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RESUMEN 
·La evoluci6n tectonoestratigrafica del margen sur de Ia placa Notteamericana en Mexico es materia de debate. Los 

escenarios recientemente propuestos muestran Ia acreci6n de terrenos ocearucos durante el Campaniano-Eoceno. Aqu£ pre
sentamos nuevos resultados del mapeo a escala 1:100,000 de un transecto de 30 x 250 km en el norte del Estado de 
Guerrero, de Huetamo, Michoacan a Papalutla, Guerrero. Nuestro objetivo al mapear esta regi6n fue caracterizar los lfmites 
de terrenos que han sido propuestos a lo largo, de este transecto y el anaJ.isis de su evoluci6n tectonoestratigrafica. 

Nuestro mapa, secci6n estructural y anaJ.isis de Ia secci6n estratigrafica de 9 km de espesor, son consistentes con in
formaci6n regional. En el area mapeada se desarroll6 una cuenca Jurasica-Cretacica temprana (de retro-arco?) en Ia cual se 
depositaron rocas volcarucas submarinas predominantemente andesfticas y sedimentarias, sobre un basamento continental 
Permico tardfo-Triasico temprano. Una transgresi6n Aptiana/Albiana propici6 el dep6sito de una plataforma carbonatada 
Cretacica media y facies de cuenca en el margen occidental del ambito Tetisiano. Esta plataforma fue ahogada porIa sedi
mentaci6n de un flysch Cretacico tardfo. La orogenia Laramfdica de edad Cretacico tardfo-Paleogeno result6 en un acorta
miento de aproximadamente 60 km debido al plegamiento y cabalgamiento con direcci6n ENE. La extensi6n Terciaria 
post-orogenica dio paso a un volcanismo terrestre, sedimentaci6n fluvial siliciclastica y a Ia formaci6n de un graben con 
direcci6n norte y con un relieve estructural de 3 km. · 

Se han propuesto tres diferentes versiones del lfmite de los terrenos Guerrero-Mixteca y del lfmite del subterreno 
Arcelia-Teloloapan que se ubican en Ia regi6n cubierta por nuestro transecto. No hemos encontrado incompatibilidades es
tratigraficas o estructurales que requieran Ia existencia de ninguno de estos !Unites. Por lo tanto, estos terrenos y subterre
nos deberlan de ser eliminados en el area que hemos mapeado. 

P ALABRAS CLAVE: Terrenos, norte del estado de Guerrero, mapeo geol6gico, estratigraffa, estructura, sur de Mexico. 

ABSTRACT 
The tectonostratigraphic evolution of the southern margin of the North America Plate in Mexico is still in debate. 

Recent explanations assert Laramide age (Campanian-Eocene) accretion of oceanic terranes. Here we report new mapping 
results obtained from a 1:100,000 scale, 30 km x 250 km transect of northern Guerrero State, from Huetamo, Michoacan, 
to Papalutla, Guerrero. Our mapping objectives were to characterize terrane boundaries that have been proposed to cross 
the transect and to assess the tectonostratigraphic evolution of the transect. 
_ Our map, structural cross section and assessment of the 9 km thick stratigraphic section are consistent with regional 
information. The area that we mapped was the site of a Jurassic-Early Cretaceous (back-arc?) basin, filled with predomi
nantly andesitic, submarine volcanics and sedimentary rocks, that formed on Late Permian-Early Triassic continental 
basement. Aptian/Albian transgression resulted in deposition of mid-Cretaceous carbonate platform and basinal facies on 
the western margin of the Tethys realm. The platform was drowned by Late Cretaceous flysch sedimentation. Late 
Cretaceous-Paleogene, Laramide age orogenesis resulted in approximately 60 km of shortening due to ENE directed folding 
and thrust faulting. Tertiary postorogenic extension led to terrestrial volcanism, fluvial siliciclastic sedimentation, and 
formation of a prominent, N -trending graben with 3 km of structural relief. 

Three different versions of the Guerrero-Mixteca terrane boundary and the Arcelia-Teloloapan subterrane boundary 
have been proposed to cross our transect. We found no stratigraphic incompatibilities or structures that require the exis
tence of any of these boundaries. Therefore, these terranes and subterranes should be deleted in the area that we mapped. 

KEY WORDS: Terranes, northern Guerrero State, geologic mapping, stratigraphy, structure, southern Mexico. 

