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Within this region, a third generation of plutons, recognized as

distinct by Silver (1968), intrudes the older orogenic assemblages. These

intrusives, which fall within the interval 1400 to 1500 m.y., lack a
consanguineous stratified sequence as well as geographic restrictions
comparable to the older terranes., They intrude the older basement from
New Mexico to California (Silver, 1968; 1971). 1In the central United
States rocks of this generation are associated with volcanics and may

form a distinctive province (Bickford and Mose, 1975; Silver and others

1877).

3)

The Van Horn mobile belt and other crystalline basement rocks whose
ages fall within the interval 950 to 1200 m.y. (King and Flawn, 1953;
Wasserburg and others, 1962; Denison and others, 1969; Grenvillian
belt of King, 1975). 1In west Texas, near Van Horn, and in the Carrizo
Mountains, granitic rocks, gneiss, schist and metavolcanics comprise
this terrane (King and Flawn, 1953). These crystalline rocks are
locally overlain by a distinctive assemblage of sedimentary rocks and
rare volcanic units, which are markedly less metamorphosed than
underlying rocks and whose ages may range from late Precambrian
through early Paleozoic (Fig. 8).

The Ouachita orogenic belt (Flawn and others, 1961)., This belt pro-
vides a key linear element along which correlations can be made.
Interruptions in the continuity of the belt suggest offsets which we
believe are caused by major faults. TFor this reason the character

of the Ouachita belt is described in somewhat greater detail,

Flawn and others (1961) applied the name Ouachita system to the

belt of deformed Paleozoic rocks which fringes the southern margin of the




Central Stable Region of North America in the same way that the Appalachian

System fringes the eastern margin.

A two-fold tectonic subdivision of rocks of the belt was suggested:
1) essentially unmetamorphosed sedimentary rocks which are folded and
faulted but not penetratively deformed and 2) metamorphosed and penetra-
tively deformed sedimentary and much less abundant igenous rocks. The
former group lies adjacent to the foreland and defines a belt called the
frontal zone. South and east of the frontal zone, rocks of the second
group define the interior zone.

King (in Flawn and others, 1961) subdivided the geologic history
of the Ouachita system into the following phases (based primarily on the
history recorded by rocks within the frontal zone):

1) Early geosynclinal phase (Cambrian to Devonian). Rocks characteristic
of this phase form a distinctive suite comprised of chert and novacu-
lite interbedded with shale and slate, quartzose sandstone, graywacke,
and argillaceous limestone.

2) Late geosynclinal phase (Mississippian and Early Pennsylvanian). This
phase is distinguished by great abundance of clastic rocks discon~=
formably overlying the youngest siliceous beds., The clastic deposits
include boulder conglomerate to shale with rare limestone.

3) Orogenic phase (mainly Pennsylvanian, but migrating with time to the
south and west)., Clastic rocks which may have accumulated in shallow
or deep-water enviromments and which may include some nonmarine
deposits comprise the rocks of this phase.

4) Post-orogenic phase (Permian and later) marine or non-marine clastic
rocks, includes carbonate units and reefs where marine conditions

persisted.
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Outcrops of rocks and structures which characterize the frontal
zone occur in the Ouachita Mountains, Marathon region (Fig. 8) and
Solitario uplift. Southwest of Solitario uplift in the state of Chihua-
hua, in northern Mexico, Flawn (Flawn and others, 1961) suggested that
rocks which crop out in the Placer de Guadalupe area and in the Sierra
del Cuervo area southwest of Solitario uplift in the state of Chihuahua,
in northern Mexico lie just within the frontal zone near its border with
the foreland (Figs. 1, 8). Bridges (1964a, 1964b), who mapped this
area demurred with respect to the Placer de Guadalupe area for the
following reasons (1964b, p. 93):

", , . it might be more accurate to place the
Mina Plomosas-Placer de Guadalupe area in Foreland.
The main reasons for doing this are: (1) There is
no thick geosynclinal or flysch facies. The total
thickness of the entire Paleozoic section does not
greatly exceed 2,000 meters and much of this is
platform limestone. (2) Paleozoic tectonism was mild."

"Previously, the writer has informally
suggested that the Mina Plomosas-Placer de Guadalupe
area lay between the platform and geosyncline.
At present he still believes that the frontal zone
of the Ouachita structural belt lies not far to the
south of Mina Plomosas. Thus the suggested change
is not a major consequence.'

