Revista Mexicana de Ciencias Geoldgicas, volumen 12, nimero 2,

1995. p. 185-190.

Universidad Nacional Auténoma de México, Instituto de Geologia,

México, D.F.

185

RUDISTS FROM THE PENA COLORADA IRON MINE AND LA MINITA SULFIDE

DEPOSIT, STATES OF COLIMA AND MICHOACAN, SW MEXICO

Rodolfo Corona-Esquivel* and

ABSTRACT

A geological study of the principal mining areas along the Pacific coast in the states of Colima and
Michoacén was carried out with the purpose of understanding the origin of the mineral deposits in southwest-
ern Mexico.

Rudists were found in some of the stratigraphic units. The age indicated by these fossils has been
helpful in establishing the sequence of the processes involved. Pefia Colorada mine, in the State of Colima,
contains the rudists Texicaprina vivari (Palmer), Immanitas sp., Mexicaprina minuta Coogan, Mexicaprina
cornuta Coogan, Toucasia sp., Eoradiolites davidsoni (Hill) and Radiolites costata Scott. All of them are
Albian-Cenomanian in age.

La Minita mine, in the State of Michoacén, contains very poorly preserved rudists, which are Caprina
sp. and Amphitriscoelus sp., of early Aptian age.

The difference in age between these two sites suggests that there were at least two important
mineralization events in this region. The first, in the Early Cretaceous, gave rise to the volcanogenic sulfide
deposits, and the second, post-Late Cretaceous, event is associated mainly with Fe-bearing metasomatic and
hydrothermal deposits.
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RESUMEN

Se realiz6 un estudio geolégico de las principales zonas mineras a lo largo de la costa del Pacifico, en
los estados de Colima y Michoacdn, con el propésito de comprender el origen de los depdsitos minerales en
la parte sudoccidental de México.

En algunas de las unidades estratigraficas, se encontr6 rudistas. La edad indicada por estos fésiles ha
sido dtil para establecer la secuencia de los procesos involucrados. La mina Pefia Colorada, en el Estado de
Colima, contiene los rudistas Texicaprina vivari (Palmer), Immanitas sp., Mexicaprina minuta Coogan,
Mexicaprina cornuta Coogan, Toucasia sp., Eoradiolites davidsoni (Hill) y Radiolites costata Scott. Todos
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ellos son del Albiano-Cenomaniano.

La mina La Minita, en el Estado de Michoacén, contiene rudistas en un estado pobre de conservacion.
Estos son Caprina sp. and Amphitriscoelus sp., del Aptiano temprano.

La diferencia en edad entre estos dos sitios sugiere que hubo al menos dos eventos de mineralizacién
importantes en esta regién. El primero, en el Cretacico Temprano, dio lugar a los depésitos de sulfuros
volcanogénicos, y el segundo, en el Cretdcico Tardio, estd asociado principalmente con depdsitos metasoma-

ticos de hierro e hidrotermales.

Palabras clave: Rudistas, mina Pefia Colorada, mina La Minita, sulfuros volcanogénicos, hierro, Michoacén,

México.
INTRODUCTION

The outcrops in the region located between the Pefia
Colorada and La Minita ore deposits range from Early to Late
Cretaceous in age and include the Tecalitldn, Madrid, El En-
cino and Vallecitos formations. Previous papers have de-
scribed the origin and lithology in detail (Gaytdn-Rueda et al.,
1979; Ortigosa-Cruz et al., 1994; Pineda-Ramirez et al., 1969)
but do not give the precise age of these formations nor mention
which formations host the mineralization.

In the present study, the rudists found associated with
each ore deposit are identified and stratigraphic correlation is
established, thereby contributing to the knowledge of the age
and depositional environment of these deposits. The La Minita
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deposit formed during Aptian time and is distributed in the
upper part of the Tecalitlin Formation and the base of the
Tepalcatepec Formation, whereas the post-Albian Pefia Colo-
rada deposit was emplaced in limestones and volcanic rocks
belonging to the upper part of the Tepalcatepec Formation.

LOCATION

The studied area is located at 18°45’-19°30’N and
102°50°-104°20°W, in the states of Colima and Michoacdn.
This area pertains to the physiographical province of the Sierra
Madre del Sur (Raisz, 1964) (Figure 1).

