses of serpentinite (up to 1 m across)

ocurr within a host of sheared talcose serpentinite

(cf . unsheared polyhedral masses described by Chidester



94

1962, p. 71) .

A calc-silicate metasomatic rock develops where

serpentinite is in contact with the volcanic greenstone

portions of the Granjeno Schist. At locality CRR-78-182

resistant lenticular masses of grass-green nephrite

surrounded by high-quality talc-rock and talc-carbonate

rock were observed.

4.4. Structure .

The most conspicuous planar feature observed

throughout the pelitic schist is its prominent foliation

defined by an alternation of "thin beds" and/or laminae

of different "granulometry" resembling a former

sedimentary structure (i.e. graded bedding).

On a macroscopic scale this prominent foliation is

roughly parallel to all major formational contacts within

the schist section. But on a mesoscopic scale the schist

is asymmetrically folded with steep axial planes dipping

south-west (fig. 4.8). Isoclinal mesoscopic folds

defined by thin quartz itic layers have been observed

(fig. 4.9), as well as microfolding which produced a

crenulation (strain-slip) (fig. 4.10). The latter

cleavege type occurs in areas in which the matapelitic

schist shows a considerable enrichment of graphite and/or

mica minerals. Apparently at least two main episodes
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of folding are represented.

In some parts of the schist a transposition of the

original bedding (SO into SI) is indicated, since there

are composit ionally layered schists of volcaniclastic

origin, which show layers of lenticular geometry with

acute or "f iamme-like" terminations (fig. 4.11).

Again, if on a macroscopic scale an earlier phase of

extreme isoclinal folding has occurred with its

concomitant attenuation of fold limbs, then on a

mesoscopic scale (outcrop) ,
the limbs of such large folds

must display a complete transposition of bedding into a

S-surface defined in this case by the compositional

layering which is also parallel to prominent foliation of

the pelitic schist.

In thin section, the prominent foliation of the

pelitic schist is indicated by the stretching and flat

tening of the original clastic grains (mainly quartz and

minor lithic fragments) ,
laminae of variable grain size,

and particularly by the platy arrangement of micaceous

minerals concentrated as thin films along foliation

surfaces. These mica films usually are deflected or

wrapped around quasi-equant albite porphyroblast, which

commonly are shattered, have a coalescence-like aspect,

and tail-like pressure shadows.

The porphyroblasts are of the helicitic type with
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internal S-surfaces (Si) on which tiny inclusions

(graphite-opaques-tourma line-micas) form a pattern of

straight to slightly curved lines which sometimes outline

fold-like patterns or are completely contorted with no

regular pattern visible. The internal S-surface (Si)

is discordant to the external S-surface (Se) , which is

the prominent foliation. These observations indicate

that the prominent foliation is younger than the internal

S-surface (Si) seen within the albite porphyroblasts.

These facts indicate that the Granjeno Schist exper

ienced the following three phases of deformation:

-A Fl phase which folded the original bedding So

(?) visible only in thin section within the

albite porphyroblasts.

-A F2 phase of isoclinal folding which formed the

prominent foliation seen at mesoscopic scale. In

thin section, this foliation wraps around albite -

porphyroblasts, which are pre-tectonic to F2.

-A F3 phase of asymmetric folding with parasitic

micro-folding that produced the observed mesoscopic

folding and its crenulation cleavage.

A 200 S-pole diagram of the prominent foliation of

the SW-block of the Granjeno Schist shows a girdle about

a beta axis plunging 46 towards N 36 W (fig. 4.12),

which represents the asymmetric folding produced by the
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Figure 4.12. Contour S-pole diagram of

prominent foliation of the SW - block of

the Granjeno Schist. 200 poles. Equal

area projection (lower hemisphere) .
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F3 phase. On the other hand, a 100 S-pole diagram of the

foliation of the serpentinite mass intercalated within

this block, shows an eastward clockwise deviation of

18, and girdle about a beta-axis plunging 10 towards N

18 W (fig. 4.13) .

If such deviation is not the result of systematic

error when the attitude measurements were made, or due

just to randomness or polyphase folding style itself,

then the following scenario could explain it.

Originally the ultramafic mass had an internal

layered structure discordant to the Granjeno Schist

protolith bedding. The serpentinite mass was emplaced as

a tectonic sheet or as a gigantic olistrostromal block

within the Granjeno protolith. This interpretation seems

to be supported by the fact that smaller slab-shaped

masses of serpentinite occur elsewhere throughout the

schist series. Such interpretation implies an un

rooted serpentinite mass. Gravimetric and magnetometric

studies might clarify this matter.

A 50 S-pole diagram made for the prominent foliation

data collected on the NE-block of Granjeno Schist shows

the same pattern of the F3 phase of asymmetric folding as

in the SW block, but with a beta-axis rotated 35

counter-clockwise to the one determined for the SW-block

of Granjeno Schist, i.e. plunging 18 towards the N 71 W,
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Figure 4.13. Contour S-pole diagram of serpentinite

foliation. 100 poles. Equal area

projection (lower hemisphere) .
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(fig. 4.14). Such strong deviation of structural

trends may indicate that after the onset of the F3 phase

of folding, both blocks behaved as individual structural

units that were rotated independently, possibly at the

time of their tectonic emplacement within the area.

4.5. Petrography .

The Granjeno Schist varies from massive through

schistose. The meta-igneous units generally are massive

coarse-grained rocks, as compared to the well-foliated

fine-grained metasedimentary units. The volvaniclastic

horizons have fine to medium-grained textures showing

different degrees of schistosity according to their

original clay and ash content. Therefore, the mineral

assemblages and textural fabrics of the different

Granjeno Schist lithologies are the result of the

original bulk compositions and fabrics. The following

discussion is based on the main lithologies and mineral

assemblages.

The metasedimentary lithologies (Table 4.1) are

characterized always by the mineral assemblage quartz-

albite - white mica - chlorite -

green biotite-calcite,

with accessory amounts of graphite, tourmaline, opaque

minerals, apatite, and zircon.

They also always have micro-porphyroblastic well-



103

Figure 4.14. Contour S-pole diagram of prominent

foliation of the NE-block of the Granjeno

Schist. 50 poles. Equal area projection

(lower hemisphere) .
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TABLE 4.1

Granjeno Schist Metasedimentary mineral assemblages

White

Lithology Sample No. Texture Qz Ab Mica Chi Bio Cc
Accesories

Tou Notes

Pelitic CRR-76-5D PF 3X 2X 3X tr 2X tr X tr Qz^0.4 mm; Ab'>-1.0 mm

CRR-77-22 PF 3X 2X 2X X tr X tr

CRR-77-26 PF 3X 2X 2X tr X tr tr tr

CRR-78-96 PF 3X 2X 3X tr 2X X X tr Qz~0.4 mm; Ab/>/1.0 mm; Ap
CRR-77-17 PC 4X X 2X 2X X X tr tr

CRR-76-58 PC 3X 2X 2X 2X* tr X tr tr Ab~0.3 mm

CRR-76-57 PC 3X 2X 2X 2X* tr X tr tr

Psammitic CRR-76-10B PF* 3X 2X X 2X* X tr tr Zr

CRR-78-161A PF* 3X 2X X 2X* X tr tr

CRR-76-168A PF* 4X 2X X tr X tr tr Zr

CRR-78-28 PF* 4X 2X X X tr tr tr intrafolial Qz microfolds

Chert CRR-76-144 F 5X _ X X Qz <37 microns

CRR-76-145 F 5X X X

Bustamante CRR-74-B6 PF 3X 2X 3X tr 2X X X tr

Schist CRR-74-B34 F 4X 2X tr Qz - bimodal mosaic
CRR-74-B9 Mosaic,,F 5X

very fine grained

Relative mode % : 5X> 75% Texture : PF* = microporphyroblastic well foliated

4X = 50- 75% PF = less prominent microporf iroblastic foliated
3X = 25-50% PC = microporphyroblastic crenulated

2X = 5- 25% F = Foliated

X 1- 5 %

tr <. 1%

Qz = quartz; Ab = albite as microporphyroblasts; White Mica = muscovite-phengite-sericite; Chi

chlorite-pennine*; Bio = green biotite, chloritized; Cc = Ca Co3; Gra = graphite; Op = opaque;
Tou = blue lavander tourmaline; Zr = zircon; Shp = sphene; Ap = apatite
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foliated and/or micro-crenulated textural fabric (refer

to section 4.4). They are devoid of the actinolite-

zoisite/clinozoisite mineral pair, which typically

appears in the volcaniclastic, volcanic, and intrusive

rock units, indicating their basic bulk compositions as

compared to the alumina-rich metasedimentary units.

In the pelitic schist samples with porphyroblastic

well-foliated textures (Table 4.1), the porphyroblastics

make up approximately 10 to 15% of the rocks. They are

quasi-equant to rectangular albite crystals which

commonly are shattered, have a coalescence-like aspect,

and tail-like pressure shadows, with an average size

between 1.0 to 1.5 mm.

Some of the porphyroblasts especially larger ones

up to 4.0 mm, resemble lithic fragments, being formed

of a mosaic of several crystals. The albites are

markedly poikilitic and untwined, though Carlsbad twining

was observed. The most common mineral inclusions are

graphite, brown mica, minor green lavender tourmaline and

opaques. These inclusions form straight to slightly

curved lines; some of them outline sigmmoid fold-like

patterns; others are randomly oriented. The mica film

layers composed of an intergrowth of white mica, green

to brownish biotite, and chlorite define the prominent

foliation of the rock, but are deflected or wrapped
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around the porphyroblasts. A few biotite flakes have

(001) cleavage traces at right angles to the foliation.

The quartz is present as a sutured seriated mosaic

composed of stretched and flattened grains ranging in

size from 0.5 to 0.2 mm.

Samples CRR-76-57 & 58, CRR-77-17, and CRR-78-96

are identical in minerology to the samples described

above, but bear a prominent crenulation cleavage produced

by microfolding of the prominent foliation.

The "psammitic" schist samples of Table 4 . 1 are

characterized by a greater quartz content and grain size

(up to 1 mm) , a decrease of the micaceous minerals and

graphite content, appearance of minor calcium carbonate,

chlorite and minute rounded zircons. The albite

porphyroblasts are smaller, averaging 0.5 mm, hence the

porphyroblastic texture is less prominent in these rocks.

In addition to the albite porphyroblasts, there are

porphyroblasts of mosaic quartz. The chlorite has the

typical Berlin blue anomalous interference color of

pennine .

The metachert samples of Table 4.1 consist of 95%

stretched and flattened quartz 50 micron long by 10

micron wide, and 5% of brown-reddish biotite flakes up to

0.15 micron long. In addition, there are microfolded

bands of equant (50 micron to 75 micron) unstrained
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mosaic quartz.

In summary the metasedimentary portions of the

Granjeno Schist are characterized by the following

mineral assemblage:

*quartz+albite+white mica+Mg-rich chlorite+biotite+

calcite.

They correspond to the quartz -albite-muscovite-

chlorite subfacies (i.e. Chlorite Zone) of the Barrovian-

type Greenschist Facies defined by Winkler (1965, p. 76-

77) . As will be demonstrated later in this section, the

metamorphism of the Granjeno Schist pelites belong to the

lowest parts of the low-grade greenschist facies, and

probably did not exceed the 400C temperature at which

the muscovite-chlorite mineral pair tends to form

biotite; biotite was observed in limited amounts within

the mineral assemblages recorded in Table 4.1. The

pressure probably was 3 to 6 kb. The graphite in these

rocks probably contributed some CH4 or C02 to the

metamorphic fluid phase. In the volvaniclastic, volcanic

and intrusive lithologies of the Granjeno Schist series

the chlorite and sphene-limenite content increases as

white mica decreases.

The actinolite-zoisite-clinozoisite mineral pairs

also characteristic of these rocks, and in sample CRR-

78-116, their association with large crystals of
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pumpellyite indicate the upper parts of the very low-

grade division of metamorphism of mafic rocks as defined

by Winkler (1979, p. 175).

Several textural variations were observed in the

volcaniclastic lithologies reported in Table 4.2. In

sample CRR-78-105, the former clastic texture is

relatively undeformed; subangular to subrounded albite-

quartz grains range in size between 0.15 to 0.6 mm. The

clastic grains are poikilitic and supported by a weakly

foliated chlorite matrix.

All the other volcaniclastic samples of Table 4.2,

present different degrees of flattening and stretching of

angular to subangular, 0.2 to 0.4 mm albite and quartz

grains. Except for sample A-l with 5.0 mm poikilitic, sub-

rounded, corroded porphyroblasts of clinozoisite, this

latter mineral is present as subhedral porphyroblasts

averaging 2.0 mm in size. Albite occurs also as equant

porphyroblast 1.0 mm across, having sigmoid patterns of

inclusions discordant with respect to the external folia

tion defined by fibrolitic actinolite and pennine. Sample

CRR-77-53 originally had a calcium carbonate cement,

since calcite is a major constituent of the pennine-rich

matrix, which also has minor amounts of brown biotite.

The compos itionally layered lithologies (e.g. sample

CRR-78-13 A) consist of thin alternating porphyroblastic
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and non-porphyroblastic bands. The former contain 0.4

mm albite and clinozoisite porphyroblasts supported by a

fine-grained (0.05 mm) mosaic of albite-quartz with

fibrolitic actinolite and chlorite. The non-

porphyroblastic bands are composed of a stretched mosaic

of sutured crystals of albite and clinozoisite averaging

0.4 mm.

In all volcaniclastic samples the fibrolitic

actinolite tends to penetrate the original clastic

grains.

The mineral parageneses recorded for the volcani

clastic lithologies of the Granjeno Schist can be

summarized by the following mineral assemblages:

?quartz + albite + chlorite + clinozoisite + actinolite

?quartz + albite + chlorite + sphene + clinozoisite

According to Winkler (1979, p. 173) the lowest intensity

of greenschist metamorphism of mafic rocks is

characterized by the assemblage:

?chlorite + clinozoisite + actinolite

these minerals coexist with abundant albite, and some

quartz, white mica, and calcite. The mineral assemblages

described above are compatible with this association.

Greenschists are also formed from pelitic rocks (Winkler,

1979) , but generally they do not contain actinolite.

As for the pelitic lithologies, discussed earlier,
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metamorphic temperatures for the volcaniclastic schists

ranged between 350 to 400 C, with pressures on the

order of 5 to 6 kb, as indicated by the pervasive

presence of clinozoisite.

The meta- igneous rocks of the Granjeno Schist crop

out as massive units with a poorly developed foliation.

The grouping of volcanic versus intrusive lithologies is

based only on their fine and coarse-grained texture,

respectively. Mineralogically both present the

assemblage chlorite-zoisite/clinozoisite-actinolite,

indicating an original basaltic composition.

The fine grained metavolcanic rocks are composed of

a felted sutured mosaic of anhedral quartz and albite

with 0.2 to 0.4 mm crystals and with 0.3 to 0.7 mm

subhedral crystals of zoisite/clinozoisite. The matrix

consists of fibrolitic actinolite, pennine, and calcite.

Where matrix is more abundant, textures resemble clastic

rocks, the plagioclase is usually untwined, but Carlsbad

twins were observed. Some of the volcanic rocks (e.g.

CRR-78-112 B) are dark and hard, resembling the original

basaltic lavas. Two thin sections made from a small

pillow lava (sample CRR-78-112) are described in figure

4.15.

The coarse-grained rock sample CRR-77-16 is composed

of a mosaic of 2.0 to 4.0 mm tabular fritted plagioclases
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with subhedral clinozoisite and anhedral Ti02 minerals

ranging in size between 0.1 to 0.3 mm. The

intracrystalline matrix is formed by an intergrowth of

fibrolitic actinolite, pennine, and white mica. Samples

CRR-78-112A and CRR-78-116B are characterized by large

crystals (up to 7.0 mm long) of green lavender

actinolite. Sample CRR-78-116 is an anhedral mosaic of 1

mm crystals of albite-quartz ,
tabular crystals of

pumpellyite of 2.0 to 3.0 mm in size, and conspicuous

crystals up to 2.0 mm in size of zoisite/clinozoisite.

In summary the mineral paragenesis of these igneous

rocks both volcanic and intrusive ,
can be written as:

?quartz+albite+chlorite+actinolite+zoisite/clinozoisite

which is diagnostic of low-grade metamorphism. The

presence of pumpellyite, moreover, indicates very low

grade. The reaction pumpellyite+chlorite+quartz =

clinozoisite+actinolite stabilizes within a narrow range

of temperatures of 345 to 400 C, but with a wide range

of pressures between 2 and 13 Kb (Winkler, 1979) . The

absence of blue amphibole and/or aragonite in the

recorded mineral assemblages indicates that the 7 kb

pressure range was not reached.

Six samples of the serpentinite mass within the SW

block of the Granjeno Schist are characterized by a mesh

texture of low-birefringence minerals. The X-ray
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Figure 4.15. Petrographic description of two

thin sections across the pillow-lava CRR-

78-112.

1 CORE

Equant granular (0.3 mm) mosaic of quartz
+ albite (70%) with interstitial

chlorite (25%), and traces of white mica.

Lathlike (1.0 mm) ilmenite (2%), and

euhedral (0.3 mm) sphene (3%).

2 INNER CHILLED MARGIN

Turbid sutured mosaic of quartz +

albite (70%) with anhedral, and

lathlike (0.35 mm) ilmentite (25%) with

minor chlorite (5%) . Trace amounts of

minute red mineral (rutile ?) .

Microfractures .

3 OUTER CHILLED MARGIN

Equant granular (0.1-0.3 mm) turbid

mosaic of quartz+albite (55%) with

interstitial chlorite (40%) . Lathlike

(0.5 mm) ilmenite (4%) and euhedral -

subeuhedral sphene (1%) . Trace amounts of

minute red mineral (rutile ?) .

4 INTERPILLOW MATERIAL (Hyaloclastite)
Subrounded equant grains of quartz +

albite of 0.1 to 1.0 mm (30%) in a

chlorite-sericite (?) (65%) matrix.

Euhedral sphene (4%) , Epidote (1%) ,
and

tourmaline needles (0.3 mm long).
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difraction patterns obtained from two serpentinite

samples (CRR-78-105) indicate the presence of lizardite

and chrysotile serpentine polymorphs. The latter

polymorph was also observed as secondary veins that form

deposits of economic importance (e.g abandoned mines of

El Tigre and Las Latas in El Novillo Canyon) . No original

minerals were observed either in the thin sections or

in the outcrops. However some serpentinites either in

thin section and/or hand specimen have a prophyritic

aspect caused by the presence of faint olivine-pyroxene

pseudomorphs. Accessory amounts of metallic minerals are

also present, as well as talc and tremolite veins. A

shell of black-wall chlorite nephrite, talc and talc-

carbonate rock around the margins of the serpentinite

mass is attributed to metasomatism.

4.6. Age and Origin of the Granjeno Schist.

Table 4.3 and figure 3.23 summarize published K-Ar

mica dates and Rb-Sr dates for the pelitic fractions of

the Granjeno Schist by Fries et al. (1962 b) , Denison

et al. (1971), and Cserna et al. (1977). Included

are two K-Ar mica dates of the Aramberri Schist, a unit

equivalent to the Granjeno schist which crops out 80 km

northwest of the Huizachal-Peregrina area (see fig. 1.2).

The two-point (whole rock and muscovite) isochron



Rock Unit

TABLE 4.3

ISOTOPIC AGES OF THE GRANJENO SCHIST

Mineral Locality Method age (m.y. )
87 .86,,
Sr/ Sr Reference

Pelitic Schist

muscovite Novillo Canyon K-Ar 300-6

muscovite Peregrina Canyon K-Ar 311-6

muscovite Caballeros Canyon K-Ar 318-10

mica Novillo Canyon K-Ar 257-8

mica Peregrina Canyon K-Ar 270-8

3wr+lm Peregrina Novillo Rb-Sr 32825

Canyon isochron

4wr+2m Novillo Canyon Rb-Sr

isochron

33035 0.7120

(1)

(1)

(2)

(3)

(3)

(1)(3)

(4)

Aramberri Schist

muscovite

muscovite

near Aramberri

N.L.

near Aramberri

N.L.