INTRODUCTION 

The southern Mexico problem 

In the first modem plate reconstruction of Pangea, 
Bullard et al. (1965) considered southern Mexico an anoma
ly because of the apparent overlap of Mexico and South 
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America. Attempts to explain this overlap led to numerous 
ad hoc hypotheses, including: (1) "arbitrary rotation" (e.g. 
Dietz and Holden, 1970, p. 4944) of most of southern 
Mexico into the Gulf of Mexico or elsewhere prior to 
Jurassic time; and (2) the proposition that "megashears" 
isolated most of Mexico from the rest of North America 
during various stages of the evolution of the Caribbean, 
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eastern Pacific and North America plates (e.g., Coney, 
1978; Silver and Anderson, 1983; Burke, 1988; Gastil, 
1991). Campa and Coney (1983) added the suspect terrane 
hypothesis (Figure 1A); which itself has been subjected to 
numerous revisions (cf. Sedlock et al., 1993) (Figure 1B). 
According to Campa and Coney (1983), the terranes of 
southern and western Mexico are exotic crustal blocks of 
uncertain paleogeographic origin, that were accreted to the 
North America Plate in Campanian-Eocene time, durin~ 
the Laramide Orogeny. But structural measurements re
ported by Ratschbacher et al. (1991) and Meschede et al. 
(1996) show that the terranes of southern Mexico form tec
tonic elements integral to the mid-Cretaceous-Cenozoic 
evolution of the southern North America Plate. These re
sults are consistent with Ross and Scotese's (1988) plate 
reconstructions that show no overlap problem and no ter
rane accretion in southern Mexico since Early Cretaceous 
time. Thus, the Mesozoic tectonostratigraphic evolution of 
the southwestern margin of the North America Plate in 
Mexico is still in debate. 

Purpose 

In 1989, we began an effort to bring new data to this 
debate through 1:100,000 scale geological mapping along 
a transect in northern Guerrero State, southwestern Mexico 
(Figures 1 and 2). Monod et al. (1994) suggested that this 
type of basic geological mapping is critically needed for de
termining the tectonostratigraphic evolution of southern 
Mexico. Here we 1) review the geological framework of 
southern Mexico as it relates to our transect, and 2) sum
marize our mapping results which led to our main conclu
sion: there are no stratigraphic or structural incompatibili
ties that require the existence of accreted terranes along our 
transect. 

Our mapping started as a feasibility study to test the 
applicability of methods for basin analysis aided by remote 
sensing developed in Wyoming (Lang eta/., 1987 and 
Lang and Paylor, 1994) to the less well known southern 
Mexico region. Success of the feasibility study (e.g., 
Barros et al., 1989; Johnson eta/., 1991; Jansma et al., 
1291; Johnson et al., 1992) led to a major field mapping 
effort that incorporated use of Landsat Thematic Mapper 
data (Lang and Cabral-Cano, 1993). The objective was to 
characterize proposed terrane boundaries and assess the 
tectonostratigraphic evolution of a region covered by a 30 
km X 250 km geological transect of northern Guerrero 
State (Figure 2 and. Figure 3). 

RESULTS 

Geological framework 

The line of transect was selected to cross the Guerrero
Mixteca terrane boundary as defined by Campa and Coney 
(1983) (Figure 1). Running from Huetamo, Michoacan, to 
Papalutla, Guerrero, the transect traverses northern Guerre
ro State south of the Mexican Volcanic Belt, an east-west 
trending belt of Neogene-Holocene, terrestrial volcanic 
rocks that form a topographic plateau across central 
Mexico. 
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Our assessment of published descriptions of the re
gional geological framework for this part of Mexico 
(Figure 2) shows that: 

(1) Grenville-age (1100 Ma), anorthosite and gneiss, conti
nental basement is exposed in a belt from north of 
Puerto Angel to west of Oaxaca and northward in iso
lated exposures to southeast of Xilitla, cropping out 
beneat!t volcanics of the Mexican Volcanic Belt 
(Herrmann et al., 1994; Ortega-Gutierrez, 1981; 
Ortega-Gutierrez eta/., 1992, and 1995; Suter, 1987). 
Ortega-Gutierrez (1978) discovered early to middle 
Paleozoic crystalline basement near Acatlan which he 
assigned to the Acatlan Complex (Ortega-Gutierrez, 
1981; Yafiez et al., 1991). 

(2) These crystalline basement rocks are overlain by Paleo
zoic to Early Cretaceous rocks that include low grade 
metamorphics as well as unmetamorphosed continental 
and marine strata (Herrmann et al., 1994; Yanez eta/., 
1991; Ortega-Gutierrez eta/., 1992); ' 

(3) The region was blanketed by mid-Cretaceous (late 
Aptian and younger) marine carbonates, now exposed 
as erosional remnants of rudist reef, bank, platform and 
basin deposits, that formed the western margin of the 
Tethys realm (Alencaster, 1984; Jenkyns, 1991; Enos, 
1983). These primarily Albian strata provide an impor
tant lithostratigraphic marker; 

(4) During Late Cretaceous through Eocene time, east-west 
shortening resulted in fold and thrust deformation in 
the Sierra Madre Oriental (Figure 1) that was kinemat
ically and temporally similar to Sevier/ Laramide-style 
orogenesis in the U.S. Cordillera to the north (Suter, 
1984 and 1987; Enos, 1983). The Sierra Madre Orien
tal fold and thrust belt extends into southern Mexico 
(Campa, 1985) where it has been related to the east
ward drift of the Chortis block along the Pacific mar
gin of Mexico (Herrmann et a/., 1994; Meschede et 
al., 1996; Ratschbacher eta/., 1991); 

(5) Tertiary rocks are primarily terrestrial clastics, volcani
clastics and volcanics, except for a belt of marine clas
tics along the Gulf coast margin and one remnant on 
the Pacific margin near Playa Azul (Ortega-Gutierrez et 
al., 1992; Henry and Aranda-G6mez, 1992); 