The "flysch-like sediments'' of Late Pennsylvanian (7) and
Wolfcampian age, which crop out in Sierra del Cuervo, are more than
1,000 m thick and appear to belong inside the frontal zone. (Flawn

and others, 1961).
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Rocks of the Ouachita system cannot be traced west from this area.
In Sierra Magistral, which lies 60 kilometers southwest of Chihuahua City,
Bridges (1964 b, p. 93), noted the occurrence of "more than 500 meters of
Cretaceous or Permian (?) pre-Glen Rose sandstone.'" He concluded that
(1964 b, p. 93-94) '"Precambrian metasedimentary rocks were probably
exposed to the west of Sierra Magistral in parts of Paleozoic and perhaps
Mesozoic time. Therefore, a OQuachita geosynclinal facies is precluded
west of Sierra Magistral and the Ouachita structural belt must turn
abruptly south."

The interior zone of the Ouachita belt is less well known than the
frontal zone because rocks which characterize this zone rarely crop out.
Well cores provide the vast majority of data pertaining to these rocks.
The interior zome has been identified in the subsurface south of the Llano
uplift (Flawn and others, 1961, Plate 2). In this area, two lithologies
may be discerned: 1) abundant fine-grained schist-phyllite-slate-metaquartz-
jte-marble and 2) less common black graphitic slate. The zone continues
west as far as the Rio Grande where it swings northwest and trends roughly
parallel to the present river course. Just south of the Rio Grande in
Coahuila, Mexico, rocks which crop out in Sierra del Carmen have been
interpreted as being part of the interior zone (Fig. 1), (Flawn and Diaz
G., 1959)., These outcrops consist of interlayered very fine-grained
sericite-muscovite-chlorite schist and phyllite, very finme-grained
metaquartzite, and calcite marble.

Subsurface data for northern Mexico are sparce. In the states of
Coahuila and Nuevo Leon published data for several wells are available

(Fig. 1) Glawn and Diaz G., 1959). Highly sheared slate and metagraywacke




were encountered in No. 2-A Peyotes. No. 1 Barril Viejo bottomed in
granodiorite.

Outcrops of pre-Cretaceous intrusive rocks are also rare, but
available stratigraphic and radiometric data suggest that at three locali-
ties, plutons which probably represent the terminal events of orogenesis
within the interior zone are preserved. Granodiorite at Potrero de la
Mula, which is overlain by Cretaceous beds according to Kellum and others
(1936), yielded a X/Ar hornblende date of 206 + 4 (Denison and others, 1969).
Similarly on the flanks of the range between Acatita and Las Delicias, two
distinct granitic masses were described as post-Permian by Kelly (1936)
and King and others (1944) on the basis of intrusive relationships with
the Permian section and unconformable relations with overlying Cretaceous
beds. One of these rocks, a granodiorite, similar to the one at Potrero
de la Mula, yielded a K/Ar biotite date of 203 + 4 (Denison and others, 1969).

Indirect evidence of crystalline rocks within the interior zone is
provided by thick sections of arkose of Neocomian age derived from the
Coahuila Peninsula, which lacks sedimentary rocks of Triassic and Jurassic
age (Kellum and others, 1936). Older elements of the interior zone whose
radiometric ages vary from about 450 to 350 m.y. have been identified by
Denison and others (1969). These include granitic gneiss and metarhyo-
lite boulders from the Haymond Formation of the Marathon Basin and granite
gneiss from a well in northeastern Mexico,

The most southerly outcrops of rocks of Paleozoic age on the Coahuila
Peninsula occur in the Valle de Las Delicias (King and others, 1944) (Fig. 1).
Beds range in age from at least Wolfcampian to possibly Ochoan. The

section which crops out is more than 3000 meters thick and is comprised
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of mafic and intermediate flows and intrusives interlayered with graywacke,
conglomerate, sandstone, fossiliferous limestone, minor quartzite and
shale. King and others (1944) make the following conclusions:

"The faunas indicate direct connection with the

Permian Basin of West Texas and New Mexico, and this thick

section, lying some 200 miles south of the Rio Grande, indi-

cates the course of the Permian geosyncline across Mexico.

The detrital sediments appear to be derived largely from

the east but the volcanics came chiefly from the west side

of the geosyncline."

Rowett and Hawkins (1975, p. 231) suggested that these rocks
"accumulated on the seaward and eastern side of a volcanic island archi-
pelago."

Yaqui Block

Precambrian and Paleozoic rocks are poorly exposed in this block
which is bounded on the north by the Mojave-Sonora megashear and on the
south by the Mexican volcanic belt megashear. From northwest to south-
east the following major pre-Mesozoic elements are recognized (Fig. 1).
1) The Sonobari Complex, which crops out just south of the border between
Sonora and Sinaloca, consists of biotite schist, amphibolite, gneiss and
quartzite. De Csernma (1971 a), who initially mapped this region (Cserna
and Kent, 1961) considered its age to be Precambrian, although he
emphasized the lack of satisfactory stratigraphic or geochemical dating.
A homogeneous suite of zircons derived from biotite gneiss collected from
Sierra de Sonobari yields concordant ages at about 220 m.y. (Anderson and

Silver, unpublished data). Recently, Carillo (1971) and Malpica-Cruz




(1972) identified a fauna of Late Mississippian to Early Pennsylvanian age
in black slate 70 km southeast of this area.