K-Ar

K-Ar

2785

299-5

(1)

(1)

References :

(1) Denison et al. (1971)

(2) Fries et al. (1962b)

(3) Cserna et al. (1977)

(4) Garrison et al. (1980)

wr = whole rock

m = muscovite
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age of 315 30 m.y. reported by Denison et al. (1971) ,

was of special interest since an unusual high initial

87Sr/86Sr = 0.7145 0.0009 was obtained (see Garrison,

1978) , implying a cratonic derivation for the pelitic

fractions of the Granjeno protolith. The field evidence

is in part conflicting with such a high 87Sr/86Sr ratio,

because the Granjeno Schist as a whole was regarded as a

dismembered ophiolite sequence, and because it contains a

large mass of alpine-type serpentinite and spilitic

volcanic rocks (Ramirez-Ramirez, 1974). Lower initial

ratios would be expected for such a sequence, if indeed

it represents a former fragment of Paleozoic ocean crust.

A solution to this apparent conflict was proposed by

Ramirez-Ramirez (1978). He postulated that the Granjeno

Schist protolith accumulated in a back-arc marginal ocean

basin -island arc system that bordered the eastern

cratonic margin of Mexico during the Paleozoic. The

pelitic fractions were derived from a western cratonic

source while the volcaniclastic fractions came from an

island or volcanic arc to east (fig. 4.16). In the

Carboniferous, this basin vanished due to an arc-

continent collision.

The above proposal of this hypothesis suggested a

Rb-Sr isotopic study in which the initial 87Sr/86Sr

ratios were used as a geochemical tracer for the
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Figure 4.16. Interpreted plate tectonic scenario for

the deposition of the Granjeno Schist

protolith, along the eastern cratonic

margin of Mexico during the early

Paleozoic.
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portions of the Granjeno Schist (Garrison et al.
, 1980) .

During this study, four new Rb-Sr analyses of the pelitic

schist (3 whole rocks and a muscovite) and 3 new Rb-Sr

whole rock analyses of the volcanic-volcaniclastic schist

were made.

The new pelitic schist data together with the

previous Rb-Sr data obtained by Denison et al. (1971)

were used to calculate an isochron age of 330 35 m.y.

with initial 87Sr/86Sr = 0.7120 0.0027. However, the

low Rb/Sr ratios of the volcanic-volcaniclastic schists

precluded an isochron age calculation. Instead, by

assuming a primary age of 330 m.y., initial 87Sr/86Sr

ratios between 0.7032 to 0.7065 were obtained: These are

distinctly lower than the initial ratio calculated for

the pelitic schist. The duality of sources proposed by

Garrison and others (1980) were therefore, substantiated.

The hypothesis that the Novillo Gneiss might be the

cratonic source was evaluated through an Sr evolution

diagram, which showed that 330 m.y. ago the "average"

Novillo Gneiss had 87Sr/86Sr
= 0.7093. This value is

within the uncertainty of the initial 87Sr/86Sr obtained

for the pelitic schist (for more complete discussion see

Garrison et al., 1980) . This conclusion was supported by

the fact that conglomerate beds of the Carboniferous-

Permian flysch strata contain abundant clasts (and in one
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locality a huge block 30 m across) of metamorphic garnet-

clinopyroxene-bearing granitic rocks very much like those

found commonly within the Novillo Gneiss.

The relative position of the Huizachal-Peregrina

area and the westerly areas of Aramberri-Miquihuana-

Bustamante (see fig. 1.1) within the model presented in

figure 4.16 are not known with certainty. However the

following relationships are possible.

If the suture zone of the postulated arc-continent

collision lies under the Magiscatzin basin, i.e. between

the area of Victoria and the subsurface granites of the

Sierra de Tamaulipas of the Gulf Coastal plain, it

follows that the Granjeno Schist exposures of Aramberri-

Miquihuana-Bustamante are remnants of tectonically

transported nappes that passed over the Victoria area,

which was located on the continental margin of the model

presented in figure 4.16.

The deformation, metamorphism, and tectonic

emplacement of the Granjeno Schist into the area of

Huizachal-Peregrina are believed to have happened during

the subsequent destruction by subduct ion, of the oceanic

crust of the postulated marginal basin beneath a volcanic

arc located eastward of the area studied. By analogy with

the plate tectonic models which have been proposed

for the Appalachian-Ouachita systems (Hatcher, 1978;
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Briggs and Roeder,1975) ,
an eastward dipping subduction

is assumed.

In spite of the fact that the Paleozoic Granjeno

Schist and the Precambrian Novillo Gneiss complex are in

contact with each other, the isotopic and structural data

indicate different tectonic and thermal evolution

histories for the two. The apparently undisturbed K-Ar

isotopic ages of the Novillo Gneiss suggest that it was

not affected by the Paleozoic Granjeno Schist

metamorphism, which attained temperatures on the order of

350 to 375 C, high enough to reset the K-Ar age system

of biotite. It is assumed, therefore, that the Granjeno

Schist blocks (see fig. 4.1) in the area have been

tectonically emplaced cold into their present position

during the Late Paleozoic (330 m.y. ago) ,
near a

convergent continental margin.

Moreover, the latest folded structures, i.e. the F3

phase of assymetric folds, seen in each block of Granjeno

Schist (refer to section 4.4) have similar styles of

folding, suggesting that they formed as part of the same

structural domain.

The deviation in orientation of these latest folds

in different blocks (see section 4.4) suggests that

during the tectonic emplacement into the area, the blocks

behaved as different structural units that rotated
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relative to each other. Therefore the tectonic

emplacement event must have post-dated the late F3 phase

of deformation.

The K-Ar mica date of 310 10 m.y. obtained by Fries

and Rincon-Orta (1965) from a sample of plagiogranite

collected where this intrusive body becomes very narrow

at the Y Griega locality in the El Novillo Canyon could

represent an approximate dating for the tectonic event

that juxtaposed the Granjeno Schist and the Novillo

Gneiss.

The 310 m.y. age is compatible with the 330 to 300

m.y. old range of Rb/Sr and K/Ar dates obtained for the

Granjeno Schist elsewhere in the region. Denison et al.

(1971) interpreted this range of ages as indicative of

the age of the Granjeno Schist metamorphism.

The metamorphism and F3 phase of folding occurred

when the Granjeno Schist formed a unique structural unit

distant from its present location in the studied area.

However it is not known if its original location was

nearby at depth in a subduction zone or further away at a

distance of several tens of kilometers. Later this

structural domain was tectonically fragmented into

several blocks, of which at least two were emplaced

tectonically and independently into their present

position at Huizachal-Peregrina region.



5. PALEOZOIC SEDIMENTARY STRATA.

The stratigraphy and paleontology of the Paleozoic

sedimentary strata of the Huizachal-Peregrina

Anticlinorium have been described by Carrillo-Bravo

(1959, 1961, 1963), and complemented with studies of the

microfauna by Tellez-Giron and Malpica-Cruz (1969) and

Tellez-Giron (1970) .

Except for the El Novillo Canyon, these rocks crop

out throughout the breached core of the anticlinorium

in the Peregrina, Caballeros, Arroyo Seco, Santa Lugarda,

La Boca and El Olmo canyons (see fig. 1.3).

The aggregate thickness the sedimentary section is

approximately 1700 m. All Paleozoic systems from mid-

Silurian through mid-Permian are present. Only the Upper

Mississippian is absent (Plate 3) .

5.1. Lower Paleozoic Strata .

Lower Paleozoic rocks of mid-Silurian, Devonian, and

early Mississippian age attain an aggregated thickness of

340 m. Outcrops of these rocks occur in the Peregrina

and Caballeros Canyons. These units are discontinuous,

have a fragmentary outcrop-pattern (Plate 1) , and are

commonly bounded by faults and/or separated by

125
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unconformities (?) from the underlying Precambrian

basement rocks and the overlying Pennsylvanian strata.

These rocks show an upward transition of sedimentary

facies from shallow-water limestones and pelitic

sediments with minor sandstone beds (Victoria Limestone

and Canon de Caballeros Formation) ,
to a relatively

deeper water (starved ?) facies, with novaculites, black

shales and slightly calcareous sandstones occurring

upward in the section (La Yerba and Vicente Guerrero

Formations, cf . Ouachita facies) .

Outcrops of the Victoria Limestone , Canon Caballeros,

and La Yerba Formations were not examined in detail

during the field work of this study. However, about 500

m S 60 E from the abandoned ranch El Aserradero at

Caballeros Canyon, a prominent cliff-forming massive unit

was examined. It consists of a yellowish gray well-

indurated rock that I tentatively classified in the field

as a novaculite, because Carrillo-Bravo (1961) had

reported 40 m of white siliceous sediments cropping out

to the ESE of El Aserradero Ranch.

A thin section of this rock (sample CRR-79-11)

revealed that it is a glomero-microporphyritic felsic

igneous rock classified as a rhyolitic lava flow or

devitrif ied tuff (indicated in Plate 1 as acid tuff) . A

restudy of the novaculite lithology, therefore is needed.
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The presence of this volcanic unit within the Paleozoic

sedimentary terrain of the area indicates a period of

acid volcanic activity not previously reported during

the Paleozoic sedimentological evolution of this region.

It should be pointed out that rhyolite lava flows have

been reported within the Permian section of Mina

Plomosas-Placer de Guadalupe, Chihuahua (Bridges, 1966;

and Cserna et al. , 1968) and in two deep test wells under

the Coahuila Island (Alfonso-Zwanziger, 1978) .

Outcrops of the lower Mississippian Vicente Guerrero

Formation occur in fault contact with Precambrian Novillo

Paragneiss, near the Vicente Guerrero Ranch at Peregrina

Canyon, and on the El Aserradero ranch and in Banaderos

Creek in Caballeros Canyon.

Field examination of these localities revealed a

chaotic tectonic character for this unit (fig. 5.1). At

the Vicente Guerrero locality (CRR-79-40 & 41) massive

gray sandstone containing conglomeratic beds of

fossiliferous arenitic boulders were observed (fig. 5.2).

At El Aserradero Ranch (CRR-79-22) a series of crumpled,

cleaved black shales and graded-bedded sandstones with

scoured-bed contacts are present; the black shales have

ripe-up elongated fragments of gray-coated, bluish-black

shales; the same occur within the sandstone units. The

Mississippian beds observed at the Banaderos Creek
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Figure 5.1.

Figure 5.2.

Figure 5.3.

Figure 5.4.

Figure 5.5.

Figure 5.6.

Tectonic contact between Novillo

Paragneiss (left upper corner) and

Mississippian (?) beds in locality CRR-79-

40 at Peregrina Canyon. Scale bar is 1 m.

Details of tectonic-boulder

Mississippian beds of locality CRR-78-

40 & 41, at Peregrina Canyon.

Pillow-and-ball structure developed in

Pennsylvanian Del Monte Formation by soft

sediment deformation. Fining upward

(?) direction is towards the left.

Locality CRR-79-29, Caballeros Canyon.

Organic trail tracks in

Pennsylvanian Del Monte Formation.

Locality CRR-79-24, Caballeros Canyon.

Til1-1 ike aspect of the "basal" Naranjal

Conglomerate. Locality CRR-78-131,

Caballeros Canyon.

Orderly distal turbidites of the

Permian Guacamaya Formation. Near the

Guacamaya Ranch at Peregrina Canyon.
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(localities CRR-79-7 & 8) are composed of we11- indurated,

medium to thickly undulated beds of gray sandstone

presenting a faint internal laminar structure showing

evidences of soft-sediment or slumping deformation.

These sandstone beds have minor intercalations of graded

and laminated siltstones and black shales; the latter

have plant (?) fossil fragments. A thin section (CRR-

79-8) of channel-fill black micro-conglomerate is

composed of elongate (up to 10 mm) fragments of

brachiopods, recrystallized oolitic limestones with

fusulinids, micrites, and equant subrounded to subangular

(2 to 10 mm) fragments of medium-grained granitic

(metamorphic ?) rocks composed of plagioclase, microline,

quartz, and biotite. A dark-colored, very-fine sandy or

silty matrix with a flowage-like aspect are wrapped

around some of the fragments .

It is preliminarily concluded, therefore, that the

source terrane for this Mississippian conglomerate

consisted of shallow-water carbonate rocks of Paleozoic

age as well as crystalline granitic rocks. A detailed

study of the microfauna found in the oolitic limestone

fragments is desirable at this locality, since its

Mississippian age assignment was based on the map done by

Carrillo-Bravo (1961).

Tellez-Giron and Malpica-Cruz (1969) and Tellez-
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Giron (1970) reported the following lithologies for the

Vicente Guerrero Formation: calcareous quartz
-

sandstone with abundant sponge spicules and an assemblage

of siliceous lithic fragments; and a bioclastic

calcarenite with fragments of bryozooa echinoids,

brachiopods, ostracods, and trilobites.

The preceding descriptions of the Vicente Guerrero

Formation suggest derivation from a western (?) cratonic

source with a shallow-water carbonate platform.

5.2 Carboniferous-Permian Strata .

The upper Paleozoic sedimentary section is made up

of 1400 m of Pennsylvanian to mid-Permian terrigenous

clastic rocks. According to Carrillo-Bravo (1961, p. 89)

a strong angular unconformity separates these rocks from

the lower Paleozoic rocks. He reported a thickness of

200 m for the Pennsylvanian, and 1,200 m for the Permian

(Wolfcamp-Leonard) section.

Field examination of the Pennsylvanian section (Del

Monte Formation) along the bed of the Caballeros Canyon

can be summarized as follows: Lithologically the section

consists of an alternation of bioclastic (coral,

fusilinid, and crinoid fragments) limestones showing

graded bedding (cf . Dimple formation of Marathon region,

Texas) ,
dark gray sandstones, crumpled and cleaved black
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shales, conglomerates, and cobble-boulder beds. Bedding

thickness varies from massive and structureless, to thick

and medium as average, to, less commonly, thin beds.

In some instances bedding planes are wavy and irregular

or obscured. Slump and pillow-and-ball structures are

not uncommon (fig. 5.3); sole marks are rare. Bouma

flysch features like graded bedding, rip-up clasts of

black shales, horizontal and ripple laminations, and

meandering and segmented trails of organisms (cf.

Nereites and Scalar ituba communities) are seen where

thin- to medium-bedding occur within the section, (fig.

5.4) .

The conglomerates frequently contain exotic clasts

of quartz-feldspar metamorphic rocks, and minor volcanic

rock fragments. At locality CRR-79-25 (solid triangle in

Plate 1) in the Caballeros Canyon a large (up to 30 m

across) exotic block of an oxidized granitic layered

metamorphic rock occurs within the section.

The type (and only) locality of the Naranjal

Conglomerate (indicated with solid dot with star in

Plate 1) ,
which had previously been interpreted as a

Silurian basal conglomerate for the whole Paleozoic

section (Fries et al. , 1962 b) was examined, and it is

interpreted here as a submarine debris flow deposit that

forms part of the Pennsylvanian section. The outcrop has
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the aspect of a till-like rock with assorted well-rounded

elongated clasts (up to 20 cm) , as well as very angular

clasts; sorting is very poor (fig. 5.5). In two thin

sections (sample CRR-78-13 1) the following assemblage of

lithic fragments was identified: granitic igneous and

metamorphic rocks are abundant as compared to the less

frequent recrystallized limestones, microporphyritic

volcanic felsic rocks (like CRR-79-11) ,
and quartz-

sandstones. The granitic rocks are medium-grained and

usually contain red biotite, and in one case a chlorite

pseudomorph after garnet was observed. Myrmekitic

intergrowths , sutured, ribbon, and cataclastic textures

are also common. The matrix has a great proportion of

calcite with rhombs of dolomite spread through it.

Also at this locality, a well-indurated pseudo-

stratified rock appears to underlie the Naranjal

Conglomerate. Two thin sections of this rock revealed

that it is a metamorphic rock of granitic composition

having a f laser and/or amoeboid granoblastic texture.

This rock is similar if not identical to the metamorphic-

rock cobbles seen within the Naranjal Conglomerate.

Carrillo-Bravo (1961) considered this outcrop to be

equivalent to the Cambrian (?) La Presa Quartz ite, which

crops out near the Vicente Guerrero ranch at Peregrina

Canyon. However such a unit is interpreted here as part
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of the Novillo Paragneiss sequence.

Even though no clear stratigraphic relationships

with the surrounding strata were observed, an

olistostromal origin is suggested here for this

metamorphic rock in order to explain its presence within

the upper Paleozoic flysch sequence.

On the basis of the above discussion, it is

recommended that the usage of the stratigraphic names "La

Presa Quartz ite" and "Naranjal Conglomerate" should be

avoided until further studies define more precisely their

validity.

In summary, the sedimentary features characterizing

the Pennsylvanian Del Monte Formation indicate that it

was deposited as a proximal turbidite near or within a

pronounced submarine slope or canyon, having a

sedimentary source composed mainly of granitic igneous

and metamorphic rocks (probably the Precambrian Novillo

Gneiss) ,
a shallow-water-carbonate platform, and silicic

volcanic rocks. Apparently, until the Pennsylvanian

there were no low-grade metamorphic rocks (e.g., Granjeno

Schist) within the source terrane supplying elastics into

this formation. The persistent presence of carbonate

units indicate that these turbididites were deposited

above the carbonate compensation depth. On the other

hand, the presence of horizontal meandering and segmented
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tracks of organisms indicate periods of deposition in a

quiet bathyal environment.

The lower Permian Guacamaya Formation was examined

at its type locality in the Peregrina Canyon and in the

Caballeros Canyon. The bulk of these uppermost Paleozoic

sediments consists of an orderly sequence of interbedded,

cleaved, terrigenous sandstones and dark-colored shales

showing classical Bouma flysch features, although

granule-pebble conglomerates and graded calcirudite units

made of carbonate materials appear in some parts of the

sequence.

The proportion of sandstone and shale is

approximately equal. Rhythmic beds of thin to medium (15

to 100 cm) thickness are the average (fig. 5.6). Except

for the conglomerate and coarse sandstone units that show

scoured and load-cast contacts, the bedding planes are

quite sharp and even, but sometimes rippled. Common

internal bedding structures are horizontal, cross,

current-ripple, minor convolute laminations, and graded

bedding. Horizontal meandering tracks are also common.

Bottom-marking current structures are not common.

At locality CRR-79-34 in Caballeros Canyon massive

beds of conglomerates with poorly stratified sandstones,

and rip-up clasts of black shales crop out. Three thin

sections of the comglomerates revealed a lithic
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assemblage made dominantly of angular to subrounded

medium- to fine-grained granitic igneous and metamorphic

rock fragments, as well as individual angular grains

of quartz (metamorphic and igneous) , perthitic

microcline, and minor chlorite and biotite tabular

grains. Andes ite rock fragments with extensive

alteration to chlorite and calcite, and felsic

microporphyritic rock fragments constitutes the volcanic

assemblage. Crinoidal and micritic limestone fragments

(with microfossils ?) are also present; the latter show

indications of silicif ication as indicated by radial

flowers of silica within the fragments. There are also

fragments of serpentinite or mafic serpentinized mafic

minerals, and microporphyroblastic quartz-albite-schist

(only one fragment was observed) .

Tellez-Giron (1970) reported that the sandstones

have abundant angular grains of quartz, with minor K-

feldspar, micas, and unspecified siliceous lithic

fragments. The matrix is scant and of micritic

composition with minor microfossils and macrofauna

fragments (bryozooa, brachiopods) . Siltstone with

abundant radiolaria, and bioclastic limestones with

fusulinids are the other reported lithologies.

The sedimentary features observed in the Guacamaya

Formation permit to interpret it as a distal turbidite
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deposit, which had a source terrane made mostly of

crystalline rocks of granitic composition with minor

volcanic, carbonate, and low-grade metamorphic rocks.