(6) Cretaceous to Paleogene granitic batholiths intrude 
older rocks in a belt along the Pacific coastal margin 
(Herrmann et al., 1994; Ortega-Gutierrez eta/., 1992; 
Schaaf, 1991; Schaaf eta/., 1996; Monin-Zenteno, 
1992); 

(7) The youngest structures are primarily extensional and 
include ubiquitous Tertiary-Holocene normal faults and 
grabens, which are best documented north of the Mexi
can Volcanic Belt (Meschede eta/., 1996; Ortega-Gu
tierrez eta/., 1992; Henry and Aranda-G6mez, 1992); 

(8) No Mesozoic melange, blueschist or ophiolite sequence 
has been confirmed anywhere in the region covered by 
Figure 2, although Mesozoic marine volcanics 
(primarily pillow andesites and rare basalts) in the area 
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Fig. 1. Comparison of two different terrane interpretations of central and southern Mexico, after: A. the map of "suspect" terranes 
by Campa and Coney (1983), and B. the map of "tectonostratigraphic" terranes by Sedlock et al. (1993). The Sierra Madre (A) and 
Guachichi (B) terranes coincide with the Laramide age Sierra Madre Oriental fold and thrust belt. Also identified are: the trace of the 
Acapulco-Mid America trench (bold line with teeth) which marks the southern edge of the North America plate; the areas covered by 
the Ciudad Altamirano (west rectangle, INEGI, 1985a) and Cuemavaca (east rectangle, INEGI, 1985b) 1:250,000 scale geologic 

map sheets (18-l9°N; 98-102°W); and the line of transect mapped in this study. 
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that we mapped have been considered "ophiolite se
quences" despite the lack of the other diagnostic 
lithologies such as serpentinized ultramafic rocks, cu
mulate ultramafic or gabbroic rocks, or sheeted diabase 
dikes (e.g., Centeno-Garda et al., 1993a; and Talavera
Mendoza et al., 1995). 

Paleomagnetic data show that the region has main
tained its present relative position with respect to the rest 
of North America and has not experienced major internal 
latitudinal displacements since at least Early Cretaceous 
time (Guerrero et al., 1990; BOhnel et al., 1989; and 
BOhnel and Negendank, 1988). Lack of published borehole 
or seismic .reflection data south of the Mexican Volcanic 
Belt has hindered determination of deep crustal structure, 
but gravity modelling shows that the crust is approxi
mately 40 km thick with a density structure consistent 
with continental affinity (Garcia-Perez, 1995; Urrutia
Fucugauchi and Molina, 1992; and Arzate et al., 1993). 

Stratigraphy 

As depicted on Figures 3 and 4, our mapping fits well 
with the regional geology described above. Along the tran
sect, the total exposed section is approximately 9 km 
thick. We followed standard lithostratigraphic procedures 
(North American Commission on Stratigraphic Nomencla
ture, 1983) and assigned strata to formations using the 
lithostratigraphic nomenclature ofPantoja-Alor (1959) and 
Fries (1960), with revisions suggested by Ontiveros-Taran
go (1973). In Johnson et al. (1991), Jansma et al. (1991), 
Jansma and Lang (1996), Cabral-Cano (1995), and Barros 
(1995) we provided detailed discussion of these units and 
their ages. Here we summarize that information. 

The two lowest lithostratigraphic units (Figure 4) form 
a predominantly chlorite grade metamorphic sequence com
posed of: (1) the Taxco Schist Formation, which contains 
pre-Jurassic(?) phyllitic metapelites and metatuffs, overlain 
unconformably by (2) the Roca Verde Taxco Viejo Forma
tion and equivalents, which contain Jurassic-Early Creta
ceous graywackes, metandesites and rare metabasalts of ma
rin<i_ (pillows) and terrestrial (breccias and agglomerates) 
origin, phyllites and interbedded cherts, and graded sand
stones/conglomerates of probable marine turbidite origin. 
The base of the Taxco Schist is not exposed along our tra
verse, but according to Elias-Herrera and Sanchez-Zavala 
(1990) this unit is approximately 1.5 km thick near 
Zacazonapan (Figure 2), where it rests unconformably on 
granitic basement of continental affmity, which they con
sider Late Permian-Early Triassic age. 

The metamorphic sequence is overlain unconformably 
by the Morelos Formation and equivalent strata: primarily 
Albian, massive- to medium-bedded rudist limestones and 
dolostones of reef, platform, bank and backreef origin that 
grade into thin-bedded, carbonaceous limestones, shales (lo
cally phyllitic), and chert of basin origin. The Late Creta
ceous marine shales and sandstones of the Mexcala Forma
tion constitute a flysch sequence in conformable, but sharp, 
contact with Morelos strata. In the eastern area of the tran
sect (F, Figure 4), a large body of Maastrichtian sandstone 
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and conglomerate of paralic, deltaic, and fluvial origin 
exists within the Mexcala Formation (Tilton et al., 1993). 