2) Late Precambrian and Paleozoic clastic and carbonate rocks. Beds which
are correlative to units in southeastern California crop out in western
Sonora (Cooper and Arellano, 1946)., Lithologic characteristics and ages

of these units as well as their unconformable relationship to underlying
crystalline basement have been described in a series of papers by Cooper
and others (1952), Coocper and others (1953), Arellano (1956), and Easton
and others (1958).

3) Crystalline basement - Precambrian rocks were initially identified by
Damon and others (1962) near Caborca, Sonora. These units are composed of
biotite gneiss, mica schist and quartzose gneiss which have been intruded
by concordant sheets of amphibolite and rhyo-dacite. Plutons which range
in composition from quartz diorite to quartz monzonite cut the layered
sequence. Geochronologic studies in the Caborca area and in other parts

of Sonora indicate the existence of rocks which range in age from 1770 +

15 m.y. to 1725 + 15 m.y. as well as plutons about l.4 b,v. old (Anderson
and Silver, 1970; 1971 b; and 1975). These ages suggest correlation to rocks
in California and Arizona. Precambrian rocks whose ages fall in the inter-
val 1720 to 1660 have not yet been recognized to the east. In the states
of Chihuahua and Durango no Precambrian rocks are known and much work
remains to be done in these areas where basement is thickly covered by
young volcanic units. Plutons whose ages fall in the interval 1.45 +

.025 b.y. intrude the old sequence as they do to the north.

4) Late Precambrian (?7) basement: In northern Zacatecas, about 180 km

west of Ciudad Victoria, a strongly deformed metasedimentary sequence,
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which includes some novaculite, overlies sheared metarhyolite (Cordoba,
1964) (Fig. 8-B)., Although these units are unfossiliferous, lithologic
similarities invite comparison with Precambrian and Paleozoic units in
Texas. Cordoba (1964, p. 61) states:
"The possibility of Precambrian age (for Caopas

Schist) is suggested by the degree of metamorphism, the

complexity of the structure, and the fact that 1,690 m

of pre-'"Nazas' rocks rest unconformably over the Caopas

Schist, It is also suggestive that the upper part of

the pre-'"Nazas' sequence resembles the Tesnus Formation

and Caballos Novaculite of late Paleozoic age in the

Marathon region in Texas. There is a lithologic simi-

larity between the Caopas Schist and the Carrizo Moun-

tain Schist of the Van Horn area."

Geochronologic study of the Caopas Schist (Denison and others,
1971) has resulted in apparent Rb-Sr ages from 140 to 220 m.y. and a K-Ar
date of 55 m.y. These ages are probably not the time of intrusion but
record later history. De Cserna (1976 b) suggested that the Caopas Schist
had been emplaced tectonically and therefore was not stratigraphically the
oldest unit in northern Zacatecas, but was correlative with mafic volcanic
units of Triassic age to the south, near Fresnillo, Zacatecas.
5) 'Grenville'' age crystalline rocks: These rocks are exposed in the
cores of two great anticlinoria: Huizachal-Peregrina near Ciudad Victoria
and Huayacocotla, north of Pachuca (Fig., 1). Granite gneiss, schist, and
paragneiss from the Peregrina-Huizachal area have been studied by means

of K-Ar, Rb-Sr, and Pb-a techniques and yield apparent Precambrian ages
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between 1350 and 740 m.y. (Fries and others, 1962 a, 1962 b; Fries and
Rincon=0Orta, 1965; Fries and others, 1974; Denison and others, 1971).

The metamorphic grade recorded by these rocks as well as their distinctive
lithologies are similar to more widespread exposures in Oaxaca (Ortega-
Gutierrez, 1978 a).

Granulite-grade gneiss from the Huayacocotla area yields Pb-a ages
from 1210 to 800 m.v. (Fries and others, 1974; Fries and Rincon =~ Orta,
1965). Fries and others (1974) suggest that these data indicate a north-
ward extension of the Oaxacan tectonic belt as far as Ciudad Victoria.
According to these authors the development of the belt was as follows:

(1) sedimentation between 1350 and 900 m.y.; (2) plutonic activity between
990 and 800 m.y.; and (3) metamorphism between 920 and 740 m.y.