Structural data collected at the type locality of

the Guacamaya Formation define a girdle about a beta-

axis plunging 20 towards the S 55 E (fig. 5.7).

Strikes of axial planes traces vary between N 50 W

to N 30 W. These data suggest that axial planes are

dipping 45 to 75 towards the northeast, although more

data are required in order to define a folding pattern

for the upper Paleozoic series. Planes of prominent

fracture cleavage are almost perpendicular to the beta-

axis determined (fig. 5.8).

5. 3 Summary

The following conclusions can be advanced about the

Paleozoic sedimentary strata of the Huizachal-Peregrina

region:

1. The NE-margin of the Precambrian Novillo Gneiss

block is in fault contact with lower Paleozoic

formations, especially the Vicente Guerrero Formation.

2. The SW-margin of the northeastern block of the

Granjeno Schist is in fault contact with the Guacamaya

Formation of Permian age.

3. The whole Paleozoic section apparently
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Figure 5.7. Contour S-pole diagram of Permian

Guacamaya Beds. 46 poles. Equal area

projection (lower hemisphere) .
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Figure 5.8. Contour S-pole diagram of fracture

cleavage of Guacamaya Beds. 35 poles.

Equal area projection (lower hemisphere) .



141

1.5-6 6-9 >9%

5.8



142

constitutes a sequence overturned towards the northeast,

since younger units appear successively in that

direction, and the tectonic contacts that bound the

Paleozoic terrane dip steeply towards the southwest.

4. The sedimentological and structural

relationships of the Silurian and Devonian units

(Victoria Limestone, Canon de Caballeros and la Yerba

formations) with the surrounding Pennsylvanian Del Monte

Formation, should be restudied in more detail.

5. A period of volcanic activity seems to be

indicated by the presence of a rhyolite lava flow that

apparently overlies strata of early Mississippian age.

Rhyolite fragments of the same composition and texture

were observed in the Pennsylvanian Del Monte Formation.

6. Granitic igneous and metamorphic rocks

dominated much of the source terrane that provided the

elastics for the Carboniferous-Permian Section.



6. SUMMARY OF THE PRE-MESOZOIC GEOLOGIC EVOLUTION

OF THE HUIZACHAL-PEREGRINA AREA.

6.1. Late Precambrian.

Data from the Novillo Gneiss complex gives an

account of events rather than an evolutionary history of

the late Precambrian in the Huizachal-Peregrina area of

Mexico. Generally speaking, this complex constitutes a

fragment of the Grenville Orogenic belt that bordered the

eastern margin of the North American plate from Canada

through Oaxaca approximately 1050 m.y. ago. For

practical purposes, the late Precambrian evolution of

this region of Mexico can be separated as events that

took place before and after the pervasive 1050-m.y.-old

granulite metamorphism.

By far the most complex and least documented

sequence of events in the area are those that predate the

granulite metamorphism. These are recorded within the

Novillo Paragneiss, and are thought to be equivalent to

the supracrustal rocks of the Oaxacan and Grenville

regions. The lithologies observed in the Novillo

Paragneissic sequence were composed of an alternation

of impure limestones, marls, quartz-feldspar-rich

sandstones, and shales interbedded with intermediate to

143
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basic volcanic and intrusive igneous rocks. By the time

of the intrusion of the Novillo Orthogneiss and coeval

granulite metamorphism, i.e. Grenville Orogeny s.s. the

Novillo Paragneiss is believed to have experienced a long

history of subsidence, deformation and prograde

metamorphism, and to have formed an already deeply buried

high-grade crystalline complex. Thus it is believed that

the Novillo Paragneiss constitutes an older crystalline

basement reworked or remobilized by the Grenville

Orogeny. Field evidence indicates that the Novillo

Orthogneiss experienced at least two periods of plastic

deformation: a first generation of isoclinal similar

folds were later refolded symmetrically, probably during

or after the culmination of the granulite metamorphism.

The field evidence also indicates that the first

generation of folding predated an episode of mafic

intrusions, which in turn precedes the granulite

metamorphism. The presence of deformed and granulitized

granitic pegmatites also indicates a syntectonic episode

of pegmatite intrusion.

Later, probably during the period of uplift of the

Novillo Gneiss complex, three sets of late-kinematic

and/or postectonic igneous intrusions were emplaced at

shallower crustal levels within the complex. They are the

plagiogranite body, the post-tectonic alkali feldspar-
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rich garanitic pegmatites, and the basaltic dikes. The

whole complex suffered retrograde metamorphism and

shearing deformation which probably is related to, or

produced by, the Granjeno Schist tectonic emplacement

into the area. Based on its lithologies and anhydrous

mineral assemblages, the Novillo Gneiss complex is

regarded as a typical representative of the lower crust.

It deserves additional study, because it is a "unique

sample" for the geochemical and geophysical modeling of

the nature and composition of the continental crust of

eastern Mexico.

6.2. Unroofing and Cooling History of Novillo Gneiss.

The oldest proven unmetamorphosed marine sedimentary

rocks in the region of the Huizachal-Peregrina are the

Victoria Limestone and the Canon de Caballeros Formation

of Silurian age (Carrillo-Bravo, 1961) . These rocks are

in fault contact with a granulite terrain metamorphosed

1050 m.y. ago ( Novillo Gneiss ) . The intervening gap

in the geologic record is 615 m.y. long.

According to temperature data determined for sample

CRR-78-84 from garnet-clinopyroxene pairs, and assuming

a geothermal gradient of 27 C/km, a burial depth of 26

km is estimated for the granulite metamorphism of the

Novillo Gneiss in the Huizachal-Peregrina area. Thus if
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a linear uplift is assumed, and if the unroofing of 26 km

of rock took place in 615 m.y. a denudation rate of 0.043

mm/yr. is obtained (cf . unroofing of the Adirondacks, in

Selleck, 1980, p. 121).

This empirical calculation is based on the following

assumptions :

-The granulite metamorphic age of 1050 m.y. assumed

for the Novillo Gneiss is identical to that reported for

the correlative granulites of Oaxaca by means of U/Pb

dating (Anderson and Silver, 1971; Ortega-Gutierrez, et

al., 1977).

-The K-Ar mineral ages reported by Fries et al.

(1962b) (774 m.y.) and Denison et al. (1971) (880 & 928

m.y.) for the Novillo Gneiss represent cooling ages that

occurred at different crustal levels during uplift.

When these assumptions, along with the K-Ar dates

and metamorphic P-T data from the Novillo Gneiss, are

plotted in a temperature/ time graph (fig. 6.1), a linear

uplift is evident, and the intercept of line b with the

time line is almost identical to the age of the oldest

proven unmetamorphosed marine sedimentary rocks of

Huizachal-Peregrina .

Besides the meagerness of the isotopic data, this

intercept is strongly biased by the bolcking temperature

interval of 300 - 345 C used for biotite. Dallmeyer
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Figure 6.1. Empirical temperature/ time graph for the

uplifting of the Precambrian Novillo

Gneiss. Explanation in text.
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(1975, 1978) and Dallmeyer et al. (1975) had postulated

this temperature interval as the blocking temperature for

biotites through 40Ar/39Ar studies of Precambrian

metamorphic rocks of the Appalachians (cf. blocking

temperature interval of 180 - 260 C) . The values of

Dallmeyer are preferred, to those of Harrison et al.

(1979) for biotites of granitic plutons of British

Columbia, since it is thought that the geologic evolution

of the area of this study is remarkably similar to that

of the southern Appalachians.

In summary, although more data are required, this

empirical analysis indicates that by Silurian time the

most probable metamorphic rocks exposed to erosion were

those of the 1050-m.y.-old granulite terrain. This in

part is strengthened by the fact that conglomerate beds

observed up-section in the marine Paleozoic strata of the

Huizachal-Peregrina area commonly contain clasts and a

large block of quartz-feldspar layered metamorphic rocks

(e.g., locality CRR-79-25) .

This interpretation constrains the proposal of

several authors (Fries et al.
, 1962 b; Cserna et al.

,

1977) that by Silurian time the source terrain for the

marine Paleozoic strata was the Novillo Gneiss as well as

the Granjeno Schist. These authors support the idea that

the metamorphic age and tectonic emplacement into the
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area of the Granjeno Schist must be pre-Silurian, despite

the Rb/Sr and K/Ar isotopic dates that indicate a 330

m.y. old disturbance.

The apparently undisturbed 740 m.y. old K-Ar biotite

age reported by Fries et al. (1962 b) for the Novillo

Gneiss indicates that it was not affected by, or involved

in, the Paleozoic Granjeno Schist metamorphism which

attained temperatures on the order of 350 to 375C,

enough for resetting the K-Ar age. This is consistent

with the tectonic model suggested by this study, which

considers the Granjeno Schist as an allocthonous block

emplaced into its present position during the Late

Paleozoic (330 m.y. ago) as a cold, already assembled

structural unit, near a convergent continental margin

(cf. Dallmeyer, 1978, for a similar case in the

Appalachians of Newfoundland) .

The validity of this model should be tested by

obtaining additional K/Ar and Rb/Sr mineral ages, as well

as U-Pb and fission-track dates, in order to reconstruct

a more reliable thermal history of cooling of both

metamorphic complexes (eg. Harrison et al.
, 1979) .

6.3. Early Paleozoic Sedimentation and Marginal

Basin Formation.

On the basis of paleomagnetic data, it is generally
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accepted that the Grenville Orogeny was caused by a

continental collision of a former Gondwanaland with North

America (Seyfert, 1980) .

Subsequent rifting of this supercontinent resulted

in the development of a Paleozoic Atlantic ocean

(Iapetus) . Because of the rifting and limited drifting

of marginal continental fragments, a series of marginal

ocean basins created along the present day eastern margin

of the North American continental plate (e.g. Hatcher,

1978) . These basins were floored either by homogeneous

oceanic crust, or by a composite floor made of blocks

of continental crust enclosed within ocean crust material

(see Tanner and Macdonald, 1982, for an example of

composite floor in a marginal basin) . These basins

evolved into back-arc basins at the onset of

underthrusting subduction processes beneath the

continental fragments (?) ,
that culminated with the

destruction of the basins.

In the Huizachal-Peregrina area the only rocks that

could be related to a late Precambrian episode of rifting

are the basaltic dikes that cut the NW-trending fabric of

the Novillo Gneiss Complex, but do not intrude the

Granjeno Schist or the Paleozoic sedimentary strata.

Evidence for the existence of a marginal basin in

the region of the Huizachal-Peregrina Anticlinorium is
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also limited since it was largely destroyed in the late

Paleozoic, and because the early Paleozoic record is

poorly represented in the area and adjacent parts of

eastern Mexico. As discussed in the preceding chapter,

the oldest proven fossiliferous sediments are of

Silurian-Devonian age and apparently occur as

olistostromal blocks within the Carboniferous sedimentary

section. These observations and the apparent absence of

lower Paleozoic sedimentary rocks in northern and eastern

Mexico prevents, at present, any reliable geologic

interpretation for this interval of time on the cratonic

side of the marginal basin.

However, the existence of a marginal ocean basin is

supported by the duality of sources documented for the

accumulation of the Granjeno Schist protolith. The

lithologies, mineral assemblages and the low temperature-

intermediate pressure conditions recorded in the Granjeno

Schist are in accord with an origin in an ocean crust

realm that was subjected to limited subduction.

As a concluding remark, it is suggested that the

accretion of the marginal basin led to the development of

a passive Atlantic-type margin along its cratonic side.

Such a geologic scenario accounts for the platform and

outer slope deposits of the Silurian, Devonian, and lower

Mississippian formations exposed in the area, which in
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turn must have equivalent units within the protolithic

(pelitic and volcaniclastic) sequence of the Granjeno

Schist that was being deposited in the oceanic basin

(fig. 6.2) .

6.4. Closure of the marginal basin and Late Paleozoic

Sedimentation and Tectonism.

In the plate-tectonic scenario presented in figure

6.2, the onset of a subduction event and the development

of a volcanic source is required for the accumulation of

the volcaniclastic portions of the Granjeno Schist. The

330 m.y. old isotopic ages ( i.e. Mississipian-

Pennsylvanian boundary) obtained for the Granjeno Schist

are interpreted to indicate its metamorphism, tectonic

juxtaposition with the Novillo Gneiss, and intermediate

stage of the marginal basin closure. The formation of

a deep, narrow trough that was filled quite rapidly with

orogenic flysch sediments during the Pennsylvanian

through middle Permian, is considered the final stage

of collision and deformation (fig. 6.3).

The intermediate stage of marginal basin closure

started a tectonic rise of the continental basement and

its early Paleozoic (?) sedimentary cover, which in turns

provided much of the detrital material for the

accumulation of the Pennsylvanian-Permian flysch
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Figure 6.2. Interpreted 400 to 340 m.y. old plate

tectonic scenario for the accumulation of

the Granjeno Schist protolith.
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Figure 6.3. Inferred late Paleozoic plate tectonic

scenario along the eastern cratonic margin

of Mexico at the Huizachal-Peregrina

Latitude. (H-P = Huizachal -Peregrina;

A-M-B -

Aramberri-Muquihuana-Bustamante) .
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section. A previously unrecognized period of rhyolitic

vulcanism was active during the Permian (?) . Permian

acid vulcanism has been reported for the areas of Placer

de Guadalupe, Chihuahua, and Las Delicias, Coahuila (see

section 7.2.1) .

The polarity of the subduction has been assumed as

dipping towards the east by analogy with the majority of

the models proposed for the Acadian Orogeny (380 m.y.)

in the Ouachita-Appalachian System (Briggs and Roeder,

1975; Wickham et al.
, 1976; Hatcher, 1978), and because

of the interpreted magmatic roots (Permo-Triassic

granites) of the volcanic source in the subsurface of the

Gulf Coastal Plain. As in the Appalachian-Ouachita

system, there are no obvious volcanic sources constructed

over the stable Mexican craton. In the Huizachal-

Peregrina Anticlinorium and adjacent areas there is no

evidence of an earlier Taconic Orogeny (cf. Cserna,

1971c) . According to Graham et al. (1975) ,
the main

orogenic-flysch sedimentation events documented for the

Appalachian-Ouachita system tend to be progressively

younger southward, therefore the apparently "younger"

Acadian Orogeny of the Huizachal-Peregrina area can be

understood .



PART II: REGIONAL GEOLOGY

7. PRE-MESOZOIC TERRANES OF EASTERN

MEXICO AND ADJOINING AREAS

In eastern Mexico, the isolated and widely spaced

outcrop and subsurface occurrences of pre-Mesozoic rocks

represent the early Mesozoic basement on which the

Mesozoic and tertiary marine sedimentary rocks of the

Sierra Madre Oriental, the Gulf Coastal Plain, and the

Yucatan Platform were deposited. This basement is

composed of two ancient, superposed, orogenic systems:

the late Precambrian Oaxacan (Grenville) and the

Paleozoic Huastecan (Ouachita-Appalachian) structural

belts.

However, since this region underwent a period of

extensive rifting at the beginning of the Mesozoic, which

ended with the opening of the Gulf of Mexico in mid-

Jurassic time (Salvador and Green 1980; Buffler, et al.
,

1980) , it is reasonable to suggest that the structural

configuration of this basement framework was a series of

horsts and grabens (see Belcher, 1979) , which exposed

different structural (or stratigraphic) levels of the

Oaxacan and Huastecan structural belts.

159
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It is believed that this rifting imparted a primary

and strong control on the present distribution and

structural level of exposure of pre-Mesozoic rocks in

eastern Mexico. The early Cenozoic Laramide orogeny

affected to a certain degree this already-established

basement framework. At most, it produced uplift

reactivation and/or rotation of some of the basement-

blocks.

The following discussion is an inventory of the

available geologic and isotope age data on the ages of

the occurrences of pre-Mesozoic (outcrop and subcrop) of

north central and eastern Mexico. The main purpose of

such inventory is to provide a basis for discussing the

pre-Mesozoic evolution of the continental margin of

eastern Mexico and adjoining areas of Texas and Yucatan.

In addition, the types of crust that underlie these areas

are evaluated using published available geophysical data

(Bouguer gravity data and seismic refraction studies) .

7.1. Crustal Structure

The Bouguer gravity anomaly map of Mexico (Wool lard

and Monges-Caldera, 1956; Woollard et al.
, 1969) shows a

linear, NNW-trending , prominent steep gravity-gradient

towards the east (i.e. the Gulf of Mexico), and a wide

gravity-low field towards the mainland of Mexico. Along
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the east side of this prominent feature, there are four

gravity highs. From north to south the Sierra de

Lampazos-Sabinas, the Sierra de San Carlos, the Sierra de

Tamaulipas-La Huasteca, and the Western Isthmus of

Tehuantepec (fig. 7.1).

The steep gravity-gradient runs approximately along

the boundary between the front ranges of the Sierra Madre

Oriental and the Gulf Coastal Province of Mexico from

Eagle Pass, Texas, through the west side of the Isthmus

of Tehuantepec in southeastern Mexico.

The southernmost gravity-high (i.e. Western Isthmus

of Tehuantepec) has been interpreted as the reflection

of a deeply seated density-contrast and taken as evidence

for a N-S-trending transcontinental fault (eg. Pico de

Orizaba-Tehuacan-Oaxaca fault of Demant, 1978) ,
which can

be observed in satellite imagery from the Gulf of Mexico

to the Pacific Ocean (Alvarez and del Rio, 1975) .

According to these authors this fault limits the

easternmost extension of the Plio-Quaternary calc-alkalic

Trans-Mexico Volcanic belt.

The gravity gradient lies just east of the known

(?) late Precambrian localities of eastern Mexico (fig.

1.2), and it is nearly coincident with the interpreted

mio-eugeosynclinal transition of the Huastecan structural

belt (Cserna, 1960; Guzman and Cserna, 1963) .
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Figure 7.1. Bouguer Gravity map of Mexico Steep

Gravity Gradient (Shaded Line) and Eastern

Mexico Gravity Highs

1 Sierra de Lampazos-Sabinas, Nuevo Leon

2 Sierra de San Carlos, Tamaulipas

3 Sierra de Tamaulipas
- La Huasteca

4 Western Ithsmus of Tehuantepec
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Woollard and Monges-Caldera (1956) interpreted the

eastern, high-gravity field that prevails over much of

the Gulf Coastal province of Mexico as the result

of a "now buried" Appalachian-Piedmont-type crystalline

terrane. The presence of an extensive, block-faulted,

igneous and metamorphic terrane of Paleozoic age in the

subsurface of the Gulf Coastal Plain of Mexico, supports

this latter interpretation (fig. 1.1). However, it

should be pointed out that the oligocene alkaline

magmatism (younger toward the south-east) along the Gulf

Coastal province (Demant and Robin, 1975; Robin, 1976;

Robin and Tournon, 1978; Cantagrel and Robin, 1979),

could be responsible for increasing the gravity field

over this area. The gravity high of the Sierra de San

Carlos and the Sierra de Tamaulipas-La Huasteca are areas

in which Tertiary alkaline intrusives and basaltic

extrusive rocks crop out.

In Texas, Nicholas and Rozendal (1975 ) had

interpreted a east-west linear isostatic gravity maximum,

which is nearly coincident with the frontal thrust-

fault of the Ouachita interior zone, as the result of the

thickening of a dense (3.9 g/cc) intracrustal gabbroic

layer. They suggested that since the early Paleozoic,

the Precambrian continental crust may have terminated

along or near the outer margin of the interpreted
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intracrustal structural uplift. According to them, much

of this intracrustal uplift was created during the

Paleozoic.

On the other hand, Keller and Cebull (1973) believed

that the same gravity maximum is caused by the "now-

inactive core or root" of a late Paleozoic, cordilleran-

type, subduction system constructed over Paleozoic (?)

oceanic crust.