Pefia Colorada is in the NW part of the State of Colima
in the municipality of Minatitldn and northwest of the village
of Minatitlan. From the city of Colima, it is located at Km 54
of the road that leads west and continues on to the port of
Manzanillo.
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Figure 1. Location map of the Pefia Colorada-La Minita area.

The fossiliferous site of La Minita is located in the
municipality of Coalcomdn, 60 km SE of the city of Colima,
in the SW part of the State of Michoacdn. The main access is
by federal highway 54, from Mexico to Colima; federal high-
way 110 is taken from the city of Colima toward Pihuamo,
Jalisco, and at Km 42 an unpaved road leads to El Encino and
La Minita, passing through the villages of Trojes and Juana
Maria (Figure ).

PREVIOUS STUDIES

The following papers are concerned with the stratigraphy
of this region and have a regional approach: Vivar (1926),
Pano (1975), Pimentel (1979), Rodriguez (1980), Cuevas-
Séanchez (1981), Govela and Ordoinez (1981), Sanchez (1983),
Salazar (1983), Pantoja-Alor and Estrada-Barraza (1986), Ber-
mudez-Santana (1994) and Bustamante-Bermejo (1994). From
1974 to 1984, Petrdleos Mexicanos drilled the wells Colima
and Tepames, which provided key stratigraphic information.
Several regional studies that focus on understanding the tec-
tonic evolution of Mexico have been carried out, such as
Campa-Uranga and Coney (1983), Campa-Uranga and
Ramirez (1979), Guerrero-Suéstegui and coworkers (1991),
Talavera-Mendoza (1993), Centeno-Garcia and coworkers
(1993) and Sedlock and coworkers (1993). Since this part of
Mexico has mineralized zones, there are several papers that
deal with mining geology; for example, Pineda-Ramirez and
coworkers (1969), de la Garza-Noriega (1979), Gaytan-Rueda
and coworkers (1979), Mérida-Cruz (1978), de la Campa
(1988), Corona-Esquivel and coworkers (1991) and Ortigoza-
Cruz and coworkers (1994).

STRATIGRAPHY

The stratigraphy of the region includes intrusive igneous
rocks, volcanic marine rocks, marine and continental sedi-

ments, with ages ranging from Early Cretaceous to Quaternary
time. These rocks correspond to the geologic province "Gue-
rrero-Colima orogenic complex" (Ortega-Gutiérrez et al.,
1992) and belong to the "Jalisco-Colima Basin". The fossilif-
erous localities of this paper comprise the upper part of the
Tecalitlan Formation and most of the Tepalcatepec Formation.

TECALITLAN FORMATION

Rodriguez (1980) informally proposed the name Te-
calitldn to designate a pyroclastic sequence constituted of tuff,
volcanic sandstone, volcanic conglomerate, andesitic lava
flows and isolated intercalations of siltstone beds of probable
Barremian-Aptian age. The type locality is from the outcrop
located on federal highway 110, between the village of Te-
calitldn and the Carrizalillo Ranch, in the State of Jalisco.
Pantoja-Alor and Estrada-Barraza (1986) formally named the
Tecalitlan Formation, extending it to include the outcrops of
volcanic rocks exposed to the west of El Encino mine where
the lithology and stratigraphic position are similar to the rocks
cropping out around Tecalitldn.

Between La Minita and Coalcomdn this formation out-
crops in the core of the anticlinal structure and the mineraliza-
tion is located in the upper part of the Tecalitlan Formation.

In a section north of Coalcomdn, Bermidez-Santana
(1994) obtained a K-Ar date on hornblende of 118.5 £ 2.5 Ma,
from andesite in the upper part of the Tecalitlain Formation.
This isotopic age corresponds to the early Aptian, which agrees
with the paleontologic determinations of the present study.

TEPALCATEPEC FORMATION

The Tepalcatepec Formation was informally named by
Pimentel (1980) in the Tepalcatepec area, State of Michoacén.
It consists of a volcano-sedimentary sequence of thick to
massive beds of limestone, argillaceous limestone, siltstone,
sandstone, shale, tuff, conglomerate and andesitic flows. An
Albian-Cenomanian age is assumed for this formation based
on the faunistic assemblage, mainly rudists. It is the widest
distributed unit in the area and is 2,500 to 3,000 m thick; there
is interdigitation between reefal limestones and the volcano-
sedimentary sequence. At the base of both facies, there are
sandstone, conglomerate, shale and siltstone interlayered.