In the Ciudad Victoria area and to the west near Aramberri, K-Ar
and Rb-Sr isotopic data from schist, graphitic schist and pegmatite, yield
apparent ages from 446 to 260 m.y. (Denison and others, 1971; Cserna and
others, 1978). Denison and others (1971), de Cserna and others (1978),
Ramirez-Ramirez (1978) Garrison (1978) and de Cserna and Ortega-Gutierrez
(1978) have discussed these data in some detail and the following may be
concluded: (1) the schist is a product of low-rank metamorphic processes
and is distinct from associated gneisses of upper amphibolite to granulite
grade, (2) the schist was metamorphosed in Pennsylvanian time; the age of
its accumulation is uncertain, (3) the schist records a history different
from the older gneiss and fossiliferous Paleozoic sequence and was em-~
placed tectonically.

6) Ouachita system (?) - frontal zome - Strata of early and middle Paleo-
zoic age crop out above the crystalline basement and in places bear

striking resemblance to rocks of the Ouachita system to the north., 1In
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the Huizachal-Peregrina area, Carrillo-Bravo (1961) described more than
1600 meters of marine beds of Paleozoic age (Fig. 8). The age and
lithology of these units suggest correlation with the sections in northern
Chihuahua and Marathon. As mentioned above, distinctive lithologies also
occur in the sequence described by Cordoba (1964) in northern Zacatecas.
Lower and middle Paleozoic rocks do not crop out in the core of
Huayacocotla anticlinorium and are not known from other localities within
the Yaqui block.

Pennsylvanian and Permian rocks which are comparable lithologically
have been described from several localities (Lopez-Ramos, 1969) including
important outcrops at Ciudad Victoria and Huayacocotla (Fig. 8). These
beds consist predominantly of clastic rocks which range from conglomer-
ate to lutite with local minor intercalations of limestone. Thickness
of the known sections range from 100's to 1000's of meters.

Upper Paleozoic beds extend eastward under the coastal plaiﬁ as
indicated by well data. Carrillo-Bravo (1961) noted that southeast of
Ciudad-Victoria in Gonzalez No. 101 well, 1430 m. of Lower Pennsylvanian
black shale, sandstone and conglomerate were encountered. Farther east
near the coastline two wells (Tepehuaje #1 and Zamorina #1) cut beds of
Permian age (Lopez-Ramos, 1969).

7) Ouachita system (?) - interior zone - Additional subsurface data from
more than 150 wells is summarized by Lopez-Ramos (1972). These data clear-
ly show that strongly metamorphosed rocks, fossiliferous beds of Paleozoic
age and intrusive masses comprise a major part of the terrane which under-
lies the coastal plain. Some of these units are probably comparable to

the "interior zone'" of the Ouachita system.
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Schist which crops out at Ciudad Victoria and Aramberri may also
be a part of the sequence comprising the interior zone. As noted above,
many characteristics of the schistose rocks are in contrast to those of
associated gneisses. Ramirez-Ramirez (1978) interpreted these rocks
as part of an island arc which formed along a convergent margin,

De Cserna (1971 b) argued that the schist was tectonically emplaced in

slices that define a belt of thrusts throughout eastern Mexico.

Maya Block

The Maya block was defined by Dengo (1969) as an area which extended
from the Motagua fault zone north to the state of Chiapas, Mexico. It is
underlain by basement which consists of rocks of early Paleozoic and per-
haps older ages which have been metamorphosed to predominantly amphibolite
and garnet amphibolite facies. This crystalline basement is overlain by
sedimentary rocks of late Paleozoic (Pennsylvanian - Permian and possibly
older), Mesozoic and Cenozoic ages. For the purposes of this paper it
seems logical to suggest that the northern boundary of the Maya block be
designated as the Mexican volcanic belt, This alteration does not violate
the original definition by Dengo and does result in boundaries that may
coincide with fundamental crustal fractures.

Although crystalline rocks are more widely exposed in the Maya
block than adjacent blocks, high, mountainous terrain, and a paucity of
available data make geologic overviews hazardous at best. Geology of
this block appears to be complicated by the fact that Ouachita and Cordil-
leran orogenic belts are probably very close together and normally evident
tectonic symmetries may be obscured because they are intermingled or have