The Cretaceous marine sequence is covered uncon
formably by Paleogene and younger terrestrial rocks. At 
the base of this cover are well-indurated, red fluvial con
glomerates and sandstones and volcaniclastic sandstones/ 
siltstones assigned to the Balsas Formation. These rocks 
are overlain unconformably by undifferentiated tuffs, flows, 
pyroclastic rocks and associated dikes, plugs and larger hy
pabyssal bodies. These volcanic rocks exhibit variable, but 
predominantly rhyolitic, compositions. Poorly-indurated, 
fluvial volcaniclastic sandstones and conglomerates are in
terbedded with the volcanics locally. Gypsiferous beds also 
occur in the Tertiary sequence. 

Structure 

Foid axes and faults generally strike NW -SE, ranging 
through N-S to NE-SW. Deformation of lower Balsas and 
older strata resulted in an east-verging fold and thrust belt 
with predominantly west-dipping thrust faults as well as 
local east-dipping backthrusts and lateral ramps such as 
those west of Iguala and at Papalutla (Figure 3A). Based on 
slip-line measurements at outcrops, we determined an aver
age transport direction to the ENE (Cabral-Cano,1995; 
Barros, 1995; Johnson, 1990) which is consistent with the 
overall map pattern of folds and thrust faults (Figure 3). 
Bed length restoration and area balancing of the Figure 3b 
cross section reveals E-W shortening of approximately 60 
km, or about 20-25%, due to folding and thrust faulting. 
The direction and magnitude of shortening are nearly iden
tical to those reported by Suter (1987) to the north in the 
Xilitla region of the Sierra Madre Oriental (Figure 2), and 
to the west, south and east by Ratschbacher et al. (1991) 
and Meschede et al. (1996). 

Along the transect, fold and thrust belt structures are 
unconformably covered by the less-deformed upper Balsas 
volcaniclastic and undifferentiated volcanic rocks. Hy
pabyssal bodies, apparently related to the volcanics, intrude 
all older strata. Ubiquitous normal faults cut the entire 
stratigraphic sequence. A prominent NNW striking graben 
that we discovered between Ciudad Altamirano and Arcelia 
records E-W extension associated with the normal faulting 
(Jansma and Lang, 1996). We estimate post-Morelos 
subsidence associated with this graben to be approximately 
3 km. 

As suggested by Campa (1985), we consider the fold 
and thrust structures to be a southern arm of the well-doc
umented Laramide belt of the Sierra Madre Oriental. Subse
quent extensional structures exhibit similar geometry to 
basin and range structures that affected much of western 
Mexico and the US southwest since Neogene time (Suter, 
1991; Henry and Aranda-G6mez, 1992) (Figure 2). 

DISCUSSION 

Our nmpping crosses four proposed terrane boundaries 
(Figures 3B and 4). From west to east, as numbered on 
Figure 3B, these are: (1) the Arcelia/Teloloapan subterrane 
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boundary of Campa et al. (1981), Centeno-Garcia et al. 
(1993a and 1993b) and Talavera-Mendoza et al. (1995); and 
three different versions of the Guerrero-Mixteca terrane 
boundary or its equivalent proposed by: (2) Centeno-Garda 
et al. (1993a and 1993b) and Talavera-Mendoza et al. 
(1995); (3) Campa et al. (1981) and Campa and Coney 
(1983) (Figure 1A), and (4) Sedlock et al. (1993) (Figure 
1B). According to the accepted definition, these terranes 
should be "fault-bounded package[s] of rocks of regional 
extent characterized by a geologic history which differs 
from that of neighboring terranes" (Howell et al., 1985, p. 
4). Our mapping shows that the proposed terrane bound
aries within our transect (Figures 1 and 3B) coincide with 
normal faults. normal stratigraphic contacts, or thrust 
faults. Furthermore, we fmd no stratigraphic incompatabil
ities that suggest juxtaposition of terranes across ~Y of 
the boundaries (Figure 3B and 4). Interpretation of our 
stratigraphic and structural results provides a coherent pic
ture of the tectonostratigraphic evolution of the northern 
Guerrero transect, without recourse to terrane accretion. 

A Jurassic-Early Cretaceous basin exist~ in the region 
that we mapped. West of the map area, the basin's exact 
configuration is poorly constrained because of poor strati
graphic exposures resulting from Cretaceous and younger 
truncation, uplift, erosion and/or cover along the present 
continental margin of western Mexico (Schaaf et al., 
1996). This basin may have formed in a back arc setting, 
inboard from an arc near the present Pacific margin of 
Mexico as described by Ratschbacher eta/. (1991). In the 
area that we mapped, the basin formed on the Taxco Schist 
Formation and the continental basement exposed near 
Zacazonapan. This basin was part of a more extensive, pre
dominantly marine, basin system along the entire length of 
western Mexico during Late Jurassic/Early Cretaceous time 
(Cserna, 1976). The basin filled with siliciclastic sedi
ments, minor carbonates, chert and volcanics of the Roca 
Verde Taxco Viejo Formation and equivalents (Figure 4), 
which were subjected to seafloor metamorphism (Talavera
Mendoza eta/., 1995), through Early Cretaceous time. 
Mid-Cretaceous transgression resulted in widespread devel
opment of rudist platforms and associated carbonate facies, 
locally with deposition of the Morelos Formation and 
tfiroughout much of Mexico with equivalent strata, on the 
western margin of the Tethys realm. Laramide age 
(Cenomanian-Mid Eocene) deformation resulted in: 

(1} Generally eastward but locally westward, depending on 
local relief, marine regression, deposition of the flysch 
sequence of the Mexcala Formation, and cessation of 
carbonate platform growth; 

(2) Metamorphism of pre-Morelos strata as well as 
Morelos basinal equivalents; during Late Cretaceous 
uplift (Cabral-Cano, 1995); 

(3) East directed thrust faulting and folding; 

(4) ~aleogene synorogenic deposition of redbeds of the 
Balsas Formation. 