The bank facies is formed by thick to massive beds of
platform limestone including a great thickness of conglo-
merate with a calcareous matrix.

The volcano-sedimentary sequence is composed of an-
desitic to latitic breccias with intercalations of thin calcareous
horizons.

Along the road between La Minita and Trojes, rudists of
the genus Immanitas and ostreids of the genus Rastellum
(Corona-Esquivel and Alencaster, 1993) were collected, indi-
cating a shallow warm-water environment and confirming an
Albian age. In the Peiia Colorada area there are extensive
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outcrops of the Tepalcatepec Formation with a great diversity
of rudists in the calcareous layers. This formation conformably
overlies the Tecalitlan Formation, and is interbedded with the
Madrid Formation due to lateral variations and underlies the
Cerro de la Vieja Formation in angular unconformity (Corona-
Esquivel, 1993).

FOSSILIFEROUS LOCALITIES
PENA COLORADA AREA

The sampled fossiliferous localities are included in a
sequence, approximately 600 m thick, which comprises three

distinct lithologic units of the Tepalcatepec Formation; these
units are, from bottom to top: (1) limestone, (2) tuffs and
microbreccias, and (3) conglomerate (Figure 2).

The fossiliferous horizons are found principally in Unit
1 and are less abundant in the limestone lenses intercalated in
Unit 2.

The fossils of Pefia Colorada area were found mainly in
two localities. The first one is a 150 m thick sequence at Cerro
Los Copales, located to the SE of Minatitlan (Figure 3). The
bottom of this sequence consists of 30 to 35 cm thick beds of
medium-grained reddish sandstone intercalated with beds of
the same thickness of conglomeratic sandstone with round
fragments of andesite from 1 to 3 ¢cm in diameter. Toward the

Period Age Formation Unit Description
g P
Quaternary Alluvium and alluvial fans
c 2
g g Polygenetic andesitic and limestone con-
5] = glomerate in thick beds comprised princi-
g o pally of fragments of andesite with minor
c1C> g’ gray limestone
Q
O o
2 g Fossiliferous limestone lenses
= (&) Q
o ) .
o [0} a Nerineids and rudists
s o Q
[} -_f_Q o %
© < + <_c-)’ Andesitic tuff and pyroclastic breccia in
(4] « s, beds ranging from 0.05 to 2 m. Toward
— Q the top are lenses of fossiliferous lime-
© e
() — c stone
«©
j - (3] =
35
o Q =
[}
- iron ore
Thin-bedded limestone and clayey lime-
stone
Texicaprina vivari
Immanitas sp.
Mexicaprina sp.
ac) Ichthyosarcolite sp.
S Kimbleia sp.
c 8 Milliolids, ostracods, Nanoconus sp.
I £ Quinquelina sp.
< 5 Toucasia sp.,Nerinea sp.
Thick bedded dark gray silicified limestone

Figure 2. Stratigraphic column of the Minatitlan-Pefia Colorada region.
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Figure 3. Structural section to the southeast of Minatitldn, Colima. R 104—
Caprinid rudists: Texicaprina vivari (Palmer), Immanitas sp., Mexicaprina sp.
Ostreid bivalve: Rastellum sp.

middle part of the section, there is gray calcareous sandy
siltstone in beds about 20 cm thick, black limestone in beds of
60 to 80 cm, and highly fossiliferous limestone in beds of 40
to 50 cm containing rudists and ostreids, which were collected
at locality R-104 (Figure 3).

The upper part of the section consists of alternating beds,
15 to 20 cm thick, of dark gray limestone and gray siltstone
having nodular structures.

The second locality corresponds to the metamorphosed
limestone lenses interlayered in Unit 2 (tuffs and microbrec-
cias) from the open pits of the Pefia Colorada deposit, where
nerineid gastropods and rudists bivalves are deformed and
recrystallized by the effect of the intrusion (Figure 4). At Pefia
Colorada locality HM-5 at Juluapan, Colima, beds of algae,
the requienid rudist Toucasia sp. and the radiolitid rudists
Eoradiolites davidsoni Hill and Radiolites costata Scott were
collected (Figure 1).