been superposed.
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From west to east, initial studies suggest the presence of the
following major pre-Mesozoic geologic elements:
1) ZXolapa gneiss - On the west coast of Mexico, near Acapulco, de Cserna
(1965) described a sequence of metamorphic rocks which includes quartzite,
biotite schist, and locally cordierite schist, amphibolite, and gneiss.
De Cserna (1971 a) recognized that the area had experienced a very complex
history and pointed out that (p. 1502) "both paleontologic and radiometric
evidence bracketed the metamorphic rocks as pre-medial Cretaceous', More
recent isotopic studies (Cserna and others, 1978) yield Rb-Sr isochron
age of 311 + 30 m.y. Zircons derived from Xolapa gneiss, a different unit
within this complex, yield U/Pb isotopic ages of about 170 m.y. (Guerrero
and others, 1978) which indicate that parts of this terrane formed during
Jurassic time., Extensive study will be required to unravel the complexi-
ties of this large area adjacent to the Pacific Ocean.
2) Taxco Schist - North of Acapulco, in the region between Taxco and Toluca,
greenish-gray crenulated sericite schist derived from rhyolite tuff in
places underlies greenstones of Late Triassic (?7) age. No conclusive radio-
metric date is available for these rocks., De Cserna (1971 a) suggests the
probability of their Precambrian age, although they could be Paleozoic age
or younger (7).
3) Late Precambrian basement - In the vicinity of the city of Oaxaca
strongly metamorphosed rocks of upper amphibolite and granulite grade
comprise the crystalline terrane. Quartzo-feldspathic gneiss is predomin-
ant and may contain any one or a combination of biotite, amphibole, garnet
and pyroxene. This gneiss is distinctly banded in outcrops where abundant
mafic minerals define the foliation. As the percentage of mafic consti-

tuents increases, the quartzo-feldspathic gneiss is transitional to
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amphibolite or pyroxene gneiss. Marble and quartzite crop out throughout
the area although they are confined to layers whose thickness commonly
does not exceed a few 10's of meters. Graphite is a common constituent

in some gneiss layers and in place graphite schist crops out. Granite,
granodiorite, and diorite masses intrude the layered sequence and commonly
show strong deformation., Pegmatites cut the gneissic and granitic rocks.
Studies of isotopic relationships of K-Ar, Rb-Sr, and Pb-a in minerals
from pegmatites and gneiss in the region around Ciudad Oaxaca yielded

ages which range from 1190 to 670 m.y. (Fries and others, 1962 a; 1966;
1974; Fries and Rincon~Orta, 1965). U-Pb isotopic relationships from zir-
cons derived from paragneisses and a metamorphic pegmatite yield ages of
about 1050 m.y. and suggest that a major metamorphic culmination occurred
at that time. A concordant age from a post-deformational pegmatite of
960 + m.y. provided a younger limit to deformation which effected the
gneisses (Anderson and Silver, 1971 a).

Within the Maya block the full extent of the province underlain
by strongly metamorphosed, 1.0 b.y. rocks is not known. Lithologically
similar rocks have been reported from many localities and it seems probable
that these rocks underlie much of the state of Oaxaca and southern Puebla.
East of Oaxaca, almost no additional radiometric data pertaining to Pre-
cambrian rocks is available., Gneisses of the Chuacus series from central
Guatemala have been studied., Zircons derived from these paragneisses
"yield an age of 1075 + 25 m.y. which may be either the age of source
terrain for the original sediments, or the age of prinéipal metamorphism’
(Gomberg and others, 1968, p. 121). In the widespread intervening area
which includes western Guatemala and the state of Chiapas, Mexico, no Pre-

cambrian ages have been published. De Cserna (1971 a) alludes to unpublished




data of Pantoja and others which suggests the existence of granite of Pre-
cambrian age in westernmost Chiapas.
4) Early to Middle Paleozoic rocks: Fossiliferous early Paleozoic beds
crop out at only one locality within the Maya Block. Near Nochixtlan,
45 km northwest of Oaxaca, Pantoja-Alor and Robison (1967) reported the
existence of at least 200 m of limestone, shale and sandstone which
occupy an age interval from Late Cambrian to Early Ordovician. These
beds are unconformably overlain by Mississippian strata (Fig. 8).

Studies in the southern Mexican states of Puebla (Rodrigaez-
Torres, 1970; Ruiz-Castellanos, 1970; Ortega-Gutierrez, 1978 b) and Chiapas
(Pantoja-Alor and others, 1974) and in western Guatemala (Kesler, 1971;
Kesler and others, 1970; Anderson and others, 1973) and earlier research
(e.g. Webber and Ojeda-Rivera, 1957; McBirney, 1963) have established the
existence of substantial terranes of pre-Pennsylvanian metasediments.
Metamorphic facies characteristic of these rocks are commonly greenschist
or lower to middle amphibolite grade in contrast to the upper amphibolite
or granulite facies rocks which yield 1.0 b.y. age. These metamorphic
rocks, derived from sedimentary beds with intercalated volcanic units, are
cut by syntectonic and post-tectonic intrusives, Dated plutonic rocks
include two from southern Puebla (Acatlan augen schist and Totoltepec gran-
odiorite) which yield Rb-Sr ages of about 450 m.y. (Fries and others, 1966;
and Fries and others, 1974), the Rabinal granite, whose interpreted zircon
age is about 350 m.y. (Gomberg and others, 1968), and the Mountain Pine
granite from Maya Mountains which yields an apparent Rb-Sr age near 400
m.y. (Bateson, 1972). Large masses of granitic rocks which intrude Pre-
cambrian (?) rocks in Oaxaca have been mapped by de Cserna (1971 a) as