Keller and Shurbet (1975) and Cebull and Shurbet

(1980) sustained this latter interpretation with models

of the structure of the crust and upper mantle for the

Gulf Coastal province of Texas derived from the analysis

of Rayleigh wave dispersion. They concluded that the

thick, sedimentary section (Paleozoic Ouachita facies

and Mesozoic and Cenozoic sediments) beneath the Texas

Gulf Coastal Plain rests chiefly on a Paleozoic (?)

oceanic crust, and that its boundary with the continental

crust lies approximately along the Ouachita orogenic

belt.

Therefore, this gravity maximum of Texas could be

interpreted as a boundary with separates unattenuated or

thick (40 km) continental crust to the north and west,

from a thinned or rifted continental crust (30 km thick

at the Texas shoreline) towards the Gulf of Mexico.

The prominent gravity-gradient of eastern Mexico is
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interpreted here in a similar manner (fig. 7.2); e.g., it

marks a boundary which separates thick continental crust

(Precambrian or old basement) towards the mainland of

Mexico, from a thinned or rifted continental crust

(Paleozoic or new basement) toward the Gulf Coastal

province. This interpretation is also supported by the

crustal model derived from seismic refraction experiments

made by Meyer et al. (1961) and Hales et al. (1970) .

The model of Hales and co-workers shows a steep decrease

in crustal thickness in the west side of the prominent

gravity-gradient (fig. 7.2).

The areas of pre-Mesozoic rocks that lie to the east

of this gravity feature, except for the area of the

Chiapas Massif (see Pantoja et al.
, 1974, for reported

Precambrian Pb/alpha zircon ages) ,
have not provided

conclusive evidence for Precambrian rocks. Therefore, it

is suggested here that the pre-Mesozoic, tectonic history

of this seaward area (e.g., Gulf Coastal plain and

Yucatan platform) is only traceable as far as early

Paleozoic. A similar suggestion has been made for the

tectonic history of Nuclear Central America (Chortis

block of Dengo, 1969) south of the Motagua Fault System

by Kim et al. (1979) .

Not ruled out is the slim possibility of tracing

back to late-Precambrian the tectonic history of these
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Figure 7.2. Crustal models of eastern Mexico and

adjoining areas. After 1) Ewing et al.

(1970) for average continent; 2) Meyer et

al. (1961) for Wisconsin model; 3) Hales

et al. (1970) for Dallas models;

4) Sandoval et al. (1975) Punta Jerez

model; 5) Swolfs (1967) for Texas A & M

M-4 model; Rating (1963) for average

ocean basin. Subdivision of the Acatlan-

Oaxaca Domain and pacific related

terranes after Ortega-Gutierrez (1981b) .

Data from PEMEX well Atun # 502 from C.

Pedrazzini (1979) .



MEXICO CONTINENTAL CRUST RIFTED CONT CRUST ABNORMAL OCEAN CRUST

(2)

CRUSTAL MODELS OF EASTERN

MEXICO AND ADJOINING AREAS

::r>r^A * r'RIFTED CONTINENTAL CRUST- f/

DATA SOURCE!

( I ) Ewing et ol (19 70)

(2) Myr et. al (1963)

(3) HoUi et al (1970)

(4) Sandoval et. al (I97S)

(5) Swolfi (1968)

(6 ) Roitt (1963)

CONTINENTAL CRUST :

fT] COAHUILA DOMAIN

[Til VICTORIA HUIZNOPALA DOMAIN

ESI OAXACA DOMAIN

vmvtssirr or rtxts at mstw
CB > CAMPCCHC MM

trr TUCtTlN ESCARPEHEKT

Pr MOCK SO
, TUC1TAJI

ncismucum comut ueric* f. MMIKEZ



169

areas. But if these areas once formed part of a late-

Precambrian orogen, their Precambrian geologic record

would only be found in remnants of rifted blocks (see

section 7.3.1), which today must be deeply buried (one

exception to this could be the Chiapas Massif) ,
because

at least one event of early Mesozoic rifting and

subsidence is definitively known around the Gulf of

Mexico (Salvador and Green, 1980; Buffler et al.
, 1980).

A similar, earlier rifting event is suspected for the

Early Paleozoic evolution of these areas (e.g., Keller

and Cebull, 1973; Cebull and Shubert, 1980).

This short note on the crustal structure of eastern

Mexico permits a two-fold, general subdivision of the

areas of pre-Mesozoic rocks: those which lie on thick

continental crust, and those which lie on thinned or

rifted, continental crust (fig. 7.3).

7.2. Pre-Mesozoic basement rocks on unattenuated

continental crust

The known pre-Mesozoic rocks on the mainland of

eastern Mexico are grouped into 3 distinct domains

according to their structural level of exposure. These

three domains are designated as follows: The Northern

Domain of Coahuila, the Central Domain of Victoria-

Huiznopala, and the Southern Domain of Acatlan-Oaxaca of
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Figure 7.3. Subdivision of Domains of Eastern Mexico

and adjoining areas described in this

paper .
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southern Mexico. The oldest basement rocks known in

northeastern Mexico are Paleozoic, whereas extensive,

late Precambrian to early Paleozoic basement is exposed

in Oaxaca and Puebla.

Two prominent morpho-structural elements have been

chosen as the boundary between these domains: the

Torreon-Saltillo (or Monterrey) lineament separates the

Coahuila and Victoria-Huiznopala Domains, and the Trans-

Mexican Volcanic belt separates the Central domain from

the Southern Domain of Acatlan-Oaxaca (fig. 7.3).

Murray (1956, 1961), Woollard and Monges-Caldera

(1956), Meyer et al. (1961), and Cserna (1971a, 1971b,

1976a) believed that the Torreon-Saltillo (or Torreon-

Monterrey) lineament represents a major left-lateral

strike slip fault involving the entire crustal section

down to the mantle (Woollard et al.
, 1969). According to

these authors, major movement along this fault occurred

in the late Paleozoic to early Mesozoic, thus disrupting

the original structural trends of the Oaxacan and

Huastecan belts in northern and east central Mexico.

The Trans-Mexican Volcanic belt has also been

interpreted as a major shear zone, although in several

different manners. Mosser (1969) interpreted it as an

intermittent zone of crustal fracturing which extented

across central Mexico through the Gulf of Baja
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California. LePichon and Fox (1971) suggested that it

may represent a paleo-shear zone. Anderson and Schmidt

(1983), finally, assumed that this zone represents an

early Mesozoic left-lateral strike slip fault (300 km

of displacement) in order to solve the overlaps of

continental crusts of northwestern South America with

southern Mexico and Nuclear Central America in the Late

Triassic reconstructions of Pangea (e.g. Bullard et al.
,

1965; Ladd, 1976) . To date, no clear evidence of offset

has been documented for these interpretations. Demant

(1978) has a more extensive discussion on the origin of

the volcanic belt.

7.2.1. Northern Domain of Coahuila.

This domain, which covers most of Mexico's northern

state of Coahuila and part of eastern Chihuahua, is

bounded to the south by the Torreon-Saltillo (or Torreon-

Monterrey) lineament and to the east by the prominent

Bouquer gravity gradient of eastern Mexico (fig. 7.3).

Pre-Mesozoic rocks of this domain have been taken as

evidence for a southwestern extension of the Ouachita

System into northern Mexico (Flawn et al.
, 1961, p. 99).

Generally, this domain was an emerged land (Coahuila

Peninsula of Kellum, et al. , 1936), from Early Triassic

through Early Cretaceous, as indicated by the absence of
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rocks of these ages overlying the localities of known,

pre-Mesozoic basement (Flawn and Diaz, 1959). The known

basement rocks are not younger than Early Triassic and

not older than early Paleozoic (?) . However, Cumming

et al. (1979) ,
based on indirect evidence obtained from

lead/ lead isotopic analyses of galenas from 30 Cenozoic

mineral deposits, suggested that most of northern Mexico

is underlain by Precambrian crust that was formed between

1800 and 1000 m.y. ago.

Except for Paleozoic rocks in northeastern Chihuahua

at Mina Plomosas and Placer de Guadalupe, and a

granodiorite subcrop in central Coahuila (Petroleos

Mexicanos well Barril Viejo # 1) ,
which are overlain by

Upper Jurassic rocks, all the pre-Mesozoic rocks at

localities within this domain are covered uncomformably

by marine sedimentary strata of Early Cretaceous age.

The basement framework is composed of (1) a

Paleozoic low-grade metamorphic complex, (2) fossiliferous

Pennsylvanian and Permian geosynclinal (flysch) strata,

(3) Permo-Triassic granodiorite intrusives, (4) Late

Paleozoic rhyolitic lava flows (Petroleos Mexicanos well

Mayran # 1 and Paila # 1; Alfonso-Z., 1978), and (5) a

foreland shelf or miogeosynclinal sedimentary section

(Ordovician to Permian) that crops out only at Mina

Plomosa and Placer de Guadalupe, Chihuahua (Bridges,
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1966, 1971).

7.2.1.1. Low Grade Metamorphic Complex.

Towards the northern part of the Coahuila domain,

Flawn and Maxwell (1958) described a micaschist

underlying Lower Cretaceous strata at the southwestern

flank of the Sierra del Carmen, Coahuila. Two Petroleos

Mexicanos wells (Peyotes # 2A and Metatosa # 1) bottomed

in similar mica-schist also underlying Cretaceous strata

(Flawn et al., 1961, p. 345; Alfonso-Z., 1978).

Flawn and Maxwell (1958, p. 2248) reported that the

Sierra del Carmen outcrop is composed of sericite-

muscovite-chlorite phyllite or fine-grained schist

commonly graphitic, and gradationally inter layered with

fine-grained metaquartzite and marble. In areas where

there are beds of marble, foliation is parallel to

bedding (N 5 W to N 50 W with dips 60 E to 55 W) .

The micaschist encountered at Peyotes # 2A well is a

muscovite-feldsphatic metaquartzite (Flawn et al. , 1961,

p. 345) . The Sierra del Carmen exposure is the only

known outcrop of the interior zone of the Ouachita System

in this domain (Flawn et al. , 1961, p. 99).

To date, two isotopic ages of 263 5 m.y. (K-Ar

muscovite) and 275 20 m.y. (Rb/Sr whole rock-muscovite

2 point isochron) have been determined for one schist
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from Sierra del Carmen by Denison et al.
, (1969, p. 251).

They concluded that both ages indicate the latest

metamorphism (Lower Permian) , although they suspected

that these dates may be as much as 10% too young due to

post-metamorphic deformation of the micas.

7.2.1.2. Paleozoic Sedimentary Strata .

In the western part of the state of Coahuila, a

Permian (Leonard-Wolfcamp) volcanic and sedimentary

section more than 3000 m thick, intruded by Permo-

Triassic granodiorites (Denison et al.
, 1969) has been

reported by Kellum et al. , (1936), King et al.
, (1944)

and Wardlaw et al. , (1979) , in the Acatita-Las Delicias

area and small inliers at the nearby Sierra de

Tlahualilo. About 400 km to the northwest of these

areas another section of Permian (Wolfcamp) flysch more

than 1000 m thick crops out at the Sierra del Cuervo,

Chihuahua (Diaz, 1956b; Flawn and Diaz, 1959; Flawn et

al.
,

1961 p. 99) . An important characteristic of this

latter section, when compared to the Acatita-Las Delicias

section, is that it lacks volcanic material, even at the

level of detrital components (Mellor and Breyer, 1978,

1981) . According to Flawn and Diaz (1959) these sections

exhibit very weak to weak metamorphism (incipient

foliation and lineation) and are highly folded, sheared
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and faulted. Mellor and Breyer (1978) report that the

Sierra del Cuervo section shows three pre-Aptian

deformations. Both areas show structures with northeast-

southwest strike nearly parallel to the strike of

Paleozoic structures in the Solitario and Marathon areas

of West Texas. According to Bridges (1971), the Paleozoic

section of the Sierra del Cuervo appears to be thrust

toward the northeast.

The Acatita-Las Delicias section is largely composed

of graywacke which ranges from fine-grained to coarsely-

conglomeratic boulder beds. The sand of the graywackes

is mainly feldspar and lithic volcanic debris attesting

to active volcanism in a nearby area. The sequence

includes abundant igneous material (up to 60% of lavas

and graywackes, King et al. , 1944, p. 1 and 20) in the

form of agglomerate, tuffs, lava flows, and sills and

minor dikes of quartzodioritic composition (Wardlaw et

al.
, 1979). Shale and limestone beds occur in

subordinate amounts within the section. Boulder beds,

which resemble tillites (Humphrey, 1956) , have been

interpreted by Newell (1957) as submarine slides that

accummulated in a basin close to active volcanoes fringed

by growing reefs, because most of the boulders are fine

grained, andesitic rocks (from granules to rare masses

up to 10 m across) and blocks of shallow-neritic
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limestone up to several tens of meters across. Boulders

within the conglomerates are progressively smaller from

west to east, indicating eastward transport from a

western source (Wardlaw et al. , 1979, p. 116). King

et al. (1944) suggested that the Permian sediments of

the Acatita-Las Delicias area were deposited in the

southern continuation of the Marfa and Delaware basins

of West Texas and Southeastern New Mexico, U.S.A.,

because the faunas of these basins are remarkably

similar to those in the Acatita-Las Delicias area.

Several isotopic ages have been reported for the

area of the Acatita Valley, Coahuila. Denison et al.

(1969) determined a K/Ar whole rock age of 204 4 m.y.

for a biotite argillite (probably a sample from the

unfossiliferous Pennsylvanian (?) ,
lower part of the

section) .

The Permian (Wolfcamp) section of Sierra del Cuervo

has been described by Mellor and Breyer (1978, 1981) as

being composed of two sedimentary assemblages. Thick

muds are interbedded with massive, fine sands with

occasional lenses of micrite in the lower assemblage.

Thin bedded turbidites make up the upper assemblage of

argillaceous sedimentary rock fragments. Rounded grains

of zircon and tourmaline are found in the heavy mineral

suite. These authors suggested two types of tectonic
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settings for the accumulation of these rocks: either

within a remnant ocean basin adjacent to collision

orogens, or along a quiescent continental margin.

Blount (1982 a, 1982 b) discovered two small blocks

of crystalline rocks that underlie either in depositional

or tectonic contact the Permian section of the Sierra

del Cuervo area. These basement rocks consist of

metagranites, metamorphosed basic dikes (amphibol ites)

and minor gneisses intruded by pegmatite dikes and quartz

veins. An isotopic study by Mauger et al. (1983)

revealed that the crystalline complex is Grenvillian in

age i.e. 1024 to 1037 m.y. old. A similar metagranitic

basement rock 890 32 m.y. old (Rb/Sr method) underlies

Permian sedimentary rocks in the subsurface of northern

Chihuahua (PEMEX wells Moyotes # 1 and Chinos # 1, 55 and

130 km WSW of El Paso, Texas respectively; in Thompson

et al. , 1978). Except for outcrops in Sonora, these

are the only reported Precambrian localities in north-

central Mexico.

The Paleozoic area of Mina Plomosa-Placer de

Guadalupe described by Bridges (1966 a, 1966 b, 1971) is

located on a southern extension of the late Paleozoic

Diablo Platform of West Texas (Gonzalez-Garcia, 1976) .

The Paleozoic section is approximately 200 m thick. Its

lower part consists mostly of shallow neritic, shelfal
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carbonates (840 m) ranging in age from Ordovician to

Pennsylvanian. The upper part (1000 m) is Permian, and

composed mainly of clastic sediments (siltstone and

conglomerate) , although patch-reef limestone units, and a

rhyolite lava flow occur. The conglomerates have

fragments of rhyolite (up to 80%) , quartz ite, and red and

black chert. A northern or north-eastern source was

suggested for the derivation of these fragments (Bridges,

1966, p. 69) . The same author (Bridges, 1966, 1971)

stated that the average depositional strike of this area

during the Paleozoic was northeast, parallel to that of

the Marathon region; deeper water environment was located

to the southeast.

On the other hand, Cserna (1966, p. 140) believes

that a stronger deformation event that took place during

early Permian produced the observed thrusting, and that

a second deformation during the latest Permian-mid-

Triassic (Coahuilan Orogeny of Cserna, 1969, p. 601)

affected the earlier formed Paleozoic structures.

7.2.1.3. Permo-Triassic Intrusive Rocks .

Within the Coahuila Domain, there are three areas

in which granodioritic intrusive rocks crop out: In the

Acatita Valley a mass of granodiorite clearly intrudes

the Permian rocks, at Potrero de la Mula and Sierra del
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Fuste, the host rocks for these granitic intrusives are

not exposed.

Denison and others (1969) obtained a K/Ar biotite

age of 203 4 m.y. for a sample of a granodiorite from

the Acatita Valley. The same authors reported also a

K/Ar hornblende age of 206 4 m.y. for a similar

granodiorite from the Potrero de la Mula locality.

Jones et al. (1984) obtained a nearly identical

Rb/Sr age of 213 14 m.y. and an initial ratio 87Sr/86Sr

= 0.705 0.004 from 9 whole rock samples from the

granodiorite of the Potrero de la Mula. Furthermore,

Jones et al. (1984) suggest that the mineralogy,

chemistry, and isotopes of this pluton indicate it was

emplaced above a subduction zone.

Several Petroleos Mexicanos wells (e.g. Barril Viejo

# 1, Potrero de Menchaca #1, Monclova #1) have penetrated

similar granitic rocks covered unconformably by marine

sedimentary strata of Jurassic or Cretaceous age. The

Paila #1A and Mayran #1 wells located over the Cretaceous

Coahuila Island terminated in pre-Cretaceous rhyolitic

lava flows (Alfonso-Z. 1978).

According to the isotope data collected in the

Coahuila Domain (fig. 7.4), the Permo-Triassic intrusive

(and extrusive) magmatism of calc-alkaline (?)

affinities, had ample distribution from Coahuila
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Figure 7.4. Comparison of graphic distributions of

pre-Mesozoic rock isotopic ages from

the Coahuila Domain (after Denison et

al. 1969; McKee et al. 1984), Gulf

Coast Domain (after Lopez-Ramos, 1972;

Denison et al. 1969; Madrid-Solis,

1976) , and the Chiapas Massif of the

Yucatan-Chiapas Domain (after Salas,

1975) .
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throughout the subsurface of the Gulf Coast Domain to

the Chiapas Massif.

7.2.2. Central Domain of Victor ia-Huiznopala .

This domain is named after the pre-Mesozoic outcrops

that occur at the cores of Huizachal-Peregrina and

Huayacocotla anticlinoria, near Ciudad Victoria,

Tamaulipas, and at the town of Huiznopala, Hidalgo,

respectively. This domain is bounded to the north by

the Torreon-Saltillo (or Torreon-Monterrey) lineament,

to the east by the pronounced gravity gradient of

eastern Mexico (or the front ranges of the Sierra Madre

Oriental) ,
and to the south by the Trans-Mexico Volcanic

Belt (fig. 7.3). The basement framework is composed of:

(1) a late Precambrian granulite complex; (2) an early (?)

to mid-Paleozoic, low-grade, metamorphic complex; and

(3) a Paleozoic section of sedimentary rocks (mostly

Pennsylvanian-Permian flysch) . All exposures of this

basement are either in normal fault contact, and/or

uncomformably overlain by Triassic and/or Jurassic

redbeds. They are located in the cores of large,

northwest-trending, Laramide structures of the Sierra

Madre Oriental. The structural fabric of these pre-

Mesozoic rocks is parallel or subparallel to the

Laramide structures.
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The core of the Huizachal-Peregrina Anticlinorium,

near Ciudad Victoria, Tamaulipas, is the only area in

this domain which presents all three rock terranes

mentioned above. Geologic information about this area,

which is the main subject of this paper, have been given

in preceding chapters.

7.2.2.1. Late Precambrian Granulite-Grade Complex.

Besides the Novillo Gneiss of the Ciudad Victoria

area, there is only one other area in which granulite-

grade rocks of equivalent age crop out. This is in five

small areas of exposure (12 km2) in the core of the

Huyacocotla Anticlinorium, (Carrillo-Bravo, 1965) near

the town of Huiznopala, (20 56' N - 98 45' W) State

of Hidalgo, Mexico (fig. 1.1). These metamorphic rocks

are either in fault-contact with Permian flysch

sediments, or uncomformably overlain by Triassic-

Jurassic redbeds and/or Jurassic and Cretaceous marine

sedimentary rocks.