LA MINITA AREA

In La Minita area the thickness of the sedimentary se-
quence is about 1,600 m, and includes the Tecalitldn and the
Tepalcatepec formations, the latter being distinguished by
abundant horizons of limestone and calcareous siltstone (Fig-
ure 5). In this area, samples R-45 and R-45B are derived from
the reefal limestone, which overlies a manto of barite and
sulfides in the main pit of the La Minita area (Vulcano mineral
deposit). The caprinid rudists Amphitriscoelus and Caprina
were identified in these samples. The limestone has a thickness
of about 30 m and is comprised of thick to massive beds of
gray limestone with abundant macrofossils (Figure 6) that are
frequently bordered by pyrite. The limestone is conformably
covered by 10 m of green tuff that is, in turn, conformably
overlain by 70 m of thin-bedded black marls.

Locality R-57 is located 2 ki to the NNW of the "Vul-
cano" deposit. The lithology consists of alternating thin-bed-
ded gray shales and calcareous siltstones. This lithology is
similar to that of the Mexcala Formation in the State of Gue-
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Figure 4. Schematic cross section of the Pefia Colorada iron deposit.

rrero. Toward the upper part of the section, there are interca-
lated fossiliferous horizons with abundant specimens of the
rudist Immanitas sp. and the bivalve Rastellum sp.

CONCLUSIONS

The fossils found in the Pefia Colorada area are Albian-
Cenomanian in age, while those from the lower part of the La
Minita section are indicative of an early Aptian age. The
difference in age between these two sites supports the model
proposed by Corona-Esquivel (1993), in which at least two
important mineralization events are recognized. During the
first event in the Early Cretaceous, volcanogenic sulfide de-
posits formed at La Minita, whereas the Pefia Colorada iron
ore deposit is associated with the second, post-Late Creta-
ceous, event.

The association of the rudists with the syngenetic vol-
canogenic sulfide deposit in the La Minita area suggests that
the deposition of the ore minerals was carried out in shallow
warm water. However, for the Pefia Colorada deposit the same
inference cannot be made due to the fact that the mineralization
of the rudist-bearing limestone was subsequent.
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Period Formation | Thickness

>
Q@
)

Description

Quaternary 1,600 m—;

Alluvium and alluvial fans

Shale, siltstone, argillaceous limestone and fine-grained sand-

stone in thin beds ranging from 1 to 10 cm. Toward the top, local

layers of tuff alternating with terrigenous sediments.

Polyptyis schiosensis (Pirona), Plesioptyxis olisiponensis

(Sharpe)

1,400 m—

Cenomanian

Coarse-grained tuffaceous sandstones, fragments of quartz and

chalcedony. Toward the top, grades into coarse-grained poorly-

consolidated felsic tuffs in beds of 20 to 30 cm

1,200 m-f

Fine-grained sandstones interstratified with layers of black

argillaceous limestones. Interstratified with calcareous conglom-

erate 1to3 m thick

Caprinuloidea perfecta Palmer

1,000 m

Tepalcatepec

Alternating shales and fine- to coarse- grained fossiliferous

sandstones. Calcirudites present in beds 1 m thick.

Albian

Conglomerates made up of fragments of fossiliferous limestone

Caprinuloidea sp.

800 m

Black shale

Green tuff

R-45

_. Chondrodonta sp.
+—R-45B

Caprina sp.

Reef limestone and jasper at base Amphitriscoelus sp.

600 m

Barite and Cu, Zn, Pb, Ag sulfides

Rhyolitic tuff

Cretaceous

400 m

Aptian

200 m

Andesitic tuffs and breccias, lapilli tuffs, dark green ash tuffs with
silicification and chloritization, locally impregnated with man-
ganese and iron oxides. Slightly magnetic

Tecalitlan

Barremian

Andesitc tuffs, pseudostratification in medium, thick and mas-
sive beds, brown to reddish, and dark green to brown in color,
with spheroidal weathering.

Breccia and fragments of magnetite in some zones

Figure 5. Stratigraphic column of the La Minita region.

cional Auténoma de México. The authors are sincerely grateful
to Barbara Martiny from the Instituto de Geologia, for con-
structively reviewing the English manuscript.

BIBLIOGRAPHICAL REFERENCES

Bermuidez-Santana, J.C., 1994, Estratigrafia de una secuencia volcanosedimen-
taria del Cretdcico Inferior de la region de Tepalcatepec-Coalcoman,
Michoacan—integrando métodos bioestratigraficos y radiométricos:
México, D.F., Instituto Politécnico Nacional, Escuela Superior de In-
genieria y Arquitectura, M. Sci. thesis, 103 p. (unpublished).