The cessation of Laramide age deformation was fol
lowed by Late Eocene-Neogene basin and range extension, 
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normal faulting, volcanism, hypabyssal intrusion and local 
hydrothermal alteration of older rocks. 

This interpretation is consistent with Alencaster' s 
(1984) analysis of the Mesozoic biostratigraphic record of · 
southern Mexico, Cserna et al.'s (1978) and Enos' (1983) 
tectonostratigraphic models of the Mesozoic-Tertiary evo
lution of Mexico, Ross and Scotese's (1988) Cretaceous
Tertiary plate reconstruction of the North America
Caribbean·~south America region, Ratschbacher et al.'s 
(1991) and Meschede et al.'s (1996) kinematic assessment 
of Jurassic-Tertiary structures in southern Mexico, and 
Csema's (1976) evaluation of tectonostratigraphic controls 
on the distribution of mineral deposits in Mexico. 

CONCLUSION 

Our mapping and tectonostratigraphic assessment of 
the Ouerrero transect shows that boundaries of three differ
ent versions of the Guerrero/Mixteca terranes and the 
Arcelia{feloloapan subterranes are normal stratigraphic 
contactS or faults. Across these boundaries we found no 
major stratigraphic incompatibilities that would support 
the existence of any of these terranes. Published paleomag
netic studies and crustal gravity models also do not require 
that separate terranes and their boundaries exist in the area. 
These proposed terranes should therefore be deleted in the 
area that we mapped. 

ACKNOWLEDGMENTS 

This paper presents the results of research conducted as 
part of the Multispectral Analysis of Southwest Mexico 
Project and carried out at Jet Propulsion Laboratory, 
California Institute of Technology, under contract with the 
National Aeronautics and Space Administration (NASA). 
Additional support for PEJ was provided by NASA grants 
NGT -40053 and NCCW -56 and NSF grant HRD-93-53549 
to the University of Puerto Rico; and for JAB, EC-C, CAJ 
and CGAH by NASA grants NAGW-1678 and NAGW-
2710 to the University of Miami. EC-C received support 
for field work from The Gulf Coast Association of Geo
logical Societies Student Aid Program and The Geological 
Society of America student research grant program; addi
tional support was obtained through a Ph.D. fellowship 
and grant IN102794 from the Direcci6n General de Asuntos 
del Personal Academico (UNAM). GD received additional 
support from the Latin-American Caribbean Center of 
Florida International University. The project benefited from 
field logistic support provided by Dr. Jaime Urrutia
Fucugauchi from the Instituto de Geofisica (UNAM). 
Thanks go to referees Dante Monin-Zenteno and Martin 
Meschede who thoroughly reviewed the manuscript. Vince 
Realmuto's, Mike Abrams' and Eamie Paylor's reviews 
were also helpful. 

BIBLIOGRAPHY 

ALENCASTER, G., 1984. Late Jurassic-Cretaceous mol
luscan paleogeography of the southern half of Mexico. 
In: G. E. G. Westermann (Ed.), Jurassic-Cretaceous 
Biochronology and Paleogeography of North America: 
Geological Assoc. Canada, Special Paper 27, p. 77-88. 



ARZATE, J. A., M. MARESCHAL and J. URRUTIA
FUCUGAUCHI, 1993. A preliminary crustal model of 
the Oaxaca continental margin and subduction zone 
from magnetotelluric and gravity measurements. 
Geofls. Int., 32, 441-452. 

BARROS, J. A., 1995. Geology and tectonic evolution of 
the Taxco District: University of Miami, Miami, 
Florida, unpub. PhD Thesis, 130 pp. 

BARROS, J. A., H. LANG, C. JOHNSON and C. G. A. 
HARRISON, 1989. Thrust tectonics and Laramide 
deformation in Taxco, GSA Abstracts with Programs, 
p. A91. 

B0HNEL, H. and J.F.W. NEGENDANK, 1988. Paleo
magnetism of Puerto Vallarta intrusive complex and 
the accretion of the Guerrero terrane, Mexico. Physics 
of the Earth and Planetary Interiors, 52, 330-338. 

BOHNEL, H., L. ALVA-VALDIVIA, S. GONZALES
HUESCA, J. URRUTIA-FUCUGAUCHl and D. J. 
MORAN-ZENTENO, 1989. Paleomagnetic data and 
the accretion of the Guerrero terrane, southern Mexico 
continental margin. In: J.W. Hillhouse (Ed.), Deep 
Structure and Past Kinematics of Accreted Terranes. 
AGU Geophysical Monograph 50, IUGG, 5, 73-92. 

BULLARD, E. C., J. E. EVERETT and A. G. SMITH, 
1965. The fit of the continents around the Atlantic. 
Phil. Trans. Roy. Soc. London, A258, 41-51. 