To date, the best description of this granulite

complex is the one reported by Fries and Rincon-Orta

(1965, p. 67-81) based chiefly on the work of H. von

Kuegelgen (1958). Fries and Rincon-Orta (1965, p. 72),

formally named this complex the Huiznopala Gneiss. They

measured a sequence of more than 1000 m of gneiss
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inter layered with minor units of schist and metaquartzite

intruded by a few mafic dikes and veinlets of pegmatite

and aplite. They observed that the gneissic fabric is

generally oriented northwest with gentle dips ( 30)

towards the southwest.

Petrographic studies of the Huiznopala Gneiss by

Kuegelgen (1958) , and complemented by Fries and Rincon-

Orta (1965, p. 73) indicate that the rocks have a

prominent blastomylonitic texture and distinct zones of

intense shearing. The mineral assemblages reported

include quartz+feldspar+plagioclase+biotite+graphite

(almandine cordierite diopside) . Rounded zircons,

apatite, rutile, and Fe-Ti oxides were observed as

accessory minerals. Sericitization of the feldspars,

and chloritization of the biotite, garnet, cordierite and

diopside were reported as secondary mineral alterations.

Quartz-feldspathic ( biotite+garnet+diopside ) geneisses

with allotiomorphic (granitic) texture were also

reported. These authors concluded that a great part of

these rocks represent a sequence of paragneisses with

minor units of orthogneisses. These mineral assemblages

led Fries and Rincon-Orta (1965, p. 75) to place this

complex in the granulite facies. According to Winkler

(1979, p. 270) the paragenesis almandine

+cordierite+biotite occurs in certain metapelitic rocks
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at temperatures of 700C and pressures of 5 to 7 kb.

Five lead/alpha zircon ages have been determined for

samples of the Huiznopala Gneiss (fig. 3.23; Fries and

Rincon-Orta, 1965, p. 79; Fries et al. 1974, p. 173).

Three "detrital" zircon ages of about 1200 m.y. were

interpreted as the ages of crystallization of an older

igneous terrane. Two zircon ages of 987 80 and 800

80 m.y. are interpreted as the ages of emplacement of

the orthogneisses.

In addition to these outcrops of granulite-grade

rocks, Gaskin et al. (1973, p. 631), and Aranda-Gomez

and Labarthe-Hernandez (1977) have reported, near the

railroad Station of Ventura, (22 23' 15" N; 100 46' 30"

W) State of San Luis Potosi (fig. 1.1) a diverse

assemblage of granulite-charnockite nodules or xenoliths,

as well as upper mantle lherzolites and dunites that

occur in the volcanic ejecta of several Quaternary,

maar-type craters (Xalapascos) .

7.2.2.2. Low-Grade Metamorphic Complex.

West of the Ciudad Victoria area, three small

inliers near the towns of Miquihuana and Bustamante,

Tamaulipas, and Aramberri, Nuevo Leon; expose a low-

grade metamorphic complex unconformably covered by

Triassic and/or Jurassic redbeds (fig. 1.1). Farther
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away, about 300 km northwest of Victoria, pre-Mesozoic

(pre-Triassic redbeds) metarhyolite (Caopas schist) ,

metasediments (Rodeo schist) , and unfossiliferous

Paleozoic (?) sedimentary rocks resembling some of the

rock units of the Marathon region (e.g. novaculite) crop

out at the core of the San Julian Anticline and Sierra

de Teyra, near the towns of Caopas and Rodeo, Zacatecas

(Cordoba, 1964).

Denison et al. (1969, p. 253, 1971, p. 6)determined

anomalously young ages for the metarhyolite (K/Ar

muscovite 55 5 m.y. and Rb/Sr model ages ranging from

140 to 220 m.y.; see also Fries and Rincon-Orta, 1965).

Cserna (1976b) proposed that the metarhyolite (Caopas

schist) must be a tectonically transported block into

the area of San Julian, and correlates the unit with

submarine (?) , upper Triassic greenstone lavas that occur

to the southwest, near the cities of Fresnillo and

Zacatecas. This probably implies orogenic relationships

with the Pacific Ocean side of Mexico. Due to the

uncertain origin of these pre-Mesozoic rocks, their

description is not included here.

Geologic information about the exposures of schist

at Aramberri, Miquihuana, and Bustamante are generally

restricted to short lithologic descriptions as sericitic-

talcose micaschist or phyllite intensely crumpled and
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cut by quartz and mineralized veins (Imlay, 1937, 1943;

Heim, 1940; Mullerried, 1946; Mixon, 1963; Cserna, 1971a,

1971b, Baker 1971; Carrillo-Bravo, 1971; Ramirez -Ramirez,

1974; Tardy et al.
, 1976). All these authors correlate

the schist of these areas with the nearby Granjeno

Schist of the Huizachal-Peregrina Anticlinorium.

This correlation is partly confirmed by at least

two K/Ar mica ages of 294 6 and 270 m.y. reported

by Denison et al. (1971, p. 12) for two graphite

micaschist samples from the Aramberri area (see fig.

3.23) .

Examination of an outcrop of the Aramberri schist

revealed the presence of compositional ly layered

greenschist rocks similar to volcaniclastic units found

in the Granjeno Schist near Ciudad Victoria. A sample

(CRR-74-B 6, see Table 4.1) from the Bustamante area

is identical in mineralogy and texture to the albite-

graphite porphyroblastic micaschist units of the Granjeno

Schist. Metaquartzite and muscovite (sericite) biotite-

quartz-rich schist with a well developed foliation are

the most common lithologies at Miquihuana and Bustamante.

The strike of the foliation in all these areas is

northwest .

Upper Paleozoic (?) low-grade, metasedimentary

flysch-type rocks are unconformably overlain by Triassic
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and/or Jurassic redbeds in the core of the Sierra de

Catorce Anticlinorium (fig. 1.1) (Bacon, 1977, p. 2).

D.F. Reaser (in Lopez-Ramos, 1976, p. 323) reported

spores of Late Mississippian to Early Pennsylvanian age

in these metasediments. Mixon (1963, p. 70) earlier

regarded these metasediments as part of the Triassic-

Jurassic (?)redbed sequence which was metamorphosed by an

igneous intrusion.

Five km northeast of Toliman, State of Queretaro,

in the vicinity of El Chilar, Segerstrom, (1961, p.

184) reported a section of pre-Jurassic rocks composed

of a lower unit of well foliated micaschist and

(minor) metaquartzite overlain by 200 m of black

phyllitic shale, which in turn is overlain by 200 m

of red phyllitic shale. He informally named this section

the pre- Las Trancas rocks (Chilar Formation of Lopez-

Ramos, 1969, 1971), since they are overlain by the marine

sediments of the Upper Jurassic to Neocomian Las Trancas

Formation.

7.2.2.3 Paleozoic Sedimentary Strata.

The Paleozoic sedimentary rocks of the Huizachal-

Peregrina Anticlinorium have already been described in

Chapter 5.

In the Huayacocotla Anticlinorium (Erben, 1956;
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Schmidt-Effing 1980) (fig. 1.1), a thick section (2000

m) of Permian (Wolfcamp to Leonard) flysch is in

fault contact with late Precambrian Huiznopala granulite

gneiss and is unconformably overlain by Triassic

redbeds (Martinez-Perez, 1962; Carrillo-Bravo, 1965).

Perez-Ramos (1978, p. 128) measured along the Tlahualompa

River, 3345 m of Permian rocks composed of regular to

irregular alternation of shale, siltstone, sandstone,

conglomerate and (minor) beds of bioclastic limestone,

fossiliferous only in the middle part of the section. The

beds of shale are commonly rich in organic material.

Siltstone beds are finely laminated, but also graded and

cross bedded. Litharenite (composed of igneous,

metamorphic and sedimentary rock fragments) and

plagioclase-arenite are the most common types of

sandstone. Massive beds of conglomerate have a

mineralogical composition similar to that in the

litharenites. Minor andesitic lava flows and dikes are

also found within the section. This sequence of

sediments was interpreted as transported by turbiditic

currents into a basin which had two main but different

sources of detritus as indicated by the plagioclase-

arenites (volcanic source) and by the litharenites

(cratonic source) (Perez-Ramos, 1978, p. 135) .

In the vicinity of the town of Calnali, Hidalgo,
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13 km north of the Thahualompa section, E. Reyes

(in Carrillo-Bravo, 1965, p. 77) found a brachiopod

and a trilobite of Mississippian age in a sequence

of black shales. Carrillo-Bravo (1965, p. 78) reports

that toward the top of the Permian section of this area,

several beds of shale are rich in plant fossils and

pelecypods, which probably indicate the final filling

of the late Paleozoic flysch-basin (i.e. the closure of

the orogenic-cycle) .

7.2.3. Southern Domain of Acatlan-Oaxaca .

This domain is named after the pre-Mesozoic outcrops

that occur in southern Mexico in the State of Oaxaca and

adjoining areas of the State of Puebla. It is limited

to the north by the Trans-Mexican Volcanic Belt and to

the east by the gravity-high of the Western Isthmus of

Tehuantepec. A WNW-trending megashear runs sub-parallel,

to the Pacific Coast of the States of Oaxaca and

Guerrero, marks the southern limit of this domain (Ruiz-

Castellanos, 1979; Ortega Gutierrez, 1981a, 1981b),

(fig. 7.3 and Plate 4).

The presence of this megashear discontinuity was

previously suggested and named the Chilpancingo fault

by Woollard et al. (1969, p. 28) based on gravity

and earthquake data. Between this fault and the
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Middle America Trench there is a coastal belt of

igneous and metamorphic rocks, that may be as young as

early Mesozoic (Guerrero et al.
, 1978). This belt has

been designated the Xolapa Complex (Cserna, 1965) or the

Pochutla Complex (Ruiz-Castellanos, 1979) . According to

Ortega-Gutierrez (1981b) this complex is a high T - low P

metamorphic belt accreted onto the southern margin of the

North American plate, implying that its ocean-side high

P - low-T metamorphic belt could be present either within

the pre-Cretaceous metamorphic rocks of Nuclear Central

America, or in Baja California.

The pre-Mesozoic framework of the southern Domain

of Acatlan-Oaxaca is composed of: (1) a late Precambrian

granulite-grade metamorphic complex (Oaxaca Complex) ;

(2) a Paleozoic section of marine sedimentary rocks;

and (3) an early Paleozoic low-grade metamorphic complex

(Acatlan Complex) .

7.2.3.1. Late Precambrian Granulite-Grade Complex.

This terrain is composed of a series of gneissic

rocks with a well developed layered structure, mineral

assemblages typical of granulite-grade metamorphism, and

isotopic metamorphic ages about 900 m.y. or older, which

approximates ages of the Grenville Province, particulary

in the Adirondacks. A crustal thickness of 55 km was
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determined for this terrain through a two dimensional

gravity model made by Hector Sandoval and C. Ramirez-

Ramirez (1980, unpublished; see also Castro-Escamilla,

1980) .

This terrain extends from the vicinity of the city

of Oaxaca southward to about 15 km north of the town

of Pochutla, where a large WNW-trending megashear marks

its southern limit (Ruiz-Castellanos, 1979; Ortega-

Gutierrez, 1981a, 1981b). This terrain, equivalent to

the Grenvillian, was named the Oaxacan Complex by Ruiz-

Castellanos (1979) ; although Fries et al. (1962) had

designated it the Oaxaqueno Complex and included in it

the nearby low-grade metamorphic Acatlan Complex of the

State of Puebla. Ortega-Gutierrez ( 1978b, p. 27 )

documented another magashear which juxtaposes the western

part of the Oaxaca Complex with the eastern part of the

Acatlan Complex (Arroyo de Caltepec locality, fig.

7.5) .

According to Bloomfield and Ortega-Gutierrez

(1975) , Ortega-Gutierrez et al. (1977) and Ortega-

Gutierrez (1981b) ,
the Oaxacan Complex consists of two

distinctive rock sequences of paragneisses and

orthogneisses. In addition, large late Paleozoic

intrusive masses of granitic to granodioritic composition

and several generations of pegmatites have been
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Figure 7.5. Map of key localities of the southern

Domain of Acatlan-Oaxaca. After de

Cserna (1970) .
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recognized within the complex.

Phlogopite-talc (after olivine) marble, garnet-

biotite graphitic gneiss, and diopside-scapolite calc-

silicate gneiss are the main rock-types of the paragneiss

sequence. An igneous suite of gabbroid to anorthositic

composition constitutes the protolith for the orthogneiss

sequence. Other rocks in the Oaxacan Complex are:

cordierite-hornblende gneisses, charnockites, and banded

quartz-feldspar-biotite gneisses .

Banding and/or foliation and few marble-gneiss

contacts are the most conspicuous S-surfaces seen

throughout the Oaxacan Complex; such features are almost

parallel reflecting an earlier phase of extreme isoclinal

folding. This previous folding was in turn refolded

producing cylindroidal folds about axes plunging 0 to

35 with an average bearing of N 32 W to N 45 W. These

trends of fold-axis are essentially parallel to b-

lineations (Kesler and Heath, 1970; Kesler, 1973; Ortega-

Gutierrez, 1981b). These data indicate that lower

structural levels should be exposed towards the south

in this complex.

The isotopic ages reported for the high-grade

crystalline Oaxacan Complex has been summarized on figure

7.6, after Fries et al. (1962a), Fries and Rincon-

Orta (1965) ,
Anderson and Silver (1971) , Fries et al.



198

Figure 7.6. Graphic distribution of isotopic ages of

Precambrian crystalline complex of the

Oaxacan Complex. See text for

references.
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(1974), Ortega-Gutierrez et al. (1977), Fries et al.

(1966), and Halpern et al. (1974).

Anderson and Silver (1971) reported two U-Pb

concordant dates of 960 + 15 and 975 + 10 m.y. for

several post-metamorphic pegmatites that intrude the

Oaxacan Complex. Two other U-Pb concordant dates of 1051

+20 and 1080 + 10 m.y. reported by Ortega-Gutierrez et

al. (1977) from a gneiss sample and a syntectonic

pegmatite collected 50 km south of Oaxaca city were

interpreted as the age of the peak of granulite

metamorphism of the Oaxacan Complex.

Ruiz-Castellanos (1979, p. 36) obtained a 9 whole

rock Rb-Sr isochron age of 1500 230 m.y. with an

initial 87Sr/86Sr
= 0.7026 0.0005, from a quartz-

feldspar gneiss that crops out along federal highway

No. 190, 40 km to the northeast of Oaxaca city. Even

though the low value of the calculated initial ratio

could be difficult to explain, this age may indicate

that the Grenvillian-equivalent Oaxacan Complex is

actually an older complex, which had an earlier

metamorphism about 1500 m.y. ago and was later affected

by a younger metamorphism 1050 m.y. ago., i.e. the

Grenville metamorphism (cf. Krogh and Davis, 1967, for

a similar interpretation of Rb-Sr dates of the Grenville

Province in Canada) . It is possible therefore to
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interpret the Oaxacan Complex as an older reactivated

basement affected by continent-to-continent collision

(Dewey and Burke, 1973) . This interpretation seems to

be necessary to explain the 55-km -thick continental

crust, which when added to the 25 km estimated-

depth for granulitic metamorphism, results in a

continental crust 80 km thick.

In addition, within the northern part of the

Oaxacan Complex a late Paleozoic intrusive event has been

reported from which a Rb-Sr isochron age (3 whole

rocks and a separated microcline) of 272 8 m.y. with

an initial 87Sr/86Sr = 0.7047, was determined for a

peculiar banded granite that intrudes (?) the Oaxacan

Complex (Ruiz-Castellanos, 1979; cf. Pb-alpha dates

reported by Fries et al. 1966) .

7.2.3.2. Low-Grade Metamorphic Complex.

This terrain is largely composed of a eugeosynclinal

unit of schistose metasedimentary, metavolcanoclastic,

and metaigneous (intrusive and extrusive) rocks that crop

out in the region of Acatlan, Puebla, and adjoining areas

of northwestern Oaxaca. This moderate to high-P/low-

T metamorphic terrain was named by Ortega-Gutierrez

(1978; after Rodriguez-Torrez, 1970), as the Acatlan

Complex. He subdivided the terrain into two major
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subgroups with five lithostratigraphic units, a granitoid

cataclastic unit, and two suites of late-kinematic (?) ,

granitic, intrusive rocks (Table 7.1).

In a more recent paper, Ortega-Gutierrez (1981b)

regarded the lower Petlancingo Subgroup as a para-

autocthonous terrane, whose lower structural level is

represented by the Magdalena Migmatite. He interpreted

the upper Acateco Subgroup as an allocthonous overriding

plate.

The fossil fragments (crinoids) found by Ruiz-

Castellanos (1970) in the marbles intercalated with

metagraywackes of the Tecomate Formation indicate a

Phanerozoic, not Precambrian age as was assumed by some

early workers (e.g. Fries et al. 1962, 1966). The

stratigraphic relationships observed at Los Reyes

Mezontla, where the Pennsylvanian Matzitzi Formation

appears to overlie (?) unconformably this complex seems

to establish a minimum age for the metamorphism of the

crystalline rocks.

The Xayacatlan Formation contains eclogites

(Ortega-Gutierrez, 1974) and a variety of rocks with

ophiolitic affinities, which indicate that the protoliths

of the Acatlan Complex were deposited on ancient oceanic

crust that was subjected to subduction. According to

Ortega-Gutierrez (1981 a, 1981 b) it represents a
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TABLE 7.1.

Lithostratigraphic units of the Acatlan Complex, after Ortega-Gutierrez (1978)

San Miguel Dikes: swarm of granite, aplite, and pegmatitie dikes containing
some unusual varieties with hypersthene, garnet-muscovite,
and brown hornblends.

Totoltepee Stock; trondhjemitic intrusion slightly deformed and

metamorphosed.

Esperanza Granitoids; Complex of protomylonite-mylonite-i>lastcmylonite that

originally consisted of granitic-aplitic-pegmatitic rocks

with metasedimentary layers and greenstone.

Tecomate Formation; metagraywacke, meta-arkose, phyllite and semipelite

slightly to moderatly carbonaceous, with a metaconglonerate
of granitic and volcanic deformed cobbles, and a conspicous
horizon of metalimestone that contains crinoid fragments.

dismembered ophiolite suite composed of greenstone,

greenschist, and layered hornblende-pyroxene metagabbro
with intercalations of pelitic schist, lenses of

serpentinite and eclogitized zones.

a lower member of amphibolite, quartzite, and pelitic

schist; a middle member of pelitic schist, quartzite,

metachert and greenstone, and carbonate-rich schist; an

upper member of phyllite and quartzite with minor

greenstone.

metagraywacke, pelitic schist of biotite, and quartzite
with a layered gabbroic sill.

migmatities of quartz-dioritic to dioritic composition

showing prominent neosome mobilization as granitic and

pegmatitie dikes and pods, with some calc-silicate and

amphibolite layers (paleosome).

Xayacatlan Formation;

Cosoltepee Formation:

Chazumba Formation;

Magdalena Migmatite;
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fragment of the vanished Iapetus Ocean.

According to Ortega-Gutierrez (1978 b) the protolith

of the Petlalcingo Subgroup, except for the Magdalena

Migmatite, consists of graywacke, shale, chert, and minor

carbonate rocks that were deposited in a pelagic, oceanic

basin under the strong influence of volcanic and magmatic

activity of basaltic composition (cf. Ortega-Gutierrez,

1981b) . It seems clear that the dismembered ophiolitic

suite of the Xayacatlan Formation represents a fragment

of an ancient ocean crust on which the protolith of

the Tecomate Formation was deposited (?) . This latter

formation according to Rodriguez -Torrez (1970) and Cserna

(1970, p. 41) constitutes a former turbidite or flysch.