Bustamante-Bermejo, Miriam, 1994, Estudio geolégico-minero de la region
comprendida entre Coalcomén y Villa Victoria, Estado de Michoacén:
Meéxico, D.F., Instituto Politécnico Nacional, Escuela Superior de In-
genierfa y Arquitectura, professional thesis, 127 p. (unpublished).

Campa, 1.J., de la, 1988, Geologia y génesis del yacimiento La Minita, Municipio
de Coalcomén, Michoacén, in Salas, G.P., ed., Geologfa econémica de
Meéxico: México, D.F., Fondo de Cultura Econémica, p. 427-432.

Campa-Uranga, M.F., and Coney, P.J., 1983, Tectono-stratigraphic terranes and
mineral resource distributions in Mexico: Canadian Journal of Earth
Sciences, v. 20, p. 1040-1051.

Campa-Uranga, M'F., and Ramirez, Joel, 1979, La evolucién geoldgica y la
metalogénesis del noroccidente de Guerrero: Serie Técnico-Cientifica, v.
1,71 p.

Centeno-Garcia, Elena; Ruiz, Joaquin; Coney, P.J.; Patchett, P.J.; and Ortega-Gu-
tiérrez, Fernando, 1993, Nd isotopes and petrology of the Arteaga Com-
plex—Evidence for oceanic basement and continental influence in the
Guerrero Terrane of Mexico: Geology, v. 21, p. 419-422.

Corona-Esquivel, Rodolfo, 1993, Modelo de yacimientos de hierro y minerales
asociados de Ag, Pb, Zn, Cuy Au en la porcién suroccidental de México:
Asociacion de Ingenieros de Minas, Metalurgistas y Gedlogos de México,
Convencién Nacional, 20, Acapulco, Gro., Mexico, Memoria, p. 105-111.



190 CORONA-ESQUIVEL AND ALENCASTER

Figure 6. Reefal limestone of the La Minita area.

Corona-Esquivel. Rodolfo, and Alencaster, Gloria, 1993, Rudists from the Pefia
Colorada iron mine and La Minita sulfide deposit, Colima and Michoacsn
states, SW Mexico: Universidad Nacional Auténoma de México, Instituto
de Geologia, Third International Conference on Rudists, Mexico, D.F.,
Proceedings, p. 21.

Corona-Esquivel, Rodolfo; Morales-Isunza. Azucena; and Mendoza-Diaz, Vic-
tor. 1991, Mineralogra del yacimiento de hierro Pefia Colorada, estado de
Colima: Universidad Nacional Auténoma de México, Instituto de
Geologia; Universidad Auténoma de Hidalgo, Instituto de Investigaciones
en Ciencias de la Tierra; Sociedad Mexicana de Mineralogia, A.C.;
Secretaria de Educacion Piblica. Subsecretaria de Educacion Superior e
Investigacion Cientifica, Convencion sobre la Evolucién Geolégica de
Mexico, Congreso Mexicano de Mineralogia, 1, Pachuca, Hgo., Mexico,
Memoria, p. 37-39 (abstract).

Cuevas-Sinchez, S.F., 1981, Prospecto Tepalcatepec: PEMEX, IGPR- 164, Inter-
nal report (unpublished).

Garza-Noriega, Victor de la. 1979, Integracién geoldgica, geoquimica y geofisica
del Distrito Vulcano: Compaiita Minera Capela, Unidad "La Minita",
Internal report (unpublished).

Gaytin-Rueda. 1E.; Garza-Noriega, Victor de la: Arévalo, E.; and Rosas, A.,
1979, Descubnimiento, geologia y génesis del yacimiento Vulcano, "La
Minita", Mich.: Asociacién de Ingenieros de Minas, Mealurgistas y
Geologos de México. Convencion Nacional, 13, Acapuleo, Gro., Mexico,
Memoria, p. 58-116.

Govela, 5.A., and Ordénez. R.J.. 1981, Estudio preliminar sedimentologico-es-
tratigrafico del drea de Coalcoman-Colima: PEMEX, PRESS-003-81,
Internal report (unpublished).