BURKE, K., 1988. TectQnic evolution of the Caribbean. 
Ann. Rev. Earth Planet. Sci., 16, 201-230. 

CABRAL-CANO, E., 1995. Tectonostratigraphic assess
ment of the Tierra Caliente metamorphic complex, 
southern Mexico, University of Miami, Miami, 
Florida, unpub. PhD Thesis, 157 pp. 

CAMPA, M. F., 1985. The Mexican thrust belt. In: D.G. 
Howell (Ed.), Tectonostratigraphic Terranes of the 
Circum-Pacific region: Circum-Pacific Council for 
Energy and Mineral Resources, p. 299-313. 

CAMPA, M.F. and P.J. CONEY, 1983. Tectonostrati
graphic terranes and mineral resources distribution in 
Mexico. Can. J. Earth Sci., 20, 1040-1051. 

CAMPA, M. F., J. RAMIREZ, R. FLORES and P. J. 
CONEY, 1981. Terrenos tectonoestratigraficos de Ia 
Sierra Madre del Sur, regi6n comprendida entre los esta
dos de Guerrero, Michoacan, Mexico y Morelos, Uni
versidad Aut6noma de Guerrero, Serle Tecnico Cienti
fica, No. 10, 26 pp. 

CENTENO-GARCIA, E., J.L. GARCIA, M. GUERRE
RO-SUASTEGUI, J. RAMIREZ-ESPINOSA, J.C. 
SALINAS-PRIETO and 0. TALA VERA-MENDOZA, 
1993a. Geology of the southern part of the Guerrero 
terrane, Ciudad Altamirano-Teloloapan area. In: F. 
Ortega-Gutierrez, et al. (Eds.) Guidebook of Field Trip 

Te"ane deletion in northern Gue"ero state 

B, First Circum-Pacific and Circum-Atlantic Terrane 
Conference, UNAM, Instituto de Geologia, 23-33. 

CENTENO-GARCIA, E., J. RUIZ, P. J. CONEY, P. J. 
PLANCHETT and F. ORTEGA-GUTIERREZ, 1993b. 
Guerrero terrane of Mexico: its role in the southern 
Cordillera from new geochemical data. Geology, 21, 
419-422. 

CONEY, P J ., 1978. Mesozoic-Cenozoic Cordilleran plate 
tectonics, GSA, Memoir 152, p. 33-50. 

CSERNA, Z. de, 1976. Mexico-geotectonics and mineral 
deposits: New Mexico Geological Society, Special 
Publication, 6, p. 18-25. 

CSERNA, Z. de, M. PALACIOS-NIETO and J. 
PANTOJA-ALOR, 1978, Relaciones de facies de las 
rocAs Cretacicas en el noroeste de Guerrero y en areas 
colindantes de Mexico y Michoacan. UNAM. Rev. 
Inst. Geol., 2, 8-18. 

DIETZ, R.S. and J.C. HOLDEN, 1970. Reconstruction of 
Pangaea: Breakup and dispersion of continents, 
Permian to present. J. Geophys. Res., 75, 4939-4956. 

ELIAS-HERRERA, M. and J. SANCHEZ-ZAVALA, 
1990. Tectonic implications of mylonitic granite in the 
lower structural levels of the Tierra Caliente Complex 
(Guerrero State, southern Mexico), UNAM. Rev. Inst. 
Geol., 9, 113-125. 

ENOS, P., 1983. Late Mesozoic paleogeography of 
Mexico. In: M.W. Reynolds and E.D. Dolly (Eds.), 
Mesozoic Paleogeography of West-Central United 
States: Rocky Mountain Section SEPM, p. 133-157. 

FRIES, C., 1960. Geologia del Estado de Morelos y de 
partes adyacentes de Mexico y Guerrero, regi6n central 
meridional de Mexico, UNAM, Instituto de Geologia, 
Bul. 60, 235 pp. 

GARCIA-PEREZ, F., 1995. Caracterizaci6n geofisica de 
Ia regi6n Tierra Caliente y areas colindantes, Estados de 
Guerrero, Mexico y Morelos: UNAM, Instituto de 
Geofisica, Unpub. MS thesis, 55 pp. 

GASTIL, G., 1991. Is there a Oaxaca-California 
megashear? Conflict between paleomagnetic and other 
elements of geology. Geology, 19, 502-505. 

GUERRERO, J. C., E. HERRERO-BERVERA and C. E. 
HELSLEY, 1990. Paleomagnetic evidence for .post
Jurassic stability of southeastern Mexico: Maya 
terrane. J. Geophys. Res., 95, B5, 7091-7100. 

HENRY, C. D. and J. J. ARANDA-GOMEZ, 1992. The 
real southern Basin and Range: Mid- to late Cenozoic 
extension in Mexico. Geology, 20, 701-704. 

HERRMANN, U. R., B. K. NELSON and L. 
RATSCHBACHER, 1994. The origin of a terrane: 

357 



H. R. Lang et al. 

U/Pb zircon geochronology and tectonic evolution of 
the Xolapa Complex, southern Mexico. Tectonics, 13, 
455-474. 