Ortega-Gutierrez (1978b) suggested that the Oaxacan

Complex was the main source of sediments for the Tecomate

Formation; although tuffaceous layers indicate also a

nearby volcanic source (cf . Granjeno Schist) .

The structure of the schistose rocks in the Acatlan

Complex is dominated by NNW to NNE trending foliations

with nearly vertical dips and lineations that generally

plunge to the north. At least two generations of

isoclinal folding has been recognized, indicating

shortenings greater than 50% (Ortega-Gutierrez, 1978).

Metamorphic grade within the lower Petlancingo subgroup

increases towards the Magdalena Migmatite core.
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Up to 1974, eight isotopic dates for the Acatlan

Complex had appeared in the literature (Fries and Rincon-

Orta, 1965; Fries et al. , 1966; Fries et al. , 1970;

Fries et al. , 1974; Halpern et al.
, 1974). These data

are summarized in figure 7.7 (Rb-Sr dates recalculated

by Ruiz-Castellanos, 1979).

Five of the eight dates were obtained by the lead-

alpha method, which is unreliable (Faure, 1977 p. 197) .

The three oldest dates were obtained from detrital

zircons and they suggest derivation from a late

Precambrian terrain, e.g., The Oaxacan Complex. The

first Rb-Sr model age (microcline) reported for the

Esperanza Granitoids by Fries and Rincon-Orta (1965)

had a large uncertainty precluding any reliable geologic

interpretation. Halpern et al. , (1974) obtained a mean

model age of 443 25 m.y. (five whole rock model ages)

for the same granitoids, as well as a two point mineral

isochron of 293 21 m.y. for a oogenetic muscovite-

plagioclase pair in a pegmatitie segregation in the

Acatlan Complex.

Based on these isotopic dates, stratigraphic

position, and metamorphic grade, an early Paleozoic age

was proposed by Ortega-Gutierrez (1978 b) for the

Acatlan Complex.

This age was corroborated later by extensive Rb-
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Figure 7.7. Graphic distribution of isotopic ages of

Paleozoic Acatlan complex of the southern

domain of Acatlan-Oaxaca. See text for

references.
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Sr dating by Ruiz-Castellanos (1979) . His data are

also incorporated in figure 7.7. Through the Rb-Sr

analyses of 15 samples (9 metamorphic micas from pelitic

schists, and 6 whole-rocks greenstones) of typical

schistose rocks of the complex, he obtained an isochron

age of 481 29 m.y. with an initial ratio 87Sr/86Sr =

0.7088 0.0016. This age was interpreted as the age of

culmination of the prograde metamorphism and subsequent

cooling and closure of the Rb-Sr isotopic systems of the

Acatlan Complex. However, it should be pointed out that

the data points are co-linear along two well separated

parallel isochrons (87Sr/86Sr intercepts = 0.7074 and

0.7112). This indicates that at least two different

isotopic subsystems existed in the protolith (i.e.

sedimentary and volcaniclastic units) of the complex,

which became closed chemical systems at about the same

time (cf. Garrison et al.
, 1980).

Furthermore, a 7 whole rock isochron of 269 21

m.y. was obtained from a granite showing different

degrees of cataclastic deformation. It crops out in the

eastern part of the Acatlan Complex, 4 km SW of Los

Reyes Mezontla, near the Arroyo de Caltepec locality,

where Ortega-Gutierrez (1978b) reported the shear-zone

contact between the Acatlan and Oaxacan complexes.

According to Ruiz-Castellanos (1979) ,
this age represents



209

the time of emplacement and is almost synchronous with

cataclastic deformation of the granite. This date may

indicate that no younger sediments were deposited in

the Acatlan protolith, and it agrees with the observation

that the Pennsylvanian Matzitzi Formation appears to

rest uncomformably on the Acatlan Complex (Silva-Pineda,

1970) . It suggests that the juxtaposition of the Acatlan

and Oaxacan complexes occurred or had its last important

movement at this time. This magmatism and shearing are

the only events that seem to be shared by both complexes.

A swarm of granitic and pegmatitie intrusives (San

Miguel Veins of Ortega-Gutierrez, 1978b) with Triassic

to lower Jurassic dates (200 to 175 m.y.) was reported

within the Acatlan Complex. The calculated low value

of the initial 87Sr/86Sr = 0.704 implies a mantle

source derivation.

The Acatlan Complex has been correlated with the

Chuacus metamorphic rocks of northern Guatemala, and

with the metamorphic rocks of the Sierra de Omoa of

northern Honduras on the Chortis Block (Ortega-Gutierrez,

1978b) . It has, also been correlated with the Granjeno

Schist (Ortega-Gutierrez, 1978 b, p. 116); a suggestion

not favored here because of the difference isotopic data

from the Acatlan and Granjeno rocks.
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7.2.3.3. Paleozoic Sedimentary Strata.

Within the Southern domain of Acatlan Oaxaca, a 1300

m composite column of fossiliferous, marine, Paleozoic

sedimentary rocks unconformably rest on the high-

grade metamorphic rocks of the Oaxacan Complex. These

rocks crop out in two small areas (10 km2 of total area)

and are located near the town of Tinu (17 24' N; 97

12' W) and Santiago Ixtaltepec (17 35' N; 97 06' W) ,

which are approximately 60 and 70 km toward the

northwest from Oaxaca City, respectively (fig. 7.5).

Pantoja-Alor and Robison (1967) and Pantoja Alor (1970)

described these rocks. At Los Reyes Mezontla (18 15' N;

97 30' W) Silva-Pineda (1970) and Cserna (1970)

described a rhythmic sequence of sandstones, shale and

siltstone, with a Pennsylvanian flora that rests on top

of the low-grade metamorphic rocks of the Acatlan Complex

(see location map of fig. 7.5). Ortega-Gutierrez (1978b,

p. 114) states, however that the unconformable

relationships between the Acatlan Complex and the

Pennsylvanian strata are not definitively proven,

implying that this contact could be tectonic.

The base of the column at Tinu is composed of 200 m

of shallow-marine carbonate rocks (20 m) and shales with

minor units of sandstone and conglomerate (130 m)

containing a faunal association of Tremadocian age
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(Cambrian-Ordovician boundary) . These sediments are

found resting on top of the Precambrian Oaxacan Complex

within a small graben. The top of this section has been

eroded away. Small dikes and pods of diabase intrude

these sediments. Pantoja-Alor (1970) designated these

rocks as the Tinu Formation. It is the oldest

fossiliferous Phanerozoic formation known in the

southernmost part of the North American Continent.

The Tinu Formation also crops out at Santiago

Ixtaltepec, 25 km to the north of Tinu, where a 192 m

thick clastic sequence of Mississippian age overlies it

with an angular unconformity. Here, the Tinu Formation

is only 23 to 35 m thick.

The Mississippian sequence was named Santiago

Formation by Pantoja-Alor (1970) . It is composed of

a lower member of limestone that grades upward into

limestone with thin intercalations of shale and marl

and an upper member of shale with intercalations of

siltstone, sandstone, and limestone. Brachiopods,

crinoid stems, and corals are the main fossils found in

this formation. It is considered correlative with the

Vicente Guerrero Formation of the Huizachal-Peregrina

area, the Calnali beds of Calnali, Hidalgo (Plate 4),

and with the lower Santa Rosa Group of Chiapas.

At Santiago Ixtaltepec, the Mississippian beds
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are concordantly overlain by an sequence of shale,

siltstone, sandstone (quartz -subraywacke) ,
and conglomer

ate, 430 m thick, that contains a faunal association

of Pennsylvanian age. This overlying unit was named

the Ixtaltepec Formation by Pantoja-Alor (1970) . This

formation is correlative with the nearby outcrops of

the delta-plain (?) facies of the Matzitzi Formation at

Los Reyes Mezontla, the deep-water elastics of the Del

Monte Formation of the Huizachal-Peregrina Anticlinorium,

the clastic sequence encountered at the Gonzalez # 101

well, the epimetamorphic clastic rocks of Sierra de

Catorce, San Luis Potosi, and with the Santa Rosa Group

of Chiapas.

A 500 m thick sequence of conglomerate with

sandstone and siltstone, rests with an erosional

unconformity on top of the Ixtaltepec Formation. These

sediments were named Yododene Formation by Pantoja-Alor

(1970) . Basal conglomerates of Mesozoic age overlie

this formation with an angular unconformity. Although

the Yododene Formation lacks fossils (except for poorly-

preserved wood fragments) a Permian age has been

suggested for it. These rocks probably were deposited in

a continental environment.

Paleomagnetic studies made by Gose and Sanchez -

Barreda (1981) for the Yododene Formation documented a
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pole position that falls within the area of Permian

pole positions determined for stable North America.

Sanchez-Barreda (op. cit.
, p. 65) concluded that the

area of Oaxaca has remained without considerable

rotations and latitudinal displacements with respect to

stable North America since the late Paleozoic. According

to Cserna (1979, p. 45) the Mississippian and Permian

sequences described above are flysch-type deposits.

At Los Reyes Mezontla (fig. 7.5) a thick sequence of

coarse sandstones with intercalations of thin beds of

coal and slaty shale has been designated the Matzitzi

Formation by Calderon-Garcia (1956; after Aguilera

1986; in Silva-Pineda, 1970). These sediments contain

fossil plants that early workers considered Upper

Triassic to Lower Jurassic. However, through

paleobotanic studies, Silva-Pineda (1970) determined

this formation to be Pennsylvanian in age.

Cserna (1970, p. 42) considered this rhythmic

sequence as a flysch-type deposit, although the presence

of coal beds and a well preserved flora attest to a

former delta plain environment for the deposition of

this formation (Carrillo and Martinez, 1981).

The Matzitzi Formation is underlain by low-

grade metamorphic rocks of the Acatlan Complex, and is

overlain by marine cretaceous sedimentary rocks and
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Tertiary basaltic flows.

More recently, Corona-Esquivel (1981) discovered

an upper Permian fossiliferous sequence, 635 m thick,

composed of sandstone, siltstone, shale, and limestone,

that clearly overlie the Acatlan Complex unconformably

near the town of Olinala, Guerrero (17 47* N - 98 44*

W) (Plate 4) . He interpreted this sequence as a

shallow-water littoral deposit.

The Permian age of this sequence was based on the

ammonites Stacheaceras sp. and Aaathiceras sp. Due to

the small angular relationships of the observed

unconformity and structural concordance with the

overlying Triassic to Cretaceous sedimentary cover,

Corona-Esquivel (1981) also suggested that this region

was a stable cratonic area free of deformation from the

late Paleozoic through the early Tertiary.

7.3. Pre-Mesozoic Basement Rocks on Rifted

Continental Crust.

An area of attenuated crust comprises the Gulf

Coastal plain of southern United States, northeastern

Mexico and the Yucatan platform. Generally speaking,

it is an Atlantic-type transitional crust that surrounds

the Mesozoic oceanic crust of the deep Gulf. Its
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extension is limited to the south by the southern

terminus of the North American plate, that is, the

Motagua-Polochic fault system.

Seismic refraction and gravimetric studies made

elsewhere across the Gulf and its bordering lands of

Mexico and Yucatan (e.g. Antoine and Ewing, 1963, Swolfs,

1968; Hales et al.
, 1970; Buffler et al.

, 1980; Ibrahim

et al.,1981; etc.) have outlined the crustal geometry and

distribution of this transitional crust (fig. 7.3).

Crustal thicknesses range from 30 km under the steep

gravity gradient of eastern Mexico, which constitutes its

western limit, through 25 km at the shoreline to 20 km

beneath the continental rise.

Although the pre-Mesozoic rocks that occur in the

subsurface of the Gulf Coastal plain of Mexico and on the

Yucatan-Chiapas region, that is, the Maya Block may have

a common origin (e.g. Salvador and Green, 1981) ,
a two

fold division of domains is used herein (Gulf Coast

Domain and Yucatan-Chiapas Domain) in order to point out

additional support for the early Mesozoic history of

southward drift of the Maya Block. Sanchez-Barreda

(1981) through paleo-magnetic studies has documented that

during the Permian the southeast region of Chiapas, north

of the Polochic fault, was located northward of its

present position (see also Gose and Sanchez-Barreda,
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1981) .

7.3.1. Gulf Coast Domain.

The physiographic province of the Gulf Coastal

Plain in the states of Nuevo Leon, Tamaulipas, and

Veracruz constitutes the Gulf Coast Domain. To the

south it is limited by the Trans-Mexico Volcanic Belt.

All the information on the pre-Mesozoic basement rocks

is from subsurface data gathered from wells drilled by

Petroleos Mexicanos that have penetrated the "economic"

basement (Quezadas-Flores, 1961; Lopez-Ramos, 1972;

Madrid-Solis, 1976). The pre-Mesozoic rock subcrops of

the Gulf Coastal Plain of Texas and adjoining areas are

exhaustively discussed by Vernon (1971) .

The basement framework is composed of probable late

Precambrian (?) ortho- and paragneisses, middle (?)

Paleozoic low-grade schists, Paleozoic sedimentary

rocks, and an extensive late Carboniferous (?) to

Triassic granitic terrain of batholithic dimensions.

7.3.1.1. Late Precambrian (?) Rocks .

Fifteen Petroleos Mexicanos wells, drilled in the

Tampico-Poza Rica region, have terminated in gneissic

rocks: anorthosite, metaquartzite and/or amphibolite.

Figure 7.8 shows the locations of these wells, and



Figure 7.8. Location map of the subsurface

Precambrian? localities (PEMEX wells)

within the Gulf Coast Domain.

PEMEX WELLS DATA:

Well No. Well Name Lithology Depth of

basement

Magiscatzin #1 GNEISS

or+qz+ga+opz+mag

granoblastic

1239m

Palma #105 Qz-Fspar GNEISS

plg+qz+or+hnb+ga+bi

granoblastic

1344m

Topi la #105 Qz-Fspar GNEISS

plg+qz+hntnga+bi

granoblastic

1310m

4 Tanceme #101 Garnet iferous

Anorthosite

2615m

5 Llano de Busto

#102

Opx-Hnb

Anorthosite

1938m

6 Martinica #1 Anorthosite 3073m

7 Cacalicao #3001 Anorthosite 1314m

8 Chocoy #2 Amphibolite 1117m

San Marcos #1 Amphibolite 2887m

JO Cuartro Sitios #1 Metaquartzite 1792m

11 El Humo #1 Metaquartzite 2360m

12 Juana Ramirez #1 Gneiss 3011m

13 Pastoria #1 Gneiss 2341m

14

15

Tamalihuale #1 Gneiss

Corozal #1 Gneiss

2013m

2696m

bi = biotite; ga = garnet; hnb = hornblende; mag
= magnetite;

or = orthoclase; opx = orthopyroxene; pig = plagioclase; qz =

quartz.
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tabulates lithologic data.

At five well localities a late Precambrian age is

strongly suggested by the presence of garnet and

orthopyroxene in the metamorphic rocks. This could

indicate a granulite-grade metamorphism equivalent to

that of the Novillo Orthogneiss. The other lithologies

(amphibolite, metaquartzite and undifferentiated

gneisses) could be equivalent to the Novillo Paragneiss

or the Huiznopala Gneiss.

An isotopic K/Ar age of 193 3 m.y. was reported

for the gneissic rock encountered at the J. Ramirez #1

well, 70 km to the southeast of Poza Rica, Veracruz

(Lopez-Ramos, 1972, p. 284).

To date, there is no conclusive evidence for the

Precambrian age of rocks in the subsurface of this

domain. But is seems probable that the rocks mentioned

above are Precambrian and that they represent blocks

rifted a short distance from the early Paleozoic

continental margin of eastern Mexico.

7.3.1.2. Paleozoic Sedimentary Strata .

Approximately two hundred wells have been drilled

in the Gulf Coast Domain expecting to penetrate

Paleozoic sedimentary strata beneath the Mesozoic and

Tertiary, but only six wells shown in fig. 7.9 have



GULF COAST

SUBSURFACE UPPER PALEOZOIC SEDIMENTARY ROCKS LOCALITIES

( PEMEX WELLS )

KEY OF WELLS

1 Gonzalez # 101

2 Charcos # 1

3 Aldama #101

4 Zamorina # 1

5 Tepehuaje's # 1 & 2

figure 7
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definitively found such rocks.

The reported lithologies are argillite, black carbon

aceous shale, sandstone and conglomerate that are

intercalated with redbeds. Based on palynomorphs and

fusilinids, a Pensylvanian to Permian age has been

determined for these sediments. A column of more that

1300 m was penetrated at the Gonzales # 101 well.

The Tepehuaje's wells found these sediments having

abundant slickenside surfaces overlying low-grade

metamorphic schists.

According to Lopez-Ramos (1972) these findings

outline a Paleozoic sedimentary channel that cut almost

transversally the NW-trending granitic batholith of the

subsurface (see fig. 1.1). It should be pointed out that

these sediments have not been found overlying the

granitic batholith.

These sediments have been correlated with the

nearby Del Monte and Guacamaya Format ios that crop out

in the cores of the Huizachal-Peregrina and Huayacocotla

Anticlinoria. However, it is proposed here that these

sediments are more like those of the late orogenic

Moorehouse Formation described by Vernon (1971) ,
and

Woods and Addington (1973), for the subsurface of the

Texas-Louisiana-Arkansas border (cf. Texarkana platform

of Meyerhoff , 1973).
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7.3.3.3. Low Grade Metamorphic Complex.

The locations and names of the PEMEX wells that

have terminated in schist and/or metasediments in

the subsurface of the Gulf Coast Domain are shown in

figure 7.10.

Rocks of this complex in the Ojital #101 and Poza

Rica # 87 wells are described as composed of biotite-

quartz-chlorite-sodic plagioclase schist with minor

muscovite-sericite, magnetite and garnet (Quezadas-

Flores, 1961, p. 312). Flawn et al. (1961, p. 345)

described the metamorphic rocks of the Chapa # 101 well

as sericite-chlorite-graphite slate, metagraywacke, and

metasandstone . No petrographic studies have been

published for the rocks penetrated by the rest of the

wells. They are referred to only as schist, phyllite,

metagraywacke, or simply low-grade metasediments. There

is considerable inconsistency in the momenclature used

for describing the low-grade metamorphic rocks and the

late Paleozoic pelitic rocks (see Lopez-Ramos, 1972) .

Denison and others (1969) obtained a biotite-

muscovite K-Ar mineral age of 238 5 m.y. for the

micaschist of the Ojital # 101 well. Madrid-Solis

(1976) reported two K-Ar mineral ages of 204 4 and 173

3 m.y. for the rocks encountered at the Ocotillo # 1

and Salitre # 1 wells, respectively (fig. 7.12).
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Figure 7.10. Location map of subsurface low-

grade metamorphic rock localities (PEMEX

wells) in the Gulf Coast Domain.
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Lopez-Ramos (1972, p. 285) reported a K-Ar mineral age

of 210 6 m.y. for the micaschist of the Tepehuaje # 2

well. At this locality late Paleozoic sedimentary rocks

overlie the schist.

Lopez-Ramos (1972) reported that three wells

bottomed in serpentinized meta-arkoses (Chunca # 2,

Tlacolula # 101, and Muro Sur # 1 wells) . Quezadas-

Flores (1961) described a serpentinized conglomerate in

the Barcodon # 101 well. Pueblo Viejo # 1 well

encountered an altered gabbro (?) with a mineralogy

dominated by serpentinitic minerals (talc+serpentine+

chlorite =72% of the rock) .

It is believed that these low-grade metamorphic

rocks, and the serpentinized rocks mentioned above are

equivalent to the Granjeno Schist and are probably

representatives of an ancient Paleozoic ocean crust.

If this is the case then the isotopic dates mentioned

above are in disagreement with those reported for the

Granjeno Schist. The rifting-thermal event that preceded

the opening of the Gulf of Mexico may have disturbed

the isotopic systems of this subsurface complex.