Paleozoic as have numerous plutons which intrude the metamorphic sequence
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in western Guatemala (Kesler and others, 1971; Anderson and others, 1973).
Rb-Sr isotopic data from scattered localities in Chiapas yield a variety
of apparent Paleozoic ages (Salas, 1975). Subsurface data indicates the
presence of Carboniferous basement as far north as central Yucatan
(Dengo, 1969). Dengo (1969, p., 313) noted that a basement core in the
Yucatan Peninsula yielded probable age of 420 m.y. and recorded a possible
metamorphic event at 330 m.y. (written communication by M, N, Bass based
upon isotopic study by R, Zartman);
5) TFossiliferous Carboniferous and Permian rocks - Strata of late Paleo-
zoic age crop out sporadically from Puebla to Belize. In southern Puebla
crinoid-bearing, Carboniferous (?) clastic rocks with interbedded carbonate
and rare volcanic units have been correlated with Pennsylvanian beds to
the east at Tehuacan and Nochistlah (Ruiz=-Castellanos, 1970). Abundant
plant fossils (Silva-Pineda, 1970) firmly establish the Pennsylvanian age
of the sequence of sandstone and lutite at Tehuacan and these rocks pro-
bably correlate with the shaly beds which crops out near Nochistlan
(Pantoja-Alor and Robison, 1967) and contain Early to Middle Fennsyl-
vanian marine fauna. Exposures of fossiliferous Paleozoic strate have
not been recognized in the Isthmus of Tehuantepec, although Lopez-Ramos
(1969) suggested that metamorphic rocks including abundant phyllite,
schist, quartzite and marble might be equivalents of late Paleozoic strata.
From eastern Chiapas across Guatemala toBelize (Fig. 8) clastic
rocks of Pennsylvanian (?) age are transitional into a carbonate section
whose Permian age is firmly established (see Clemons and others, 1974 for
a recent summary). Most recently in western Guatemala, Litke (1975)
reported that plant fossils occur with a marine fauna in clastic rocks

of Pennsylvanian-Permian age and suggested that these beds accumulated
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nearshore in shallow water. This belt of Pennsylvanian (?) Permian
sediments has been interpreted as forming part of an east-west geosyncline,
whose foreland was to the north in Yucatan and whose deeper parts were to
the south (Dengo and Bohnenberger, 1969; Hall and Bateson, 1972), An
alternative interpretation is that Yucatan was an uplifted orogenic belt
from which detritus was shed southward toward a narrow strip of slightly
older basement. Facts which contribute to either of these interpretations
include:

1) The presence of an early to middle Permian carbonate section in
Guatemala which thins to the north and is transitional into clastic rocks;
2) The distribution of Late Pennsylvanian volcanic rocks in Belize (Hall
and Bateson, 1972) and their possible equivalence to volcanic rocks to the
west in Guatemala (Fargher, 1968-1969; Forth, 1971);

3) The absence of subsurface late Paleozoic rocks in most of Yucatan
(Dengo, 1969).

Plutons of late Paleozoic to Triassic age which intrude layered
sequences have been dated from Belize, central and western Guatemala.
Permo-Triassic granite is mentioned from western Guatemala by Marcus and
others (1975). 1In central Guatemala a stock which intrudes presumably
early to mid-Paleozoic metamorphic rocks yields an Rb-Sr age of 275 m.y.
(Pushkar, 1968). Bateson (1972) reports Rb~Sr and K-Ar dates from three

intrusives in Belize which range from 390 to 200 m.y.

Cuba
Cuba 1is considered part of the Mayva block but, because of its role
in the model and location is described separately. Between the Yucatan

Peninsula and Cuba, topographic ridges in the sea floor (Baie, 1970) and
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dredge samples composed of muscovite schist and phyllite and marble (Moore
and others, 1971; Vedder and others, 1971; Vedder and others, 1973) sup-
port the suggestion (eg. Dengo, 1969; Uchupi, 1973) that parts of Cuba

are an extension of pre-Mesozoic crystalline terrane which underlies the
Yucatan Peninsula.