Guerrero-Sudstegui, Martin: Ramirez-Espinosa, Joel: Talavera-Mendoza, Oscar;
and Campa-Uranga, M.F., 1991, El desarrollo carbonatado del Creticico
Inferior asociado al arco de Teloloapan, noroccidente del Estado de
Guerrero: Universidad Nacional Auténoma de México, Instituto de
Geologia; Universidad Auténoma de Hidalgo, Instituto de Investigaciones
en Ciencias de la Tierra; Sociedad Mexicana de Mineralogia, A.C.;

Secretarfa de Educacion Publica, Subsecretaria de Educacion Superior e
Investigacion Cientifica, Convencién sobre la Evolucion Geologica de
Meéxico, Congreso Mexicano de Mineralogia, 1, Pachuca, Hgo., Mexico,
Memoria, p. 85-86 (abstract),

Ménda-Cruz, A.A., 1978, Geologia regional de la zona Coalcomin, Michoacin,
y estudio geologico-minero del yacimiento de fierro de Puerto Hondo:
Meéxico, D.F., Instituto Politécnico Nacional, Escuela Superior de In-
genieria v Arquitectura, professional thesis, 77 p. (unpublished).

Ortega-Gutiérrez, Fernando; Mitre-Salazar, L.M.: Rolddn-Quintana, Jaime;
Moran-Zenteno, Dante; Alaniz-Alvarez, S.A.; and Nieto-Samaniego,
A.F., 1992, Texto explicativo de la quinta edicién de la carta geol6gica de
la Republica Mexicana: Instituto de Geologia, Universidad Nacional
Auténoma de México y Secretaria de Energia, Minas e Industria Paraes-
tatal, 74 p.

Ortigoza-Cruz, Felipe: Changkakoti, Amarendra; Morton, R.D.; and Gray, J.,
1994, Strrontium isotope geochemistry of barite mineralization at La
Minita, SW Mexico: Boletin de la Sociedad Geologica Mexicana, v, 52,
p. 1-10.

Pano, A.A., 1975, Prospecto Pihuamo: PEMEX, IGPR-124, Internal report (un-
published).

Pantoja-Alor, Jerjes, and Estrada-Barraza, Samuel, 1986, Estratigrafia de los
alrededores de la mina de fierro de El Encino, Jalisco: Sociedad Geologica
Mexicana, Boletin 47, p. 1-16.

Pimentel. R.A.. 1979, Prospecto Ahuijullo: PEMEX, IGPR-166, Internal report
(unpublished).

———1 980, Prospecto Soyatlin de Adentro: PEMEX, IGPR-191, Internal report
(unpublished).

Pineda-Ramirez, Alvaro; Lopez-Mendoza, Héctor: and Pefia-Buendia, A., 1969,
Estudio geologico magnetométrico de los yacimientos de Pefia Colorada,
Municipio de Minatitlin, Colima: Mexico, D.F., Consejo de Recursos
Naturales no Renovables, Boletin 77, 44 p.

Raisz, Erwin, 1964, Landforms of Mexico (2nd ed.): Cambridge, Massachusetts,
private edition, scale 1: 3°000,000. map and text.

Rodriguez, F.D., 1980, Prospecto Tecalitlin: PEMEX, IGPR-186, Internal report
(unpublished).

Salazar, M.S., 1983, Evolucién geoldgica-petrolera de la cuenca Jalisco-Colima:
PEMEX, IGPR-231, Internal report (unpublished),

Sdnchez, M.R., 1983, Prospecto Tecomdn: PEMEX, IGPR-221, Internal report
(unpublished).

Sedlock. R.L.: Ortega-Gutiérrez, Fernando; and Speed, R.C., 1993, Tectonostra-
tigraphic terranes and tectonic evolution of Mexico: Geological Society
of America, Special Paper, v. 278, 153 p.

Talavera-Mendoza, Oscar, 1993, Les formations orogeniques mesozoiques du
Guerrero (Mexique mendional)—Contribution i la connaissance de I"évo-
lution géodynamique des cordilleres Mexicaines: Grenoble, Université
Joseph Fourier, Ph. D. dissertation, 294 p. (unpublished).

Vivar, Gonzalo, 1926, Bosquejo geolGgico de una parte del Estado de Colima:
Instituto Geoldgico de México, Anales, v. 2, no.5, p. 129-154.

Manuscript received: July 3, 1995,
Corrected manuscript received: December 4, 1995,
Manuscript accepted: December 11, 1995,