7.3.1.4. Permo-Triassic Intrusive Rocks .

Within the Gulf Coast Domain 96 PEMEX wells have

penetrated medium- to fine-grained intrusive rocks
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of granodioritic-granitic (71 %) to quartz-dioritic

(29 %) composition (figs. 7.11 a & b and Table 7.2)

(Quezadas-Flores, 1961; Lopez-Ramos, 1972; Madrid-

Solis, 1976) . Such overwhelming data define a large

batholithic mass of regional dimensions. To date no

such extensive granitic bodies have been found in

the subsurface of the Gulf Coastal province of Texas

(Nicholas and Rozendal, 1975) .

The report of Quezada-Flores (1961) is the

only published paper that describes in some detail

the petrography of these intrusive rocks.

Samples that have hypidiomorphic fabric,

and cataclastic features are not uncommon. Average grain

size ranges between 0.2 and 3.0 mm, but in some samples

5 to 7 mm grain sizes were reported. Quartz has

undulose extinction. An30 is the average composition

of the plagioclase, which exhibits alteration to

sericite and calcite. Potassium feldspar is orthoclase,

but perthitic microcline is also reported. The most

common mafic minerals are biotite (5 to 15%) , hornblende

(3 to 5%) , opaques (up to 5 %) , and zircon in trace

amounts. Muscovite (up to 5%) is reported to occur in

one rock, and calcite as microveins.

The age of these intrusive rocks is pre-

Middle Jurassic, since Callovian redbeds of the
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Figure 7. 11. a Location map of subsurface Permo-

Triassic granite rock localities (PEMEX

wells) in the Gulf Coast Domain (south

part). See Table 7.2 for description.
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Figure 7.11.b Location map of subsurface Permo-Triassic

granite rock localities (PEMEX wells)

in the Gulf Coast Domain (North part) .

See Table 7.2 for description.
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TABLE 7.2

GULF COAST DOMAIN PERMO-TRIASSIC INTRUSIVE ROCKS

Isotopic
Map Age

Key # Well Name Lithology m.y. TD m. reference

1 Marquesote #1 granite 991 LR

2 Camotal #1 granite 472 LR

2 Camotal #2 granite 477 LR

3 Buenos Aires #1 granite 2403 LR

3 Buenos Aires #2 granite 2327 LR

4 Papaya #1-A alkali granite 3206 1764 LR

5 San Rafael #2A granite 1834 1732 LR

5 San Rafael #1 granite pegmatite 1685 LR

6 Cuestecitas #1 biotite granite 1984 LR

6 Cuestecitas #3 granite 1728 LR

7 Tulillo #150 cataclastic granite 2599 LR

8 Arenque #1 granite 3490 LR

8 Arenque #4 biotite granite 3469 LR

8 Arenque #5 granite 585 3437 LR

8 Arenque #6 granite 3574 LR

9 Pedemales #1 cataclastic granodiorite 1503 LR

9 Pedernales #2 cataclastic granodiorite 1561 LR

10 Paciencia #101 tonalite 212-5 1302 LR

10 Paciencia #102 tonalite 1674 1250 LR

11 Sta. Ines #3 diorite 1629 LR

12 La Llave #1 granite-granodiorite 1466 LR

12 La Llave #2 cataclastic tonalite 1670 LR

12 La Llave #3 cataclastic tonalite 1762 LR

12 La Llave #101 granodiorite 261-13 -1582bsl. CP

13 Aguada #11 gabbro 1529 LR

13 Aguada #14 granodiorite 1288 LR

13 Aguada #21 diorite 1159 LR

13 Aguada #101 granite 1413 Q-LR

14 San Antonio #101 granite-granodiorite 1580 LR

14 San Antonio #102 alkali granite 1783 LR

15 Cucharas #1 biotite tonalite 2589 LR

16 San Sebastian #101 granite 2978 LR

17 Otontepec #1 granite 1825 LR

17 Otontepec #3 granodiorite 1935
'

LR

18 La Lima #1 cataclastic granodiorite 2083 LR

19 Tancoban #1 tonalite 2452 LR

20 Placetas #1 hornblende tonalite 2538 LR

21 Sabana Grande #1 granite 2190 LR
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TABLE 7.2 cont'd

22 Santa Clara #102 tonalite 2424 LR

22 Santa Clara #103 tonalite 2908 LR

22 Santa Clara #101 cataclastic tonalite 2421 LR

23 Camaitlan #2 granite 2501 LR

24 Frijolillo #5 tonalite 2405 LR

25 Sal to #1 tonalite 2731 LR

26 Hallazgo #80 granodiorite 3190 LR

26 Hallazgo #101 granodiorite 3189 LR

27 Misantla #1 biotite granite 1751 LR

28 Arroyo Viejo #1 granite 2735 2653 LR

29 Barcodon #102 biotite granodiorite 2568 Q-LR

29 Barcodon #103 granite-granodiori te 1461 LR

30 Punta Jerez #1 granite 2110 LR

30 Punta Jerez #5 biotite granite 1834 1995 LR

31 Constituciones #189 granite LR

31 Constituciones #260 granite 1838 LR

31 Constituciones #264 granite 1850 LR

31 Constituciones #400A alkali granite 2007 LR

32 Empacadora #1 horn.biotite granodiorite 2278 LR

33 Loma del Pozo #104 tonalite-granite 1373 LR

34 Los Cues #101 granodiorite 1289 LR

34 Los Cues #102 granodiorite 2112 LR

35 Pithaya #101 tonalite 1759 LR

35 Pithaya #102 tonalite 1777 LR

36 Chaneque #1 tonalite

2348
M

37 Linares #1 granodiorite M

38 Trincheras #1 granite M

39 Benemerito #1 granite 1389 M

40 Barreta #2 granite
1445

M

41 Dos Rios #1 granite M

42 Perla #1 granite gneiss 20911
35860 D

n.a. Teran #1 granodiorite 1844 M

n.a. Bejuco #1 tonalite 1691

n.a. Cachimbas #1 alkali granite 1911

n.a. Champayan #1001 biotite tonalite 2229

n.a. Chavarria #1 cataclastic granite 2599

n.a. Chocoy #102A cataclastic granodiorite 965

n.a. La Palma #106 granite 1496

n.a. La Tota #1 horn, tonalite 26321 1907 CP LR

n.a. Moralillo #101 tonalite 1846 LR

n.a. Muleto #1 granite 1694 1096 LR

n.a. Pinonal #1 biotite tonalite 2957 2705 CP LR

n.a. Sabino Gordo #101 alkali granite 1631 LR

n.a. San Juan #101 granodiorite 1056 LR



233

TABLE 7.2 cont'd

n.a. Tamaulipas #130 granodiorite
n.a. Tordo #1 albite granite
n.a. Toteco #1001 tonalite

n.a. Viejo #1 granodiorite
n.a. Huil tepee #2 granite
n.a. Jalapa #1 granite
n.a. Muro #2 hornb. tonalite

n.a. Plan de las Hayas #1 horn, diorite

n.a. San Andres #254 granodiorite
n.a. San Andres #255 granodiorite
n.a. Sabaneta #2A horn, diorite

n.a. Chamal #1 granite

n.a. Guasima #1 granite
n.a. Jagueyes #101 granite

1890 LR

2589 LR

2405 LR

520 LR

3523 CP LR

1806 LR

2652 LR

2723 LR

3459 LR

3273 LR

1569 LR

1564 LR

1555 LR

69 wells on mapa

27 non-located wells

n.a. Location not-available

LR: Lopez-Ramos (1972)

CP: C. Pedrazzini (1980)

M: Madrid-Solis (1976)

D: Denison et al. (1969)

Q: Quezadas-Flores (1961)

TD: Total Depth in meters

bsl: below sea level



234

Cahuasas Formation are reported to unconformably overlie

them. However the most common overlying rocks are

shallow marine clastic-carbonate units of Oxfordian age.

Some areas have Neocomian carbonate rocks deposited

on top of these intrusives. Numerous wells have also

found residual-soil breccias, and conglomerates on top

of these intrusive rocks. These facts indicate that

several parts of the batholithic mass behaved as

islands during the Mid-Jurassic -early Cretaceous.

Moreover, these batholithic rocks were exposed to

erosion as horst blocks since early Triassic, because

Triassic redbeds of the Huizachal Formation have not

yet been found on top of them. Instead, the redbeds

always occur as thick accumulations on the flanks of the

batholithic rocks.

The enclosing rocks are unknown, because no

metamorphic contact features have been found before

reaching the intrusives. They may represent the eroded

magmatic roots of a late Paleozoic magmatic or island

are system that collided with the eastern margin of

Mexico (Ramirez-Ramirez, 1978, 1981).

The isotopic ages reported for these intrusive

rocks have been summarized in figure 7.12., after

Lopez-Ramos (1972), Denison et al. (1969), Madrid-

Solis (1976) ,
and Pedrazzini (1979) . With the exception
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Figure 7.12. Graphic distribution of isotopic ages

of subsurface crystalline rocks of the

Gulf Coast Domain. After Lopez-Ramos

(1972) ,
Denison et al. (1969) and

Madrid-Solis (1976) .
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of three dates obtained by Denison et al. (1969) ,

these dates are not accompanied by their pertinent

analytical data.

From the stratigraphic relationships mentioned

above, it is clear that the youngest three dates (58 to

144 m.y.) are anomalous, e.g. the extreme case is a 58

5 m.y. date for the granites encountered underneath

Oxfordian carbonate rocks at the off-shore Arenque # 5

well.

The cluster of dates about 200 25 m.y. may

represent an event of uplift and erosion, related to

the early stages of the rifting of the Gulf of Mexico

area and southward drifting of the Yucatan-Chiapas (Maya)

block.

The oldest dates ranging between 250 m.y. (late

Permian) and 350 m.y. (early
*

Carboniferous) are

interpreted as the true ages for the epoch of emplacement

of these plutonic rocks above a subduction zone, that

bordered the eastern margin of Mexico. There is

insufficient geochemical data to support this inter

pretation.

A geochemical and geochronological investigation

has this been published now by Jones and co-workers

(1984) of similar and correlative plutonic rocks that

crop out at the Potrero de la Mula in the Coahuila
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Domain, indicated a subduction related origin for those

plutonic rocks.

Based on gross compositional similarities and

isotopic dates, it is suggested here that these

plutonic rocks extended along the eastern continental

margin of Mexico during the late Paleozoic, from the

Coahuila Domain into the Gulf Coast Domain. Moreover,

the late Paleozoic plutonic rocks of the Chiapas Massif

of the Yucatan-Chiapas block may have been part of

this batholithic belt before it drifted southward to its

present position.

7.3.2. Yucatan-Chiapas (Maya) Domain.

This domain is formed by the Yucatan Peninsula

or more properly the Maya Block as defined by Dengo

(1969) . It lies north of the Polochic-Motagua fault

system, the present northern boundary of the Caribbean

plate. To the west, this domain is limited by the

western Isthmus of Tehuantepec gravity high, which could

be a better option for the location of a paleoshear

zone for the southward drifting of the Maya Block and the

opening of the Gulf of Mexico (Salvador and Green, 1981;

Salvador, 1987) . Gose and Sanchez-Barreda (1981) through

paleo-magnetic evidence have also inferred the existence

of a major tectonic discontinuity across the Isthmus of
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Tehuantepec. Offshore, this domain is delineated by the

Campeche and Eastern Yucatan Escarpments (Plate 4) .

The pre-Mesozoic rocks within this domain occur in

the Chiapas Massif of Mexico, the Poxtlac Uplift (Altos

Cuchumatanes) of northern Guatemala, the Maya Mountains

of Belize, and in a few subsurface localities in central

Yucatan and Belize where drilling has penetrated

crystalline rocks.

Dredge samples offshore along the Eastern Yucatan

Escarpment have also recovered pre-mesozoic metamorphic

rocks .

The basement framework of this domain is composed

of late Precambrian (?) gneisses and granites, Paleozoic

low-to medium- (?) grade metamorphic rocks,

Carboniferous-Permian sedimentary rocks, and late

Paleozoic intrusive (and extrusive) granitic rocks.

(see fig. 7.13 and 7.14 for isotopic ages in this

domain) .

7.3.2.1. Late Precambrian (?) metamorphic and

igneous rocks .

As mentioned earlier in section 7.1, the only

area east of the steep gravity gradient of eastern

Mexico in which possible late Precambrian rocks crop out

is the area of the Chiapas Massif. This is regarded
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Figure 7.13. Graphic distribution of isotopic ages

of crystalline rocks of the Chiapas

Massif. After Salas (1975) . Bold cross

indicate Pb-alpha ages obtained from

different size-fractions of zircons of the

same sample.
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Figure 7 . 14 . Graphic distribution of isotopic ages of

the Maya Mountains and Yucatan. After

Lopez-Ramos (1973) , Bateson and Hall

(1977), Vedder et al. (1973), and Pyle

et al. (1973) .
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as a great batholithic mass emplaced during the late

Paleozoic within a former fragment of Precambrian

continental crust (?) . Such a large intrusion possibly

has almost completely obliterated this crustal fragment

in such a way that only roof pendants of older

Precambrian rocks remain.

Weber and Ojeda (1957, p. 15) reported a series of

gneisses, schists, and granites from the Chiapas Massif.

According to them, quartz-feldspar biotite banded

gneisses are the dominant lithology, which they

considered as an orthogneiss. Minor bodies of graphic

migmatite, as well as garnet gneiss, and gneissic

pyroxenite, were also described. The granites are too

badly weathered for an adequate description; they are

composed of clay minerals (after feldspars) , decomposed

biotite, and quartz. Magnetite, rutile and zircon were

identified as accessory minerals.

Quartz-sericite schist, commonly having an augen

texture, and chlorite schist are the lithologies reported

for the schists. These rocks could be Paleozoic.

Pantoja-Alor and co-workers (in Lopez-Ramos, 1979)

obtained four lead-alpha zircon dates from rocks of the

basal complex. Two discordant dates of 780 80 and 390

40 m.y. were determined for the same sample of

the granodioritic gneiss (indicated with a cross in
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fig. 7.13). A date of 720 10 m.y. was obtained from a

pink gneissic granite, and 430 45 m.y. for a granite.

It is obvious that the Precambrian age of these

rocks should be substantiated wich more isotopic dating.

At present, along with these dates the gneissic fabric,

are the main criteria used by Pantoja-Alor and co

workers, Lopez -Ramos, and Weber and Ojeda, to suggest a

Precambrian age for the rocks in the Chiapas Massif.

7.3.2.2. Low to Medium (?) Grade Metamorphic Rocks .

Towards the northwestern end of the Chiapas Massif,

Weber and Ojeda (1957) described a series of

metasedimentary rocks. They were able to subdivide

them, from top to bottom as follows: (1) a thin- to

thick-bedded unit of recrystallized limestone (Balboa

Limestone) ; (2) a well foliated unit of gray, unctuos

phyllite with minor limestone and quartzite (Chimalapa

Phyllite) ; (3) a red unit of argil lite interbedded

wich quartzite, dolomitic limestone, and green lavas:

(Jalapa Argillite) ; (4) a white marble unit (Jalapa

Marble) ; (5) a unit of massive spotted quartzites with

a basal (?) conglomerate made of fragments of gneiss

and granite (Huilotepec Quartzite) .

Based on the stratigraphic relationships and

weak metamorphism Weber and Ojeda (1957) concluded that
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these rocks were younger that the assumed Precambrian

basal complex of the Chiapas Massif; they suggested an

early Paleozoic age for the matasediments
, because

they are intruded by the late Paleozoic granites of

the Chiapas Massif.

Fossiliferous, dark-colored, schistose shales and

phyllites of Jurassic age have been reported along the

trans-Isthumus of Tehuantepec highway by Lopez
-

Ramos (1979, p. 1590). Similar rocks crop out in the

Sierra de Juarez on the eastern side of the Oaxaca

Complex.

The core of the Poxlac Uplift consists of light-

colored feldspar-biotite gneiss, mica-schist, and minor

units of amphibolite, metachert, metaquartzite and meta-

conglomerate. In some places staurolite has been reported

in the metamorphic assemblages (Anderson et al. , 1973). A

sequence of slate and phyllite appears to overlie this

metamorphic core. This latter sequence is assumed to

be equivalent to the epimetamorphic lower Santa Rosa

Group of Carboniferous age, wich has a wide distribution

from southeastern Chiapas, Mexico, to the Maya Mountains

of Belize.

Subsurface occurrences of low-grade metamorphic

rocks have been reported from wells Yucatan #1 and #4

(PEMEX) , and in the Basil Jones #1 well in Belize (Plate
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4).

The Yucatan # 1 well drilled below Jurassic (?)

beds through a 19 m thick interval of rhyolite porphyry

intercalated within a series of crystalloblastic quartz-

chlorite schist (Lopez Ramos (1973). Pyle et al. (1973,

p. 343, fig. 3) mention a K-Ar date of 290 30 m.y.

for the schist of this well; Lopez-Ramos (1973) reported

two Rb-Sr dates of 410 m.y. and 330 m.y. for the

emplacement and later metamorphism of the porphyry,

respectively. Bass and Zartman (1969, p. 313) pointed

out the resemblance of this porphyry to the 300 m.y.-

old Bladen rhyolite pophyry lava intercalated within

Carboniferous-Permian sediments of the Santa Rosa Group

of the Maya Mountains.

The lithologies reported for the Yucatan # 4 and

Basil Jones #1 wells are weakly metamorphosed quartzite,

and schist, respectively (Lopez-Ramos, 1973, p. 43).

In addition, Vedder et al. (1973) and Pyle et al.

(1973) collected low-grade metamorphic rocks (dredge

haul samples) along the Eastern Yucatan Escarpment. K-Ar

dates reported for these rocks are about 65 to 90 m.y.

(fig. 7.14), similar to those obtained for the

metamorphic rocks that crop out in the Isla de Pinos,

Cuba.
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7.3.2.3. Permo-Carconiferous Sedimentary Strata .

Late Paleozoic sedimentary strata crop out on

the inland side of the Chiapas Massif, in the

Chicomuselo-La Concordia region of Mexico and extend

eastward into the northern part of Guatemala.

In Mexico, Hernandez-Garcia (1973) described a

section of more than 4000 m composed of dark-

colored slates with intercalations of metaquartzite,

phyllites, schist and conglomerate, that contains a

fossiliferous horizon of bryozooa, corals, pelecypods,

ammonites, and crinoids. He named these Mississippian

to early Pennsylvanian epimetamorphic rocks the lower

Santa Rosa Formation (or Aguacate Formation) . He

postulated a shallow-water, marine environment of

restriced circulation (presence of pyrite) for the

deposition of this formation.

The middle to late Pennsylvanian upper Santa

Rosa Formation, which overlies the lower Santa Rosa

Formation, consists of 1000 m of slightly calcareous

and arenaceous siltstones and slaty shales; coarse

grained bioclastic limestone occurs towards the top of

the section.

A Permian (Wolfcampian to Leonardian) section, 2500

m thick, of shallow water black shale and limestone

grading upward into massive carbonate rocks with minor
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intercalations of sandstone and shale makes up the

Grupera, Vainilla, and Paso Hondo Formations. A

characteristic fusulinid fauna very similar to those

found in Tamaulipas, Coahuila, and Texas was reported

by Thompson (1956) , Thompson and Miller (1944) ,

Mullerried et al. (1941), and Ross (1979).

In Guatemala, along the north side of the Chixoy-

Polochic fault system, strata equivalent to the

Carboniferous-Permian formations of Chiapas are grouped

into the Santa Rosa Group, that comprises the Chicol-

Sacapulas, Tactic, Esperanza, and Chochal formations.

Low-grade metamorphic slates and phyllites also occur

around the core of the Poxlac Uplift, and in the Maya

Mountains (Maya Series of Dixon, 1956) . These

epimetamorphic rocks have been interpreted as the lower

part of the Santa Rosa Group. The Esperanza Formation is

correlated with the Grupera Formation, and the Chochal

Limestone (shallow-water, backreef facies) with the

Vainilla and Paso Hondo formations of Chiapas. With the

exception of two outcrops of the Chochal Limestone near

Puerto Barrios, there are apparently are no Permian

formations south of the Chixoy-Polochic fault system.