Three major ocutcrops of metamorphic rocks occur along the southemrn
flank of Cuba. From west to east these are 1) Isle of Pines metamorphics,
2) Sierra de Trinidad metamorphics, and 3) metamorphic rocks near the
southeasternmost part of the island in Oriente province. On the Isle of
Pines, marble, quartzitic phyllite, quartzite, graphite-sericite schist,
biotite schist, biotite-staurolite schist, garnet-muscovite schist and
sillimanite schist have been intruded by serpentinite and gabbro, locally
metamorphosed to amphibolite, Metamorphic outcrops in Sierra de Trinidad
include a thick unit of marble in addition to epidote-quartz-micaschist,
graphitic schist, gneissic quartzite, garnet-bearing graphitic quartzite
coarsely crystalline gneiss, chlorite schist, actinolite schist, serpenti-
nite, amphibolite and metagabbro. In eastern Oriente province, the meta-
morphic rocks lithologically resemble San Cayetano Formation and may be
metamorphosed equivalents of these units. The above descriptions are
taken from Khudoley and Meyerhoff's (1971) summary which also includes a
thorough discussion of the vigorous debate which exists about the ages of
these beds. Although Khudoley considered the metamorphic rocks most likely
to be equivalents of Jurassic beds, Meyerhoff in Khudoley and Meyerhoff
(1971) and Tijomirov (1967) argued that the more strongly metamorphosed
units and those rocks that are derived from lithologies which are not known

in the Jurassic sequence, are probably Paleozoic or Precambrian.
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Chortis Block

In contrast to the metamorphic rocks of amphibolite and garnet
amphibolite facies which characterize the Maya block:

"the basement of the Chortis block consists mainly of

phyllites and schists of the greenschist facies, which

are here designated as the Palacaguina metamorphics,

after the formation of the same name in Nicaragua

(Zoppis Bracci, 1957). The Chortis block is the area

of southern Guatemala, El Salvador, Honduras, northern

Nicaragua and the Nicaraguan Rise (or bank) in the

Caribbean'

(Dengo, 1969, p. 312).

Horne, Clark and Pushkar (1976) provide a summary of the basement
rocks which comprise the Chortis block (Figs. l and 5). They point out
that initial geological reports from areas south of the Motagua fault
resulted in oversimplification of basement stratigraphy, which has been
complicated by displacements alomg major faults. Between the Motagua and
Jocetéh-chamelecdh faults three sequences of metamorphic strata have been
recognized, In Guatemala, according to Horne, Clark and Pushkar (1976,
p. 571-572):

"The most widespread sequence consists dominantly

of low-grade phyllite and mica schist with subordinate

quartzite, and marble prevalent at the top; it has been

correlated with the unmetamorphosed Santa Rosa group

found farther north (Clemons, 1969). These phyllites are

underlain, perhaps unconformably, by the El Tambor Forma-
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tion, a sequence of mafic pelitic strata, metachert, and

locally common greenstone; the El Tambor was interpreted

as a eugeosynclinal assemblage (McBirney and Bass, 1969).

The third sequence is a high-grade metasedimentary and

metaigneous complex of garnet-staurolite to sillmanite

schist and gneiss, amphibolite, migmatite, and marble; it

was called the Las Ovejas Group (Schwartz, 1972)."

Only sparse isotopic data exist for these units (McBirney and
Bass, 1969; Pushkar and others, 1972) and the ages of protoliths and
subsequent metamorphic modification have not been established. EIl Tambor
Formation is probably equivalent to beds which bear Cretaceous fossils
according to Wilson (1974). Lawrence (1976) concludes on the basis of
the geochemistry and petrology of the EL Tambor rocks, that this unit
likely represented oceanic crust and overlying sediments. Concurrent
mapping along the eastern part of the Motagua fault trace led Schwartz
and Newcomb (1973) and Donnelly (1977) to suggest that during late
Cretaceous time, continent-continent collision had occurred as a small
ocean basin was closed by plate convergence. The suture zone is probably
nearly coincident with the active Motagua fault trace. In view of the
complex history of the Motagua zone and the likelihood that major fault
displacements as well as convergence have occurred along this zone, we
consider correlations between units from northern Guatemala to Honduras
tenuous.

Farther east in Honduras, Horne, Clark and Pushkar (1976) con-
ducted field studies in Sierra de Omoa and this work revealed a great variety
of low to medium grade metasedimentary and metavolcanic units. This com-

plex has been intruded by plutons, some of which record metamorphic and/

or deformational overprints. Rb-Sr isotopic results indicate that some
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of these rocks are at least Ordovician in age and may be as old as late
Precambrian. Younger magmatic episodes have been dated as middle Carbon-
iferous age and Jurassic age.