HOWELL, D.G., D.L. JONES and E.R. SCHERMER, 
1985. Tectonostratigraphic terranes of the Circum
Pacific region: Circum-Pacific Council for Energy and 
Mineral Resources, Houston, Texas. Earth Science 
Series, 1, 3-30. 

INEGI, 1985a Carta Geol6gica, 1:250,000, Hoja E14-5, 
Cuernavaca. Mexico, Direcci6n General de Geografia, 
Mexico, DF. 

INEGI, 1985b. Carta Geol6gica, 1:250,000, Hoja E14-4, 
Ciudad Altamirano, Mexico, Direcci6n Genera1 de 
Qeograffa, Mexico, DF. 

JANSMA, P. E. and H. R. LANG, 1996. Application of 
spectral stratigraphy to Upper Cretaceous and Tertiary 
rocks in southern Mexico: Tertiary grat>en control on 
volcanism. Photogrammetric Engineering and Remote 
Sensing (in press). 

JANSMA, P.E., H.R. LANG and C.A. JOHNSON, 1991. 
Preliminary investigation of the Tertiary Balsas Group, 
Mesa Los Caballos area, northern Guerrero state, 
Mexico using Landsat Thematic Mapper data. The 
Mountain Geologist, 28, 137-150. 

JENKYNS, H. C., 1991. Impact of Cretaceous sea level 
rise and anoxic events on the Mesozoic carbonate 
platform of Yugoslavia AAPG Bull .• 75, 1007-1017. 

JOHNSON, C.A., 1990. Stratigraphy and structure of the 
San Lucas area, Michoacan and Guerrero states, south
western Mexico, University of Miami, Miami, Florida, 
Unpub. PhD Thesis, 220 pp. 

JOHNSON, C. A., H. R. LANG, E. CABRAL, C. G. A. 
'HARRISON and J. A. BARROS, 1991. Preliminary 
assessment of stratigraphy and structure, San Lucas 
region, Michoacc1n and Guerrero states, southwest 
Mexico. The Mountain Geologist, 28, 121-136. 

JOHNSON, C. A., H. LANG, E. CABRAL-CANO, C. 
HARRISON and J. BARROS, 1992. Preliminary 
assessment of stratigraphy and structure, San Lucas 
region, Michoacc1n and Guerrero States, SW Mexico: 
Reply. The Mountain Geologist, 29,3-4. 

LANG, H. R., S. L. ADAMS, J. E. CONEL, B. A. 
McGUFFIE, E.D. PAYLOR and R.E. WALKER, 
1987. Multispectral remote sensing as stratigraphic and 
structural tool, Wind River basin and Bighorn basin 
area, Wyoming. AAPG Bull., 71, 389-402. 

LANG, H. R. and E. CABRAL~CANO, 1993. Progress 
report-multispectral analysis of the stratigraphic/struc-

358 

tural record, SW Mexico Project. In: F. Ortega
Gutierrez et al. (Eds.}, First Circum-Pacific and 
Circum-Atlantic Terrane Conference Proceedings, 
UNAM, Instituto de Geologia, p. 76-77. 

LANG, H.R. and E.D. PAYLOR, 1994. Spectral stratig
raphy: remote sensing lithostratigraphic procedures for 
basin analysis, central Wyoming examples. Journal of 
Nonrenewable Resources, Oxford Press. 3, 25-45. 

MESCHEDE, M., W. FRISCH, U. HERRMANN and L. 
RA TSCHBACHER, 1996. Stress transmission across 
an active plate boundary: An example from southern 
Mexico. Tectonophysics (in press). 

MONOD, 0., M. FAURE and D. THIEBLEMONT, 1994, 
Guerrero terrane of Mexico: its role in the southern 
Cordillera from new geochemical data Comment. 
Geology, 22, 5, 477. 

MORAN-ZENTENO, D., 1992. Investigaciones isot6picas 
de Rb-Sr y Sm-Nd en roca:; cristalinas de Ia regi6n de 
Tierra Colorada-Acapulco-Cruz Grande, Estado de 
Guerrero, UNAM, Unpub. Tesis de Doctorado, 187 pp. 

NORTH AMERICAN COMMISSION ON STRATI
GRAPHIC NOMENCLATURE, 1983. North Ameri
can Stratigraphic Code. AAPG Bull., 67, 841-875. 

ONTIVEROS-TARANGO, G., 1973. Estudio estratigni
fico de Ia porci6n noroccidental de Ia cuenca Morelos
Guerrero. Assoc. Mex. Geol. Petrol .• Bul. 25, (4-6), 
190-234. 

ORTEGA-GUTIERREZ, F., 1978. Estratigrafia del Com
plejo Acatlc1n en la Mixteca Baja, Estados de Puebla y 
Oaxaca: UNAM, Instituto de Geologia, Revista, 2, 
112-131. 

ORTEGA-GUTIERREZ, F., 1981. Metamorphic belts of 
southern Mexico and their tectonic significance, 
Geofls. Int., 20, 3, 177-202. 

ORTEGA-GUTIERREZ, F. et al., 1m. Carta geol6gica 
de Ia Republica Mexicana (5th edition): Consejo de 
Recursos Minerales, Mexico, 1:2,000,000 scale map 
and explanatory text. 74 pp. 