7.3.2.4. Permo-Triassic Intrusive rocks .

The granitic-grandioritic rocks that make up much
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of the Chiapas Massif have not been studied in detail.

They are reported in the literature simply as late

Paleozoic intrusive rocks (e.g. Sanchez -Montes de Oca,

1979) based on the isotopic ages reported by Salas

(1975) . These ages are graphically recorded in figure

7.13, and clearly indicate Permo-Triassic intrusive

magmatism. Similar Triassic granitic rocks have been

reported by Kesler et al. (1974) and Bateson and

Hall (1977) from the Maya Mountains region intruding

the Macal-Maya lower Pennsylvanian to middle Permian

sedimentary rocks. The isotopic ages of these granitic

rocks reported by Bateson and Hall (1977) are represented

graphically in figure 7.14. The older and discordant

Rb-Sr dates of the Mountain Pine Ridge granite should

be clarified with further studies.

7.4. Correlation of pre-Mesozoic Basement Rocks .

7.4.1. Concluding Remarks on Precambrian Hiah-Grade

Metamorphic Rocks .

The Precambrian basement framework of eastern

Mexico is composed dominantly of a 1000 m.y. old

granulite terrane as indicated by the outcrops at

Victoria, Huiznopala, and Oaxaca. These outcrops are

aligned, forming an apparent N 20 W-trending belt
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(fig. 7.15). Foliation and fold-trends roughly

parallel the trend of the belt. The reported

anorthositic and pyroxene-garnet gneissic lithologies

in the subsurface between Tampico and Poza Rica

suggest the presence of a similar Precambrian basement

under the Gulf Coast Domain of eastern Mexico. Such

rocks seem to occur also in the Chiapas Massif province

of the Yucatan-Chiapas Domain. The extension of

Precambrian rocks into these two latter domains is

thought to be restricted to isolated continental

fragments that drifted a short distance from the early

Paleozoic cratonic margin of eastern Mexico leading

to the formation of a marginal ocean basin that was

closed during the late Paleozoic.

The apparent continuity of the belt between

Oaxaca and Huiznopala argues against any of the

proposed E-W trending magashears inferred to exist

beneath the Pliocene-Quaternary volcanic trend of the

Trans-Mexico Volcanic Belt (eg. Anderson and Schmidt,

1983) .

On the other hand, there are no Precambrian rocks

reported between the Victoria area and the areas of

Chihuahua - El Paso - Van Horn -

Llano, where Precambrian

rocks of similar age have markedly different lithologies

and deformational and metamorphic histories. This gap
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suggests the presence of a regional tectonic

discontinuity that can be best explained with the

proposed extension into northeastern Mexico of the

early Mesozoic Mohave-Sonora megashear (Anderson and

Schmidt, 1983) . The existence of such a megashear

in northern Mexico is required in most reconstructions

of the North American and South American plates during

late Paleozoic and early Mesozoic (e.g. Bullard et

al.
, 1965; Ladd 1976).

7.4.2 Paleozoic Low-Grade Metamorphic Rocks .

Generally, these rocks are thought to represent the

remnants of the equivalent Ouachita system, i.e. the

Huastecan Structural Belt that bordered the eastern

cratonic margin of Mexico during the Paleozoic.

Correlation in time and space is difficult because

of their complex tectonothermal histories and the

postulated strike-slip displacements that occurred in the

late Paleozoic to early Mesozoic (e.g. Cserna, 1976;

Anderson and Schmidt, 1983), disrupting the original

structural fabric of this low grade metamorphic belt.

The gap in data between the regions of Huizachal-

Peregrina (and adjacent areas) and the Sierra del

Carmen invite the inference of a large tectonic

discontinuity between these regions (fig. 7.16.).
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Based solely on the reported isotopic ages, the

outcrops of low-grade metamorphic schist of Victoria-

Aramberry-Miquihuana-Bustamante-Sierra del Carmen, and

the subsurface occurrences in well in the Gulf Coast

Domain can be grouped as forming a distinct low-grade

metamorphic province. The whole K-Ar and Rb-Sr isotopic

systems have remained closed since the late Paleozoic.

The same can be said for the limited subsurface schist

occurrences in the Yucatan Peninsula and in Belize.

Unlike the Acatlan Complex of southern Mexico,

which according to the isotopic ages obtained by Ruiz-

Castellanos (1979) bear the imprint of a Taconic-

equivalent orogenic event, there are no isotopic

indications of an earlier orogenic disturbance for the

low-grade metamorphic rocks of northern Mexico.

Nonetheless, there are striking similarities between the

Acatlan Complex and the Granjeno Schist, in particular

their ophiolitic assemblages. Their discordant, isotopic

ages, however, indicate markedly different tectonothermal

histories.

In southern Mexico, Ruiz-Castellanos (1979, p.

141) noted that the Acatlan-Oaxacan domain has strong

lithologic metamorphic, and isotopic age similarities

with the northern Appalachians, but with the

significant difference that in southern Mexico the
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Precambrian metamorphic province (i.e. the Oaxacan

complex) is to the east of the lower Paleozoic

metamorphic province (i.e. the Acatlan complex), whereas

in the northern Appalachians the reverse is true.

Therefore, he proposed that if the westward location

of the Acatlan complex was not the result of a large

westward tectonic transport (nappe) of the schist past

the Oaxacan complex, significant rotations would be

required in order to bring those geologic terranes

into parallel alignment with the regional distribution

of Precambrian and Paleozoic metamorphic provinces seen

elsewhere in the Appalachian system.

A similar problem arises for the location of the

Aramberri-Miquihuana-Bustamante exposures of schist west

of the Precambrian Novillo Gneiss of the Huizachal-

Peregrina area. Here, to invoke a westward tectonic

transport of the schist is necessary, because a tectonic

rotation of the whole region could not be supported

based simply on the regional distribution of geologic

terranes (e.g., the granitic batholithic mass of

subsurface to the east of Huizachal-Peregrina) .

Alternatively, if the westward location of the

Aramberri-Miquihuana-Bustamante schist exposures are

assumed to have remained in situ within the marginal

basin proposed previously in sections 6.3 and 6.4, then
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the Huizachal-Peregrina area must be located on the east

side of the proposed basin. It follows that the early

Paleozoic cratonic margin of eastern Mexico should be

located westward of the Aramberri-Miquihuana-Bustamante

areas, and not along the steep gravity gradient as

previously suggested in section 7.1.

7.4.3 Unmetamorphosed Paleozoic Sedimentary Strata .

Except for the areas of Placer de Guadalupe-Mina

Plomosas (Chihuahua) , Huizachal-Peregrian (Tamaulipas) ,

and Tinu-Yododene (Oaxaca) ,
there are no others outcrops

or reported localities of lower Paleozoic rocks in

eastern Mexico. The dominant Paleozoic sedimentary

strata reported to occur from Chihuahua to the Chiapas-

northern Guatemala-Belize region are Carboniferous-

Permian. Their distribution and broad interpretation

of sedimentary facies is shown in figure 7 . 17 .

From Victoria to Oaxaca occurrences of Paleozoic

unmetamorphic rocks seem to form a narrow belt of flysch

bordered on both (?) sides by areas of deposition of

continental to littoral, shallow-water rocks. Again, the

apparent continuity of this narrow sedimentary belt

argues against the proposed megashear along the

Trans-Mexico Volcanic Belt.
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On the other hand, the isolated outcrop of

Carboniferous-Permian flysch of the Las Delicias-

Acatica area within the "late Jurassic Coahuila Island"

seems to be displaced to the east with respect to

exposures of equivalent flysch along the northern margin

of the island in the Sierra del Cuervo - i.e. the

Sierra Mojada-China lineament of Padilla y Sanchez

(1982) . The same seems to be the case along the southern

margin of the island, i.e. the Torreon-Saltillo lineament

s.s.
, displaces towards the east the flysch that extends

southward of the Victoria area.

The Carboniferous-Permian sedimentary strata of

Chiapas, northern Guatemala, and Belize are more

difficult to fit in the above scheme of correlation, but

according to the proposed late Paleozoic predrift

reconstructions for the Gulf region, and the plate

tectonic scenario discussed previously in section 6.4,

these rocks must have been deposited towards the

southeast relative to the present position in the

Huizachal-Peregrina Anticlinorium. This seems to be

indicated also by the strong lithologic and isotopic age

similarities between the batholithic mass of the

subsurface of the Gulf Coast Domain and the late

Paleozoic granitic rocks of the Chiapas Massif, which

are interpreted to have formed a continuous batholithic
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belt from Coahuila through Chiapas along the eastern

margin of Mexico (see sections 7.2.1.3.; 7.3.1.4.;

7.2.2.4.) .

The paleomagnetic data gathered by Gose and

Sanchez-Barreda (1981) for the Paso Hondo and Grupera

Formations of the Chicomuselo area of Chiapas indicate

that the Yucatan-Chiapas domain was closer to stable

North America during the Permian that it is today, which

supports the proposed southward drifting of the Yucatan

block in order to provide space for the opening of the

Gulf of Mexico basin during the Late Jurassic.



8. PRE-MESOZOIC TECTONIC EVOLUTION OF EASTERN MEXICO.

The following conslusions are based on the geologic

study of the pre-Mesozoic terranes of the Huizachal-

Peregrina area in northeastern Mexico, and analysis of

surface and subsurface data on the widely spaced and

limited occurrence of equivalent rock units along the

eastern margin of Mexico.

The pre-Mesozoic basement framework of eastern

Mexico is composed of:

-A late Precambrian high-grade granulite

terrane remarkably similar in composition,

appearance, metamorphic grade and age to rocks of

the Grenville Province, especially in the

Adirondacks .

-A mid-Paleozoic low-grade metamorphic complex

of volcano-sedimentary origin with ophiolitic

assemblages, that resembles rocks of the Ouachita-

Appalachian inner zones.

-Paleozoic sedimentary rocks predominantly of

Carboniferous-Permian age, are very similar in

some localities to the rocks of the Ouachita frontal

zone exposed in the Marathon region of Texas.

-An extensive terrane of Permo-Triassic granitic

261
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intrusive rocks, which occur mainly in the

subsurface of the Gulf Coastal Plain of Mexico, but

not known in the inner zone of the Ouachita System.

These terranes belong to two ancient superposed

orogenic systems: the late Precambrian Oaxacan

(Grenville) and the Paleozoic Huastecan (Ouachita-

Appalachian) structural belts. By analogy with the

eastern margin of North America, it is believed that

these Mexican orogenic systems were superposed in a

parallel manner, related to the closure of earlier proto-

Atlantic oceans.

The late Precambrian high-grade granulite terrane

of the Oaxacan Structural Belt is composed of two

originally different rock sequences: An older

paragneissic sequence intruded by a younger lOOO-m.y.-old

anorthosite sequence. The textures and mineral

assemblages of this younger sequence indicate that it

crystallized under high load pressure (8 Kb) typical

of the lower crust. The anorthosite intrusive event was

coeval with the granulite metamorphism of the Grenville

Orogeny s.s. Thus it is believed that the paragneissic

sequence constitutes an older (1500 m.y. old) crystalline

basement reworked by the 1000 m.y. old Grenville Orogeny.

Today, it is generally interpreted that the Grenville

Orogeny was caused by the continental collision of a



263

former Gondwanaland with North America.

In spite of the limited Precambrian outcrops in

eastern Mexico, their apparent NW-trending geographic

distribution, which roughly parallels the structural

fabric documented on each of the outcrop areas, suggests

that the Victoria-Oaxaca portion of the Oaxacan

Structural Belt is not disrupted across the Trans-

Mexican Volcanic Belt as proposed by several authors

(Cserna, 1971b, 1976a; Anderson and Schmidt, 1983) .

On the other hand, the age-equivalent localities of

Chihuahua, El Paso, Van Horn, and Llano bear significant

differences in lithology, structure, and grade of

metamorphism as compared with the Grenville- looking

Novillo complex of the Huizachal-Peregrina area. The

lithology and metamorphic grade differences could

probably be explained as simple consequence of the

level of erosion (c f. Garrison and Ramirez-Ramirez,

1978) . According to Garrison (1979) the present level

of erosion along the main Grenville belt in Canada,

United States, and Mexico represent the removal of at

least 25 km of material, whereas in the Llano Uplift

only 12 - 15 km of material has been removed.

Nonetheless, the pervasive NW- trending structural

grain, i.e. folds and foliation, of the Oaxacan

structural belt from Victoria to Oaxaca, when compared
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to the NE-trending belt distribution of Precambrian

terranes in the United States invite the preposal of a

large left-lateral disruption across northern Mexico.

To date, this zone of left-lateral disruption has

been documented mainly through U-Pb dating of the older

juxtaposed Precambrian (1.8 and 1.6 b.y. old) terranes of

Sonora in northwestern Mexico by Silver and Anderson

(1974) and Anderson and Silver (1979), and named the

Mohave-Sonora Megashear by these authors. Displacements

of 700 to 800 km have been suggested to have occurred

during the mid-Jurassic. The proposal to extend such

megashear across northeastern Mexico by Anderson and

Schmidt (1983) remains a problem of location which

requires further study.

The low-grade metamorphic complex, the

unmetamorphosed Carboniferous-Permian sedimentary rocks,

and the intrusive granitic terranes, belong to the

Paleozoic Huastecan Structural Belt. Southward of

the Huizachal-Peregrina area, the actual geographic

distribution of outcrops of these terranes (and assuming

a closed Gulf of Mexico occupied by the Yucatan block) ,

suggest that they form a NNW-trending arrangement of

parallel belts as depicted in figure 8.1.

The low-grade metamorphic complex, the Granjeno

Schist, is composed of rocks of volcano-sedimentary
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Figure 8.1. Interpreted reconstruction of the

Paleozoic structural belt.

1. Granite batholith of the Gulf Coast

subsurface .

2. Chiapas Massif.

3. Chicomuselo - La Concordia region, SE

Chiapas .

4. Maya Mountains.

5. Yucatan PEMEX wells region.
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origin that accumulated during the early Paleozoic on

top of the floor of a marginal ocean basin. This

sequence experienced a complex history of deformation and

metamorphism as it was subducted towards the east,

which culminated approximately 330 m.y. ago.

The onset of the orogenic flysch sedimentation of

Carboniferous-Permian age, is interpreted to have

occurred in a narrow trough at that time when the

marginal basin became closed by an arc-continent

collision. The granitic rock terrane of the subsurface

of the Gulf Coastal Plain represents the magmatic roots

of the volcanic arc. The characteristic Permo-

Triassic isotopic ages determined from this granitic

terrane are interpreted as the time when these

plutonic rocks became cooled enough for the closure of

their K-Ar isotopic systems.

By analogy with the generally NE-trending

Appalachian-Ouachita system, at least until the late

Paleozoic (?) ,
the original structural trends of the

Huastecan structural belt extended towards the

southwest relative to present day stable North America,

as happened at an earlier time with the Oaxacan

Structural belt.

The pre-Mesozoic rock localities, from Huizachal-

Peregrina to Oaxaca, regardless of their ages, have a
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pervasive NW-trending structural grain, i.e. folds and

foliation. Based on paleomagnetic studies, it seems

that Mexico has acted as a rigid unit since the Late

Jurassic (Guerrero, 1975; Gose et al. , 1982). It follows,

therefore, that sometime during the late Permian to

middle Jurassic the original NE-SW structural trends

of the Oaxacan and Huastecan structural belts, south

of the Huizachal-Peregrina area, must have been disrupted

and rotated by up to 90 (geometric estimate) during a

counter-clockwise rotation and translation in order to

explain the actual pervasive NW-SE structural grain seen

in the pre-Mesozoic rock exposures from Tamaulipas to

Oaxaca .

This empirical analysis is in agreement with

the paleomagnetic data gathered by Belcher (1979) and

Gose et al. (1982) from the Triassic-Jurassic redbeds

that crop out at the Huizachal-Peregrina and adjacent

areas. They suggested that during the Early Triassic

Mexico (or at least the sampled regions) was located at

an equatorial latitude and that it rotated 120 to 130

counter-clockwise relative to stable North America.

Gose et al. (1982) concluded that a large NW-trending

left-lateral tectonic discontinuity must be located in

northern Mexico between the sampled region and the

southern margin of stable North-America
, cf . the Texas
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Lineament .

Several left-lateral megashears and/or

lineaments have been interpreted to be present in Mexico

(fig. 8.2). In addition to the proposed extension

of the Mohave-Sonora megashear (Anderson and Schmidt,

1983), the Torreon-Saltillo (or Torreon-Monterrey)

megashear, the Sierra Mojada-China, and the Boquillas

lineaments coincide with the margins of Late Jurassic

paleogeographic positive elements, i.e. the southern

and northern margin of the Coahuila Island, and the

SW border of the El Burro Peninsula. According to

Cserna (1971 a) a 400 km left-lateral displacement

occurred along the Torreon-Monterrey megashear during

the early Mesozoic. McKee, et al. (1984) have

studied in detail a portion of the San Marcos Fault

(Sierra Mojada-China Lineament) but only found

evidence for dip-slip displacement. No detailed studies

have been done along the Boquillas lineament.

It is also important to point out the close

relation between paleogeographic margins and the

lineaments in order to search for additional evidence

of relative displacements among minor crustal blocks.

Based on the correlation analysis of pre-Mesozoic

rocks presented in section 7.4, the existence of a

tectonic discontinuity and/or discontinuities in northern
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Figure 8.2. PROPOSED MEGASHEARS, LINEAMENTS AND

FRACTURE ZONES IN MEXICO

CZ3 CZ3 CZZl tZ3 Trend of gravity maximums

1 Texas Lineament; Muehlberger, 1965.

la Carta Valley Fault; Webster, 1980.

lb Unamed Fault; Baker, 1971.

2 Mohave-Sonora Megashear; Silver and Anderson, 1974;
Anderson and Schmidt, 1983.

3 Unamed Fracture; Mullan, 1978.

4 Torreon-Saltillo (or Torreon-Monterrey) Fracture;
Woollard and Monges-Caldera, 1956;

Murray, 1956, 1961; Cserna, 1971a.

5 Zacateca Fracture Zone; Murray, 1961, Cserna 1976a;
offshore segment; Bryant et al. 1968.

6 Trans-Mexican Volcanic Belt Fracture; Gastil and

Jensky, 1973; Salas, 1977.

7 Trans-Mexican Volcanic Belt Megashear; Anderson and

Schmidt, 1983.

8 Chilpancingo Fracture or Megashear; Woollard et al.
,

1969; Ortega-Gutierrez, 1981b.

9 Unamed Megashear; Ortega-Gutierrez, 1978; 1981b.

10 Salina Cruz Fracture; Viniegra-O. , 1971.

11 Polochic-Motagua Fault System.
12 Sierra Mojada-China (San Marcos fault) Lineament;

Padilla y Sanchez, 1982; McKee et al.
,
1984.

13 Boquillas Lineament; Padilla y Sanchez, 1982.
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Mexico are also indicated. The existence of the

Zacatecas fracture zone, and the Trans-Mexico Volcanic

Belt megashear seems not to be supported by the

apparent continuity of the Pre-Cambrian and Paleozoic

belts from Ciudad Victoria to Oaxaca.

Finally, it should be emphasized that more

detailed studies of structural geology, stratigraphy, and

especially of paleomagnetism are needed in order to

understand the pre-Mesozoic tectonic evolution of the

eastern margin Mexico and the northern part of Nuclear

Central America. It is also necessary to document

more precisely the evidence that seems to indicate that

the actual configuration of Mexico and Nuclear Central

America was the result of an aggregation of several

micro-plates or blocks of continental crust that are

bounded to each other along some of the proposed large

tectonic discontinuities depicted in figure 8.2. Helwig

(1975) envisioned that the actual distribution of

continental and oceanic crust of the Indonesian region

in SE Asia constitutes a good example for comparison

with the southern part of the North American plate during

the Paleozoic.
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