South of this province large areas of Honduras are underlain
predominantly by schist, phyllite with less abundant marble and rare
quartzite metamorphosed to greenschist facles. Locally augen gneiss and
schist of almandine-amphibolite facies underlie (?) the greenschist grade

rocks.,

Motilon Block

The Motilon block refers to those parts of northwestern South
America, mainly in Colombia, underlain by pre-Jurassic rocks. This terrane
was situated southeast of Chortis block during Permian time.

Recent summaries of the geology of this region (Irving, 1975;
Shagam, 1975; Tschanz and others, 1974) provide invaluable guides to
stratigraphy and structure as well as to many additional references.
Stratigraphic sections are provided for Sierra Nevada de Santa Marta
(Fig, 8) (Tschanz and others, 1974) and Sierra de Perija (Fig 7) (Miller,
1962) because of their proximity to the northern margin of South America.
Sterra de Perija/trends northeasterly and is separated from the
Santa Marta block by the Cesar lineament. The Santa Marta block is
bounded by major fault systems on the north (Oca) and west (Santa Marta-
Bucaramanga) and probably has been transported northwest by displacements
along these fault systems., Geologic subprovinces are delineated within
the block by the Sevilla lineament., TFew geochronologic studies have been
made on crystalline rocks from ranges between the Guayana shield and the

Caribbean sea according to Tschanz and others (1974, p. 275):
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"The available Precambrian radiometric ages from

the Sierra Nevada massif and from the broad region between

it and the Guayana Shield suggest that the ages in the

Sierra Nevada massif (presumably~ 3,0 b,y.) were reset by two

or three subsequent Precambrian metamorphic events about

1,200 to 1,400, 940, and possibly about 752 m.y. ago. The

geologic and radiometric belts developed during these

orogenies around the margin of the granulite nucleus of

the ancestral Guayana Shield.'

Two overlapping, north-northeasterly-trending orogenic belts of
Paleozoic age developed along the previously modified northwestern margin
of the Guayana shield. The older of these belts formed during Cambrian
and Ordovician and its later development is marked by an episode of pluton-
ism which 1s indicated by rare concordant masses of biotite-quartz-feldspar
orthogneiss which yield ages from 450 + 80 to 413 + 30 m.y. Along the
western flank of Serrania de Perija miogeosynclinal facies of the Cambro-
Ordovician belt are comprised of clastic sedimentary rocks (Fig. 8&).

These strata are probable equivalents of thin-bedded shale, with minor
limestone interbeds which crop out along strike far to the south and yield
faunas ranging in age from Middle Cambrian to Early Ordovician (Harrington
and Kay, 1951), 1In places, overlying rocks consist of thousands of feet

of quartzite beds,

The absence of Silurian rocks throughout Colombia is compatible
with the interpretation that much of the area had been uplifted and was

undergoing erosion.
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Clastic sedimentary rocks of Devonian age rest unconformably upon
older units and in places may have been affected by sharp, local disturb-
ances (Irving, 1975).

Latest-Mississippian age beds crop out in Colombia and they con-
sist of sandstone, shale, mudstone and limestone. These units are probably
transitional into sequences, commonly a few hundreds of meters thick, of
Pennsylvanian-Permian age. In Sierra de Perija several late Paleozoic
localities are known (Miller, 1962; Trumpy, 1953), although details of
stratigraphy are sketchy. Pertinent units bearing Carboniferous brachio-
pods crop out in the northern part of the range and consist of olive-brown
colored sandy shale and sandstone, with scattered shale, sandstone and
limestone interbeds which become more abundant higher in the sections.

In the east-central part of Sierra de Perija, plant remains are found

in beds of presumed Carboniferous age. Gray, slightly dolomitic, cherty
limestone in a fault-bounded block contains a distinctive Permian fauna
(Trumpy, 1953).

Northwest of Perijaﬁ within the Santa Marta block, 300 meters of
probable late Paleozoic rocks consist from bottom to top of graphitic
schist, quartz-pebble conglomerate, quartz sandstone and limestone (Gansser,
1955). A layer of hornblende-diorite porphyry crops out near the middle
of the seguence.

Beds of basaltic and spilitic rocks and volcanogenic graywacke and
paraschist, orthoschist, metadiorite and amphibolite, also within the
Santa Marta block, possibly represent a eugeosynclinal suite of Permian
age which probably accumulated along the western edge of South America
(Tschanz and others, 1974). Equivalent units may crop out on the Guajira
Peninsula. Culmination of this orogenic cycle appear to be marked by meta-

morphism and plutonism whose ages range from about 250 to 200 m.y.
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