ORTEGA-GUTIERREZ, F., J. RUIZ and E. CENTENO
GARCIA, 1995. Oaxaquia, a Proterozoic microconti
nent accreted to North America during the late 
Paleozoic. Geology. 23, 1127-1130. 

PANTOJA-ALOR, J., 1959. Estudio geol6gico de recono
cimiento de Ia regi6n de Huetamo, Estado de Michoa
clin, Cons. Recursos Nat. No. Renovables (Mexico), 
But. 50, 36 pp. 

RATSCHBACHER, L., U. RILLER, M. MESCHEDE, 
U. HERRMANN and W. FRISCH, 1991. Second look 



at suspect terranes in southern Mexico. Geology. 19, 
1233-1236. 

ROSS, M. I. and C. R. SCOTESE, 1988. A hierarchical 
tectonic model of the Gulf of Mexico and Caribbean 
region. Tectonophysics, 155. 139-168. 

SCHAAF, P., 1991. Isotopengeochemische Untersuchun
gen an granitoiden Gesteinen eines aktiven Kontinen
talrandes: Alter und Herkunft der Tiefengesteinskom
plexe an der PaziftkkUste Mexikos zwischen Pueno 
Vallana und Acapulco, Unpub. Diss. Univ. MUnchen, 
202 pp. 

SCHAAF, P., D. MORAN-ZENTENO, M.S. HERNAN
DEZ-BERNAL, G. SOLIS-PICHARDO, G. TOLSON 
and H. KOHLER, 1996. Paleogene continental margin 
truncation in southwestern Mexico: Geochronological 
evidence. Tectonophysics. in press. 

SEDLOCK, R.L., F. ORTEGA-GUTIERREZ and R.C. 
SPEED, 1993. Tectonostratigraphic terrahes and tec
tonic evolution of Mexico. GSA Special Paper 278, 
153 pp. 

SILVER, L.T. and T.H. ANDERSON, 1983. Further evi
dence and analysis of the role of the Mojave-Sonora 
megashear(s) in Mesozoic Cordilleran tectonics: GSA 
Abstracts with Programs, 15, 273. 

SUTER, M., 1984. Cordilleran deformation along the 
eastern edge of the Valles-San Luis Potosi carbonate 
platform, Sierra Madre Oriental fold-thrust belt, east
central Mexico. GSA Bull .• 95, 1387-1397. 

SUTER, M., 1987. Structural traverse across the Sierra 
Madre Oriental fold-thrust belt in east-central Mexico. 
GSA Bull .• 98, 249-264. 

SUTER, M., 1991. State of stress and active deformation 
in Mexico and western Central America, in D.B. 
Slemmons et al. (Eds.), Neotectectonics of North 

-America. GSA Decade Map Volume, 401-421. 

TALAVERA-MENDOZA, 0., J. RAMIREZ-ESPINOSA 
and M. GUERRERO-SUASTEGUI, 1995. Petrology 

and geochemistry of the TeloloapatT subterrane: A 
Lower Cretaceous evolved intra-oceanic island arc. 
Geofls. Int .• 34, 1, 3-22. · 

TILTON, T.L., H.R. LANG, I. FERRUSQUIA-VILLA
FRANCA, J. G. PITTMAN and M. LOCKLY, 1993. 
Dinosaur footprints in the Mexcala Formation, central 
Mixteco terrane, State of Puebla, Mexico. In: F. 
Qnega-Gutitrrez eta/. (Eds.), First Circum-Pacific and 
Circum-Atlantic Terrane Conference Proceedings: 
UNAM, lost de Geologia, p. 153. 

URRUTIA-FUCUGACHI, J. and R. S. MOLINA, 1992. 
Gravity modelling of regional crustal and upper mantle 
structure of the Guerrero terrane - 1. Colima graben and 
southern Sierra Madre Occidental, western Mexico. 
Geoffs. Int .• 31, 493-507. 

YANEz, P., J. RUIZ, P. J. PATCHETT, F. ORTEGA
GUTIERREZ and G. E. GEHRELS, 1991. Isotopic 
studies of the Acatlan complex, southern Mexico: 
Implications for Paleozoic North American tectonics. 
GSA Bull .• 103. 817-828. 

Harold R. Langt, Jose Antonio Barros2, Enrique 
Cabral-Cano3, Grenville Draper4, Christopher G. 
A. Harrisons, Pamela E. Jansma6 and Christopher 
A. Johnson? 
I MS 183-501, Jet Propulsion Laboratory. California 
Institute of Technology. 4800 Oak Grove Drive. Pasadena, 
CA 91109 
z Department of Natural Sciences. Miami Dade Commu
nity College, Wolfson Campus. Miami, FL 33132 
J Instituto de Geoffsica, UNAM. 04510 Mexico. D.F. 
4 Department of Geology. Florida International University, 
Miami. FL 33199 
s Rosenstiel School of Marine and Atmospheric Science, 
University of Miami. Miami. FL 33149 
6 Department of Geology. University of Puerto Rico, 
Mayaguez. Puerto Rico 00681 
7 Rosenstiel School of Marine and Atmospheric Science, 
University of Miami (now at EXXON Production Research 
Company. Houston. TX 77210) 

359 


